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THE  ANNUAL  MEETING 


THE  thirty-seventh  Annual  Meeting  of  The  American 
Society  of  Mechauical  Engineers,  held  in  the  Engineer- 
ing Societies  Building,  New  York,  December  5  to  8,  1916,  was 
the  successful  culmination  of  a  year  conspicuous  in  the  annals 
of  the  Society  because  of  tlie  remarkable  growth  and  the  broad 
development  of  the  varied  activities  of  the  organization  during 
that  period. 

Outstanding  features  of  the  meeting  were  the  record  attend- 
ance, the  unusually  complete  program  arranged  by  the  Com- 
mittee on  Meeting's,  and  the 
spirit  of  cooperation  which 
pervaded  the  whole  proceed- 
ings and  which  rendered  this 
meeting  the  most  democratic 
which  the  Society  has 
held. 

The  total  registration  was 
1868,  of  which  953  were 
members  and  915  were 
guests;  the  registration  of 
members  represented  one  in 
every  eight  in "  the  entire 
membership.  The  total  reg- 
istration exceeded  that  of 
last  year  by  431  and  showed 
an  attendance  from  all  sec- 
tions of  the  United  States. 

This  year,  for  the  first 
time,  as  a  result  of  the  alter- 
ations and  improvements  in 
the  Engineering  Societies 
Building,  it  was  possible  to 
hold  all  the  professional  and 
social  events  of  the  meet- 
ing in  the  building.  The  social  functions  were  simple  in  their 
nature,  there  was  no  charge  for  any  of  them,  and  the  at- 
tendance was  correspondingly  large  and  representative.  This 
situatioii  served  more  than  anything  else  to  offset  the  usual 
conditions  at  big  conventions  that  those  who  attend  do  not 
have  a  chance  to  get  well  acquainted.  This  feature  of  ac- 
quaintanceship, the  encouragement  of  which  has  been  one  of 
the  main  purposes  of  the  Annual  Meetings,  has  now  been 
developed  to  a  degree  which  makes  attendance  at  these  gather- 
ings immeasurably  worth  while. 


"  We  have  a  duty  clearly  laid  before  us  by 
William  James  when  he  writes,  '  The  martial 
type  of  character  can  be  bred  ivithout  war. 
Strenuous  honor  and  disinterestedness  abound 
elsewhere  and  we  should  all  feel  some  degree 
of  it  imperative  if  we  were  conscious  of  our 
work  as  an  obligatory  service  to  the  state.' 

"  That  is  our  motto  and  that  is  what  tve  must 
strive  toward  during  the  coming  year  and  for 
all  time,  as  ive  must  pass  on  into  the  higher 
atmosphere  of  goodtvill,  service  and  co-opera- 
tion in  order  that  our  profession  may  take  its 
place  alongside  of  the  science  of  Preventive 
Medicine,  as  one  of  the  two  constructive 
agencies  in  human  life.  It  will  not  be  enough 
that  we  remain  simply  conscious  of  the  high 
mission  of  our  profession.  We  must  serve  as 
soldiers  of  peace  in  a  country  prepared  to  de- 
fend its  homes." 

IRA  N.  MOLLIS,  in  accept- 
ing the  Presidency  of  The  American  Society 
of  Mechanical  Engineers. 


As  expressed  by  E.  J.  Prindle,  Chairman  of  the  Enter- 
tainment Committee,  in  presiding  at  the  smoker  on  Wednes- 
day evening  of  the  Annual  Meeting,  everyone  was  requested 
to  "  consider  that  the  fellow  on  your  right  hand  is  mod- 
est and  would  like  to  know  you;  and  that  the  fellow  on 
your  left  hand  is  interesting  and  well  worth  talking  to." 
This  sentiment  admirably  voices  the  evident  feelings  of  those 
who  came  to  the  convention  and  is  one  to  which  all  appar- 
ently responded  in  the  most  cordial  manner. 

As  at  recent  meetings,  there 
were  delegates  from  most  of 
the  local  Sections,  sixteen  of 
the  twenty  being  represented 
at  this  meeting.  Several  con- 
ferences of  these  delegates 
were  held,  which  were  pro- 
ductive of  numerous  sug- 
gestions that  will  be  helpful 
to  the  Sections  and  to  the 
Society  generally.  More  and 
more,  the  influence  of  the  lo- 
cal Sections  is  being  felt. 
They  already  play  a  major 
part  in  the  conduct  of  the 
Society.  They  are  represen- 
tative of  the  Society's  mem- 
bership, covering  as  they  do 
the  whole  expanse  of  the 
country.  They  include  all 
shades  of  opinion.  Because 
of  these  strong  local  aflSlia- 
tions  they  are  influential  fac- 
tors in  their  communities,  and 
are  developing  cooperation  in 
the  engineering  profession. 

A  wealth  of  experience  was  contributed  at  the  twelve  pro- 
fessional sessions  held  during  the  meeting,  at  which  36  papers 
were  presented.  Several  of  these  sessions  were  in  charge  of 
committees  or  sub-committees  and  five  of  the  papers  were 
contributed  by  local  Sections,  having  previously  been  read  at 
Section  meetings  and  because  of  their  exceptional  value  as- 
signed also  to  the  Annual  Meeting.  Two  committee  reports 
were  considered  and  the  public  hearings  of  the  Boiler  Code 
Committee  continued  the  professional  meetings  until  Saturday. 
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PRESIDENTIAL  ADDRESS  AND  RECEPTION  lem  lies  the  work  of  the  engineer.    Our  c-ountry  is  a  perfect  ex- 

,„       ,              ■        ■!->         1       r  ample  of  this  in  its  evolution  from  a  few  colonies  with  imper- 

The  meeting  was  oiiened  on   luesdav  evening,  December  5,  „                      „                 •     4.-       •   ^     ^.i     tt   -i   i  oi.  i.        ^   a 

'^          „    ,      T^     .        .      "„     .  ,.      ,->    ,T          -1,  ffict  means  of  communication  into  the  United  States  ot  Amer- 

in  the  auditorium  of  the  Engineering  Societies  Building  with  .          .  i  •  t          e  ^i            t-  ■         *•            i  ii       i                       i  *- 

,^T^,?T,               T-.-1;-  ica.    A  history  01  the  great  mventions  and  the  changes  wrought 

the  presidential  address  by  Dr.  D.  S.  Jacobus,  on  Education  ,      ,,            ,.     ,.          ^      .              „             ,               ,  ,,          ,     , 

'                                    ,                      .           o     1  •         .  •     i     -rx  by  the  applications  oi  science  will  some  day  reveal  the  potent 

in    Eneineering.      In    his   presentation   of   this   subject,    Dr.  . '                                      .                            i     '  *        4.    *      i-       i 

'^             °                   ,.,„,.                            ,             .  mfluence  01  our  profession  upon  every  department  or  national 

Jacobus  analyzed,  in  the  light  of  his  twenty  years'  experience  vf       y^i    ^         in             4.    i       1    u"         1.  ^.              -1,1   0    rp. 

•'       '      .          "           .                •'  .                     ,  lite.     What  made  the  great  slaveholdmg  states  possible?    The 

as  a  teacher  of  enguieerma'  subieets  and   his  ten   years    ae-  „   ,,        „.        ,„,     .     .,        r,                i  j   ii         1    i       i          1 

"                 .,.,„,           ..  Cotton  Gm.     A\  hat.  therefore,  created  the  whole  atmosphere 

quaintanceship  with  the  practical  side  ot  the  engineering  pro-  „       v^-    1    v          •        a     ■         ■  t                  <■  i-i        •     ^      *i 

*                       ^                     ,            .                  •         1         ■        Vo  of   political   discussion   durmg  sixty  years   ot   the   nineteenth 

fession,   the   fundamental   requirements   m    education    ot    an  1  «     n       1          1-4-               4.         «    rp,     r^  4.4. 

'                           _  ,  .                           -J,              •   •         1  century  and  tinallv  plunsed  us- into  a  great  war  i     the  Cotton 

enemeer  and  reviewed  his  own  suggestions  tor  attaining  the  „.        .^.             r           j   ii      tt  •            1        n   i   '4.   •  4- 

*                              „  „               „    ,         ■,  1          ,.  ,,           ,  ■     ,    •  4?  *Jin.     What  again  saved  the    Union  and  welded  it  into   one 

best  results.     The  full  text  of  the  address  follows  this  briet  4.       ^                 4  ,             4.0     m          -i       j        tit 

country  irom  coast  to  coast;     The  railroads.     We  can  name 

mtroductorv  account  of  the  convention.  „          „"  ,,              ,.         ,    „        „                4.1    4.    i         ,.  • 

^  „           „   ^,      .          p   ^™  few  ot  the  questions  before  Congress  that  do  not  in  origin  or 

After  the  address,  the  Tellers  of  Election  ot   Omcers  re-  .,,.,,.       ,          ,  .                                 .,           .            „,    . 

m  their  solution  depend  in  some  way  upon  the  engineer,    that 

ported  the  result  of  the  balloting  as  follows :  .     ,,          „   1  ,.      •     4.-4:     4.-          -p  ht  "   ttt  n  •     4.  4.          4.        j     -p 

^                                                   '=>  IS  the  complete  justification  ot  Mr.  Wells    statement  and  ot 

Total  Votes   Cast 2261  our  existence  as  a  society  of  engineers. 

Thrown  out  defective  ballots 1  "We  have  a  duty  clearly  laid  before  us  by  William  James 

Valid  ballots  counted 2260  when  he  writes,  '  The  martial  type  of  character  can  be  bred 

without  war.     Strenuous  honor  and  disinterestedness  abound 

1' 01  1  lesulent.  elsewhere  and  we  should  all  feel  some  degree  of  it  imperative 

■  ■'lO^'^'^'^'  • '  if  we  Avere  conscious  of  our  work  as  an  obligatory  service  to 

Scattering 1  ^^^^  state.'    That  is  our  motto  and  that  is  what  we  must  strive 

For  Vice-Presidents:  toward  during  the  coming  year  and  for  all  time,  as  we  must 

Chahles  H.  Benjamin 22.53  pass  on  into  the  higher  atmosphere  of  goodwill,  service  and  co- 

Aethub  M.  Greene   Jr 2253  operation   in  order  that  our  profession  may  take  its  place 

Charles   T.   Plunkett 2255  alongside  of  the  science  of  Preventive  Medicine,  as  one  of  the 

Scattering 7  two  constructive  agencies  in  human  life.    It  will  not  be  enough 

that  we  remain  simply  conscious  of  the  high  mission  of  our 

For  Managers :  j?      ■          ti^            4                       u-          i>              •                 * 

„  ^        ^^    „                                                    „„^„  profession.     We  must  serve  as  soldiers  ot  peace  m  a  country 

KOBERT  H.  Fernald 2256  n  ^     j  r     j  ^    l            >, 

„                „                                                          „„_„  prepared  to  defend  its  homes. 

William  B.  Gregory 2256  '     ' 

C.  R.  Weymouth 2255  The  remarks  of  Dr.  Hollis  indicate  that  the  efforts  of  the 

Scatterino' 1  Society  for  the  coming  year  will  be  in  the  direction  of  public 

service ;  or,  as  he  expressed  it.  that  the  motto  will  be  "  service 

For  Treasurer:               _  ^^  ^^^  ^^^^^„ 

William  H.  AA  iLEY 2260  i  ■  t    4:'  n       j  4i 

the  Presidents  deception,  which  followed  the  exercises  m 

The  newly-elected  President,  Dr.  Ira  N.  HoUis,  President  ^'e  auditorium,  was  held  this  year  on  the  remodeled  and  spa- 

of  Worcester  Polytechnic  Institute,  was  escorted  to  the  plat-  "ous  fifth  floor  of  the  building,  the  large  halls  of  which  are 

form  and  in  accepting  his  election  spoke  as  follows :  "o^  connected  by  three  dooi-ways  12  ft.  wide.    The  brilliantly 

illuminated  rooms  were  most  attractive  with  their  decorations. 
"  Mr.  President,  I  thank  the  Society  for  havmg  elected  me 

president  to  sei-\-e   during  the  coming  year.     Entirely   apart 

from  the  high  honor  which  you  have  confen-ed  upon  me,  I  OUTLINE  OF  MEETING 

accept  the  ofQce  as  a  serious  duty  and  as  a  great  opportunity  As  usual,  the  business  meeting  and  first  professional  ses- 

for  sen'ice.     That  word  alone  expresses  what  should  be  the  sions   occurred   on    Wednesday   morning.      At   exactly   12.30 

motive  behind  the  actions   of  every   citizen   of  our  Republic  o'clock,  the  sessions  were  brought  to  a  close  in  order  to  honor 

and  especially  of  every  engineer  who  is  charged  with  tasks  the  memoi-y   of  John   E.   Sweet,  the  beloved   founder  of  the 

involving  the  safety  and  well-being  of  his  countrymen.  Society,  whose  keen  personality  and  simplicity  of  manner  will 

"  This  is  not  the  occasion  for  a  long  address  from  me,  but  I  long  endure  in  the  minds  of  all  who  knew  him.    A  most  fitting 

cannot  refrain  from  just  a  few  words  on  what  I  conceive  to  address  was  made  by  one  of  his  older  friends,  Past-President 

be  the  fundamental  relation  of  our  profession  to  society.    We  Worcester  R.  Warner,  and  brief  remarks  were  also  made  by 

have  for  years  worked  honestly  as  individuals  who  long  for  Capt.  Robert  W.  Hunt  and  by  Dean  Albert  W.   Smith,  of 

the  success,  comfort  and  beauty  of  evei-y  American  city.    Now,  Sibley  College.     Mr.  Jolm  H.  Barr,  one  of  "  Sweet's  Boys," 

we  are  at  the  dawn  of  a  consciousness  of  our  place  and  our  presided. 

duty  as  an  association  in  which  every  member  is  eager  to  co-  On  Wednesday  afternoon  no  less  than  four  varied  sessions 

operate  with  every  other  members  to  the  gi'eater  glory  of  our  were  held  simultaneously.     On  Thursday,  attention  was  con- 

counti-y.  centrated  on  the  subject  of ■  Industrial  Valuation  for  which  an 

"  There  are  two  thoughts  that  lie  in  the  subconsciousness  of  all-day  meeting  had  been  arranged.     No  other  sessions  than 

every   engineer.      They   are   brought   out   in   one   sentence   of  this  were  held  in  the  morning,  but  in  the  afternoon  there  was 

'  The  World  Set  Free  '  by  H.  G.  Wells,  and  in  the  whole  tenor  a  well-attended  meeting  in  charge  of  the  Gas  Power  Sub-Com- 

of  an  essay  by  William  James  on  the  '  Moral  Equivalent  of  mittee. 

War.'    In  the  first  sentence  of  Mr.  Wells'  book,  he  expresses  Friday   ended   the   professional   sessions  with   meetings  in 

the  underlying  force  that  has  made  man  a  civilized,  reasonable  charge  of  the  Railroad  Sub-Committee  and  the  Boiler  Code 

being.     '  The  history  of  mankind  is  the  histoi-y  of  the  attain-  Committee,  besides  one  Miscellaneous  Session  at  which  a  re- 

ment  to  external  power';  that  is,  to  the  use  of  energy  exter-  markably  strong  paper  was  given  by  W.  L.  Cathcart  on  the 

nal  to  man's  body.    Somewhere  behind  every  great  human  prob-  Development  of  our  Fleet  and  Naval  Stations. 
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In  the  afternoon  of  Friday,  the  public  hearing  of  the  Boiler 
Code  Committee  began,  which  continued  on  Saturday.  The 
work  of  this  Committee  is  increasing  in  importance  and 
effectiveness  and  its  accomplishments  bid  fair  to  be  among  the 
most  enduring  works  of  the  Society. 

On  Friday  evening,  many  of  the  college  men  who  had  been 
in  attendance,  attended  banquets  of  their  own  institutions  and 
joined  in  what  has  become  an  annual  event  for  the  alumni  of 
several  of  the  colleges  or  universities  which  have  engineering 
courses. 

The  success  of  this,  the  largest  and  in  many  respects  the 
best  Annual  Meeting  which  the  Society  has  ever  held,  is  due 
to  the  untiring-  efforts  of  the  many  committees  actually  en- 
gaged in  its  conduct.  The  convention  as  a  whole  was  in  charge 
of  the  Committee  on  Meetings,  H.  L.  Gantt,  chairman ;  and  the 
entertamment  in  charge  of  the  New  York  Section  Committee, 
H.  R.  Cobleigh,  chairman,  with  E.  J.  Prindle  as  chairman  of 
the  sub-eomniiltee  on  entertainment.  The  President's  Recep- 
tion was  under  the  direction  of  the  House  Committee,  William 
N.  Dickinson,  chairman.  The  welfare  of  the  ladies  was  care- 
fully provided  for  by  the  Ladies'  Committee,  Mrs.  Herbert 
Gray  Torrey,  chairman. 

ENTERTAINMENT  FEATURES 

Many  of  the  New  York  members  willingly  assisted  in  the 
reception  of  out-of-town  members  and  in  making  everyone 
acquainted  through  the  organization  of  the  President's  Re- 
ception and  Acquaintanceship  Committees.  The  excursions 
were  planned  by  a  committee  for  that  purpose,  J.  H.  Norris, 
chairman. 

The  plan,  instituted  last  year,  of  a  Smoker  on  Wednesday 
evening  of  the  convention  was  again  followed  with  unqualified 
success.  Like  most  of  the  other  social  affairs,  it  was  held  on  the 
fifth  floor  and  it  was  attended  by  about  750  who  enjoyed  the 
evening  to  the  fullest  extent.  In  a  talk  upon  his  experiences 
during  a  trip  to  Europe  since  the  beginning  of  hostilities, 
Frank  B.  Gilbretli  had  his  audience  with  him  from  beginning 


to  end  and  withal  made  comments  upon  the  situation  which 
tleserved  seiious  thought. 

On  Thursday  evening,  the  members  and  their  friends  assem- 
bled in  the  auditorium  to  listen  td  the  symposium  which  had 
been  arranged  by  the  New  York  Section  Committee  on  the 
subject  of  Aviation.  There  were  four  prominent  speakers. 
Following  the  lecture  those  who  desired  went  to  the  fifth  floor 
to  participate  in  the  dancing  and  refreshments  were  served 
tliere  as  well  as  on  the  eleventh  floor  in  the  Society's  rooms. 
The  whole  affair,  while  in  a  marked  contrast  to  the  more  elab- 
orate functions  which  have  heretofore  been  held  at  the  Hotel 
Astor  or  elsewhere,  was  pleasing  to  all  who  attended  because 
of  its  simplicity  and  the  fact  that  the  chief  reason  for  attend- 
ing was  the  opportunity  which  it  gave  to  meet  other  friends 
of  the  Society,  and  their  friends. 

Excursions  were  arranged  for  Wednesday,  Thursday  and 
Friday  to  several  points  of  interest  in  New  York  and  vicinity, 
and  the  plan,  followed  last  year  so  successfully,  of  having  com- 
paratively few  excursions,  but  trips  of  unusual  interest,  was 
again  adopted.  There  were  eight  excursions,  an  account  of 
which  appears  in  the  Society  Affairs  section  of  this  number. 
Several  of  these  were  of  interest  to  the  ladies  as  well  as  to 
the  men. 

Not  the  least  pleasing  of  the  social  occasions  of  the  meeting 
was  the  tea  served  by  the  New  York  ladies  in  the  Society's 
rooms  on  Wednesday  afternoon,  where  at  the  close  of  the  pro- 
fessional sessions  many  members  were  received. 

PUBLICATION  OP  PAPERS 

Most  of  the  papers  presented  at  the  Annual  Meeting  have 
already  appeared  in  the  November  and  December  issues  of  The 
Journal.  In  this  issue  will  be  found  a  comprehensive  account 
of  the  discussion  given  at  the  various  sessions  and  in  the 
Society  Affairs  Section  a  further  account  of  the  entertainment 
features,  excursions,  etc.  Papers  which  have  not  already  ap- 
peared in  The  .Journal  will  be  published  in  comprehensive  ab- 
stract form  in  early  issues. 


EDUCATION   IN    ENGINEERING 

Presidential  Address,  1916 

By  DR.  D.  S.  JACOBUS 


SO  much  has  been  said  and  written  of  late  about  education 
that  it  might  seem  too  worn  a  topic  to  bring  before  our 
Society,  but  having  been  a  teacher  of  engineering  subjects  for 
over  twenty  years,  and  having  for  over  ten  years  since  that 
time  been  employed  in  what  some  are  pleased  to  call  the  prac- 
tical side  of  the  engineering  profession  as  distinguished  from 
the  teaching  side,  I  feel  qualified  to  pass  judgment  on  cer- 
tain features  and  trust  you  will  bear  with  me  if  what  I  say 
seems  more  or  less  elementary. 

Let  us  start  with  the  professor — and  let  me  say  here  that 
once  a  professor  always  a  professor,  provided  one  has  felt 
the  joy  that  goes  with  being  in  close  touch  with  his  students 
and  in  knowing  that  there  is  a  mutual  understanding  and 
trust.  Some  are  apt  to  class  the  professor  as  an  impractical 
individual  whose  principal  joy  in  life  is  to  dream  and  idle 
away  the  long  summer  vacations,  while  others  give  him  what 
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is  more  nearly  his  just  due.  Let  us  look  back  on  our  own 
professors,  those  who  taught  us,  and  see  what  led  to  our  respect 
and  wliat  qualities  we  would  now  regard  as  the  most  im- 
portant. I  feel  sure  most  of  us  would  not  depart  very  far 
from  the  judgment  of  those  who  responded  respecting  the 
list  which  was  prepared  by  the  Carnegie  Foundation  for  the 
Advancement  of  Teaching  as  the  essential  factors  desirable  in 
young  engineers.  The  order  of  importance  based  on  the  replies 
received  is  as  follows : 

1  Character,  integrity,  responsibility,  resourcefulness,  initia- 

tive. 

2  Judgment,  common  sense,  scientific  attitude,  perspective. 

3  Efficiency,  thoroughness,  accuracy,  industry. 

4  Understanding  of  men,  executive  ability. 

5  Knowledge  of  the  fimdamentals  of  engineering  science. 

6  Technique  of  practice  and  of  business. 

As  we  grow  older  we  see  that  the  personality  of  the  men 
more  than  any  other  quality  left  its  lasting  stamp,  and  that 
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it  is  this  more  than  anything  else  that  causes  us  to  look  back 
with  kindness  and  affection  to  our  college  days.  Character  is 
the  fii-st  on  the  Carnegie  list,  and  this  as  well  as  many  other 
qualities  that  are  to  an  extent  independent  of  the  course  of 
study  precede  those  that  relate  to  the  technical  side  of  the 
coui-se.  In  the  discussion  of  engineering  education  the  details 
of  the  courses  are  apt  to  be  given  undue  weight,  which  is  a 
grave  mistake.  System  can  never  take  the  place  of  personality, 
and  a  given  course  that  would  be  a  success  when  taught  by  the 
right  men  miglit  be  a  failure  if  taught  by  others. 

Let  us  analyze  the  factors  in  the  Carnegie  list.  First  of  aU 
it  is  apparent  that  most  of  them  apply  to  any  profession 
and  that  they  are  not  limited  to  engineering.  Again,  it  might 
appear  that  one  should  succeed  in  a  profession  if  he  possesses 
the  first  factors  in  the  list,  even  though  he  may  not  possess 
those  included  in  the  last  two  items.  It  would  be  a  dangerous 
conclusion  for  a  young  man  to  feel  that  his  success  is  assured 
if  he  has  character  and  the  other  qualities  which  come  near 
the  head  of  the  list,  and  that  it  is  not  necessary  for  him  to  have 
thorough  knowledge  of  the  technique  of  his  profession.  Such 
an  unfortunate  would  soon  find  that  the  ethical  qualities  alone 
will  not  earn  his  bread  and  butter,  and  that  a  lack  of  knowl- 
edge in  his  profession  will  be  an  immense  handicap. 

What  are  the  particular  elements  that  spell  success  for  a 
young  engineer  in  addition  to  the  elements  that  are  common 
to  all  professions?  Dear  Uncle  John  Fritz  once  said  that  he 
could  tell  whether  a  young  lad  would  be  apt  to  succeed  by 
watching  him  unobserved  when  sweeping  a  sidewalk.  Yes! 
and  we  will  all  agree  that  much  depends  on  what  is  in  the 
lad.  Eckley  B.  Coxe  talked  with  me  earnestly  in  the  good  old 
days  as  to  what  he  considered  the  failure  of  some  colleges  to 
secure  the  right  timber  in  their  graduates.  He  compared  the 
ordinary  system  of  examinations  to  riddling  the  men  through 
a  series  of  sieves  and  throwing  out  the  unfortunate  fellow  who 
had  peeuhaiities  that  made  it  impossible  for  him  to  pass 
through  the  mathematical  or  other  sieve.  Mr.  Coxe  was  a  firm 
believer  that  there  is  a  "  something  "  required  in  the  making 
of  an  engineer  which  cannot  be  gaged  by  an  ordinary  examina- 
tion, and  I  remember  well  that  he  told  me  he  employed  some 
highly  paid  men  who  did  not  know  an  integral  sign  from  a 
dollar  mark,  and  that  he  knew  of  others  classed  as  the  best 
of  graduates  he  would  rather  pay  high  salaries  to  keep  out  of, 
than  in,  his  organization.  "What  is  the  "  something?  "  What 
is  it  that  the  old-time  superintendent  has  in  mind  as  he  shakes 
his  head  sadly  when  asked  how  some  young  graduate  is  pro- 
gressing. The  lad  may  have  character,  judgment,  and  per- 
haps everything  in  the  Carnegie  list,  or  at  least  he  may  think 
he  has,  and  yet  our  old-time  friend,  often  from  the  land  of  the 
heather,  knows  there  is  something  lacking.  And  we  ask  again, 
what  is  this  "  something  "  ? 

Would  that  I  could  define  the  "  something."  It  includes 
such  qualities  as: 

Taking  a  personal  interest  in  one's  work 
Amenability  to  discipline 
Pei'severance  under  adverse  circumstances 
Cheerfulness  and  amity — the  human  side. 

None  of  these  appear  separately  in  the  Carnegie  list. 

Let  us  analyze  these  qualities.  It  will  be  seen  that  possibly 
a  lad  from  a  grammar  school  would  be  as  likely  to  possess 
them  as  the  college  man.  If  this  is  so,  then  there  is  a  lack 
in  this  side  of  the  college  training,  and  it  is  here  that  we  should 
improve.  Consider  the  first :  "  Taking  an  interest  in  one's 
work."  In  this  the  college  man  often  fails.  I  have  known  of 
eases  where  on  being  censured  for  lack  of  accuracy  the  college 


man  said  that  he  could  not  take  enough  interest  in  the  work 
as  it  was  not  up  to  his  capabilities  and  could  be  done  by  any 
offlce  boy;  and  often  a  bright  office  boy  would  pass  him.  The 
young  man  to  succeed  must  take  such  an  interest  in  his  work 
that  he  will  take  pride  in  doing  it  in  the  very  best  way,  be  it 
what  it  may.  He  should  be  determined  to  hang  on  until  the 
finish.  The  man  who  has  an  engagement  that  calls  him  away 
when  he  is  asked  to  help  in  an  emergency,  seldom  wins.  The 
practical  foreman  will  often  keep  the  young  college  man  he 
is  trying  out  on  monotonous  work  to  determine  his  staying 
powers.  Industry  is  given  as  an  essential  in  the  Carnegie  Ust, 
but  the  determination  and  staying  powers  that  count  for  suc- 
cess include  more  than  simple  industry.  The  man  must  be 
more  than  industrious;  he  must  not  only  work  hard  and  con- 
tinuously, but  be  so  interested  in  his  work  that  he  feels  a  per- 
sonal responsibility  in  it.  Further,  the  "  industry "  should 
be  of  the  sort  that  is  not  governed  by  the  clock,  but  which, 
calls  for  many  nights  of  labor,  either  in  home  study  or  in  the 
field.  Success  is  the  fruit  of  hard  labor  achieved  through 
the  building  up  of  many  things  into  a  grand  and  harmonious 
whole.  The  Good  Book  speaks  of  time-servers  and  those  who 
work  from  the  heart ;  there  is  no  better  criterion  to  distinguish 
between  one  who  wiU  fail  and  one  who  should  succeed. 

The  second  is  "  amenability  to  discipline."  There  is  a  lesser 
importance  assigned  to  this  than  there  should  be  in  other  as 
well  as  in  teaching  lines.  The  old-time  preceptor  with  his 
hickory  rod  or  stout  ruler  was  but  carrying  out  the  home  dis- 
cipline where  the  word  obey  caiTied  its  full  force.  Perhaps 
the  wave  will  change  to  bring  back  the  good  features  of  the  old 
reffime, — let  us  hope  so.  We  certainly  can  and  are  doing 
much  in  our  colleges  to  teach  respect  for  authority  and  obedi- 
ence to  rules,  but  we  should  do  more;  let  us  not  overlook  this 
most  important  part  of  an  engineer's  equipment,  and  empha- 
size the  importance  of  his  being  governed  by  these  principles 
in  the  field. 

The  third  is  "  perseverance  under  adverse  circumstances," 
and  the  fourth,  "  cheerfulness  and  amity."  The  most  imfor- 
tunate  frame  of  mind  a  young  engineer  can  get  into  is  to  feel 
that  everyone  is  against  him  and  that  his  efforts  are  not  ap- 
preciated. I  have  often  told  the  young  men  that  those  who 
select  them  take  a  pride  in  seeing  them  succeed.  Believing 
a  thing  is  so  may  often  make  it  so,  therefore  the  young  man 
should  encourage  cheerful  beKefs.  To  succeed,  one  should 
make  friends  of  those  about  him.  There  is  no  surer  way  of 
making  a  man  an  enemy  than  to  mistrust  him.  Great  things 
can  as  a  rule  be  done  only  through  cooperation,  and  in  the 
broad  analysis  the  human  side  has  much  to  do  with  success. 
"  Study  your  man  as  well  as  the  job  "  is  a  good  motto  to  fol- 
low, but  with  it  should  be  coupled  a  perseverance  and  cheer- 
fulness that  will  induce  the  man  to  study  you. 

In  applying  for  a  position  the  young  graduate  will  often 
injure  his  cause  by  inquiring  too  minutely  respecting  the 
prospect  of  advancement.  Again,  after  being  employed  he 
may  have  the  idea  that  in  view  of  his  special  training  his 
work  should  be  in  line  with  developing  this  training  and  that 
he  should  be  given  a  certain  preference  over  an  untrained 
man.  Such  an  attitude  is  bound  to  lead  to  discontent  and  mis- 
understanding. I  have  advised  graduates  many  times  to  "  size 
up  "  their  chances  before  applying  for  positions  and  not  to 
talk  prospects,  and  have  further  impressed  on  them  that 
they  must  enter  the  outside  world  on  an  even  basis  with  their 
co-workers,  and  that  any  advantages  they  secure  through  edu- 
cation must  come  through  the  ability  this  education  gives  them 
to  do  better  work  than  the  others. 

Having  thus  briefly  reviewed  the  qualities  necessary  in  an 
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engineer,  let  us  consider  the  student.  How  can  we  bring  out 
those  qualities  which  we  all  agree  are  the  most  important. 
Character  can  best  be  taught  by  example,  and  the  teacher 
must  sen'e  as  an  insjiiration  and  guide.  To  teach  effectively 
one  must  be  a  master  of  his  subject,  and  this  applies  particu- 
larly to  those  qualities  placed  near  the  head  of  the  Carnegie 
list. 

We  hear  and  read  much  respecting  teacliing  methods.  Meth- 
ods are  not  all;  the  spirit  which  miconsciously  develops  is  a 
most  vital  factor.  I  cannot  fail  to  obseiTe  that  there  has  been 
a  gi'eat  change  in  one  respect  since  I  was  a  boy.  In  my  school 
days  a  failure  to  acquire  a  subject  was  laid  to  the  student; 
now  there  is  a  tendency  to  lay  it  to  the  teacher.  Much  of  this 
is  due  to  the  attitude  of  the  parents.  A  fond  mother  once 
told  me  she  thought  it  strange  that  no  teacher  could  be  found 
capable  of  teaching  her  boy  mathematics,  not  realizing  that 
she  herself  might  be  the  gi-eatest  stumbling  block  through 
transmitting  the  idea  that  the  fault  lay  anywhere  else  than 
with  her  son.  A  way  never  has  and  never  will  be  found  to 
acquire  knowledge  without  study,  and  much  of  the  trouble 
experienced  by  some  students  arises  through  a  lack  of  study 
or  a  failure  to  appreciate  the  fact  that  the  fault  is  their  own. 

Where  the  teacher  is  often  at  fault  is  in  his  failure  to  train 
the  lad  to  study  in  a  proper  way.  To  memorize  is  the  lowest 
form  of  study,  and  much  of  our  present  system  may  be  justly 
criticised  in  this  respect.  A  certain  amount  of  memorizing  is 
essential  to  "  train  the  mind,"  as  those  who  taught  us  used 
to  say,  but  there  is  much  in  the  doctrine  expressed  by  that  lov- 
able professor,  John  E.  Sweet,  in  the  words,  "  What  is  the  use 
of  teaching  a  man  a  mass  of  material  he  is  bound  to  for- 
get ?  "  We  should  develop  initiative  and  encourage  originality, 
and  this  cannot  be  done  through  memorizing  or  through  any 
fixed  course.  It  is  here  that  a  teacher  who  is  worthy  of  his 
calling  excels  one  who  takes  the  easiest  way.  There  is  an 
easiest  way  in  teaching  just  as  there  is  an  easiest  way  in  study- 
ing, and  both  spell  lost  time  and  lost  opportunities.  The 
easiest  way  in  teaching  is  to  follow  a  beaten  course  and  rely 
on  the  recitations  and  routine  examinations  in  gi-ading  the 
men.  To  presen'e  the  standard  it  is  appreciated  that  the 
weaier  men  should  be  weeded  out,  and  by  so  regulating  the 
course  that  the  weaker  men  fall  by  the  wayside  it  might  ap- 
pear that  the  brighter  men  will  remain  and  that  there  will  be 
a  "  survival  of  the  fittest."  Such  a  course  is  fraught  with  the 
gravest  dangers,  as  some  of  the  best  men  may  be  dropped  or 
may  leave  through  being  discouraged,  and  the  college,  though 
it  may  do  good  to  many,  may  also  do  untold  harm.  Again, 
those  who  remain  and  graduate  may  have  highly  trained  mem- 
ories with  little  initiative  and  power  of  reasoning.  The  right 
way  is  for  the  professor  to  know  the  individual  characteristics 
of  each  of  his  students  and  to  be  governed  by  tliis  in  deciding 
a  case.  Often  if  he  can  get  at  the  root  of  a  special  difficulty 
it  can  be  cleared  away  and  there  will  be  no  further  trouble. 
Still,  there  are  cases  where  the  student  does  not  have  an 
aptitude  or  liking  for  engineering,  and  in  such  instances  it  is 
a  kindness  to  start  him  in  some  other  line  of  work. 

To  accomplish  the  best  results  the  course  should  be  so  laid 
out  that  there  will  be  the  right  amount  of  time  for  rest  and 
recreation.  The  student  should  be  encouraged  to  spend  a 
proper  amount  of  time  in  outdoor  exercise.  A  healthy  and 
clean  body  is  indispensable  for  a  healthy  mind  and  is  even 
more  to  be  desired  than  a  trained  mind.  Just  as  soon  as  a 
course  becomes  so  crowded  that  there  is  no  time  for  anything 
but  work  and  study,  it  will  lose  in  efficiency,  as  there  will  then 
be  no  time  for  daily  relaxation  of  the  mind  and  for  properly 
developing  initiative.     To  obtain  the  best  results  the  student 


must  work  enthusiastically  and  cheerfully,  and  if  the  course 
is  such  that  he  is  constantly  on  the  anxious  seat,  his  perspective 
will  become  shortened  and  he  will  work  at  a  disadvantage.  We 
should  train  tiie  student  to  work  in  the  same  way  that  he 
should  work  after  his  graduation.  It  is  often  remarked  that 
students  working  their  way  through  college  stand  surprisingly 
well,  considering  the  amount  of  time  available  for  study.  We 
all  agree  that  the  man  who  does  this  has  detei-mination  that 
makes  him  bound  to  succeed,  but  it  is  this  determination  that 
leads  to  a  proper  method  of  study  and  the  clearing  of  his 
mind  through  thinking  at  times  of  entirely  different  subjects 
than  his  studies  that  makes  his  brain  keen  and  quick.  The 
students  should  be  encouraged  to  occupy  their  spare  time  in 
some  congenial  way;  there  is  nothing  better  than  a  good, 
healthy  fad.  But,  it  is  asked,  how  shall  we  know  that  the  spare 
time  is  used  to  advantage,  and  would  it  not  be  best  to  com- 
pletely fill  every  hour  of  the  day  and  thus,  as  some  have  said, 
keep  the  boy  out  of  mischief?  It  is  here  that  the  human  side 
of  the  professor  must  be  brought  into  play,  and  to  properly 
apply  tliis  side  he  must  know  his  pupil  and  know  him  well. 
The  classes  must  not  be  so  large  that  it  is  impossible  to  ob- 
tain the  intimate  personal  relation  which  is  indispensable. 

Recitations  and  examinations  should  be  so  conducted  as  to 
bring  out  more  than  can  be  memorized  and  to  take  into  ac- 
count the  widely  varying  factoi-s  of  temperament.  It  is  far 
easier  to  lead  and  have  the  students  follow  than  to  call  for 
initiative  and  guide  them  back  if  they  depart  from  the  right 
path,  but  the  easiest  way  results  mainly  in  training  the  mem- 
oi-y,  whereas  the  other  includes  the  developing  of  qualities  that 
are  most  apt  to  lead  to  success. 

To  teach  engineering  efficiently  the  professor  should  have 
practical  experience.  Sometimes  this  is  acquired  before  the 
professor  begins  his  career  as  a  teacher;  in  most  cases,  how- 
ever, the  professor  undertakes  practical  work  in  connection 
with  liis  college  duties.  To  secure  the  best  results  where  the 
professor  undertakes  practical  engineering  work,  the  roster 
should  be  so  an'anged  that  certain  of  the  professors  dealing 
with  the  more  practical  engineering  lines  are  given  latitude  in 
meeting  the  classes.  One  must  not  be  misled  into  the  idea  that 
if  a  certain  latitude  is  provided  it  will  be  an  easy  matter  for 
the  professor  to  undertake  this  work.  He  will  find  that  to  ac- 
complish results  he  must  often  work  night  after  night,  as 
well  as  through  the  vacation  periods,  and  unless  he  is  willing 
to  do  this  it  is  folly  for  him  to  endeavor  to  gain  practical 
experience  and  a  reputation  in  this  way. 

There  is  no  enterprise  that  will  reflect  more  credit  on  a  col- 
lege than  undertaking  properly  conducted  experimental  in- 
vestigations, especially  if  those  suitable  for  the  purpose  are 
made  the  basis  of  papers  presented  to  engineering  societies 
or  published  in  the  technical  press.  The  making  of  experi- 
ments and  the  issuance  of  reports  carry  with  them  grave 
dangere,  in  that  there  may  be  a  tendency  to  do  work  for  which 
the  professor  has  not  the  proper  capacity,  and  reports  may 
be  made  that  will  throw  discredit  on  his  college.  A  professor 
should  not  be  permitted  to  endorse  commodities  where  the  idea 
is  simply  to  obtain  his  name,  or  worse  than  this,  his  name  in 
connection  with  his  college,  for  use  in  advertising  matter;  nor 
should  he  allow  his  name  to  be  used  in  tests  which  may  be  of 
more  value  to  the  promoter  than  to  the  engineering  profession. 
Above  all,  he  must  be  careful  in  his  reports  and  in  his  testi- 
mony as  an  expert  not  to  bring  discredit  to  his  profession  and 
his  college  by  departing  a  hairis-breadth  from  the  truth  or  by 
testifying  in  a  way  which  will  evade  the  truth.  There  is  dan- 
ger in  any  enterprise  where  responsibility  is  assumed,  and  here 
as  in  all  other  such  enterprises  success  or  failure  is  dependent 
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on  the  organization  and  character  of  the  men.  A  great  ad- 
vantage, aside  from  efficiency  in  teaching,  of  having  pro- 
fessors in  close  touch  with  the  outside  world,  is  that  such 
professors  can  place  many  of  the  graduates  in  positions  for 
which  they  are  especially  fitted.  This  naturally  can  only 
be  done  where  the  professor,  in  addition  to  having  a  large 
acquaintance  in  the  practical  field,  also  comes  into  intimate 
contact  with  the  students  so  as  to  know  their  individual 
peculiarities  and  characteristics. 

Let  us  now  consider  the  broad  aspect  of  education.  "  We 
live  to  learn  "  applies  most  truly  to  the  engineering  profession. 
We  must  continue  to  study  and  learn  as  long  as  we  hope  to  be 
active  and  advance  in  our  profession.  Just  as  soon  as  one 
reaches  a  point  where  he  does  not  appreciate  the  value  of  other 
people's  views,  just  so  soon  will  he  come  to  a  standstill.  It 
has  been  truly  said  that  a  big  man  will  take  most  kindly  to 
suggestions  and  that  only  the  little  man  will  resent  them.  We 
leam  from  day  to  day  and  soon  appreciate  the  fact  that  time 
spent  at  school  is  but  the  beguming  of  a  lifelong  coiu'se.  How 
does  the  school  eoui-se  assist  us,  and  what  should  it  include  to 
be  of  most  use?  How  long  a  course  should  it  be,  and  should 
we  send  our  sons  to  coUege?  In  the  replies  respecting  the 
Carnegie  cjualifications,  knowledge  of  the  fmidamentals  of 
engineering  science  and  technique  of  practice  and  of  busi- 
ness were  placed  at  the  end  of  the  list.  If  the  judgment 
of  those  who  responded  is  correct,  are  we  not  taking  too 
much  valuable  time  for  such  training,  and  would  it  not  be 
just  as  well  to  shorten  the  college  eoui-se?  It  is  an  open 
question  whether  much  could  not  be  eliminated  from  the  col- 
lege course  to  advantage,  provided  special  attention  is  given 
to  teaching  the  fundamentals.  Once  thoroughly  mastered,  the 
student  will  always  carry  with  him  the  fundamentals  of 
physics  and  mechanics,  whereas  much  that  relates  to  special 
applications  will  soon  be  forgotten.  Again,  the  college  should 
graduate  its  men  young'  enough  to  preserve  the  adaptability 
of  mind  which  the  younger  man  possesses  to  a  far  gi-eater  de- 
gree than  an  older.  If  the  assumption  is  made  that  the  funda- 
mentals are  thoroughly  mastered  and  the  student  graduated 
a  year  in  advance  of  what  he  would  be  should  he  study  along 
a  number  of  specialized  lines,  most  of  those  who  employ 
graduates  would  favor  the  younger  man  with  a  keen  knowl- 
edge of  the  fundamentals  to  the  older  man  with  what  might 
be  a  lesser  knowledge  of  the  fundamentals  and  more  knowledge 
of  specialized  lines.  The  question  of  whether  the  school 
course  should  be  shortened  depends  on  how  it  is  shortened. 
Shortening  the  time  spent  in  college  may  not  shorten  the 
course  of  study  as  a  whole. 

As  far  as  can  be  determined  from  statistics,  the  average 
age  of  graduation  from  college  has  not  changed  appreciably 
dui'ing  the  past  centui-j',  being  somewhat  over  twenty-one  and 
a  half  years.  It  would  therefore  seem  that,  irrespective  of 
what  is  taught,  there  are  elements  entering  a  college  course 
which  have  led  to  men  gTaduating  at  about  this  age.  I  believe 
it  advisable  to  have  a  four-year  college  course,  but  I  would 
make  the  entrance  requirements  and  the  coui-se  such  that  the 
students  would  be  graduated  at  as  early  an  age  as  has  been 
and  is  the  current  practice. 

I  have  taken  the  stand  and  firmly  believe  that  our  present 
entrance  requirements  do  not  accurately  gage  the  ability  of 
an  applicant,  and  that  it  is  a  mistake  to  make  the  entrance 
requirements  too  high  for  an  engineering  college.  High  tech- 
nical requirements  may  result  in  the  preparatory  schools  spe- 
ciahzing  along  naiTow  lines  in  an  endeavor  to  have  the  student 
enter  college  at  an  early  age,  to  the  sacrifice  of  a  broader 
education.      Again,    high    technical    requirements    discourage 


those  who  have  worked  in  machine  shops  and  the  like  and 
later  on  desire  to  enter  a  college.  I  have  watched  and  encour- 
aged such  men  and  appreciate  how  hard  it  is  for  them  to 
bring  their  minds  back  to  the  different  studies;  still,  once 
these  men  get  the  right  hold,  they  make  the  best  of  students 
and  later  the  best  of  engineers.  Where  I  have  expressed 
this  view  the  question  has  been  asked,  "  How  can  we  select  men 
for  the  colleges  if  we  do  not  rely  on  examinations,  and  how  can 
we  secure  as  good  men  with  lower  requirements  as  with  higher 
requirements  ?  "  My  reply  has  been  that,  in  addition  to  the 
examinations,  each  and  evei-y  applicant  should  be  met  by  a 
board,  and  all  of  the  circumstances  connected  with  his  case 
considered.  Further,  the  examinations  should  be  given  in  a 
way  that  will  bring  out  the  reasoning  powers  of  the  students, 
which  can  be  accomplished  if  each  man  is  given  an  oral  ex- 
amination of  some  length.  Here  again  we  have  the  harder 
against  the  easier  way,  but  I  am  firmly  of  the  opinion  that 
there  is  no  easy  way  of  doing  good  teaching. 

There  can  be  no  doubt  that  for  many  classes  of  engineering 
work  much  in  the  average  college  course  is  not  needed.  In 
certain  instances  we  might  well  give  over  some  of  the  time 
spent  in  specializing  to  teaching  the  fundamentals,  with  enough 
application  to  secure  a  thorough  drill  and  to  give  the  students 
confidence  in  their  ability  to  solve  practical  problems.  Fmada- 
mentals  can  be  thoroughly  mastered  only  through  application. 
Further,  it  has  been  my  experience  that  in  training  the  aver- 
age mind  the  fundamentals  must  be  approached  from  differ- 
ent viewpoints,  and  tliat  there  is  a  gi'eat  advantage  in  several 
teachers  presenting  subjects  requiring  the  fundamentals  to  be 
applied  in  various  ways.  A  student  may  memorize  aU  defini- 
tions and  be  able  to  solve  certain  problems  in  a  routine  way, 
but  on  viewmg  a  principle  from  another  angle  from  the  one 
to  which  he  is  accustomed  he  may  be  completely  at  sea. 

The  aim  in  teaching  should  be  to  produce  a  man  who  will 
be  the  most  useful  to  his  feUow-men  and  to  his  country.  Just 
as  we  give,  so  we  receive.  The  fruit  of  usefulness  is  achieve- 
ment, and  the  building  up  of  achievement,  success.  We  should 
above  all  consider  the  human  side  and  aim  to  produce  a  broad 
man  with  spirit  and  determination.  It  is  my  firm  belief  that 
in  many  cases  we  could  produce  graduates  who  would  more 
nearly  meet  our  ideals  by  cutting  out  much  from  the  present 
courses  of  study  and  by  teaching  more  thoroughly  matter  al- 
ready in  the  courses.  The  course  should  be  broad  enough  to 
include  some  of  the  so-called  cultural  studies,  and  it  further 
should  deal  with  the  business  side  of  the  profession.  Dr. 
Alexander  C.  Humphreys  was  the  first  to  introduce  a  regular 
course  of  economics  in  an  engineering  college,  the  course  in- 
cluding accounting,  depreciation,  shop  cost,  law  of  contracts, 
specifications,  appraisals  and  business  methods  in  general. 
As  an  illustration  of  matter  already  in  the  course  that  it  would 
be  well  to  teach  more  thoroughly,  I  can  refer  to  the  writing 
of  concise  and  logical  reports  in  good  Enghsh.  To  this  might 
be  added  speaking  on  one's  feet  before  a  meeting. 

To  really  know  a  thing  one  must  have  more  than  an  abstract 
knowledge.  Much  can  be  gained  by  having  the  students  make 
or  witness  experiments  which  verify  or  illustrate  the  princi- 
]Jes.  What  a  student  does  with  his  hands  in  connection  with 
his  head  he  remembers  far  better  than  knowledge  which  he  has 
obtained  from  text-books  or  lectures.  The  courses  in  depart- 
ments having  laboratories  should  be  so  an-anged  that  work  in 
the  laboratories  is  given  in  parallel  with  the  work  in  the  class 
room.  There  must  be  close  cooperation  between  the  depart- 
ments, with  this  end  in  riew.  It  was  a  part  of  my  pleasant 
duty  when  teaching  to  review  the  fundamentals  after  they  had 
been  taught  by  others.     Good  results  came  through  the  use  of 
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apparatus  to  illustrate  the  principles  and  in  giving  the  students 
practice  in  the  solution  of  many  problems  in  which  the  prin- 
ciples had  to  be  viewed  from  different  standpoints.  That  the 
apparatus  helped  was  evidenced  many  times  by  the  students 
sketching  out  the  principles  as  applied  to  the  experiments  be- 
fore they  applied  them  to  a  problem,  which  showed  that  they 
carried  the  principles  through  a  visual  recollection  of  the  ex- 
periments. Again,  tlie  principles  wei-e  applied  over  and  over 
again  in  laboratory  experiments.  To  thoroughly  master  prin- 
ciples the  hand,  sight,  and  mind  must  be  brought  into  intimate 
haiTUony  and  brought  into  hannony  many  times,  and  unless 
this  is  done  the  student  will  not  have  an  understanding  that 
will  make  the  principles  dependable  working  tools. 

Instructions  for  laboratoi-y  jsractice  are  often  so  complete 
that  the  students  are  led  to  such  an  extent  that  there  is  a 
failure  to  call  for  the  proper  amoimt  of  initiative.  This  may 
or  may  not  be  so  with  a  given  set  of  instructions,  all  depending 
on  the  way  in  which  the  teacher  presents  the  subject.  He  may 
often  economize  much  time  by  using  properly  prepared  notes, 
and  he  may  train  the  initiative  by  inspiring  the  students  to  fol- 
low up  the  details  and  bearing  of  the  experiments.  Sjjecial  ex- 
ercises where  tlie  students  are  required  to  determine  certain 
quantities  without  the  use  of  any  instructions,  either  oral  or 
written,  or  with  few  instructions,  form  a  most  useful  adjimct, 
but  here  again  all  depends  on  the  way  in  which  the  subject  is 
presented.  Too  much  should  not  be  done  in  setting  up  labora- 
tory apparatus  for  the  students.  The  men  should  be  encour- 
aged to  ask  questions;  where  questions  are  not  asked  it  is  a 
sign  that  something  is  wrong  with  the  method  or  the  teacher. 

Laboratory  exercises  form  a  useful  basis  for  practice  in 
writing  reports.  The  best  results  are  secured  by  returning  all 
reports  with  carefully  marked  criticisms,  and  requiring  the 
student  to  rewrite  those  that  do  not  come  up  to  the  standard. 
It  may  often  require  two  or  three  or  even  more  rewritings  to 
make  a  report  readable,  but  if  this  method  is  followed  up  con- 
scientiously it  will  result  in  vast  improvement.  Here  again 
the  method  is  not  the  easiest  one.  A  lack  of  proper  examina- 
tion of  reports  soon  I'esults  in  a  falling  off  in  interest  and  in 
the  effort  of  the  student.  There  is  nothing  more  discouraging 
to  a  student  than  to  have  his  work  carelessly  examined,  and 
in  good  teacliing  much  time  must  be  spent  on  this  part  of  the 
work. 

As  to  education  in  general,  we  all  agree  that  our  sons  should 
be  trained  along  well-balanced  courses.  The  shop  foreman  who 
received  only  a  gi'ammar-sehool  education  will  send  his  son  to 
college,  for  he  knows  what  it  means  to  be  handicapped  through 
lack  of  training,  and  how  hard  it  is  to  make  up  for  that  lack 
of  training  by  studying  at  nights  later  in  life  after  long  work- 
ing days ;  as  study  he  must  to  keep  in  the  race  with  the  college- 
trained  man.  In  many  instances  where  I  have  worked  long 
enough  with  the  men  at  a  plant  to  really  know  them,  it  has 
been  touching  to  find  how  many,  especially  the  older  ones, 
appreciate  the  fact  that  they  have  lost  their  opportunities. 
Many  a  time  such  men  have  come  to  me  and  said  that  I  should 
make  it  my  duty  to  warn  young  men  to  get  an  education.  Yet 
many  of  these  men  had  aU  the  qualifications  in  the  Carnegie 
list  except  the  two  items  which  those  discussing  the  list  have 
classed  as  the  least  important.  One  does  not  have  to  turn  to 
the  successful  man  to  find  character;  many  a  man  who  has 
missed  his  chance  has  noble  qualities  and  is  a  prince  at  heart. 
We  should  not  therefore  belittle  these  two  items,  even  though 
we  agree  on  the  importance  of  those  that  precede  them,  for 
their  lack  has  led  many  a  man  to  failure. 

One  of  the  greatest  pleasures  of  the  professor  is  to  watch 
the  progress  of  those  he  knew  so  well  after  they  leave  him. 


It  is  indeed  interesting  to  see  the  boy  in  the  man,  for  although 
his  students  may  grow  old,  there  are  stiU  the  same  traits  and 
peculiarities.  The  professor  has  a  grave  responsibility  in 
that  he  directs  while  the  mind  and  character  are  in  a  plastic 
state  and  his  imprint  may  mark  the  destiny  of  his  charge.  It 
has  been  truly  said  that  training  a  boy  is  like  growing  a  young 
tree:  easy  to  direct  if  taken  in  time,  but  hard  if  neglected  or  if 
started  in  the  wrong  way.  Again,  boys  develop  like  gTowing 
trees:  some  young,  sturdy  trees  may  outtop  the  others,  some 
may  be  cheeked  for  lack  of  space  for  development  and  trans- 
planting to  some  congenial  spot  may  help.  It  would  be  a  poor 
planter  who  would  discard  some  thrifty,  young  tree  that  might 
not  come  up  to  all  his  ideas  of  symmetry.  The  good  planter 
would  so  bend  and  train  it  that  its  development  would  over- 
come its  faults. 

Having  outlined  the  general  principles  of  engineering  educa- 
tion, the  question  may  be  asked,  how  should  we  proceed  to  ob- 
tain the  best  results?  I  believe  that  much  good  would  be  ac- 
complished if  those  who  employ  graduates  would  cooperate  in 
laying  out  the  courses  of  study.  The  visiting  boards  of  some 
colleges  are  a  step  in  the  right  direction,  but  we  need  something 
closer  and  more  concrete  than  is  secured  through  most  such 
boards.  The  engineering  societies  could  do  most  fitting  and 
useful  work  if  they  would  go  seriously  into  the  problem. 
What  is  needed  is  a  careful  consensus  of  the  judgment  of 
many.  A  single  man  or  a  small  group  of  men  might  have 
radical  ideas  which  might  do  much  harm  if  enforced.  Even 
though  an  idea  may  be  essentially  good,  care  should  be  taken 
that  the  pendulum  is  not  swiuig  too  far  one  way  or  the  other, 
or  the  eoiu-se  will  be  unbalanced.  All  of  us  wlio  have  taught 
know  of  the  frequent  requests  made  by  engineera,  usually 
graduates  of  the  colleges,  that  instruction  be  given  along  par- 
ticular lines  which  have  been  of  importance  to  them,  and  that 
should  even  a  fraction  of  such  requests  be  complied  with  the 
course  would  soon  be  overcrowded,  or  if  other  matters  were 
dropped  would  soon  consist  entirely  of  specialized  branches. 
The  demand  for  mstruction  along  particular  lines  has  resulted 
in  the  courses  of  technical  colleges  being  crowded  at  the  ex- 
pense of  efficiency,  and  no  additions  should  be  made  unless 
these  seem  desirable  after  a  thorough  study  of  the  course  as  a 
whole  to  make  sure  the  added  matter  will  not  displace  some- 
thuig-  more  valuable  or  result  in  a  lesser  degree  of  thoroughness 
in  some  more  important  branch. 

We  often  hear  the  statement  that  something  should  be  added 
to  teach  common  sense.  If  by  this  is  meant  adding  something 
to  keep  the  student  awake  to  the  fact  that  there  is  much  more 
for  him  to  do  than  memorize  and  that  lie  sJiould  keep  his  mind 
alert  to  grasp  and  coordinate  facts  and  essentials,  the  sugges- 
tion is  a  good  and  basic  one.  The  idea  that  there  is  a  lack  of 
common  sense  in  graduates  of  colleges  is  sometimes  overcar- 
ried.  Often  the  one  making  the  statement  has  a  mind  so  fixed 
that  he  regards  a  graduate  who  does  not  look  on  a  thing  in  the 
exact  way  he  does  as  lacking  in  capacity.  He  wrongly  regards 
the  failure  to  follow  fixed  methods  in  reasoning  as  a  lack  of 
what  he  eonsidei's  his  own  good  common  sense.  Tlie  very  fail- 
ure to  follow  fixed  methods  is  a  safeguard  which  has  been  cast 
about  the  young  mind  to  insure  advancement  and  progress. 
Were  the  world  to  follow  along  the  lines  laid  out  by  our  older 
friend  with  his  highly  prided  but  set  ideas,  we  might  soon  be 
in  a  rut  that  would  prevent  all  advancement,  whereas  the  young 
man,  though  he  may  fail,  may  also  win  through  starting  out 
enthusiastically  in  new  and  unknown  fields.  Let  us  therefore 
forgive  the  young  man  if  he  makes  mistakes  in  matters  that 
seem  self-evident,  and  remember  that  the  vei-y  freedom  of  his 
mind  is  the  greatest  safeguard  for  continued  progi-ess. 
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Summarizing,  I  would  make  thfe  following  suggestions: 

1  That  there  be  a  closer  cooperation  between  the  engineering 

colleges  and  those  employing  graduates,  and  that  the  engi- 
neering societies  be  encouraged  to  work  along  this  line. 

2  That  the  technical  requirements  for  entrance  to  colleges  be 

lowered  rather  than  raised,  that  prepai'atory  schools  be  en- 
couraged to  give  more  attention  to  teaching  good  English 
and  to  giving  a  broad  general  education,  and  that  appli- 
cants be  also  judged  as  to  their  initiative  and  general 
make-up  in  deciding  whet  her  they  should  be  admitted. 

3  That  the  courses  be  so  arranged  as  to  train  the  initiative 

and  develop  the  human  side ;  that  the  students  be  taught  to 
work  in  a  cheerful  and  efficient  way ;  that  there  be  proper 
time  for  daily  relaxation  of  the  mind  and  that  the  students 
be  encouraged  to  use  this  time  to  the  best  advantage. 

4  That  the  professors  get  down  to  hard  work  with  their  stu- 

dents and  know  all  of  them  well  enough  to  be  thoroughly 
acquainted  with  their  personal  characteristics. 


5  That  the  professors  in  practical  engineering  subjects  have 

practical  experience  so  that  they  can  speak  with  authority. 

6  That  professors  in  charge  of  practical  engineering  depart- 

ments be  encouraged  to  undertake  practical  engineering 
work,  and  that  their  college  work  be  so  arranged  that  they 
can  be  relieved  from  meeting  classes  when  the  engineer- 
ing work  makes  this  necessary. 

7  That  special  attention  be  given  to  teaching   the  funda- 

mentals of  engineering  science,  even  though  this  may  result 
in  the  elimination  of  certain  specialized  branches. 

8  That  greater  practice  be  given  in  the  writing  of  concise  and 

logical  reports  in  good  English,  and  in  speaking  on  one's 
feet. 

9  That  the  students  be  encouraged  to  confer  with  the  profes- 

sors, and  that  regular  hours  be  provided  for  this  purpose, 
all  to  the  end  that  the  teachers  may  extend  a  helping  hand 
where  needed  and  that  there  be  a  mutual  imderstanding 
and  trust. 


TRIBUTE  TO  JOHN  E.  SWEET  AT  ANNUAL  MEETING 


As  a  tribute  to  the  late  Dr.  John  E.  Sweet,  Past-President, 
Honorary  Member  and  a  founder  of  the  Society,  who 
died  on  May  8,  1916,  the  regular  business  of  the  Annual 
Meeting  was  suspended  at  12:30  p.  m.  on  Wednesday,  De- 
cember G,  when  a  memorial  service  to  Professor  Sweet  was 
held  in  the  Auditorium  of  the  Engineering  Societies  Building. 
Prof.  John  H.  Barr  presided  at  the  exercises,  and  the  mem- 
bers of  the  Council  and  of  the  Council-elect,  and  the  past-presi- 
dents of  the  Society  took  seats  upon  the  platform.  The  Chair- 
man announced  that  the  ceremony  would  open  with  an  ad- 
dress by  Mr.  "Worcester  R.  Warner,  Past-President  of  the  So- 
ciety, and  Capt.  R.  W.  Hunt  escorted  Mr.  Warner  to  the  plat- 
form. Mr.  Warner  paid  the  following  tribute  to  the  memory 
of  Professor  Sweet: 

MR.  WARNER'S  TRIBUTE 

In  honoring  the  memory  of  Prof.  John  E.  Sweet  we  stand 
at  the  shiine  of  one  whom  to  know  was  to  admire  and 
love — of  a  personality  instinct  with  qualities  that  live  to  bless 
the  world  endlessly,  through  perpetuation  in  the  lives  of 
others. 

To  all  members  of  The  American  Society  of  Mechanical  En- 
gineers he  was  known  as  the  revered  founder  and  third  presi- 
dent of  this  Society. 

As  long  ago  as  1880  I,  myself,  received  a  letter  from  him 
in  which  he  outlined  the  scope  and  benefits  of  such  an  organi- 
zation and  invited  me  to  become  a  charter  member. 

In  those  remote  days  the  term  Mechanical  Engineer  had  a 
very  limited  application.  It  did  not  appear  in  coUege  courses 
or  degrees.  There  were  some  Master  Mechanics  and  Master 
Builders  and  Draughtsmen;  but  to  secure  sufficient  members 
as  a  nucleus  for  his  proposed  organization,  Professor  Sweet 
had  to  invade  the  ranks  of  Foremen  and  Machinists — and 
there,  I  may  add,  is  where  he  found  me  and  some  others. 

Recently  he  wrote :  "  Likely  the  most  important  thing  I 
have  done  was  to  set  the  ball  rolling  for  the  organization  of 
The  American  Society  of  Mechanical  Engineers,  of  which 
there  are  between  four  and  five  thousand  members  scattered 
throughout  the  inhabited  surface  of  the  world."  As  he  was 
proud  of  the  founding,  justly  so  may  we  be  proud  of  the 
founder. 


Professor  Sweet  left  a  brief  and  very  characteristically  mod- 
est outline  of  his  life  history  from  which  it  appears  that  he 
was  born,  of  plain  English  parentage,  in  the  village  of  Pom- 
pey,  near  Syracuse.  His  educational  advantages  were  few 
but  he  and  a  brother  developed  marked  taste  and  aptitude  for 
mechanics.  "  I  was  alw-ays  at  making  something,"  he  says. 
Not  unnaturally,  therefore,  he  eventually  learned  the  carpen- 
ter's trade,  from  which,  as  he  says,  his  "  mechanical  life  ran 
into  architecture,"  and  he  adds  that  there  are  in  Ssrracuse  sev- 
eral buildings  designed  by  him.  Whimsically  he  explains  that 
as  "  the  Government  at  the  seat  of  war  at  that  time  was  giv- 
ing jobs  to  those  who  wanted  to  stand  up  and  be  shot  at,  which 
was  a  job  he  '  didn't  hanker  for,'  "  so,  in  1862,  he  went  abroad 
and  "  visited  London,  Paris,  Switzerland  and  Italy."  For 
nearly  two  years  thereafter  he  had  employment  in  England. 
On  his  return  to  America  he  invented  his  very  ingenious  but 
commercially  impracticable  machine  to  supersede  movable 
type — the  forerunner  of  the  linotype.  Then  he  undertook 
bridge  construction  and  tells  how  it  was  while  he  was  build- 
ing a  bridge  at  Ithaca  that  "  President  White  and  Mr.  Cornell 
came  around  one  afternoon  "  and  asked  him  "  to  meet  the  Cor- 
nell Board,"  from  which  resulted  his  appointment  as  Director 
of  Shops  in  Sibley  College.  The  six  years,  from  1873  to  1879, 
during  which  he  taught  there,  were  full  to  overflowing  of  ac- 
tivity in  the  interest  of  his  "  boys,"  between  whom  and  him- 
self existed  those  remarkable  bonds  of  regard  and  affection  ex- 
pressed in  their  long  series  of  annual  gatherings  with  him  in 
recent  years.  "  At  Cornell,"  he  says,  "  we  were  constantly  de- 
veloping new  things :  absolutely  perfect  surface  plates, 
straight-edges,  squares  and  angles,  standard  gages  —  by  the 
use  of  the  measuring  machine  which  we  built  (the  first  ever 
built  in  this  country)  and  which  read  to  the  ten-thousandth  of 
an  inch  and  enabled  us  to  judge  the  forty-thousandth.  Visi- 
tors to  the  University  were  always  shown  our  shop  and  the 
wonders  of  the  work  we  were  doing  interested  the  greatest  of 
them  all.  Mr.  Cornell  was  a  constant,  interested  visitor  while 
he  lived.  General  Grant,  John  Hay  and  hundreds  of  others 
came."  "  In  conversation  with  Henry  Ward  Beecher,"  he  adds, 
"  I  casually  remarked  that  an  ordinary  college  graduate  was 
not  much  use  in  a  machine  shop  and  he  said  he  guessed  I  had 
never  seen  one  in  a  pulpit!"  Another  incident  that  diverted 
the  young  professor,  he  thus  describes:     ''We  built  certain 
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lathes,  and,  among  other  new  things,  all  the  bolts  and  nuts  that 
had  to  be  changed  to  meet  conditions  were  made  to  be  operated 
by  the  one  wrench.  Showing  it  off  to  a  friend,  he  said,  '  What 
in  the  world  would  you  do  if  you  lost  that  wrench?'"  With 
deep  feeling  he  sums  up  that  period  thus :  "  The  best  thing  we 
made  or  helped  make  at  Sibley,  I  suppose — or  hope  at  least — 
was  a  lot  of  valuable  men."  From  these  fine  men,  "  Sweet's 
Boys,"  have  proceeded  such  answering  testimony  to  the  worth 
of  their  instruction  by  this  tireless,  inspiring  teacher  as  con- 
stitutes, it  seems  to  me,  his  most  perfect  tribute  and  imperish- 
able monument. 

One  of  them,  Dean  Smith,  of  Sibley  College,  writes  me: 
"  My  memory  pictures  Professor  Sweet  always  at  work  upon 
something  that  should  contribute  to  the  training  of  the  stu- 
dents in  his  charge;  and  no  matter  how  busy  he  was,  he  was 
always  ready  to  give  his  attention  to  any  one  who  sought  his 
instruction  or  advice  upon  any  matter  whatever."  "  One  thing 
he  said  has  always  stuck  in  my  memory,"  adds  Professor 
Smith.  "  It  is  so  characteristic  of  the  man.  He  said :  '  When 
you  go  out  into  practice  you  will  not  be  paid  for  what  you 
know  but  for  what  you  can  do.' " 

Another  of  these  former  students,  Mr.  J.  E.  Johnson,  Jr., 
has  written  a  masterlj-  appreciation  of  Professor  Sweet  which 
will  shortly  appear  in  The  Americam,  Machinist.  To  it  I  am 
indebted  for  certain  details  and  the  extracts  from  Professor 
Sweet's  reminiscences.  Much  stress  is  laid  by  liis  students  on 
Professor  Sweet's  ingenious  applications  of  gi'aphics  to  re- 
place the  higher  mathematics  of  his  subject.  Mr.  Johnson 
mentions  this  interesting  instance:  On  one  occasion  during  a 
call  from  some  professor  the  latter  spoke  of  the  very  difficult 
problem  in  geometry  which  the  mathematicians  had  just  suc- 
ceeded in  solving,  namely,  that  if  three  circles  of  different 
diameters  are  drawn  in  any  position  in  a  plane  and  a  pair  of 
tangents  are  drawn  to  each  side  of  each  pair  of  circles  and 
prolonged  to  their  intersection,  the  intersecting  points  of  the 
three  pairs  of  tangents  will  lie  in  a  straight  line.  Professor 
Sweet  thought  this  over  for  a  few  minutes  and  said :  "  Yes, 
certainly,  I  can  see  that  that  is  time."  The  other  professor 
said :  "  I  guess  you  don't  understand.  Professor.  This  is  a 
very  difficult  problem  and  we  have  just  finally  accomplished 
its  solution.  I  don't  think  it  is  as  obvious  as  you  think  it  is." 
"  Why,  yes,"  said  Professor  Sweet,  "  of  course  it  is  obvious. 
Instead  of  three  circles  in  a  plane,  take  three  balls  lying  on 
a  surface  plate.  Instead  of  drawing  tangents,  imagine  a  cone 
wrapped  around  each  pair  of  balls.  On  top  of  the  three 
balls  lay  another  surface  plate.  It  will  rest  on  the  three  balls 
and  will  necessarily  be  tangent  to  each  of  the  three  cones.  The 
apexes  of  all  the  cones  must  lie  in  the  intersection  of  two 
surface  plates,  and  as  the  intersection  of  two  planes  is  always 
a  straight  line,  the  apexes  of  the  cones  will  lie  in  a  straight 
line.  It  seems  to  me  that  this  is  perfectly  obvious."  So  it  was 
to  a  man  who  could  think  in  those  terms,  but  to  how  many  of 
us,  no  matter  what  our  mathematical  training,  would  it  be 
"  obvious  "  ? 

At  the  Centennial  Exposition  in  1876,  the  notable  feature 
of  the  Sibley  College  exhibit  was  Professor  Sweet's  Straight 
Line  Engine,  constructed  at  the  college  shop.  As  a  marked 
departure  in  design  from  previous  types,  it  attracted  much 
attention ;  the  more  so  since,  when  tested  out,  it  developed  a 
high  efficiency.  Encouraged  by  these  facts,  the  inventor  de- 
cided to  leave  the  teaching  profession  and  to  devote  himself 
to  the  manufacture  of  his  engine  in  his  home  city  of  Syracuse. 
So  the  Straight  Line  Engine  Co.  was  organized  in  1879,  with 
Professor  Sweet  as  President — an  office  he  held  until  his  la- 
mented  death — and   there   Sibley   College   post-graduates   and 


others  of  "  Sweet's  Boys "  received  their  advanced  practical 
training. 

Many  present,  beside  myself,  must  remember  the  kindly 
sentiment,  "Visitors  Always  AVelcorae,"  cut  in  the  stone  over 
the  entrance  door  of  the  factory,  and,  like  myself,  must  have 
put  it  to  the  test  more  than  once,  only  to  find  that  welcome 
ever  ready.  And  the  straight-line  engine  itself  was  a  familiar 
friend,  too.  We  installed  one  in  our  first  shop,  Swasey  and 
I,  and  used  it  until  we  needed  more  power.  Then  it  passed 
to  Brashear,  in  whose  shop  it  is  working  steadily  still — a  trib- 
ute to  the  inventor's  sound  sense  and  feeling  for  right  design. 

Professor  Sweet's  name  and  fame  became  so  well  known 
that  engineers  and  inventors  made  "  a  beaten  path  to  his  door." 

It  was  his  pleasure  to  commend  and  aid  those  who  possessed 
merit.  Just  as  ready  was  he  to  wisely  direct  those  who  came 
bringing  heretical  ideas  in  opposition  to  the  fixed  laws  of  me- 
chanics. In  such  cases  his  keen  sense  of  humor  often  played 
a  kindly  but  convincing  part.  On  one  such  occasion  an  in- 
ventor, after  demonstrating  an  elaborate  model,  asked,  "  Now, 
Professor  Sweet,  what  do  you  think  of  it?"  Instantly  came 
the  characteristic  reply,  "  Well,  it  seems  to  be  a  mighty  good 
way  to  do  a  thing  that  doesn't  need  to  be  done."  I  recall,  in 
the  days  when  inventors  tried  to  apply  ball  bearings  to  every- 
thing from  bicycles  to  the  axis  of  the  earth,  one  such  went  to 
him  to  explain  the  merits  of  his  new  ball  bearing  for  buggy 
axles.  Professor  Sweet  listeneS  attentively  and  then  said  to 
the  proud  inventor:  "The  ordinary  buggy  axle  is  of  steel, 
about  %  in.  diameter,  nicely  fitted  to  a  cast  iron  sleeve  and, 
presumably,  well  oiled.  If  you  place  such  a  buggy  on  a  new, 
smooth  floor,  and  with  a  sensitive  spring  scale,  determine  how 
slight  is  the  power  required  to  move  it,  yoti  will  see  that,  if 
your  ball  bearing  saved  it  all,  it  wouldn't  be  worth  while." 
He  followed  this  statement  by  saying,  "  The  resistance  to 
moving  vehicles  is  mostly  on  the  ground  and  can  be  best  over- 
come by  making  better  roads."  This  now  seems  like  prophecy, 
in  view  of  the  fact  that  the  State  of  New  York  has,  since  then, 
spent  over  one  hundred  millions  of  dollars  in  improving  its 
roads. 

Thousands  of  young  mechanical  engineers  discover  the 
great  loss  of  power  by  the  use  of  the  crank  in  the  steam  engine 
and  are  then  subject  to  attacks  of  the  rotary-engine  fever. 
Most  of  my  hearers  have  doubtless  prescribed  for  this  malady 
and  accomplished  cures.  So  did  Professor  Sweet.  For,  when 
one  thus  afflicted  came  to  him  with  a  splendidly  worked  out 
design,  the  cylinder  but  half  the  usual  circle,  and  enthusias- 
tically invited  his  approval.  Professor  Sweet  said  cordially, 
"  It  is  the  very  best  rotary  engine  I  have  ever  seen,  for  you 
have  at  the  outset,  thrown  away  half  of  it.  Now  all  you  have 
to  do  is  to  throw  away  the  other  half."  Then  we  may  be  sure 
he  gently  put  that  young  enthusiast  back  on  the  right  track 
to  real  progress.  This  characteristic  helpfulness  to  others 
held  good  to  the  very  day  of  his  death.  For  another  of  his 
"  boys,"  Mr.  Wm.  C.  Brown,  tells  me  that  on  the  morning  of 
that  day — it  was  the  eighth  of  last  May — a  man  from  Texas, 
whom  he  had  never  heard  of  before,  walked  into  the  Profes- 
sor's office  to  ask  advice  about  a  valve  motion  he  had  invented. 
When  it  had  been  explained  but  before  Professor  Sweet  had 
an  opportunity  to  express  an  opinion,  his  carriage  came  and 
he  was  obliged  to  go  home  to  lunch,  making  an  appointment 
for  the  man  to  return  at  a  later  hour.  That  afternoon  the 
fatal  stroke  occurred  and  Professor  Sweet  was  taken  home 
by  Mr.  Brown,  in  the  latter's  car.  On  the  way,  though  suffer- 
ing intense  pain,  he  told  Mr.  Brown  about  the  stranger's 
errand  and  begged  him  to  see  the  man  when  he  returned  and 
e.xplain   to  him  just  why  his  valve  motion  was  of  no  value. 
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Here  is  the  great  human  note,  without  which  even  the  har- 
monies of  Heaven  would  be  poor. 

In  these  latter  years  Professor  Sweet  had  enjoyed  much 
travel.  Of  tliis  he  writes:  "I  have  crossed  the  Atlantic 
fifteen  times,  have  been  in  ten  seas,  twenty-two  countries,  and 
in  too  many  rivers,  bays  and  cities  to  enumerate.  I  have  been 
four  hundred  miles  South  of  the  Equator  and  half  way  to 
the  North  Pole."  So  he  took  a  warm  interest  in  world  politics, 
especially  as  affected  by  the  present  war  of  nations.  This  is 
tlie  theme  of  several  personal  lettei-s  written  to  one  of  his  very 
favorite  "boys,"  Mr.  F.  G.  Tallman.  Recalling  Professor 
Sweet's  sentiments  concerning  the  Civil  War  we  are  prepared 
to  find  him  saying :  "  I  have  said,  and  said  it  years  ago,  that 
'  Prepare  for  war  in  times  of  peace '  is  the  worst  sentiment 
in  the  English  language,  and  if  anything  was  necessary  to 
prove  it,  the  present  war  does  it.  Men  fight  more  for  glory 
than  anything  else  and  there  would  be  no  glory  in  taking  an 
unprotected  country  but  a  disgrace  to  the  people  who  would 
do  it.  I  believe  this  country  would  be  in  a  safer  condition 
without  a  cent's  worth  of  arms,  armaments  and  forts  than 
with  the  best  possible  of  those  elements."  These  are  vigorous 
words  from  a  man  of  82.  Several  letters  are  in  the  same 
vein.  All  express,  at  more  or  less  length,  his  utter  detestation 
of  war  and  the  siaecious  excuses  other  men  make  for  it. 

As  I  turn  the  pages  of  this  very  private  correspondence, 
kindly  sent  me  by  Mr.  Tallman,  I  find  one  letter  in  quite  an- 
other and  a  very  amusing  vein.  I  quote :  "  Some  two  weeks 
ago  I  got  thinking  about  what  was  the  first  thing  I  ever  made 
that  I  could  remember  about — and  it  was  a  boot-jack  that  I 
made  somewhere  about  1840,  or  when  I  was  eight  years  old. 
And  I  called  to  mind  the  fact  that  I  did  then  what  I  have 
always  tried  to  do  since — make  it  better  than  the  ones  made 
before."  Then  the  writer  tells  how,  being  up  at  Pompey  a 
few  days  before  and  mentioning  the  boot-jack,  some  one 
"  went  out  in  the  wood-house  and  brought  it  in  "  and,  he  con- 
tinues, "  I  have  it  now  in  my  office.  Wherein  it  differs  from 
others  is  this :  the  old,  or,  in  fact,  all  others,  have  a  cleat  imder 
near  one  end,  to  hold  that  end  up.  In  the  place  of  the  cleat, 
I  have  two  holes  through  and  put  in  two  pins  which  I  let  pro- 
ject out  from  each  side,  so  the  jack  is  right  side  up  whichever 
is  put  on  the  floor.  As  an  evidence  tliat  it  was  used  in  the 
days  of  boots,  the  back  end  is  worn  tapering  and  the  forked 
end  has  been  worn  by  the  boot  heels.  The  point  is  that  I  did 
then  what  I  have  always  tried  to  do  since — make  the  thing 
better.  But  getting  other  people  to  adopt  my  notions  has 
been  as  barren  of  results  as  my  notions  about  preparedness." 
Likewise,  in  his  reminiscences,  Professor  Sweet  writes :  "  I 
cannot  call  to  mind  ever  starting  on  a  job  without  thinking 
out  how  to  make  it  better  than  it  had  been  done  before."  The 
engineers  of  the  world  can  set  themselves  no  higher  task  than 
such  a  motto  imposes,  nor  hope  to  accomplish  it  more  fuUy 
and  nobly  than  did  Professor  Sweet  that  which  he  undertook. 
Simple  and  modest  and  self-effacing  as  he  was  by  nature, 
honors  sought  him — not  he  them.  In  1914  the  .John  Fritz 
medal  was  awai-ded  to  him  "  for  his  achievements  in  machine 
design  and  for  his  pioneer  work  in  applying  sound  engineer- 
ing principles  to  the  construction  and  development  of  the 
high-speed  steam  engine."  In  the  same  year  Syracuse  Uni- 
versity conferred  upon  him  the  honorary  degi'ee  of  Doctor  of 
Engineering.  But,  as  has  been  truly  said,  these  honors,  great 
as  they  are,  are  less  lasting  than  will  be  "  his  influence  over 
men,  to  cause  them  to  think  straight  and  live  honorably." 

The  man  of  whom  such  things  are  true  need  make  no  claim 
of  his  own.  In  life  he  is  revered.  In  death,  we  bring  him 
the  homage  of  our  hearts. 


The  Ciiairraan  expressed  the  Society's  indebtedness  to  Mr. 
Warner  for  this  appreciative  estimate  of  Professor  Sweet.  He 
then  introduced  another  pioneer  of  the  Society  who  was  asso- 
sociated  with  Professor  Sweet  in  his  early  days,  Capt.  R.  W. 
Hunt.     Captain  Hunt  said  in  part: 

CAPTAIN  HUNT'S  TRIBUTE 

''  Blessed  are  those  whose  works  are  such  that  every  day 
and  every  moment  of  that  life  has  been  to  make  their  fellow 
men  better  and  happier,  and  such  was  Professor  Sweet.  His 
life  was  as  simple  as  his  mechanical  ideas,  and  just  as  ac- 
curate in  its  greatness  and  in  its  purity.  To  know  him  was 
to  be  blessed,  and  certainly  his  influence  exerted  upon  those 
who  came  in  contact  with  him,  and  left  as  a  beneficence  to 
those  who  follow  him,  is  of  a  character  that  makes  the  world 
worth  livuig  in. 

"  His  achievements  were  not  of  a  startling  kind.  His  suc- 
cesses did  not  bring  to  him  great  fortune,  but  each  one  made 
men  better  and  happier,  and  the  fact  that  following  the  years 
of  his  teaching  he  established  a  brotherhood  of  love  among 
men  who  continued  to  pay  tribute  to  him  until  the  day  of  his 
death  was  an  achievement  of  which  any  man  should  be  glad 
and  proud,  and  sufficient  to  content  any  man." 

The  Chairman  then  called  upon  Prof.  Albert  W.  Smith, 
Dean  of  Sibley  College,  Cornell  University,  who  was  one  of 
the  Sweet  boys  in  the  early  days  of  Cornell,  and  was  after- 
ward superintendent  of  the  Straight  Line  Engine  Works. 

DEAN  SMITH'S  TRIBUTE 

Professor  Smith  said  he  counted  it  one  of  the  pleasures  and 
lirivileges  of  his  life  that  Professor  Sweet  was  his  teacher  in 
Sibley  College  and  his  employer  in  the  Straight  Line  Engine 
^^'orks,  and  that  there  were  two  things  which  characterized 
his  knowledge  of  Professor  Sweet:  first,  his  clearness  of 
thought,  and,  second,  his  deep  human  sympathy.  Dean  Smith 
contin  ued : 

"  As  I  said  once  before  in  iiublic.  Professor  Sweet  all  of  his 
life  carried  a  little  sharp  needle  to  prick  hot-air  balloons,  and 
then  when  he  saw  the  balloon  collapsing,  his  sympathy  for 
the  man  who  had  brought  it  to  him  was  so  great  that  he  would 
explain  to  him  a  way  to  blow  balloons  so  that  they  could  not 
be  punctured. 

"  I  want  to  tell  one  story  that  has  not  been  told  here  this 
morning.  The  Professor  was  especially  proud  of  the  Straight 
Line  engine  because,  although  it  was  a  high-speed  engine,  it 
ran  silently.  One  day  a  man  from  Syracuse  came  to  the 
works,  and  a  Straight  Line  engine  was  on  the  skids  ready  to 
be  shipped.  This  man  was  not  an  engineer.  He  came  in  and 
the  Professor  greeted  him,  and  he  said  to  the  Professor,  look- 
ing at  this  engine,  '  I  see  you  are  still  making  drop  hammers.' 

"  It  seems  to  me  that  in  human  life  there  is  only  one  cardinal 
sin,  and  that  is  selfishness.  All  others  are  simply  outgrowths 
or  modifications  of  this  one  sin.  It  is  the  one  of  which  Pro- 
fessor Sweet  was  guiltless  all  his  life,  for  he  was  the  kindest 
and  most  unselfish  man  that  ever  offered  help  and  sympathy 
to  harrassed  human  mortals.  I  am  proud  of  the  fact  that  it 
was  given  to  me  to  be  one  of  Sweet's  Boys." 

The  Chairman  in  conclusion  said  that  it  seemed  proper  to 
those  wlio  knew  Professor  Sweet  and  loved  him  so  dearly  that 
this  memorial  should  be  characterized  by  extreme  simplicity 
and  brevity,  and  with  these  tributes  the  service  closed. 


MISCELLANEOUS  SESSION,  WEDNESDAY  MORNING 
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AT  the  first  Miscellaneous  Session  of  the  Annual  Meeting, 
at  which  Dr.  D.  S.  Jacobus  presided,  the  following  five 
papers,  contributed  by  local  Sections  of  the  Society  during 
1916  and  published  in  The  Journal,  were  read  by  title: 

Steam  Safety  Valves,  George  H.   Clark,  contributed   by  the 

Boston  Section. 
Efficiency  of  Propulsive  Machinei-y  and   Late   Developments 

in  Naval  Engineering,  H.  C.  Dinger,  contributed  by  the 

Philadelphia  Section. 
Standardization  of  Power  Plant  Operating  Costs,  Walter  N. 

Polakov,  contributed  by  the  New  York  Section. 
Report  of  Efficiency  Tests  of  a  30,000-kw.  Cross-Compound 

Steam  Turbine,  H.  G.  Stott  and  W.  S.  Fiiilay,  Jr.,  con- 
tributed by  the  New  York  Section. 
The  Design  and  Test  of  a  Large  Reclamation  Pumping  Plant, 

G.  C.  Noble,  contributed  by  the  San  Francisco  Section. 

MR.  0RR3K  GIVES  FORMULrT]  FOR  THE  PROPORTION- 
ING OF  SURFACE  CONDENSERS 

George  A.  Orrok  then  presented  a  paper  entitled  The  Pro- 
portioning of  Surface  Condensers,  in  which  he  enunciated  the 
following  principles: 

a  The  law  of  temperature  rise  in  a  condenser  tube  is  of  the 
exponential  form,  with  0.875    (0.9   or  0.8,   perhaps)    as 
the  exponent 
b  It  is  not  necessary  to  take  viscosity  into  consideration  in 
designing  where  the  water  temperature  is  6.5  to  70  deg. 
fahr.  and  the  vacuum  is  28  in.  or  over 
c  Critical  velocity  may  likewise  be  neglected,  since  all  con- 
denser velocities  are  far  above  it 
d  For  velocities  obtaining  in  condenser  practice  the  coefficient 

K  may  be  taken  as  the  0.6  power  of  the  velocity 
e  The  reduction  in  heat  transmissive  power  due  to  the  pres- 
ence of  air  in  a  condenser  is  very  approximately  covered 
by  tlie  use  of  a  term   (Ps  -^  P,)"  as  a  reducing  factor 
of  K 
f  For  design  work  the  value  of  K  may  be  reduced  once  for 
all   to   account   for  the   cleanliness   of  the   tube   and    the 
material  itself 
g  The  value  of  K  will  then  be  reduced  to  somewhere  between 
300  and  -±00  for  design  purposes,  say  325  for  average 
good  working. 
Mr.   Orrok  presented  the  following  formulae  covering  the 
application  of  the  results  of  his  experiments  to  the  design  of 
surface  condensing  apparatus : 
If  Pv  =  absolute  pressure  in  condenser  =  29.92  —  (vacuum 

+  0.2  in.) 
ts  =  temperature  of  steam  corresponding  to  vacuum 
i„  =  initial  temperature  of  condensing  water 
i,  =  final  temperature  of  condensing  water  =   fs  —  5°   for 

close  work,  ordinarily  =  t^  —  (7°  to  10°) 
\  =  total  heat  of  steam  at  ts 
q  =  heat  of  the  liquid  at  ts 
Then,  ratio  of  condensing  water  to  steam  condensed  is 


R  =- 


t,~k 


One-inch  tubes  (No.  18  B.  W.  G.)  being  taken  as  standard 
on  account  of  advantages  generally  conceded  to  that  size,  the 
number  required  in  one  pass  =  w  =  §  -h  990  Kw,  where  F„  is 
the  velocity  of  flow,  averaging  8  ft.  per  sec.  (7  to  10  ft.). 

The  length  of  water  travel  {I),  or  the  total  tube  length,  may 
be  found  from 


I- 


.30.8  Q 
325  VJ-" 


[(«.-(„)"=-  (*.-i,)°-=] 


Also,  pounds  of  steam  condensed  per  hour  =  W,  and  weight 
of  condensing  water  used  =  §  =  WR. 


and  the  total  tube  surface  {S)  from  S  =  0.262  nl. 

The  cross-sectional  area  of  the  condenser  (sq.  ft.)  is  equal 
to  {n  X  number  of  passes)  -=-  60,  where  60  is  the  average  num- 
ber of  tubes  occupying  1  sq.  ft.  of  tube-plate  area.  The  length 
of  the  condenser  =  L  =  [l/m)  -{-  depth  of  water  boxes,  where 
m  =  number  of  passes. 

The  author  said,  in  presenting  his  paper,  that  the  data  in  it 
were  ten  months  old,  but  that  he  had  heard  of  no  experiments 
since  which  would  cause  him  to  change  anything  in  the  paper. 
He  said  that  at  the  present  time  we  unfortunately  lack  ex- 
periments to  confirm  our  conclusions  regarding  the  air  ques- 
tion, and  there  might  one  or  two  things  come  up  within  the 
next  few  months  to  cause  him  to  change  his  opinions.  If  so 
he  would  come  back  later  and  say  that  his  paper  was  no 
longer  correct. 

William  Kent,  in  opening  the  discussion,  said  he  had  no 
fault  whatever  to  find  with  this  paper,  except  that  it  needed 
an  appendix,  and  he  hoped  Mr.  Ori'ok  would  nest  year  give 
another  paper  supplementing  this  one. 

The  principal  question  he  wanted  answered  was :  Given, 
say,  a  1000-hp.  engine,  with  10  lb.  of  steam  per  horsepower, 
which  would  make  10,000  lb.  of  steam,  and  with  29.5  in.  of 
\-acuum  and  70  deg.  fahr.  temperature  of  circulating  water, 
how  many  square  feet  should  be  put  in  the  condenser,  and 
how  should  the  square  feet  be  arranged?  The  temperature  of 
the  condensing  water,  the  vacuum,  and  the  number  of  pounds 
of  steam  to  be  condensed  are  the  only  things  we  have  to 
begin  with,  and  the  two  things  to  be  found  are  the  number  of 
square  feet  and  the  arrangement  of  the  heating  surface. 

Wm.  D.  Ennis  thought  that  if  the  author  would  explain 
the  statement :  "  The  law  of  temperature  rise  in  a  condenser 
tube  is  of  the  exponential  form,  with  0.875  (0.9  or  0.8,  per- 
haps) as  the  exponent,"  the  snrface  capacity  could  be  readily 
determined. 

Thomas  C.  McBride  said  that  a  number  of  condensers  had 
been  built  in  which  the  circulating  water  was  heated  in  the 
neighborhood,  taking  an  actual  instance,  of  from  70  to  95 
deg.,  but  now  we  find  it  desii-able  to  force  a  lot  more  water 
tlirough  and  lower  the  a\"erage  water  temperature  and  there- 
by increase  the  total  amount  of  heat  transmitted  per  square 
foot.  That  brings  up  the  question  of  the  length  of  tube  pos- 
sible with  the  increased  amount  of  water,  as  it  influences  the 
horsepower  of  the  circulating  pump. 

He  put  up  on  the  blackboard  his  own  equation  for  deter- 
mining surface,  which  checked  up  because  with  it  the  amount 
of  surface  multiplied  by  the  length  traveled  through  by  (lie 
water  was  constant. 

Geo.  H.  Gibson  and  Paul  A.  Bancel  wrote  that  they 
tliought  that  the  author  lias  gix'en  more  attention  to  the  devis- 
ing of  algebraical  fonnula;  than  to  explaining  the  fact,  which 
is  clearly  patent,  that  single-tube  experiments  and  practical 
condenser  results  are  100  per  cent  or  more  apart. 
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Values  of  the  coeflScient  K  varying  from  470  to  630  are 
mentioned  as  experimental  results.  Upon  proceeding  to  put 
down  principles  which  can  be  used  in  designing,  however,  the 
author  says  "  The  value  of  K  will  then  be  reduced  to  some- 
where between  300  and  400  for  design  purposes,  say  325  for 
average  good  working."  As  a  matter  of  fact,  coeflacients 
equivalent  to  300  have  been  attained  for  years  in  old-fashioned 
condensers  without  the  grace  of  new-fangled  formulffi  and 
with  tubes  packed  100  or  more  to  the  square  foot  and  only 
3  or  4  ft.  per  second  water  velocitj-,  whereas  the  author  recom- 
mends about  69  tubes  to  the  square  foot  and  8  ft.  per  second 
water  velocity.  If  all  the  new  formula  get  us  no  farther 
than  this,  why  formulate? 

The  conclusion  is  unescapable  that  what  takes  place  in  an 
individual  tube  surrounded  by  pure  steam  is,  in  the  actual 
condenser,  submerged  and  obscured  by  some  other  factor  or 
factors.  Has  sufficient  study  been  given  to  the  flow  conditions 
on  the  steam  side  of  the  tube? 

Just  as  there  is  a  best  tube  leng^th  for  the  water  flow,  so 
there  is  a  best  tube-bank  depth  for  the  steam  flow.  As  con- 
densers grow  in  size,  it  is  not  correct  merely  to  make  them 
deeper  in  proportion  as  they  are  made  wider.  The  best  depth 
must  be  determined  and  increased  capacity  obtained  by  spread- 
ing out  in  the  other  dimensions.  Steam  lanes  in  the  tube  bank 
do  not  solve  the  problem,  for  they  are  Uke  by-passing  water 
directly  from  the  cold-water  box  to  the  warm- water  box;  some 
of  the  heat-transmitting  surface  is  by-passed  by  the  lanes  and 
becomes  stagnant  and  inactive  because  of  accumulation  of  air. 
Another  solution  which  has  been  proposed,  viz.,  to  keep  every 
tube  in  the  condenser  bathed  in  pure  steam  summer  and 
winter,  heavy  loads  and  light  loads,  by  pulUng  a  larger  pro- 
portion of  the  steam  through  into  the  air  pump,  leads  to  an 
excessive  power  consumption  by  the  latter. 

Mr  Bancel  supplemented  the  above  discussion  by  consid- 
ering the  effect  of  size  of  condenser  on  efficiency.  He  said 
that  condensei-s  are  getting  bigger  and  bigger  nowadays,  and 
it  has  been  assumed  that  the  condenser  would  be  more  efficient 
in  large  sizes.  One  reason  for  this  was  that  the  turbine  is 
more  efficient  in  large  sizes,  but  the  problems  that  come  into 
condenser  design  are  very  different  from  those  that  enter  into 
the  ease  of  the  turbine. 

M.  C.  Stuart  presented  a  comprehensive  written  discussion 
in  which  he  gave  the  results  of  his  own  analysis  of  the  author's 
data.     Some  of  ilJr.  Stuart's  conclusions  were: 

"  Undoubtedly  the  data  presented  show  conclusively  that  the 
heat-transfer  factor  did  vary  as  a  function  of  the  mean  tem- 
perature difference  between  steam  and  water.  The  runs  used 
to  reach  this  conclusion,  however,  included  only  those  in  which 
the  steam  temperature  was  constant  and  the  inlet-water  tem- 
perature varied.  A  set  of  runs  may  sho  wthat  the  heat-trans- 
fer factor  varies  with  the  temperature  difference,  but  this  does 
not  mean  necessarily  that  the  variation  is  because  of  the  tem- 
perature difference.  At  constant  steam  temperature,  small 
temperature  differences  correspond  to  high  actual  water  tem- 
peratures, and  it  is  altogether  possible  that  the  variation  ob- 
tained by  Mr.  Orrok  was  due  to  the  variation  in  actual  water 
temperature,  rather  than  to  the  variation  in  temperature  dif- 
ference. 

"  I  agree  that  for  the  narrow  ranges  of  temperature  exist- 
ing in  condenser  work  (from  70  to  90  deg.)  the  effect  of 
viscosity  need  not  be  considered.  It  would  also  appear  that 
the  effect  of  varying  temperature  differences  need  not  be  con- 
sidered, especially  in  view  of  the  evidence  that  the  heat-trans- 
fer factor  varies  with  actual  water  temperature  and  not  with 
temperature  differences. 


"  As  to  the  relation  of  heat-transfer  factor  and  velocity,  I 
find  that  tlie  plot  of  velocity  vs.  heat-transfer  factor  on  log 
paper  gives  a  line  which  is  decidedly  curved,  and  which  indi- 
cates an  exponent  varying  from  0.5  to  0.6  in  the  formula 
U  =  C  V"  over  the  velocity  range  from  2  to  8  ft.  per  sec." 

"  The  author  chose  8  ft.  per  sec.  velocity  only  because  this 
is  usual.  At  a  velocity  of  8  ft.  per  sec.  the  friction  drop 
amounts  to  10.73  ft.  of  water  and  the  total  length  of  tubing 
amounts  to  3250  ft.  per  million  pounds  of  water  per  hour.  By 
increasing  the  velocity  to  12  ft.  per  sec.  the  total  length  of 
tubing  may  be  reduced  to  2570  ft.  at  the  expense  of  an  in- 
crease in  the  friction  drop  to  25.24  ft.  of  water.  The  writer 
is  not  advocating  the  use  of  any  particular  velocity,  but  simply 
placing  emphasis  upon  the  fact  that  the  proper  choice  of  a 
velocity  should  be  given  more  consideration." 

G.  L.  Kothny,  in  a  written  discussion,  stated  it  would  be 
interesting  to  hear  what  amount  of  air  leakage  in  pounds  per 
hour  should  be  assumed  per  100  sq.  ft.  of  surface  when  using 
325  as  the  value  of  K.  He  thought  an  attempt  should  be  made 
by  condenser  manufacturers  to  agree  on  the  maximum  and 
minimum  amount  of  air  leakage  permissible  for  certain  sizes 
of  condensers,  and  that  the  establishment  of  such  standard 
figures  would  give  a  better  basis  for  comparison  of  the  effi- 
ciency of  different  types  of  condensers.  It  would  be  interest- 
ing to  hear  from  Mr.  Orrok  if  he  has  any  data  referring  to  the 
maximum  and  minimum  amounts  of  air  leakage  in  pounds  per 
hour  for  different  sizes  of  surface  condensers,  such  as  5000, 
10,000,  25,000  and  50,000  sq.  ft.  cooling  surface. 

He  suggested  that,  to  avoid  misunderstandings,  the  symbols 
used  for  making  condenser  calculations  should  be  agreed  upon 
or  determined  by  a  standard  committee  of  members  of  the 
Society  engaged  in  condenser  work. 

Alphonse  A.  Adler  entered  into  a  lively  discussion  of  the 
formula  given  by  Mr.  McBride,  criticizing  it  on  the  score  that 
it  was  physically  inconsistent.  Professor  Kent  and  Mr.  Mc- 
Bride joined  in  and  the  discussion  became  a  question  of  mean- 
ing of  a  dimensional  formula. 

The  author  said  in  reply  to  the  query  of  Professor  Ennis 
regarding  the  exponent  %;  that  in  the  closure  to  the  discussion 
of  his  paper  before  the  Society  three  yeai-s  ago  he  showed  three 
dimensional  diagrams  which  would  make  clear  what  he  meant. 

What  we  would  like  to  know  about  a  condenser  is  whether, 
plotting  the  temperature  rise  of  the  water  against  the  length 
of  the  tube,  the  arithmetical  rise  is  true,  the  logarithmic  rise 
is  true,  or  the  exponential  rise  is  true.  On  that  depends  the 
whole  mathematics  of  the  thing.  The  reason  this  is  non- 
dimensional,  as  Professor  Adler  says,  is  because  it  works  on 
the  arithmetical  mean.  You  can  have  a  thousand  tubes  one 
foot  long,  or  one  tube  a  thousand  feet  long,  and  get  the  same 
result  in  the  condenser. 

He  thought  Mr.  Gibson  had  mistaken  K  for  V.  K  is  the 
coefficient,  while  U  is  the  heat  transfer,  and  that  makes  a  big 
difference.  The  heat  transfer  is  two,  three  or  four  times  what 
the  coefficient  is.  "We  get  heat  transference  in  a  single  tube 
up  to  1200  to  1400,  and  in  the  condenser  up  to  700,  800  or 
900,  but  the  coefficient  is  rarely  much  over  400.  The  reason 
why  we  cannot  get  the  high  coefficient  at  low  load  on  the  con- 
denser is  that  we  do  not  have  the  heat  to  transmit.  We  have 
a  large  temperature  difference,  and  therefore  the  value  of  U 
to  the  coefficient  is  vei-y  small  always  owing  to  that. 

As  to  the  depth  of  the  tube  bank,  he  said  he  would  like  to 
go  into  the- question  of  the  velocity  of  steam  amongst  the  tubes, 
but  it  was  a  long  subject  and  was  covered  pretty  well  in  his 
original  paper. 

Regarding  the  criticism  as  to  the  velocity  of  water  he  took 
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in  the  tubes,  he  said  he  had  assumed  the  customary  velocity. 
The  actual  velocity  to  choose  is  a  commercial  question,  depend- 
ing on  how  much  you  are  willing  to  spend  for  pumping  power. 

PROF.  BRECKENRIDGE   AND  MR.   PRENTICE   PRESENT 
P.\PER  ON  TESTING  HOUSE-HEATING  BOILERS 

The  second  paper  presented  at  this  session  was  by  L.  P. 
Breckenridge  and  D.  B.  Prentice,  on  The  Testing  of  House- 
Heating  Boilers.  In  this  paper  the  authors  proposed  a  stand- 
ard method  for  testing  this  class  of  boiler,  a  type  of  apparatus 
which  has  not  yet  received  the  attention  of  the  Power  Test 
Committee  of  the  Society.  The  paper  was  presented  by  Mr. 
Prentice. 

James  W.  Nelson  made  a  motion  that  this  paper  be  re- 
ferred to  the  Power  Test  Committee  of  the  Society  for  con- 
sideration for  incorporation  in  the  Eules  for  Conducting  Per- 
formance Tests  of  Power  Plant  Apparatus,  which  was  sec- 
onded and  carried. 

Geo.  H.  Barrus,  C.  M.  Garland,  Roy  E.  Lynd,  C.  B.  Thomp- 
son, Max  Friedlander,  Allen  Hubbard  and  William  Kent  con- 
tributed wrilten  discussions  to  this  paper,  the  salient  points  of 
which  follow : 

Geo.  H.  Barrus,  as  a  member  of  the  Power  Test  Commit- 
tee, thought  it  might  be  taken  for  granted  that  the  Committee 
would  welcome  any  suggestions  for  amendment  to  the  Power 
Test  Report  such  as  the  authors  brought  forward.  He  hoped, 
furthermore,  that  this  paper  would  lead  other  engineers  to 
study  these  codes  with  a  view  to  pointing  out  any  possible 
deficiencies. 

C.  M.  Garland  stated  that  this  type  of  boiler  and  furnace 
has  been  notoriously  uneconomical  in  the  appropriation  of  the 
heat  liberated  by  the  fuel,  and  it  is  largely  due  to  Prof. 
Breekenridge's  initiative  along  these  lines  that  the  inefficiencies 
of  these  boilers  have  been  brought  to  the  attention  of  the  man- 
ufacturers, engineers,  and  to  the  government  experiment 
station.  The  result  is  that  manufacturers  have  given  the  mat- 
ter of  efficiency  serious  thought,  apd  house-heating  boilers  of 
excellent  efficiency  are  now  built. 

The  testing  of  this  boiler  is  radically  different  from  the 
testing  of  the  high-pressure  boiler  as  used  for  power  and 
larger  heating  work.  It  is  therefore  desirable  that  a  different 
code  should  be  provided  for  the  testing  of  these  boilers.  The 
one  proposed  by  the  authors  would  seem  to  meet  the  require- 
ments of  the  different  conditions.  A  heat-value  unit  for  a 
standard  measure  for  one  foot  of  radiation  would  be  a  most 
desirable  standard. 

Roy  L.  Lynd  was  satisfied  that  tests  made  by  competent  en- 
gineers in  accordance  with  the  code  outlined  would  be  about 
as  complete  and  accurate  as  it  is  possible  to  get  them. 

He  thought  it  would  be  well  to  eliminate  the  term  House- 
Heating  Boilers  from  the  code,  and  substitute  Low-Pressure 
Heating  Boilers. 

As  the  proposed  testing  code  is  essentially  a  code  for 
evaporative  tests,  we  are  not  concerned  with  boilers  for  hot- 
water  heating  and  hot-water  supply.  The  new  code  should 
therefore  cover  all  boilers  used  exclusively  for  steam  heating 
and  should  be  so  entitled.  The  A.S.M.E.  Boiler  Code  in  Sec- 
tion 2  does  not  limit  low-pressure  heating  boilers  to  2000  ft. 
or  less,  and  we  should  not  so  restrict  the  testing  code. 

He  criticized  the  authors'  definition  of  a  foot  of  radiation, 
and  suggested  that  a  better  arbitrary  value  than  242.6  B.t.u. 
per  hour  would  be  250  B.t.u.  per  hour. 

C.  B.  Thompson  wrote  that,  if  he  had  read  the  paper  im- 
derstandingly,  its  argument  was  that  boilers  are  overrated  be- 


cause there  has  been  no  well-established  or  standard  testing 
code,  and  hence  errors  in  tests  have  led  to  errors  in  computing 
working  capacities.  With  this  he  could  not  agree,  as  the  code 
presented  is  only  one  of  many  by  which  boilers  may  be  tested 
that  will  show  practically  the  same  results.  It  is  when  the 
tests  are  computed  to  determine  the  boiler's  capacity  in  terms 
of  square  feet  of  radiation  that  guesswork  is  employed.  The 
computer  can  give  the  capacity  at  which  the  boiler  will  operate 
for  any  unit  of  time  if  he  knows  the  full  capacity.  Without 
this  all-important  item  lie  is  adrift  in  a  fog. 

If  the  capacity  of  house-heating  boilers  were  computed 
something  like  the  following,  there  would  be  less  complaint  of 
overrated  boilers,  because  many  buyers  do  not  understand  that 
the  rated  capacity  is  at  the  boiler  outlet : 

Sq.  Ft. 

Capacity  Cast-Iron  Radiation 800 

Add  for  Covered  Pipe 150 

Total  Boiler  Load 950 

Coal  will  last,  hours 9 

Then  give  the  chimney  size  required  and  the  purchaser  can 
select  what  he  wants  without  outside  assistance. 

Max  Friedlander,  in  his  written  discussion,  contributed  a 
new  method  for  a  continuous  determination  of  the  heat  bal- 
ance of  house-heating  boilers,  which,  so  far  as  he  knew,  had 
not  yet  been  published  elsewhere.  A  description  of  this 
method  will  be  given  in  a  later  issue  of  The  Journal. 

Allen  Hubbard  considered,  in  his  written  discussion,  that 
if  the  manufacturers  would  rate  their  boilers  on  the  basis  out- 
lined by  the  authors,  the  public  and  the  business  generally 
would  be  greatly  benefited. 

William  Kent  thought  that  the  method  of  rating  proposed 
seemed  to  leave  out  a  most  important  factor — the  grate  sur- 
face, or  the  amount  of  coal  that  should  be  burned  per  square 
foot  of  grate  surface. 

Mr.  Kent  also  proposed  the  figure  of  250  B.t.u.  for  the 
square  foot  of  radiation,  instead  of  242.6.  This  figure  has 
long  been  used  by  heating  and  ventOating  engineers  as  a 
standard  equivalent  for  an  average  square  foot  of  radiation. 

The  author  promised  to  reply  to  the  discussion  in  a  writ- 
ten closure,  which  will  be  published  later. 

WATER  PURIFICATION   VS.   BOILER  COMPOUNDS  DIS- 
CUSSED IN  PAPER  BY  MESSRS.  SCOTT  AND  BAILEY 

The  third  paper  presented  at  this  session  was  that  by  Arthur 
C.  Scott  and  J.  R.  Bailey,  on  Water  for  Steam  Boilers — Its 
Significance  and  Treatment.  The  point  in  this  paper  was  that 
the  use  of  boiler  compounds,  except  in  plants  of  relatively 
small  size,  is  less  efficient  and  more  expensive  in  preventing 
trouble  than  methods  employed  for  the  water  purification  be- 
fore it  enters  the  boiler. 

William  Kent  objected  to  one  statement  in  the  paper,  that 
the  waste  of  fuel  in  a  boiler  caused  by  scale  is  proportional 
to  the  thickness  of  the  scale,  and  claimed  that  the  author's 
figures  illustrating  this  were  fifty  years  old  and,  moreover, 
rested  on  no  authority  whatever.  He  stated  that  the  loss  in 
heat  due  to  scale  on  the  tubes  may  be  absolutely  insignificant. 

He  commended  what  the  authors  said  in  condemning  boiler 
compounds,  but  thought  this  statement  might  have  been  made 
even  stronger. 

W.  T.  Alliger^  commented  on  the  statement :  "  As  a  mat- 
ter of  fact,  purification  of  water  is  partially  obtained  in  most 
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cases  by  heating  it  to  the  approximate  boiling  point,  but  the 
hot  process  assumes  that  with  steam  enough  to  give  a  tem- 
perature of  200  deg.  fahr.  or  over,  sufficient  soda  ash  is  added 
to  the  feed  water  to  just  satisfy  the  alkaline  earth  sulphates 
and  chlorides  and  any  acid  present,  and  the  water  is  then 
satisfactorily  purified."  That  might  have  been  true  several 
years  ago  when  the  practice  was  low  temperatures  with  verj- 
little  overload.  But  with  the  present  development  in  boiler 
practice,  where  we  carry  very  high  overloads  and  high  steam 
pressures,  the  statement  is  not  correct.  With  the  present  prac- 
tice, we  require  water  as  good  as  can  be  obtained,  consistent 
with  the  amount  of  money  we  can  spend  in  getting  the  results. 
In  the  most  efficient  plants  they  have  even  gone  so  far  as  to 
evaporate  the  make-up  water,  but  in  ninety-nine  plants  out 
of  one  hiindred  that  is  not  pennissible  for  economic  reasons. 

With  a  hot-process  system  you  can  get  better  results  in 
purification  than  by  any  other  means.  In  many  cases  he  had 
seen  results  where  the  scale-forming  impurities  have  been  re- 
duced to  as  low  as  one  grain,  in  one  ease  to  half  a  grain,  and 
in  some  others  to  al)out  three-quarters  of  a  grain.  These  re- 
sults are  controlled  by  the  temperature.  If  you  can  operate  your 
hot-process  water  softener  under  slight  back  pressure,  say  up 
to  5  lb.,  the  results  wdll  be  improved. 

The  authors  take  up  the  question  of  foaming,  but  there  is 
probably  as  little  known  about  the  causes  of  foaming,  as 
little  proved  on  the  causes  of  foaming,  as  anything  connected 
with  the  operation  of  boilers.  Personally,  he  was  inclined  to 
believe  that  the  collection  of  suspended  matter  at  the  surface 
of  the  water  has  a  greater  influence  on  foaming  tendencies 
than  the  constant  breakings  of  the  soluble  salts,  provided  they 
are  kept  within  reasonable  limitations. 

Written  discussions  of  this  paper  were  presented  by  Geo.  H. 
Gibson,  M.  F.  Newman  and  F.  F.  Vater,  respectively. 

Mr.  Gibson  considered  that  present  water-softening  prac- 
tice was  well  summarized  by  this  paper,  except  that  the 
authors  did  not  appear  to  be  familiar  with  the  latest  develop- 
ment in  hot-process  softeners,  which  have  made  a  radical  ad- 
vance, due  to  recent  improvements  in  chemical  feeding  devices. 
Milk  of  lime  is  now  fed  as  easily  and  as  accurately  as  soda 
or  caustic  soda,  or  trisodium  phosphate  could  be  fed  before. 
That  chemical  or  combination  of  chemicals  which  wiU  give 
the  desired  results  at  the  least  cost,  all  operating  conditions 
being  taken  into  consideration,  can  therefore  be  used  in  all 
instances. 

Chemical  reactions  are  much  more  rapid  and  complete  in  hot 
water  than  in  cold  water,  as  any  one  can  satisfy  himself  by 
taking  a  sample  of  water,  dividing  it  into  two  parts,  heating 
one  sample  to  the  boiling  point  while  leaving  the  other  cold, 
and  then  adding  to  each  the  exact  amounts  of  softening  re- 
agents theoretically  required  for  the  transformation  of  the 
scale-forming  substance.  There  will  immediately  appear  in 
the  hot  water  a  coarse,  gi-anular  precipitate,  which  soon  settles 
to  the  bottom.  With  most  natural  waters,  no  effect  at  all  will 
be  apparent  in  the  cold  water  for  ten  or  fifteen  minutes,  and 
even  then  only  a  slight  haze.  In  due  time  a  very  fine  precipi- 
tate will  begin  to  come  down,  the  sedimentation  becoming  com- 
plete, however,  only  after  four  to  sis  hours.  Even  then,  if 
the  cold  sample  be  heated  to  boiling,  further  precipitation  will 
occur.  This  action  is  frequently  observed  where  water  from 
cold-process  systems  is  passed  through  feedwater  heaters. 

In  the  hot  water,  complete  reaction  is  also  obtained  with  a 
smaller  excess  of  reagent  than  in  cold  water,  and  overdosing 
is  not  necessary  in  order  to  reduce  the  total  solids  closely  to  the 
limit  imposed  by  the  solubility  of  the  end-products,  that  is,  of 
the  substances  into  which  the  scale-forming  matter  is  trans- 


formed by  the  chemicals.  In  fact,  the  manufacturers  of  hot- 
process  softeners  regularly  guarantee  to  reduce  scale-forming 
solids  in  solution  to  less  than  2V2  grains  per  gallon,  and  in 
actual  practice  the  total  solids  in  the  treated  water  are  fre- 
quently reduced  to  below  1  grain  per  gallon,  sometimes  to  less 
than  %  grain  per  gallon. 

The  discusser  here  described  an  apparatus  by  means  of 
which  the  softening  reagents  are  fed  with  great  accuracy  and 
sensitiveness  and  which  has  been  developed  from  his  sugges- 
tions by  the  Harrison  Safety  Boiler  Works,  of  Philadelphia. 
The  description  will  be  published  later. 

P.  F.  Vater's  discussion  was  a  defense  of  the  hot  process 
of  water  softening,  which,  he  said,  offers  possibilities  not  ob- 
tainable by  the  cold  process.  He  objected  to  the  author's 
classifying  this  process  with  such  devices  as  live-steam  puri- 
fiers and  boiler  compounds,  on  the  ground  that  the  cold 
process  would  be  more  appropriately  elassifi^ed  with  these. 

M.  F.  Newman,  on  the  contrary,  claimed  that  the  most 
highly  efficient  water  purification  is  carried  on  without  de- 
pendence upon  heat.  The  main  factors  in  boiler  purification, 
he  wrote,  are  not  heat,  soda  ash  and  blowing,  with  possible 
filtration,  but  accurate  softening  and  purification  carried  out 
independently  of  the  variables  encountered  in  the  irregular 
fiow  of  water  through  the  heater  and  the  uncertain  degree  of 
precipitation  within  the  heater.  The  authors  attributed  foam- 
ing and  priming  chiefly  to  a  concentration  of  alkali  salts,  giv- 
ing secondary  consideration  to  silt,  organic  matter,  loosened 
scale,  lubricating  oil,  etc.  It  had  been  found,  however,  that 
in  the  absence  of  substances  in  solution  which  form  preciiii- 
tates  upon  concentration,  water  containing  alkali  salts  could  be 
highly  concentrated  without  any  appreciable  effect  on  the 
steaming  equality  of  the  water. 

This  waiter  also  discussed  in  a  comprehensive  manner  a 
number  of  other  points  in  the  paper,  and  his  discussion  will 
be  published  in  extended  form  later. 

The  discussion  of  Messrs.  Scott  and  Bailey's  paper  was 
continued  at  the  Miscellaneous  Session  on  Friday  morning, 
when  Geo.  L.  Fowler  discussed  the  paper  orally. 

Mr.  Fowler  said  that  it  seemed  to  him  that  all  of  the 
formula  given  by  the  authors  were  such  as  could  be  found 
in  any  book  on  water  softening.  Ordinary  ingredients  like 
carbonate  of  iron  and  magnesium  and  sulphate  of  lime  and 
magnesium  we  have  known  how  to  treat  ever  since  Clark  pub- 
lished his  famous  work  almost  a  century  ago.  It  seemed 
strange  to  him  that  one  of  the  authors  should  have  skipped 
over  the  ingredient  which  occurs  in  almost  all  boiler  water — 
organic  matter — which,  in  his  opinion  caused  more  trouble  in 
such  waters  than  anything  else.  He  instanced  the  case  of  a 
certain  railroad  in  which  the  metal  in  some  boilers  corroded 
vei-y  rapidly  under  conditions  apparently  the  same  under 
which  other  boilers  did  not  corrode  at  all.  It  was  naturally 
suggested  that  the  fault  was  with  the  metal.  In  some  cases 
this  was  found  to  be  so,  but  in  others,  upon  analysis  of  the 
boiler  water,  the  latter  was  found  to  be  no  more  like  the  feed- 
water  than  black  is  like  white.  Something  resembling  an 
alkaline  solution  was  found  to  be  in  the  water. 

Building  a  small  boiler  and  evaporating  the  analyzed  water 
in  it  revealed  the  fact  that  the  trouble  was  with  organic  matter 
in  the  water,  which  decomposed  under  high  steam  pressure. 

Mr.  Fowler  thought  that  every  case  of  boiler  feedwater 
needed  special  attention.  An  analysis  of  the  raw  water  could 
not  be  trusted  to,  and  the  only  thing  to  do  was  to  see  what 
was  going  to  happen  to  the  water  when  it  was  evaporated 
under  the  same  conditions  to  which  it  would  be  subjected  in 
the  boiler. 


INDUSTRIAL  SAFETY  SESSION,   WEDNESDAY  MORNING 


AT  this  Session  of  the  Annual  Meeting  there  was  presented 
for  consideration  a  Proposed  Code  of  Safety  Stand- 
ards for  Cranes,  which  had  been  prepared  by  committees 
selected  from  a  large  number  of  representatives  of  important 
industrial  interests  and  of  insurance  companies,  inspection 
bureaus,  etc.,  under  the  direction  of  the  Industrial  Commis- 
sioner of  Pennsylvania.  The  Code  in  question  is  intended  pri- 
marily for  eleetri(!  traveling  cranes,  but  its  provisions  are 
designed  to  cover  jib,  monorail  and  hand-power  cranes  inso- 
far a.s  the  various  sections  apply.  The  first  half  of  the  Code 
deals  with  details  of  design  and  construction,  and  the  re- 
mainder with  rules  for  crane  operatoi-s,  floormen,  and  repair- 
men. 

In  opening  the  Session,  Chairman  John  H.  Barr  announced 
that  the  policy  of  the  Sub-Committee  on  the  Protection  of 
Industrial  Workers,  under  whose  auspices  the  Session  was 
held,  was  to  confine  itself  strictly  to  the  preparation  of  codes 
for  safeguarding  machinery,  leaving  propaganda  work  on  the 
safety  movement  to  other  insti'umentalities.  The  Code  pre- 
sented was  to  be  considered  a  basis  ujjon  which  should  be 
finally  developed  a  Code  that  would  be  adequate,  make  all 
necessai-y  provisions  for  safety,  and  at  the  same  time  not  be 
so  drastic  as  to  be  beyond  reason.  The  hope  of  the  Com- 
mittee was  to  formulate  Codes  that  would  be  adopted  and 
approved  by  state  governments,  resulting  in  uniformity  of 
legislation.  With  the  latter  obtained,  manufacturers  would 
be  quick  to  build  in  the  safeguards  which  are  now  left  to  the 
user  to  provide. 

At  the  request  and  in  the  place  of  Dr.  John  Price  Jackson, 
who  was  unavoidably  prevented  from  being  present.  Prof. 
A.  M.  Greene,  Jr.,  then  read  the  text  of  the  Code  in  full. 
Commenting  thereon,  he  expressed  the  opinion  that  the  factor 
of  safety  of  5  specified  for  parts  other  than  gears  and  com- 
plete hoisting  mechanism  was  rather  low,  unless  allowance 
was  made  for  impact.  He  also  believed  that  the  reference 
to  the  use  of  cast  iron  for  brackets  should  be  limited  to  brack- 
ets sujiporting  shafting,  and  that  the  specific  purpose  for 
using  wire  mesh  should  be  stated.  He  desired  to  ask  if  a 
gong  that  automatically  sounds  when  a  crane  is  in  operation 
would  be  advisable,  and  also  just  what  the  meaning  of  "  prop- 
erly "  was  in  the  expression  "  properly  lubricated.'' 

In  a  written  communication,  B.  W.  Hicks  suggested  that 
the  word  "  approved "  used  in  several  paragraphs  of  the 
rules  for  general  construction  be  omitted  altogether,  or  that 
authority  of  approval  be  vested  in  some  organization  suitably 
equipped  with  apparatus  to  determine  the  merits  of  various 
devices  that  are  apparently  acceptable. 

H.  M.  Mowery  submitted  a  brief  written  discussion  urging 
that,  in  view  of  the  slipping  hazard,  the  Code  include  a  state- 
ment to  the  effect  that  "  All  tread  surfaces,  and  particularly 
stair  treads,  shall  be  so  constructed  and  maintained  that  slip- 
ping on  them  will  be  prevented." 

Replying  to  the  queries  of  Prof.  Greene,  R.  A.  Medina' 
stated  that  the  recommendation  of  a  safety  factor  of  5  repre- 
sented the  consensus  of  opinion  of  the  Committee.  In  regard 
to  using  cast  iron  for  brackets,  he  thought  it  would  be  well 
to  employ  a  modifying  adjective  in  order  to  avoid  any  mis- 
understanding. He  explained  the  use  of  wire  mesh  in  covering 
openings  and  thus  preventing  bolts,  tools,  etc.,  from  falling 
to  the  floor  below.    He  thought  an  automatic  gong,  sounding 
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all  the  time,  would  liave  little  effect,  as  the  men  would  soon 
get  used  to  it  and  ignore  it. 

Henrj-  A.  Hale,  Jr.,  remarked  on  the  absence  of  any  in- 
junction in  the  Code  as  to  the  type  of  hook  to  employ  in 
hoisting  a  load.  In  his  opinion,  the  hook  should  be  of  an 
improved  type,  having,  if  possible,  a  handle  at  the  back  so 
that  (he  floormen  'would  not  have  their  hands  squeezed  or 
crushed  in  attaching  it  to  the  load.  As  to  manual  signals,  he 
thought  that  they  were  not  apt  to  attract  much  attention,  par- 
ticularly when  the  crane  operator  was  at  some  considerable 
distance  from  the  man  signaling;  and  it  was  very  desri'able, 
therefore,  that  whistles  of  a  proper  sort  be  used  in  such  work. 
Prof.  F.  R.  Hutton  called  attention  to  several  places  in 
the  Code  where  the  English  might  be  improved  and  ambigu- 
ities removed.  He  found  that  in  one  place  a  factor  of  safety 
of  5  or  8  was  specified  and  in  another  that  for  the  brake  drum 
it  should  be  V/o.  Either  it  should  be  stated  that  the  appa- 
ratus designed  has  the  factors  8  and  .5,  with  the  exception  of 
the  brakes,  or  that  brake  factor  of  safety  does  not  come  under 
the  limitation  of  the  earlier  paragraph.  In  the  paragraphs 
dealing  with  warning  signals,  it  should  be  made  plain  that 
"  approved  "  means  "  approved  by  State  factory  inspectors." 
With  respect  to  the  provision  of  guards  for  gear  wheels,  he 
was  of  the  opinion  that  the  idea  would  be  more  strongly  pre- 
sented by  specifying  that  standard  guards  should  be  provided 
to  all  existing  cranes  where  practical.  Replying  to  Prof. 
Greene's  query  on  the  paragraph  dealing  with  lubrication,  he 
thought  that  it  would  be  well  to  omit  the  word  "  properly," 
lea\ing  it  to  the  foreman  to  see  that  the  work  was  done  satis- 
factorily. Referring  to  the  provision  that  hoisting  brakes 
should  be  tested,  he  thought  it  desirable  that  the  frequency 
of  such  tests  be  specified.  He  found  that  in  two  of  the  rules 
the  word  "  hitch  "  was  used.  To  his  mind,  while  "  sling  "  was 
a  much  more  general  term,  he  believed  it  would  be  better  to 
use  both  words. 

The  Chairman,  commenting  on  the  remarks  of  the  pre- 
ceding discusser,  thought  that  the  word  "  hitch "  was  more 
comprehensive  than  "  sling,"  and  would  include  both  the  op- 
eration and  the  appliance  used.  But  it  was  well  in  such  things 
that  there  be  no  confusion  as  to  the  meaning  intended. 

A.  D.  Risteen  said  that  in  his  opinion  the  Code  should 
include  instructions  in  regard  to  starting  to  lift  loads  gently. 
Also,  that  the  highest  object  over  which  the  crane  had  to  pass 
should  be  painted  white  on  the  top,  so  that  it  would  stand  out 
conspicuously  against  the  miscellaneous  background  of  dark 
objects  underneath. 

It  was  stated  by  H.  M.  Elder  that  in  the  works  of  the  Ameri- 
can Locomotive  Company  the  crane  operator  is  signaled  to  by 
means  of  an  air  whistle;  the  operator  knows  the  location  of 
this  whistle,  and  looks  and  sees  the  man  giving  the  signal. 
With  regard  to  starting  to  lift  loads  gently,  it  would  hardly 
do  to  specify  this,  as  it  would  prevent  those  having  a.-c.  crane 
motors  from  using  them.  As  to  equipping  with  an  approved 
limit  switch,  he  had  to  say  that  his  company  had  experimented 
wth  a  number  of  such  devices,  both  purchased  and  of  their 
own  construction,  and  had  not  yet  found  one  that  satisfied  the 
crane  operator  and  the  electricians. 

A.  H.  Blaisdell  thought  that  gongs  were  often  likely  to 
be  unheeded  and  that  it  was  good  practice  to  have  the  floorman 
precede  the  load  and  warn  people  out  of  the  way.  He  be- 
lieved that  a  crane  out  of  order  or  under  repair  should  have 
a  red  flag  hanging  from  it;  that  a  crane  operator  should  be 
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provided  with  a  megaphone,  and  that  there  were  advantages 
in  using  hooks  that  had  been  painted  white,  especially  on 
night  shifts. 

According  to  J.  W.  Upp,  it  was  very  evident  that  both 
manufacturers  and  users  of  apparatus  were  earnest  in  their 
efforts  to  safeguard  the  workmen,  and  to  provide  apparatus 
that  would  give  the  maximum  of  protection  without  unneces- 
sary complications.  As  a  manufacturer  he  was  interested  in 
the  discussion,  for  everything  that  could  be  done  to  make 
uniform  the  regulations  governing  any  class  of  apparatus  was 
a  distinct  help  to  the  user. 

Prof.  F.  R.  Hutton  spoke  of  his  visit  earlier  in  the  week 
to  Washington,  at  the  instance  of  the  Council,  to  represent 
the  Society  at  a  conference  summoned  by  the  State  of  Ohio 
and  its  officials  and  the  Labor  and  Factory  Commission.  Here 
he  was  informed  that  little  by  Uttle  the  Ohio  State  Boiler  Code 
was  being  withdrawn  and  that  promulgated  by  the  Society 
being  advanced  all  the  time,  and  that  it  would  be  but  a  short 
period  before  the  A.S.M.E.  Code  would  be  the  only  one 
used.  The  whole  atmosphere  of  the  session  was  so  definitely 
favorable  to  the  incorporation  of  the  technical  recommenda- 


tions of  the  Society,  that  it  looked  to  him  as  if  very  substan- 
tial progress  had  been  made  along  the  line  of  recognizing  that 
the  Society  was  a  body  which,  by  its  i^osition  and  methods  of 
arriving  at  results,  was  free  from  many  of  the  difficulties  that 
often  came  up  to  trouble  legislators,  where  they  were  not  sure 
that  business  organizations  were  not  behind  recommendations 
with  respect  to  the  scientific  principles  or  facts  imderlying  a 
Code. 

In  closing  the  oral  discussion  as  the  representative  of 
Dr.  Jackson,  Mr.  Medina  stated  that  the  Code  had  been  pur- 
posely drawn  in  a  broad  and  general  manner,  for  the  reason 
that  a  very  specific  code  would  be  at  the  same  time  very  bulky. 
In  Pennsylvania,  to  his  knowledge,  no  limit-switch  device  had 
been  approved  by  the  Factory  Department,  possibly  because 
the  Code  had  not  officially  gone  into  effect.  Undoubtedly,  how- 
ever, the  Department  would  soon  have  to  say  "  yes  "  or  "  no  " 
to  various  devices  now  available.  He  agreed  with  Mr.  Elder 
that  it  was  exceedingly  difficult  to  find  a  limit  switch  that 
met  the  needs  of  everyone  interested,  and  thought  that  this 
was  a  matter  upon  which  the  Committee  could  well  afford  to 
hold  a  separate  session. 


MISCELLANEOUS  SESSION,  WEDNESDAY  AFTERNOON 


AT  the  second  Miscellaneous  Session  of  the  Meeting,  which 
was  also  held  in  the  Auditorium,  and  at  which  Dr. 
Jacobus  presided,  three  steam-plant  papers  and  two  papers 
relating  to  the  flow  of  fluids  were  presented  and  discussed. 
One  of  the  steam  papers,  that  by  Victor  J.  Azbe,  was  one  of 
the  two  papers  recommended  for  honorable  mention  in  the 
Junior  Prize  Paper  contest  for  1916. 

MR.  PRATT  REVIEWS  PRACTICE  IN  THE  UTILIZATION 
OF  WASTE  HEAT  IN  GENERATING  STEAM 

The  first  paper  presented  was  by  Arthur  D.  Pratt,  entitled 
The  Utilization  of  Waste  Heat  for  Steam-Generating  Pur- 
poses. The  paper  dealt  with  the  principles  underlying  this 
subject  and  gave  a  general  survey  of  what  has  been  accom- 
plished in  this  line  in  which  it  is  today  possible  to  generate 
steam  successfully  from  gases  whose  temperatures  are  as  low 
as  950  or  1000  deg.  fahr.  It  also  considered  the  problems  in- 
volved and  the  results  obtained  with  waste-heat  boilers  in  con- 
nection with  copper-refining  furnaces,  cement  kilns,  open- 
hearth  steel  furnaces,  beehive  coke  ovens,  zinc-refining 
furnaces  and  furnaces  of  various  types,  both  generative  and 
non-generative. 

Alex.  G.  Christie  said  that  in  connection  with  the  cement- 
mill  w'ork,  the  noteworthy  point  brought  out  in  the  paper  is 
that  there  is  not  only  a  large  reduction  of  fuel  consumption 
by  the  utilization  of  this  waste  heat,  but  also  a  better  dust 
recovery,  and  in  some  sections  this  latter  is  a  question  of 
considerable  importance. 

The  performance  of  waste-heat  boilers  described  seems  to 
depend  largely  on  high  gas  velocity  being  maintained  by  an 
induced  draft,  and  that,  naturally,  leads  one  to  question 
whether  the  same  principle  could  not  be  applied  to  the  stand- 
ard boiler. 

Three  written  discussions  of  Mr.  Pratt's  paper  were  pre- 
sented by  L.  D.  Ricketts,  Warren  B.  Lewis  and  B.  N.  Broido, 
respectively. 

Mr.  Ricketts'  discussion  was  a  confirmation  of  the  conclu- 
sions of  the  author  regarding  two  of  the  installations  described 


in  the  paper,  supplemented  by  information  concerning  the 
amount  of  power  recovered  at  a  typical  waste-heat  plant. 

In  Mr.  Lewis'  discussion  was  given  a  description  of  a  plant 
using  waste-heat  boilers  in  which  the  transfer  rate  is  low, 
illustrating  the  other  extreme  from  the  plants  described  in  the 
paper.  In  connection  with  the  heat-transfer  rate  Mr.  Lewis 
wrote :  "  It  is  true  that  the  velocity  of  fluids  over  heated 
surfaces  is  a  great  factor  in  the  transfer  rate;  it  is  also  true 
that  the  greater  the  velocity  the  greater  the  pressure  drop, 
and  that  the  amount  of  the  pressure  drop  allowable  is  deter- 
mined by  the  cost  of  producing  that  pressure  drop.  Further- 
more, the  use  of  a  high  transfer  rate  is  to  reduce  the  cost  of 
installation,  and  the  reduction  so  obtained  must  be  sufficiently 
great  to  offset  the  increased  cost  of  power  employed  in  over- 
coming the  excess  pressure  drop." 

Mr.  Broido  wrote  that  waste  heat  is  also  very  often  used  in 
Germany  to  superheat  steam;  that  in  cases  where,  for  some 
reason,  superheaters  cannot  be  installed  in  the  boilers,  or  cir- 
cumstances require  the  superheater  to  be  near  the  engine,  in- 
dependent superheaters  are  recommended,  and  in  such  cases 
superheaters  heated  by  waste  gases  are  the  ideal  installation; 
they  do  not  need  the  frequent  and  careful  attention  which  in- 
dependent superheaters  with  their  own  furnaces  require.  The 
superheat  temperature  can  be  easily  and  quickly  regulated 
with  a  damper  in  the  gas  inlet.  The  superheater  pipes  re- 
main permanently  clean  outside. 

This  writer  gave  a  description,  with  illustration,  of  a  super- 
heater system  he  had  designed  and  installed  for  utilizing 
waste  heat  from  coke  ovens  and  open-hearth  steel  furnaces. 

MR.    PIGOTT    DESCRIBES    GRAPHIC    METHODS    OF 

ANALYSIS  USED  IN  DESIGNING   STEAM 

POWER  PLANTS 

R.  J.  S.  Pigott  presented  the  second  paper  of  the  session, 
entitled  Graphic  Methods  of  Analysis  in  the  Design  and  Oper- 
ation of  Steam  Power  Plants,  a  proposal  for  designing  power 
plants  based  upon  anticipated  load  cwves,  which  he  introduced 
in  the  following  terms : 
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"  This  paper  is  the  outcome  of  an  attempt  to  standardize 
to  some  degree  the  process  of  designing  steam-power  plants. 
For  the  past  few  years  I  have  been  engaged  practically  ex- 
clusively in  power-plant  work,  and  what  struck  me,  up  to 
the  time  when  this  method  which  I  am  to  present  was  devel- 
oped, was  what  you  might  call  the  sloppiness  in  the  methods 
used  in  designing  steam  power  plants.  Most  of  the  problems 
have  been  settled  by  opinion  rather  than  fact,  by  inference 
rather  than  methodical  pursuit  and  analysis,  and  inasmuch 
as  we  are  spending  so  much  time  nowadays  in  systematizing 
our  management  in  other  directions,  there  is  no  reason  why 
we  cannot  systematize  and  standardize  our  method  of  de- 
signing a  thing  like  a  power  plant. 

An  attempt  was  made,  therefore,  to  utilize  the  water-rate 
curves  and  input-output  curves  to  a  greater  extent  than  here- 
tofore, and  to  combine  them.  The  method  is  based  on  the  use 
of  the  input-output  curve  for  each  piece  of  apparatus  em- 
ployed in  the  plant.  It  is  not  sufficient  to  take  the  isolated 
loads  on  separate  apparatus  to  determine  what  will  be  the 
B.t.u.  consumption  per  kw-hr.  of  the  combined  plant.  If 
you  are  to  find  out  what  is  the  change  occurring  with  a  varia- 
tion of  load  factor  or  variation  of  maximum  load,  you  must 
find  out  what  is  the  combined  variation  in  units  making  up  the 
plant,  and  the  only  way  that  this  can  be  done  with  any  sort 
of  simplicity  is  gi-aphicaUy." 

Walter  N.  Polakov  called  attention  to  several  other  meth- 
ods than  that  of  using  the  Willans  lines  as  advocated  and 
used  by  Mr.  Pigott.  He  said  that  the  limitation  of  analysis 
of  the  prospective  working  of  a  power  plant  which  is  con- 
templated to  be  built  for  New  York  City  purely  by  the  Wil- 
lans method  has  the  disadvantage,  which  Mr.  Pigott  touched 
upon  himself,  that  it  does  not  cover  entirely  other  factors, 
for  instance,  financial  factors,  that  are  just  as  important  and 
sometimes  more  important  than  the  thermal  efficiency  of  the 
equipment  of  the  plant. 

Norman  G.  Reinicker  said  he  had  used  the  same  scheme 
the  author  proposes  without  quite  so  much  trouble,  by  plot- 
ting the  feedwater  demand,  as  indicated  by  venturi  meter 
readings  for  the  same  load  over  various  numbers  of  days,  and 
he  had  found  that  the  effect  of  putting  on  another  turbine 
would  show  up  in  that  curve.  This  method  saves  the  testing 
of  various  machines,  and  gives  a  rough  calculation,  at  least. 
The  graphical  method  is  valuable  where  you  can  predict  the 
load  curve  accurately,  but  in  some  plants  it  is  hard  to  pre- 
dict what  may  be  expected. 

James  W.  Parker  said  that  the  assumption  had  been  made 
that  the  purpose  of  an  auxiliai-y  power  system  in  a  power 
plant  and  of  the  feedwater  arrangement  is  primarily  to  obtain 
auxiliary  power.  The  problem,  as  he  saw  it,  is  to  heat  your 
feedwater  under  all  situations.  At  all  times  it  is  desirable  to 
generate  as  much  auxiliary  energy  as  possible  in  the  heating 
of  your  feedwater.  If  it  is  possible  during  the  period  of  light 
load  to  take  power  for  your  auxiliaries  from  the  main  bus, 
and  during  the  period  of  heavy  plant  load  to  transfer  that 
from  the  auxiliary  generator,  if  you  have  such  an  installa- 
tion, to  the  main  bus,  you  can  use  your  main  electrical  system 
as  a  reservoir  for  the  storage  of  energy,  so  to  speak,  and  at  all 
times  have  the  cream  of  your  auxiliary  steam  turned  into 
auxiliary  energy. 

Two  particular  statements  of  the  author  brought  out  con- 
siderable discussion.  The  first  of  these  was  that  in  the  Rem- 
ington jilant  the  average  flue  temperature  for  the  month  was 
below  400  deg.  fahr.,  and  in  a  case  such  as  this  a  fuel  econo- 
mizer is  out  of  the  question.  The  second  was  that  in  the 
case  of  the  Interborough  plant  the  economizers  wei'e  already 


installed  and  were  removed  simply  because  they  obstructed 
the  draft,  and  the  high  ratings  required  meant  that  they  would 
have  to  be  eliminated  for  the  sake  of  the  draft. 

Dr.  D.  S.  Jacobus  and  Messrs.  Albert  A.  Gary,  George  H. 
Gibson,  Sherwood  F.  Jeter,  James  W.  Parker  and  Arthur 
M.  Greene,  Jr.,  participated  in  this  discussion. 

Joseph  Harrington  took  up  the  question  of  size  of  com- 
bustion chamber  which  the  author  had  said  he  had  studied  and 
which  lie  cited  as  an  additional  factor  in  getting  the  flue-gas 
temperature  down  so  low. 

Albert  A.  Gary  thought  that  the  size  of  combustion  cham- 
ber is  not  a  fixed  quantity  but  should  be  varied  according  to 
the  amount  of  volatile  matter  in  the  coal. 

The  author  replied  to  the  various  points  raised  in  the  dis- 
cussion. As  to  the  question  of  size  of  furnace,  he  said  this 
depended  more  on  how  well  you  were  mixing  your  gases  and 
how  long  they  were  allowed  to  stay  at  high  temperature  be- 
fore throwing  them  against  the  comparatively  cold  boiler 
tubes. 

In  reply  to  Mr.  Polakov,  he  said  that  in  one  example  in  the 
paper  an  attempt  had  been  made  to  make  the  graphical  method 
cover  the  financial  end.  The  maintenance  and  labor  were  con- 
sidered and  were  balanced  against  the  fixed  charges. 

MR.  AZBE  MAKES  POINTED  STATEMENTS  IN  REGARD 
TO  WASTE  OF  FUEL  IN  POWER  PLANTS 

In  a  paper  entitled  Power-Plant  Efficiency,  Victor  J.  Azbe 
called  attention  forcibly  to  the  preventable  wastes  in  power 
plants,  especially  of  the  smaller  or  industrial  types,  these 
wastes  aggregating  about  30  per  cent  and  being  due  to  lack 
of  foresight  and  business  ability,  improper  design,  and  im- 
proper management  and  inefficient  operation. 

Summarized,  the  author's  statements  regarding  wastes  in 
power  plants  were: 

"  Lack  of  instruments  to  show  whether  a  plant  is  operating 
efficiently  is  responsible  for  10  to  20  per  cent  or  more  waste 
of  fuel. 

"  The  greatest  and  most  neglected  loss  in  the  average  boiler 
plant  is  from  excess  air. 

"  Economizers  are  not  used  more  generally  because  their 
value  is  not  realized.  They  are  economical  in  small  as  well 
as  large  plants  and  the  initial  investment  is  usually  warranted. 

"  To  save  the  heat  wasted  by  dirty  boilers,  pure  or  properly 
treated  feedwater  should  be  jirovided.  It  also  saves  in  cost 
of  cleaning  and  repairs  and  increases  length  of  life  and  safety 
of  the  boiler. 

"  Preheating  of  furnace  air  is  advocated  as  capable  of  easily 
saving  5  per  cent. 

"  Many  power  plants  that  have  economical  prime  movers 
have  auxiliaries  that  are  so  uneconomical  that  the  efficiency 
of  the  whole  plant  is  greatly  reduced. 

"  For  industrial  and  heating  purposes  low-pressurs  steam 
shouhl  be  used,  reduced  through  turbines,  engines  or  pumps; 
in  other  words,  exhaust  steam  should  be  used.  Using  reducing 
valves  to  lower  steam  pressures,  while  not  a  waste  of  heat,  is 
a  distinct  waste  of  power. 

"  About  the  most  wasteful  power  plants  are  ice-making  and 
refrigerating  plants,  often  because  of  low  load  factor  and 
sometimes  from  ignorance  of  proper  handling  of  the  ma- 
chinery. 

"  Among  economical  prime  movers,  uniflow  engines,  loco- 
mobiles and  exhaust-steam  turbines  are  specially  mentioned, 
and  more  general   use  of  superheated   steam  is  urged.     Pro- 
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dueer-gas  plants,  gas  engines  and  Diesel  engines  also  should 
find  much  greater  application. 

"  More  economical  plants  are  necessarily  more  complicated 
and  require  better  operating  men.  One-sided  development 
such  as  inventing  more  efficient  machinery  should  be  balanced 
by  educating  the  men  to  properly  handle  it. 

"  The  greatest  efficiency  possible  in  a  power  plant  is  a  good 
deal  a  matter  of  proper  operation  and  management.  Most 
power  plants  could  make  large  savings  this  way,  and  there  are 
exceptionally  few  where  some  improvement  could  not  be  made 
without  purchasing  new  equipment.  To  obtain  full  benefit 
from  the  equipment  on  hand  the  men  operating  it  must  be 
made  more  eflScient. 

"  Efforts  should  be  made  to  obtain  a  government  standard 
engineers'  license  law  all  over  the  United  States,  and  the  men 
should  have  facilities  for  getting  the  education  necessary  to 
meet  stricter  requirements. 

"  In  agitation  for  smoke  prevention  it  would  be  quite  as 
much  a  public  duty  to  save  fuel  loss  as  to  avoid  public 
nuisance.  Many  plants  are  wasting  more  fuel  since  operating 
smokelessly  than  before,  because  of  using  more  excess  air. 

"  It  is  suggested  that  The  American  Society  of  Mechanical 
Engineers  form  a  Committee  for  the  Prevention  of  Fuel 
Losses  and  General  Betterment  of  Power-Plant  Conditions,  to 
devise  w'ays  and  means  whereby  the  best  results  could  be  ob- 
tained." 

Mr.  Azbe's  paper  drew  out  a  voluminous  discussion,  not  so 
much  in  the  way  of  criticism  of  the  author's  statements,  but 
more  in  the  nature  of  general  agreement  with  his  views,  the 
discussion  resolving  itself  into  the  question  of  how  best  to  put 
the  author's  recommendations  into  effect. 

Practieally'everyone  present  agreed  that  power  plants  were 
wasteful,  but  some  attributed  the  waste  to  the  plant  owners, 
some  to  the  engineers  and  firemen,  and  others  to  some  other 
factor.  For  instance,  Joseph  Harrington  contended  that 
the  question  of  how  you  are  going  to  improve  the  operating 
efficiency  of  a  power  plant  was  not  one  of  apparatus,  of 
equipment  or  of  instruments,  or  anything  of  that  kind,  but 
was  a  question  absolutely  of  the  human  element.  Mr.  Har- 
rington considered  that  an  incentive  has  to  be  supplied  for 
the  man  at  the  end  of  the  line;  how  this  is  to  be  done  he  did 
not  know,  but  the  matter  must  be  adjusted  with  regard  to  all 
the  surroundings  and  is  one  requiring  judgment,  tact  and 
perseverance.  He  thought  that  something  should  be  done  for 
the  compulsory  education  of  the  fireman  and  that  a  bonus 
system  of  some  kind  would  supply  the  incentive  which  they 
now  lack. 

Strong  exception  to  this  contention  was  taken  by  Walter 
N.  Polakov,  who  considered  the  trouble  to  be  not  with  the 
fireman  but  with  the  owner  or  manager  of  a  plant.  How  can 
the  fireman  do  good  work  if  he  has  not  a  competent  leader? 
If  the  management  or  owner  does  not  appreciate  the  im- 
portance of  studying  the  processes  involved,  if  he  does  not 
take  into  consideration  the  psychology  of  his  employee,  if  he 
does  not  care  to  make  a  small  investment  for  approved  in- 
struments, you  cannot  blame  the  fireman.  In  other  words,  if 
there  is  to  be  an  educational  campaign  with  the  object  of  pro- 
tecting our  national  resources,  primarily  fuel,  the  beginning 
must  be  made  at  the  banking  end,  not  in  the  fireroom — at  the 
money  end  and  not  with  the  coal  passer. 

Edward  A.  Uehling  took  a  middle  course,  attributing  waste 
in  power  plants  not  altogether  to  the  owners  or  entirely  to 
the  fireman,  but  partly  to  the  lack  of  proper  instruments. 
For  example,  the  fii-st  instrument  usually  put  in  a  boiler  plant 
is  a  draft  gage  installed  in  a  flue  or  stack.    This  is  of  no  use 


whatever;  the  only  draft  gage  of  any  considerable  value  is  a 
double  differential  draft  gage  put  on  each  boiler  to  give  the 
resistance  through  the  fire  as  well  as  that  through  the  boiler. 

P.  C.  Idell  thought  that  one  way  to  make  the  paper  bring 
results  would  be  to  have  an  appendix  giving  summaries  from 
different  lines  of  business,  showing  how  preventable  waste  had 
been  dealt  with  and  the  waste  overcome. 

A.  D.  Baldwin  suggested  that  the  conclusions  reached  by 
the  author  be  brought  to  the  attention  of  the  plant  owner;  he 
said  he  had  had  the  pleasure  of  meeting  both  the  engineer  and 
the  owner,  and  believed  that  today  the  engineer  is  converted 
without  question. 

E.  J.  S.  Pigott,  Wm.  B.  Jackson,  E.  N.  Trump,  L.  C. 
Roberts,  Albert  A.  Cary,  H.  R.  Cobleigli,  F.  A.  Warden- 
burg,  Professor  Estey,  Ir\'ing  E.  Moultrop,  Sherwood  F. 
Jeter,  Wm.  F.  Sehaller,  John  Hunter,  R.  B.  Clapp,  Wm. 
H.  Kavanaugh,  A.  M.  Feldman,  Frank  L.  Strong  and  D. 
S.  Jacobus  continued  the  discussion  of  the  paper,  which  cen- 
tered around  specific  cases  of  performance  and  the  deficiencies 
of  power  plants  which  had  come  within  the  discussors'  ex- 
periences. 

In  a  wiitten  discussion  of  Mr.  Azbe's  paper,  W.  S.  Gould 
considered  tliat  the  author  had  overlooked  the  most  essential 
point,  namely,  the  character  and  quantity  of  the  fuel  used. 
It  seemed  to  him  useless  to  discuss  the  doUai's-and-cents  losses 
in  any  power  plant  when  nothing  is  known  or  said  regarding 
the  fuel.  Coal  is  too  often  considered  simply  as  "  coal "  and 
assumed  to  be  of  some  average  quality.  This  is  obviously  an 
error.  Illinois  coal,  to  which  Mr.  Azbe  evidently  confined 
himself,  varies  greatly  even  in  the  same  district  and  from  the 
same  mine.     So  it  is  with  coal  from  every  district. 

At  the  close  of  the  discussion  of  his  paper,  Mr.  Azbe  made 
a  motion  that  the  Society  form  a  Committee  for  the  Preven- 
tion of  Fuel  Losses  and  General  Betterment  of  Power-Plant 
Conditions,  to  devise  ways  and  means  by  which  the  best  re- 
sults could  be  obtained  in  power-plant  operation.  This  mo- 
tion was  seconded  by  Mr.  Hunter,  who  added  to  it  that  the 
committee  be  requested  to  publish  from  time  to  time  the  re- 
sults obtained  in  the  big  power  plants  of  the  country,  so  that 
the  membership  of  the  Society  might  be  kept  familiar  with  the 
progress  of  the  art. 

THE  ADVANTAGES  OF  THE  IMPACT  TUBE  AS  A  JIEAS- 
URING   INSTRUMENT   STATED   BY   MR.   M3SS 

The  next  paper  presented  was  a  dLscussion  of  the  funda- 
mental principles,  arrangements  for  actual  tests  and  formulae 
for  impact  tubes,  by  San  ford  A.  Moss.  This  discussion  enum- 
erated the  advantages  of  the  impact  tube  over  the  pitot  tube, 
enunciated  the  law  of  the  impact  tube  and  gave  its  proof, 
deduced  the  impact-tube  law  for  gases,  and  illustrated  typical 
impact-tube  arrangements.  It  demonstrated  the  use  of  the 
impact  tube  in  calibrating  the  venturi  meter  and  the  orifice, 
and  also  for  the  exploration  of  irregular  jets  and  for  measur- 
ing the  discharge  of  high-pressure  air  by  means  of  an  orifice 
and  impact  tube,  etc. 

In  a  written  discussion,  Victor  R.  Gage  stated  that  the  work 
done  on  blower  testing  m  the  Sibley  College  Laboratories 
verified  some  of  the  conclusions  drawn  by  Mr.  Moss  in  his 
valuable  paper.  In  this  work  it  was  found  that  the  impact 
tube  gave  reliable  and  consistent  results,  not  subject  to  error 
from  slight  misalignment  or  from  stream  lines  not  jiarallel 
to  the  pipe  walls.  Difficulty  had  been  encountered  in  obtaining 
a  satisfactory  method  for  determining  the  pressure  head,  or 
the  so-called  static  pressure  of  moving  fluids. 
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John  L.  Alden  also  presented  a  written  discussion  agreeing 
in  general  with  the  author's  conclusions.  He  stated  that  the 
impact-tube  law  given  is  merely  a  restatement  of  the  law  of 
conservation  of  energy,  in  other  words,  the  kinetic  energy  of 
the  jet  may  be  transferred  into  potential  energy  in  the  impact 
tube  with  only  the  immeasurable  loss  in  the  tube  itself.  Such 
a  conclusion  should  be  expected,  as  the  impact  tube  is 
primarily  an  instrument  for  measuring  energy. 

The  oral  discussion  of  this  paper  was  opened  by  Mr.  Pigott, 
who  gave  his  own  experience  with  this  class  of  work.  Mr. 
Pigott  said : 

"  One  thing  that  seems  noticeable  in  the  nozzle  is  that  for 
very  high  velocities  the  curve  should  not  be  too  sharp,  so  as 
to  induce  too  much  of  the  stream  neck  to  open  still  further 
than  the  nozzle.  It  is  not  so  much  the  effect  upon  the  aver- 
age velocity  ultimately,  or  upon  the  rate,  as  the  effect  upon 
the  impact,  making  vibrations  in  the  jet  similar  to  those  of 
imperfectly  designed  steam  nozzles.  I  suppose  in  most  of  the 
work  for  which  these  nozzles  were  used  that  would  hardly 
occur. 

"  I  am  very  much  inclined  to  agree  with  Mr.  Moss  as  to  the 
valuable  feature  of  the  single  static  hole  in  the  pipe  rather 
than  the  use  of  the  pitot  tube.  The  pitot  tube  suffers  from 
two  very  pronounced  disadvantages.  One  is  you  are  never 
sure  that  current  is  flowing  past  it  in  the  right  direction, 
except  you  have  some  device  for  accelerating  the  flow,  which 
invariably  smooths  out  the  eddies. 

"  A  further  disadvantage  is  that  the  static  openings  have  not 
been  decided  upon  definitely.  We  have  had  eighteen  designs 
of  pitot  tubes,  but  they  seem  to  ha\'e  simmered  down  to  the 
type  used  by  Mr.  Trump,  with  pin-holes  in  the  side,  the  Taylor 
type  being  pretty  much  discarded;  but  it  is  quite  certain  from 
Mr.  Moss's  tests  and  my  own,  that  the  static  hole  in  the  side 
of  the  pipe  will  give  accurate  results  on  pressui-e,  provided 
it  is  not  in  a  place  to  take  the  sweep  in  a  curve. 

"  There  is  one  practical  feature  which  can  be  overcome. 
Everybody  desires  to  have  a  section  of  straight  pipe  on  which 
to  apply  the  pitot  tube  or  the  disk  orifice  or  anything  else 
that  is  used,  even  the  venturi  meter.  That  is  inconvenient 
to  get  in  many  actual  installations. 

"  It  occurred  to  me  when  we  were  anxious  to  test  the  blowers 
installed  in  the  59th  Street  Station  of  the  Interborough  Rapid 
Transit  Co.  with  forced  draft,  that  a  scheme  somewhat  like  the 
spacer  used  in  egg  boxes  would  be  the  thing  to  kill  eddies 
in  a  pipe,  and  that  proved  to  be  true. 

"  You  can  place  a  pitot  tube  or  impact  orifice  right  up 
against  the  exhaust  from  such  a  screen,  and  you  cannot  find 
any  appreciable  difference  over  the  cross-section  of  the  pipe. 

"  I  have  used  the  same  scheme  in  connection  with  different 
pitot  tubes  for  measuring  steam.  The  use  of  such  a  screen 
will  eliminate  the  necessity  for  having  a  long  run  of  straight 
pipe  up  to  the  measuring  device,  whatever  it  may  be — they 
are  all  sensitive  to  the  same  influences,  and  even  the  venturi 
meter  feels  the  influence  of  eddy  currents  on  the  other  side. 
If  you  use  this  device,  or  give  it  a  straight  pipe,  the  venturi 
meter  does  give  the  most  consistent  results  in  the  measurement 
of  the  amoimt  of  steam  or  the  measurement  of  the  amount 
of  water  used  in  a  plant. 

"  Next  to  that  for  general  robustness  of  reading  would  come 
the  disk  orifice,  and  last  the  various  fonns  of  pitot  tube,  and 
if  pains  were  used  to  get  an  absolutely  satisfactory  form,  and 
pipes  were  led  to  the  tube,  consistent  results  might  be  secured. 
The  fault  is  not  in  the  pitot-tube  device,  but  in  the  way  it  is 
handled. 

"  The  pitot  tube  suffers  from  a  disadvantage  for  steam  and 


water  measurements.  In  a  pipe  line  you  must  deal  with  small 
pressure  drops,  and  the  pitot  tube  has  the  smallest  pressure 
drop  of  any  of  these  devices,  and  consequently  any  leakage  is 
\ery  much  more  important  in  the  case  of  a  pitot-tube  device 
than  in  the  disk  orifice  or  venturi  meter,  which  deal  with 
larger  pressure  conditions.  If  it  were  not  for  that,  I  think 
the  pitot  tube,  with  the  static  arrangement  in  the  pipe,  could 
compete  in  most  cases  with  the  venturi  metei  or  the  disk 
orifice." 

F.  J.  Richardson  asked  Mr,  Pigott  if  he  had  found  any  dif- 
ference in  the  velocity  pressures  where  the  velocity  was  low 
or  high  in  using  the  screen,  and  Mr.  Pigott  replied  he  had  not. 

In  reply  to  a  further  question  of  Mr.  Richardson,  Mr. 
Pigott  said  that  where  he  had  no  room  to  make  a  long  radius 
elbow  in  a  pipe  to  reduce  eddies,  he  avoided  the  friction  drop 
by  putting  in  a  series  of  fins  or  turbine  blades  to  direct  the 
flow. 

A  form  of  device  used  on  compressed  air  through  a  wide 
range  of  velocities  was  described  by  G.  G.  Crewson,  who  had 
tried  out  a  number  of  forms  of  impact  tubes.  The  peculiarity 
of  this  device  was  that  the  tube  extending  into  the  pipe  was 
in  the  form  of  a  vee,  at  a  small  angle,  not  over  30  deg.,  facing 
the  flow.  With  this  Mr.  Crewson  obtained  more  uniform  re- 
sults over  a  long  range  of  flow  than  with  any  other  types  he 
tried.  He  attributed  this  to  the  fact  that  the  tubes  set  up 
more  or  less  disturbance  in  the  flow  of  air  themselves,  and  by 
making  this  long  vee  he  could  get  the  point  of  impact  into 
the  undisturbed  flow  as  near  as  possible. 

Wm.  H.  Kavanaugh  gave  an  example  from  his  own  experi- 
ence of  a  straightening  device  to  take  care  of  the  swirl  of  water 
coming  out  of  a  standpipe  used  to  water  locomotives. 

Edgar  Buckingham  pointed  out  that  the  devices  mentioned  by 
Mr.  Pigott  were  quite  often  used  in  wind  tunnels  employed  for 
experiments  on  the  aei'odynamic  properties  of  aeroplane  mod- 
els. The  egg-container  device  is  used  in  almost  all  wind  tun- 
nels for  getting  rid  of  eddies  and  making  the  current  as 
nearly  straight  as  possible. 

Regarding  the  turbine-blade  device,  in  the  Goottingen  wind 
tunnel,  where  a  fan  is  employed  for  pumping  air  around  in 
a  closed  circuit,  the  place  is  rather  small  and  there  is  not  much 
space,  and  consequently  they  use  in  the  corners  turbine  blades 
to  save  the  space. 

MR.  REYNOLDS  GIVES  VALUABLE  DATA  ON  THE  FL3W 
OF  STEAM  AND  COMPRESSED  AIR 

The  fifth  and  last  paper  of  the  afternoon  was  by  Herbert 
B.  Reynolds,  on  The  Flow  of  Air  and  Steam  Through  Orifices. 
The  paper  was  in  two  parts,  the  first  covering  the  flow  of  air 
thi-ough  orifices,  including  a  study  of  pitot  and  venturi  meters 
for  measuring  compressed  air,  and  the  second  the  flow  of  steam 
through  orifices  at  low  pressures. 

Mr.  Pigott  led  out  the  discussion  of  this  paper  by  extending 
the  thanks  of  the  Research  Committee's  Sub-Committee  on 
Steam  Meters  to  the  author  for  the  data  in  his  paper,  all  of 
wliieh  he  regarded  as  exceedingly  valuable.  He  said  Mr. 
Reynolds'  paper  will  add  to  the  data  as  to  which  is  the  best 
measuring  device,  but  it  is  certain  that  both  the  disk  orifice  and 
the  venturi  meter  present  pronounced  advantages  over  the 
plain  impact  tube  for  ordinary  measurements  about  the  power 
plant. 

In  connection  with  the  practical  use  of  the  devices  described, 
Mr.  Pigott  said  his  own  experience  tended  towards  the  venturi 
tube,  provided  serious  eddy  currents  are  not  allowed  to  enter 
iulo  the  upstream  side  of  the  tube. 


20 


ACCOUNT  OF  THE  ANNUAL  MEETING 


The  Journal 
Am.Soc.M.E. 


The  disk  orifice  has  one  advantage  which  may  offset,  in  the 
majority  of  cases,  its  chances  of  somewhat  smaller  accuracy. 
Sujipose  in  installing  a  plant  you  provide  for  the  maximum 
load  to  be  obtained  eventually  in  the  steam,  or  compressed  air, 
or  what  not,  and  put  in  a  meter  service  to  measure  the  flow. 
If  you  put  in  a  venturi  meter  you  spend  an  item  of  $200  or 
$300  in  a  tube  for  a  10-  or  12-in.  line,  and  the  readings,  after 
the  first  few  months  or  a  year,  are  very  low  and  within  ac- 
curate range  of  the  recording  instrument.  The  disk  orifice  for 
this  purpose  is  particularly  convenient,  in  that,  in  a  couple  of 
hours,  when  the  vacuum  is  down,  you  can  substitute  for  one 
size  of  orifice  another  size,  and  have  the  same  recording  in- 
strument, and  get  high  accuracy  for  low  loads. 

E.  D.  Thurston  asked  the  author  if  he  had  had  any  experi- 
ence in  using  venturi  meters  in  parallel,  not  necessarily  putting 
two  on  at  a  time,  but  a  bank  of  venturi  meters  between  two 
headers  used  in  different  machines  as  the  demand  for  air 
varies.  He  himself  had  once  used  four  tubes  in  a  bank  and 
found  that  with  three  shut  off  there  was  a  record  on  the 
manometer  indicating  a  slight  pressure  at  the  tliroat. 

Frederick  N.  Connet  explained  this  by  saying  that  if  there 
is  a  dead  end  beyond  the  venturi  meter,  a  dead  end  at  pulsat- 
ing pressure,  there  is  a  constant  vibration  of  the  air  back  and 
forward  from  the  throat,  and  a  slight  differential  will  be 
obtained,  although  there  is  no  flow. 

Mr.  Connet  described  some  experiments  made  at  Provi- 
dence in  which  air  was  measured  in  a  somewhat  simpler  way 
than  that  described  by  Mr.  Reynolds.  The  feature  of  these 
experiments  was  a  method  of  measuring  the  pressure  drop 
through  the  venturi  meter  by  an  electrical  method  whereby 
decrements  of  pressure  could  be  measured  with  much  greater 
accuracy  than  could  be  done  by  watching  a  large  pressure 
gage. 

A.  G.  Christie  said  he  had  checked  the  results  in  Mr.  Rey- 
nolds' paper  against  some  careful  tests  made  a  number  of 
years  ago  on  some  Taylor  tubes.  The  coeftieient  for  the  Taylor 
tube  placed  at  the  center  of  a  12-in.  pipe  was  practically  0.8, 
and  as  far  as  he  could  interpolate  from  the  curves  in  Mr. 
Reynolds'  [laper  for  a  2-in.  pipe,  the  latter's  value  was  0.77. 
The  similaritv  in  the  value  of  the  two  tests  on  entirelv  different 


sizes  of  pipes  struck  him  as  remarkable.  In  Mr.  Rowse's  paper 
in  the  Transactions  of  the  Society  for  1913,  the  coefficient  for 
an  impact  tube  i)laced  at  the  center  of  the  pipe,  and  using 
a  hole  on  the  side  of  the  pipe  for  the  static,  was  the  square 
root  of  80. 

Another  point  in  the  paper  which  impressed  him  was  the 
statement  that  below  a  certain  number  of  cubic  feet  discharge 
the  readings  of  the  pitot  tube  were  unreliable.  He  checked 
that  over,  and  estimated  that  the  velocity  at  which  the  readings 
became  unreliable  was  practically  30  ft.  per  see.  He  also 
checked  the  same  thing  in  Mr.  Rowse's  work,  and  found  he 
was  getting  results  with  considerable  accuracy  as  low  as  20  ft. 
per  sec. 

The  question  of  the  swirling  effect  in  a  tube  was  taken  up 
by  E.  G.  Bailey.  He  said  he  did  not  think  it  was  generally 
appreciated  how  much  this  effect  amounts  to;  cases  had  been 
found  where,  in  the  center  of  a  pipe,  at  certain  velocities 
the  velocity  is  only  15  per  cent  of  what  it  would  be  expected 
to  be  with  a  true  elliptical  flow,  showing  the  centrifugal  force 
due  to  the  helical  motion  in  the  pipe  to  be  enormous.  When 
you  get  that  into  the  throat  of  a  venturi,  there  is  nothing  to 
stop  the  helical  motion ;  in  fact,  its  angular  velocity  is  acceler- 
ated, giving  an  impinging  force  against  the  opening. 

S.  A.  Moss  thought  the  author  had  really  presented  data 
that  showed  the  venturi  meter  to  be  much  preferable  to  the 
plate  oriflce,  and  gave  his  reasons  for  arriving  at  that  opinion. 

The  mathematics  of  both  Mr.  Moss's  and  Mr.  Reynolds's 
papers  was  discussed  by  Edgar  Buckingham,  who  said  that 
many  who  are  not  familiar  with  the  formulae  given,  and  sim- 
ilar ones  for  thermodynamic  flow,  have  a  higher  opinion  of 
them  than  is  justified.  For  instance,  essential  conditions  to 
the  validity  of  Mr.  Moss's  formula  for  the  velocity  of  a  jet 
do  not  exist  in  practice.  In  such  a  formula  so  many  assump- 
tions have  to  be  made  that  the  ideal  case  to  which  it  applies 
is  far  different  from  most  actual  cases,  and  therefore  it  is 
not  surprising  if  the  formula  is  not  justified  by  experimental 
results.  The  moral  is  that  the  engineer,  who  often  despises 
theoretical  work,  should  not  despise  the  theoretical  formula, 
because  he  is  applying  it  to  a  case  to  which  the  physicist  knows 
it  is  not  supposed  to  be  applied. 


TEXTILE  SESSION,  WEDNESDAY  AFTERNOON 


THE  Textile  Session  of  the  Annual  Meeting  of  the  Society 
was  held  on  Wednesday,  December  6,  at  2:30  p.m., 
under  the  auspices  of  the  Sub-Committee  on  Textiles,  Charles 
F.  Plunkett  officiating  as  Chairman.  Three  papers  were 
presented  at  this  Session,  the  first  of  these  being  one  by  Ar- 
thur N.  Sheldon,  entitled  Heat  Transmission  through  Various 
Types  of  Sash,  in  which  the  author  gave  particulars  of  ex- 
periments made  with  different  types  of  wood  and  metal  sash, 
both  with  single  and  double  glazing,  and  of  others  to  deter- 
mine the  cause  of  condensation  in  double-glazed  sash  and 
means  for  its  prevention. 

In  opening  the  discussion  of  the  paper,  F.  J.  Hoxie  in- 
quired if  any  experiments  had  been  made  where  two  sash 
were  placed  some  distance  apart,  and  the  space  between  them 
heated.    Theoretically,  he  thought  that  it  might  be  a  good  idea. 

William  Dean  stated  that  he  had  found  that  one  of  the 
ditTieulties  manufacturers  experienced  was  that  the  holes  in  the 
sash  let  in  dirt,  which  accumulated  on  the  inside  and  made  it 
almost  impossible  to  clean  it  without  taking  out  the  glass.  He 
believed  that  most  of  that  dirt  came  from  the  inside.  If  a  hole 


were  put  in  the  outside,  with  the  colder  air  coming  in  from 
that  side,  he  thought  the  condensation  on  the  inside  would  be 
materially  lessened,  if  not  done  away  with.  In  the  Bates 
Manufacturing  Company's  mill  a  double-glazed  new  sash  was 
used,  with  ventilating  sections  in  the  sawtooth,  which  could  be 
opened  at  times,  and  he  believed  when  they  got  the  colder 
air  inside  that  it  lessened  the  condensation  more  or  less  on  the 
interior  surface,  which  would  bear  out  the  result  of  Mr.  Shel- 
don's test,  that  an  outside  opening  would  be  preferable  to 
an  inside;  but  that  presented  the  problem  then  of  keeping 
the  dirt  and  dust  and  water  out,  keeping  it  from  getting  into 
the  air  space,  which  no  doubt  could  be  worked  out. 

Charles  H.  Bigelow  inquired  to  what  extent  double  glaz- 
ing was  being  used  in  factories,  and  also  how  much  condensa- 
tion there  would  be  on  the  inside  of  a  concrete  roof,  which 
was  also  likely  to  cause  trouble,  and  what  steps  could  be 
taken  to  prevent  it  at  a  reasonable  cost. 

In  reply  the  author  said  that  double  glazing  was  used 
to  quite  an  extent,  not  to  so  great  an  extent  with  steel  as  with 
wood,   on    account   of   the   additional   cost   of   double   glazing 
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steel  sash;  and  that  additional  cost,  as  described  in  the  paper, 
sometimes  worked  out  to  a  disadvantage,  and  it  did  not  pay 
to  do  it.  No  doubt  there  would  be  a  saving-  on  wood  in  this 
locality  of  about  32  per  cent,  and  there  was  no  question  about 
that  being  a  paying  investment.  As  regarded  protecting  the 
concrete  roof,  hair  or  cork  insulation  could  be  applied  to  re- 
duce the  heat  loss. 

William  W.  Crosby  recalled  particulars  of  a  building  of 
considerable  size  where  steel  sash  were  double  glazed  with 
about  14  iQ-  of  space  between,  and  only  about  two-thirds  of 
the  usual  amount  of  radiation  was  supplied,  and  only  about 
one-half  of  the  usual  amount  was  in  use  on  the  coldest  days. 
The  building  had  a  very  cold  exposure. 

W.  E.  Cobb'  stated  that  his  firm  had  probably  done  more 
double  glazing  than  any  other  in  the  country,  and  for  twenty- 
three  years  had  done  more  or  less  experimenting  along  that 
line.  There  was  no  doubt  a  great  saving  in  coal  by  the  use  of 
double  glazing.  The  principal  objection  to  it  was  the  accumu- 
lation of  dirt  between  the  two  layers  of  glass,  and  if  he  were 
building  a  factory,  he  would  want  the  double  sash  at  least,  so 
that  one  could  get  at  all  sides  of  the  glass  to  clean  it.  His 
firm  built  hotbeds  with  double-glazed  sash,  and  in  the  coldest 
weather  they  required  no  mats  or  shutters. 

R.  W.  Weed  desired  the  author  to  state  his  experience  in 
comparing  a  double-glazed  steel  sash  with  a  double  sash.  He 
had  found  that  the  great  heat  loss  was  due  not  to  conduction 
through  the  glass,  but  to  leakage  around  the  cracks,  etc.,  and 
that  the  heat  losses  would  run  around  80  per  cent,  whereas 
that  due  to  conduction  would  be  only  about  15  per  cent.  For 
that  reason  he  believed  that  the  double  sash  was  preferable 
to  double-glazing  sash,  because  it  furnished  a  double  insu- 
lation. 

In  reply  the  author  stated  that  there  was  no  doubt  that 
two  windows,  a  storm  window  outside  of  the  regular  window, 
would  prove  more  beneficial  as  far  as  heat  losses  went  than 
double  glazing;  but  the  double  glazing  was  less  expensive.  In 
Canada  they  triple-glazed,  with  three  lights,  in  refrigerating 
plants,  etc. 

D.  Seabury  stated  that  the  double  sash  had  an  advantage 
where  it  was  desired  to  put  prism  glass  on  the  outside,  as  it 
gave  a  chance  to  keep  it  clean. 

The  author,  in  reply  to  a  question  by  the  Chairman, 
stated  that  the  tests  on  heat  transmission  were  made  before 
the  holes  were  put  in  the  lights  of  glass.  Later,  they  bored 
the  different  lights  of  glass  with  these  holes,  and  then  experi- 
mented further  with  regard  to  condensation,  regardless  of 
heat  transmission.  The  holes  were  only  about  the  size  of  a 
lead  pencil,  and  placed  near  the  bottom,  so  there  could  have 
been  but  very  little  heat  loss  through  them. 

A  NOVEL  METHOD  OF  STUDYING  SPONTANEOUS  IGNI- 
TION DESCRIBED  B¥  MR.   HOXIE 

The  second  paper  to  be  read  was  one  by  Frederick  J.  Hoxie, 
entitled  Spontaneous  Ignition  Studied  by  Means  of  Photo- 
graphic Plates,  in  which  the  author  stated  that  various  sub- 
stances undergoing  slow  oxidation  gave  off  hydrogen  peroxide, 
which  latter  was  capable  of  making  a  developable  image  on  a 
photographic  plate,  the  intensity  of  the  image  being  roughly 
proportional  to  the  rate  of  absorption. 

Opening  the  discussion,  Ira  H.  Woolson  asked  the  author 
if  he  had  discovered  any  difference  in  the  activity  of  charcoal 
due  to  the  variety  of  woods  from  which  it  was  made;  whether 
wood   that   contained   resin,   for  instance,   had   any   different 


activity  upon  the  plate,  as  compared  with  the  wood  that  did 
not  contain  resin. 

The  author,  in  reply,  stated  that  he  had  found  certain 
varieties  of  wood  were  more  active  than  others,  but  that  some 
other  specimens  of  the  same  variety  were  not  active,  so  that 
he  was  not  inclined  to  generalize  very  strongly  on  that  point. 

C.  P.  Beistle'  stated  that  charcoal  made  from  beech,  birch 
or  maple  was  more  liable  to  spontaneous  ignition  than  that 
made  from  other  woods.  He  thought  the  real  cause  of  the 
risk  in  charcoal  was  due  to  the  process  rather  than  to  the 
wood  used.  Most  charcoal  nowadays  was  made  as  a  by-product 
of  making  wood  alcohol  and  acetate  of  lime,  and  almost  inva- 
riably retained  a  good  deal  of  volatile  matter.  Formerly,  char- 
coal was  burned  anywhere  from  seven  to  fourteen  days,  and 
was  very  hard  and  very  dense,  and  almost  free  from  spon- 
taneous heating. 

Leonard  Waldo  stated  that  he  had  had  a  case  come  up  of 
an  ignition  of  flash  powders,  and  was  very  much  bothered  to 
find  some  simple  way  by  which  the  rate  of  oxidation  of  mag- 
nesia, for  instance,  could  be  determined,  so  that  it  could  be 
known  what  was  taking  place.  He  desired  to  learn  whether 
oxidation  of  powdered  metals,  either  with  or  without  the 
presence  of  an  oxidizing  substance,  would  be  shown  by  the 
author's  orthonon  plates,  by  simply  putting  the  metal  in  con- 
tact with  the  plates  and  letting  it  stay  there  awhile  exposed 
to  the  air;  also  whether  there  were  any  publications  that  gave 
extended  lists  of  temperatures  of  ignition.  If  the  gradual 
oxidation  of  metal  could  be  shown,  either  in  steels  or  lighter 
metals,  by  simply  putting  them  on  a  sensitized  plate,  and 
developing  the  plate  later,  this  would  be  a  most  important 
contribution  to  the  technique  of  oxidation. 

The  author,  in  replying,  said  that  he  had  never  heard  of 
any  experiments  being  made  on  magnesium,  but  knew  of  no 
reason  why  they  should  not  be  made.  In  regard  to  the  igni- 
tion points  of  different  substances,  there  was  quite  a  lot  of 
information  available.  To  say,  for  example,  that  the  ignition 
point  of  wood  was  500  deg.  did  not  mean  anything,  for  the 
reason  that  that  particular  wood  had  been  exposed  to  Ught, 
whereas  if  it  had  been  strongly  charred,  the  point  might  have 
been  changed  materially. 

Christopher  H.  Bierbaum  desired  to  learn  whether  the 
photographs  had  been  made  by  placing  the  substances  in  close 
proximity  to  the  plate,  or  whether  lenses  were  used,  and  also 
what  plates.  One  question  raised  was  whether  the  oxidation 
actually  was  in  direct  proportion  to  the  actinic  effect  upon  the 
plate.  The  chemistry  of  it  was  that  we  started  with  bromide 
of  silver  on  the  plate.  The  bromine,  being  a  strong  oxidizer, 
produced  that  salt  in  the  presence  of  the  actinic  ray,  so  that 
it  would  readily  change  from  a  bromide  to  an  oxide.  That 
was  done  during  the  development.  Was  it  not  possible  that 
it  was  all  entirely  due  to  the  ionic  potential  of  the  substance? 
The  question  was  whether  it  was  actually  due  to  actinic  rays 
or  vibrations  in  the  hypothetic  ether,  or  to  the  presence  of 
ionic  emanations,  or  a  chemical  change. 

The  author  replied  that  the  action  was  purely  a  chemical 
one.  Apparently  most  any  rapid  plate  could  be  used,  but  a 
slow  ])late  could  not  be  used  successfully.  Some  exposures 
had  been  made  on  Lumiere  X-ray  plates,  a  very  rapid  plate, 
and  some  were  made  on  the  standard  orthonon,  also  a  rapid 
plate,  but  in  no  sense  were  they  photographs.  The  first  im- 
pression was  that  this  was  a  radio-active  phenomenon,  that 
it  was  an  emanation  from  some  substance,  very  much  like  the 
X-ray,  but  this  had  been  found  to  be  incorrect.     One  experi- 
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ment  tried  was  to  take  a  glass  and  put  it  over  the  object 
which  was  giving  ofif  the  emanations,  but  there  was  nothing  to 
indicate  that  there  was  really  a  substance  coming  off.  If  that 
had  been  a  remarkablj'  short  wave  of  light,  it  could  possibly 
have  had  a  similar  effect.  He  thought  the  active  agent  pres- 
ent was  hydrogen  dioxide.  It  was  well  known  that  hydrogen 
dioxide,  when  put  in  contact  with  a  photographic  plate,  would 
make  a  developable  image.  The  active  agent  might  possibly 
be  some  other  form  of  active  oxygen,  but  ozone,  without  the 
presence  of  water,  did  not  give  this  action. 

Mr.  Bierbaum  thought  that  in  the  experiment  made 
with  the  covered  glass,  if  the  author  had  taken  a  cover 
glass  made  of  quartz  crystal,  and  found  that  in  one  case  he 
bad  the  effect  and  in  the  other  case  he  did  not,  he  would  prove 
it  due  to  short  waves,  because  the  extremely  short  actinic  waves 
would  pass  through  quartz  and  produce  actinic  effects  which 
were  not  possible  through  glass  at  all.  He  thought  the  au- 
thor's experiments  on  this  point  were  very  interesting,  because 
they  seemed  to  indicate  that  the  presence  of  ionic  emanations 
produced  the  same  effect  as  the  short  actinic  wave. 

The  Chairman  said  that,  in  the  interest  of  the  cotton 
manufacturers,  he  would  like  to  ask  the  author  whether  he 
had  discovered  that  there  was  a  material  change  in  cotton 
fiber  by  the  slow  oxidation  mentioned  in  the  paper,  which  it 
was  said  is  going  on  at  all  times,  sometimes  being  on  the  out- 
side of  the  bale,  and  having  a  moisture  and  temperature  dif- 
fering from  that  in  the  interior  of  the  bale.  And  whether  it 
had  been  found  true  that  after  a  long  time  the  staple  was 
'weakened  on  account  of  the  oxidation  which  had  been  going 
on,  possibly  for  years,  before  the  bale  had  been  opened  for 
use. 

The  author,  replying,  said  there  was  little  doubt  but  what 
the  strength  of  the  stajjle  had  suffered.  A  common  sight  in 
almost  any  cotton  mill,  where  pieces  of  sheeting  were  used 
for  window  curtains,  was  that  where  the  moisture  touched 
a  curtain  it  turned  brown,  and  had  every  appearance  of 
being  as  thoroughly  burned  as  if  it  had  been  in  contact  with 
hot  iron;  this  was  doubtless  due  to  the  oxidation  which  had 
taken  place  because  of  the  combination  of  moisture  and  light. 
He  had  often  found  cotton  and  linen,  linen  particularly,  which 
had  been  subjected  to  a  comparatively  low  temperature,  after 
a  good  period  of  years,  that  had  every  appearance  of  being 
as  thoroughly  charred  as  though  it  had  been  in  contact  with 
a  hot  stove.  Doubtless  that  was  due  to  the  amount  of  moisture 
it  contained.  Mr.  Hartshorn,  in  his  classical  work  on  moist- 
ure in  cotton,  mentioned  the  fact  that  cotton  which  had  been 
submitted  to  changes  of  moisture  and  dryness  for  a  consid- 
erable length  of  time  seemed  to  lose  its  property  of  absorbing 
moisture,  and  of  following  the  law  which  he  had  shown  to 
exist  for  other  cotton.  Last  year  Prof.  Naumberg,  of  the 
Institute  of  Technology,  had  made  some  further  experiments 
along  that  line,  in  which  he  collected  some  old  cotton  that 
had  been  exposed  to  the  air  for  a  long  time,  and  found  that 
it  reached  an  equilibrium  to  the  atmospheric  moisture  at  quite 
a  few  per  cent  less.  Apparently,  this  was  not  a  question  of 
fungus  growth,  but  was  purely  a  question  of  the  chemistrj-  of 
cotton. 

The  Chairman  remarked  that  cotton  eighteen  or  twenty 
years  old  was  now  coming  on  the  market  because  of  the  pres- 
ent high  price.  The  question  was  whether  there  had  been  a 
very  serious  deterioration  in  the  interior  portions  of  the  bale, 
by  reason  of  combustion  that  had  been  going  on  slowly,  but 
over  a  long  period  of  years ;  whether  it  was  really  deteriorated 
so  that  it  would  be  unfit  for  use,  or  suitable  for  the  uses  for 
which  such  cotton  would  be  apt  to  be  used.    He  also  desired 


information  as  to  cotton  fabric  piled  in  storehouses  in  bales. 
Many  times  discoloration  was  found  on  the  part  toward  the 
windows.  Was  it  true  that  there  would  be  a  deterioration  of 
the  strength  of  that  fabric,  and  would  the  color  indicate  that 
the  fabric  itself  had  been  injured  by  its  storage,  where  it  had 
received  the  rays  of  light? 

The  author,  as  to  the  first  question,  was  inclined  to  be- 
lieve that  the  staple  would  be  found  to  be  weaker,  and,  under 
certain  conditions,  considerably  so.  He  thought  that  if  the 
discolored  cotton  were  boiled  in  caustic  it  would  become  as 
white  as  ever,  but  there  would  be  less  cotton,  and  that  the 
process  could  be  repeated  until  there  was  not  much  cotton  left. 
Doubtless  the  action  had  something  to  do  with  the  tempera- 
ture. If  the  storehouse  were  kept  at  a  very  low  temperature, 
it  would  no  doubt  reduce  the  action,  but  to  what  extent  he 
did  not  know. 

Replying  to  inquiries  as  to  how  the  substances  were  ex- 
jiosed,  he  said  that  in  the  case  of  articles  of  wood  they  were 
placed  in  direct  contact  with  the  plate,  but  the  oils  were  kept 
a  little  distance  away,  to  avoid  getting  oil  spots  on  the  plate. 
The  nearer  the  object  to  the  plate  the  stronger  the  action  was, 
and  therefore  it  was  desirable  to  get  it  as  close  as  possible. 

In  regard  to  the  photograph  with  a  part  marked  "  screened 
from  sunlight,"  he  would  say  that  he  took  a  piece  of  wood 
into  a  semi-dark  room,  so  that  the  amount  of  actinic  light 
was  negative,  and  planed  off  the  surface  which  had  already 
been  acted  on  by  light.  He  then  placed  on  it  a  jiiece  of  tin- 
foil which  had  a  square  hole  cut  in  the  center,  and  then  placed 
it  in  the  sunlight.  Where  the  tinfoil  was  the  simlight  did  not 
strike  the  wood.  He  then  took  this  into  the  dark  room  and 
removed  the  tinfoil  and  exposed  the  wood  to  the  sensitive 
surface  of  the  plate,  and  then  developed  the  plate.  The  part 
of  the  wood  which  had  been  screened  from  the  sunlight  had 
practically  no  action  on  the  plate,  showing  that  it  was  a  pe- 
culiarity of  the  wood  which  had  been  acted  upon  by  sunlight. 

Mr.  Bierbaum  stated  that  if  the  author  had  proceeded  to 
expose  part  of  a  diamond  to  daylight,  and  then  produced  the 
same  thing — he  understood  the  diamond  would  have  the  same 
effect  —  the  jjart  exposed  to  sunlight  would  have  a  similar 
effect,  that  is,  its  actinic  effect  on  the  photograj)hic  plate  would 
be  the  same.  In  that  case  there  would  be  no  chemical  change, 
it  would  be  purely  an  emanation. 

MR.  PERKINS  DISCUSSES  METHODS  OF  ELIMINATING 
VIBRATION    IN   TEXTILE-MILL   BUILDINGS 

The  final  paper  of  the  Session  was  then  presented  by  G.  H. 
Perkins,  its  title  being  Vibration  in  Textile-Mill  Buildings. 
After  stating  the  nature  of  vibration  in  textile-mill  floors,  the 
author  dealt  successively  with  the  causes  of  such  vibration, 
the  objectionable  effects  it  produced,  means  for  its  elimination, 
and  precautions  to  be  observed  when  textile  machines  are 
mounted  on  rigid  floors. 

Charles  H.  Bigelow,  in  opening  the  discussion,  recalled 
one  building,  erected  about  nineteen  years  ago  on  piles,  that 
swayed  back  and  forth  in  time  with  two  1200-kw.  engines, 
75  times  a  minute,  so  much  so  that  the  window  weights  could 
be  heard  to  rattle  back  and  forth  in  their  casings.  The  actual 
movement  of  the  corner  of  the  building  in  relation  to  a  pile 
of  lumber  50  ft.  away  on  a  marsh  was  %  in.  When  the  two 
engines  were  running,  the  motion  would  come  to  be  a  max- 
imum, and  then  would  cease  as  the  engines  opposed  each 
other.  In  another  building  he  had  found  a  4200-hp.  engine, 
under  which  the  whole  foundation  moved  around  about  %  in.; 
this  was  stopped  by  anchoring  the  foundation  to  other  parts 
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of  the  building.  It  was  certainly  a  serious  matter.  How 
much  actual  power  was  lost  in  the  machinery  he  could  not  say. 

W.  W.  Crosby  asked  that  further  information  be  given  by 
the  author  as  to  the  curves  shown  in  the  paper,  and  that  the 
plane  of  vibration  be  defined.  He  also  desired  to  know 
■whether  the  looms  were  driven  by  motor  or  by  belt.  He  would 
say  that  he  knew  of  a  certain  concern  which  had  several  for- 
•eign  mills,  built  of  rigid  construction,  with  steel  beams  and 
brick  arches,  and  they  had  hesitated  about  building  a  new 
mill  with  heavy  beams  and  plank,  as  we  did  our  slow-burning 
construction,  because  they  thought  it  would  be  so  full  of  vibra- 
tion that  the  machinery  would  not  last.  After  several  years' 
operation,  he  had  been  told  that  as  vet  no  undue  wearing  of 
parts  had  been  detected  which  might  be  ascribed  to  vibration. 

Henry  A.  Hale,  Jr.,  stated  that  it  had  been  found  that 
the  accidents  to  employees  in  spinning  and  weaving  opera- 
tions were  largely  due  to  carelessness.  He  thought  nothing  en- 
gendered carelessness  more  than  fatigue,  and  if  by  eliminat- 
ing vibration  this  could  be  cut  down,  and  thereby  the  number 
of  accidents,  it  appeared  to  him  that  the  resulting  economy 
was  something  that  could  not  be  overlooked.  Additionally, 
the  effect  of  vibration  on  operators  was  to  slow  them  up  in 
their  work. 

Ira  H.  Woolson  inquired  of  the  author  whether  vibration 
was  a  matter  of  common  complaint  with  the  operators — 
whether  it  was  physically  objectionable  to  them. 

W.  W.  Crosby  stated  that  he  had  heard  of  employees  mak- 
ing serious  objections  to  working  on  floors  which  were  too 
rigid.  Help  that  had  been  working  on  wooden  floors  had 
raised  all  sorts  of  objections  because  they  had  been  put  to 
work  on  concrete  floors. 

The  Chairman  stated  that  he  had  learned  from  the  author 
of  one  mill  where  they  still  had,  after  fifty  years,  some  wooden 
frame  looms,  and  those  looms  were  heaving  in  all  sorts  of 
ways  every  time  the  lathe  moved,  and  still  the  treasurer  of 
that  mill  said  he  was  getting  the  best  cloth  from  those  looms, 
better  than  from  the  modern  heavy  looms,  and  that  one  could 
see  the  loom  heave  at  all  times,  with  every  oscillation  of  the 
lathe.  The  Pemberton  mill,  in  Lawrence,  which  collapsed  com- 
pletely in  1863  or  1864,  was  a  very  rigid  building  and  only 
three  years  old,  and  it  collapsed  completely;  and  it  was  a 
question  whether  any  building  had  been  known  to  collapse 
from  vibration.  It  was  a  rather  interesting  point,  and  the 
building  apparently  must  have  been  well  constructed  to  have 
shown  as  much  rigidity  as  it  did  on  all  the  floor  surfaces  in 
the  mill.  There  were  peculiarities  arising  from  this  ques- 
tion which  made  it  an  exceedingly  interesting  one.  It  was 
particularly  important  to  the  cotton  and  other  textile  indus- 
tries to  know  whether  to  be  alarmed  by  the  oscillation  that 
they  found  in  their  mills,  or  to  know  if  their  mills  were  too 
rigid  that  they  might  collapse,  or  that  they  might  not  get  any 
better  results,  even  psychologically. 

In  a  written  discussion,  Maurice  Deutsch '  stated  that  it 
was  often  asked  why  English  mills  made  such  good  yam  out 
of  poorer  cotton  than  used  in  America.  The  answer  to  this, 
he  thought,  lay  in  more  rigid  construction  of  the  mills  and 
the  special  attention  given  to  the  cushioning  and  arrangement 
of  machinery.  In  a  sawtooth  weave  shed  in  England,  he  knew 
of  looms  standing  on  flagstones  and  running  at  220  to  225 
picks  per  min.  Just  how  rigid  a  structure  should  be,  would 
depend  upon  the  material  fabricated  and  other  conditions,  but 
for  textile  mills  he  thought  rigidity  of  structure  should  be 
■sought  for,  and  the  detrimental  effect  of  vibrations  minimized 


by  the  proper  application  of  composite  absorption  material 
between  the  machines  and  the  structure. 

It  had  been  found  that  vibrations  having  a  frequency  of 
about  15  per  see.  and  a  double  amplitude  of  about  0.002  in. 
had  generally  been  the  cause  for  complaints  made  by  oeeu- 
jiants  of  houses  in  the  vicinity  of  railway  trains  or  certain 
types  of  machinery,  also  that  a  frequency  of  about  7  per  sec. 
and  a  double  amplitude  of  0.0012  to  0.0016  in.  could  just  be 
felt. 

The  important  question  of  the  human  susceptibility  to  vibra- 
tion was  one  to  which  little  study  had  been  given  in  this  coun- 
try. In  England,  however,  some  very  interesting  observations 
had  been  made  by  Mr.  Digby  and  Capt.  H.  R.  Sankey. 

How  far  beyond  the  limit  of  perceptibility  the  vibrations 
recorded  by  the  author  were,  might  be  somewhat  appreciated 
when  compared  to  the  observations  of  Prof.  E.  E.  Hall,  of 
Berkeley,  Cal.,  that  when  the  frequency  was  2  per  sec.  the 
double  amplitude  had  to  be  approximately  0.004  in.  before  it 
could  be  felt.  From  many  observations  made  in  buildings  the 
discussor  had  foimd  that  amplitudes  as  low  as  0.002  in.  when 
the  frequency  was  over  10  per  sec,  were  a  genuine  source  of 
annoyance  to  occupants.  It  had  been  found  that  vertical  vi- 
brations damped  out  much  more  rapidly  than  did  horizontal. 
The  latter  were  more  apt  to  produce  detrimental  effects  to 
the  structure,  while  the  former  might  produce  the  greater 
effect  on  the  machines  and  fabric. 

Morton  C.  Tuttle,^  in  a  written  communication,  gave  nu- 
mernus  interesting  and  instructive  particulars  of  experiences 
brought  out  in  the  course  of  the  investigation  of  the  effects  of 
vibration  now  being  conducted  by  the  Aberthaw  Construction 
Company.  So  far  as  the  investigation  dealt  with  textile  mills, 
it  seemed  to  show  that  vibration  tended  to  increase  the  power 
requirements  of  machinei-y  and  to  limit  the  speed  of  operation 
and  hence  the  output.  There  was  a  certain  diversity  of  opin- 
ion among  the  correspondents  reporting,  but  this,  it  appeared, 
depended  upon  the  type  and  character  of  building.  It  was 
made  quite  evident,  however,  that  the  most  serious  cases  of 
vibration  were  found  in  old  buildings  or  those  unsuited  for 
use  as  textile  mills. 

The  author,  in  closing  the  discussion,  repUed  to  Mr. 
Crosby's  queries,  stating  that  the  records  given  in  the  paper 
showed  longitudinal  vibration  only.  He  gave  particulars  re- 
garding the  type  of  drive  used  for  the  various  banks  of  looms, 
and  called  attention  to  the  record  taken  at  Station  1 — about 
50  ft.  from  a  group  of  electrically  driven  looms,  which  showed 
that  the  vibration  was  transmitted  undiminished  in  amplitude 
through  the  floor. 

As  to  the  question  asked  by  Mr.  Woolson,  in  all  cases  that 
had  come  to  his  attention,  new  help  generally  found  vibration 
quite  objectionable,  but  after  a  time  they  became  accustomed 
to  it.  There  were  certain  mills  to  which  he  went  occasionally 
where  he  would  not  care  to  work  himself  for  any  length  of 
time,  and  he  felt  a  certain  apprehension  just  in  passing 
through  them. 

If  he  had  understood  the  discussion  of  Mr.  Deutsch  cor- 
rectly, that  gentleman  had  indicated  that  if  we  should  decrease 
the  amplitude  by  making  a  more  rigid  building,  it  would  be 
possible  to  increase  the  frequency;  but  he  thought  if  Mr. 
Deutsch  attempted  to  run  104-in.  looms  at  more  than  100  picks 
per  min.,  he  would  be  in  trouble,  no  matter  what  sort  of  build- 
ing he  was  in.  It  did  not  mean  that  these  looms  could  be  run 
up  to  200  simply  by  installing  them  in  a  rigid  building,  such 
as  tliev  had  in  England. 
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TOPICAL  DISCUSSION  ON  MANAGEMENT 


T  T  is  the  custom  of  the  Society  occasionally  to  hold  meet- 
ing-s  without  regularly  prepared  papers,  for  topical  dis- 
cussion and  the  interchange  of  experiences.  Such  a  session 
was  arranged  by  the  Committee  on  Meetings  for  Wednesday 
afternoon  of  the  Annual  Meeting,  on  Recent  Developments  in 
Industrial  Management.  There  were  three  other  sessions  in 
progress  at  the  same  time,  and  it  was  necessary  to  assign  to  this 
session  the  small  meeting  haU  on  the  twelfth  floor  of  the  build- 
ing, seating  less  than  one  hundred.  By  actual  count  there  were 
one  hundred  and  twenty-five  present  throughout  the  afternoon, 
with  a  total  attendance  of  perhaps  two  hundred,  and  much 
of  the  time  there  was  not  even  standing  room, — this  in  evi- 
dence of  the  very  general  interest  in  the  subject  of  manage- 
ment. 

COOPERATION  OF  WORKMEN,  BY  E.  E,   BARNEY 

The  first  discussion  was  by  E.  E.  Barney,  of  the  Remington 
Typewriter  Company,  on  How  to  Secure  the  Coijperation  of 
Workmen.  He  said  that  cooperation  must  mean  more  than 
"  working  together " ;  it  must  mean  working  together  with 
common  interest  toward  a  common  end  which,  when  attained, 
should  be  mutually  beneficial.  In  analyzing  his  subject  he 
made  a  unique  comparison  of  the  laws  of  physical  science  with 
those  of  human  nature,  referring  to  the  following  phenomena 
and  properties  of  matter :  Density,  specific  gravity,  heat,  light, 
magnetism,  and  electricity. 

For  examjile,  he  said  that  density  in  physics  referred  to 
the  mass  of  a  body.  Among  mankind  we  also  had  density, — 
the  mass, — the  untrained,  unskilled,  the  hopeful  and  the  dis- 
couraged; a  mass  welded  together,  but  alive  and  struggling, 
like  a  bar  under  tension. 

Heat,  he  said,  was  positive ;  it  caused  most  substances  to  ex- 
pand. "  Let  us  ti-y  the  effect  of  heat  or  warmth  on  our  asso- 
ciates, the  workmen.  Warm  them  with  human  interest.  .  .  . 
Men  are  susceptible  to  sincerity,  but  often  are  slow  in  absorb- 
ing the  warmth  of  sincerity.  Like  the  metal  which  expands 
when  plunged  into  the  flLre,  they  often  shrink  and  resist  the 
glow  and  warmth  for  fear  of  the  motive  which  may  lie  hidden 
behind  it." 

Magnetism  was  a  force  easily  likened  to  the  qualities  neces- 
sary in  cooperation.  One  could  not  expect  a  workman  to  lead 
in  the  spirit  of  cooperation — he  had  not  been  trained  that 
way.  Too  often  the  magnet  of  plausible  argument  which  at 
first  attracted  him  proved  a  repellant  force  when  the  real 
motive  of  selfishness  became  exposed. 

Electricity  was  a  subtle  power  which  demanded  control.  It 
was  the  central  conscious  or  unconscious  thought  which  af- 
fected our  acts  toward  those  whom  we  would  control  or  influ- 
ence. In  the  development  of  organizations,  cables  were  led 
from  the  central  power  to  points  where  the  power  was  needed. 
With  ideas  and  ideals  as  the  central  power  it  was  possible 
through  proper  mediums  to  convey  these  great  distances;  but 
make  one  break  in  the  direct  line,  i.e.,  let  one  man  of  the 
direct  organization  fail  to  transmit  the  current  of  standards 
sent  out  from  the  head,  and  we  would  fail  in  delivering  be- 
yond that  point  the  vital  fluid  on  which  depended  the  success 
of  our  hopes. 

In  conclusion,  the  speaker  contended  that  to  secure  the  co- 
operation of  the  workmen  one  must,  as  in  the  old  colored 
woman's  receipt  for  rabbit  pie,  "  first  cotch  your  rabbit," — 
the  mass, — the  men.    One  must  select  the  individual  and  class- 


ify him  according  to  his  ability ;  warm  him  with  the  interest 
he  desen'es;  enlighten  and  train  him  to  the  advantage  of  both; 
attract  him  by  fairness  and  consideration;  and  make  sure 
that  one's  organization  was  carrybig  the  proper  message  of 
the  spirit  of  cooperation  to  and  beyond  the  workmen,  who 
were  the  most  valued  asset  of  any  industry. 

THE  VALTJE  OF  HUMAN  REL.\TIONSHIPS  IN  INDUSTRY 

In  discussion  of  Mr.  Barney's  remarks,  R.  B.  Wolf  said 
that  in  scientific  management  one  must  study  the  forces  which 
had  been  outlined,  scientifically.  When  dealing  with  men  and 
attempting  to  direct  them  in  these  operations,  we  were  dealing 
with  something  in  which  the  realm  of  facts  found  in  natural 
law  did  not  exist ;  in  other  words,  man  was  a  free  agent.  In 
dealing  with  material  things  there  was  a  realm  of  facts  which 
conformed  absolutely  to  law,  as  in  the  conversion  of  water  to 
ice  at  thirty-two  degrees.  We  knew  that  such  things  always 
happened  in  that  particular  way.  There  were,  however,  many 
ways  by  which  water  could  be  reduced  to  a  temjaerature  of 
thirty-two  degrees,  as  by  carbonic  acid  gas,  or  by  moving  it 
northward  to  a  colder  climate.  To  obtain  such  change  in  con- 
ditions the  will  of  a  human  being  was  essential.  Man  was  the 
instrument  for  creating  the  conditions  through  which  the  natu- 
ral law  could  operate,  and  must  be  reckoned  with  in  that  aspect 
and  given  more  freedom  and  liberty  for  the  exercise  of  his 
creative  faculties. 

W.  S.  Rogers,  who  said  that  for  "  twenty-eight  years  he  had 
been  a  member  of  our  venerable  Society,"  but  nevertheless 
was  the  "  yoimgest  one  present,"  spoke  ^t  length  in  a  remin- 
iscent and  anecdotal  vein.  Throughout  he  emphasized  the  im- 
portance of  the  vian  as  an  asset  in  organization,  and  gave 
many  illustrations  from  his  own  experience  to  show  that  suc- 
cess and  contentment  for  all  concerned  had  come  from  a  con- 
sideration of  the  human  factor. 

Thirty  years  ago  his  friend  and  preceptor,  John  E.  Sweet, 
had  built  a  special  machine  which  the  speaker  went  to  see,  and 
after  inspection  remarked,  "  It  is  a  success."  "  No,"  said 
Uncle  John,  "  I  have  made  a  big  mistake.  I  should  have  built 
a  man  first." 

Mr.  Rogers  related  bow  in  1896  he  went  to  Cincinnati  on  a 
two  years'  contract  to  take  charge  of  an  "  old  scrap  pile  of  a 
plant "  which  was  losing  money.  At  the  end  of  the  contract 
they  were  making  twenty  per  cent  dividends,  and  the  owners 
complimented  him  highly  for  the  things  developed  by  a  me- 
chanical engineer.  As  a  matter  of  fact,  he  "  had  not  used  any 
mechanical  brains-  whatever."  He  had  simply  studied  and 
experimented  with  the  men.  He  had  not  added  a  single  new 
machine  nor  made  a  single  new  jig.  Neither  had  a  man  been 
discharged  nor  a  man  added  to  the  payroll. 

Twelve  years  ago  he  had  the  desire  of  his  life  in  a  jalant 
where  he  did  not  have  to  ask  a  man  on  the  board  of  directors 
what  he  should  do.  The  cash  capital  "  was  $14.95  and  they 
could  not  borrow  a  cent."  Today  the  plant  was  a  great  suc- 
cess and  its  stock  was  selling  for  "  six  times  its  original  par 
value." 

This  was  accomplished  through  cooperation  with  the  men  to 
make  them  feel  that  they  were  a  part  of  the  organization. 
Houses  were  put  up,  which  they  were  assisted  in  buying. 
Profit  sharing  was  introduced,  and  payments  were  made 
monthly,  a  plan  he  had  learned  in  England.  A  shop  legisla- 
ture was  introduced,  with  a  House  which  met  in  the  superin- 
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tendent's  office  and  a  Senate  in  the  manager's  office.  In  case 
of  necessity  they  met  jointly.  No  man  could  be  discharged 
without  bringing  the  case  to  the  House,  and  if  possible  an- 
other place  would  be  found  for  him  in  the  works. 

A  special  training  school  for  employees  was  started.  Charts 
were  introduced  in  the  House  for  showing  the  output  of  pro- 
duction. Once  a  month  there  was  a  meeting  of  the  entire  force, 
at  which  the  different  men  or  departments  were  shown  where 
money  was  lost;  and  how  such  loss  took  money  out  of  the 
other  partners'  pockets  and  how  it  might  be  rectitied. 

The  trend  of  Mr.  Rogers'  remarks  was  that  no  matter  how 
fine  the  buildings,  how  modern  the  machinery,  nor  how  refined 
the  system,  all  were  worthless  unless  the  man  was  considered 
of  the  highest  importance  and  brought  into  the  closest  possible 
union  with  his  employer.  Buildings,  machines  and  systems 
could  always  be  replaced;  but  good  labor  must  be  evolved, 
and  once  destroyed  takes  years  to  replace. 

GRAPHICAL  CONTROL  ON  THE  EXCEPTION  PRINCIPLE, 
BY  FRANK  B.  GILBRETH 

In  introducing  the  subject  of  the  use  of  gi'aphical  charts 
in  industrial  establishments,  Frank  B.  Gilbreth  outlined  the 
possibilities  of  eliminating  waste  through  the  use  of  the  ex- 
ception principle  in  management.  No  cost  system,  nor  chart 
system,  can  be  considered  really  satisfactory  unless  it  fulfils 
the  following  requirements;  i.e.,  it  must  detei-mine  and  show: 

1  What  the  quantities  of  individual  outputs  should  be  (pro- 

phecies of  outputs). 

2  Prompt  recoi'ds  of  individual  outputs. 

3  What  the  costs  should  be  (prophecies  of  costs). 

4  Prompt  records  of  costs. 

5  Causes  of  fluctuations  and  deviations  of  outputs  and  costs 

from  prophesied  outputs  and  costs. 

It  was  obvious  that  the  foreman,  or  other  functionary, 
should  see  promptly  all  the  records  of  output  in  his  particular 
department.  The  time  of  the  over-foreman,  however,  who 
might  have  several  departments  under  him,  was  too  valuable 
to  attempt  to  examine  all  the  records  of  all  the  men,  and  he 
should  be  supplied  with  information  in  concise  form,  such  as 
was  often  furnished  by  "  averages." 

While  ordinary  averages  had  their  use,  their  value  was 
slight  compared  with  the  benefits  which  might  result  from  con- 
centrating the  same  attention  on  those  individual  cases  which 
brought  the  average  away  from  the  ideal. 

From  causes  marked  on  the  chart  it  might  be  found  that 
the  worker's  slow  output  was  due  to  the  lack  of  proper  tools; 
to  the  routing  system  having  failed  to  give  him  proper  ma- 
terials in  the  right  quantities,  in  the  right  sequence,  at  the 
right  time;  or  to  the  man's  not  having  been  properly  in- 
structed; to  there  having  been  an  unwise  selection  of  the  man 
or  the  machine,  or  both,  for  the  particular  job,  etc. 

The  worker,  also,  would  be  more  careful  not  to  do  any- 
thing which  was  not  expected  of  him,  because  he  would  know 
that  the  exception  would  surely  be  noticed  by  those  higher 
up  and  would  interfere  with  his  chances  for  promotion  or 
transfer  to  work  of  a  more  desirable  kind.  Knowledge  that 
they  might  be  investigated  would  create  a  tendency  on  the 
part  of  the  foreman  and  the  workers  to  cooperate  with  others 
whose  work  affected  theirs,  or  who  in  turn  might  be  investi- 
gated. 

These  charts,  with  the  "  exclusion  zones,"  enabled  the  ex- 
ecutive to  eliminate  the  motions  required  for  general  over- 
sight and  inspection  until  a  place  on  a  chart  was  brought 
automatically  to  his  attention  where  he  could  actually  help 


those  below  him  and  furnish  them  with  better  instructions 
for  handling  their  work  more  efficiently;  or  for  making  such 
changes  as  would  naturally  result  in  promotion,  or  the  select- 
ing or  shifting  of  individuals  better  fitted  to  do  work  else- 
where. The  possibilities  of  relieving  the  executive  of  unnec- 
essary motions  and  of  enabling  him  to  be  more  efficient  in 
his  own  work  were  not  exceeded  in  the  case  of  any  manual 
worker. 

STANDARDIZATION     IN     INDUSTRIAL     MANAGEMENT, 
BY    SANFORD    E.    THOMPSON 

In  introducing  the  subject  of  standardization,  Sanford  E. 
Thompson  said  that  whereas  apparatus  and  objects  used  in 
manufacturing  had  been  extensively  standardized,  machinery 
had  been  improved,  plant  layout  perfected,  and  in  many 
cases  the  personnel  of  the  managing  force  carefully  selected, 
the  standardization  of  the  processes  of  manufacture  were  as 
yet  almost  ridiculously  crude.  We  found  laborers  selecting 
their  own  shovels  regardless  of  the  class  of  earth,  or  the 
adaptability  of  a  long  or  short  handle,  and  we  saw  them  using 
shovels  in  whatever  way  they  saw  fit.  Workmen  were  not  only 
allowed  to  select  their  tools,  but  allowed  to  utilize  their  ma- 
terial and  to  do  the  job  in  any  way  they  chose.  It  could  not 
even  be  said  that  they  used  their  "  initiative  " ;  they  simply 
followed  in  a  rut,  often  a  vei-y  deep  one,  worn  out  by  their 
jjredecessors  on  the  particular  job  in  the  particular  shop. 

Those  who  had  given  thorough  consideration  to  modern  in- 
dustrial methods  appreciated  that  there  was  one  best  way  to 
do  each  job  and  that  every  operative  ought  to  handle  every 
piece  of  work  by  this  standard  method.  Some  might  not  agree 
with  this,  perhaps,  because  they  emphasized  too  strongly  the 
difference  in  make-up  of  different  operatives ;  but  the  tendency 
was  towards  standardization.  Not  until  we  arrived  at  stand- 
ards in  methods  of  performing  individual  operations,  as  well 
as  standards  for  the  layout  and  general  handling  of  the  work, 
could  we  hope  to  have  a  properly  managed  plant. 

Referring  to  stop-watches  as  an  element  in  the  study  of 
methods,  the  speaker  said  that  while  they  were  a  necessity  for 
standardization,  if  they  were  used  simply  to  find  the  time  in 
which  an  operation  was  being  performed,  instead  of  the  time 
in  which  it  ought  to  be  performed,  they  were  comparatively 
useless.  It  was  the  getting  at  the  proper  methods  and  deter- 
mining the  proper  tools  and  machinery  by  scientific  study 
that  meant  real  saving  in  time  and  material. 

For  example,  in  piece  work  where  a  level  rate  was  main- 
tained employees  were  all  following  the  slowest  and  poorest 
man,  and  the  management  was  helpless  because  it  did  not 
know  the  best  or  the  quickest  way.  By  giving  definite  in- 
structions in  all  classes  of  work,  just  as  was  being  done  in 
many  cases  of  machine-shop  work,  it  was  possible  for  the 
majority  of  the  men  to  learn  instead  to  work  at  the  speed  and 
by  the  methods  adopted  by  the  most  highly  skilled. 

In  certain  kinds  of  work,  standardization  might  be  practi- 
cally the  whole  thing.  It  was  amazing  how  standardization 
simplified  certain  processes  which  had  been  considered  so  vari- 
able as  to  make  it  impossible  to  produce  uniform  results.  A 
good  example  of  this  was  in  the  cooking  of  sulphite  pulp.  The 
wood  came  to  the  digesters,  which  were  large  steel  tanks,  per- 
haps 12  ft.  in  diameter  by  30  ft.  high,  where  it  was  cooked  un- 
der high  pressure  in  bisulphite  of  lime  liquor.  Formerly  it  was 
the  universal  belief  of  all  pulp  manufacturers  that  on  account 
of  variations  in  moisture,  differences  in  quality  of  wood,  varia- 
tions in  the  character  of  the  acid,  and  many  other  variables,  the 
largest  of  which  was  designated  as  "  pure  cussedness,"  uniform 
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length  of  time  for  cooking  and  a  uniform  product  were  impos- 
sible to  obtain.  Cooking,  in  other  words,  was  an  occult  process 
known  only  by  a  few  experienced  men,  and  even  with  those  ex- 
perienced men  operating  the  digesters,  variables  were  impossi- 
ble to  aUow  for.  Now,  as  a  result  of  standardization  which  in- 
volved the  manufacture  of  bisulphite  liquor  as  well  as  the  cook- 
ing process  itself,  it  had  been  found  possible  to  produce  pulp 
from  ordinary  wood  coming  from  various  sources,  which  from 
the  paper-mill  standpoint  was  practically  uniform  in  quality, 
and  to  bring  off  the  cooks  at  lengths  which  varied  by  not  over 
five  or  ten  minutes. 

The  standardizing  m  the  digester  house  consisted  essentially 
in  determining  the  curves  of  pressure  and  temperature  which 
should  be  followed  during  the  process  of  cooking,  giving  these 
definite  standards  to  the  men  handling  the  digesters  and  re- 
quiring them  to  follow  the  standards  set.  In  order  to  obtain 
the  most  uniform  results,  however,  it  was  found  advisable,  and 
very  effective,  to  make  definite  records  of  just  how  much  each 
cook  varied  from  the  given  curve  and  give  a  bonus  for  main- 
taining the  curve.  Similar  plans  had  been  found  very  effective 
in  other  classes  of  work,  illustrating  very  clearly  how  useful 
was  the  form  of  bonus  payment  for  maintaining  quality  at  a 
high  standard  as  well  as  in  other  cases  of  maintaining  stand- 
ards of  output. 

A    SPLENDID    EXAMPLE    OF    C05pERATIVE    AND 
SERVICE   WORK   FDR   EMPLOYEES 

A.  J.  Baker,  who  was  in  attendance  at  the  Annual  Meeting 
as  representative  of  the  Cincinati  Section,  quite  won  his  audi- 
ence by  the  pleasing  account  which  he  gave  of  the  Employee's 
Service  Work  of  the  Cincinnati  Milling  Machine  Co.  He  said 
that  he  had  confen'ed  with  a  friend  about  the  relationship  be- 
tween manager  and  employee,  who  remai'ked  that  he  believed 
the  main  function  of  the  people  who  adjusted  this  relationship 
was  to  arrange  so  that  the  employee  could  take  home  twice  as 
much  money  as  he  did  before;  and  in  thinking  it  over  he  ad- 
mitted that  it  came  the  nearest  of  anything  to  summarizing  the 
whole  result  that  it  was  desired  to  attain.  If  the  amount  in 
the  pay  envelope  were  doubled,  everybody  was  happy;  but  if 
substantial  progress  were  not  made  in  this  direction,  no  matter 
what  the  system,  nothing  would  really  have  been  accomplished. 

At  his  plant  the  combination  of  the  premium  and  bonus  sys- 
tems was  used,  although  he  believed  their  characteristics  were 
so  obscured  that  the  founders  of  these,  Mr.  Halsey  and  Mr. 
Taylor,  would  disown  them. 

With  this  arrangement  there  was  an  inducement  for  high- 
grade  men  who  did  not  content  themselves  with  just  reaching 
the  standard  time  set,  as  well  as  for  the  standard  man  who 
just  measured  up  to  the  time-study  limit;  and  for  the  man  who 
had  secured  his  job  under  false  pretenses  and  who  was  not 
worth  the  money  he  was  being  paid,  there  was  an  inducement 
to  work  up  to  the  point  where  he  was  worth  the  money.  As  a 
result  it  has  been  possible  to  hold  the  organization  together 
in  a  very  satisfactory  way  during  the  period  of  labor  trouble 
that  has  been  expensive  for  Cincinnati  manufacturers.  That, 
he  said,  was  the  starting  point  of  the  special  relations  that  had 
been  established. 

In  the  study  of  men  and  conditions,  it  was  decided  that  the 
physical  condition  of  the  employee  became  a  most  important 
element,  and  a  physician  was  hired  and  established  with  head- 
quarters, who  at  once  assumed  the  position  of  intermediary  be- 
tween the  officers  of  the  firm  and  the  men  in  the  shop.  It  was 
aimed  as  far  as  possible  to  return  somewhat  to  the  old  feelings 
and  close  relations  that  used  to  exist  between  employer  and 


employee,  but  which  it  had  often  seemed  impossible  to  maintain 
under  present  industrial  conditions. 

It  used  to  be  that  the  apprentice  was  a  member  of  his  em- 
ployer's family  and  the  relationships  were,  of  course,  satisfac- 
tory. At  the  other  extreme  was  the  paternalism  now  practiced 
by  some  of  our  large  organizations  which,  Mr.  Baker  felt,  was 
not  entirely  in  keeping  with  the  institutions  of  this  country, 
particularly  if  it  extended  to  the  time  outside  of  office  hours. 
His  fii-m  limited  itself  to  investigation  of  the  man  during  shop 
time,  and,  since  it  was  difficult  for  the  president,  vice-president 
and  other  officials  to  attend  to  their  business  duties  and  also  to 
act  as  the  intermediary  who  would  bring  about  the  important 
personal  relations  which  were  desired,  this  trust  was  given  to 
the  physician,  who,  by  virtue  of  his  office  and  the  character 
of  his  work,  would  be  a  very  suitable  and  satisfactory  man  for 
the  purpose. 

It  had  proved  that  as  many  as  250  cases  were  sometimes 
treated  in  a  day  in  a  plant  employing  only  1600  men.  They 
did  not  come  necessarily  because  of  serious  illness  or  injury, 
but  often  because  of  minor  things  with  respect  to  themselves 
or  members  of  their  families.  The  physician  was  tluis  close  to 
the  men  and  was  often  consulted  on  matters  not  related  to  per- 
sonal health. 

Among  the  matters  investigated  was  the  question  of  food. 
Oakley,  the  suburb  where  the  works  are  located,  had  inadequate 
lunch  facilities,  and  the  men  who  did  not  live  in  the  vicinity 
either  brought  a  lunch  with  them,  which  they  ate  cold,  or  else 
went  out  to  a  saloon.  After. analyzing  the  situation  it  was  de- 
cided to  purchase  a  complete  set  of  utensils,  refrigerators,  coun- 
ters, etc.,  which  were  turned  over  to  the  employees,  who  were 
told  to  use  the  equipment  for  operating  their  own  lunch  room. 
They  appointed  a  committee  to  purchase  their  own  food  and  set 
their  own  prices;  in  short,  they  had  a  representative  organiza- 
tion with  which  the  management  was  not  connected  in  any  way, 
and  it  was  extraordinarily  successful.  Starting  with  a  patron- 
age of  60  or  70  a  day,  there  were  now  about  450  who  secured 
their  lunches  there. 

Here  again  the  physician  came  in,  for  he  was  able  to  suggest 
to  the  men  the  dietetic  value  of  certain  foods  and  to  assist  them 
not  only  in  securing  good  nourishment  but  in  z'educing  the  cost. 
By  this  means  the  health  of  the  employees  undoubtedly  had 
been  helped.  A  mutual-aid  association  was  also  started  which 
the  firm  was  supporting  financially,  but  which  was  iTin  by  the 
employees  and  to  which  they  contributed  through  a  special  fund 
for  sickness  benefits.  Here  again  the  physician,  having  the 
confidence  of  the  men,  was  in  many  cases  able  to  forestall  seri- 
ous illness. 

It  was  surprising  how  many  of  the  men  were  found  to  have 
incipient  diseases  unknown  to  them,  which  the  physician  dis- 
covered and  was  able  to  treat  successfully  because  of  their  early 
discovery.  Further,  he  could  very  frequently  state  to  the 
superintendent  that  a  certain  man  was  not  physicaUy  fitted  for 
the  kind  of  work  he  was  doing,  which  would  lead  to  his  being 
transferred  to  a  department  adapted  to  his  condition,  thus  sav- 
ing the  money  lost  in  breaking  in  a  new  man,  and  winning  the 
gratitude  of  the  one  who  was  transferred.  No  man  was  dis- 
charged without  having  the  medical  department  look  into  the 
situation,  and  it  must  also  be  with  the  consent  of  the  superin- 
tendent. As  a  result  of  the  careful  investigation  it  was  often 
possible  to  find  the  cause  of  the  failing  and  to  put  the  man  in 
some  other  dejjartment  where  his  peculiar  make-up  would  not 
confiict  with  that  of  the  foreman  of  the  department. 

Referring  to  a  remark  by  Mr.  Rogers  to  the  effect  that  one 
should  "  study  to  make  them  believe  they  are  a  part  of  us,"  he 
said  it  was  an  ideal  expression  of  what  the  fli-m  was  trying  to 
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do.  While  his  own  statement  at  the  outset  as  to  the  financial 
end  was  a  little  more  cold-blooded,  in  the  end  they  were  trying 
to  make  the  men  believe  they  were  a  part  of  them,  and  not 
only  believe,  but  that  they  actually  were  a  part  of  them.  That 
was  the  whole  thing.  In  order  to  encourage  this  attitude,  rec- 
ords were  kept.  The  speaker  outlined  a  plan  for  paying  a 
monthly  or  quarterly  bonus,  according  to  the  average  output 
of  production  per  man,  in  addition  to  the  extra  earnings  which 
a  man  would  receive  from  his  own  individual  increased  produc- 
tion. 

Mr.  Baker  further  referred  to  the  labor  situation  in  Cincin- 
nati more  than  a  year  ago,  when  a  strike  was  declared  in  many 
of  the  plants  in  the  downtown  section  of  the  city  and  where  in 
the  different  plants  the  strike  was  more  or  less  successful.  Later, 
the  attempt  was  made  at  Oakley  and  not  over  30  or  40  men 
responded,  and  within  a  short  time  there  were  more  men  work- 
ing than  ever  before.  Without  any  suggestion  or  assistance 
from  the  management  the  responsible  men  in  the  shop  got  to- 
gether and  went  over  the  whole  situation  and  decided  that  it 
would  be  for  their  intei*est  to  combat  the  strike.  An  anti-strike 
committee  was  fonned,  which  was  most  influential  in  averting 
the  threatened  labor  troubles.  Thus  the  men  with  whom  these 
better  relationships  had  been  established  fought  for  the  firm 
when  the  occasion  arose. 

AN    APE'EAL    FOR    THE    DURABLE    SATISFACTIONS    IN 
LIFE    F3R    WORKMEN    AS    WELL    AS    EMPLOYER 

Richard  A.  Feiss,  who  came  into  the  meeting  as  Mr.  Baker 
was  speaking  about  personal  relationships  in  his  oi'ganization, 
testified  to  the  excellent  spirit  which  he  knew  existed  there,  and 
which  he  said  was  as  fine  as  in  any  plant  in  the  country  but  one, 
and  that  one  was  his  own. 

While  democracy  was  one  of  his  hobbies,  he  felt  that  the  dur- 
able satisfactions  in  life  did  not  necessarily  come  as  a  result 
of  any  one  scheme  of  organization  or  system.  The  tendency 
among  business  men  and  engineers  was  to  think  that  when  they 
had  a  good  thing  it  was  the  only  thing  in  the  world.  That  was 
not  true.  If  one  analyzed  Rogers'  profit-sharing  plan,  or 
Gantt's  method  of  paying  bonuses,  or  Thompson's  method  of 
paying  premiums,  they  would  be  found  simply  to  be  different 
methods  for  accomplishing  the  same  thing,  and  their  success 
would  depend  upon  how  they  were  worked  out  and  what  was 
the  spirit  back  of  them.  In  his  own  plant  they  were  using  a 
type  of  piece-rate  system,  by  which  he  was  sure  that  all  of 
his  800  employees  were  as  much  partners  as  were  Mr.  Rogers.' 
The  employees  themselves  did  not  pass  upon  the  hiring  of 
others,  because  he  and  they  did  not  think  they  were  competent 
to  do  so.  An  expert  was  employed  to  study  the  question  and 
to  pass  upon  them.  He  believed  democracy  which  was  subject 
to  expert  rule  was  the  coming  democracy  and  the  one  which 
America  would  have  to  adopt  in  order  to  become  efficient. 

He  said  that  people  work  for  two  things :  they  work  for 
money  and  they  work  for  other  satisfactions,  such  as  content- 
ment. If  one  thought  they  worked  for  money  alone,  let  him 
try  to  get  away  his  own  employees;  and  if  one  thought  they 
worked  for  the  other  thing,  he  might  try  to  hire  them  without 
paying  them. 

The  dollars-and-cents  proposition  must  be  looked  after  at 
first  so  that  the  workmen  may  procure  those  things  which  mean 
home  and  a  decent  standard  of  living, — and  even  a  higher 
standard  of  living,  because  a  man  who  stagnates  is  like  a  flower 
which  grows  no  longer  but  fades,  withers  and  dies.  It  must  be 
realized  that  everybody,  whether  customer,  worker  or  boss,  must 
make  progress  and  have  an  ever-increasing  share  of  the  tilings 


of  the  world;  and  then  the  important  principles  must  be  real- 
ized that  the  greater  fruits  of  industry  are  only  procurable  by 
greater  productivity  and  that  greater  productivity  is  only  ob- 
tainable by  mutual  cooperation. 

EFFICIENCY   FOR   THE    MAN   HIGHER   UP 

H.  L.  Gantt  said  that  a  lot  of  people  had  been  talking  efR- 
ciency  and  getting  up  fine  cliarts,  and  when  asked  what  they 
did  with  them  they  would  say  that  they  did  nothing.  We  were 
all  making  charts  to  show  how  efficient  the  workman  was,  but 
very  few  were  making  charts  to  show  how  efficient  the  manage- 
ment was.  There  might  be  workmen  doing  something  that  did 
not  need  to  be  done  at  all,  and  doing  it  very  efficiently.  Until 
our  efBeiency  system  reached  up  to  the  executive  and  we  could 
measure  the  efBeiency  of  our  executives  with  the  same  degree 
of  accuracy  that  we  now  thought  we  were  measuring  the  effi- 
ciency of  the  employees,  it  would  not  amount  to  very  much. 

Mr.  Gantt  referred  to  the  Valuation  Session  to  be  held  the 
next  day  and  said  that  most  of  the  valuation  by  accountants 
and  financiers  gave  the  valuation  of  bricks  and  mortar  and 
machinery;  but  he  had  noticed  in  Mr.  Polakov's  paper  to  be 
jjresented,  on  Valuation  of  Industrial  Properties  vs.  Valuation 
of  Industrial  Methods,  that  the  value  of  machinery  was  not 
in  the  machinery  itself  but  in  how  it  was  used, — in  other  words, 
in  the  human  element  behind  it.  Mr.  Rogers  had  told  about  the 
little  old  plant  that  had  gone  to  pieces  and  when  he  took  it  was 
not  paying  expenses ;  but  by  putting  men  and  brains  into  it  he 
got  something  out  of  it.  How  would  public  accountants  have 
valued  that  plant  before  Mr.  Rogers  went  there,  and  after- 
wards? They  did  not  know  how  to  do  it  and  engineers  must 
tell  them  how.  Until  we  could  measure  and  value  the  human 
element  we  would  not  be  able  to  get  anywhere  in  this  work. 

GENERAL    DISCUSSION 

By  way  of  comment  on  the  different  systems  of  paying 
wages — premium,  bonus,  piece  work,  etc.,  W.  S.  Rogers  raised 
the  question  of  what  was  the  distinction  between  a  bonus  and 
a  tip.  Were  we  tipping  our  men  to  do  good  work?  At  his 
plant  the  men  were  not  paid  on  this  basis  for  doing  good  work. 
They  were  partners.  Every  month  they  went  to  the  bulletin 
board  and  read  the  comparison  of  sales  as  well  as  the  compari- 
son of  their  day's  or  month's  work  with  the  previous  day  or 
month.  In  response  to  an  inquiry  as  to  what  he  did  in  hard 
times,  when  he  might  have  to  lay  off  help,  Mr.  Rogers  explained 
that  this  had  not  been  necessary.  His  product  was  staple  and 
in  times  of  business  depression  he  had  manufactured  for  stock. 

W.  0.  Piatt  offered  himself  as  "  a  horrible  example  of  the 
man  who  does  not  use  charts."  He  employed  400  men  and 
did  not  even  have  a  time  clock.  To  a  person  who  had  built  up 
a  small  business  the  question  would  come  up  of  how  big  a  place 
one  must  have  in  order  to  put  in,  for  example,  Mr.  Gilbreth's 
charts.  He  might  be  told  that  he  was  losing  a  certain  percent- 
age in  efficiency  by  having  no  bonus  system;  another  percent- 
age by  not  using  stop  watches,  nor  experts  to  analyze  the  mo- 
tions of  his  men;  and  another  percentage  by  having  no  time 
clocks.  While  he  said  he  must  admit  that  he  was  older  than 
some  who  were  present,  and  perhaps  less  active,  he  had  found 
that  evei-y  one  of  the  devices  or  expedients  mentioned  took  time 
and  energy,  and  that  unless  this  fact  was  considered  the  system 
would  get  top-heavy. 

The  point  was  made  by  A.  R.  Burnett  that  graphic  charts 
such  as  had  been  mentioned  as  being  prepared  for  the  informa- 
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tion  of  the  operatives  should  be  used  also  to  bring  the  executive 
closer  to  the  details  of  the  work.  In  reply,  R.  B.  Wolf  ex- 
plained that  he  was  using  such  charts  to  show  the  men  what 
they  were  accomplishing  and  what  was  the  progress  of  their 
work.  This  gave  them  the  factor  of  interest  and  joy  in  their 
work,  about  which  Mr.  Feiss  had  spoken.  He  thought  it  was 
not  necessary  for  the  executive  to  be  informed  upon  all  the 
records  contained  in  these  charts,  and  a  great  many  of  them 


are  not  seen  by  the  executive  unless  there  is  some  particular 
thing  for  him  to  see. 

The  discussion  was  closed  by  David  Myers,  who  said  that  he 
had  dealt  with  one  phase  of  efficiency,  that  which  related  to  the 
factory  power  plant.  He  put  forward  a  formula  which  seemed 
to  him  to  sum  up  the  whole  situation  very  simply  in  two  fac- 
tors :  the  efficiency  of  any  process  was  equal  to  the  equipment 
modified  by  the  human  factor. 


MACHINE  SHOP  SESSION,  WEDNESDAY  AFTERNOON 


THE  Machine  Shop  Session  was  called  to  order  by  H.  K. 
Hathaway,  Chairman  of  the  Sub-Committee  on  meet- 
ings for  Machine  Shop  Practice,  for  the  reading  and  discussion 
of  two  important  papers  on  Standardization  of  Machine  Tools, 
by  Carl  G.  Barth,  and  A  Proposed  Plan  for  the  Activity  of 
the  Machine  Shop  Practice  Sub-Committee,  by  H.  K.  Hatha- 
way. The  audience  was  pleased  to  allow  Mr.  Barth  an  exten- 
sion of  the  ten  minutes'  allotted  time  for  the  jsresentation  of 
his  paper.  He  gave  his  arguments  with  spirited  energy  and 
conviction,  and  illustrated  his  talk  with  lantern  slides  and 
deft  sketches  on  the  blackboard. 

The  object  of  Mr.  Barth's  paper  was  to  enlist  the  coopera- 
tion of  the  Society  in  encouraging  machine-tool  builders  to 
adopt  certain  standards  for  machine  tools.  He  believed  that 
a  universal  speed  series  should  be  used  by  all  machine-tool 
builders  for  all  machines  such  as  lathes,  boring  mills,  milling 
machines,  drill  presses,  etc.  His  ideal  of  the  generally  accepted 
geometrical  progression  of  speed  is  represented  in  the  pro- 
gression : 

1       2i         2J  25      2    2-21      2-2*       2-25    4   4-2*  ..etc.,  or 

1 1.1892  1.4142  1.6818  2  2.3784  2.8284  3.3636  4  4.7568.  .etc. 

His  views  on  speeds  hold  also  for  feeds,  except  in  the  design 
of  lathes  in  which  the  feeds  for  plain  turning  are  obtained  as 
a  constant  fraction  of  the  screw-cutting  feeds. 

While  the  adoption  of  a  standard  speed  series  for  all 
machine  tools  would  be  a  step  in  the  right  direction,  it  would 
have  to  be  accompanied  by  the  adoption  of  a  standardized 
amount  of  power. 

For  lathe  centers,  drill-press  and  milling-machine  sockets, 
the  speaker  unqualifiedly  recommended  the  universal  adoption 
of  Brown  and  Sharpe  standards.  He  recommended  the  uni- 
versal abandonment  of  the  tang  as  a  method  of  driving  driOs. 
The  Barth  key,  with  two  sides  beveled  at  45  deg.  and  subject 
only  to  the  crushing  pressures,  was  adopted  by  himself  some 
years  ago  as  a  drill  drive. 

Mr.  Barth  was  extremely  anxious  that  his  paper  be  dis- 
cussed freely  by  all  present  at  the  meeting,  and  the  oppor- 
tunity was  taken  by  a  few.  WiUiam  Kent's  endeavors  to 
learn  why  the  Barth  key  was  not  supplied  with  beveled  sides 
on  both  shank  and  socket  sides  resulted  at  last  in  a  satisfactory 
answer  after  a  keen  competition  at  the  blackboard  and  a 
threshing  over  of  fundamental  principles. 

Adolph  L.  De  Leeuw  said  that  Mr.  Barth  had  plainly 
showed  how  a  good  geometrical  progression  could  be  worked 
out  and  that  it  was  an  absolute  necessity  in  aU  machine  tools. 
Large  boring  mills,  however,  might  be  better  without  the  geo- 
metrical progression  as,  when  a  large  flywheel  is  turned,  there 
is  need  for  cutting  at  the  rim  and  at  the  hub,  but  nowhere 
else,  90  per  cent  being  cut  at  the  rim  and  10  per  cent  at  the 
hub.  Hence,  the  speeds  should  be  bunched  together  to  be 
correct  for  working  at  the  rim  and  hub. 


The  time  had  come  when  the  proper  geometric  speed  series 
ought  to  be  more  closely  studied.  The  attempt  made  by  Mr. 
Barth  to  point  out  a  geometrical  progression  which  would  be 
universally  applicable  deserved  the  highest  praise.  Personally, 
he  believed  that  the  progression  as  laid  out  by  Mr.  Barth  was 
about  as  good  as  could  be  got  under  the  conditions  and  with 
the  knowledge  we  have  at  the  present  time. 

The  speaker  regxetted  that  there  have  been  no  investigations 
made  on  the  art  of  cutting  metals  except  for  lathe  work  and 
for  roughing  cuts.  Also,  whereas  everything  possible  has 
been  done  to  study  the  matter  of  changing  speeds  on  lathes, 
practically  nothing  had  been  done  to  provide  for  the  necessary 
speeds  and  feeds  on  planers.  The  experiments  on  cutting 
angles  had  been  carried  on  only  through  a  small  range.  He 
said  that  he  had  personally  made  some  little  experiments  with 
tools  at  an  angle  of  not  more  than  25  deg.  and  found  some 
very  surprising  results.  He  behe^'ed  that  if  the  Society  as  a 
whole  would  stand  behind  such  efforts  as  Mr.  Barth  had 
spoken  of,  to  standardize  the  range  of  feeds  and  speeds,  much 
could  be  accomplished. 

In  an  oral  discussion,  Han-y  V.  Haight  said  that  he  agreed 
with  Mr.  Barth  in  the  matter  of  belt  feed.  It  had  been  his 
experience  in  the  building  of  some  two  hundred  lathes  for 
munitions  work  that  a  3-in.  belt  was  sufficient  to  supply  any 
demand  for  power  and  that  any  series  of  geometric  progres- 
sion of  feeds  could  be  obtained  by  changing  pulleys.  In  con- 
trast to  this  experience  is  that  with  expensive  drill  presses 
which  were  idle  so  much  of  the  time  because  of  broken  gears. 

MR.    HATHAWAY    OUTLINES    HIS    PLAN 

Appointing  Ralph  E.  Flanders  to  the  chair,  Mr.  Hathaway 
took  the  floor  for  the  presentation  of  his  paper.  Impressed 
with  the  fact  that  technical  and  scientific  societies  should  be 
agencies  through  which  constructive  work  leading  to  the  de- 
velopment of  a  profession  should  be  carried  on,  he  proposed 
a  definite  plan  of  action  for  the  Sub-Committee  on  Machine 
Shop  Practice.  He  held  that  the  sub-committee  should  classify 
the  members  of  the  Society  with  respect  to  the  phases  of 
machine-shop  practice  on  which  they  were  qualified  to  present 
papers,  and  should  make  a  consistent  effort  to  secure  such 
papers. 

A  second  and  even  larger  undertaking  would  be  the  prose- 
cution along  predetennined  lines  of  research  that  would  result 
in  definite  advancement  of  the  art.  At  present  this  is  left 
almost  entirely  to  the  enterprise  of  individuals  or  companies, 
with  no  coordination  of  effort.  Such  work  is  now  undertaken 
by  committees  of  men  whose  time  is  so  fuUy  occupied  by 
their  own  affairs  that  they  can  at  best  give  an  insuflScient 
amount  to  the  problem  in  hand.  It  would  be  better  if  the 
Society  could  employ  experts  who  might  give  their  entire 
time  to  investigation  and  research.  A  classification  of  machine 
shop  practice  had  been  worked  out  by  the  author  and  ap- 
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pended  to  the  paper,  arranged  on  the  mnemonic  system  and 
so  designed  as  to  permit  of  easy  expansion. 

The  interest  in  Mr.  Hathaway's  proposed  plan  was  plainly 
evidenced  by  the  discussion,  written  and  oral,  which  followed 
its  presentation.  Mr.  Flanders  read  three  discussions,  from 
Henry  Hess,  Robert  C.  H.  Heck  and  R.  J.  S.  Pigott.  It  is 
undei-stood  that  the  complete  discussion  will  be  published  later. 

Henry  Hess  pointed  out  that  there  are  within  the  Society  a 
number  of  committees  which  should  concern  themselves  with 
the  projects  outlined  in  the  Hathaway  paper.  The  Commit- 
tee on  Technical  Research  is  the  logical  agency  to  which 
investigation  and  experimentation  should  be  entrusted,  special 
sub-committees  being  appointed  for  definite  tasks.  A  Re- 
search Committee  is  in  existence  but  inactive,  the  Finance 
Committee  having  awarded  it,  unasked,  "  the  munificent  sum 
of  $300  "  during  the  past  year.  The  various  Standards  Com- 
mittees sometimes  concern  themselves  with  certain  phases  in- 
volving research,  but  in  too  haphazard  and  uncorrelated  a  man- 
ner to  secure  the  best  work  at  the  least  cost.  Special  commit- 
tees are  occasionally  appointed  to  deal  with  definite  subjects, 
and  could  be  aided  by  an  adequate  Research  Committee. 

Mr.  Hess  suggested  a  general  supervising  committee,  not 
one  that  actually  earned  on  research.  It  should  originate  or 
pass  on  projects  for  research  brought  to  it,  and  advise  the 
Council  of  the  advisability  of  the  Council's  creating  sub-com- 
mittees, each  to  deal  with  a  special  line  only.  It  would  super- 
vise the  work  of  the  sub-committees  and  the  expenditure  of 
the  funds  allotted  to  them,  and  strive  to  secure  cooperation  of 
other  committees. 

In  closing,  Mr.  Hess  said  that  it  had  been  recognized  by  at 
least  one  engineering  society  that  research  of  this  character 
is  quite  within  its  functions,  that  it  should  be  cooperative 
rather  than  left  to  individual  effort,  that  it  could  be  effectually 
carried  on  by  such  cooperation,  and  that  effective  aid  and 
cooperation  for  the  general  benefit  could  be  secured  also  from 
private  interests  that  are  quite  ready  to  recognize  that  though 
their  aid  is  to  some  extent  altruistic,  it  is  also  directly  bene- 
ficial from  a  personally  selfish  standpoint. 

Prof.  R.  C.  H.  Heck  made  a  plea  for  systematic  informa- 
tion on  cutting  speeds,  feeds,  etc.,  not  the  extreme  results  of 
experiments  that  point  the  way  to  the  future,  but  good  routine 
average  practice  in  up-to-date  shops.  This  should  be  in  the 
nature  of  handbook  infonuation,  with  due  statement  that 
practice  is  progressing  and  that  quantitative  values  are  sub- 
ject to  change.  .  .  .  What  is  wanted  is,  perhaps,  a  collec- 
tion of  well-selected  examples  rather  than  too  definitely  stated 
conclusions  from  such  data. 

R.  J.  S.  Pigott,  in  full  agreement  with  the  attitude  of  Mr. 
Hathaway,  stated  that  the  principal  difficulty  in  the  way  of 
getting  adequate  results  accomplished  is  due  to  the  utter  lack 
of  coordination  between  the  various  individuals  and  societies 
undertaking  scientific  investigation.  One  of  the  principal 
reasons  for  the  comparative  inefficiency  of  American  manu- 
facture is  due  to  the  attitude  of  secrecy  which  has  all  too 
frequently  been  taken. 

Of  the  great  mass  of  information  on  machine-shop  practice 
available  only  a  small  amount  has  been  collected  by  isolated 
investigators.  A  committee  as  outlined  by  Mr.  Hathaway, 
having  proper  authority  and  a  reliable  system  of  effort,  could 
do  a  great  deal  toward  rendering  this  information  useful  to 
all  engineers.  The  committee,  to  accomplish  results,  must  be 
handled  more  like  an  operating  company  than  a  council  of  ad- 
visers. Sir.  Pigott  favored  the  Dewey  rather  than  the 
mnemonic  system  of  classification. 

A.  R.  Shipley  expressed  himself  as  heartily  in  accord  with 


the  Hathaway  paper.  He  dwelt  upon  the  fact,  brought  out  in 
the  paper  that  engineers  and  men  in  charge  devote  too  much 
time  to  the  perfection  of  the  design  of  their  product  and  not 
enough  time  to  the  production  of  that  product,  a  fact  which  is 
the  cause  of  mismanagement  in  the  machine  shop. 

Speaking  of  the  small  amount  of  literature  dealing  with 
machine  shops  to  be  found  in  the  Society's  publications,  he 
said  that  more  articles  of  a  less  technical  nature  are  needed. 
Many  papers  given  before  the  Society  cover  too  large  a  field, 
and  do  not  deal  concretely  enough  with  a  specific  subject.  He 
believed  that  some  such  plan  as  outlined  in  the  Hathaway 
paper  would  go  a  long  way  toward  solving  many  of  the  diffi- 
culties which  confront  most  manufacturers  of  machinery. 

Henry  J.  Eberhardt  suggested  that  the  classification  of  data 
from  technical  journals,  scientific  transactions,  foreign  pub- 
lications, etc.,  should  not  extend  back  further  than  one  year 
at  the  outset,  in  order  to  determine  how  valuable  further  re- 
search into  the  past  would  be.  He  foresaw  a  possible  danger 
in  starting  a  large  museum  of  ancient  practice. 

A  much  better  method  of  using  the  committee  would  be  to 
cooperate  intimately  with  the  Research  Committee  and  to  sug- 
gest to  the  commanding  officers  of  U.  S.  Arsenals,  Navy  Yards, 
and  others  in  Government  service,  and  to  the  students  in  post- 
graduate technical  work,  the  use  of  mechanical  equipment  in 
those  various  institutions  for  definite  research  work  and  tests. 
He  cited  the  case  of  an  inventor  interested  in  the  use  of 
aluminum  rather  than  bronze  bearings  for  a  steel  shaft,  and 
the  impossibility  of  finding  proper  authoritative  data.  Tests 
made  by  the  inventor  himself  would  be  narrow  in  their  scope, 
but  a  well-planned  test,  using  different  diameters  and  a  wider 
range  of  materials,  might  lead  to  practical  discoveries. 

The  great  opportunity  for  the  Committee  would  be  to  bring 
before  our  members  each  year  the  best  results  of  the  past 
year's  experience  in  typical  shops.  It  was  his  hope  that  some 
such  plan  might  be  in  full  operation  very  soon. 

"  I  wish  to  give  this  paper  my  hearty  commendation  and 
hope  tliat  Mr.  Hathaway  will  keep  on  with  the  good  work," 
said  William  Kent  in  opening  the  oral  discussion.  Mr.  Kent 
believed  that  the  machine-shop  branch  of  the  mechanical  en- 
gineering profession  had  been  given  too  little  attention.  The 
work  to  be  done  by  the  proposed  Committee  was  to  ask  ques- 
tions. Ten  thousand  questions  might  be  asked  of  the  men 
in  the  different  shops,  but  it  would  first  be  necessary  to  have 
a  secretary  and  a  card  index.  Then,  with  questions  asked  and 
distributed  around,  it  would  be  possible,  perliaps,  to  have  ten 
answered  per  year. 

Mr.  Kent  favored  the  mnenomic  system,  which  allowed 
8000  combinations  of  three  symbols,  whereas  there  were  only 
999  possible  with  the  Dewey  system. 

John  J.  Ralph  thought  few  people  knew  how  to  buy  ma- 
chine tools.  The  prejudices  of  the  buyer  and  the  persuasive- 
ness of  the  seller  entered  too  greatly  into  the  purchase. 
Nowhere  was  there  a  list  of  the  basic  facts  which  should  be 
■  considered  before  a  tool  is  bought.  The  various  types  of 
machine  tools  are  not  even  known  in  the  average  shop.  Cata- 
logs and  trade-paper  advertisements  constitute  the  principal 
source  of  information.  There  should  be  a  standard  method  of 
testing  machine  tools  for  aceiiracy.  There  being  specifications 
for  the  test  and  acceptance  of  boilers,  why  not  for  machine 
tools? 

Elmer  H.  Neff  suggested  that  The  Journal  devote  a  page 
per  month  to  questions  on  machine-shop  practice  which  re- 
quired answers.  He  was  certain  that  the  results  of  experiences 
sent  in  response  to  the  questions  would  bring  the  desired  in- 
formation. 
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Wm.  T.  Magruder  commended  the  paper  and  said  that  the 
Gas  Power  Committee  sometime  ago  had  attempted  similar 
work,  but  without  results.  The  colleges  would  be  glad  to 
cooperate  with  the  manufacturers  if  the  latter  would  come  to 
the  colleges  with  their  problems.  If  the  problems  were  larger 
than  could  be  undertaken  by  a  single  institution,  they  would 
be  solved  piecemeal  by  several  of  the  colleges  working  to- 
gether. 


Other  discussion  of  a  coramendatory  character  was  offered 
by  Chas.  J.  Simeon,  Carl  G.  Barth,  and  others. 

In  closing,  Mr.  Hathaway  explained  that  he  could  not  then 
answer  the  points  brought  out  in  the  discussion,  but  that  his 
foiinal  closure  would  appear  later  in  the  Transactions.  He 
did  suggest  that  the  Committee  must  distinguish  between 
questions  of  design  and  machine-shop  practice.  It  should  eon- 
fine  itself  to  questions  of  practice. 


FIRST  VALUATION  SESSION,   THURSDAY  MORNING 


THE  First  Valuation  Session  of  the  Annual  Meeting  was 
held  on  Thursday  morning  in  the  Auditorium,  Vice- 
President  Henry  Hess  acting  as  Chairman.  Three  papers 
were  presented  for  consideration  and,  since  all  of  them  dealt 
with  the  same  general  subject,  were  read  in  succession  before 
the  discussion  was  opened,  the  first  two  by  their  authors  and 
the  last  by  the  Secretary,  in  the  absence  of  the  author.  The 
first  paper  was  by  J.  G.  Morse,  entitled  Accurate  AjDpraisals 
by  Short  Methods,  in  which  the  author  described  the  method 
of  appraisal  developed  by  the  Associated  Factory  Mutual 
Fire  Insurance  Companies,  which  combines  approximation 
with  theory,  and  is  much  shorter  than  one  necessitating  a  com- 
plete and  elaborate  detail.  The  second  paper,  by  Prof.  John 
H.  Gray,  was  entitled  How  Does  Industrial  Valuation  Differ 
from  Public-Utility  Valuation?  and  dealt  with  the  valuation 
problems  growing  out  of  governmental  attempts  to  regulate 
the  various  public-service  industries.  The  final  paper,  The 
Relation  Between  Perpetual-Inventory  Value  and  Appraisal 
Value,  by  Charles  Piez,  emphasized  the  necessity  for  determin- 
ing proper  rates  of  depreciation  in  order  to  establish  true 
costs  of  products. 

MR.     GANTT    OPENS    THE    DISCUSSION 

H.  L.  Gantt,  being  called  on  to  open  the  discussion,  said  that 
things  had  so  changed  in  the  world  in  the  last  two  years  that 
a  great  deal  that  Professor  Gray  said,  he  thought,  was  a  little 
out  of  date.  It  might  be  good  law,  constitutional,  and  proper, 
according  to  our  viewpoint  of  a  few  years  ago,  but  we  were 
thinking  in  different  terms  today.  The  war  had  taught  Europe 
something.  England  had  just  made  a  change  and  put  Lloyd 
George  at  the  head  of  the  Government.  They  had  brushed 
aside  the  powers  that  had  controlled,  and  had  put  the  power 
in  the  hands  of  the  man  they  believed  most  capable  of  "  de- 
livering the  goods."  Our  laws  and  our  regulations  would  have 
to  be  so  adjusted  as  to  produce  the  gi-eatest  possible  values  for 
the  community.  England,  to  save  her  life,  had  been  obUged 
to  do  that. 

We  were  in  a  class  with  England,  aud  had  not  learned  from 
the  war  as  England  had.  If  we  were  ever  confronted  with  the 
same  problem  that  England  was,  our  salvation  would  come 
through  the  men  who  knew  how  to  do  things,  and  a  solution 
of  our  problems  would  be  in  the  hands  of  our  engineers  rather 
than  our  financiers. 

Professor  Gray's  paper  related  to  a  condition  of  affairs 
when  the  financier  was  the  supreme  power  in  the  world.  To- 
day the  engineer  was  successfully  disputing  that  power  with 
him  in  the  warring  countries. 

No  theory  of  valuation  would  be  complete  in  the  future 
unless  it  took  account  of  the  value  of  the  engineer,  and  Pro- 
fessor Gray  had  left  this  entirely  out  of  his  calculation. 

A.  E.  Flowers  asked  for  a  definition  of  the  term  "  reducing 


balance  "  employed  in  the  table  of  depreciation  rates  in  Mr.         I 
Piez's  paper. 

In  the  absence  of  the  author,  Carl  G.  Barth  explained  the 
term,  stating  that  if  a  machine  was  worth  $1,000  today,  and 
it  was  depreciated  10  per  cent  on  the  reducing  balance,  it 
merely  meant  $100  for  the  first  year,  and  10  per  cent  for  the 
second  year,  and  that  left  90,  and  the  amount  would  never  be 
entirely  extinguished.  If  a  machine  depreciated  10  per  cent  a 
year,  however,  its  value  would  be  wiped  out  in  ten  years. 

Speaking  to  the  papers,  he  was  convinced  there  had  not 
been  a  single  improvement  made  on  the  accounting  and  cost 
system  that  Mr.  Taylor  invented  twelve  or  fourteen  years  ago. 
Mr.  Taylor  had  started  out  with  the  idea  that  the  simplest  way 
of  proceeding  was  to  get  a  cost  that  was  such  that  the  dif- 
ference between  selling  price  and  cost  price  was  absolute  profit. 
There  was  no  question  about  that  being  the  correct  point  of 
view.  He  wanted  nothing  to  go  into  the  cost  except  the  things 
that  had  been  expended  or  lost  in  carrying  on  the  business. 

Regarding  Professor  Gray's  paper,  Charles  AVhiting  Baker 
thought  it  incorrect  to  state  that  the  reason  for  establishing 
public  regulation  of  utilities  had  been  to  stop  speculation. 
It  had  been  the  shippers,  the  travelers,  the  people  who  bought 
gas  and  electricity,  who  rode  in  the  railway  trains  and  cars, 
who  were  behind  the  great  movement  that  demanded  public 
utilities  should  be  regulated,  rather  than  innocent  purchasers 
of  worthless  securities.  He  was  unable  to  understand  why 
Professor  Gray  did  not  accept  the  eost-of-production  theory 
of  valuation,  as  it  seemed  to  him  to  lie  at  the  base  of  our  whole 
work  of  valuation.  In  all  our  valuation  work  it  was  neces- 
sary to  go  back  to  this  theory.  Suppose  a  manufacturing  con- 
cern were  to  issue  a  balance  sheet  showing  what  its  property 
was  worth,  based  on  its  earning  power.  Now,  its  earning 
power  would  vary  from  year  to  year,  and  every  competent 
appraiser  knew  that  the  only  safe  way  to  value  an  industrial 
property  or  a  manufacturing  property  was  to  value  it  at  what 
it  would  cost  to  replace  the  buildings,  put  the  machinery  back 
there,  and  duplicate  the  plant  as  it  originally  stood.  Why? 
Because  in  the  nature  of  the  case  some  other  competitor  might 
come  along  the  next  day  and  duplicate  the  property  and  go 
into  the  business;  so  the  only  safe  way  for  a  fair  valuation 
was  to  base  it  on  the  cost  of  reproduction. 

DEFINITIONS    DEALING    WITH    DEPRECIATION 

In  a  written  discussion  of  Mr.  Morse's  paper,  Harry 
Barker'  contrasted  the  high  and  burdensome  costs  of  public- 
utility  appraisals  with  the  moderate  figures  resulting  from 
the  use  of  the  author's  method.  In  his  opinion,  the  pioneer 
utility  appraisers  had  felt  impelled  to  present  an  impressive 
array   of  evidence  and  to   substitute   for  experience  and  ac- 
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cumulated  data  a  logical  system  of  scrutinizing  property  de- 
fails.  The  older  commissions,  however,  should  have  accumu- 
lated by  this  time  sufficient  data  to  be  able  to  adopt  the 
author's  methods  if  that  were  deemed  desirable.  It  would  be 
helpful  to  learn  how  the  autlior  would  apply  his  methods  in 
cases  in  the  utility  field  where  the  effect  of  seeking  out  original 
conditions  of  construction  might  change  the  valuation  result 
by  100  per  cent  or  more  over  figures  based  on  present  condi- 
tions as  superficially  indicated. 

Turning  to  Mr.  Piez's  paper,  Mr.  Barker  said  that  the 
fundamental  term  "  depreciation  "  had  become  so  involved  in 
a  maze  of  differing  definitions,  that  even  when  engineers  en- 
deavored to  use  it  quite  technically  it  conveyed  different  ideas 
to  different  persons.  In  an  attempt  to  harmonize  some  of 
these  differences  he  had  been  led  to  study  the  various  meanings 
attacliing  to  the  term,  and  had  found  that  it  was  possible  to 
clear  up  matters  by  employing  six  definitions,  having  different 
shades  of  meaning,  which  definitions  he  appended. 

In  a  written  discussion  commenting  on  the  possible  value  of 
a  valuation,  L.  K.  Frank'  said  that  it  was  not  improbable 
that  industrial  property  might  be  subject  to  public  regula- 
tion of  return  on  investment  before  the  close  of  the  century. 
The  Federal  Trade  Commission  was  advocating  the  adoption 
of  accounting  methods  by  the  manufacturers  of  the  country, 
which  in  many  instances  would  call  for  valuation  work,  and 
upon  the  care  and  industrial  statesmanship  of  the  engineers 
involved  would  depend  the  future  course  of  this  movement 
for  social  control  of  industrj'.  Social  progress  was  inevitable, 
and  it  was  open  to  the  engineers  to  play  a  part  in  this  move- 
ment, the  importance  of  which  could  scarcely  be  measured. 

The  Chairman  called  on  Dean  M.  E.  Cooley,  who,  among 
other  things,  said  that  he  felt  a  degree  of  responsibility  con- 
cerning the  use  of  the  word  "  depreciation  "  in  connection  with 
appraisals.  It  came  up  in  connection  with  the  appraisal  of 
the  Michigan  railroad  properties  in  1900,  and  had  come  to 
play  a  very  important  part  in  the  decisions  of  the  various 
State  Commissions  since  organized ;  a  most  unfortunate  part, 
he  might  add,  for  it  was  not  entitled  to  have  the  use  that  had 
been  given  it,  and  should  be  discarded  in  certain  classes  of 
investigations.  For  example,  there  was  now  in  process  of 
solution  a  valuation  problem  of  a  very  large  utility  property 
not  far  from  New  York,  which  involved  the  depreciated  value 
of  the  property  as  observed.  It  was  a  complex  electric  light 
and  railroad  property,  involving  many  plants,  old  and  modern. 
In  the  old  plants  the  machinery  was  about  ready  to  be  dis- 
carded, and  the  machinery  of  the  new  plants  substituted.  The 
question  was  as  to  the  value  of  the  machinery  to  be  discarded. 
It  had  perhaps  been  valued  by  observation,  being  20  or  25 
years  old,  at,  say,  $180,000,  and  the  question  raised  had  been 
whether  that  was  a  fair  value.  So  an  investigation  had  been 
made  to  determine  its  present  real  or  commercial  value,  com- 
paring it,  in  an  economic  way,  with  the  machinery  of  a  new 
plant.  Considering  the  distance  between  the  two  plants,  the 
necessity  for  constructing  transmission  lines,  and  the  necessity 
for  wiping  out  in  a  sinking  fund  or  otherwise  whatever  value 
there  might  be  in  the  old  plant,  the  commercial  value  of  the 
old  plant  today,  instead  of  being  $180,000,  was  about  $360,000 ! 

DEPRECIATION   NOT   INVOLVED   IN   RATE   CASES 

The  word  "  depreciation  "  had  no  place  whatever  in  the  in- 
vestigation of  a  rate  ease.  For  example,  a  railroad  was  made 
up  of  a  vast  number  of  elements,  all  new  in  the  beginning  and 
each  having,  say,  100  per  cent  value.     After  a  few  years  the 
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elements — ties,   rails,  locomotives,   cars — wore  in   various  de- 
grees, and  were  replaced  by  new  elements.    After,  say,  twenty- 
five  years  this  property  would  come  to  a  stable  condition  and 
would  continue  to  exist  in  perpetuity  in  a  condition  less  than 
100  per  cent  for  each  of  the  elements,  but  in  a  condition  which 
might  be  expressed,  say,  by  80  or  85  per  cent.    It  could  be 
demonstrated  very  conclusively  that  to  attempt  to  maintain 
such  a  complex  property  at  a  higher  ]iercentage  than  what  we 
call  its  normal  percentage  would  be  a  waste  of  money,  because 
elements  would  have  to  be  thrown  away  or  discarded  before 
they  were  worn  out.     Also,  if  the  property  were  maintained 
at  a  very  much  lower  percentage  it  would  be  equally  a  waste 
of  money,  because  the  property  itself  would  be  endangered 
and  the  business  which  it  could  do  would  be  diminished.    The 
property  could,  in  this  80  or  85  per  cent  condition  of  effi- 
ciency, render  the  maximum  service  which  it  was  capable  of 
rendering.     To  obtain  it  in  a  normal  condition,  expressed  by 
80  or  85  per  cent,  we  had  had  to  expend  100  per  cent.    There- 
fore, that  was  the  investment,  and  it  could  not  be  had  for 
anything  else.     If  there  was  100  per  cent  investment  in  that 
property  standing  at  80  or  85  per  cent  condition,  as  we  value 
it,  there  being,  say  15  or  20  per  cent  depreciation,  then  we 
should  allow  in  a  rate-making  ease  100  per  cent,  and  depre- 
ciation would  have  no  purpose  whatever  in  the  problem. 

The  word  "  depreciation,"  however,  did  have  value  in  other 
cases,  and  it  might  have  value  in  a  rate-making  ease  where, 
for  instance,  the  financial  policy  of  the  company  had  involved 
the  laying  aside  of  money  which  the  English  would  call  a 
"  sinking  fund  "  to  back  up  the  difference  between  the  100  per 
cent  and  the  80  or  85  per  cent.  If  the  earnings  had  already 
been  sufficient  to  enable  that  to  be  done,  then  perhaps  we 
should  take  the  80  or  85  per  cent  for  the  rate-making  pur- 
poses rather  than  the  100  per  cent,  but  in  America  we  took 
our  sinking  fund  in  the  form  of  dividends. 

THE    PRODUCTIVE    LIFE    OF    A    PLANT 

L.  S.  Randolph  stated  that  he  had  had  a  great  deal  of 
difficulty  with  the  word  "  depreciation,"  and  in  figuring  out 
such  questions  attacked  the  problem  in  the  beginning  by  as- 
suming that  a  piece  of  machinery  or  plant  could  be  so  repaired 
or  renewed  as  to  do  the  work  as  well  as  when  first  erected. 
After  that  it  was  a  question,  first,  of  using  the  word  "  obso- 
lescence," and  then  the  term  "productive  life,"  or,  in  other 
words,  what  would  be  the  productive  life  of  a  plant,  and  that, 
he  thought,  would  have  to  be  laid  aside  to  return  the  value  of 
the  original  investment  of  the  plant  when  the  productive  life 
bad  ceased.  He  had  come  across  some  cases — in  agriculture 
— where  apparently  the  productive  life  was  infinite,  and 
where  there  was  actually  appreciation  of  value.  Sometimes 
legal  enactments  would  abruptly  cut  off  the  productive  life  of 
a  plant. 

Engineers,  Morris  Knowles  thought,  should  be  very  much 
interested  in  such  a  paper  as  Mr.  Morse's,  because  the  fact  was 
obvious  that  appraisements  were  costing  enormous  sums  of 
money.  There  was  much  unnecessary  refinement,  and  in  the 
end  the  people,  the  rate  payers,  were  paying  for  these  thiiig-s. 
In  Pennsylvania  all  matters  of  fact  were  referred  to  an  En- 
gineering Board  consisting  of  one  engineer  appointed  by  each 
side  and  the  chief  engineer  of  the  Commission  sitting  as  chair- 
man. Engineers  when  they  faced  each  other  across  a  table 
understood  whether  each  one  knew  what  he  was  talking  about, 
and  they  did  not  have  to  count  all  the  bolts  and  nuts  and 
gaskets  which  were  used  in  a  steam  pipe  to  determine  that  a 
certain  number  of  boilers  cost  so  much  money.     They  could 
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persuade  each  other,  and  it  was  different  from  trying  to  per- 
suade an  attorney  or  the  Court. 

He  would  like  to  differ  from  Professor  Gray  in  one  respect, 
and  that  was  that  valuation  in  amount  necessarily  depended  on 
the  purijose.  The  report  of  the  recent  case  of  the  Los  Angeles 
electric  situation  went  into  that  thoroughly,  and  showed  if 
you  could  aft'eet  the  rate  as  to  value  for  rate-making  purposes, 
this  value  should  be  used  for  other  purposes.  Certainly  in  the 
case  of  a  purchaser  the  value  would  control,  because  he  would 
not  want  to  pay  any  more  for  the  property  than  what  he 
thought  he  might  get  out  of  it  if  it  were  subjected  to  regula- 
tion. 

Referring  to  Dean  Cooley's  remarks  about  depreciation,  he 
thought  that  if  a  depreciation  fund  was  in  existence,  then  the 
property  was  entitled  to  earn  on  100  per  cent;  but  if  the 
utility  had  not  that  fund  on  hand,  but  had  pocketed  it,  it 
would  not  be  carrying  out  its  trusteeship  to  the  people,  and 
therefore  depreciation  should  be  deducted. 

In  regard  to  the  question  of  valuation  on  the  basis  of  cost 
of  reproduction  of  a  plant,  William  Kent  stated  that  there 
were  some  cases  where  he  thought  it  might  not  apply  very 
well.  For  example,  what  bad  been  the  valuation  of  the  power 
plant  of  the  Interborough  Rapid  Transit  Company  two  years 
ago,  when  it  had  been  equipped  with  magnificent  alternat- 
ing-current generators  driven  by  engines  of  the  very  highest 
type  known,  and  these  engines  were  as  good  as  new,  for  all 
practical  purposes,  and  had  cost  $1,000,000,  or  twice  that,  prob- 
ably? On  the  cost  of  reproduction  you  would  say  that  you 
would  value  that  plant  on  the  basis  of  those  engines  in  use, 
but  if  the  owners  of  the  plant  had  decided  that  these  same 
engines,  good  as  they  were,  were  using  more  steam  than  more 
modern  engines  or  turbines  would  use,  and  it  had  been  neces- 
sary to  throw  them  out  and  put  them  in  the  scrap  heap,  and 
spend  two  millions  of  dollars  to  replace  them  by  turbines, 
then  what  was  the  valuation  of  the  plant  before  the  contract 
for  turbines  was  made?  It  certainly  was  not  the  cost  of  re- 
producing the  plant  going  into  the  scrap  heap.  Some  allow- 
ance for  valuation  would  have  to  be  made  on  the  reproduction 
basis. 

It  seemed  to  him  that  we  had  not  arrived  at  any  proper 
theory  of  valuation  because  we  had  no  leaders  of  thought  on 
this  subject  who  represented  the  public.  We  had  had  court 
decisions  by  judges  who  were  not  experts,  but  who  did  the 
best  they  could  with  the  limited  light  they  had,  but  no  authori- 
tative statements  by  leading  lights  representing  the  public  at 
large,  and  that  was  what  we  were  looking  for.  He  thought 
we  could  get  such  a  statement  some  day  from  engineers  rather 
than  from  lawyers.  It  was  a  question  of  strong  common 
sense  rather  than  of  the  traditions  of  law.  What  was  needed 
was  a  few  strong  and  intelligent  students  of  the  matter  who 
would  put  their  ideas  together  and  get  the  question  solved  on 
the  basis  of  exact  justice  between  all  the  parties  concerned, 
especially  justice  to  the  community  that  paid  the  bills. 

TWO  KINDS  OF  OBSOLESCENCE 

Oberlin  Smith  said  that  his  rule  was  that  things  were 
worth  what  it  would  cost  to  reproduce  them  tomorrow  if  they 
were  burned  today  in  their  present  condition.  With  a  plant 
all  new,  it  would  mean  the  cost  of  a  new  plant.  That  might 
be  more,  or  less,  than  what  the  plant  and  its  contents  had  cost. 
They  might  have  appreciated  or  depreciated  since  they  were 
new.  On  everything  new  it  was  necessary  to  find  the  per- 
centage of  obsolescence  and  take  off  that  percentage,  but  in  a 
macliine  shop  it  did  not  pay  to  have  that  value  too  low,  as 


the  tools  were  not  efficient  unless  they  were  kept  up,  as  Dean 
Cooley  said,  to  80  or  85  per  cent  efiiciency,  so  that  they  did 
work,  and  to  rate  them  at  that  was  evidently  fair.  The  prin- 
ciple of  obsolescence  might  put  them  down  to  nothing. 

There  were  two  kinds  of  obsolescence.  One  kind  would  be 
the  tool  not  being  up  to  date,  and  we  could  apply  that  theory 
to  a  certain  extent,  so  if  it  were  likely  that  the  tools  would  have 
to  be  altered  or  repaired,  that  should  be  taken  into  account  in 
the  valuation.  The  other  kind  of  obsolescence  was  the  change 
in  the  demand  for  the  product.  Certain  things  would  be  in 
fashion  at  one  season,  and  then  become  obsolete,  and  the  tools 
for  making  them,  although  as  good  as  ever  and  in  absolutely 
first-class  condition  for  performing  their  functions  efficiently, 
would  be  of  no  use  for  their  special  purpose;  and  so  we  had 
to  take  into  consideration,  and  be  on  the  lookout  constantly 
for,  the  obsolescence  of  tools  which  in  themselves  were  up- 
to-date  and  efiicient,  but  for  which  there  was  no  employment. 

Some  people  depreciated  a  set  of  machine  tools  ten  per  cent 
each  year,  and  that  soon  made  them  worth  one-half  or  one- 
quarter  of  their  original  value,  when  they  were  as  good  as 
ever.  His  rule  had  been  to  allow  a  certain  small  amount  for 
depreciation  each  year  and  keep  the  tools  in  good  order.  If  a 
tool  was  run  down  and  needed  repairs,  or  an  additional  part 
was  applied  to  it,  then  it  was  worth  more  at  the  end  of  the 
year  when  repaired,  and  perhaps  50  per  cent  of  the  original 
value  spent  on  it,  and  it  was  not  right  to  keep  depreciating  it 
right  along.  It  was  worth  as  much  as  when  new,  and  under 
this  method  of  allowing  for  depreciation  we  kept  the  inven- 
tory jumping  up  and  down. 

The  public  utilities  were  an  entirely  different  matter — they 
were  things  which  had  a  value  outside  of  the  actual  plant 
value.  The  plant  value  of  a  concern  might  be  80  per  cent  of 
its  original  cost,  say,  or  anywhere  up  to  100  per  cent,  and  the 
concern  might  be  sold  out  at  a  200  per  cent  valuation  because 
of  surplus  which  had  accumulated  by  extra  profits,  unpaid 
dividends,  etc.,  so  that  the  commercial  value  of  the  plant 
should  not  be  taken  as  the  actual  value,  the  mechanical  value 
of  the  plant,  because  the  plant  itself  could  be  reproduced  for 
the  100  per  cent,  and  all  this  extra  was  in  the  form  of  good- 
will. If  a  plant  sold  out  for  200  per  cent  of  the  cost,  it  would 
be  because  of  earning  power,  and  earning  power  had  to  be 
taken  into  account  when  we  valued  the  plant  for  the  market 
for  selling  it,  or  perhaps  for  taxing  it.  We  should  consider 
that  a  plant  was  not  necessarily  more  valuable  because  of  its 
great  earning  power,  for  that  earning-power  increment  be- 
longed in  what  he  termed  "  good-will  "  or  anything  we  would 
like  to  call  it. 

DErRECIATION  PURELY  AN  ITEM  OP  OPERATING  COST 

Accountants  and  engineers,  thought  W.  L.  Whittlesey,' 
should  have  the  same  point  of  view  of  operating  facts,  and 
an  accountant  might  be  excused  for  saying  that  depreciation 
was  an  item  in  operating  cost,  for  it  was  not  anything  else. 
If  depreciation  meant  anything  it  was  an  item  of  operating 
cost  and  nothing  else.  The  idea  of  a  public-utility  corporation 
was  that  it  should  do  two  things:  it  should  enlist  and  develop 
ability  within  its  ranks,  and  it  should  give  service  to  its 
patrons.  In  the  future  the  problem  of  regulation  might  be 
taken  up  in  that  way,  but  the  trouble  was,  of  course,  that  the 
lawyers  took  it  up  as  a  matter  of  property,  and  so  there  were 
such  expensive  valuations  as  that  of  the  New  York  Telephone 
Company,  costing  .$3.00  per  thousand  of  \alue;  but  the  idea 
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there  hail  heen  to  do  a  thorough  engineering  job,  to  head  off 
any  in(|  nines  of  this  sort,  and  to  put  an  end  to  a  situation 
that  had  been  dragging  along  for  about  ten  years.  Another 
valuation  fact  lay  in  the  change  in  the  price  of  copper;  this, 
every  one  knew,  had  tripled  within  the  last  year  or  two.  A 
few  years  ago  corporations  liad  had  a  base  figure  of  16  or  17 
cents  per  lb.,  and  talked  about  writing  down  the  fixed  value 
of  assets  which  depended  on  the  price  of  copper,  as  the  valua- 
tion was  too  high,  and  now  the  valuation  was  about  half  the 
market  price ! 

Oberlin  Smith  thought  that  the  best  way  to  thresh  the 
matter  out  Avould  be  for  the  Society  to  appoint  a  committee, 
perhaps  a  permanent  one,  on  valuation,  and  work  in  conso- 
nance with  other  societies.  In  his  opinion  there  should  be  a 
distinction  between  the  mechanical  value  of  a  plant  and  the 
oommereial  value,  the  increment  being  placed  on  franchises 
and  the  earning  power  and  various  things  of  that  nature. 
This  was  not  a  time  to  make  valuations,  because  the  whole 
country  and  the  whole  world  were  in  an  abnormal  state,  and 
no  present  valuations  would  be  indicative  of  what  they  might 
be  after  the  war  was  over. 

Referring  to  the  jjaper  of  Mr.  Piez,  in  which  he  presented 
a  schedule  of  depreciation  in  rates,  John  L.  Harper  said  that 
financiers  often  asked  their  engineers  to  present  to  them  cer- 
tain factors  for  determining  the  amounts  to  be  written  off  each 
year,  depending  on  the  conditions  existent  at  the  time,  and  it 
was  along  that  line  he  wished  to  inquire  of  the  author  as  to 
his  method  of  determining  these  factors  in  relation  to  the 
salvage  values,  and  the  fluctuations  in  actual  values  of  the 
materials  covered  in  the  several  items. 

Edwai'd  W.  Bemis,'  in  a  written  communication  dealing 
with  Mr.  Morse's  paper,  stated  that  in  his  opinion,  unless  both 
sides  agreed,  the  side  not  giving  a  detailed  appraisal  would 
be  at  a  disadvantage;  and  that  only  great  reputation  on  the 
part  of  the  appraisal  company  would  enable  a  short-cut  ap- 
praisal to  stand  up  against  a  detailed  one.  Unfortunately, 
most  of  the  appraisal  companies  of  large  reputation  had  ap- 
plied such  high  overhead  charges  and  so  strongly  endorsed 
going  value  as  to  be  looked  on  with  distrust  by  cities.  Per- 
sonally, he  believed  that  where  both  sides  exhibited  a  coopera- 
tive spirit,  short  methods  could  be  employed  which  would 
yield  justice  to  all  concerned. 

DKTERMINIXc;  THE  VALUE  OF  A  PLANT 

in  a  written  discussion  of  Mr.  Morse's  paper,  Chas.  T. 
Main  said  that  for  the  purpose  of  purchase  or  sale,  for  con- 
demnation, or  for  establishing  a  fair  cost  value  for  accounting 
purposes,  it  was  unnecessary  to  make  elaborate  schedules  of 
all  the  items  in  a  plant;  oftentimes  a  rough  approximate  value 
per  unit,  such  as  a  spinning  spindle,  was  near  enough,  if 
the  plant  was  what  could  be  termed  standard. 

The  fii-st  step  in  determining  the  value  of  a  plant  was  to 
ascertain  its  replacement  cost,  and  then  to  compare  this  with 
the  cost  of  a  new  plant  constructed  on  modern  principles,  the 
output  of  which  would  be  equal  in  amount  to,  and  of  as  good 
quality  as,  that  of  the  existing  mill.  A  comparison  should 
then  be  made  of  the  cost  of  running  the  two  mills,  and  if  the 
organization  of  the  existing  mill  could  be  so  changed  as  to 
make  it  as  efficient  as  a  modern  plant,  the  cost  of  such  change 
would  be  deducted  from  the  replacement  cost.  If  it  could 
not  be  changed,  the  greater  annual  operating  expense  would 
have  to  be  capitalized  to  some  reasonable  per  cent  and  the 
capitalized  sum  deducted  from  the  value  new. 


After  thus  determining  the  value  of  the  plant,  if  new,  ac- 
count had  to  be  taken  of  depreciation.  To  be  safe  in  account- 
'ing,  it  was  necessary  to  mark  off  each  year  an  amount  that 
would  fully  cover  all  jjossible  decrease  in  values  from  age, 
wear  and  tear,  and  obsolescence;  but  if  this  were  carried  too 
far  the  value  on  the  books  would  become  less  than  the  true 
value,  therefore  revaluations  should  be  made  at  stated  periods, 
say  every  five  years,  at  which  time  the  write-off  for  obsoles- 
cence for  that  period,  at  least,  might  be  readjusted  and  cor- 
rections made  for  decided  changes  up  or  down  in  replacement 
values  and  for  any  extraordinary  repairs  or  renewals. 

In  a  general  way  he  had  found  that  the  useful  life  of  the 
common  types  of  machinery  that  had  been  run  about  ten 
hours  a  day,  had  received  the  usual  good  care,  and  had  not  been 
superseded  by  machines  that  would  render  them  unprofitable 
to  run,  was  about  30  years  for  cotton  machinery  and  50  years 
for  woolen  and  worsted  machinery.  Well-designed  and  sub- 
stantially built  mills,  when  properly  kept  up,  should  be  good 
for  100  years. 

In  appraising  a  property  in  operation,  there  should  be 
added  to  the  physical  value  the  '"  going  concern  value,"  or  the 
amount  required  to  get  it  started  so  that  goods  could  be 
marketed.  This  amount  was  made  up  of  (1)  interest  during 
construction;  (2)  engineering  expense;  (3)  interest,  deprecia- 
tion, taxes,  and  insurance  for  the  period  required  to  start  up 
the  mill  and  get  the  goods  on  the  market;  (4)  cost  of  starting 
up;  and  (5)  allowance  for  wastage  and  damage  to  product. 
He  had  found  that  for  the  sum  of  the  first  three  items  it  was 
safe  to  take  10  per  cent  of  the  replacement  cost,  and  for  the 
remaining  items,  5  per  cent,  or  a  total  of  15  per  cent. 

Chas.  W.  McKay,'  in  a  written  communication  discussing 
Mr.  Morse's  paper,  outlined  a  method  of  manufacturing- 
plant  appraisement  patterned  after  current  practice  in  public- 
utility  valuation  work.  He  also  said  that,  whUe  the  author's 
plan  of  appraisal  by  short  methods  might  satisfy  his  clients, 
or  his  employers,  who  had  sufficient  confidence  in  his  judg- 
ment and  knew  full  well  that  he  would  be  able  to  substantiate 
his  valuation  in  the  event  of  a  call  for  claim  adjustments, 
nevertheless  it  was  quite  probable  that  insurance  organizations 
would  be  somewhat  loth  to  accept  valuations  made  by  out- 
side engineers  and  based  upon  the  author's  rather  broad-gage 
methods.  And  it  was  probable  that  an  engineer  in  submitting 
a  short-method  appraisal  would  experience  considerable  dif- 
ficulty in  getting  the  court  to  accept  it  in  the  event  of  a  law 
suit  over  the  value  of  a  manufacturing  property  or  in  using 
it  as  a  basis  for  capitalization.  He  thought  that  the  auxiliary 
building  equipment,  such  as  elevators,  piping  and  wiring, 
should,  so  far  as  possible,  be  considered  a  part  of  the  building 
rather  than  as  a  part  of  the  machine  equipment.  While  some 
of  the  appraisals  prepared  by  the  so-called  appraisal  com- 
jianies  contained  needless  detail,  the  short-cut  methods  of  Mr. 
Morse,  on  the  other  hand,  seemed  to  him  to  be  a  little  too 
approximate  in  their  nature  to  warrant  their  general  adoption 
for  engineering  valuations.  Probably  there  was  a  happy 
medium  between  the  two  plans,  which  could  best  be  reached 
by  observing,  and  to  a  certain  extent  copying,  the  methods 
adopted  in  the  public-utility  appraisement  field. 

COMPROMISE   WITH   UNWARNED   INVESTORS 
NECESSARY 

In  a  written  discussion  of  Professor  Gray's  paper,  Robert 
L.  Hale  said  that,  unfortunately,  people  had  been  permitted  to 
invest  in  public-utility  companies  with  the  expectation  of  get- 
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ting  more  than  was  necessary  to  induce  investment.  As  a 
result,  justice  might  compel  us  to  permit  these  unwarned  in-_ 
vestors  to  continue  in  the  enjoyment  of  the  returns  for  which 
they  had  paid,  but  this  did  not  prevent  us  from  adopting  a 
policy  of  warning  future  investors  as  to  just  how  much  they 
would  be  permitted  to  earn,  and  of  preventing  the  value  of 
existing  investment  from  becoming  more  swollen  than  it  now 
was.  He  desired  to  emphasize  the  fact  that  the  prob- 
lems dealing  with  warned  and  unwarned  investors  were  en- 
tirely dissimilar  and  should  be  treated  separately. 

In  regard  to  past  investors  he  thought  some  form  of  par- 
tially unsatisfactory  compromise  necessary.  If  the  courts 
meant  that  they  were  entitled  to  a  fair  return  on  the  exchange 
value  of  the  entire  business,  then  no  reduction  in  net  earnings 
was  permissible.  But  if  they  meant  to  permit  a  fair  return 
on  the  exchange  value  of  the  "  property,"  and  meant  to  dis- 
tinguish the  value  of  the  property  from  that  of  the  entire 
business,  then  the  cost  of  replacing  the  physical  property  with 
an  equally  efficient  substitute  would  throw  light  in  some  cases 
on  the  value  of  the  property  as  distinguished  from  that  of 
the  entire  business. 

When  it  had  been  decided  how  much  return  should  be  per- 
mitted to  any  public  utility,  there  was  no  reason  why  anything 
more  than  that  return  should  go  to  it  for  accidental  rea- 
sons. It  therefore  seemed  best  to  permit  a  rate  which  would 
be  pretty  certain  to  result  in  a  return  as  great  as  that  which 
had  been  decided  on  as  permissible,  and  then  to  hold  the  com- 
pany responsible  to  the  public  for  aU  the  excess  above  that 
return,  either  by  paying  it  back  into  the  public  treasury,  or  by 
putting  it  back  into  the  plant  without  adding  to  the  amount 
on  which  it  should  earn  a  return  in  the  future. 

Discussing  the  paper  by  Mr.  Piez  in  a  written  communica- 
tion, Robert  J.  Hearne  said  that  the  subjects  of  inventory, 
cost,  and  valuation  were  so  interwoven  that  they  should  be 
treated  together.  Too  many  valuations,  he  thought,  were 
colored  by  future  prospects.  On  the  other  hand,  one  could  not 
ignore  present  conditions.  While  abnormally  good  now,  a 
new  basis  for  valuation  would  arise  with  a  change  in  times. 
Valuation  had  to  be  recent  to  be  of  any  good. 

In  actual  practice,  extending  o\er  many  years,  he  had  found 
it  practical  and  necessary  for  the  purpose  of  inventory  to 
make  (1)  an  estimate  of  actual  cost,  (2)  a  conservative  valua- 
tion for  his  own  guidance,  and  (3)  a  valuation  for  insurance 
purposes.  He  thought  that  the  work  attempted  by  appraisal 
companies  should  be  done  by  one's  own  employees.  At  the 
best,  outsiders  could  only  deal  in  figures,  not  facts;  they  could 
not  possibly  know  the  business  itself.  They  did  have  a  value, 
however,  in  detecting  fraud  and  incompetence. 

Properly  kept,  a  perpetual  inventory  was  a  time  saver  and 
a  daily  corrector  of  values  and  costs,  and  kept  everything  up 
to  date.  It  took  some  trouble  to  install  and  some  thought  to 
keep  going,  but  it  paid.  He  had  had  over  ]  5  years'  experience 
with  a  method  that  was  adapted  to  almost  any  business,  that 
saved  time,  trouble  and  expense  and  that  could  be  applied  to  a 
new  business  very  easily  and  to  an  old  one  a  little  at  a  time. 
The  diseussor  then  described  in  detail  the  method  mentioned. 

AUTHORS'  CLOSURES 

J.  G.  Morse,  in  closing  the  discussion  on  his  paper,  said 
that  the  fact  that  there  were  so  many  different  opinions  in 
regard  to  depreciation,  and  what  should  be  considered  depre- 
ciation, made  it  all  the  more  unnecessary  to  go  into  detail. 
As  to  the  cost  of  his  appraisals,  he  thought  the  range  was  from 
15  to  25  cents  per  $1000.     He  had  been  asked  to  outline  his 


procedure  in  the  case  of  an  industrial  property.  He  under- 
stood that  in  Vermont,  in  appraising  the  telephone  company, 
they  measured  the  length  of  evei-y  pole  and  put  a  different 
price  on  each  pole  where  it  varied  six  inches  in  height.  He 
would  have  taken  an  average  price  per  pole,  and  ascertained 
the  number  of  poles  to  the  mile  and  the  number  of  miles  of 
line  the  company  owned,  and  obtained  the  value  by  using  that 
factor.  He  would  have  averaged  the  poles  and  wires  in  that 
way.  In  the  ease  of  a  railway  valuation,  he  would  take  the 
track  at  so  much  per  mile;  he  would  take  the  trestles  accord- 
ing to  their  construction  and  classify  them  into  different 
types,  at  so  many  dollars  per  lineal  foot.  In  short,  he  would 
go  over  the  property,  naming  a  unit  factor  on  every  part  of 
the  property  and  apply  it ;  going  into  detail  in  each  individual 
ease  for  one  sample  only. 

Prof.  John  H.  Gray,  in  closing  the  discussion  on  his  paper, 
began  by  saying  that  anyone  who  thought  that  railway 
capitalization  did  not  affect  rates,  should  recall  the  traction 
history  in  New  York  and  Chicago  between  1899  and  1907. 
The  things  that  started  the  movement  toward  regulation  were, 
first,  fluctuation  in  rates,  and  second,  the  enormous  fortunes 
made  by  speculators.  They  were  the  red  rags  that  stirred  up 
the  agitation. 

As  to  the  cost-of-reproduction  theory,  he  did  not  accept  it, 
first,  except  as  it  sei-ved  to  put  the  value  up  with  the  social 
gi'owth,  and  therefore  to  give  the  benefit  of  the  unregulated 
industries  to  the  people  who  were  fortunate  enough  to  have 
bet  satisfactorily  upon  the  rapidity  of  the  social  growth,  be- 
cause it  was  absolutely  inconsistent  with  any  regulation  at  aU. 
In  the  second  place,  he  did  not  accept  it  because,  if  he  un- 
derstood the  development  of  human  society,  in  the  long  run  it 
would  conform,  not  to  the  precedents  of  the  law,  as  someone 
had  said,  but  to  the  necessities  of  economic  and  social  life. 
The  cost  of  reproduction  arrived  at  something  that  anybody 
who  understood  the  situation  and  was  dishonest  wanted  to 
find.  In  the  next  place,  it  was  primarily  a  subject  of  cost,  and 
if  our  social  system  was  to  be  organized  on  the  basis  of  cost 
and  mere  speculation,  we  would  go  to  the  bow-wows,  and  we 
had  better  get  down  to  the  facts.  He  was  opposed  to  the  cost 
of  reproduction  because  no  one  wanted  to  reproduce  one  of 
these  important  properties.  In  the  next  place,  there  was  no 
human  experience  on  which  to  base  an  intelligent  estimate  as 
to  how  long  it  would  take  to  reproduce  the  property,  or  how 
much  it  would  cost. 

We  all  agreed  that  the  public  utilities  were  necessary  for 
the  maintenance  of  our  civilization  on  its  present  basis.  The 
company  wanted  its  monopoly  guaranteed,  and  wanted  its 
monopoly  profits.  In  the  final  analysis  we  had  got  to  have 
the  industries  carried  on,  and  if  we  allowed  private  capital  to 
do  it,  we  should  have  to  allow  a  rate  of  income  that  in  the  long 
run  would  induce  men  to  put  in  capital  enough  to  meet  the 
requirements  of  these  enterprises  and  to  meet  the  needs  of 
the  gi-owth  of  a  progressive  state  of  society.  It  had  nothing 
whatever  to  do  with  value.  It  had  to  do  with  the  contribution 
of  money  and  service,  and  service  could  not  be  measured  in 
money.  The  State  did  not  allow  them  to  discontinue  service. 
When  land  went  up  in  price  they  were  not  allowed  to  sell  the 
land.  The  land  was  dedicated  to  that  particular  purpose,  and 
in  many  utilities  it  had  been  acquired  by  the  company  with  a 
limitation  for  a  particular  purpose,  and  not  by  the  exercise  of 
eminent  domain,  which  was  a  controlling  element. 

In  reply  to  a  question  by  Clarence  H.  Tolman  in  regard  to 
the  capitalization  of  losses.  Professor  Gray  said  that  if  we 
were  going  to  hold  the  company  down  on  the  present  law  to 
what  was  called  a  fair  rate,  both  the  custom  and  the  tendency 
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were  to  make  that  rate  uniform.  The  tendency,  therefore, 
■was  to  hold  the  company  down  in  prosperous  times  to  the 
average  rate.  In  lean  years,  though,  there  would  be  losses. 
That  being  the  case,  he  would  say  that  the  public  had  got  to 
guarantee  the  losses,  provided  they  were  not  vicious,  fraudu- 
lent, or  grossly  reckless,  for  if  they  were  not  compensated  for 
in  some  way,  capital  would  cease  to  come  in  and  the  service 
would  suffer.  The  vieiousness  of  the  cost-of-reproduction 
proposition,  and  the  vieiousness  of  all  intangible  propositions, 
was  not  that  the  man  ought  not  to  have  some  compensation, 


but  in  the  method  of  giving  it.  That  was  what  was  wrong,  and 
tliis  method  of  cost  of  reproduction,  in  his  judgment,  had 
been  the  reason  for  one  of  the  most  powerful  movements 
toward  public  ownership,  and  he  assumed  his  hearers  knew 
that  the  traditions  of  the  organization  of  our  Government 
were  wholly  inadequate  and  too  antiquated  to  manage  business 
effectively;  but  he  thought  these  losses  should  be  set  up  in  an 
amortization  account,  and  should  have  a  temporary  larger 
rate  of  income,  but  should  not  be  permitted  to  disturb  the 
capitalization. 


SECOND  VALUATION  SESSION,  THURSDAY  AFTERNOON 


THE  Second  Valuation  Session  was  likewise  held  in  the 
Auditorium,  and  was  called  to  order  by  Chairman 
Hess,  at  2:15  p.  m.  Two  papers  were  offered:  the  first,  by 
Walter  N.  Polakov,  entitled  Valuation  of  Industrial  Properties 
vs.  Valuation  of  Industrial  Methods;  and  the  second,  by  H. 
L.  Gantt,  on  Productive  Capacity  a  Measure  of  Value  of  an 
Industrial  Property.  The  procedure  of  the  morning  session 
was  followed,  both  papers  being  presented  before  discussion 
was  begun. 

In  his  opening  remarks,  made  in  lieu  of  a  formal  presenta- 
tion of  his  paper,  Mr.  Polakov  referred  to  the  Chinese  custom 
of  the  bridegroom  paying  for  the  bride,  in  accordance  with 
her  worth,  a  ransom  to  her  parents.  That  ancient  practice,  it 
seemed  to  him,  prevailed  in  our  day  when  we  put  the  value 
of  the  plant  in  accordance  with  the  equipment  of  these  plants, 
and  neglected  to  consider  what  the  plant  was  capable  of  doing 
for  society.  The  modern  financier  seemed  to  have  difficulty 
in  getting  rid  of  the  habit.  The  other  day  his  opinion  had 
been  asked  as  to  how  much  more  equipment  a  certain  mill 
would  require  in  order  that  appropriation  might  be  made  for 
it.  It  was  desired  to  increase  the  output  from  13  tons  a  day 
to  40  tons  a  day,  and  an  actual  test  had  proved  that  they  had 
the  capacity  to  produce  from  60  to  80  tons  a  day,  but  for 
some  reason  or  other  they  had  not  done  it.  That  was  evi- 
dently due  to  a  lack  of  method.  How  we  were  to  appreciate 
or  appraise  this  method,  and  the  methods  in  vogue,  seemed  to 
be  a  question  which  should  be  answered  before  we  went  into 
the  question  of  how  much  of  the  equipment  was  necessary,  and 
what  part  of  it  we  knew  how  to  use,  and  what  part  of  it 
we  did  not  care  to  use,  for  some  reason  or  another.  The  sub- 
stance of  the  matter  was  that  people  had  not  yet  realized  the 
fact  that  those  who  did  not  know  how  to  run  a  business  for 
the  benefit  of  the  industry  should  be  denied  the  privilege  of 
running  it  at  all. 

Cases  were  known  of  important  railways  that  employed 
their  extensive  equipment  but  20  per  cent  of  the  time,  leav- 
ing it  idle  80  per  cent  of  the  time  on  account  of  poor  planning. 
Certain  electric  railways,  for  some  reason  or  other,  had  pre- 
ferred to  keep  their  power  plants  and  equipment  idle  two- 
thirds  of  their  capacity  and  buy  jaower  from  outside  sources 
lor  double  the  price  that  they  could  develop  it  for  themselves. 
Yet  this  idle  equipment  was,  in  fact,  not  an  asset,  but  a  lia- 
bility to  society.  Some  one  had  to  pay  for  it — the  consumer — • 
and  in  his  judgment  it  was  the  duty  of  the  engineer  to  re- 
averse  this  condition  of  affairs  as  much  as  he  could. 

MR.   GANTT'S    INTRODUCTORY   DISCUSSION 

Mr.  Gantt,  on  being  introduced,  began  by  saying  that  inas- 
much as  the  value  of  an  industrial  plant  was  measured  by  its 
ability  to  produce  values,  such  a  plant,  which  was  not  op- 


erated, had  not  actual  but  only  potential  value,  and  actual 
value  was  conferred  upon  it  only  when  human  inteUigenee  and 
industry  were  added  to  it  to  produce  the  results  for  which  it 
had  been  created.  The  fact  that  industrial  plants  were  created 
in  order  to  make  some  article  which  could  be  sold  at  profit,  or 
to  render  some  service  which  could  be  sold  at  profit,  amply 
justified  the  statement  that  their  value  was  dependent  upon 
how  they  performed  their  functions.  One  might  therefore 
divide  the  value  of  a  going  industrial  property  into  two 
classes — that  of  the  potential  or  static  value  of  the  plant  itself, 
and  that  of  the  dynamic  value  of  the  organization  operating  it. 
In  the  past,  the  former  had  been  given  attention  by  account- 
ants, almost  to  the  entire  exclusion  of  the  latter,  in  spite  of 
the  fact  that  the  stock-market  prices  and  sales  values  of 
plants  actually,  though  indirectly,  reflected  both  values  com- 
bined. If  we  would  get  a  clear  conception  of  a  going  plant, 
we  would  have  to  find  the  means  of  measuring  the  value  of 
the  operating  organization,  which  had  often  far  more  to  do 
with  its  successful  operation  than  the  pa;-ticular  constructions 
and  equipments  of  which  it  was  composed. 

In  the  operation  of  an  industrial  property,  it  was  seldom 
that  all  the  expense  incurred  during  any  one  month  could  be- 
utilized  to  advantage;  but  if  we  could  find  how  much  was- 
utilized  and  how  well  it  was  utilized,  we  could  get  some  idea, 
of  the  efficiency  of  the  management.  How  well  the  money  used 
was  used,  was  indicated  by  the  cost  of  the  article  produced ;  but 
there  had,  in  general,  been  no  indication  as  to  what  became  of 
expense  incurred  but  not  utilized.  How  much  expense  was 
incurred  but  not  utilized,  and  why  it  was  not  utilized,  were 
vital  factors  in  any  attempt  to  measure  the  efiiciency  of  the 
management;  hence  it  was  to  these  questions  that  we  gave 
special  attention  in  this  paper. 

At  the  Buffalo  meeting  last  year,  he  had  read  a  paper  on  the 
relation  between  production  and  cost,  wherein  he  had  eon- 
tended  that  the  true  cost  should  include  only  those  items 
needed  to  produce  the  article,  and  that  any  other  money 
expended  while  these  articles  were  being  produced  for  any 
cause  whatever  should  be  charged  to  some  other  account.  Peo- 
ple were  pretty  generally  keeping  an  account  of  the  money 
expended  for  producing  articles,  but  in  few  eases  were  they 
taking  care  to  find  out  how  much  money  was  expended  that 
did  not  produce  anything. 

We  were  all  familiar  with  the  fact  that  idle  machinery  cost 
money,  even  when  it  was  idle.  Interest  on  the  money  in- 
vested, taxes,  depreciation,  insurance,  etc.,  all  went  on  whether 
the  machinery  was  used  or  not.  The  value  of  a  plant  was  very 
materially  influenced  by  the  amount  of  the  above  items  that 
were  unused  or  unusable. 

This  was  a  factor  which  was  directly  in  the  control  of  the 
management,  and  did  not  in  any  way  concern  the  ineflBeiency 
of  the  workman,  but  it  was  a  real  factor  in  the  valuation  of 
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a  plant.  Hence,  a  eliart  of  the  nature  sbown  in  his  paper 
was  a  very  real  help  in  determining:  the  value  of  the  going 
plant. 

Referring  to  Mr.  Gantt's  chart,  W.  S.  Rogers  thought  if  it 
were  real  it  would  show  the  unbalanced  condition  of  the  plant. 
That  was  just  as  important  as  anything.  The  divisions 
could  be  carried  out  further,  and  show  plainly  and  clearly  in- 
efficiency, and  the  chart  would  point  to  and  almost  name  the 
man,  up  in  the  higher  office,  who  was  killing  himself  at  his 
desk,  absolutely  unable  to  go  out  and  get  a  meal,  almost,  and 
the  biggest  leak  in  the  plant,  knowing  the  least  about  it. 

AN  INSTANCE  OF  THE  EFFECTIVENESS  OF  CHARTS 

Carl  G.  Barth  said  that  he  wanted  to  bring  up  the  question 
of  the  human  element.  He  did  not  think  there  was  a  better 
way  to  treat  a  man  than  to  give  him  a  good  machine  to  work 
with,  and  that  was  the  reason  he  started  in  first  with  the  ma- 
chine. He  was  not  so  enthusiastic  over  making  time  studies 
on  all  routine  operations,  and  had  been  with  four  companies 
without  taking  a  single  time  study  on  the  Taylor  system. 

Charts  like  the  one  shown  had  been  made  under  cover,  but 
they  had  not  been  presented  before  the  Society  heretofore,  and 
he  was  thankful  to  Mr.  Gantt  for  having  done  it.  A  similar 
chart  was  now  being  carried  out  with  a  great  deal  of  detail 
at  the  Winchester  Arms  Company,  and  it  showed  the  various 
items  by  lines  instead  of  percentages,  which  in  his  opinion 
was  far  more  effective.  He  had  been  with  a  certain  company 
and  they  had  increased  the  production  2.5  per  cent.  He  had 
then  sent  in  a  report  to  the  president  that  they  were  then 
using,  with  the  increased  percentage,  a  little  over  one-half  of 
the  equipment  of  the  company.  Mr.  Taylor  had  done  the 
same  thing. 

In  regard  to  machine  idleness,  William  W.  Crosby  stated 
that  it  was  known  among  textile  mills  that  parts  of  looms  for 
a  whole  year  at  a  time  were  in  the  storehouse.  They  had 
tackle  and  slings,  and  looms  were  put  into  operation  at  certain 
times  because  certain  grades  of  cloths  were  demanded,  but  at 
other  times  they  were  not  required.  With  a  sufficiently  world- 
wide market  we  could  keep  our  mills  running  at  some- 
where near  the  capacity  for  which  they  were  designed,  but 
you  could  not  run  mills  fully  and  economically  unless  you  had 
the  orders  to  run  them  on. 

HOW   PROFITS   SHOULD  BE   FIGURED 

H.  B.  Cheney^  was  of  the  opinion  that  every  mill  had  some 
factor  which,  running  on  a  particular  product,  was  the  eon- 
trolling  factor.  For  instance,  in  Mr.  Gantt's  cotton  mill  it 
was  probably  the  looms.  You  could  not  make  any  more  goods 
in  that  mill  than  the  looms  could  turn  out.  Consequently, 
when  it  came  to  making  a  chart,  such  as  Mr.  Gantt  had,  the 
idleness  portion  of  the  chart  should  show,  as  he  had  arranged 
it,  upon  the  100  per  cent  method;  but  when  you  came  to  the 
factors  or  rates  upon  which  you  were  making  your  calcula- 
tions of  cost,  that  policy  should  not  be  longer  continued.  You 
should  take  the  controlling  factor  of  your  mill,  your  looms, 
your  spindles,  whatever  it  was  that  controlled  the  product  of 
the  day,  and  say  that  aU  the  other  departments  which  were 
necessary  to  supply  those  looms  were  supply  departments,  and 
if  your  looms  ran  100  per  cent,  that  100  per  cent  of  all  the 
expense  of  having  that  department  supplied  should  be  con- 
sumed in  your  cost;  but  if  your  looms,  which  were  the  con- 
trolling factor,  only  ran  85  per  cent,  then  only  85  per  cent  of 
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all  the  rest  of  the  overhead  should  be  consumed.  All  the  de- 
partments having  a  chart  on  a  100  per  cent  method  would 
show  you  just  the  things  Mr.  Rogers  had  referred  to.  It  did 
unquestionably  bring  out  with  the  greatest  clearness  every 
point  that  was  out  of  balance  for  that  time.  But  it  might  be 
an  entirely  different  matter  six  months  later. 

Heretofore  it  had  been  the  custom  to  figure  profits  upon  a 
percentage  made  upon,  the  article  sold.  He  did  not  believe 
it  was  the  right  basis  to  proceed  on.  What  was  the  most 
profit  that  could  be  made  out  of  a  given  plant?  It  was  not 
necessarily  that  made  by  manufacturing  the  article  which 
showed  the  largest  percentage  of  profit  ujion  its  cost,  but 
that  which  showed  the  largest  profit  for  the  machines  run. 
Therefore,  profits,  instead  of  being  figured  on  the  article  made, 
should  be  figured  upon  the  running  of  the  machines.  In  other 
words,  one  article  might  earn  $1.00  a  day  profit  on  a  loom, 
and  another  one  $5.00  a  day,  and  the  article  which  earned  $1.00 
a  day  might  make  50  per  cent  profit  and  the  one  which  earned 
$5.00  a  day  but  10  per  cent  profit. 

As  to  the  human  element,  there  was  one  factor  in  connec- 
tion with  that  which  he  wished  to  bring  out,  which  was  that 
heretofore  men  had  usually  been  hired  without  any  particular 
reference  to  the  efficiency  of  the  individual  for  the  work 
which  they  were  intended  to  do.  You  could  not  take  a  man 
without  any  regard  to  his  adaptability  to  it,  and  force  him 
into  a  certain  mold  from  the  beginning  to  the  end,  training 
him  without  finding  out,  when  he  came  to  that  point,  whether 
he  was  the  best  man  that  could  be  trained  for  that  particular 
Ijurpose,  and  expect  to  get  satisfactory  results.  He  believed 
it  was  possible,  and  would  be  possible,  to  apply  gages  and 
tests  for  the  purpose  of  determining  the  efficiency  of  the  unit 
before  putting  it  in  use. 

As  to  Mr.  Gantt's  chart,  Frederic  G.  Coburn  thought  that 
one  of  its  chief  points  was  that  it  would  show  how  much  it 
was  costing  one  for  idle  time.  Granting  that  seasonal  require- 
ments and  styles  would  affect  the  textUe  mill,  at  the  same  time 
it  was  knovra  that  goods  that  had  twisted  yarns  in  them  cost 
more  than  those  that  did  not.  If  you  applied  the  overhead  on  the 
loom-hour  basis  you  would  lose  sight  of  that — you  would  not 
know  how  much  more  one  fabric  cost  than  another. 

In  his  line  a  big  boring  mill  would  be  idle  three  weeks  out 
of  a  month.  -  This  chart  would  tell  how  much  that  idleness 
was  costing,  and  it  would  give  some  guidance  in  going  after 
a  line  of  business  that  would  keep  the  equipment  going,  and 
while  his  concern  did  not  have  to  combat  styles  and  seasonal 
variations  and  conditions  that  would  bring  business  for  a  16- 
ft.  boring  mill,  at  the  same  time  they  would  have  an  eye  on  the 
chart  and  would  do  better  and  know  how  much  they  failed 
of  accomplishing  the  desired  end. 

H.  M.  Wilcox  told  of  results  secured  at  the  Winchester 
Arms  Company  from  a  set  of  charts  similar  to  Mr.  Gantt's, 
only  carried  out  in  a  great  deal  further  detail.  They  had 
studied  the  idle  machine  time  in  the  cartridge-manufacturing 
department  for  a  year  or  more,  and  determined  how  much 
time  they  were  losing  from  the  possible  productive  time  of 
the  machines  due  to  tools,  to  machines,  to  labor,  and  to  excess 
equipment.  They  had  carried  on  that  analysis  so  that  they 
knew  how  much  time  they  were  losing  due  to  keys,  due  to 
indexing  devices,  due  to  setting  up  of  machinery,  and  changing 
over  of  calibers.  This  had  directed  their  energy  toward  the 
point  where  they  were  weakest,  in  eliminating  the  idle  machine 
time  by  giving  their  foremen  information  in  regard  to  where 
time  was  being  lost.  They  had  loosened  up  a  gi'eat  mass  of 
energy  which  they  really  did  not  know  they  had  theretofore. 
They  had  made  the  jobs  interesting  to  the  men  without  any 
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effort  other  than  pointing  out  where  they  were  losing  time, 
and  had  gained  vastly  in  production  from  the  activities  of  the 
shop  men  themselves.  They  had  added  to  tlie  cost  of  the  idle 
time  the  cost  of  scrap,  and  called  it  their  cost  of  lost  effort. 
That  had  nothing  to  do  with  the  salable  cost  of  the  goods. 
They  gave  a  report  of  all  lost  effort  to  the  foremen  weekly, 
and  the  foremen  had  responded  in  attempting  to  reduce  this 
waste,  which  was  absolutely  all  waste,  as  far  as  operating 
interests  were  concerned.  He  wanted  to  mention  that,  to  show 
that  they  were  all  working  along  the  same  lines. 

SUGGESTED  MODIFICATION  OF  MR.  GANTT'S  CHART 

William  Kent  thought  that  in  a  textile  mill  it  might  be 
possible,  if  the  mill  were  large  and  made  but  one  style  of 
goods,  so  to  balance  the  macliinery  that  none  of  it  vvjuld  be 
idle  more  than,  say,  10  per  cent  of  the  time ;  but  if  many  differ- 
ent styles  were  made,  the  demand  for  which  varied  with  the 
season  and  with  the  fashion,  the  weaving  machines  might  be 
running  full  time  and  not  be  able  to  take  the  whole  capacity 
of  the  spinning  machines,  some  of  which  would  therefore  have 
to  be  idle  part  of  the  time,  or  to  utilize  the  full  capacity  of 
the  finishing,  inspecting,  and  shipping  departments. 

The  "  expense  actually  needed  "  for  the  production  of  a  va- 
riety of  articles  might  thus  include  a  part  of  the  idle  time  of 
machines  necessary  to  have  on  hand  to  care  for  a  varying  de- 
mand, but  which  could  not  be  kept  continuously  employed; 
and  in  such  a  ease  it  was  right  to  charge  some  of  the  cost  of 
idleness  into  the  "  normal  burden  "  which  was  distributed  in 
the  machine-hour  rate  to  the  cost  of  the  goods.  This  rate 
should  be  determined  annually  for  each  machine,  after  study- 
ing statistics  of  preceding  years,  and  it  should  include  an 
allowance  for  the  average  or  normal  time  that  the  machine 
might  be  expected  to  be  idle  during  the  coming  year-.  A  mod- 
ification of  Mr.  Gantt's  chart  was  thus  suggested  to  show  how 
much  of  the  idleness  of  a  machine  or  department  was  normal 
and  necessary  to  the  conduct  of  the  business,  and  how  much 
was  abnormal  and  excessive.  This  might  be  done  by  drawing 
vertical  lines  on  the  percentage  portion  of  the  chart  indicating 
the  normal  percentage  of  full  capacity  which  each  machine  or 
department  was  expected  to  run  during  a  month  of  good  busi- 
ness. He  also  thought  the  expression  "  value  of  the  property  " 
used  in  the  paper  was  ambiguous  and  that  its  meaning  should 
be  defined. 

Referring  to  Mr.  Gantt's  chart,  John  E.  MuUaney  stated 
that  after  his  company  had  used  it  for  about  a  year,  he 
thought  it  might  be  worth  while  to  know  that  if  during  the 
time  they  had  been  actually  charging  expenses  to  the  opera- 
tion, they  had  been  getting  out  their  product  at  the  fullest 
efficiency.  In  order  to  show  that  they  had  tried  the  idea  of 
drawing  a  red  line  adjacent  to  the  black  line,  the  idea  being 
to  see  if  the  black  and  red  line  agreed.  If  they  did,  the  pro- 
duction in  question  had  been  made  at  100  per  cent  efficiency, 
that  efficiency  being  based  on  the  standards  they  had  set  for 
their  production.  The  first  operation  of  the  chart  shown  had 
happened  to  agree  very  well.  In  the  next  operation  the  red 
line  fell  considerably  below  the  black  line,  and  throughout 
the  rest  of  them,  with  four  excejitions,  were  very  equally  all 
below  the  black  line.  The  red  ones  which  extended  above 
were  interesting  to  him,  at  least,  because  they  showed  that  they 
were  at  this  time  getting  a  little  better  productive  efficiency 
out  of  these  particular  operations  than  they  had  previously 
planned. 

This  particular  type  of  chart  of  working  ideas  could  be 
applied  to  an  industi-y  in  general,  where  each  factory  pro- 


duced an  article,  and  giving  a  report  to  some  central  head, 
showing  it  was  efficient,  and  how  much  of  its  capacity  it  was 
using  and  at  what  rate  it  was  using  that  capacity;  and  with 
a  given  market  and  a  certain  definite  product  to  be  manufac- 
tured at  a  given  time,  it  might  be  possible  to  so  distribute  the 
work  that  the  most  efficient  man  would  get  the  work,  and 
those  who  were  not  as  efficient  in  that  particular  operation 
would  have  to  swing  over  to  some  other  operation  they  could 
be  trained  to  do  more  efficiently. 

W.  C.  Brinton  thought  that  the  slides  which  had  been  shown 
proved  very  nicely  that  in  most  executive  work  the  problems 
involved  practically  every  department  that  existed  in  most 
of  the  large  corporations.  He  believed  that,  in  the  case  of 
companies  doing  a  business  of  .$10,000,000  or  more  a  year 
gross,  or  companies  having  a  very  complex  problem  of  dis- 
tribution, it  was  essential  for  the  man  who  ran  a  chart  de- 
partment of  that  kind  for  the  corporation  to  report  to  the 
man  who  was  really  running  the  corporation,  no  matter  what 
his  title  was.  In  many  cases  the  general  manager  ran  the  com- 
pany, or  the  chairman  of  the  board  of  directors,  but  the  man 
who  ran  the  chart  department  should  be  able  to  turn  in  un- 
biased reports  and  tell  the  actual  truth,  and  bring  it  out  so 
that  the  man  in  charge  of  the  business  could  see  it  in  all  its 
details,  and  for  that  reason  the  man  who  ran  the  chart  depart- 
ment should  be  protected  by  reporting  to  headquarters.  He 
believed  that  money  spent  in  running  such  a  department  would 
give  a  higher  percentage  of  return  than  that  of  any  other  ex- 
jienditure  which  the  corporation  could  make. 

According  to  H.  V.  R.  Scheel,  there  had  been  presented  for 
their  consideration  a  principle  which  was  a  more  fundamental 
thing  than  a  discussion  of  ways  and  means.  That  principle 
was  that  we  now  had  a  definite  measure  of  the  efficiency  of 
the  management.  We  had  broadened  our  consideration  of 
where  responsibility  lay,  consideration  of  the  efficiency  of  the 
individual  workman  on  a  machine  to  a  consideration  of  the 
efficiency  of  the  whole,  for  which  the  management,  particu- 
larly, had  to  accept  responsibility.  In  other  words,  Mr. 
Gantt's  paper  showed  a  criticism  of  the  management,  but  it 
was  a  constructive  criticism,  inasmuch  as  it  presented  itself 
in  a  way  which  enabled  the  management  to  correct  errors, 
modify  its  plans,  and  lay  out  a  course  of  procedure  which 
would  be  more  intelligent  than  any  routine  way  of  handling 
facts  heretofore  employed. 

Written  discussions  of  the  two  papers,  from  Messrs.  Kep- 
pele  Hall,  Harrington  Emerson,  E.  W.  Bemis,'  Stuart  W. 
Webb,'  and  Henry  P.  Kendall,  were  read  by  the  Secretary  at 
this  point  of  the  session. 

Mr.  Hall  thought  it  somewhat  refreshing,  in  these  days 
when  so  much  was  heard  about  the  efficiency  of  labor,  to  have 
emphasis  laid  on  the  efficiency  of  management.  He  believed 
that  most  management  engineers  would  agree  with  him  in  the 
oiiinion  that  the  vast  majority  of  failures  to  succeed  in  busi- 
ness were  due  to  the  lack  of  what  Mr.  Gantt  characterized  as 
the  "  ability  to  do  things "  on  the  part  of  those  really  re- 
sponsible, rather  than  to  any  other  causes.  One  could  well 
go  a  step  further  and  state  that  in  many  instances  a  lack  of 
real  knowledge  of  the  vital  elements  of  operation  precluded 
the  exercise  of  this  ability  by  those  who  really  possessed  it. 

Industrial  property,  wrote  Mr.  Emerson,  had,  according  to 
the  point  of  view,  three  values :  namely,  the  cost  of  its  repro- 
duction, the  amount  it  would  bring  under  the  hammer,  and  its 
going  value — the  real  value.  This  latter  was  difficult  to  deter- 
mine, not  because  it  was  not  possible  on  the  basis  of  present 
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or  past  returns,  and  \\ith  due  allowance  for  a  definite  amor- 
tization, to  convert  net  income  into  capitalized  value,  but  be- 
cause no  one  could  see  into  the  future  far  enough  to  set  either 
any  real  valid  amortization  or  to  determine  what  next  year's 
profits  would  justify  as  increased  value. 

In  industrial  concerns  Mr.  Emerson  recommended  constant 
reappraisals  based  on  long  average  earnings.  The  valuation 
from  month  to  month  as  well  as  the  10-year  average,  com- 
puted for  each  month,  enabled  him  to  estimate  the  tendency, 
thus  varying  the  amortization  or  obsolescence  provision. 

If  of  two  plants  one  was  able  to  operate  materials,  labor 
and  capital  valuation  at  standard,  and  each  combination  of 
materials,  men  and  capital  was  yielding  the  largest  margin 
between  cost  and  sales  price,  while  in  the  other  plant  operation 
was  below  standard  and  without  reference  to  difference  be- 
tween cost  and  sales  price,  the  first  plant  might  very  easUy 
have  many  times  the  value  of  the  second  plant,  although  in- 
ventories were  identical. 

Mr.  Bemis  thought  that  Mr.  Gantt's  paper  did  not  have  a 
large  bearing  on  the  work  of  the  appraisal  engineer  in  rate 
cases,  for  in  these  the  attempt  was  to  determine  a  fair  value, 
which  might  be  quite  different  from  the  value  based  on  present 
rates  and  earnings.  The  productive  eflScieney  should  have 
some  weight  in  rate  cases;  not,  however,  in  determining  the 
value  of  the  property,  but  in  leading  commissions  to  allow  a 
higher  rate  of  return  to  a  company  of  large  productive  eflS- 
cieney, attributable  to  the  excellence  of  the  management,  as 
compared  with  a  business  not  so  well  managed. 

In  the  opinion  of  Mr.  Webb,  from  the  operating  point  of 
view  Mr.  Gantt's  suggestions  regarding  idleness  expense  were 
highly  important.  It  did  not  seem  to  him,  however,  that  this 
item,  which  he  had  usually  heard  referred  to  as  "  load  factor," 
reflected  very  accurately  the  value  of  the  plant,  due  to  the 
fact  that  so  many  different  things  might  cause  a  low  load 
factor.  While  most  of  them  would  probably  be  due  to  poor 
management,  there  would  be  other  factors,  such  as,  for  in- 
stance, a  distinct  change  in  style  (over  which  the  management 
would  have  absolutely  no  control),  which  might  throw  a  plant 
that  had  been  operating  efficiently  entirely  out  of  balance.  It 
seemed  to  him,  therefore,  essential  to  add  to  the  elements  of 
which  Mr.  Gantt  spoke  at  the  end  of  his  paper,  "  demand  for 
the  product  and  relations  to  the  market   (good-will)." 

Mr.  Kendall  wrote  that  at  the  Plimpton  Press  that  part  of 
the  burden  which  was  not  earned  through  the  continuous  op- 
erating of  all  or  any  of  the  machines,  was  called  unearned 
burden.  If  the  plant  ran  its  full  equipment  full  time,  it  had 
a  credit;  otherwise  there  was  a  certain  amoimt  of  unearned 
burden,  which  was  deducted  from  the  profit  and  loss  for  each 
department  at  the  end  of  each  four  weeks.  He  thought  that 
if  the  net  book  value  of  a  plant  were  based  on  the  actual  net 
investment  and  actual  earnings  after  allowing  a  proper  re- 
turn on  net  investment,  and  costs  were  determined  on  a  basis 
of  direct  expense  with  only  the  pro  rata  per  cent  of  burden 
applied  regardless  of  whether  the  entire  plant  was  operated 
or  not,  we  would  then  have  a  common  and  standard  way  of 
determining  these  three  points,  which  at  the  present  time  did 
not  exist. 

Oral  discussion  being  then  resumed,  Robert  B.  Wolf  said 
that  he  would  like  to  call  the  attention  of  the  members  to  the 
fact  that  Mr.  Gantt  had  primarily  made  a  strong  plea  for 
organization  unity.  The  records  exhibited  formed  a  method 
of  keeping  track  of  the  economic  forces  in  the  industry  pri- 
marily for  the  purpose  of  enabling  the  management  to  have 
some  record  of  their  progress,  and,  as  he  had  just  quoted 
from  Mr.  Polakov's  paper,  the  results  produced  in  the  plant 


depended  on  how  these  material  forces  were  used;  but  unless 
these  records  of  plant  progress  were  furnished  to  the  man- 
agement, they  could  not  possibly  use  these  forces  intelligently. 

We  heard  a  great  deal  about  the  eflScieney  of  the  workmen, 
and  we  were  doing  a  great  deal  to  make  them  more  eflScient, 
but  were  we  giving  to  the  management  the  necessary  informa- 
tion to  enable  those  in  charge  to  become  eflScient?  They  were 
human  as  well  as  the  workmen,  but  if  we  were  going  to  hu- 
manize our  industries  and  build  men,  we  had  not  only  to  build 
men  at  the  bottom,  but  men  at  the  top.  He  thought  that  was 
primarily  the  keynote  sounded  in  this  plea  by  Mr.  Gantt  for 
a  greater  knowledge  of  the  whole  progress  of  the  plant. 

H.  M.  Wilcox  stated  that  he  desired  to  broaden  one  ques- 
tion, and  that  was  in  respect  to  the  granting  of  industrial 
credits.  They  had  been  shown  a  way  by  which  the  efSciency 
of  the  management  of  an  industrial  plant  could  be  measured 
periodically,  and  he  could  see  very  good  reasons  why  the 
measure  of  the  efficiency  of  an  industrial  plant,  taken  period- 
ically, should  be  used  as  a  basis  for  the  extension  of  credit  to 
that  organization. 


A  PLAN  FOR   THE  DISTRIBUTION  OF  PROFITS 

William  Kent  thought  that  the  whole  question  of  the  invest- 
ment of  capital  and  the  returns  which  should  be  made  upon 
it,  the  distribution  of  profits,  had  got  to  come  up  and  be 
solved  in  the  future,  and  he  wished  to  offer  an  idea  as  to  a 
probable  solution.  Suppose  the  Government  should  pass  a 
law,  which  should  be  approved  by  the  community  at  large, 
that  in  shipbuilding  or  in  armor  plate  or  in  railroads,  or  in 
certain  other  things,  public  utilities,  or  industrial  pursuits 
that  had  connection  with  the  public — what  might  be  called 
quasi-public  utilities,  there  should  be  $1,000  issued  in  bonds  for 
each  $1,000  of  capital  stock,  the  latter  being  entitled  to  a  six 
jier  cent  dividend  if  earned,  the  former  to  3  per  cent  interest. 
A  company  then  should  be  allowed  to  earn,  without  any  fur- 
ther investment,  5  per  cent,  to  go  into  the  treasury  of  the 
company,  so  that  the  company  might  be  able  to  withstand 
extraordinary  charges  due  to  accidents  or  floods,  etc.,  or  duo 
to  having  to  compete  with  concerns  employing  superior  ma- 
chinery, necessitating  the  company  to  put  in  better  machinery 
after  awhile  or  go  to  pieces.  Any  excess  earnings  should  be 
divided,  one-half  going  to  the  stockholders  and  one-half  to 
three  different  parties,  the  Government,  the  consumers  (by 
lowering  the  price  or  rates),  and  the  workmen  who  helped 
make  the  money. 

After  calling  upon  Vice-President  James  E.  Sague  to  pre- 
side temporarily.  Chairman  Hess  took  the  floor  and  stated 
that  he  did  not  quite  agree  that  Mr.  Gantt's  paper  was  as 
broad  as  it  apparently  purported  to  be.  It  reallj-  was  only 
a  question  of  detail.  It  did  not  make  any  difference  how  costs 
were  kept,  whether  one  kept  tab  on  the  management,  or  on 
the  day  laborer.  Essentially,  the  thing  was  to  know  the  costs, 
no  matter  what  the  routine  was,  or  who  gave  the  costs,  and 
after  all  was  said  and  done  the  methods  of  determining:  these 
costs  were  probably  as  various  as  the  people  who  weie  tidy- 
ing to  find  them  out,  and  probably  as  various  as  the  indus- 
tries for  which  the  costs  were  being  kept. 

F.  J.  Cole  called  attention  to  the  fact  that,  while  keeping 
all  the  machines  going  all  the  time  was  of  course  the  econom- 
ical way,  a  surplus  of  machines  was  sometimes  required  to  take 
care  of  variations  in  product,  where  the  character  of  the  ma^ 
chine  work  varied  considerably  with  diflferent  articles  of  the 
same  general  class  which  were  being  manufactured. 
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W.  S.  Rogers  drew  attention  to  two  statements  in  Mr. 
Polakov's  paper,  and  recited  certain  personal  experiences  by 
way  of  emphasizing  their  importance.  The  final  test  of  good- 
will came  to  a  concern  when  it  had  to  borrow  money.  He  had 
found  that  bankers,  in  investigating  the  right  of  a  company 
to  ask  for  loans,  had  not  only  desired  facts  regarding  the  work 
done,  but  also  proof  that  the  methods  used  were  the  best. 
They  were  asking  what  was  the  value  of  the  methods,  and  Mr. 
Gantt  had  laid  the  foundation  in  detail  to  lead  up  to  that. 

Arthur  C.  Jackson  hoped  that  some  time  Mr.  Gantt  would 
bring  before  and  show  the  Society  the  necessity  of  charts  for 
a  whole  industry,  and  select  and  define  and  portray  on  these 
charts  the  definite  essentials  for  the  economic  operation  of  that 
industry,  so  that  each  member,  each  corporation  within  that 
industry,  would  have  set  up  before  it  the  beacons  without 
which  they  were  very  apt  to  run  upon  the  rocks.  It  seemed 
to  him  that  this  responsibility  should  lie  on  the  engineering 
profession,  and  not,  as  had  been  the  case  in  the-  past,  on  the 
lawyers  or  on  the  political  economists. 

The  Secretary  spoke  of  visiting  recently  the  Birmingham 
plant  of  the  U.  S.  Steel  Corporation,  and  of  how  profoundly 
impressed  he  had  been  by  the  attention  which  the  manage- 
ment gave  to  matters  afi'ecting  the  welfare  of  the  workmen. 
He  spoke  also  of  the  interest  taken  by  workmen  in  pro- 
duction charts  that  he  had  witnessed  not  long  ago  in  a  large 
paper  mill,  and  said  that  these  two  observations  showed  to  him 
a  way  of  tying  in  the  excellent  points  which  had  been  brought 
out  in  the  papers:  first,  the  human  interest  of  the  managers 
in  the  personal  needs  and  health  of  the  workmen,  even  to  their 
housing  conditions,  and  then,  second,  making  the  workmen 
co-partners  in  the  management  of  the  plant. 

In  closing  the  discussion  of  his  paper,  Mr.  Polakov  said  that 
he  desired  to  make  but  one  statement.  Admitting  that  the 
method  of  use  of  the  investments  and  tools  of  production  was 
the  revenue-producing  factor,  the  economic  soundness  of  in- 
dustry must  be  a  broad  criterion  as  to  whether  the  produc- 
tion was  carried  out  in  such  a  way  as  to  make  the  men  idle 
and  the  commodity  cheap.  If  we  failed  to  accomplish  either 
one  of  these  things,  we  would  ruin  the  counti-y  by  producing 
things  that  could  not  be  consumed,  or  would  limit  the  produc- 
tion on  account  of  the  low  purchasing  capacity  of  the  con- 
sumers. 

Mr.  Gantt,  in  closing,  said  that  it  was  not  pretended  that 
his  jaaper  contained  a  complete  solution  of  all  our  valuation 
or  accounting  problems,  but  it  did  point  the  way  to  detect 
many  of  the  sources  of  waste  and  inefficiency  which  had  here- 
tofore been  disregarded,  and  which  could  not  be  detected  until 
we  got  a  proper  appreciation  of  values. 

Among  the  discussions  which  were  particularly  significant 
he  might  single  out  that  of  Mr.  William  Kent,  who  seemed 
to  be  troubled  about  the  difficulty  of  fixing  a  valuation  for 
taxation  purposes,  if  this  method  of  valuation  were  accepted. 
This  was  particularly  pleasing  to  him  because,  if  the  methods 
which  were  proposed  did  harmonize  with  the  present  system 
of  taxation,  he  would  feel  very  much  discouraged,  for  there 
was  nothing  which  was  so  detrimental  to  our  industries  and 
to  prosperity  in  general  as  our  system  of  taxation,  by  which 
the  energy,  initiative  and  business  success  of  the  individual 
were  taxed  for  the  benefit  of  the  community,  and  the  wealth 
created  automatically  by  the  community  was  allowed  to  go, 
without  any  return,  to  individuals  who,  as  a  rule,  were  con- 
tributing nothing  to  that  community.  If  the  wealth  created 
automatically  by  the  community  should  be  claimed  by  the 
community,  it  was  highly  probable  that  it  would  be  unneces- 
sary to  tax  any  of  the  industrial  activities  of  individuals,  and 


Mr.  Kent's  troubles  would  absolutely  vanish.  If  the  proposed 
system  of  accounting  had  a  tendency  to  make  that  factor  clear, 
it  would  do  much  to  lift  a  burden  from  our  industries  and 
enhance  the  prosperity  of  the  workers. 

If  we  would  meet  the  competition  with  which  some  of  us 
thought  we  would  be  so  direly  threatened  after  the  war,  we 
must  encourage  industry  and  discourage  idleness,  for  the 
warring  nations,  having  found  what  an  enormous  increase  in 
strength  such  a  procedure  had  given  them,  would  hardly  re- 
turn, when  the  war  was  ended,  to  the  other  method  which  we 
seemed  to  cherish  so  highly. 

Arbitrary  laws  based  on  opinions  inherited  from  a  bygone 
age  were  not  suited  to  an  age  like  this,  when  the  struggle  for 
existence,  which  was  so  keen  in  Europe,  threatened,  perhaps  in 
another  form,  to  involve  us;  for  the  same  causes  that  were 
active  there  were  active  here. 

Ninety  years  ago  Thomas  Carlyle  had  said,  "  The  tools  to 
the  hands  that  can  wield  them." 

It  was  a  reversal  of  this  policy  which  more  than  all  other 
causes  combined  had  brought  Europe  to  such  dire  extremity. 
The  control  of  the  implements  of  production  had  fallen  into 
the  hands  of  investors,  who  saw  more  profit  in  the  control  of 
markets  than  in  productive  efficiency,  which  they  did  not 
understand. 

Competition  for  the  control  of  markets  was  at  bottom  the 
primary  cause  of  the  great  war,  and  the  fact  that  Germany 
had  had  a  somewhat  clearer  comprehension  of  the  importance 
of  productive  efficiency  and  the  necessity  for  the  control  of 
tools  by  the  hands  that  could  wield  them,  was  the  explanation 
of  her  tremendous  industrial  and  military  power. 

During  the  last  eighteen  months  England  had  revised  her 
policy,  and  through  her  Minister  of  Munitions  had  taken  in- 
dustrial control  from  stock  and  bond  holders  and  placed  it  in 
the  hands  of  those  who  could  "  deliver  the  goods."  The  de- 
velopment she  had  made  since  this  change  was  so  phenomenal 
as  to  be  almost  unbelievable.  In  her  attempt  to  save  her  life 
she  had  learned  that  strength  lay  in  productive  efficiency.  The 
other  European  nations  had  undoubtedly  learned  the  same 
fact. 

In  the  face  of  these  examples  were  we  still  going  to  pin  our 
faith  to  market  control,  until  aroused  by  a  catastrophe,  or 
could  we  learn  from  the  fate  of  others  and  begin  at  once  to 
develop  productive  efficiency?  We  had  been  talking  efficiency 
in  this  comitry  for  over  ten  years,  but  so  far  the  results  had 
been  lamentably  small.  This  was  not  the  fault  of  the  work- 
men, for  wherever  we  had  had  efficiency  at  the  top  we  had 
had  but  little  difficulty  in  training  workmen  to  be  efficient. 

For  years,  with  inefficiency  at  the  top  staring  him  in  the 
face  and  hampering  him  at  every  turn,  he  had  labored  to 
find  a  means  of  measuring  that  efficiency,  as  it  was  perfectly 
evident  that  without  efficient  direction,  efficient  workmen  were 
ineffective,  even  if  it  were  possible  to  get  them,  which  it 
usually  was  not. 

If  we  could  measure  and  evaluate  the  productive  efficiency 
of  the  manager  as  we  now  measure  that  of  the  workman,  we 
might  hope  for  better  results. 

The  only  men  organized  for  the  promotion  of  productive 
efficiency  were  the  engineers,  and  it  was  on  their  shoulders 
that  must  fall  the  burden  of  showing  what  could  be  done. 

He  offered  as  a  part  of  this  work  the  chart  shown  in  his 
paper  as  an  attempt  to  measure  the  efficiency  of  the  executives, 
and  to  indicate  in  a  general  way  their  value,  which  we  knew 
was  an  integral  part  of  the  value  of  any  successful  industrial 
property.  This  was  only  a  first  attempt,  and  he  noted  that 
already  one  engineer  had  taken  a  step  beyond  what  he  offered. 


GAS  POWER  SESSION,  THURSDAY  AFTERNOON 


THE  Gas  Power  Session  met  on  Thursday  afternoon  for 
tlie  consideration  of  a  program  of  papers  arranged  by 
the  Sub-Committee  on  Gas  Power,  of  which  H.  J.  Freyn  is 
chairman.  Mr.  Freyn  was  unable  to  be  present  and  Prof. 
William  T.  Magruder  conducted  an  exceedingly  well-ordered 
meeting.  The  attendance  was  upwards  of  150,  and  the  papers 
were  of  such  interest  that  the  session  continued  until  5:30. 
Mr.  Freyn  sent  the  following  telegram  to  the  acting  chair- 
man : 

"  Regretting  deeply  inability  to  be  present,  am  sending  my 
best  wishes  for  a  successful  session,  with  many  thanks  to  your- 
self and  greetings  to  all." 

0.  C.  Berry'  presented  the  first  paper,  on  A  Gas  Producer 
for  Bituminous  Fuel,  pointing  out  the  essential  features  of  a 
producer  designed  and  experimented  upon  by  himself.  The 
paper  was  the  subject  of  considerable  oral  discussion. 

Because  of  its  tar  content,  the  author  contended  that  bitu- 
minous coal  could  not  be  used  in  a  standard  updraft  producer 
like  anthracite.  As  even  more  satisfactory  than  either  a  down- 
draft  or  double-zone  producer,  he  described  a  recirculating 
producer,  discharging  its  gas  near  the  middle  of  its  height 
and  returning  the  products  of  distillation  above  this  point  to 
the  combustion  zone  at  the  bottom.  The  steam  which  must  be 
supplied  for  the  gasification  process  was  introduced  througli 
a  steam-jet  blower  and  provided  the  means  of  circulating  the 
gases. 

A  second  line  of  investigation  was  to  determine  the  proper 
temperature  for  the  recirculated  gases  to  precipitate  the  least 
tar,  and  between  300  an"d  450  deg.  cent.  (550  to  900  deg. 
fahr.)  was  found  to  be  the  preferred  range. 

The  remainder  of  the  paper  described  the  recirculating 
producer  designed  by  the  author,  an  account  of  which  ap- 
peared in  The  Journal  for  December. 

DISCUSSION    OF    MR.    BERRY'S    PAPER    ON    A    GAS 
PRODUCER   FOR   BITUMINOUS   FUEL 

In  a  written  communication,  Godfrey  M.  S.  Tait  said  that 
the  methods  for  the  determination  of  the  tar  content  were  all 
highly  practical  as  applied  to  the  experimental  apparatus 
used,  but  would  have  to  be  modified  in  connection  with  the 
test  of  a  plant  in  regular  service. 

He  said  that  the  theory  as  to  the  volume  of  the  recirculated 
gas  was  not  original,  having  been  tried  with  more  or  less  suc- 
cess in  Europe.  The  main  difficulty  was  with  the  power  con- 
sumed by  the  blower  and  the  excessive  quantity  of  steam  thus 
introduced,  unless  some  arrangement  were  provided  whereby 
t  he  governor  of  the  engine  might  control  the  supply  of  steam. 

The  findings  as  to  clinkers  were  apt  to  be  misleading,  due  to 
the  very  small  size  of  the  producer.  Any  arrangement  to  get 
away  from  the  balanced  draft  condition  greatly  increased  the 
tendency  to  clinker  in  all  kinds  of  fuels.  The  clinker  was  first 
formed  by  a  fissure  in  the  fuel  bed  through  which  there  was  a 
ciincentration  of  draft.  A  large  fuel  bed  and  grates  that  in- 
sured an  equal  distribution  of  the  draft  current  to  all  parts 
of  the  fuel  was  the  only  way  to  prevent  clinkers. 

In  practice,  it  would  be  found  that  the  resultant  increase  in 
ellieiency  due  to  the  fixation  of  the  tarry  vapoi>s  of  the  gas 
rather  than  to  wash  them  out  and  waste  them,  was  much  less 
than  would  be  expected. 

Personally,  he  leaned  to  the  construction  of  bituminous  pro- 
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duc-ers  along  the  line  of  the  simple  single-zone  up-draft  type 
with  attached  tar  washers  as  being  better  adapted  to  the  hard 
usage  of  practice. 

As  to  the  reduction  of  CO^  to  2C0,  Mr.  Tait's  experience 
indicated  that  a  perfect  reduction  occurred  at  1800  deg.  fahr. 
provided  that  the  draft  velocity  was  sufficiently  low  to  allow 
the  time  necessary  for  the  reaction. 

He  thought  Mr.  Berry  should  continue  the  investigation 
under  conditions  entailing  more  commercial  conditions,  vari- 
able load  without  special  attention,  and  noting  the  possibility 
of  keeping  the  gas  tar-free  during  such  variations  without 
attention,  the  effect  of  large  areas  of  the  grate,  etc. 

In  an  oral  discussion,  Edward  Rathbun  said  that  while  Mr. 
Berry's  investigation  appeared  to  Te  an  excellent  laboratory 
development,  the  actual  gain  in  practical  knowledge,  as  an 
aid  to  present  commercial  operation  of  producers,  was  some- 
what limited.  He  called  attention  to  Mr.  Berry's  statement 
that  the  gas  was  "  nearly  as  clean  as  anthracite  gas,"  and  said 
that  in  order  to  develop  the  producer-gas  engme,  the  gas  must 
be  dean,  and  that  gas  nearly  as  clean  as  anthracite  was  not 
clean  enougli. 

Mr.  Rathbun  pointed  out  that  in  breaking  up  the  methanes, 
the  heating  value  of  the  resulting  gas  was  low  and  that  the 
capacity  of  the  engine  of  a  given  bore  and  stroke  was  thus 
reduced  and  the  flexibility  of  operation  desired  was  not  ob- 
tained. 

Without  question,  said  Harry  F.  Smith  in  discussing  Mr. 
Berry's  paper,  the  complete  oxidation  of  the  hydrocarbon 
content  of  the  coal,  the  water  vapor  and  the  carbon  dioxide, 
and  the  subsequent  dissociation  of  these  fixed  gases  and  the 
carbon,  constitutes  an  absolutely  effective  way  of  eliminating 
tar. 

He  pointed  out  that  unless  a  coal  contained  a  high  per- 
centage of  fixed  carbon  there  was  not  enough  fixed  carbon  in 
the  coal  to  carry  on  a  recirculating  process  continuously  in  a 
producer.  If  the  producer  was  running  for  several  hours 
with  suflfieient  stand-by  periods,  enough  coke  would  be  formed 
during  these  periods  to  cover  the  deficiency  in  carbon.  One 
way  to  overcome  the  difficulty  was  to  permit  part  of  tlie 
products  of  combustion  to  pass  out  of  the  producer  undecom- 
posed,  with  a  consequent  loss  in  efficiency. 

The  objection  to  low  heating  value,  mentioned  by  !Mr.  Rath- 
bun, was  of  even  more  importance  if  the  gas  was  used  for 
industrial  operations,  such  as  brazing  and  forging.  Since 
there  were  several  methods  available  for  cleaning  producer 
gas,  the  removal  of  the  tar  was  so  easy  and  effective  and  the  ap- 
paratus so  simple  that  the  justification  of  a  more  complex  pro- 
ducer with  the  uncertainties  of  the  process  was  questionable. 

A  uniform  gas  from  soft  coal  was  difficult  to  obtain,  W.  B. 
Chapman  said  in  discussing  the  Berry  paper.  In  his  experi- 
ence covering  a  period  of-  twelve  years  Mr.  Chapman  had  met 
with  all  t)ie  difficulties  mentioned  by  Mr.  Berry  and  more, 
and  was  not  sure,  in  his  own  mind,  that  the  problem  of  obtain- 
ing a  gas  from  soft  coal,  suitable  for  gas  engines,  could  be 
solved  along  the  lines  outlined  in  Mr.  Berry's  paper.  The 
fuel  bed  of  the  Berry  producer  was  too  deep  for  easy  poking, 
a  disadvantage  in  practical  operation.  Unless  there  was  some 
means  of  controlling  the  circulation  of  gas  when  the  engine 
was  under  a  light  load,  the  fire  would  grow  cold  because  of  the 
returning  gases. 

In  his  oral  closure,  Mr.  Ben-y  referred  Mr.  Tait  to  the 
determinations  of  the  United  States  Geological  Survey  in  the 
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matter  of  the  temperature  necessary  in  practice  for  the  decom- 
])osition  of  carbon  dioxide.  He  explained  that  in  testing  the 
gas  for  tar,  the  gas  was  made  to  impinge  upon  a  card,  any  tar 
in  it  showing  a  dark  mark  upon  the  surface  of  the  card. 

The  gas  was  probably  not  all  burned  in  the  bottom  of  the 
producer,  but  it  must  be  evenly  distributed  over  the  area  at 
the  bottom  in  order  not  to  form  cold  paths  between  the  grate 
and  gas  outlet.  The  gases  could  be  cracked  very  effectively 
by  passing  through  an  incandescent  zone,  and,  under  a  light 
engine  load,  the  gases  were  simply  cracked  and  the  carbon 
monoxide  passed  through  without  being  turned  into  carbon 
dioxide  and  then  into  carbon  monoxide  again. 

The  plant  as  operated  ran  ten  hours  a  day  under  full  load, 
was  not  operating  at  night,  and  was  started  the  next  morning 
after  twenty-five  to  thirty  minutes'  blowing.  It  was  never  run 
for  ten  hours  consecutively  for  more  than  a  week. 

MR.   SWAIN   DISCUSSES  THE  COMMERCIAL  SAMPLING 
OF  PRODUCER  GAS 

Plnlip  W.  Swain  read  an  abstract  of  his  paper  on  The  Com- 
mercial Sampling  of  Producer  Gas.  He  said  that,  as  a  rule, 
the  sample  of  producer  gas  to  be  analyzed  should  be  drawn 
from  a  pipe  in  which  there  was  a  continuous  flow  of  fresh  gas 
from  the  main.  For  a  correct  continuous  sample,  a  number 
of  conditions  must  be  observed :  namely, 
a  There  must  be  no  variation  in  pressure  in  the  gas  entering 

the  sampling  bottle 
b  The  sampling   pipe  must  draw   from  the  main   a  sample 
representing  the  average  gas  over  the  entire  cross-sec- 
tion of  the  main 
(■  The  sample  should  be  drawn  at  a  rate  proportional  to  the 
flow  of  gas  in  the  main.    If  the  variations  are  not  great, 
a  sample  drawn  at  a  constant  rate  will  approximate 
closely  the  correct  sample. 
Although  a  very  good  snap  sample  could  be  drawn  using  the 
ordinary   two-bottle  method   of  sampling,   this  method   could 
not  be  used  very  well  for  proportional  sampling,  and  was  not 
reliable  even  for  uniform  sampling.    The  author  described  and 
illustrated  a  device  which  he  had  designed  and  used,  and  which 
permitted  the  accurate  measurement  and  control  of  the  flow 
of  water  from  the  sampling  bottle. 

There  were  several  portable  instruments  on  the  market, 
modifications  of  the  Orsat  apparatus,  which  had  means  of 
determining  not  only  the  carbon  dioxide,  oxygen  and  carbon 
monoxide,  but  also  the  hydrogen,  methane,  and  sometimes 
illuminants  as  well.  In  such  instruments,  the  hydrogen  and 
methane  were  usually  determined  by  explosion  with  air.  To 
a\oid  the  various  difficulties  of  determining  carbon  monoxide 
hy  absorption,  the  carbon  monoxide  might  be  determined  by 
explosion  with  the  hydrogen  and  methane.  This  involved  a 
little  more  computation,  but  the  labor  might  be  minimized 
by  standardizing  the  method  and  making  use  of  a  diagram 
which  the  writer  had  prepared. 

Lnek  of  interest  in  gas  analysis,  said  W.  E.  Renling*  in  a 
written  disciission,  doubtless  came  from  two  causes :  first, 
failure  fully  to  appreciate  the  fact  that  a  gas  analysis,  when 
jjroperly  interpreted,  furnished  a  splendid  check  on  the  effi- 
ciency of  the  plant  for  the  conditions  under  which  it  was  being 
worked;  and,  second,  from  a  rather  inherent  feeling  that  the 
subject  of  gas  analysis  was  rather  too  technical,  or  savored  too 
much  of  tlie  chemical  laboratory,  to  be  really  a  friend  and 
working  tool   for  the   practical  engineer,  owner  or  opei-ator. 


It  would  be  only  through  broader  education  and  discussion 
that  fuller  api)reciation  would  be  given  tliis  subject. 

It  was  the  opinion  of  H.  F.  Smith  that  everything  the 
author  had  said  meant  something  to  the  fellow  who  had  been 
up  against  the  practical  side  of  this  work.  However,  he 
wanted  to  caution  against  the  general  statement  that  a  good 
idea  of  the  quality  of  the  gas  might  usually  be  obtained  from 
the  carbon  dioxide  alone,  to  emphasize  which  he  read  from  a 
number  of  analyses  made  by  the  same  chemist,  in  the  same 
plant,  by  the  same  method,  and  on  gas  from  the  same  coal. 
The  extreme  variation  in  the  carbon  dioxide  content,  per- 
centage of  combustible  and  heating  value  gave  evidence  to 
show  "  that  it  is  not  always  possible  to  depend  on  the  carbon 
dioxide  indication  alone." 

In  his  oral  closure,  Mr.  Swain  pointed  out  that  there  was 
considerable  difference  of  opinion  among  men  with  wide  prac- 
tical experience  as  regards  carbon  dioxide  as  an  index  of  gas 
quality,  some  being  so  certain  that  it  was  an  indication  of  gas 
quality  that  only  carbon-dioxide  determinations  were  made  by 
them. 

In  answer  to  a  question  by  S.  A.  Moss,  Mr.  Swain  said  that 
it  was  quite  important  to  have  the  velocity  of  the  gas  in  the 
sampling  tube  the  same  as  that  in  the  main  pipe  if  the  dust 
or  suspended  matter  in  the  gas  was  to  be  determined;  but  as 
the  analysis  was  of  a  fixed  gas  which  had  passed  through  a 
scrubber  and  presumably  was  well  mixed,  there  seemed  to  be 
no  necessity  for  sampling  at  the  exact  velocity  of  the  gas'  in 
the  main.  The  idea  was  to  take  a  sample  continuously,  and 
to  take  it  at  all  times  in  proportion  to  the  rate  of  flow  of  gas 
through  the  main,  so  that  the  final  sample  would  be  the  same 
as  though  all  the  gas  had  been  drawn  off  and  then  a  sample 
obtained  from  it. 

PROFESS 3R   EARHART  TREATS   OF   CERTAIN 
N.\TURAL   GAS   PROBLEMS 

The  next  paper  in  order  was  on  The  Katio  of  the  Specific 
Heats  and  the  Coefficient  of  .Viscosity  of  Natural  Gas  from 
Typical  Gas  Fields,  by  Robert  F.  Earhart.  An  abstract  of 
this  paper  appeared  in  the  November,  1916,  Journal,  to  which 
the  reader  is  referred. 

In  a  written  communication  upon  this  paper,  Harold  B. 
Bernard  said  that,  due  to  the  many  features  encountered  in 
piping  natural  gas,  such  as  condition  of  pipe,  type  of  joints, 
bends,  temperature  changes,  etc.,  it  was  doubtful  whether  Pro- 
fessor Earhart's  determinations  were  of  value  outside  the 
laboratory.  For  practical  conditions,  the  formulae  derived 
by  T.  R.  Weymouth'  from  numerous  observations  were  un- 
questionably of  sufficient  accuracy  for  problems  involving  the 
flow  of  natural  gas. 

A  recomputation  of  densities  of  the  author's  Table  1  was 
also  gi\en.  The  new  densities  were  computed  from  the  fact 
that  the  densities  were  as  the  squares  of  the  relative  coeffi- 
cients of  viscosity,  the  coefficients  of  viscosity  being  in  the 
ratio  of  the  times  of  elBux.  It  is  expected  to  give  later  pub- 
lication to  this  table. 

P.  F.  AValkcr,  in  a  written  discussion,  said  that  paper  was 
an  interesting  illustration  of  the  application  of  scientific 
methods  of  analysis  to  technical  problems.  It  wass  a  varia- 
tion from  the  methods  which  were  commonly  employed  in  the 
discussion  of  engineering  problems,  and  it  was  a  significant 
thing  that  work  upon  which  the  engineer  was  now  engaged 
was  being  treated  in  many  lines  with  a  degree  of  accuracy 
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which  made  possible,  if  not  necessary,  the  employment  of  the 
refined  apparatus  of  the  physicist. 

The  author  used  in  his  title  the  words  "  ratio  of  specific 
heats,"  and  throughout  his  discussion  showed  that  he  was 
assuming  that  this  ratio  and  the  value  of  the  adiabatic  ex- 
ponent were  identities.  It  was  here  that  the  trouble  would  be- 
gin. It  was  not  necessary  to  go  through  the  steps  of  the 
mathematical  proof  of  the  principle  that  for  a  perfect  gas  the 
adiabatic  exponent  was  the  ratio  of  the  specific  heats.  It  had 
been  his  observation  on  several  occasions,  however,  that  it  wa.s 
necessary  to  remind  engineers  of  the  fact  that  the  statement 
applied  only  to  perfect  gases.  It  seemed  to  be  ingrained  in 
the  minds  of  technical  and  scientific  men  that  the  adiabatic 
exponent  must  be  the  ratio  of  the  specific  heats.  The  point 
brought  out  in  the  previous  paper  by  the  author,  and  in  sub- 
stance fully  attested  to  by  all  who  took  part  in  the  discussion, 
was  that  tliis  gas  in  its  behavior  did  vai-y  materially  from  the 
laws  of  perfect  gases,  and  hence  it  must  follow  that  the  value 
of  the  exponent  found  for  an  adiabatic  cannot  be  taken  as 
the  ratio  of  specific  heats. 

W.  D.  Ennis  opened  the  oral  discussion  by  stating  that 
while  the  value  of  n  for  the  adiabatic  curve  might  be  deter- 
mined from  compressor  indicator  diagrams,  no  engineer  be- 
lieved that  this  was  the  ratio  of  specific  heats.  He  also 
pointed  out  that  there  must  be  some  eiTor  in  the  author's  de- 
termination of  n,  as  m  some  cases  it  is  less  than  the  value  of  n 
for  any  of  the  constituents  of  the  gas. 

As  to  the  author's  method  of  procedure,  there  seemed  to  be 
nothing  wrong,  except  that  the  determination  of  n  for  the  gas 
as  a  function  of  that  for  air  by  comparing  the  wave  lengths 
would  have  seemed  more  conclusive  if  the  apparatus  had  been 
tried  out  on  some  other  gas,  such  as  carbon  dioxide,  for  which 
the  value  of  n  was  known. 

Sanford  A.  Moss  showed  that  the  value  of  n  could  be  com- 
puted from  the  gas  analysis  from  the  expression 

X,Cp,  +  ^,(7p.  +  etc. 


Xfi„  -\-Xfi.,  +  etc. 


Commenting  upon  the  written  discussion  offered  by  H.  B. 
Bernard  that  the  densities  are  proportional  to  the  squares  of 
the  times  of  efflux,  Edgar  Buckingham  said  that  the  statement 
is  at  the  bottom  of  Bunsen's  method  of  determining  the  relative 
densities  of  gases  by  means  of  efHux  through  small  orifices. 
The  statement  was  not  theoretically  correct  nor  did  it  give 
correct  values  in  practice.  Bunsen's  method  is  an  approxi- 
mate, not  an  accurate  one,  and  his  own  determinations  are  cor- 
rect only  within  five  or  ten  per  cent. 

As  the  author  was  not  present,  it  will  be  necessary  to  defer 
the  publication  of  his  closure. 

POTTER  AND  BUCK'S  TESTS  OF  GAS  AND  OIL  ENGINES 
USED  ON  TRACTION  ENGINES 

Also,  the  authors  of  the  next  paper,  A.  A.  Potter  and  W.  A. 
Buck,'  were  unable  to  be  present.  This  paper  was  upon  An 
Investigation  of  the  Internal-Combustion  Engine  as  Applied 
Traction  Engines,  which  was  instituted  to  determine  fuel 
economy  and  thermal  efficiency  of  dififerent  types  of  motors 
used  in  traction  engines.  The  following  conclusions  were 
derived : 

Four-cylinder  motors  were  better  adapted  to  belt  work;  single- 
cylinder  and  two-cylinder  motors  operated  better  than 
four-cylinder  motors  with  fuels  heavier  than  gasoline. 
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Piston  speeds  should  be  lower  than  in  automobile  motors, 
speeds  of  from  700  to  900  ft.  per  min.  giving  satisfac- 
tion. 

The  valve-in-the-head  type  of  motor  had  the  more  efficient  com- 
bustion space  and  was  to  be  preferred  to  the  T-head  or 
L-head  types. 

The  jump-spark  system  of  ignition  was  to  be  prefen-ed  on  ac- 
count of  its  mechanical  simplicity. 

The  fuel-economy  range  was  from  about  1.3  lb.  per  b.hp.  per 
hour  at  one-fourth  load  to  about  0.7  lb.  per  hour  at  full 
load.  The  fuel  consumption  in  pounds  per  hour  per 
brake  horsepower  was  very  nearly  the  same  for  both 
gasoline  and  kerosene. 

The  thermal  efficiencies  at  fuU  load  varied  from  14.88  to  19.41 
per  cent  for  gasoline  fuel,  and  from  13.7  to  15.97  per 
cent  for  kerosene. 

Carburetors  now  used  are  satisfactory  for  gasoline,  but 
a  carburetor  jacketed  with  heat  from  exhaust  gases  should 
be  employed  when  operating  with  kerosene  or  with  heavier 
fuels. 

The  results  of  the  tests  show  the  advantages  of  kerosene  as 
a  fuel.  For  a  group  of  motors  developing  26  b.hp.  and  under, 
at  fuE  load,  with  kerosene  at  10  cents  per  gal.  and  gasoline  at 
20  cents,  the  cost  of  operating  with  gasoline  was  1.99  times 
that  when  kerosene  was  used.  Similarly,  for  a  group  develop- 
ing 51  b.hp.  and  over,  at  fuU  load,  the  cost  with  gasoline  was 
1.62  times  that  with  kerosene.  The  advantages  of  the  kerosene- 
burning  motor  were  somewhat  offset,  however,  by  the  added 
trouble  in  handling  and  by  the  shorter  life  of  the  motor  when 
operating  on  such  fuel. 

W.  D.  Ennis  said  that  he  was  particularly  interested  in  the 
reported  economy  of  the  engines  tested,  which  averaged  not  far 
from  0.8  lb.  This  was  a  strikingly  favorable  figure  as  com- 
pared with  the  hot-cap  engines  of  the  semi-Diesel  type  in  which 
liquid  fuel  was  injected  as  a  liquid  into  the  cylinders.  These 
hot-cap  engines,  at  about  50  lb.  compression,  used  about  0.9 
lb.  of  kerosene  per  b.hp-hr.,  and  just  about  the  same  amount 
of  fuel  oil  of  the  usual  Eastern  grade.  It  was  an  interesting 
question  whether  the  extraordinary  economy  of  the  carburetor 
t\'pe  of  engine  as  presented  in  the  paper,  was  due  to  a  higher 
compression  than  50  lb.  or  to  better  combustion.  He  said  that 
he  did  not  believe  it  would  be  generally  admitted  that  with 
equal  compression  and  the  same  fuels  the  hot-cap  engine 
was  inferior  in  economy  to  the  engine  of  the  carburetor 
type. 

The  program  concluded  with  an  Illustrated  Keview  of  the 
Development  of  the  Werkspoor  Marine  Diesel  Engine,  by 
Thomas  0.  Lisle.  This  has  not  yet  been  published  in  The 
Journal,  but  it  is  planned  to  give  later  a  comprehensive 
accoimt  of  the  lecture,  with  illustrations  selected  from  those 
used  for  the  lantern  slides. 

In  answer  to  a  question  by  A.  J.  Wood,  about  the  relative 
■n-eights  of  two-  and  four-cycle  marine  Diesel  engines,  Mr. 
Lisle  said :  "  It  has  been  found  in  marine  work  that  the  four- 
cj'cle  engine  is  rather  lighter,  owing  to  the  extra  parts  neces- 
sary for  the  two-cycle,  particularly  the  scavenging  pump.  The- 
oTetically,  the  two-cycle  should  be  much  lighter,  but  of  all  that 
have  been  put  into  service,  the  two-cycle  have  been  heavier 
than  the  four-cycle." 

Juhus  Kuttner'  asked  about  the  strength  of  the  reversible 
propeller  used  on  some  Werkspoor  boats,  and  was  answered 
that  the  strength  was  a  matter  of  design. 
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MISCELLANEOUS  SESSION,  FRIDAY  MORNING 


AT  the  general  session  on  Friday  morning  an  address  of 
absorbing  interest  was  delivered  by  Wm.  L.  Catheart' 
on  the  Development  of  Our  Fleet  and  Naval  Stations.  This 
was  illustrated  with  lantern  slides  showing  vividly  the  needs 
of  our  navy,  particularly  with  respect  to  naval  stations  and 
naval  bases,  and  was  supplemented  by  a  general  discussion  to 
which  valuable  contributions  were  made  by  Rear- Admirals 
John  R.  Edwards  and  Bradley  A.  Kske;  and  by  President  D. 
S.  Jacobus  and  President-Eleet  Ira  N.  Hollis.  It  is  expected 
that  the  address  and  discussion  will  constitute  a  leading  fea- 
ture of  the  February  issue  of  The  Journal. 

MR.    CATHCAKT    SOUNDS    NATIONAL    NOTE    ON    COUN- 
TRY'S  NAVAL   NEEDS 

Mr.  Catheart  said  that  the  elements  of  naval  strength  are  its 
ships  and  men  and  its  shore  stations;  he  showed  by  means  of 
diagrams  how  important  are  naval  bases  for  the  protection  of 
our  vulnerable  coast;  and  how  the  location  of  such  bases  and 
naval  stations  on  our  own  coast  with  respect  to  our  possible 
battle  grounds  of  the  future  are  of  primary  importance.  For 
the  maintenance  of  our  navy  we  needed  a  large  number  of 
navy  yards  with  channels  of  approach  dredged  to  full  depth 
and  with  modern  equipment  for  building  both  hulls  and  mach- 
inery. Reliance  must  be  placed  both  on  mines  and  submarines 
for  the  protection  of  our  harbors,  which  in  turn  must  be  pro- 
tected by  shore  batteries  or  the  guns  of  a  fleet. 

Mr.  Catheart  discussed  certain  features  of  interest  alike  to 
artillery  officers  and  engineers,  such  as  modem  battle  ranges, 
with  comparison  between  the  effectiveness  of  14-in.  and  16-in. 
guns;  fire-control  methods,  the  foundation  of  which  was  the 
successful  application  of  the  telescopic  sight  to  naval  guns ;  the 
possibilities  of  modern  guns  and  powders,  and  the  degree  of  ex- 
cellence of  marksmanship  in  our  navy. 

He  contended  that  the  navy  should  not  be  for  aggression  but 
to  keep  peace  and  to  exert  what  Mahan  called  the  "  silent 
force  of  sea  power,"  for  which  a  large  navy  would  be  needed. 

The  address  made  a  deep  impression  upon  those  present  and 
there  was  a  general  feeling  of  approval  and  a  very  evident 
responsiveness  to  the  convincing  presentation  by  Mr.  Catheart 
of  the  nation's  needs. 

Rear- Admiral  John  E.  Edwards"  stated  that  the  author's 
paper  was  one  of  the  strongest  he  had  heard  in  the  last  decade. 
In  view  of  the  fact  that  he  had  served  as  General  Inspector  of 
Machinery  for  the  United  States  for  all  machinery  built  on  the 
North  Atlantic  Coast,  he  was  familiar  with  every  shipyard  and 
with  the  various  shore  stations  on  this  coast.  He  therefore 
dwelt  on  the  needs  of  these  stations  and  gave  constructive  sug- 
gestions for  their  further  equipment,  of  which  they  are  so  much 
in  need. 

He  said  that  if  were  were  to  construct  ships  we  must  have 
facilities  for  repairing  them.  There  must  be  docks  large 
enough  to  take  modern  men-of-war,  cranes  heavy  enough  to  lift 
the  immense  guns  or  the  turrets  off  from  a  ship ;  deep  piers 
at  least  100  ft.  wide;  dry  docks  1000  ft.  long;  and  other 
equipment  in  pro])ortion,  not  forgetting  the  need  for  hospitals 
and  dispensaries. 

Taking  Charleston's  harbor  as  an  illustration,  the  thought 
was  preeminent  in  his  mind  that  we  could  allot  without  reser- 
vation the  value  of  either  one  battleship,  battle  cruiser,  two 
scouts,  or  ten  destroyers,  if  necessary,  in  order  to  build  a  mod- 
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em  station  at  that  point.  The  other  countries  of  the  world 
would  measure  our  strength  not  alone  in  battleships  but  in 
our  facilities  to  build  battleships  and  to  repair  and  equip 
them. 

The  history  of  Gallipoli  and  Salonica  showed  that  there  must 
be  miles  of  water  front  in  order  to  move  a  modem  army,  as  a 
result  of  wliich  the  naval  engineers  of  France  and  England 
were  building  large  naval  piers  sufficient  to  accommodate  50 
transports  at  one  time.  The  need  for  such  piers  applies  to  both 
distant  bases  and  to  those  at  home,  including  the  base  at  the 
Canal  Zone. 

He  reviewed  what  England  had  done  through  the  past  five 
years  in  upbuilding  its  naval  stations,  begmning  at  the  Firth 
of  Forth,  and  what  Germany  had  done  at  Wilhelmshaven  and 
Heligoland;  work  of  vast  extent  and  of  tremendous  scope  which 
had  many  times  proved  its  worth  since  the  beginning  of  hos- 
tilities. These  developments  certainly  constituted  a  striking 
object  lesson  to  American  naval  officers  and  engineers. 

Rear-Admiral  Bradley  A.  Fiske  said  it  was  unfortunate  that 
the  people  of  our  country  did  not  realize  the  danger  to  which 
they  will  be  subjected  when  the  nations  at  war  agree  on  terms 
of  peace  and  arrange  what  they  will  do  in  order  to  overcome 
tlie  financial  disaster  which  is  threatening  them.  The  people 
in  our  country  at  large  believed  there  was  no  danger,  and  were 
ignorant  as  to  what  might  be  required  to  insure  the  safety  of 
the  country.  It  was  the  duty  of  every  member  of  the  Society 
to  use  his  power  and  influence  among  his  associates  and  ac- 
quaintances to  show  them,  by  the  aid  of  the  accurate  thought 
and  language  to  which  engineers  are  accustomed,  what  the 
actual  danger  was  and  what  the  requirements  were  for  na- 
tional defence. 

Dr.  D.  S.  Jacobus  emphasized  the  duty  of  the  engineer  to 
enter  into  public  affairs.  He  should  take  more  interest  and 
do  more  in  performing  his  civic  and  governmental  duties.  The 
attitude  of  the  Society  has  been  that  it  should  not  undertake 
anything  except  strictly  engineering  work,  but  times  are 
changing,  and  we  should  consider  whether  the  Society  should 
go  further  than  this.  Possibly  it  would  be  better  for  engineers 
from  different  societies  to  combine  for  the  purpose  of  dealing 
with  important  public  matters  and  show  what  engineers  can 
do  through  cooperation,  something  after  the  order  of  the  work 
done  in  connection  with  the  industrial  census.  He  felt  that  the 
day  is  not  far  distant  when  either  through  the  action  of  the 
existing  societies  or  through  some  other  organization  engineers 
will  take  their  true  place  in  the  management  of  affairs. 

Prof.  M.  E.  Cooley,  speaking  from  the  standpoint  of  an  edu- 
cator, said  that  the  impression  existed  that  the  Naval  Academy 
was  the  only  institution  which  fitted  a  young  man  for  naval 
service,  and  West  Point  the  only  institution  fitting  for  military 
service.  He  had  recently  had  occasion  to  compare  the  cuiricu- 
lum  of  the  Engineering  College  of  the  University  of  Michigan 
with  that  at  Annapolis  and  also  at  West  Point  respecting  the 
highly  specialized  training  of  military  character  obtained  in 
both  of  these  institutions,  and  which,  of  course,  was  very  essen- 
tial. He  found  that  the  curriculum  of  his  engineering  school 
paralleled  about  85  per  cent,  or  possibly  more,  of  what  was 
given  at  Annapolis  and  West  Point.  In  other  words,  by  add- 
ing about  one-half  year  more  of  work  or  by  substituting  one- 
half  year's  work  in  place  of  other  subjects,  young  men  could 
be  turned  out  from  our  engineering  colleges  with  the  same  gen- 
eral trainmg  with  which  they  were  now  trained  at  either  An- 
napolis or  West  Point. 
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Dr.  Ira  N.  Hollis  referred  to  the  participation  of  the  Society 
in  public  affairs  and  said  that  he  not  only  approved  of  it  but 
thought  that  the  continuation  of  the  organization  as  a  useful 
function  of  society  was  absolutely  in  that  direction. 

There  had  been  a  gi-eat  deal  of  mterest  in  the  United  States 
in  preparation  for  war,  or  military  preparedness;  but  he 
looked  upon  preparedness  as  a  very  much  larger  matter.  He 
would  strengthen  the  conception  of  service  by  leaving  out  the 
word  "  military  "  and  extend  the  work  of  preparedness  to  all 
public  and  private  affairs  that  are  in  any  way -related  to  the 
larger  success  of  the  nation. 

A  friend  in  command  of  one  of  the  large  naval  stations 
had  written  suggesting  that  civilians  ought  to  serve  for  a 
short  time  every  year  as  understudies  in  the  conduct  of  naval 
manufacture  and  repairs,  so  that  men  would  be  trained  during 
peace  to  take  charge  of  the  work  in  time  of  war,  thus  relieving 
officers  who  were  prepared  in  the  more  technical  details.  That 
illustrated  the  direction  in  which  we  should  work  and  sug- 
gested the  organization  of  an  Engineers'  Reserve  composed  of 
members  of  our  Society  for  all  purposes  behind  the  fleets  in 
making  the  supplies  for  the  Navy  and  in  training  for  war 
service. 

Was  it  not  a  duty  of  every  young  man  to  give,  freely,  one, 
two  or  three  years  of  service  to  his  country,  no  matter  whether 
that  service  took  the  shape  of  learning  how  to  fire  a  gun  or  go- 
ing into  public  service  for  the  purpose  of  building  ways  of 
communication  between  the  different  parts  of  the  country? 

Any  young  man  should  feel  proud  to  serve  on  a  Lincoln 
Highway  after  enough  experience  at  Plattsburg  to  teach  him 
obedience  and  the  democracy  of  the  barracks.  Two  years'  dig- 
ging for  his  counti-y,  as  a  free  contribution  towards  means  of 
communication,  would  be  as  important  for  peace  as  for  war. 
The  pick  and  shovel  could  be  made  as  effective  in  promoting 


love  of  country  as  the  rifle,  and  every  youth  ought  to  have 
a  taste  of  them. 

Brief  remarks  upon  Mr.  Catheart's  paper  were  made  also  by 
Carl  G.  Barth,  M.  A.  Stone  and  E.  G.  Coburn. 

.MR.    COBURN   DESCRIBES    NAVY   METHODS    OF   HEAT- 
TREATING   WROT'GHT-IRON    CHAIN   CABLE 

Following  the  presentation  and  discussion  of  the  paper  on 
naval  preparedness,  a  brief  abstract  was  presented  by  Fredk. 
G.  Coburn,'  of  an  important  paper  on  Heat  Treatment  of 
Wrought-Iron  Chain  Cables,  prepared  jointly  by  Messrs.  Co- 
burn,  W.  W.  Webster  and  E.  L.  Patch. 

AH  the  chain  cable  for  the  U.  S.  Navy  is  made  in  the  smith 
shop  of  the  U.  S.  Navy  Yard  at  Boston  under  the  direction 
of  Naval  Constructor  Coburn.  This  chain  was  formerly  hand- 
forged,  but  it  .was  finally  decided  to  adopt  power  forging,  after 
which  considerable  difficulty  was  experienced  through  the  fre- 
quent failure  of  the  chain  links.  It  was  evident  that  some  form 
of  heat  treatment  was  necessary,  and  as  there  was  practically 
no  information  available  on  the  heat  treatment  of  wrought  iron, 
which  was  used  in  the  manufacture  of  the  chains,  an  extensive 
investigation  was  conducted.  It  was  found  that  annealing  un- 
der certain  conditions  I'elieved  the  stiffness  which  apparently 
existed  in  the  links  and  to  which  their  failure  was  attributed. 

Preliminary  to  the  tests  upon  the  links  themselves,  tests  were 
conducted  upon  the  material  used  in  the  manufacture  of  the 
chain,  in  the  way  of  chemical  analyses,  tensile  and  impact  tests 
and  metallographic  examination. 

The  paper  gives  the  results  of  these  several  series  of  tests,  a 
summary  of  which  will  appear  in  an  earlier  issue  of  The 
Journal. 


Bdston  iS'n\y  Varil. 


STEAM  BOILER  SESSION.   FRIDAY  MORNING 


ALONG  and  highly  profitable  session  was  held  on  Friday 
morning  under  the  auspices  of  the  Boiler  Code  Com- 
mittee. The  audience,  though  small  at  first,  grew  in  size  until 
at  last  it  taxed  the  seating  capacity  of  the  room.  At  the  re- 
quest of  John  A.  Stevens,  Chairman  of  the  Boiler  Code  Com- 
mittee, Professor  A.  M.  Greene,  Jr.,  acted  as  presiding  officer, 
assisted  by  Sherwood  F.  Jeter.  In  addition  to  the  three 
scheduled  papers,  two  topical  discussions  were  presented  upon 
the  subject  of  welding. 

The  first  paper,  upon  An  Analysis  of  Marine  Safety  Valves, 
\'.!th  Suggestions  for  Repairs  and  Improvements,  by  E.  F. 
Maas,  considered  the  various  elements  of  safety  valves  which 
had  to  do  with  the  successful  operation  of  the  valve.  Seven 
typical  valves  were  discussed  with  respect  to  the  following 
points :  Tightness ;  pop  of  valve  and  simmering ;  lift  of  valve ; 
closure  and  chattering;  blow-down  and  its  adjustment;  dis- 
charge capacity;  repair  and  adjustment. 

The  author  believed  the  flat-seat  valve  superior  to  the 
beveled-seat  valve,  contending  that  it  was  as  easy  to  grind  and 
would  more  generally  remain  tight.  He  showed  how  certain 
\alves  provided  with  adjustable  blow-down  might  be  rebuilt 
so  that  when  repaired  the  necessary  machining  would  be  small 
und  need  not  be  done  to  a  standard  gage.  The  paper  contained 
many  suggestions  of  practical  value  for  the  grinding  and 
repair  of  safety  valves. 

Charles  W.  Barnaby  opened  the  oral  discussion  of  the  Maas 
paper  by  asking  why  all  manufacturers  of  safety'  valves  used 


a  square  rod  for  valve  springs  when  it  had  been  discarded 
for  springs  for  practically  all  other  purposes. 

A.  A.  Cary  answered  Mr.  Barnaby's  question  by  saying  that 
it  was  possible  with  the  square-rod  spring  to  get  more  re- 
sistance in  a  given  volume.  The  round  spring  was  theoretically 
the  best.  The  principal  resistance  was  to  torsional  movement. 
The  square  spring  occupied  less  space,  was  more  rigid,  and 
better  adapted  for  pop  valves  in  every  way.  It  held  its  shape. 
and  manufacturers  who  had  used  round  wire  and  bar  springs 
always  came  back  to  the  square  springs. 

MR.  TALBOT  DESCRIBES  HIS  MARINE  TYPE  OF  BOILER 
WITH  FORCED  CONTRA-FLOW   CIRCULATION 

Assisted  by  lantern  slides  with  which  to  illustrate  his  paper. 
Paul  A.  Talbot'  gave  a  descriptive  talk  upon  the  boiler  which 
bears  his  name.  This  boiler  utilizes  the  principle  of  forced 
contra-flow  circulation  through  water  tubes  at  high  velocity. 
Steam  drum  and  water  drum  are  unnecessary,  so  that  danger 
from  explosion  is  reduced  to  a  minimum.  Oil  is  sprayed  by 
superheated  steam  into  the  combustion  chambei-.  wliieh  is  lined 
on  all  sides  with  heating  surface. 

The  supply  of  feed  water  passes  through  a  regulator  valve 
before  entering  the  boiler.  This  valve  is  controlled  by  the  ex- 
pansion of  one  of  the  tubes  of  the  boiler  so  that  it  opens  and 
closes  with  varying  temperatures  of  the  steam  within  the  tube. 
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The  fuel  valve  is  also  controlled  by  the  expansion  of  this  same 
tube  so  that  the  fuel  supply  is  cut  off  if  the  temperature  of  the 
steam  becomes  greater  than  is  desired.  The  control  of  feed 
and  fire  thus  becomes  automatic.  A  gage  is  provided  for  in- 
dicating to  the  operator  the  relative  temperature  of  the 
steam. 

The  high  velocity  of  water  and  steam  ii\er  the  heating  sur- 
face prevents  the  formation  of  scale.  Steam  jets  are  provided 
for  blowing  soot  from  the  outside  of  the  tubes. 

A  high  rate  of  evaporation  is  obtained,  the  average,  includ- 
ing economizer  and  superheater  surface,  being  8  lb.  of  water 
per  sq.  ft.  (16  lb.  on  forced  draft). 

Because  of  the  contra-flow  principle,  the  effect  of  increased 
draft  and  higher  ewajiorative  rates  is  to  increase  the  econo- 
mizer surface  of  the  upper  tubes  and  to  modify  the  stack 
temperature. 

In  a  wi-itten  discussion,  Albert  A.  Gary  commented  upon 
the  similarity  in  construction  of  the  Talbot  boiler  and  the 
Niclausse  boiler,  which  had  the  same  field  tube  arrangement. 
His  personal  experience  had  taught  him  the  desirability  of 
having  the  water  storage  made  a  part  of  the  boiler,  which 
provided  to  a  certain  extent  an  immediate  source  of  water 
supply,  when  the  combustion  in  the  fm'uace  was  quickly  in- 
creased to  meet  a  sudden  demand  for  steam.  The  tendency 
of  many  inventors  in  producing  compact  water-tube  boilers, 
especially  those  of  the  marine  type,  had  been  either  to  reduce 
greatly  the  size  of  their  steam  and  water  drums,  or  else  to  do 
away  with  them  altogether;  and  it  was  still  an  open  question 
as  to  how  far  this  could  be  safely  and  rationally  done.  In  the 
Talbot  boiler,  automatic  regulating  devices  did  away  with 
water  storage. 

While  the  Talbot  boiler  did  not  better  the  Niclausse  boiler 
in  exaporative  rate,  it  required  considerably  less  space  per 
unit. 

His  experience  did  not  lead  him  to  believe  that  there  was 
solid  water  within  all  the  tubes  of  the  Talbot  boiler  when  it 
was  in  operation.  Tests  made  in  England  on  the  BeUeville 
boiler,  of  somewhat  similar  tube  arrangement  and  forced 
water  circulation,  had  shown  that  50  per  cent  of  the  boiler 
under  normal  conditions  was  filled  with  steam.  Judging  from 
this,  it  was  safe  to  assume  that  a  considerable  lower  portion 
of  the  Talbot  boiler  was  filled  with  steam  during  operation, 
and  such  steam-bathed  surfaces  could  liardly  be  considered 
good  water-contact  heating  surfaces,  i.e.,  efficient  for  the  pro- 
duction of  steam. 

He  believed  in  the  contraflow  principle  in  operating  boilers, 
providing  it  could  be  accomplished  by  simjile  means  and  with- 
out too  great  an  expenditure,  or  inaccessible  moving  parts. 

Extended  experience  had  taught  him  that  the  highest  results 
for  heat  transmission  in  boilers  were  secured  by  removing  the 
steam  from  the  heating  surfaces  almost  as  rapidly  as  it  was 
formed,  and  thereby  permitting  the  greatest  possible  area 
within  such  heating  surface  to  be  bathed  and  wetted  with 
solid  water.  In  this  type  of  boiler,  which  prevented  the  steam 
formed  in  the  interior  of  the  boiler  from  escaping  from  the 
heating  surface,  we  were  certainly  not  improving  the  condi- 
tions required  to  facilitate  rapid  heat  transmission  through 
the  lower  and  most  valuable  area  of  the  heating  surface. 

The  danger  of  scale  in  a  boiler  equipped  with  field  tubes 
was  brought  out  by  Mr.  Gary,  who  said  that  although  there 
might  be  a  sufficiently  high  velocity  to  prevent  scaling  when 
the  boiler  was  in  operation,  there  were  periods  when  the  boiler 
would  be  shut  down  and  when  the  scale  might  accumulate  so 
persistently  that  the  circulation  of  the  water,  upon  resump- 
tion of  operation,  would  not  be  sufficient  to  remove  it. 


Capt.  G.  A.  Carr,  U.S.N.,  said  that  the  tirst  tests  of  the 
Talbot  boiler  for  the  navy  showed  particularly  good  results  in 
the  reduction  of  the  quantity  of  oil  burned  and  the  increase  in 
speed  of  the  boat.  It  was  believed  that  in  this  case  the 
economy  was  caused  directly  by  furnishing  dry  or  superheated 
steam  to  an  engine  which  previously  had  been  very  wasteful 
through  the  use  of  wet  steam.  The  use  of  the  Talbot  boiler 
appeared  to  furnish  a  ready,  reliable,  convenient  and  inex- 
pensive means  of  supplying  steam  of  any  desired  degree  of 
superheat  for  small  power  installations  in  which  oil  was  used 
as  fuel. 

Perfect  control  of  the  feed  system  for  this  type  of  boiler 
was  essential.  On  account  of  the  small  reserve  capacity  of 
steam  and  the  friction  of  steam  and  water  in  the  boiler,  the 
feed  pumps  usually  furnished  with  small  marine  plants  would 
be  found  unsatisfactory.  The  automatic  control  valves  were 
intended  for  use  when  the  engines  were  running  steadily. 
When  working  to  bell  signal,  the  oil  supply  and  feed  valves 
were  necessarily  regulated  by  hand. 

Captain  Carr  considered  the  oil-buming  system  furnished 
with  the  Talbot  boiler  unsuitable  for  large  boilers  and  waste- 
ful of  botii  oil  and  steam  with  small  ones. 

Prof.  R.  C.  Carpenter  said  that  a  study  of  the  White  boiler 
plant  in  connection  with  the  Talbot  boiler  should  prove  of 
interest.  He  made  reference  to  a  paper  which  he  presented 
in  December,  1906,  and  which  appears  in  Vol.  28  of  the  So- 
ciety's Transactions,  dealing  with  his  tests  of  the  White  auto- 
mobile boiler. 

John  W.  Parker  spoke  of  the  difficulties  he  had  experienced 
with  his  early  investigations  of  boilers  of  the  general  type  of 
tlie  Talbot  boiler,  particularly  with  the  scale  formed  by  the 
insolubles  in  the  boiler  water.  He  showed  how  Belleville,  who 
attempted  for  a  long  time  to  build  a  water-tube  boiler  without 
any  drum,  finally  installed  the  drum,  later  introducing  a 
gravity  circulation  independent  of  the  pump,  and  at  last  suc- 
ceded  through  perfected  automatic  control  devices.  If  the 
Talbot  boiler  succeeds,  he  believed  it  would  depend  on  the 
efficiency  of  the  automatic  devices  for  its  success. 

In  his  oral  closure,  Paul  A.  Talbot  pointed  out  that  the 
particular  advantage  of  the  field-tube  construction  was  the 
relieving  of  the  strains  due  to  the  expansion  of  tubes  between 
tube  sheets.  He  showed  that  in  the  tubes  in  his  boilers,  the 
expansion  under  a  temperature  of  800  deg.  fahr.  was  as  great 
as  one-half  an  inch.  The  high  velocity  of  circulation  under 
extreme  firing  conditions,  he  said,  keeps  the  boiler  cool. 

Speaking  of  the  deposits  in  the  boiler  tubes,  Mr.  Talbot 
stated  that  even  with  the  water  of  Puget  Sound  in  the  boilers 
there  was  no  accumulation  of  scale  in  the  tubes.  After  stand- 
ing all  night,  there  was  a  small  amount  of  silt  in  the  tubes, 
but  this  was  swept  away  as  soon  as  circulation  was  set  up. 
The  high  velocities  would  damage  by  erosion,  rather  than 
corrosion.  There  was  never  any  formation  of  sediment  noted 
when  the  tubes  were  examined  after  the  boiler  had  been  shut 
down. 

In  answer  to  a  question  put  by  D.  K.  Warner'  about  limit- 
ing the  draft  to  two  inches,  Mr.  Talbot  said  that  two  inches 
was  not  a  limit.  Lack  of  time  and  money  have  prevented  ex- 
periments with  forced  draft. 

The  tube  referred  to  in  the  original  paper  which  was  re- 
moved in  61  sec.  was  chosen  at  random  by  the  officers  in  charge 
of  the  test  as  the  one  they  wished  changed.  All  of  the  tubes 
were  accessible,  but  it  was  not  possible  always  to  change  a 
tube  in  as  short  a  space  of  time  as  this. 
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Sherwood  F.  Jeter  was  auswered  that  the  change  in  the  con- 
struction of  the  lieader  was  made  because  it  simplified  the 
construction  and  for  no  reason  which  affects  the  operation  of 
the  boiler.  (This  change  in  construction  was  illustrated  in 
one  of  Mr.  Talbot's  slides  and  did  not  appear  in  the  illustra- 
tions accompanying  the  original  paper.  It  referred  to  the 
cored  passages  of  the  header.) 

MR.   PARKER   OUTLINES   THE   DEVELOPMENT   OF    HIS 
DOWNFLOW  TYPE  OF  STEAM  BOILER 

The  downflow  type  of  steam  boiler  was  discussed  at  length 
by  John  Clinton  Parker  in  a  paper  bearing  that  title.  With 
the  aid  of  lantern  slides,  Mr.  Parker  presented  an  interesting 
lecture. 

This  paper  describes  the  early  experiments  which  demon- 
strated the  possibility  of  circulating  the  water  in  boilers  ap- 
parently contrary  to  the  natural  way,  that  is,  downward 
ratlier  than  upward.  From  these  there  was  developed  the 
downflow  boiler  which  was  designed  and  had  been  built  by  the 
author  for  a  number  of  years. 

Among  the  advantages  of  the  downflow  principle  was  the 
fact  that  the  course  of  the  water  and  steam  were  opposite  to 
those  of  the  flame  and  hot  gases,  consequently  the  hottest 
particles  of  each  were  in  communication  with  the  hottest  par- 
ticles of  the  other  and  there  was  a  minimum  difference  of 
temperature  between  the  adjacent  particles  of  the  two. 

The  tubes  are  formed",  by  connecting  their  ends  together 
through  junction  boxes,  into  a  number  of  vertical  coils,  and  one 
of  the  special  problems  of  the  manufacture  of  this  boiler  was 
the  design  of  these  junction  boxes.  The  paper  described  these 
boxes,  which  were  constructed  of  malleable  iron. 

A.  A.  Gary  opened  the  oral  discussion  by  making  objection 
to  the  location  of  the  superheater  in  the  Parker  boiler,  which 
was  placed  in  the  combustion  chamber  near  the  bridge  wall. 
The  superheater,  he  said,  was  a  secondary  apparatus,  and 
after  the  boiler  had  absorbed  all  the  heat  possible,  the  waste 
gases  were  led  away  to  superheat  the  steam.  In  this  way,  one 
did  not  deprive  the  boiler  of  any  of  its  functions.  He  also 
pointed  out  that  the  efficiencies  obtained  with  the  Western 
coals  in  the  St.  Louis  tests,  quoted  by  Mr.  Parker,  were  not 
as  high  as  would  be  obtained  with  Eastern  coals. 

In  his  closure,  Mr.  Parker  cited  Rankine  as  his  authority 
for  placing  the  superheater.  He  deprecated  efforts  of  manu- 
facturers to  establish  exceptional  boiler  performance  under 
conditions  not  readily  obtained -in  practice,  and  stated  that  he 
had  made  it  a  rule  to  compare  his  boiler  with  others  under 
ordinary  working  conditions. 

MR.     WILDT     DESCRIBES     THE     PENCIL     ELECTRODE 
METHOD    OF    WELDING 

E.  A.  Wildt'  gave  an  illustrated  talk  dealing  with  The 
Pencil  Electrode  Method  of  Welding.  The  manuscript  was 
received  too  late  to  appear  on  the  program,  but  was  presented 
at  the  request  of  the  Boiler  Code  Committee  in  order  that  this 
important  subject  might  receive  a  general  discussion. 

The  object  of  the  paper  was  to  educate  engineers  on  the 
matter  of  welding,  by  a  description  of  the  pencil  electrode 
method  which  was  used  for  boiler  joints.  The  author  wished 
the  Society  to  consider  whether  it  was  more  feasible  to  weld 
the  joints  of  a  boiler  drum  than  to  rivet  them  with  a  butt 
strap  joint. 


The  success  of  any  weld  depended  upon  bringing  the  pieces 
of  metal  to  the  proper  heat.  Electricity  was  used  only  to 
supply  the  heat,  and  in  the  pencil  method  only  just  enough 
heat  was  obtained  to  accomplish  the  joining  of  the  two  metals. 
Regardless  of  whether  the  voltage  or  the  amperage  were  uni- 
foiTu,  a  metal  wire  used  as  part  of  the  circuit  always  formed 
one  terminal  and  provided  the  welding  metal. 

The  temperatures  obtained  in  gaseous  and  eleetric-carbon 
welding  wherein  fluidity  of  both  metals  was  a  condition,  were 
2800  to  3000  deg.  fahr.,  while  in  the  electric-pencil  method 
the  temperature  did  not  rise  much  more  than  1500  deg.  fahr., 
which  was  only  enough  to  produce  a  plastic  condition. 

The  forge  welding,  approved  by  the  A.S.M.E.  Boiler  Code, 
caused  heavy  expansion  strains,  so  that  when  the  forge-welded 
seam  had  cooled  off,  the  adjacent  expanded  metal  produced 
tensile  strains  tending  to  pull  the  welded  portions  apart. 
The  pencil  electrode  and  the  forge  method  were  alike  in  the 
fact  that  in  neither  was  the  metal  heated  beyond  a  point  nec- 
essary to  produce  a  weld.  That  which  prevented  the  high 
temperature  in  the  weld  was  the  fact  that  as  fast  as  the  metal 
to  be  added  to  the  weld  became  plastic,  the  pencil  must  be 
advanced  toward  the  work  to  close  up  the  spark  gap,  the 
cun-ent  otherwise  being  interrupted.  Failure  on  the  part  of 
the  attendant  to  keep  this  gap  the  proper  size  at  all  times 
resulted  in  the  frequent  extinguishing  of  the  arc.  The  heat 
being  confined  to  the  smallest  area,  the  expansion  and  con- 
traction strains  were  small. 

Welds  made  by  this  method  were  feasible  for  pressures  of 
500  lb.  per  sq.  in.  with  hajf-ineh  plates,  as  had  been  demon- 
strated by  experiment. 

The  metal  of  the  weld  could  be  controlled  by  the  kind  of 
metal  that  was  added.  The  weld  was  made  thicker  than  the 
original  plate  to  be  sure  of  strength. 

There  was  at  the  present  time  a  small  water-tube  boiler  of 
the  vertical  two-drum  type  in  service.  All  the  tubes  were  bent 
and  there  was  not  a  rivet  in  the  drums. 

A  written  discussion  of  Mr.  Wildt's  paper  was  presented 
by  P.  A.  E.  Armstrong,'  and  illustrated  with  lantern  slides. 
The  superiority  of  electric  welding  over  gas  or  fire  welding, 
Mr.  Armstrong  said,  was  due  to  the  extremely  localized  char- 
acter of  the  heat  generated  by  the  electric  are,  thereby  result- 
ing in  a  smaller  area  of  thennal  disturbance. 

While  the  electric  carbon  arc  had  a  tendency  to  heat  the 
metal  almost  as  much  as  the  gas  process,  the  bare-wire  electric 
process  restricted  tlie  thermal  disturbance  in  a  large  measure. 
The  deposited  metal,  however,  was  usually  oxidized  and  dis- 
tinctly cold-short,  therefore  having  almost  a  complete  absence 
of  ductility.  The  problem  was  to  surround  the  bare  wire  with 
a  substance  such  as  the  slag  which  formed  when  steel  was 
made  in  order  to  protect  the  metal  of  the  weld  from  the  evils 
of  oxidation.  Such  a  means  was  employed  in  an  electrode 
recently  developed  in  Great  Britain. 

The  special  electrode  was  composed  of  an  iron  or  steel  core. 
Running  parallel  to  its  axis  was  a  very  thin  aluminum  wire, 
its  purpose  being  to  purify  the  melt,  and  covering  its  entire 
length  was  a  braided  slag.  The  cun'ent  passed  through  the 
core.  The  slagged  end  of  the  electrode  was  brought  in  con- 
tact ■svith  the  job  to  be  welded  and  an  arc  formed  which  had 
the  effect  of  fusing  the  core  and  the  covering  slag.  The  at- 
mospheric arc  was  extinguished  and  a  quasi  arc  of  vaporous 
slag  took  place.  The  molten  metal  flowed  out  at  the  end  of  the 
electrode  upon  the  work  and  was  at  all  times  covered  with  a 
large  body  of  protecting  slag,  which  had  the  effect  of  localiz- 
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ing  the  heat  and  insuring  the  complete  fusion  of  all  metal 
within  its  vicinity.  There  was  no  tendency  for  the  slag  to  be- 
come entangled  with  the  weld,  as  it  was  much  lighter  than 
metal  and  had  no  affinity  for  it. 

Most  conclusions  about  the  elongation  of  welded  specimens 
were  eiToneous,  as  the  elongation  did  not  occur  within  the 
weld. 

Corrosion  was  electrolytic  in  character  and  depended  upon 
the  difference  in  potential  of  contiguous  areas.  Commercial 
ircin  or  steel  contained  areas  which  in  the  presence  of  an 
electrolyte,  sueli  as  moisture,  were  capable  of  forming  voltaic 
circuits,  the  necessary  conditions  being  afforded  by  the  pres- 
ence of  small  particles  of  impurities  or  by  local  conditions  of 
strain  in  the  metal  itself. 

In  a  welded  joint,  if  the  metal  at  the  weld  were  less  pure 
than  the  surrounding  metal,  the  weld  would  be  first  attacked, 
and  if  the  added  metal  were  not  homogeneous,  local  differences 
of  potential  in  the  weld  itself  would  cause  corrosion  at  the 
weld.  The  metal  deposited  by  the  slagged  electrode  was  of 
remarkable  purity  and  hence  not  so  readily  subject  to  cor- 
rosion. 

Jolm  C.  McCabe  asked  Mr.  Wildt  about  the  welding  tem- 
perature of  1500  deg.  fahr.  which  he  mentioned,  and  bow  the 
stresses  set  up  in  the  weld  were  eliminated.  He  had  found  the 
welding  material  varied,  the  per  cent  of  elongation  running 
from  a  fraction  of  one  per  cent  up  to  the  highest  point,  11 
per  cent,  and  in  view  of  the  bendings  or  flexures  that  occurred 


in  the  best-formed  cylinders,  he  failed  to  see  how  an  auto- 
genous-welded vessel,  as  the  problem  was  understood,  could  be 
considered  a  safe  one. 

Was  not  the  great  difficulty  with  all  autogeneous  welding  for 
boiler  plates  in  general  the  fact  that  so  much  of  the  plate  ad- 
jacent to  the  weld  was  heated,  the  elastic  limit  of  the  plate 
reduced  and  its  elongation  increased?  asked  Christopher  H. 
Bierbaum.  It  was  known  that  autogenous  welds  could  be  made 
that  were  as  strong  or  stronger  than  the  original  metal,  espe- 
cially if  the  weld  were  left  a  little  thicker  than  the  metal  itself. 
Under  such  circumstances  there  was  no  question  as  to  the 
strength  of  the  weld  that  could  be  made,  but  did  not  the  in' 
ternal  strains  and  the  heating  of  the  plate  induce  conditions 
which  should  be  very  carefully  determined  before  any  theo- 
retical conclusions  could  be  drawn  ? 

In  his  oral  closure,  Mr.  Wildt  said  that  the  temperature  of 
1500  deg.  fahr.  was  more  or  less  estimated.  He  also  called  at- 
tention to  the  fact  the  same  disturbance  was  set  up  when  the 
process  of  welding  approved  by  the  Boiler  Code  was  used  as 
when  the  pencil  electrode  method  was  used.  When  one  con- 
sidered tlie  strains  due  to  contraction  and  expansion,  they  were 
very  much  less  in  the  pencil  method  than  in  the  approved  form 
of  welding.  This  was  because  the  heat  was  localized  and  con- 
fined to  a  small  area.  In  the  pencil  method,  the  weld  was 
heated,  while  with  the  approved  forged-weld  process  there  was 
quite  a  considerable  area  heated  along  the  entire  length  of  the 
seam. 


RAILROAD  SESSION,   FRIDAY  MORNING 


BEFORE  a  representative  audience,  the  Railroad  Session 
of  the  Annual  Meeting  was  called  to  order  by  E.  B. 
Katte,  Chairman  of  the  Sub-Committee  on  Railroads,  who 
introduced  Mr.  T.  L.  Burton.  Mr.  Burton  presented  a  paper 
on  Clasp  Brakes  for  Heavy-Passenger-Equipment  Cars.  The 
author  first  discussed  the  braking  required  for  present-day 
heavy-steel-passenger-car  equipment,  and  then  gave  results  of 
several  series  of  brake  tests  made  by  different  railroads  since 
1902.  As  tlie  author  stated  in  his  presentation,  he  did  not 
attempt  to  describe  any  particular  brake,  but  confined  his  re- 
marks to  what  might  be  expected  of  a  clasp  brake  properly 
designed  and  constructed. 

The  discussion  was  opened  by  H.  H.  Vaughan,  who  com- 
mended the  author  for  calling  attention  again  to  the  desira- 
ability  of  this  type  of  brake,  which  has  been  so  clearly  estab- 
lished by  experiment  and  experience.  He  said  the  only  reason 
the  brake  was  not  adopted  on  the  Canadian  Pacific  Railway 
was  that  they  had  a  type  of  truck  to  which  it  was  difficult  to 
apply  it,  and  that  with  the  low  speeds  there  was  apparently 
no  advantage  in  the  clasp  brake  over  the  ordinary  brake  with 
a  large  area  of  brake  shoe. 

S.  G.  Thompson  also  agi'eed  with  the  author  as  to  the  supe- 
riority of  this  class  of  brake.  He  said  it  is  perfectly  reason- 
able to  think  that  better  results  will  come  from  applying  the 
braking  force  on  the  two  sides  of  the  wheel. 

His  road  had  the  advantage  of  having  Mr.  Burton  design 
some  of  their  equipment  in  the  early  days  of  the  clasp  brake, 
and  it  was  under  his  supervision  that  a  great  deal  of  the  pre- 
liminary detail  work  was  done. 

C.  D.  Young  also  heartily  indorsed  everything  in  Mr.  Bur- 
ton's paper.  He  said  the  Pennsylvania  Railroad  had  and  still 
has  quite  a  large  number  of  steel  cars  with  four-wheel  trucks 
with  the  single-shoe  brake,  and  they  had  come  to  the  conclu- 
sion that  the  saving  of  brake-shoe  material  would  justify  the 


reconstruction,  so  that  as  far  as  this  road  is  concerned  there 
will  be  nothing  but  clasp  brakes  on  their  steel  equipment  in 
time.  The  same  thing  applied  to  the  six-wheel-truck  cars,  for 
which  it  is  still  more  difficult  to  get  a  successful  design. 

He  emphasized  Mr.  Burton's  contention  that  for  the  success- 
ful and  economical  operation  of  the  clasp  brake  the  design 
must  be  correct.  If  you  do  not  have  a  correct  design  you 
will  not  get  the  results,  and  he  knew  of  installations  today 
wliich  were  incorrect  and  which  should  be  modified  to  get  the 
advantages  to  be  expected  from  two  shoes  per  wheel. 

He  thought  that  some  day  we  will  see  the  clasp  brake 
adapted  more  generally  to  tenders,  engine  trucks,  where  the 
wheels  are  heavily  loaded,  and  freight  ears. 

A  written  discussion  was  contributed  by  0.  C.  Cromwell, 
who  outlined  the  experiences  of  the  Baltimore  &  Ohio  Rail- 
road with  clasp  brakes.  This  road  now  considers  this  brake 
the  standard  brake  equipment  for  heavy-passenger-equipment 
cars.    Mr.  Cromwell's  discussion  will  be  published  in  full  later. 

In  closing  the  discussion  the  author  pointed  out  that  one 
of  the  most  important  advantages  of  the  clasp  brake  is  with 
low-speed  trains,  where  it  reduces,  if  not  eliminates,  slack 
action.  If  thei-e  is  anything  second  in  importance  to  stopping 
trains  in  a  desired  distance  it  is  in  stopping  them  smoothly 
from  low  speed. 

What  Mr.  Yoimg  said  on  the  importance  of  properly  fitting 
a  brake  design  is  another  explanation  for  the  absence  of  illus- 
trations in  the  paper  of  the  design.  He  had  occasion  to  su- 
pervise if  not  to  make  a  gi-eat  many  clasp-brake  designs,  and 
it  is  the  rarest  thing  in  the  world  to  find  one  design  suitable 
for  two  similar  but  different  designs  of  cars.  With  respect 
to  the  application  of  the  brake  for  heavy-equipment  freight 
cars,  he  said  he  had  just  completed  designs  for  some  coal  cars 
to  carry  240,000  lb.  of  coal,  weighing  about  350,000  lb.  when 
loaded. 


48 


ACCOUNT  OF  THE  ANNUAL  MEETING 


The  Journal 
Am.Soc.M.E. 


MU.   MIHLFELD   DISCUSSES   COMPREHENSIVELY   THE 

SUBJECT   OF  THE   USE   OF   PULVEIIIZED   FUEL 

IN    LOCOiMOTIVES 

In  the  second  paper  of  the  session,  John  E.  Muhlfeld  gave 
the  principal  facts  and  conclusions  resulting  from  a  number 
of  years  of  investigation  and  research  and  of  development 
work  in  connection  with  the  important  subject  of  the  use  of 
pulverized  fuel  in  steam-railway  operation.  Mr.  Muhlfeld's 
paper  was  a  comprehensive  treatise  covering  the  entire  field 
of  the  subject — prejiaration  of  the  fuel,  storage,  handling, 
burning,  and  locomotive  performance.  It  concluded  with  a 
summary  of  the  advantages  of  the  use  of  pulverized  fuel  in 
regular  road  passenger  and  freight  service  and  was  supple- 
mented with  a  number  of  illustrations  setting  forth  the  prin- 
cipal reductions  to  practice  and  results  obtaining  at  this  time. 

The  oral  discussion  of  the  paper  was  opened  by  W.  L.  Rob- 
inson, who  expressed  his  opinion  that  the  paper  covered  prac- 
tically everything,  although  a  number  of  points  could  be  elab- 
orated upon. 

Mr.  Robinson  said  that  the  application  of  powdered  fuel 
would  be  a  practical  advantage  on  his  own  road  at  the  present 
time  on  account  of  the  irregularity  of  supply  of  coal  and  the 
oar  shortage.  Using  pulverized  coal  would  do  away  with  this 
entirely. 

He  thought  the  biggest  thing  that  would  appeal  to  the  con- 
ducting-transportation  side  was  the  delays  at  terminals.  On 
one  of  the  larger  roads,  which  uses  about  6,000,000  tons  of 
coal  a  year,  the  average  mechanical  delays  at  some  of  the 
heaviest  maintaining  stations  are  between  10  and  11  hours, 
and  the  lowest  delay  at  dispatching  stations  is  from  3V2  to  5 
hours,  or  an  average  of  6  hr.  7  min.  There  is  no  question  but 
what  if  you  could  eliminate  the  ashpit  delays  you  could  cut  the 
delays  nearly  in  half. 

One  statement  of  the  author  that  impressed  him  was  that 
with  pulverized  coal  more  skUled  manual  control  of  combustion 
and  assistance  to  the  engineer  in  the  operation  of  the  loco- 
motive and  obsenation  of  track  and  signals  were  secured.  He 
thought  that  would  help  a  great  deal  toward  safety. 

The  chairman  expressed  a  difference  of  opinion  with  one 
jiaragraph  in  the  paper,  that  the  extraordinary  expenditure 
required  for  first  cost  and  fixed  charge,  as  well  for  combined 
maintenance  and  operation,  together  with  the  necessity  for 
reliability  and  flexibility,  preclude  the  general  use  of  electric- 
ity as  a  motive  power.  He  thought  it  would  not  be  difficult 
to  show  that  the  electric  locomotive,  and  the  complete  electrical 
installation  behind  it,  can  be  maintained  cheaper  than  the 
equivalent  steam  miit.  As  to  reliabilitj*,  he  believed  the  elec- 
tric installation  has  been  shown  to  be  more  reliable  under  all 
conditions  than  the  steam;  and  as  to  flexibility,  in  some  cases 
two  electric  will  replace  three  steam  locomotives,  and  the 
electric  locomotive  does  not  have  to  be  turned  round,  nor  go 
to  the  ashpit,  nor  receive  coal.  He  admitted  that  at  the 
present  time  the  first  cost  precluded  the  use  of  electricity  ex- 
cept under  special  conditions. 

George  L.  Fowler  took  up  a  point  not  touched  on  in  the 
paper  or  discussion, — the  action  of  fireboxes  in  service.  The 
application  of  powdered  fuel  appealed  to  him  very  strongly 
from  the  fact  that  apparently  with  it  a  more  constant  firebox 
temperature  could  be  obtained.  It  is  very  ditBcult  to  appre- 
ciate how  sensitive  a  firebox  is  to  slight  variations  in  tem- 
perature. 

C.  D.  Young  gave  his  experiences,  extending  over  four 
years,  in  attempting  to  burn  powdered  fuel  in  a  stationary 
locomotive  firebox.    In  his  own  words: 


"  The  result  of  that  work  up  to  this  time  indicates  very  def- 
inite limitations  in  the  use  of  pulverized  fuel.  The  first  lim- 
itation we  have  found  is  that,  when  we  attempted  to  bum  the 
•  quantity  of  fuel  per  hour  that  would  justify  tlie  expense  of 
putting  the  device  in  the  locomotive,  we  melted  up  most  every- 
thing that  we  had  in  the  firebox.  Our  combustion  chamber 
gave  us  trouble  and  annoyance  that  would  make  it  impractica- 
ble for  us  to  apply  the  device  to  road  operation.  This  can 
be  controlled,  at  least  we  have  controlled  it,  but  as  soon  as 
we  attempt  to  control  it  we  offset  the  efficiency  of  combustion : 
in  other  words,  we  reduce  the  temperature  of  the  firebox  by 
excess  oxygen,  so  as  to  protect  the  fire-brick  in  the  box,  then 
we  have  excess  fuel  for  that  burning  rate. 

He  thought  it  verj'  desirable,  however,  that  everyone  who 
has  the  problem  that  powdered  fuel  presents  should  work 
upon  it. 

Mr.  Young  then  took  up  various  points  in  the  paper  and 
discussed  them  in  the  light  of  his  own  experience,  summarizing 
in  conclusion  with  the  statement  that  the  powdered-fuel  stoker. 
operating  as  it  does  with  reduced  stand-by  losses,  gives  that 
margin  of  economy  to  pay  for  the  stoker. 

L.  S.  Randolph  thought  that  in  designing  the  apparatus  for 
storing  and  handling  powdered  fuel,  the  matter  of  dust  ex- 
plosions should  be  watched  verj'  closely.  While  the  author 
seemed  to  have  passed  over  this  question  with  very  slight  ref- 
erence, it  should  be  elaborated  on  and  handled  very  carefully. 

To  G.  M.  Basford,  who  next  discussed  the  paper,  two  state- 
ments stood  out  above  all  the  other  good  ones  in  this  paper. 
The  fli'st  was :  "  The  future  steam  locomotive,  on  account  of 
its  track  and  bridge  weight  and  tunnel  and  overhead  clearance 
limitations,  will  be  required  to  produce  the  maximum  hauling 
capacity  per  unit  of  total  weight."  We  have  not  yet  gotten 
fairly  started  on  that  principle,  and  to  have  that  question 
raised  in  connection  with  the  subject  of  improved  combustion, 
or  pulverized  fuel,  really  was,  it  seemed  to  him,  a  very  impor- 
tant thing  to  come  before  the  engineers  and  the  railroad  people 
at  this  time. 

The  other  statement  of  equal  importance  was  the  comparison 
of  the  work  of  an  Atlantic  type  locomotive,  burning  pulverized 
fuel,  with  that  of  a  Pacific  type  locomotive.  There  are  so 
many  Atlantic  type  locomotives  in  this  country  to-daj',  and 
the  Atlantic  type  of  locomotive  really  represents  in  this  case 
a  large  number  of  small  engines  in  every  part  of  the  country. 
Tliis  statement  becomes  so  important  because  the  Atlantic  type, 
with  improved  combustion,  can  be  made  to  do  in  one  ease  the 
work  of  a  Pacific  type  engine,  and  the  next  thought  naturally 
is:  How  many  Atlantic  types  may  be  made  to  do  the  work  of 
Pacific  types  today?  By  applying  this  pulverized-fuel  prin- 
ciple to  new  designs,  it  will  have  the  effect  of  prolonging  the 
life  and  putting  back  into  semice  a  good  many  outclassed  en- 
gines on  the  one  hand,  and  introduce  the  possibility  of  using 
it  from  the  gi'ound  up  in  new  design  where  you  start  with 
a  clean  sheet  of  paper.  That  has  never  yet  been  done,  with 
the  exception  of  the  consolidated  locomotive  on  the  Delaware 
&  Hudson. 

Charles  Whiting  Baker  vpas  impressed  with  that  part  of  the 
paper  wherein  it  was  stated  that  the  pulverized-coal  equip- 
ment would  permit  the  use  of  low-grade  fuels.  In  some  of  the 
special  locations  where  such  fuels  are  obtainable  for  successful 
development  of  powdered  fuel,  a  large  reduction  in  operating 
expenses  may  ultimately  be  brought  about,  even  when  the 
cost  of  fuel  is  taken  into  account. 

He  thought  that  the  possibility  of  using  this  development 
for  switching  locomotives  in  yard  service  was  of  immediate 
interest.     If  with   powdered   coal  you   get   a   locomotive  free 
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from  smoke,  you  have  taken  a  big  step  toward  putting  an 
end  to  the  agitation  against  the  switching  locomotive  with  its 
smoke. 

It  would  be  very  desirable  if  the  author,  in  his  closure,  would 
state  if  it  were  possible  to  regulate  the  burners  so  that  the 
amount  of  fuel  burned  could  be  made  to  correspond  with  the 
demand  for  steam — ^whether  it  were  possible,  for  example,  to 
operate  a  switching  locomotive  and  not  have  it  blow  off  and 
waste  heat  while  standing. 

Angus  Sinclair  considered  that  the  progress  made  lately 
with  the  combustion  of  pulverized  fuel  has  been  greater  than 
any  made  in  railway  operation  for  many  years. 

A  lengthy  written  discussion  of  Mr.  Muhlfeld's  paper  was 
contributed  by  E.  H.  Stroud,  who  predicted  that  still  better 
results  will  be  had  than  those  cited  in  the  jDaper. 

C.  W.  Corning  enlarged,  in  a  written  discussion,  upon  some 
of  the  good  qualifications  of  powdered-fuel  burning  stated  in 
the  pajaer. 

J.  H.  Manning  wrote  that  the  paper  ably  covered  the 
ground,  and  confirmed  the  author's  statements  with  experi- 
ences with  Engine  No.  1200  on  the  Delaware  and  Hudson. 

S.  S.  Riegel  lent  further  assurances  of  eventual  successful 
operation  of  powdered-fuel  equipment  for  locomotive  service 
by  referring  to  important  successful  users  of  powdered  fuel 
in  industrial  works.  He  stated  that  the  final  and  best  results 
had  not  yet  been  obtained. 

In  his  closure,  Mr.  Muhlfeld  discussed  the  question  of  the 
steam  vs.  the  electric  locomotive,  stating  as  his  opinion  that 
the  self-contained  motive-power  unit  will  be  the  one  upon 
which  we  will  have  to  depend  for  handling  heavy  freight  trains 
over  long  distances.  Of  course,  in  a  terminal  proposition  we 
have  other  conditions,  and  electrification  is  bound  to  be  in- 
stalled. 

He  rei'lied  to  Mr.  Baker's  question  of  the  applicability  of 
powdered  fuel  to  switching  service,  that  one  thing  which  has 
caused  a  great  deal  of  trouble  is  the  absolute  control  of  the 
fuel  bed.  This  has  only  been  attained  recently,  with  the  de- 
velopment of  a  special  feed-governing  device  which  gives 
almost  any  range  and  is  very  effective. 

THE     ilECHAXICAL    DESIGN    OF     ELECTRIC    LOCOMO- 
X1VE8  DISCUSSED  BY  MR.  BATCHELDER 

The  paper  by  A.  F.  Batchelder  on  the  Mechanical  Design  of 
Electric  Locomotives  dealt  with  features  of  safety  of  opera- 
tion, general  requirements  of  design,  adaptability  to  service 
conditions  in  regard  to  nature  of  traffic  and  track,  con- 
venience of  arrangement  of  operating  devices  and  location  of 
operator  as  affecting  safety  and  efficiency,  power  efficiency  as 
affected  by  mechanical  design,  service-time  factor,  cost  of 
maintenance  of  permanent  way  and  of  locomotives,  and  first 
cost  of  a  locomotive.  The  paper  was  presented  by  the  author, 
who  felt  that  too  much  importance  could  not  be  given  to  de- 
veloping to  the  utmost  the  mechanical  part  of  the  electric 
locomotive  that  is  the  simplest  in  design  and  highest  in  effi- 
ciency. 

C.  H.  Quereau  presented  a  written  discussion,  which  will  be 
published  in  more  extended  form  later,  in  which  he  gave 
statistics  which  would  permit  a  personal  conclusion  as  to  the 
reliability  in  service  of  the  electric  locomotives  used  on  the 
New  York  Central  Railroad.  He  thought  that  these  statistics 
would  probably  be  more  satisfactory  than  any  general  state- 
ment or  expression  of  opinion,  no  matter  how  autlioritative. 

Experience  had  shown  him  that  the  cost  of  maintenance  of 
engines  in  switching  service  was  about  twice  that  of  those 


used  exclusively  in  road  service.  During  the  period  1912-1915 
the  cost  of  maintaining  the  road  locomotives  had  been  about 
2.5  cents  per  mile  and  that  of  the  switch  engines  about  4.8 
cents  per  mile.  For  the  first  ten  months  of  1916  these  figures 
had  been  approximately  2  cents  and  4  cents,  respectively,  but 
he  doubted  whether  they  could  be  kept  permanently  at  this 
level.  It  was  only  fair  to  state  in  this  connection,  however, 
that  the  locomotives  had  not  been  designed  for  switching  serv- 
ice, and  with  that  in  view  they  had  given  remarkable  results. 

George  Gibbs,  who  also  contributed  a  comprehensive  written 
discussion  which  it  is  impossible  to  abstract  satisfactorily,  and 
which  will  therefore  be  published  in  full  later,  gave  some  opin- 
ions of  his  own  regarding  electric-locomotive  design.  He 
stated  at  the  outset  that  a  complete  presentation  of  this  sub- 
ject has  yet  to  be  made.  All  we  can  really  do  at  present  is 
to  chronicle  experience  with  various  types  and  classes  of  elec- 
tric locomotives  in  various  services.  Unfortunately,  the  total 
number  actually  in  service  is  quite  limited,  and  the  period  over 
which  our  experience  runs  is  also,  in  many  cases,  short. 

He  would  say,  generally,  however,  that  the  elimination  of 
reciprocating  parts  from  the  locomotive — a  result  accom- 
plished in  electric  but  impossible  in  steam  locomotives — did 
not  warrant  us  in  abandoning  some  of  the  very  important 
principles  well  demonstrated  in  steam  practice;  namely,  that 
for  safe  and  successful  operation  under  average  track  con- 
ditions, high  center  of  gravity,  low  dead  weight  below  spring 
supports  and  unsymmetrical  wheel  and  weight  distribution 
give  best  results.  AH  this  applied  especially  to  high-speed 
operation;  for  low  speed  similar  arrangements  were  also  de- 
sirable but  not  so  essential. 

C.  E.  Eveleth  also  contributed  a  written  discussion,  in  which 
he  endorsed  the  paper  as  bringing  out  all  the  essential  ele- 
ments which  should  be  taken  into  consideration  and  properly 
balanced  before  judgment  is  passed  in  favor  or  criticism  of  the 
mechanical  features  of  a  particular  locomotive. 

With  the  author's  suggestion  of  the  use  of  a  truck  center 
pin  located  in  a  well-elevated  position,  all  of  the  advantages 
of  high  center  of  gravity,  so  far  as  effect  on  rail  displacement 
was  concerned,  could  be  obtained.  On  the  other  hand,  with 
ordinary  leading-truck  designs,  it  appeared  that  the  high- 
center-of-gravity  designs  would  give  a  low-center-of-gravity 
effect  by  the  action  of  the  rear  truck  on  the  track  unless  the 
high-center-pin  arrangement  suggested  by  the  author  was 
adopted  on  the  trucks.  Apparently,  if  high  center  pins  were 
used  on  the  trucks,  the  location  of  the  center  of  gravity  was 
of  little  importance.  He  referred,  of  course,  to  symmetrically 
designed  locomotives  intended  to  run  in  both  directions. 

He  stated  the  incontrovertible  facts  upon  which,  from  a. 
mechanical  standpoint,  Mr.  Batchelder's  claim  for  superiority 
of  the  bipolar  gearless  design  for  high-speed  service  is  foimd. 
Features  which  do  not  seem  to  have  had  general  recognition 
place  this  design  distinctly  m  a  class  by  itself,  and  it  is  there- 
fore to  be  expected  that  where  the  system  of  electrification  will 
lend  itself  to  the  use  of  this  type  of  engine,  its  application 
will  become  very  general. 

The  chairman,  opening  the  oral  discussion,  thought  that  it 
is  perfectly  obvious  that  the  otily  difficulty  in  getting  the  elec- 
tric locomotive  to  ride  as  well  as  the  steam  locomotive  is  the 
added  requirement  of  operating  in  both  directions,  and  of 
course  this  arises  from  the  fact  that  the  machine  must  neces- 
sarily be  symmetrically  designed  about  a  center,  or  by  means 
of  cross-equalizing  an  effect  of  dissimilar  ends  must  be  created. 
He  thought  the  addition  of  hub  springs  had  done  more  to- 
wards the  easy  riding  of  a  symmetrical  locomotive  than  per- 
haps any  other  thing.     The  effect  is,  that  immediately  there 
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is  an  irre^ilarity  in  the  track,  one  wheel  tends  to  rise,  to 
leave  the  track,  and  because  of  the  turning  effect,  the  tendency 
is  to  skew  that  axle.  Because  of  the  very  sensitive  springs 
on  the  top  of  the  wheel,  the  wheel  is  almost  immediately 
forced  back  to  the  track,  and  the  tendency  to  oscillate  has  been 
broken  up. 

This  was  very  noticeable  on  one  of  the  late  types  of  New 
York  Central  engines.  Before  the  springs  were  added,  it  was 
possible,  when  running  60  or  65  miles  an  hour,  to  see  the 
equalizers  work,  but  after  the  aiiplication  of  bub  springs,  the 
equalizers  acted  so  quicldy  that  the  eye  covdd  not  follow  them. 
He  had  always  believed  that  it  was  the  application  of  these 
hub  springs  that  created  the  particularly  easy  riding  of  the 
late  type  of  New  York  Central  locomotives. 

L.  S.  Randolph  took  up  the  question  of  the  guiding  action 
of  trucks,  wliich  he  thought  would  repay  study,  especially  in 
connection  with  the  electric  locomotive. 

The  safety  of  operation  was  next  discussed,  and  Geoi'ge 
L.  Towler  questioned  the  author's  statements.  This  discussor 
gave  results  of  his  investigations  in  regard  to  the  lateral  thrust 
of  engines  and  cars  upon  the  track.  He  gave  diagrams  on  the 
blackboard  to  show  why  he  disagreed  with  the  author's  state- 
ment that  the  rear  driver  puts  an  excess  pressure  on  the  rail 
on  the  outside  above  the  other  wheels.  He  also  demonstrated 
by  diagrams  what  thrust  is  put  on  the  track  on  a  curve  by  the 
wheels  of  various  types  of  engines. 

As  to  the  effect  of  height  of  the  center  of  gTavity,  Mr. 
Fowler  gave  his  reasons  for  thinking  that  the  thrust  is  quite 
as  dependent  upon  the  character  of  the  wheel  and  that  of  the 
vehicle  as  it  is  upon  the  center  of  gravity.  In  making  some 
investigations  in  which  he  had  occasion  to  measure  the  thrust 
on  trains  running  from  50  to  60  m.p.h.  over  an  8-deg.  curve, 
track  elevated  for  a  speed  of  24  m.p.h.,  he  found  that  the 
locomotive  did  not  begin  to  put  the  thrust  on  the  rail  that  a 
sleejiing  car  at  the  back  end  of  the  train  did,  and  yet  the 
height  of  the  center  of  gravity  of  the  locomotive  and  that  of 
the  sleeping  car  only  varied  about  three  or  four  inches. 

Mr.  Batchelder,  in  his  closure,  pointed  out  that  one  question 
he  wanted  to  bring  out  was  the  desirability  of  having  more 
weight  on  the  rail  at  the  place  of  the  thrust.  That  place,  by 
actual  test,  is  at  the  rear  truck.  That  is  not  from  guesswork, 
or  from  theory,  or  from  calculation,  but  is  actual  fact,  tested 
and  observed  for  50,000  miles  of  running,  for  the  particular 


purpose  of  finding  out  where  the  double-end  locomotive  took 
its  thrust.  He  had  witnessed  rails  displaced  %  in.  when  the 
front  end  of  the  locomotive  was  on  the  track. 

Mr.  Fowler  asked  Mr.  Batchelder  if  that  were  not  on  tangent 
track,  and  he  rejilied  that  it  was. 

Mr.  Batchelder  continued  that  in  striking  a  curve,  running 
on  a  tangent  track,  you  are  oscillating.  All  the  locomotives 
he  had  seen  run  did;  if  it  is  a  tangent  track  they  are  working 
from  side  to  side,  {providing  you  haven't  got  a  "  cock-eyed  " 
truck.  When  the  forward  truck  gets  to  one  rail  or  the  other, 
it  hits  the  rail,  and  there  is  only  one  place  to  hit  it,  and  that 
is  at  the  rear  end. 

On  a  curve  he  had  ne\-er  seen  any  trouble  with  double  ends^ 
except  where  a  large  resistance  was  jiut  against  the  curve, 
the  trucks,  in  other  words,  putting  on  too  much  resistance. 
A  double-end  engine,  according  to  his  experience,  is  absolutely 
smooth  and  good  running  on  a  properly  elevated  curve. 

In  regard  to  Mr.  Quereau's  remarks  as  to  the  pivot  point 
of  the  leading  truck,  he  had  to  say  that  he  knew  no  way  of 
observing  it,  but  in  his  opinion  the  outer  rail  would  be  the 
jioint  of  pivoting.  The  same  discussor  had  spoken  about  the 
resistance  tending  to  prevent  the  guiding  trucks  from  oscillat- 
ing, and  he  believed  that  this  was  true.  With  the  engines  the 
discussor  had  in  mind  there  was  a  frictional  resistance,  and 
when  once  the  truck  had  taken  a  position,  something  had  to 
be  struck  before  it  came  back  into  another  position,  and  it 
might  therefore  run  cock-eyed  on  the  track  and  cause  flange 
wear,  and  in  that  particular  case  flange  wear  was  much 
preferable  to  oscillation. 

Mr.  Katte  had  spoken  of  coil  si)rings  on  the  box,  and  he 
would  add  that  his  experience  with  them  had  been  gratifying. 
Mr.  Young  had  understood  him  to  say  that  a  locomotive 
would  not  run  backward  safely.  He  would  rather  modify  that 
statement  and  say  that  it  was  not  desirable  to  run  it  back- 
wards. For  that  matter,  he  did  not  know  of  any  operation 
of  locomotives  at  80  m.p.h.  backwards,  especially  (if  the 
American  type.  However,  in  making  tests  of  two  American- 
type  locomotives  back  to  back,  with  leading  trucks,  it  had  been 
his  experience  that  those  locomotives,  when  run  at  as  high  a 
speed  as  80  miles,'  did  affect  the  track  and  sometimes  very 
seriously.  The  defects  were  not  immediately  apparent,  but 
they  de\eloped  sooner  or  later. 


WORK  OF  THE  BOILER  CODE  COMMITTEE 


rHE  Boiler  Code  Committee  meets  monthly  for  the  purpose 
of  considering  communications  retatiie  to  the  Boiler  Code. 
Any  one  desiring  information  as  to  the  application  of  the  Code  is 
requested  to  communicate  with  the  Secretary  of  the  Committee, 
Mr.  C.  W.  Obert,  29  W^est  39th  St.,  New  York  City. 

The  procedure  of  the  Committee  in  handling  the  eases  is 
as  follows :  All  inquiries  must  be  in  written  form  before  they 
are  accejited  for  consideration.  Copies  are  sent  by  the  Secre- 
tary of  the  Committee  to  all  of  the  members  of  the  Committee. 
The  interpretation,  in  the  form  of  a  reply,  is  then  prepared 
by  the  Committee  and  passed  upon  at  a  regular  meeting  of 
the  Committee.  This  interpretation  is  later  submitted  to  the 
Council  of  the  Society  for  approval,  after  which  it  is  issued 
to  the  inquirer  and  simultaneously  ijublished  in  The  .Journal, 
in  order  that  any  one  interested  may  readily  secure  the  latest 
information  concerning  the  interpretation. 

Below  are  given  the  interpretations  of  the  Committee  as 
approved  by  the  Council  on  December  7,  1916,  in  Cases  Nos. 


b     No,  p  must  be  measured  as  specified  in  Par.  199. 

r  Par.  207  was  not  intended  to  cover  the  spacing  of  stay- 
bolts  on  flat  plates,  but  was  intended  for  staybolted  surfaces 
where  some  form  of  reinforcement  is  applied. 

d  According  to  Par.  257  of  the  Code,  in  order  to  eliminate 
the  incipient  cracks  left  by  shearing,  the  edges  of  the  plates 
must  be  finished  by  planing,  milling,  oi  chipping,  whether 
they  are  sheared  straight  or  beveled. 


Case  No.  114 

Inquiry:  Is  it  allowable  under  Par.  333  of  the  Code  to 
stamp  a  locomotive  type  boiler  over  the  fire  door,  when  the 
latter  is  located  in  the  side  of  the  furnace  section  of  the 
boiler"? 

Reply:  Such  a  boiler  may  be  considered  a  special  type, 
and  according  to  Par.  333j,  the  stamp  shall  be  placed  in  a 
conspicuous  location.  It  is  therefore  coiTect  to  place  the 
stamj)  near  the  fire  door. 


Case  No.  115 


Enlarged 
Detail 

Of 
Man  holij 


Inquiry:  Is  it  permissible  imder  the  Boiler  Code  to  use 
manhole  openings  in  the  heads  of  boilers  constructed  as  shown 
in  Fig.  6f 

Reply:  Yes,  when  the  head  is  flat  and  stayed  with  tubes 
as  shown  in  the  sketch,  or  otherwise  staved. 


Ca.se  No.  116 
(In   the   hands  of   the   Committee) 


Fig.  6     Special  Construction  of  Manhole  Opening 


Case  No.  117 
(Annulled) 


87,  113-123  inclusive.    In  this  report,  as  previously,  the  names 
of  inquirers  have  been  omitted. 

Case  No.  87 

Inquiry:  Is  there  any  restriotiun  in  the  Boiler  Code  against 
the  purchase  of  steel  plate  by  weight  per  square  foot  instead 
of  by  gage,  provided  there  is  a  factor  of  safety  of  five  through- 
out? 

Reply:  The  Boiler  Code  does  not  specify  how  the  plate 
shall  be  bought,  but  material  must  comply  with  the  Code  spe- 
cifications. 

Case  No.  113 

Inquiry:  a  Are  the  furnace  sheets  in  all  water-leg  boilers, 
such  as  vertical  fli'e-tube  boilers,  to  receive  staying  as  flat 
plates;  that  is,  when  it  is  necessary  to  use  staybolts  on  a  cir- 
cular furnace  sheet,  is  no  value  to  be  given  according  to  the 
Code,  to  the  furnace  sheet  due  to  its  curvature? 

b  When  the  circumferential  and  longitudinal  pitches  are 
not  equal,  can  their  product  be  used  in  place  of  p^  in  Par. 
199?  Also,  can  it  be  used  and  made  ec^ual  to  the  square  of 
the  values  given  in  Table  3? 

c  Is  it  the  purpose  of  Par.  207  to  provide  a  greater  spac- 
ing than  shown  in  Table  3  for  flat  plates? 

d  Is  Par.  257  intended  to  do  away  with  the  bevel  shear 
for  finishing  the  calking  edges  of  plates,  and  does  it  mean  that 
the  plate  edges  may  only  be  planed,  milled,  or  chipped? 

Reply:  a  An  internal  cylindrical  furnace  which  requires 
staying,  shall  be  stayed  as  a  flat  surface,  and  no  value  will  be 
given  the  furnace  sheet  due  to  its  curvature,  in  accord  with 
Par.  212.     (See  also  the  Reidy  in  Case  No.  57.) 


Case  No.  118 

Inquiry:     Is   it    permissible   under  Par.   185   of  the   Boiler 
Code,  to  build  a  horizontal  return  tubular  boiler  of  19/32-in. 


Fig.  7    AVelded  Connection  for  Internal  Pipe  to  Nozzle 

plate    (1/32  in.   heavier  than   the   limit   placed   by   Par.   185) 
without  planing  down  the  circumferential  joints? 

Reply:  The  shell  plates  in  horizontal  return  tubular  boil- 
ers, where  the  plate  thickness  exceeds  9/16  in.,  must  be  planed 
down  at  that  portion  of  the  circumferential  joint  exposed  to 
the  fire  or  products  of  combustion,  as  required  under  Par.  185 
of  the  Boiler  Code. 

Case  No.  119 

Inquiry:  a  Is  it  permissible  under  Par.  274  of  the  Boiler 
Code,  for  a  pop  safety  valve  with  a  higher  lift  than  the  maxi- 
mum given  in  Table  8  of  the  Code,  to  use  the  manufacturers' 
r.nted  capacity  of  discharge? 


52 


WORK  OF  BOILER  CODE    COMMITTEE 


The  Journal 
Am.Soc.M.E. 


b  Under  Par.  421  of  the  Code,  is  it  permissible  to  rate 
discharge  capacities  of  safety  valves  proportional  to  the  lifts, 
when  the  lifts  exceed  the  maximum  given  in  Table  8  of  the 
Code? 

c  If  for  a  boiler  equipped  with  a  superheater,  one  3-in. 
or  smaller  safety  valve  provides  sufficient  relieving  capacity, 
is  it  necessary  to  place  a  safety  valve  on  the  superheater  outlet 
in  addition  to  that  on  the  boiler,  or  will  one  safety  valve  on  the 
superheater  outlet  be  sufficient  for  both  superheater  and 
boiler? 

.  Reply:  a  According  to  Par.  274  of  the  Code,  if  the 
marked  relieving  capacity  of  the  valve  exceeds  that  given  in 
Table  8  of  the  Code,  the  maximum  relieving  capacity  given  in 
Table  8  governs  in  determining  the  minimum  capacity  of 
safety  valve  or  valves  to  be  placed  on  a  boiler.  It  -will  be 
noted  that  the  capacities  given  in  the  Table  are  for  bevel- 
seated  valves;  for  flat-seat  valves,  increase  these  values  by 
40  per  cent. 

b  In  determining  the  minimum  capacity  of  safety  valve 
or  valves  to  be  placed  on. a  boiler,  the  Table  should  be  used 
in  accordance  with  Par.  274. 

c  According  to  Pars.  269  and  288  of  the  Boiler  Code,  one 
safety  valve  will  be  sufficient  for  both  superheater  and  boiler, 
provided  one  3-in.  size  or  smaller  safety  valve  will  meet  the 
requirements  for  the  minimum  capacity  of  safety  valve  or 
valves  to  be  provided.  For  greater  relieving  capacities  than 
this  the  Code  calls  for  two  or  more  safety  valves. 

In  view  of  the  resistance  to  the  flow  of  steam  through  cer- 
tain forms  of  superheaters,  recommendation  has  been  made 
to  the  Committee  that  the  Code  be  revised  after  the  Public 
Hearing  on  December  8-9,  to  specify  the  use  of  both  super- 
heated and  saturated  valves,  without  exception,  in  all  super- 
heater boilers. 


Case  No.  120 

Inquiry :  Is  it  to  be  understood,  under  Par.  18  of  the  Boiler 
Code,  that  in  order  to  obtain  the  required  thickness  of  the  shell 
and  dome  plate  after  flanging,  that  sufficiently  heavier  plate 
must  be  used  to  give  the  required  thickness  at  the  edges  after 
the  flanging  process? 


Reply:  According  to  Par.  18  of  the  Code,  the  minimum 
thickness  of  shell  plates  and  dome  plates  after  flanging,  must 
be  5/16  in.  for  diameters  of  shell  from  36  in.  up  to  and  in- 
cluding 54  in.  in  diameter. 


Case  No.  121 

Inquiry:  Is  it  permissible  under  the  rules  of  the  Boiler 
Code  to  make  a  joint  by  welding  a  coupKng  or  nipple  by  the 
autogenous  process  to  the  imderside  of  a  steel  flanged  feed 
connection  ? 

Reply:  If  the  coupling  or  nipple  connection  is  secui-ely 
fastened  to  the  inner  side  of  the  steel  flange  feed  connection 
by  the  welding  process,  the  requirements  of  Par.  315  will  be 
complied  with. 


Case  No.  122 

Inquiry:  Is  it  permissible  under  the  rules  of  the  Boiler 
Code  to  weld  to  the  inner  side  of  a  wrought  steel  steam  nozzle 
a  coupling  or  nipple  connection  for  a  dry  pipe  within  the 
boiler,  as  shown  in  Fig.  7  ? 

Reply:  There  is  nothing  in  the  Code  to  prevent  the  use  of 
autogenous  welding  for  this  joint  where  no  strain  is  brought 
on  the  joint  through  the  action  of  the  steam  pressure. 


Case  No.  123 

Inquiry:  If  a  boiler  is  so  designed  that  a  manhole  applied 
as  required  by  Par.  264  cannot  be  used  for  cleaning  and  in- 
specting the  boiler,  would  the  requirements  of  tliis  paragraph 
be  met* 

Reply:  In  requiring  manholes  for  boilers,  as  specified 
under  Par.  264  of  the  Code,  it  was  the  intention  that  the 
boiler  should  be  so  designed  that  the  manhole  would  be  service- 
able for  entering  the  boilers  for  cleaning  and  inspection,  and 
all  such  boilers  as  referred  to  in  that  paragraph  should  be 
designed  so  as  to  accomi:)lish  this  purpose. 
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ELSEWHERE  in  this  number  will  be  found  the  account 
of  the  Annual  Meeting.  Those  -who  were  obliged  to  miss 
this  convention  lost  an  event.  In  order  for  one  to  progress  in 
his  work  it  is  essential  to  keep  in  touch  with  the  outside  world 
and  these  occasions  where  members  of  the  profession  from 
every  section  of  the  country  get  together  are  an  inspiration 
to  all. 

The  spirit  of  mutual  helpfulness  and  cooperation  was  espe- 
cially prominent.  The  keynote  was  sounded  by  our  Dr.  Hollis 
in  his  remarks  on  accepting  the  presidency  for  1917. 

Dr.  Hollis's  speech  presages  a  remarkable  year  for  this  So- 
ciety, and  it  is  fair  to  assume  that  other  societies  are  similarly 
imbued  with  the  sense  of  their  obligation  and  opportunity. 

I  took  breakfast  on  two  occasions  in  the  week  of  December 
11  witli  His  Excellency,  Nicholas  P.  Melnikoff,  the  engineer 
member  of  the  Cabinet  of  the  Czar  of  Russia. 

His  ExceUeney  is  just  completing  a  tour  of  the  United 
States  to  learn  American  methods  and  to  obtain  information 
generally  for  the  development  of  Russia,  including  such  a 
variety  of  subjects  as :  methods  of  gold  dredging,  lumbering, 
brazing,  smelting,  lighting  of  cities  and  district  steam  heating. 

He  informed  me  of  opportimities  of  the  most  fascinating 
character,  for  instance,  there  is  one  million  water  horse-power 
capacity  of  development  within  seventy- five  miles  of  Petro- 
grad.  Should  American  enterprise  see  fit  to  at  once  request 
concessions  they  would  be  favorably  granted,  whereas  after  the 
war  no  one  nation  could  be  thus  favored. 

In  addition  to  this  opportunity  of  the  Society  to  serve  the 
official  repi'esentative  of  a  nation  in  securing  information  of 
the  widest  scope  for  its  future  development,  I  was  impressed 
with  the  fact  that  there  is  an  engineer  in  the  Cabinet  of  the 
Czar'.  There  is  no  such  cabinet  oflSeer  in  the  United  States. 
We  have  no  officer  representing  industi-y,  in  distinction  from 
one  representing  labor  and  commerce. 

This  is  the  greatest  industrial  nation  on  the  globe  and  the 
relation  of  the  engineer  to  industry  is  so  intimate  that  perhaps 
it  is  not  an  extravagant  hope  that  during  the  progress  of  our 
country  there  may  be  a  department  of  engineering  sometime 
created  in  the  Cabinet  of  the  President  of  the  United  States. 

The  office  of  Engineer  of  the  Imperial  Cabinet,  in  Russia, 
while  it  did  not  always  have  this  name,  is  an  extremely  old 
one.  As  early  as  the  fifteenth  century  John  the  Terrible 
attached  to  his  household  engineei-s  whom  he  brought  over  from 
Greece  to  build  the  Cathedral  of  St.  Basil.  Peter  the  Great  at 
the  beginning  of  the  eighteenth  century  similarly  established 
engineers  with  official  titles  as  his  personal  advisers,  and 
moreover  made  them  his  personal  friends  in  much  the  same 
way  that  the  President  of  the  United  States  does  his  physician. 

The  Engineer  of  the  Russian  Imperial  Cabinet  has  a  great 
range  of  duties.  He  is  the  adviser  of  the  Emperor  in  not 
only  the  technical  matters  pertaining  to  his  palaces  but  to  the 
cities  known  as  palace  cities,  that  is,  the  towns  in  which  the 
imperial  palaces  are  located,  and  the  entire  administration, 
including  the  police,  is  in  the  hands  of  the  palace  authorities. 

By  virtue  of  the  fact  that  the  impei-ial  domains  embrace 


vast  territories,  larger  even  than  France,  not  only  in  the 
vicinity  of  Petrograd  but  in  Turkestan  and  Central  Asia,  the 
Engineer  is  responsible  for  the  development  in  forestry,  lum- 
ber, irrigation,  agriculture,  mining,  etc.,  and  it  is  for  these 
vast  sections  having  untold  wealth  and  resources  that  His 
Excellency  invites  the  interest  of  American  enterprise  and 
capital.  He  told  me  that  he  would  personally  assist  any  desir- 
ing to  investigate  these  opportunities. 

With  the  extraordinary  development  of  the  chemical  in- 
dustry in  this  country  and  the  happy  bringing  together  of 
the  American  Chemical  Society  in  intimate  cooperation  with 
the  Engineering  Societies  by  the  recent  invitation  of  the  Presi- 
dent of  the  United  States,  it  has  occurred  to  the  Secretary 
to  suggest  to  the  members  that  they  observe  the  remarkable 
opportunity  of  the  mechanical  engineer  in  chemical  industry. 
Such  work  as  we  might  imdertake  is  peculiarly  ours  as  distinct 
from  other  branches  and  obviously  distinct  from  chemical 
work  as  such,  namely,  the  transfer  of  a  perfected  laboratory 
process  to  a  manufacturing  process  including  plant  layout, 
the  handling  of  materials  to  secure  the  most  efficient  routing, 
the  designing  of  machinery  to  get  the  best  results,  etc. 

With  the  experience  of  the  nations  now  at  war  who  are 
working  in  mass  production  for  the  first  time  in  their  history, 
these  nations  will  henceforth  be  able  to  supply  to  still  better 
advantage  all  of  the  materials  which  they  have  been  accus- 
tomed to  supply. 

In  Canada,  so  I  am  informed,  apropos  of  competition  in 
manufacture,  any  individual  in  the  Dominion  may  go  into 
any  factory  making  munitions  and  observe  the  processes  and 
go  out  and  compete.  No  secrecy  is  permitted,  as  this  would 
defeat  the  object  of  defense  of  the  Dominion. 

What  has  been  made  a  necessity  in  Canada  by  virtue  of 
the  war,  in  its  fundamentals  will  hold  as  sound  business  pol- 
icy in  times  of  peace. 

In  general  there  is  throughout  the  country  the  greatest 
freedom  of  visitation  in  our  industries.  In  ten  years,  with 
quite  general  extension  of  courtesies  to  foreign  visitors  with 
letters  of  introduction  through  our  various  manufacturing 
establishments,  only  one  in  the  whole  United  States  has  re- 
fused admittance  to  such  a  visitor  when  duly  accredited  by 
this  Society. 

What  we  need  is  the  actual  getting  together  in  confer- 
ence of  the  various  heads  of  competing  industries  for  the 
purpose  of  comparing  costs,  developing  the  most  up  to  date 
methods  for  execution  in  the  several  plants  on  much  the  same 
basis  that  a  consultation  of  management  of  several  companies 
under  one  administration  would  naturally  effect,  so  that  we 
obtain  all  the  benefits  of  wholesome  rivalry  in  manufacture, 
reducing  costs  without  loss  of  independence.  Then  the  differ- 
ent industrial  organizations  should  again  get  together  in  a 
cooperative  work  of  selling  the  American  product. 

The  part  of  the  engineer  in  all  of  this  is  that  he  should  par- 
ticipate in  all  such  conferences.  The  more  an  engineer  takei 
a  national  and  even  a  world  view  point  the  more  service  is  he 
to  his  profession.  Calvin  W.  Rice,  Secretary. 
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ANNUAL  BUSINESS  MEETINCx 


THE  annual  business  meeting  of  the  Society  was  held  in 
the  Auditorium  of  the  Engineering  Societies  Building 
on  Wednesday,  December  6th,  1916,  at  10  a.  m.,  in  connection 
■with  the  3Tth  Annual  Meeting.    Dr.  D.  S.  Jacobus  presided. 

The  Secretary  presented  the  Annual  Report  of  the  Council 
for  the  year  1916,  to  which  was  appended  the  Reports  of  the 
Standing  and  Special  Committees.  This  report  will  be  pub- 
lished in  full  in  Volume  38  of  the  Transactions  of  the  Society, 
and  is  here  given  in  abstract  only.  The  Reports  of  Standing 
Committees  w-ere  publislied  in  The  Journal  December  1916. 

Abstract  of  Council  Report 

The  Council  has  held  eight  monthly  meetings  and  two  special 
meeting's,  and  the  Executive  Committee  of  the  Council  has  met 
five  times  between  meetings  of  the  Council. 

The  Council  registers  with  deep  regret  the  deaths  of  E.  D. 
Leavitt,  and  .John  E.  Sweet,  both  Honorary  Members  and 
Past-Presidents  of  the  Society.  Special  commemorative  reso- 
lutions were  passed  by  the  Council. 

Dr.  Ambrose  Swasey  was  this  year  elected  an  Honorary 
Member. 

While  this  year  in  the  affairs  of  the  Society  has  been  one  of 
increased  internal  activities  proportionate  to  the  growth  in 
membership  and  standing  of  the  organization,  and  increased 
inter-society  cooperation  in  matters  affecting  the  Engineering 
Pi'ofession  as  such,  the  most  significant  development  of  the 
year  has  been  the  Society's  participation  in  movements  for 
the  national  service.  In  common  with  the  other  national  en- 
gineei'ing  societies,  our  Society  has  been  called  upon  by  the 
Government  to  perform  work  for  the  public  welfare,  and, 
in  turn,  we  as  engineers  have  received  recognition  in  legisla- 
tion directly  and  permanently  establishing  our  profession  as 
an  arm  of  the  Go\-ernmeut. 

JBefore  reviewing  the  conspicuous  and  important  phases  of 
the  activities  during  1916  of  the  membership,  committees,  sec- 
tions and  student  branches,  and  enumerating  the  actions  taken 
in  joint  society  matters,  this  report  first  refers  to  the  rela- 
tions the  Society  has  maintained  in  its  service  to  the  nation. 

INDUSTRIAL  CENSUS 

Last  year  national  recognition  was  accorded  the  Engineer- 
ing Profession  in  the  invitation  extended  to  the  engineering 
societies  by  the  Secretary  of  the  Navy  of  the  United  States 
to  nominate  the  members  of  a  Naval  Consulting  Board.  This 
ISoeiety's  representatives  on  the  Board  are  Spencer  Miller, 
Member  of  the  Council,  ami  W.  L.  R.  Emmet. 

To  conduct  the  work  of  compiling  this  inventory,  a  Com- 
mittee on  Industrial  Preparedness,  a  sub-committe€  of  the 
Naval  Consulting  Board,  was  constituted  with  Howard  E. 
Coffin,  Mem.Am.Soc.M.E.,  as  Chairman. 

To  assist  this  committee  in  its  work,  State  Directors  were 
appointed,  one  in  each  State  for  each  of  the  national  societies 
mentioned  in  President  Wilson's  letter,  and  they  in  turn  have 
been  generously  assisted  by  "  field  aides  "  composed  of  other 
membei-s  of  the  Societies  who  in  many  cases  personally  visited 
the  different  plants  in  order  to  secure  the  required  information. 

The  Council  records  its  appreciation  of  the  work  of  the 
Societj''s  representatives  in  this  s]5lendid  movement,  which  has 
now  been  carried  through  with  complete  success. 


ENGINEER  CORPS  AND  NATIONAL 
COUNCIL  OF  SAFETY 

In  response  to  an  in\itation  from  General  Wood,  Com- 
mander of  tlie  Department  of  the  East,  a  joint  committee  was 
chosen  by  five  national  engineering  societies  to  facilitate  the 
carrying  out  of  tlie  organization  of  a  Civilian  Engineer  Re- 
serve Corps  as  a  part  of  the  militai-y  forces  of  the  United 
States.  This  committee  organized  with  an  executive  committee 
of:  Wm.  Barclay  Parsons,  chairman;  H.  S.  Drinker,  Wm. 
H.  Wiley,  B.  J.  Arnold,  Ralph  D.  Mershon.  The  committee 
made  it^  first  report  in  December  1915,  and  in  July  1916, 
Chief  of  Engineers,  Lieut. -Col.  E.  Eveleth  Winslow  of  the 
Army  Engineer  Corps,  in  writing  to  all  the  engmeer  officers 
throughout  the  country  said,  "  Congress  has  now  provided  a 
nieans  by  wliich  the  civilian  engineers  can  more  than  fully 
prepare  themselves  for  that  highest  duty  of  citizens — the 
defense  of  our  country."  Tlie  bill  became  effective  on  July  1, 
1916,  thus  directly  and  permanently  establishing  the  Engi- 
neering Profession  as  an  arm  of  the  Government.  Public 
recognition  of  the  engineer  is  now  as  aecomislished  fact. 

As  a  sequel  to  the  work  of  the  Naval  Consulting  Board,  a 
bill  has  been  passed  by  Congress  providing  for  a  National 
Council  of  Safety,  consisting  of  five  Cabinet  officers  and  not 
more  than  seven  civilians.  The  latter  will  be  chosen,  one  each, 
to  represent  labor,  industry,  finance,  transportation,  physics, 
cheraistry  and  conunerce. 

STANDING,  ANNUAL  AND  SPECIAL  COMMITTEES 
STANDING  COMMITTEES 

Finance  Committee.  Last  year,  when  a  serious  business 
depression  in  tliis  counti-j'  seemed  imminent,  precautionary 
measures  ^ere  taken  to  conserve  the  interests  of  the  members 
of  the  Society  in  every  proper  way.  This  consen^ation  was 
carried  out  a  little  more  than  later  proved  necessary,  although 
not  more  than  seemed  wise  at  the  beginning  of  the  year,  with 
the  result  tl;at  we  saved  $24,000  to  go  into  the  surplus.  This 
is  made  available  to  increase  our  working  capital,  a  necessity 
by  virtue  of  the  Society's  rapid  growth. 

All  the  gifts  of  money  to  the  Society  are  intact  and  invested, 
and  initiation  fees  have  been  used  during  the  last  few  years  to 
retire  the  certificates  of  indebtedness  issued  to  pay  off  our 
share  in  the  land  of  the  Engmeering  Societies  Building.  Our 
sister  societies  were  each  able  to  pay  off,  by  subscription,  their 
individual  share — .$180,000 — of  the  purchase  price  of  this 
land,  but  with  our  subscriptions  amounting  to  only  about  two- 
thirds  of  the  gifts  received  by  these  societies,  we  have  been 
able  to  finance  the  problem  on  another  basis;  yet  we  were  the 
first  to  pa^•  off  the  mortgage  on  the  land,  by  means  of  certifi- 
cates issued  to  the  membership.  Our  certificates  were  retired 
on  July  1,  1916. 

Mcelin()s  Committee.  The  culmination  of  the  work  of  this 
committee  is  represented  in  the  Thirty-sixth  Annual  Meeting 
held  in  New  York  in  December,  1915,  and  the  spring  meeting 
held  in  New  Orleans  in  April;  1916.  Too  much  praise  cannot 
be  accorded  to  the  members  of  the  committee  for  the  great 
amount  of  time  and  work  they  have  given  to  reviewing  manu- 
scripts of  the  papers  presented  and  airanging  the  programs 
of  these  meetings. 

The  committee  has  received  valuable  assistance  in  its  work 
from  its  suli-committees  on  Air  Macliinery,  Clement  Manu- 
facture, Fire  Protection,  Gas  Power,  Hoisting  and  Conveying, 
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Industrial    Huildiiigs,   Machine   Slio])   Practice,   Protection   of 
Industrial  Workers.  Railroads  and  Textiles. 


THE  ANNUAL  MEETING 

The  Thirty-sixt)i  Annual  Meeting  was  held  in  New  York 
City,  Deceniher  7-10,  1915,  inclusive.  Enthusiasm  was  mani- 
fested in  various  ways;  there  was  a  series  of  conferences  of 
re]ire&entatives  of  the  Sections,  at  which  "  Extend  the  Local 
Sections  "  was  distinctly  emphasized ;  at  the  Council  meetings 
the  sentiment  expressed  was  ecjually  enthusiastic;  the  spirit 
of  democratization  was  dominant,  and  the  membership  was 
encouraged  to  participate  in  the  affairs  of  the  Society  to  a 
greater  extent. 

Unusually  valuable  contributions  to  the  professional  pro- 
g'ram  were  made  by  several  of  the  sub-committees  of  the  Com- 
mittee on  Meetings,  and  by  local  committees.  At  this  particu- 
lar meeting,  se\'en  papers  were  contributed  by  Sections  and 
thirteen,  including  reports,  by  sub-committees. 

The  papers  presented  were  representative  of  the  mechanical 
engineering  work  of  the  country  as  a  whole,  having  been 
selected  through  intimate  acquaintance  with  the  subjects  to  be 
discussed  and  on  the  mature  judgment  of  the  expert  engineers 
who  constitute  the  different  sub-committees. 

THE  SPUING  MEETING 

The  Spring  Meeting  was  held  in  New  Orleans,  April  1  to 
14,  11116.  The  local  membership  of  the  Society,  the  associa- 
tion of  local  members  of  the  American  Society  of  Civil  En- 
gineeis  and  the  Louisiana  Engineering  Society,  acted  jointly 
as  hosts. 

Special  care  were  run  from  New  Y'ork  and  Chicago,  stopping 
for  a  day  at  Birmingham,  where  the  visitors  were  lavishly 
entertained  by  the  newly-formed  section  of  the  Society  in  that 
city. 

The  papers  presented  were  all  of  a  high  order,  there  was  a 
large  amount  of  discussion,  and  the  keynote  session  of  the 
meeting,  on  the  subject  of  Industrial  Preparedness,  aroused  a 
great  deal  of  interest  and  called  forth  contributions  from  en- 
gineers from  every  section  of  the  country. 

Piiblicaticn  Committee.  The  publications  of  the  year  have 
been  The  Jonmal,  which  has  been  issued  monthly,  the  annual 
volume  of  Transactions,  the  Y'ear  Book,  the  sixth  annual 
volume  of  Condensed  Catalogues,  and  the  Power  Test  Code 
(reprinted  from  vol.  36  of  Transactions). 

Plans  are  under  way  for  the  further  development  of  The 
Journal  to  include  such  features  as  will,  it  is  hoped,  make  tliis 
publication  a  professional  necessity  to  every  mechanical  en- 
gineer. 

Volume  3(i  of  Transactions,  issued  during  the  summer,  was 
the  largest  ever  pul)lished  by  the  Society  and  contained  nearly 
1(100  pages. 

Membership  Committee.  There  were  1879  candidates  for 
membership,  1143  of  whom  were  recommended  for  acceptance. 

Library  Committee.  The  principal  matter  of  interest  to  the 
Board  this  year  has  been  the  consideration  of  the  plans  for 
receiving  the  library  of  the  American  Society  of  Civil  Engi- 
neers. With  this  library  added  to  that  of  the  original  Founder 
Societies,  the  largest  and  most  complete  engineering  library 
in  the  world  will  be  at  the  service  of  every  engineer  in  what- 
ever branch  of  the  profession. 

House  Committee.  The  House  Committee  has  considered 
the  altei-ations  required  in  the  rooms  of  the  Society  to  take 
.care  of  the  supporting  columns  passing  up  through  the  rooms 


to  carry  the  load  of  the  tliree  stories  being  added  to  tlie  build- 
ing for  additional  library  accommodations  and  headquarters 
for  the  American  Society  of  Civil  Engineers.  They  have  also 
advantageously  placed  the  insurance  of  the  property  of  the 
Society  after  exhaustive  investigation;  have  most  painstak- 
ingly looked  after  all  other  interests  of  the  Society's  rooms 
and  property,  and  aiTanged  the  details  of  the  President's  re- 
ception at  the  annual  meetings. 

Besenreh  Committee.  Tlie  work  of  the  Research  Committee 
has  consisted  in  lining  up  definite  duties  and  jjlans  for  sub- 
committee work.  The  committee  has  now  several  sub-com- 
mittees, including  Bearing  Metals,  Clinkering  of  Coal,  Flow 
Meters,  Fuel  Oils,  Lubrication,  Cutting  Action  of  Macliine 
Tools,  Materials  of  Electrical  Engineering,  Safety  Valves, 
and  Worm  Gearing. 

Public  lielalions  Committee.  The  Council  has  under 
careful  consideration  the  entire  field  of  the  Society's  activities 
in  their  relation  to  the  public,  so  that  no  active  work  has 
been  taken  by  the  Committee  this  year. 

Constitution  and  Dij-Laws.  Tlie  Committee  on  Constitution 
and  By-Laws  acts  in  an  advisory  relation  to  the  Council  in 
consideration  of  suggested  and  necessary  amendments  to  the 
Constitution,  By-Laws  and  Rules. 

Stand'Ardization  Committee.  This  committee  became  a  stand- 
ing committee  of  the  Society  by  amendment  to  the  Constitu- 
tion in  the  spring  of  1915.  The  action  was  the  result  of  a 
report  prepared  by  Mr.  Henry  Hess,  and  approved  by  the 
Comicil  in  December,  1913.  The  purport  of  the  report  is 
that  the  Committee  shall  standardize  the  method  of  making 
and  arriving  at  standards  rather  than  create  standards  them- 
selves. 


NOMINATING  COMMITTEE 

The  Nominating  Committee  this  year  was  appointed  by 
the  President  in  a  way  to  secure  the  greatest  jiossible  democ- 
racy in  selecting  nominees  for  executive  offices.  The  Sections 
of  the  Society  were  divided  into  five  geographical  groups  and 
one  member  of  the  committee  was  chosen  from  each  gi-oup. 

The  President  appointed  as  Tellers  of  Elections  for  1916 : 
Robert  H.  Kirk,  Chairman ;  Ei-win  S.  Cooley,  Harry  A.  Hey. 

Here  follows  a  detailed  account  of  the  work  of  the  various 
special  committees  for  the  year,  and  of  the  Society's  numerous 
activities  in  cooperating  with  other  organizations,  both  by 
joint  committee  work  and  by  Society  representation. 


Filter  Report 

The  Report  of  the  Committee  on  Recommended  Practice  for 
Standardization  of  Filters  was  presented  by  George  W.  Fuller, 
Chairman  of  the  Committee.  The  report  outlined  in  a  com- 
l)rehensive  manner  the  present  practice  in  the  field  of  me- 
chanical filtration  and  emphasized  the  need  and  value  of  a  pro- 
nouncement upon  the  subject  of  the  rating  of  mechanical  fil- 
ters. It  concluded  with  recommendations  on  form  of  ex- 
pressing cajDacity,  care  as  to  maximum  demand,  depth  of 
filter  bed,  normal  filtering  material,  special  filtering  material, 
rate  of  filtration,  etc.  The  report  will  be  jiublished  in  full 
later. 

Awards  of  Prizes 

The  next  business  was  the  awarding  of  the  Junior  and 
Student  prizes  for  papers  presented  by  Junior  and  Student 
members  respectively.     On  the  recommendation   of  the  Prize 
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Committees,  the  Junior  Prize  for  1916  was  awarded  to  L.  B. 
McMillan,  for  his  paper  entitled  The  Heat  Insulating  Prop- 
erties of  Commercial  Steam-Pipe  Coverings.  Honorable  men- 
tion was  awarded  to  Victor  J.  Azbe  for  his  paper  on  Power 
Plant  Efficiency,  and  Herbert  B.  Reynolds  for  his  paper  on 
the  riow  of  Air  and  Steam  through  Orifices. 

Student  Prizes  for  1916  were  awarded  to:  Boynton  M. 
Green,  Leland  Stanford  University,  for  his  paper  on  Bearing 
Lubrication ;  Howard  E.  Stevens,  Rensselaer  Polytechnic  In- 
stitute, for  his  paper  on  An  Investigation  of  the  Dynamic 
Pressure  on  Submerged  Flat  Plates,  and  M.  Adam,  Louisiana 


State  University,  for  his  paper  on  The  Adaptability  of  the 
Internal  Combustion  Engine  to  Sugar  Factories  and  Estates. 

Honorable  Mention  was  awarded  to:  M.  Boyd  Gordon, 
University  of  Cincinnati,  for  his  paper  on  A  New  Type  of 
Unaflow  Engine;  S.  C.  Williams,  Stevens  Institute  of  Tech- 
nology, for  his  paper  on  Photostatic  Reproduction,  and 
Charles  P.  MiUer,  Pennsylvania  State  College,  for  his  paper 
on  Investigation  of  Properties  of  Low  and  Medium  Carbon 
Steels. 


IRA  NELSON  HOLLIS 


IRA  NELSON  HOLLIS,  President  of  the  Society  for  1917, 
was  born  in  MooresvUle,  Indiana,  March  7,  1856.  In 
1872  he  was  graduated  from  the  Louisville,  Kentucky,  High 
School,  and  went  as  apprentice  in  a  machine  shop  for  building 
and  repairing  all  kinds  of  engines,  particularly  those  for  the 
Ohio  River  steamboats.  His  health  was  not  equal  to  the  work, 
however,  and  he  secured  an  office  position  with  a  railroad 
company,  and  later  with  a  cotton  commission  house  in 
Memphis,  Tennessee. 

In  1874  he  entered  the  Naval  Academy  as  a  cadet-engineer, 
having  taken  a  competitive  examination  along  with  about  one 
hundred  and  twenty-five  others,  twenty-five  of  whom  were 
appointed. 

Hollis  stood  first  on  the  list  of  those  who  entered,  and  re- 
tained this  position  throughout  the  course.  When  it  is  men- 
tioned that  in  the  class  were  included  such  brilliant  men  as 
the  late  Professor  Spangler,  Dr.  Cooley,  and  Admiral  Griffin, 
the  present  Engineer-in-Chief  of  the  Navy,  it  will  be  seen  that 
this  record  means  a  great  deal.  There  had  been  a  separate 
class  for  engineers,  of  a  tentative  character,  for  some  years 
before,  but  the  class  which  entered  in  1874  was  the  first  one 
to  follow  a  four  years'  course  and  pursue  studies  of  a  general 
character  as  well  as  those  relating  particularly  to  engineering. 

It  is  worth  noting  that  when  this  class  of  young  engineers 
went  through  Annapolis  it  was  before  the  days  of  thoroughly 
organized  technical  schools  and  fiist-elass  textbooks,  with  the 
result  that  the  instructors  in  professional  subjects  had  little 
to  guide  them  in  the  way  of  successful  practice  in  technical 
education  elsewhere,  and  had  to  shape  the  course  largely  in 
accordance  with  their  own  ideas  of  what  was  necessary,  sup- 
plementing such  textbooks  as  were  available  with  lectures 
based  on  their  own  experience.  Several  members  of  the  Society 
were  among  these  early  instructors,  including  Captain  Charles 
H.  Manning  and  the  late  Chief  Engineers,  John  C.  Kafer  and 
David  P.  Jones,  all  of  whom  have  always  held  an  extremely 
high  place  in  the  affection  of  the  young  men  who  were  fortu- 
nate enough  to  be  students  under  them. 

At  that  time  the  imfortunate  contention  between  the  Line 
and  Staff  of  the  navy  was  still  quite  strong,  and  its  influence 
was  felt  even  among  the  cadets.  The  engineers  were  made  to 
feel  in  many  ways  that  their  status,  actual  and  prospective, 
was  distinctly  inferior  to  that  of  their  confreres  of  the  Line. 
The  four  years'  association  as  feUow  students,  and  in  the  same 
classes,  with  the  exception  of  strictly  professional  work,  did 
much  toward  breaking  down  the  ill-feeling.  This  had  so  far 
died  out  that  the  Personnel  Board  in  1897,  composed  of  Line 
officers  and  engineers,  was  able  to  agree  on  a  union  of  the 
Engineer  Corps  with  the  line,  and  their  recommendations  to 
this  effect  became  a  law  in  1899. 

As  a  rule,  it  is  best  not  to  stir  up  old  troubles,  but  we  could 


not  fully  appreciate  the  stuff  that  was  in  these  j'ovmg  engi- 
neers if  we  did  not  realize  that  these  beginners  of  a  new 
regime  were  in  a  difficult  jjosition,  and  that  they  acquitted 
themselves  most  creditably.  In  justice  to  the  instructors,  who 
were  almost  entirely  Line  officers,  it  ought  to  be  said  that  very 
few  of  them  showed  any  partiality;  that  their  feeling  toward 
the  engineers  was  in  the  mass,  and  that  individuals  usually 
received  the  consideration  and  credit  which  was  due  them. 

After  graduation  from  Annapolis  in  1878,  Dr.  Hollis  spent 
three  years  in  the  Mediterranean  and  North  Sea  and  on  the 
coast  of  Africa  in  the  Cruiser  Quinnebaug.  During  his  time 
in  the  navy  he  served  also  on  the  United  States  Steamships 
Alert,  Hartford,  Richmond,  and  the  Flagship  Charleston. 

At  the  conclusion  of  the  cruise  on  the  Quinnebaug,  and 
after  promotion  to  the  grade  of  Assistant  Engineer,  he  was 
detailed  as  Professor  of  Marine  Engineering  at  Union  College, 
Schenectady,  New  York,  in  accordance  with  the  provisions  of 
an  Act  of  Congi-ess  permitting  such  details  in  order  to  pro- 
mote technical  education.  This  experience  at  Union  College 
was  excellent  preparation  for  what  afterward  proved  to  be 
his  life  work. 

In  1884  he  served  with  the  Advisory  Board  that  buUt  the 
four  ships  of  the  White  Squadron,  and  spent  some  months 
in  the  inspection  of  machinery  at  Chester,  New  York,  and 
Nashua,  New  Hampshire.  On  the  west  coast  he  spent  three 
years  at  the  LTnion  Iron  Works,  where  some  of  the  early  ships 
for  the  new  navy  were  then  building,  among  them  the  Charles- 
ton, San  Francisco,  Monterey,  and  Olympia.  This  was  a 
splendid  opportunity  for  a  brilliant  young  engineer  like 
HoUis,  as  giving  a  thorough  familiarity  with  the  very  latest 
types  of  machinery,  and  also  for  contact  with  some  exceed- 
ingly able  engineers,  among  whom  were  Mr.  George  W.  Dickie, 
of  our  Society,  who  was  then  Chief  Engineer  of  the  Union 
Iron  Works.  Everybody  was  full  of  enthusiasm,  and  the  daily 
lunch  table  offered  a  forum  for  the  thorough  discussion  of  the 
many  new  and  interesting  problems  which  were  being  solved. 
Dr.  Hollis  has  often  spoken  of  the  pleasure  and  profit  of  these 
discussions. 

His  responsibility  was  chiefly  for  the  machinery  of  the 
Charleston,  and  when  that  vessel  was  completed  he  went  to 
sea  in  her.  At  the  Union  Iron  Works  he  had  supervised  the 
design  and  construction  of  the  machinery,  and  now  had  the 
opportunity  of  seeing  how  it  worked  in  practice,  and  to  note 
opportunities  for  improvement.  While  on  the  Charleston  he 
was  detailed  at  Iquiqui  to  the  Filibuster  Itata  after  the  cap- 
ture for  the  purpose  of  getting  her  ready  for  a  return  to  the 
United  States.  He  went  North  in  her  in  the  spring  of  1891, 
and  then  went  to  China  in  the  Charleston.  In  January,  1892, 
he  went  to  Newport  on  the  Staff  of  the  Apprentice  School  on 
Coasters  Island. 
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Shortly  before  liis  three  years  of  service  on  the  Charleston 
would  have  expired,  Admiral  Melville,  who  was  the  Engineer- 
in-Chief  of  the  Navy,  was  asked  to  designate  an  officer  to  lec- 
ture on  naval  engineering  at  the  Naval  War  College.  As  it  was 
the  first  time  the  invitation  had  been  extended,  the  Admiral 
felt  it  necessary  to  choose  a  man  specially  fitted  for  tliis  work. 
After  a  survey  of  the  available  officers,  he  selected  HoUis, 
who  was  ordered  to  the  Navy  Department  shortly  before  the 
time  for  the  lectures  so  that  he  might  prepare  them.  He  was 
peculiarly  fitted  for  this  duty  by  his  ability  as  an  engineer, 
his  recent  experience  in  the  building  and  operation  of  the 
most  modem  machinery,  his  experience  as  a  teacher  at  Union 
College,  and  his  felicity  as  a  writer  and  speaker.  The  oppor- 
tunity was  a  fine  one,  because  no  lectures  of  this  sort  had  been 
given  at  the  War  College  previously,  so  that  he  had  the  whole 
field  to  draw  upon.  The  result  was  exactly  what  his  friends 
had  anticipated,  and  proved  the  wisdom  of  Admiral  Mel- 
ville's selection.  The  lectures  were  a  great  success  in  every 
way,  and  not  only  aroused  the  admiration  of  the  officers  to 
whom  they  were  delivered,  but  were  published  and  served  for 
some  time  as  a  sort  of  textbook  on  modern  marine  machinery. 

When  Hollis  was  ordered  to  the  Bureau  of  Steam  Engi- 
neering, it  was  not  alone  to  prepare  the  lectures,  but  Admiral 
Melville  had  selected  him  to  be  the  successor  of  Chief  Engineer 
(now  Admiral)  Frank  H.  Bailey  as  chief  designer.  He  was 
Mr.  BaUey's  assistant,  and  it  is  safe  to  say  that  two  abler 
designers  of  marine  machinery  could  not  have  been  found. 
During  this  service,  which  lasted  only  about  a  year,  Hollis 
suggested  a  number  of  excellent  features  which  were  incor- 
porated in  the  machinei-y  designs  of  that  period.  His  last 
work  in  the  navy  was  the  preparation  of  specifications  for  the 
machinery  of  the  gun-boat  Nashville  and  the  design  of  ma- 
chinery for  some  of  the  torpedo  boats. 

In  1893  Harvard  University  was  looking  for  a  professor 
of  engineering  and  wished  to  consider,  among  others,  a  naval 
engineer.  The  high  standing  of  Dr.  Hollis  at  the  Naval  Acad- 
emy, his  splendid  practical  record,  and  his  famous  lectures  at 
the  War  College,  all  marked  him  as  the  man  to  be  considered. 
At  the  suggestion  of  the  Secretary  of  the  Navy,  on  the  recom- 
mendation of  Kear-Admiral  Sampson  and  Rear-Admiral  Mel- 
ville, he  was  invited  to  accept  the  Chair  of  Engineering,  and 
resigned  from  the  Navy  in  September,  1893,  to  enter  on  his 
duties  at  Harvard  University. 

At  that  time  engineering  in  Harvard  was  at  a  low  ebb,  but 
as  a  result  of  the  endowment  for  engineering  by  the  McKay 
fund,  it  was  desired  completely  to  reorganize  the  engineering 
department  and  form  new  classes  in  civil,  electrical,  and  me- 
chanical engineering.  This  not  only  called  for  executive  abil- 
ity of  the  highest  order,  but  from  the  fact  that  Mr.  McKay 
made  his  money  in  mechanical  engineering,  or  things  con- 
nected with  mechanical  engineering,  it  was  desired  to  select 
a  mechanical  engineer  to  carry  out  the  plans  for  develop- 
ment. 

At  the  end  of  two  years  at  Harvard,  Dr.  Hollis  was  made 
a  member  of  the  Athletic  Committee  and  soon  after  became 
chairman.  The  outdoor  athletics  were  transfen-ed  from  the 
old  home  field  to  what  is  now  known  as  Soldiers'  Field,  which 
at  that  time  was  largely  a  swamp.  It  was  recovered  by  dredg- 
ing gravel  out  of  the  Charles  River  and  pumping  it  onto  the 
swamp.  While  he  was  chairman  of  the  Athletic  Committee, 
Soldiers'  Field  was  thus  made  into  a  playground,  a  metropoli- 
tan driveway  was  put  along  the  river,  a  fence  was  buUt  around 
the  field  and  the  necessary  buildings  connected  with  athletics 
erected,  including  the  Harvard  stadium  and  boathouse. 


The  necessity  for  replacing  the  old  wooden  seats  on  Soldiers' 
Field  was  emphasized  by  a  fire  which  burned  down  one  of  the 
stands  during  a  baseball  game.  Fortunately  the  excellent 
management,  through  the  students,  prevented  injuries,  but  the 
University  then  took  up  seriously  the  replacement  of  the 
wooden  stands  by  something  less  inflammable.  Concrete,  the 
use  of  which  was  then  novel  for  large  structures,  was  adopted 
as  the  most  rapid  form  of  construction,  and  the  stadium  was 
built  in  four  months,  to  seat  about  30,000  people.  The  thought 
in  connection  with  the  size  of  the  stadium  was  to  limit  the 
number  of  spectators  to  that  which  would  include  only  the 
students  and  graduates  and  their  friends,  as  there  was  no 
thought  of  making  a  public  spectacle  out  of  athletics.  The 
stadium  was  paid  for  in  part  by  money  saved  from  the  gate 
receipts  and  in  part  by  the  graduates  of  the  Class  of  1879. 

Under  the  direction  of  the  engineering  department  Pierce 
Hall  was  built  for  the  different  branches  of  engineering.  The 
civil,  electrical  and  mechanical  engineering  departments  were 
transfen-ed  to  the  building  about  14  years  ago,  and  the  in- 
struction and  courses  were  once  more  reorganized. 

Up  to  that  time  Dr.  Hollis  was  Chairman  of  the  Committee 
that  raised  the  money  for  the  Harvard  Union,  and  it  was 
under  his  supervision  that  its  building  was  constructed.  In 
this,  as  well  as  in  the  designing  of  the  stadium  and  in  other 
ways,  he  was  for  years  intimately  associated  with  Charles 
McKim  of  McKim,  Mead  &  White.  In  eveiy  way  he  entered 
into  the  University  life  at  Harvard,  apart  from  the  engineer- 
ing side,  and  it  has  been  reported  on  good  authority  that 
President  Eliot  said  a  few  years  after  Dr.  Hollis  became  a 
member  of  the  Harvard  faculty  that  he  was  the  "  greatest 
find  "  in  25  years. 

In  the  discussions  relative  to  an  understanding  between 
Harvard  University  and  the  Massachusetts  Institute  of  Tech- 
nology, Dr.  Hollis  advocated  effective  cooperation  between  the 
two,  and  has  always  believed  that  it  would  have  been  wrong 
to  erect  engineering  laboratories  in  both  places. 

In  the  summer  of  1913  Dr.  Hollis  resigned  to  take  the 
presidency  of  the  Worcester  Polytechnic  Institute,  where 
there  are  splendid  opportunities  for  continuing  his  forceful 
work  for  the  advancement  of  engineering  education. 

Dr.  Hollis  has  always  retained  his  keen  interest  in  the  Navy, 
and  was  a  very  active  factor  in  causing  the  Personnel  Board 
to  be  organized.  He  was  a  friend  of  Colonel  Roosevelt,  who 
was  then  Assistant  Secretary  of  the  Navy,  and  had  discussed 
the  project  of  the  amalgamation  of  the  Line  and  the  Engineer- 
ing Corps  with  him  vei-y  effectively. 

The  late  Francis  H.  Wilson,  then  a  Congressman  from 
Brooklyn,  had  also  discussed  this  same  subject  with  Mr. 
Roosevelt.  The  result  was  that  Mr.  Roosevelt  was  convinced 
of  the  importance  of  a  careful  investigation  of  the  subject, 
which  led  him  to  recommend  the  organization  of  the  Personnel 
Board;  and  when  the  project  for  amalgamation  came  up  it 
found  him  already  posted  on  the  subject. 

Recently,  Dr.  Hollis  had  served  in  connection  with  the  work 
in  Industrial  Preparedness,  and  just  before  that  with  the 
Chamber  of  Commerce  in  Washington.  He  was  also  a  member 
of  the  Commission  on  National  Defence,  and  its  recommenda- 
tions were  submitted  to  the  various  chambers  of  commerce  in 
the  United  States  looking  to  a  better  Navy,  a  better  Army 
and  a  legalized  Council  on  National  Defence.  The  chambers 
of  commerce  approved  almost  without  division,  and  the  report 
of  the  Committee  and  its  findings  have  since  practically  been 
adopted  by  Congress. 

W.  M.  McF. 


COUNCIL   NOTES 


DECEMBER  5,  191(3 

At  the  meeting  of  the  Council  on  December  ii,  1!)16,  the 
following-  members  were  present,  President  D.  S.  Jacobus 
presiding:  John  H.  Barr,  R.  M.  Dixon,  Chairman  Finance 
Committee,  Arthur  M.  Greene,  Jr.,  James  Hartness,  F.  R. 
Hutton,  W.  B.  Jackson,  Spencer  Miller,  H.  de  B.  Parsons, 
James  E.  Sague,  Jesse  M.  Smith,  S.  T.  Wellman,  E.  H.  Wliit- 
lock;  by  invitation,  Dr.  Ira  N.  Hollis,  C.  H.  Benjamin,  officers- 
elect,  W.  L.  Saunders,  Past-President  of  the  American  Insti 
tute  of  Mining  Engineers ;  and  Cahin  W.  Rice,  Secretary. 

Sections.  W.  G.  Starkweather  was  appointed  on  the  Bos- 
ton Local  Committee. 

W.  H.  Insley,  Chairman,  L.  M.  Wainwright,  Viee-Chair- 
man,  W.  A.  Hanley,  Secretary,  B.  G.  Mering,  Treasurer,  L. 
W.  Wallace  and  F.  C.  Wagner  were  appointed  as  the  execu- 
tive committee  of  the  newly-constituted  Indiana])olis  Section. 

A.  L.  Black  and  A.  M.  Lockett  were  appointed  on  the  Xew 
Orleans  Committee  in  place  of  Professors  Kerr  and  Kusaii. 

C.  A.  Paulsmeier  and  E.  A.  Rogers  were  appointed  on  tlie 
San  Francisco  Local  Committee. 

M.  E.  Cooley.  Chairman,  E.  C.  Fisher,  T.  H.  Hinchman,  G. 
W.  Bissell  and  J.  W.  Parker,  Secretary,  were  appointed  an 
Executive  Committee  of  the  Detroit  Section. 

A  Section  at  Baltimore,  Md.,  to  include  all  the  members  of 
the  Society  witliin  thirty  miles  of  the  City  Hall,  was  approved. 

A  Section  at  Erie,  Pa.,  to  include  all  members  of  the  So- 
ciety within  a  radius  of  thirty  miles  of  the  Erie  City  Hall, 
was  also  approved.  This  Section  was  granted  the  privilege  of 
cooperating  with  the  Engineers  Society  of  Northwestern  Penn- 
sylvania. J.  E.  Wadsworth,  Chairman,  C.  S.  Hopper,  Vice- 
Chairraan,  M,  E.  Smith,  Secretary,  R.  Conrader,  Treasurer, 
and  N.  A.  Newton  were  ap])ointed  an  Executive  Coimiiittee  of 
the  new  Section. 

The  report  of  the  Committee  on  Sections,  covering  the  work 
of  this  committee  for  1916,  was  received  and  refeiTed  to  the 
Publication  Committee  for  publication  in  The  Journal;  it  ap- 
pears elsewhere  in  this  issue. 

The  Council  expressed  its  regret  that  the  tenn  of  oiHce  of 
Mr.  E.  H.  Whitlock,  both  as  a  member  of  the  Council  and  as 
Chaii'man  of  the  Committee  on  Sections,  would  expire  with 
this  meeting,  Mr.  Whitlock  having  carried  the  responsibilities 
of  the  organization  of  sections  to  such  a  splendid  success.  A 
vote  of  sincere  thanks  was  accorded  Mr.  Whitlock  and  the 
members  of  his  committee. 


DECEMBER  8,  1916 

At  the  meeting  of  the  Council  on  December  8,  the  new 
officers  were  formerly  introduced.  The  following  were  present : 
C.  H.  Benjamin,  Robert  H.  Fernald,  Arthur  M.  Greene,  Jr., 
Wm.  B.  Gregorj-,  Ira  N.  Hollis,  President,  Charles  T.  Plun- 
kett,  new  members;  John  H,  Barr,  R.  M.  Dixon,  Chairman 
Finance  Committee,  James  Hartness,  D.  S.  Jacobus,  W.  B, 
Jackson,  Spencer  Miller,  John  A.  Stevens,  and  AVm.  H.  Wiley, 
Treasurer,  F.  R.  Hutton,  Hon.  Secretary,  and  Past-Presidents 
Jesse  M.  Smith  and  Worcester  R.  Warner;  Henry  Hess,  I.  E. 
Moiiltrop,  Cliairman  of  the  Publication  Committee,  and  Calvin 
W.  Rice,  Secretary. 

Condensed  Catalogues.  The  report  of  the  referendum  on 
Condensed  Catalogues  was  received.  This  report  indicated  a 
vote  to  date  of  the  meeting  of  2373  for  the  continuance  of  this 
publication  and  of  334  against  it.  Thereupon  the  Council 
voted  to  continue  the  publication. 

United  Engineering  Society.  E.  G.  Spilsbury  was  elected 
a  Trustee  of  the  United  Engineering  Society. 

Engineering  Foundation.  W.  F.  M.  Goss  was  nominated  to 
the  Board  of  Engineering  Foundation  to  represent  this  So- 
ciety. 

John  Frits  Medal  Board.  John  R.  Freeman  was  elected  a 
Trustee  of  the  John  Fritz  Medal  Board  to  represent  this  So- 
ciety. 

Executive  Committee.  President  Ira  N.  Hollis,  D.  S.  Ja- 
cobus, John  H.  Barr,  Arthur  M.  Greene,  Jr.,  C.  T.  Main  and 
Spencer  Miller  were  appointed  as  the  Executive  /Committee 
of  the  Council  for  1916-17. 

Major  Wm.  H.  Wiley,  F.  H.  Clark,  and  C.  C.  Thomas  were 
appointed  Honorary  Vice-Presidents  to  represent  the  Society 
at  the  Congress  of  Constructive  Patriotism  of  the  National 
Security  League  to  be  held  in  Washington,  Jan.  25,  26  and  27. 

Regular  meeting's  of  the  Council  are  to  be  held  on  the  third 
Friday  of  each  month. 

The  following  minute  was  passed  by  the  Council  and  di- 
rected to  be  entered  as  a  pari;  of  the  record  of  the  meeting  of 
December  8 : 

Voted:  That  the  Council  here  assembled  record  upon  the 
minutes  of  the  Society  its  sincere  appreciation  of  the  untiring, 
unselfish  and  earnest  service  rendered  the  Society  during  the 
past  year  by  its  President,  Dr.  D.  S.  Jacobus. 

Calvin  W.  Rice, 

Secretary. 


PUBLIC   HEARINGS  BY  THE   BOILER  CODE  COMMITTEE 


As  announced  in  The  Journal  several  months  in  advance, 
a  Public  Hearing  on  the  Boiler  Code  was  held  on  Fri- 
day and  Saturday.  December  8  and  9,  1916,  in  the  Engineer- 
ing Societies  Building,  New  York,  for  the  purpose  of  receiving 
suggestions  relative  to  changes  in  the  A.S.M.E.  Boiler  Code. 
This  Hearing  was  in  pursuance  of  the  following  recommenda- 
tion of  the  Boiler  Code  Committee  to  the  Council : 

"  Your  Committee  recommends  that  you  appoint  a  perma- 
nent Committee  to  make  revisions  as  may  be  found  desirable 
in  these  Rules,  and  to  modify  them  as  the  state  of  the  art 
advances,  and  that  such  Committee  should  liold  meetings  at 
least  once  in  two  years  at  which  all  interested  parties  may  be 
heard." 


The  Hearings  began  at  2  p.m.  on  Friday  under  the  direction 
of  Mr.  John  A.  Stevens,  Chairman  of  the  Committee,  assisted 
by  fourteen  members  of  the  Committee.  Discussion  of  the 
Boiler  Code  was  entertained,  beginning  with  tlie  opening  page 
of  the  Code  and  continuing  through  paragraph  by  paragraph 
to  the  Appendix.  Everyone  interested  was  given  full  oppor- 
tunity to  speak  on  each  paragi'aph  and  all  discussers  were 
invited  to  submit  their  recommendations  in  writing  after  the 
Hearings.  It  was  the  purpose  of  the  Committee  to  secure 
from  those  in  attendance  as  much  information  as  possible 
concerning  the  details  of  every  rule  in  the  Code,  with  a  view 
to  determining  the  desirability  of  making  changes  in  them. 

No  replies  or  comments  were  given  by  the  Committee  mem- 
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bers  on  the  Code  requirements  during  the  Hearin<js.  The 
Committee  has  arranged  to  meet  in  January  to  consider  the 
recommendations  offered  at  the  Hearings  in  greater  detaih 

The  attendance  at  the  Hearings  was  rejjresentative  of  all 
branches  of  the  industry,  including  a  large  number  of  organ- 
izations interested  in  the  steam  boiler  field,  from  the  railroads, 
from  the  boiler  manufacturers,  from  the  makers  of  materials 
used  in  boiler  construction,  and  from  users  of  boilers.  Some 
1500  invitations  had  been  sent  out  to  all  those  on  record  as 
interested  in  steam-boiler  construction,  and  a  representative 
delegation  was  present.  There  was  an  unusual  delegation 
from  the  various  states  and  municipalities  interested  in  the 
enforcement  of  steam-boiler  regulations,  which  was  largely 
due  to  the  announcement  made  at  the  American  Uniform 
Boiler  Code  Congi-ess  in  Washington  on  December  4  and  .5 
(see  reference  to  the  Congress  elsewhere  in  this  issue),  that 
every  state  and  municipality  that  adopts  the  A.S.M.E.  Boiler 
Code  shall  be  entitled  to  have  a  representative  present  at  all 
meetings  of  tlie  Boiler  Code  Committee.  Representatives  were 
present  from  five  states  and  from  the  Province  of  Ontario, 
Canada. 

The  very  limited  amount  of  discussion  offered  on  the  Code 
rules  was  a  i-emarkable  tribute  to  the  comprehensiveness  of 
the  Committee's  original  work  in  1914.  Very  little  was  of- 
fered in  connection  with  the  material  specifications,  the  prin- 
cipal discussion  being  confined  to  the  details  of  boiler  con- 
struction and  the  fittings  and  appliances  used  therewith.  The 
detail  which  entailed  the  longest  discussion  was  the  question 
of  the  extension  of  Par.  186  to  permit  of  the  welding  of  boiler 
joints  by  other  than  the  forging  process;  the  advocates  of 
the  several  forms  of  autogenous  welding  i)resented  an  inter- 
esting array  of  data  in  this  connection.  But  slight  changes 
were  suggested  by  the  heating  boiler  interests  aiid  also  rela- 
tive to  the  rules  for  existing  installations.  Many  helpful  sug- 
gestions were  offered  by  the  representatives  of  the  various 
states.  AH  of  these  are  at  present  under  consideration  by  the 
Committee  and  will  be  given  detailed  study  at  the  meeting  in 
Januarj'. 

Symposium  and  Annual  Reunion 

On  Thursday  of  the  Annual  Meeting  there  was  held  a 
Symposium  on  Aviation.  Charles  M.  Manly,  Mem.Am.Soc. 
M.E.,  consulting  engineer  of  the  Curtiss  Aeroplane  &  Motor 
Co.,  of  Buffalo,  N.  Y.,  introduced  the  topic  with  an  address 
on  the  early  liistory  of  aviation,  covering  the  development 
from  the  earliest  efforts  recorded  to  present-day  practice.  A 
particularly  interesting  part  of  his  talk  was  that  which  dealt 
with  the  work  of  Professor  Langley.  of  the  Smithsonian  In- 
stitution, with  which  the  speaker  had  been  associated,  having 
been  the  designer  of  the  motor  and  operator  of  the  machine 
in  its  trial  flights. 

Mr.  Manly  followed  his  paper  with  the  presentation  of  a 
number  of  lantern  slides  illustrative  of  the  history  of  avia- 
tion, and  finally  a  motion  jiicture  of  the  original  Langley  ma- 
chine as  it  appeared  in  some  recent  flights  when  it  was 
equipped  with  jiontoons  so  that  it  could  start  from  the  water, 
and  had  installed  a  new  motor  and  propeller,  and  was  flown 
over  Lake  Keuka. 

The  second  speaker  was  Glenn  L.  Mai-tin,  formerly  of  The 
Martin  Co.  and  now  vice-jiresident  of  the  consolidation  of 
this  company  with  the  Wright  Co.,  known  as  the  Wright- 
Martin  Co.  Mr.  IMartLn  has  been  concerned  with  the  building 
of  aeroplanes   for   the   Government,   esjiecially   in   California, 


and  has  a  record  of  no  serious  accident  with  any  machine  of 
his  type.  His  talk  took  the  form  of  a  description  of  the 
sensations  which  are  experienced  in  an  aeroplane,  particu- 
larly the  flrst  time  one  goes  up,  and  his  aecoimt  of  the  ride 
wliieh  he  gave  Dr.  Brashear  over  the  San  Jaequin  was  greatly 
appreciated  by  the  many  friends  of  "  Uncle  John  "  who  were 
in  attendance. 

The  man  who  is  believed  to  be  the  only  past-president  of 
The  American  Society  of  Mechanical  Engineers  who  ever 
piloted  an  aeroplane  was  the  next  speaker — James  Hartness, 
who  gave  a  very  interesting  resume  of  his  exjierience  at  the 
aviation  school  in  Garden  City  last  summer.  At  the  end  of 
his  talk  Mr.  Hartness  was  surprised  perhajis  as  much  as  his 
audience  by  having  a  view  of  himself  in  an  aeroplane  flashed 
on  the  screen. 

The  last  speaker  was  R.  B.  Lea,  secretary  of  the  Sperry 
Gyroscope  Co.,  Brooklyn,  N.  Y.,  wlio  showed  firet  by  a  model 
of  a  gyroscope  and  later  by  lantern  views  and  motion  pictures 
how  the  principle  of  the  gyroscope  is  utilized  in  keeiiing  an 
aeroplane  on  an  even  keel,  or  stabilized.  Motion  pictures 
taken  from  the  aeroplane  when  it  was  flown  around  the  Statue 
of  Liberty  and  below  and  above  the  East  River  bridges  showed 
these  familiar  objects  of  the  metrojiolis  from  new  and  unusual 
viewpoints. 

FoUoAving  the  symjDosinm  those  interested  in  dancing  were 
invited  to  go  to  the  fifth  floor  of  the  Engineering  Societies 
Building,  and  others  who  preferred  visiting  with  one  another 
were  accommodated  on  the  eleventh  floor  of  the  Society's 
headquarters,  where  Dr.  and  Mrs.  Hollis,  with  Mrs.  Torrey 
and  a  number  of  the  members  of  the  Ladies  Committee  acted 
as  host  and  hostesses,  and  supper  was  served. 

Dr.  and  Mrs.  Jacobus  were  host  and  hostess  on  the  fifth 
floor.  At  about  11:30  p.m.  a  recess  was  taken  and  supper 
served  on  this  floor  and  also  on  the  sixth  floor,  after  which 
dancing  was  resumed  until  about  two  o'clock. 


Smoker  at  Annual  Meeting 

Following  the  precedent  established  a  year  ago,  a  smoker 
was  held  in  connection  with  the  Annual  Meeting  on  Wednes- 
day evening,  December  6,  1916,  this  time  on  the  fifth  floor 
instead  of  in  the  Society's  rooms  on  the  eleventh  floor.  As 
members  and  guests  entered  they  were  handed  a  blue  box 
with  the  Society's  name  and  emblem  in  gold  on  the  cover, 
containing  cigars,  cigarettes  and  matches,  which  not  only 
saved  the  bother  and  confusion  of  passing  each  smoker  his 
needs  during  the  evening,  but  also  provided  those  attending 
with  a  souvenir  of  the  occasion. 

Frank  B.  Gilbreth,  Mem.Am.Soe.M.E.,  oj)ened  the  enter- 
tainment program  with  a  short  talk  on  his  experience  on  a 
trip  to  Europe  during  the  war,  and  in  his  inimitable  way  of 
making  even  sober  things  funny,  he  described  the  search  of 
the  ship  in  which  he  crossed  and  numerous  incidents  connected 
with  its  convoyance  to  port.  His  talk  was  illustrated  with 
lantern  views  which  were  especially  interesting  when  it  was 
known  under  what  circumstances  they  were  taken,  as  from 
jiortholes  or  behind  barriers,  for  under  the  conditions  the 
camera  could  not  be  used  in  the  open. 

Edwin  J.  Prindle,  chairman  of  the  Entertainment  Com- 
mittee of  the  New  York  Section,  presided  at  the  smoker,  and 
following  Mr.  Gilbreth's  talk '  told  some  good  stories  himself 
and  then  introduced  the  performers  in  the  vaudeville  pro- 
gram provided,  including  a  ventrilociuist,  tenor  soloist,  two 
monologists,  musical  comedy  specialist,  magician  and  ])ianist. 
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Refreshments   were   served   during   and   after   the    program. 
About  seven  hundred  were  in  attendance. 


College  Reunions 


As  in  previous  years,  Friday  night  of  the  Annual  Meeting 
was  "  College  Reunion  Night,"  and  reunions  were  held  by  the 
Engineering  AJumni  of  the  following  institutions  in  New 
York  and  vicinity : 

Brown  University  Alumni  gave  a  banquet  at  Brown  Uni- 
versity Club. 

Cornell  Univereity  Alumni  ga\e  an  informal  dinner  at  the 
Cornell  Club. 

Lehigh  University  Alumni  held  an  informal  dinner  and 
smoker  at  the  Machinery  Club. 

3Iassachusetts  Institute  of  Technology  Alumni  gave  an  in- 
formal dinner  at  their  Club. 

Pennsylvania  State  College  Alumni  held  an  informal  "  get- 
together  "  reunion  dinner  and  smoker  at  Hotel  Navarre. 

Polytechnic  Institute  of  Brooklyn  Alumni  held  its  reunion 
at  the  Engineering  Societies  Building,  at  which  Frank  Gil- 
breth  delivered  a  lecture  on  Motion  Study. 

The  Purdue  Club  of  New  York  gave  an  informal  dinner  at 
the  Phi  Gamma  Delta  Club,  in  honor  of  Dean  C.  H.  Benjamin 
of  Purdue  University,  newly  elected  a  Vice-President  of  the 
Am.Soc.M.E. 

Stevens  Institute  of  Technology  Alumni  gave  their  annual 
theater  party,  followed  by  a  dinner  at  Hotel  Astor. 

University  of  Illinois  Alumni  gave  an  informal  dinner  at 
Stewart's  Restaurant. 

University  of  Michigan  Alumni  gave  "  a  regular  Michigan 
smoker  "  at  Keen's  Chop  House. 

Worcester  Polytechnic  Institute  Aluroni  held  an  informal 
dinner  in  the  ballroom  of  the  Hotel  McAlpin. 

Annual  Meeting  Excursions 

Eight  weU-attended  excursions  to  points  of  engineering  in- 
terest in  New  York  and  vicinity  were  held  in  connection  with 
the  Annual  Meeting.  The  places  visited  were  the  Telephone 
Building,  New  York  City;  the  Equitable  Building,  New  York 
City;  the  Otis  Elevator  Company,  Yonkers,  N.  Y.;  the  Essex 
Station  of  the  Public  Service  Company  of  New  Jersey;  the 
Stevens  Milk  Company,  Brooklyn ;  the  Loose-Wiles  Biscuit 
Company,  Long  Island  City;  the  New  York  Steam  Company; 
New  York  City,  and  the  New  York  Navy  Yard,  Brooklyn. 

Plans  for  the  excursions  were  in  the  hands  of  a  committee 
of  eleven,  of  which  John  N.  Norris  was  chairman,  and  mem- 
bers of  the  committee  acted  as  personal  guides  to  introduce 
participants,  review  the  features  of  the  trip  and  furnish  the 
necessary  information.  The  accounts  of  the  excursions  are 
perhaps  best  given  in  the  words  of  the  guides  themselves : 

EQUITABLE  BUILDING 

On  the  second  day  of  the  Annual  Meeting  a  party  of  members 
and  guests  of  the  Society  visited  the  Equitable  Building,  said  to 
be  the  largest  office  building  in  the  world,  and  were  fortunate  in 
having  the  features  of  its  mechanical  equipment  explained  by  the 
Chief  Engineer.  This  building  occupies  an  entire  block,  and  ex- 
tends from  55  ft.  below  the  street  to  548  ft.  above  it.  It  has  40 
numbered  floors  and  3  basements,  each  of  an  area  of  about  50,000 
sq.  ft.  To  serve  the  15,000  tenants  and  those  who  transact  busi- 
ness in  the  buUding  tbere  are  6  bays  of  8  latest-type  traction 
elevators.  The  elevator  journey  from  the  street  to  the  fortieth 
floor  takes  a  little  over  one  minute. 


In  the  lowest  basement  the  building  has  its  own  power  plant, 
supplying  heat,  water,  fire  protection  and  refrigeration.  The 
spacious  engine  room  contains  three  600-kw.,  two  300-kw.,  and  one 
200-kw.  240-volt  direct-current  engine-type  generators,  each  driven 
by  a  horizontal,  side-crank  simple  steam  engine  working  at  about 
150  lbs.,  and  about  atmospheric  exhaust. 

The  boiler  room  contains  two  550-hp.  and  five  450-hp.  water- 
tube  boilers,  arranged  for  use  with  mechanical  stokers.  The  fuel 
usually  burned  is  a  mixture  of  soft  coal  and  No.  3  buckwheat 
which  is  stored  in  three  bunkers,  of  800,  200  and  1000  tons 
capacity,  respectively.  On  account  of  the  great  height  of  the 
building  natural  draft  is  more  than  sufficient  for  combustion 
purposes. 

The  exhaust  steam  from  the  engines  is  used  for  heating  the 
building  and  for  making  ice.  Heating  is  on  the  vacuum  system, 
and  generally  an  ample  supply  of  heat  can  be  provided  without 
raising  the  pressure  above  atmospheric.  The  exhaust  steam  passes 
to  an  oU  separator  to  which  is  attached  a  30-in.  riser  that  goes 
straight  up  to  the  roof.  Steam  for  heating  is  taken  off  at  the 
thirty-sixth  floor.  There  is  a  separate  system  of  mains  for  the 
street  floor,  and  some  of  the  radiators  on  this  floor  only  have 
thermostatic  control.  The  absorption  ice  machines  have  a  capacity 
of  12  tons  of  cake  ice  and  100  tons  total  refrigeration  a  day. 
Refrigerated  brine  is  also  furnished  to  the  restaurants  in  the 
building.  As  some  of  the  brine  must  be  pumped  to  the  top  floor, 
the  gauge  shows  pressures  exceeding  350  lbs. 

In  the  pump  and  compressor  rooms  there  are  ejector  and  sump 
pits,  vacuum  pumps,  compressors  for  the  ejectors,  house  pumps, 
fire  pumps,  a  water-filtering  plant,  etc.  The  house  pumps  develop 
pressures  of  280  lbs.  and  more.  The  fire  pumps  have  on  test 
developed  a  pressure  of  50  lbs.  at  each  of  four  1-in.  nozzles  on  the 
roof.  A  duplicate  system  of  steam  mains  and  water  connections 
is  provided  for  the  pumps  so  that  no  emergency  is  likely  to  disable 
the  whole  plant.  There  is  no  central  exhauster  for  vacuum  clean- 
ing, but  each  floor  is  equipped  with  portable  motor-driven  cleaners. 

Selbt  Haab. 


STEVENS  MILK  COMPANY 

The  excursion  to  the  gas-power  plant  of  the  R.  F.  Stevens  Milk 
Company,  Brooklyn,  New  York,  was  of  especial  interest.  This 
plant  is  a  new  installation  and  consists  of  producer-gas  engines 
for  operating  refrigerating  machines  and  for  generating  electric 
current  for  both  power  and  lighting  purposes.  The  plant  consists 
of  three  300-hp.  suction-type  anthracite  producers  using  pea  coal ; 
three  250-hp.  four-cylinder  four-cycle  vertical-type  gas  engines, 
and  one  three-cylinder  four-cycle  gas  engine  of  150-hp.  Two  of 
the  four-cycle  engines  are  belted  to  refrigerating  machines  and 
are  used  for  cold  storage  and  ice  making.  The  third  four-cylinder 
engine  is  direct-connected  to  a  150  kw.  direct-current  generator, 
and  the  150-hp.  three-cylinder  engine  is  direct-connected  to  a  100 
kw.  generator,  furnishing  current  at  250  volts  for  general  power 
purposes  round  the  plant. 

J.   H.   NOEEIS. 


ESSEX  STATION,  P.  S.  CO.  OF  N.  J. 

The  Essex  Station  is  situated  on  the  Passaic  River,  about  two 
miles  below  and  east  of  Newark,  N.  J.  The  location  gives  ex- 
ceptional faculties  for  condensing  water,  coal  supply  and  storage, 
ash  disposal,  etc.,  and  furnishes  a  proper  electrical  distribution 
center. 

The  present  buildings  wUl  house  approximately  one-half  of 
what  is  considered  the  ultimate  capacity,  although  since  the  plant 
is  bunt  on  the  unit  principle  it  is  capable  of  indefinite  expansion. 

The  boilers  are  placed  at  right  angles  to  the  generator  room, 
and  a  separate  building  houses  the  electric  switches,  feeders, 
bakery,  etc. 

The  main  generating  units  consist  of  two  25,000  kva.  turbines 
with  direct-connected  exciters.  These  turbines  are  supported  from 
the  basement  floor  line  on  steel  framing,  leaving  maximum  room 
for  access  to  condensing  apparatus. 

For  each  turbine  there  are  installed  four  1373  hp.  water-tube 
boilers  with  superheaters  and  underfeed  stokers.  The  furnace 
gases  pass  through  economizers  and  induced  draft  fans  to  self- 
supporting  steel  brick-lined  stacks  250  feet  high  above  the  grates. 

Much  care  was  taken  in  the  equipping  of  the  station  to  obtain 
apparatus    that    would    facilitate   economical    operation    and    also 
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promote    the    safety    and    convenience    of    the    operating    force. 
Many  thanks  are  due  to  the  company  for  their  trouble  in  seeing 
that  every  one  who  participated  in  the  excursion  had  an  oppor- 
tunity for  a  thorough  examination  of  the  station. 

A.    T.    NiCKERSON. 


NEW   YORK   STEAM   COMPANY   STATION   "A" 

The  New  York  Steam  Company  has  several  central  stations  de- 
livering high-pressure  steam  through  pipes  in  the  streets  for  both 
power  and  heating  purposes  in  New  York  City.  Station  "  B  " 
serving  the  downtown  district  for  the  past  35  years  has  an  instal- 
lation of  58  boilers  with  a  normal  capacity  of  16,000  hp.,  while 
the  new  station  "  A  "  has  but  12  boilers  with  a  capacity  of  24,000 
bp.  This  is  in  keeping  with  the  progress  in  the  matter  of  installa- 
tion of  steam  mains,  etc.,  of  today  as  against  the  methods  first 
used. 

The  station  building  is  107  ft.  x  116  ft.,  and  while  in  reality 
there  are  only  four  floors,  the  building  is  equivalent  in  height  to 
ten  stories.  The  tops  of  the  stacks  are  300  ft.  from  the  ground. 
The  ground  iloor  is  given  up  to  the  station  auxiliaries — boiler- 
feed  pumps,  city-water  service  pumps,  blowers,  etc.  All  station 
auxiliaries  will  require  about  1500  Boiler  hp.  when  the  station  is 
operating  at  maximum  capacity. 

The  first  floor  has  six  boilers  in  units  of  1000  hp.  normal  rating 
each,  but  to  be  operated  at  200  per  cent  capacity.  They  are 
automatically  stoked  and  equipped  with  traveling  grates  for  burn- 
ing the  smallest  screenings  of  anthracite  coal. 

For  steam  purposes  Croton  water  is  used  but  is  softened  before 
entering  the  boUers.  The  service  pump  suctions  are  connected 
direct  to  the  City  mains  with  water  meters  between  pumps  and 
mains. 

The  second  floor  is  laid  out  the  same  as  the  first  making  the 
total  of  12  boilers.  Above  the  second  floor  is  the  coal  bunker  of 
3000  tons  capacity.  At  the  south  end  of  the  building  are  the 
storage  bunkers — capacity  5000  tons  coal  storage  and  also  the 
ash  bunkers  above  referred  to. 

Sufficient  scientific  apparatus  is  installed  to  give  complete  detail 
for  checking  the  efficiency  of  the  individual  boiler  or  the  entire 
plant.  The  operation  of  the  plant  under  maximum  conditions  will 
require  thirty  men,  which  is  a  saving  of  75  per  cent  over  the 
methods  in  the  old  station. 

The  steam  is  delivered  from  the  plant  to  the  street  mains. 
whence  it  is  distributed  to  the  consumers  both  for  power  and  heat- 
ing purposes.  Among  the  larger  power  consumers  are  several  of 
the  biggest  office  buildings,  and  it  is  not  generally  known  that  such 
large  buildings  as  these  have  their  own  plants  for  the  generation 
of  electrical  current  for  both  power  and  light  and  secure  their 
steam  from  the  street  service  to  drive  their  engines.  This  has 
been  proved  both  practical  and  economical  and  high-speed  engines 
have  run  for  years  without  any  bad  effects. 

Claude  Hartford. 


BROOKLYN  NAVY  YARD 

The  annual  excursion  to  the  Brooklyn  Navy  Yard  was  held  on 
uecember  8  and  was  well  attended  as  on  previous  occasions.  The 
party  was  received  by  the  officers  assigned  by  Admiral  Usher 
and  Captain  Burd,  and  through  their  courtesy  the  members  were 
allowed,  to  inspect  practically  every  part  of  the  principal  navy 
yard  in  the  country. 

A  sight  of  great  interest  was  the  part  of  the  yard  where  the 
superdreadnought  New  Mexico  is  now  being  built.  This  enormous 
ship  will  have  a  displacement  of  32,000  tons  and  will  be  one  of 
the  largest  in  the  navy. 

The  battleship  Arlansas  being  in  the  dry  dock  for  overhauling 
was  available  for  inspection  and  some  of  the  members  went  over 
the  ship  from  bow  to  stern. 

Although  the  large  ships  attracted  most  of  the  attention,  never- 
theless the  torpedo  boats,  destroyers  and  submarines  were  not 
neglected. 

The  trip  through  the  large  machine  shops  proved  that  the  Navy 
Yard  is  not  an  assemblying  plant,  as  here  were  visible  huge  machines 
for  turning  out  engines,  turbines,  turrets  and  various  other  ap- 
paratus necessary  for  complete  ships.  The  large  Diesel  engines 
which  were  placed  on  two  of  the  Navy  colliers  during  the  last  year 
were  built  complete  in  this  yard  and  one  of  these  ships  was  in  the 
harbor  on  the  day  of  the  excursion. 


The  plate  shop,  power  plant  and  boat-building  shop  were  also 
visited.  In  the  last  mentioned  shop  an  exhibition  was  given  of  the 
method  which  is  now  used  for  dropping  the  life  boats  into  the 
water  quickly.  Tenders  and  life  boats  were  also  shown  in  the  vari- 
ous stages  of  construction. 

John  H.  Lawrence. 


LOOSE-WILES  BISCUIT  COMPANY 

The  varied  uses  to  which  machinery  can  be  put  in  an  establish- 
ment, such  as  is  maintained  by  the  Loose-Wiles  Biscuit  Company, 
will  ever  be  of  absorbing  interest  to  mechanical  engineers.  The 
applications  of  machinery  at  the  plant  held  the  sustained  interest 
of  the  party  during  the  entire  trip. 

The  company  generously  provided  guides  who,  starting  from  the 
roof,  conducted  the  party  down  floor  by  floor,  to  the  basement, 
showing  the  methods  of  sifting  and  distributing  the  flour  to  the 
dough  mixers,  the  batch  wagons  in  which  the  various  doughs  or 
batters  are  allowed  to  raise ;  then  the  biscuit-cutting  machines 
and  the  ovens  for  baking,  and  finally  the  assembling  and  packing 
departments. 

Of  especial  interest  was  the  machinery  for  baking  and  cutting 
the  sweet  sugar-lined  wafers,  and  the  methods  of  making  the  many 
fancy  biscuits.  At  the  conclusion,  each  of  the  party  was  presented 
with  a  box  of  fancy  crackers. 

The  power  plant  was  also  visited.  This  consists  of  water-tube 
boilers,  steam  turbine  and  a-c.  generators.  The  engine  room  was 
a  particularly  interesting  place. 

J.    H.    NORKIS. 


THE  TELEPHONE  BUILDING 

An  excursion  to  the  Walker  Street  Telephone  Building  of  the 
American  Telephone  &  Telegraph  Company  was  made  December  6, 
Messrs.  G.  W.  Peck,  H.  G.  Spohr  and  A.  C.  Vinal  of  the  Tele- 
phone Company  accompanying  the  party. 

On  arrival  at  the  telephone  building  guides  were  assigned  and 
the  party  was  taken  to  the  third  floor  where  the  incoming  cables 
are  received  and  separated  on  to  the  incoming  cable  racks.  Here 
is  also  located  a  large  rack  upon  which  are  mounted  relays  and 
other  instruments,  a  large  fuse  board  with  indicating  lamps,  anil 
indicating  fuses.  Closely  adjacent  are  located  the  testing  boards 
and  testing  apparatus,  by  means  of  which  the  cables  are  tested 
at  frequent  intervals.  In  one  part  of  the  room  is  a  switchboard 
and  motor  generator  sets  used  for  charging  storage  batteries,  and 
in  an  adjoining  room  a  storage  battery  installation  is  arranged. 
On  the  third  floor  are  also  located  the  arrangements  for  handling 
various  telegraph  lines  and  connections,  most  of  which  are  leases. 

The  guides  'explained  thoroughly  the  entire  scheme  of  installa- 
tion, opening  man-holes,  uncovering  switchboard  connections,  and  in 
other  ways  showing  plainly  and  clearly  just  how  the  vast  number  of 
various  pairs  of  wires  are  handled.  On  the  fourth  floor  the  switch- 
boards handling  long-distance  calls  for  the  metropolitan  district 
are  located.  The  guides  demonstrated  the. working  of  aU  the  in- 
struments and  traced  out  the  route  of  calls  originating  in  this 
district  for  cities  at  a  distance.  The  operation  of  the  recording 
board,  directory  board,  distributing  table,  and  various  connected 
departments  on  this  floor  were  thoroughly  explained  and  demon- 
strated. On  this  and  the  floor  above  are  located  all  of  the  active 
switchboards  with  their  allied  departments  handling  incoming  and 
outgoing  long  distance  telephone  calls  for  New  York  City  and 
surrounding  territory.  The  operation  of  the  board  handling  in- 
coming calls  from  a  distance,  as  well  as  the  operation  of  the 
department  which  continually  checks  the  efficiency  of  the  indi- 
vidual operators,  was  shown.  It  was  shown  that  in  handling  a 
long-distance  call  between  a  point  in  New  York  City  and  a  point 
in  Pittsburgh  from  seven  to  nine  different  operators  were  involved, 
as  well  as  many  thousand  dollars  worth  of  equipment. 

In  this  building  is  maintained  a  school  for  instruction  of  candi- 
dates for  positions  as  switchboard  operators,  and  this  school  being 
in  session  an  excellent  opportunity  was  afforded  the  party  to  fol- 
low every  step  of  the  course.  Particularly  impressive  was  the 
great  care  paid  to  ventilation,  lighting  and  other  particulars  which 
have  a  bearing  upon  the  health  and  efficiency  of  the  operator. 
Another  impressive  feature  was  the  number  of  supervisors  em- 
ployed :  about  one  to  every  five  operators.  In  general  this  excursion 
was  exceedingly  pleasant  and  interesting. 

E.    S.   OOLET. 


CANDIDATES  FOR  MEMBERSHIP 

TO  BE  VOTED  ON  AFTER  FEBRUARY  10,  1917 


THE  Americau  Society  of  jMechanical  Engineers  is  an 
organization  for  mutual  service  of  over  7500  engineers 
and  associates  cooperating  with  engineers.  The  memhership 
of  the  Society  comprises  Honorary  Members,  Members.  As- 
sociates, Associate-Members  and  Juniors,  all  elected  by  ballot 
of  tlie  Council.  Application  for  membership  is  made  on  a 
regular  form  furnished  by  the  Secretary  which  provides  for  a 
statement  of  the  standing  and  professional  experience  of  the 
applicant  'and  requires  references  from  voting  memliers  per- 
sonally acquainted  with  the  applicant.  The  requirements  for 
admission  to  the  various  grrades  will  be  furnished  upon  re- 
quest. 

Below  is  the  list  of  candidates  who  have  tiled  applications 
iv  1-  membership  since  the  date  of  the  last  issue  of  The  Journal. 
Tiiese  are  classified  according  to  the  grades  for  which  their 


ages  qualify  them,  and  not  with  regard  to  professional  qualifi- 
cations, i.e.,  the  ages  of  those  under  the  first  heading  place 
them  under  either  Member,  Associate  or  Associate-Member, 
those  in  the  next  class  under  Associate-Member  or  Junior, 
and  those  in  the  third  under  Junior  grade  only.  Applications 
for  change  of  grading  are  also  posted. 

Tlie  Membership  Committee,  and  in  liir>i  the  Council,  ttrge 
the  members  to  scrutinize  this  list  with  care  and  advise  the 
Secretary  promptly  of  any  objections  to  the  candidates  posted. 
All  correspondence  in  this  regard  is  strictly  confidential.  Un- 
less objection  is  made  to  any  of  the  candidates  by  February  10, 
1917,  and  providing  satisfactory  replies  have  been  received 
from  the  required  number  of  references,  they  will  be  balloted 
upon  by  the  Council.  Those  elected  will  be  notified  about 
March  i.5,  1917. 


NEW  APPLIC,4.TI0NS 

I'-OU    roxsIDEKATION    AS    MES[BKK,    AS.SOCUTE    OR    ASSOCIATE    MEMBEB 

EDMONDSON,  William  G.,  Mechanical  Engineer, 

Interstate  Commerce  Commission.  San  Francisco 

Connecticut 

I'iOCK,  Cauix)S  C,  Foreman  Boiling  Jlill.  Bridgeport 

WEST,  Er-xesi  H.,  Assistant  Superintendent.  Bridgeport  Wlis., 
Remington  T.ypewriter  Co.,  Bridgeport 

Florida 

B.VKER,  C.  T..  Cbief  Engineer,  Southern  Utilities  Co.,  Jacksonville 
Iowa 

Ii.\NSOM,  WiLLARD  G.,  Salesman  and  Engineer, 

Tlie  Bettcndort  Co.,  Bettendorf 

Ma§sachasetts 

ALLEN,  Chakles  L.,  Treasurer  and  General  Manager. 

Norton  Co..  Worcester 

DOUGLAS,  Robert  C,  New  York  State  ISepresentative, 

Norton    Co.,  Worcester 

DT'NBAR.  ItonAKD  W..  .\ssistant  Chief  En^im  er, 

Norton  Grindilj^i  Co..  Worcester 

LOVEJOr,    Frank   O.,   Assistant  Manager. 

The  Fiberlold  Co.,  Indian  Orchard 

OWEN,  Oscar  L.,  Patent  -Attorney, 

Whitin  Machine  Works,  Whitinsville 

SMITH.  Edward  F..  President  and  General  Manager. 

(Jreenfleld   Machine   Co.,  Greenfield 

Michigan 

IiRUMMOND,  R.  S..  General  Manager  and  Vice-  President. 

Detroit   Steel   Products   Co.,  Detroit 

Minnesota 

AUSTIN,  Clem  C,  Salesman, 

.\nierican  Hoi.st  &  Derrick   Co.,  St.   Paul 

COMSTOCK.  Elting  II.,  Professor  of  Mine  Plant  and  Mechanics, 
School  of  Mines,  University  of  Minnesota,  Minneapolis 

Missouri 

COX.  Charles  G.,  District  Manager, 

Mcintosh  &  Seymour  Corp.,  St.  Louis 

New  Jersey 

RIEWERTS,  Max,  Assistant  Chief  Engineer, 

Botany    Worsted   Mills,  Passaic 

New  York 

B.VRTLETT,  PAUL,  Mechanical  Engineer, 

American  Technical  Advice  Co.,  Woodhaven 

B.4RRY.  Ralph  E.,  Marine  Engineer. 

Tebo  Basin,  Brooklyn 

L.VWRENCE,  Willis,  Chief  Mechanical  Engineer, 

Lexington  Building,  Interboro  Rapid  Transit  Co.,         New  York 
ROBINSON,  John  R.,  Power  Plant  Specialties.  New  York 

HUE.  Ernest  F..   Superintendent.  Engineer, 

Steam  Ship  Dept.,  Vacuum  Oil  Co.,  New  Y'ork 

Pennsylvania 

GEARH.\RT,  J.  A.,   Secretary  and  Treasurer, 

Gulick-Henderson    Co.,  Pittsburgh 

NUSBAUM,  Lee.  Member  of  Firm, 

Pennsylvania   Engineering  Co..  Philadelphia 

SYKES,  Matthew  A..  Superintendent. 

Remington  .Arms  Co..  Eddystone 


WOOD.  James  II..  Field  Engineer. 

Southwark  Foundry  &  Machine  Co.,  Philadelphia 

Tennessee 

MITCHELL.  William  L.,  Department  Chief. 

Tennessee    Department    of    Workshop    and    Factory    Inspection, 

Nashville 
Vermont 

BE.\RDSLEY,   William   H.,  Assistant   Superintendent. 

Jones    &    Lamson    Machine    Co.,  Springfield 

Canada 

COOLIDGE.  C.  E..  Formerly  Chief  Engineer,  Howitzer  Dept., 

The  Canadian   Fairbanks-Morse  Co..  Toronto 

H.ARRIS,  Chester  G.,  Assistant  to  Manager, 

Dufferin   Plant.    Russell  Motor  Car  Co.,  Toronto 

TISSINGTON,  Frank,  Chief  Draftsman, 

McKinnon,   Holmes  &  Co..   Ltd..  Sherbrooke 

Philippine   Islands 

DUFFY.   OwEX,   Superintendent  and   Chief   Engim-er   Insul:,r   Cold 
Storage  and   Ice  Plant,  Manila 

Russia 

S.\TKEVICH,   .\LE.XANDER.    Profcssor   of   Mechanical    Engineering, 
Nicolas  Academy  of  Engineers,  Petrograd 

FOR    C-OXSIDERATION    AS    ASSOCIATE-MEMBER    OR    .HXIOR 


District   of   Columbia 

BURDICK,   Harold   S.,   Lieutenant    (j.   g.). 

United  States  Navy, 
Illinois 

STARK.  Ji-LiAN  E..  Chief  Draftsman. 

Crane  Co., 
Y'OUNG,   William   V.,   Vice-President. 

The   American    Appraisal    Co., 

New  Jersey 

VOIGT,  Max  T.,  Tool  Draftsman, 
Bosh-JIagneto    Co., 


Washington 

Chicago 
Chicago 

Plalnfleld 


New  York 

BROWN.  Clinton  B.,  Erecting  Engineer, 

Henry  Worthington,  New  York 

DE  VRIES,  Reimer  P.,  Mechanical   Draftsman, 

Robert   Sayre  Kent,  '        New   York 

EBEN.  Leon  A.,  Mechanical  Draftsman. 

Jahez  Burns  &  Sons.  Inc.,  New  York 

HARTFORD,   Lionel  C,   Representative   State  of  New   Jersey, 

Manning.   Maxwell  &  Moore,   Inc..  New   York 

KOMPA.SS,  Frank  O..  Chief  Draftsman. 

M.  T.   Davison,  Brooklyn 

O'NEILL,   James   II.,  Manager  and  Purchasing  .Vgent. 

Machine   Dept.,   Continental  Can  Co.,   Inc..  Syracuse 

RIPLEY,   William  H.,  Marine  Sales  Engineer, 

Griscom-Russell  Co.,  New  .Y'ork 

ZILLGEH.  .\KN0,  Mechanical  Engineer. 

Clark    Bros.    Co.,  Olean 


Ohio 


BAIRD.  Lyman   S.,  Mechanical  Engineer, 

Firestone  Tire  &  Rubber  Co.,  Akron 

HELPBRINGER,  James  N.,  Power  Plant  Engineer. 

Firestone    Tire    &    Rubber    Co.,  .\kron 
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January 
1917 


KERR,   Thomas   H.,   Gas  Engineer. 

The    Ohio    Fuel    Supply    Co.. 
RETTIG,    George   P.,    Meclianical    Engineer, 

Cincinnati    Motor    Syndicate, 


SOCIETY  AFFAIRS 

Ohio 


Columbus 
Cincinnati 


Pennsylvania 

GEBH.MiDT.  Lofis  E.,  Centrifugal  rump  Desitiner. 

C.  11.  Wlieeler  Mfg.  Co.,  IMiiladelpliia 

LUKENS,  William  L.,  Engineer  in  Ordnance   Dcpt., 

Bethlehem   Steel  Co.,  So.    lietliloliiin 

PITTS,  Gur  C,  Assistant  to  Yard  Engineer, 

Sun   Shipbuilding  Co.,  Chester 

Rhode  Island 

KEN'DRICK,  Alfred  F..  Mechanical  Engineer, 

Glenlyon   Dje  Works,  I'billipsdale 

South  America 

HARRIS,  Si.MEO.N   W.,  Sub-Superintendent  of   Uistribution, 

The   San   Paulo  Gas   Co.,    Ltd.,  San   Paulo,   Brazil 

Washinffton 

ll'iKART,    Freeman   A..    Superintendent, 

Henry    McCloary    Timber    Co.,  McCIeary 

Canada 

SMALLWOOD,  Richard  L.,   Engineer  and  District  Managc>r. 

Canadian    Buffalo    Forge    Co.,    Ltd.,  Toronto 

India 

STEPHENS,  Frederick   S..   Superintending  Engineer, 

Seven    Tea    Factories,    Chulsa,    Zurantee    and    Bngo    Tea    Cots. 

Jalpaiguri    District 

FOG    COXSIDEK.VTION    AS    JIMOK 

Illinois 

FITZ-GERALD,   Gerald.   Industrial   Engineer, 

St.   Clair  County   Gas  &   Elec.   Co.,  St.   Louis 

HIMELBLAN.   Harry,  Engineer, 

American    Steam    Conveyor   Corp.,  Chicago 

MASTERS,  Herbert  R., 

with    B.    F.    Sturtevant    Co.,  Chicago 

WOOLNER,   Seymour  A., 

with    Woolner   Distilling   Co.,  Peoria 

Maryland 

RANDOLPH.  Orlando  R..  Material  Inspector, 

Test   Department.   Baltimore  &   Ohio   R.    li..  Baltimore 

Massachusetts 

GrETlUXG.    Theodore    H.,    Assistant    to    Sir.    John    A.    Stevens, 
Cons.    Engr.,  Lowell 

MABBOTT,  Harold  C,  Charge  of  Mechanical  Engineering  Course, 
Northeastern   College,  Boston 

NOCRSE,  Ralph  C,  Assistant   Foreman,  Foundry   Dept., 

Crompton  &   Knowies   Loom    ^Vks..  Worcester 

Michigran 

TODD,   Charles   R.,   Superintendent, 
Dail  Steel  Products  Co.. 


Lansing 

Minneapolis 
St.   Paul 


Minnesota 

DINSMORE,  ARTHiR  T.,   Superintendent, 

Western    Rug    Co., 
FRANCE,  John   E.,   Industrial   Engineer, 

Crex  Carpet  Co., 

New  Jersey 

ANDERSON,   Harry  T.,  Assistant  in  Tool   Design   Dept., 

Simplex  Automobile  Co.,  New  Brunswick 

I'.RIZZOLORA,   Robert  T., 

with    Worthington   Pump   &   Machinery   Corp.,  Harrison 

FRICK,  Clifford  II.,  Assistant  Boiler  Room  Engineer, 

Public  Service  Elec.  Co.. 
HARPER.  Philip  S., 

with  Worthington  Pump  &  Machinery  Corp.,  Harrison 

LANSING,  Ray.mosd  P.,  Assistant  Engineer, 

Bijur  Motor  Lighting  Co.,  llohokcn 

New  York 

BROWN,  IRVING  F.,  Assistant  Engineer, 

Westinghouse,  Church,  Kerr  &  Co.,  New  York 

GLUCK,  Edward  V., 

with   Soapitor   Co.,  New   York 

HUNT,   Herbert  S.,  Assistant  Mechanical  Engineer, 

American  Sugar  Refining  Co.,  Brooklyn 

KUTTUEK,  Julius,  Mechanical  Engineer, 

Universal    Leather   Co.,  New    York 

SWEENEY,   Louis  M.. 

Graduate    Brown    University,  Pougbkeepsie 

TAYLOR,  Charles  F.,  Engineer, 

Allied  Machinery  Co.  of  America.  New  Yorls 

WILSON.   Oliver  W.,   Engineer, 

Cost  Engineering   Dept.,  The  Barrett  Co., 


FELDBDSn,  Harry  A., 

with   Worthington  Pump  &  Maeliinery  Corp., 
KLEIN,  Chester  T.,  Vice-President, 

Cookson   Steam   Specialty   Co., 
TREAT,  Merriit  W.,  Inspector, 

The  Travelers   Insurance  Co., 


63 

Cincinnati 
Cincinnati 
Cleveland 


E.  Pittshuryb 
JohnstovA  n 


Pennsylvania 

GINSBURG.  Jacob, 

with  Westinghouse  Electric  &  Mfg.  Co., 
HARTMAN,   Joseph   W., 

with    Camljria   Steel   Co., 
HEPBURN,   Louis   L.,    Foreman    Maehine    Shop, 

Midvale  Steel  Works.  .Niccio.vn 

KIEHL.  Eugene,  Electrical  Engineer, 

The   Atlantic   Refining   Co.,  Philadelphia 

MARX,   Harry  J.,   Mechanical  r)raftsman. 

.\rthur  Brock,   Jr..  Philadelpbia 

SCH.\EDGEN,  Joseph  F.,  Designer, 

The  American   Steel  &  Wire   Co.,  Donora 

Rhode  Island 

-MICHELSON,  Heemax  II.,  Designing, 

Beanian    &    Smith    Co.,  Providence 

South  Carolina 

J-\CKSON,  Frederick  R,,  Assistant  Engineer, 

with  Mr.  J.  E.  Sirrine,  Mill  Engineer  and  Architect,      Greenville 

Wyoming 

H.VMILTON.  Robert  W.  F.,  Assistant  Superintendent, 

Central   Station.   Wyondng  Electric  Co.,  Casper 


APPLIC.VNTS  FOR  CHANGE   OF   GRADING 

promotion   fro.m  associate-member 

New  Jersey 

L.\NG.  Charles  W.,  Ordnance  Engineer, 

Sloan   &    Chace   Mfg.    Co.,    Ltd..  Newark 

Washington 

W.\DliELL,   Robert,   General   Superintendent, 

Washington  Iron  Works,  Seattle 


promotion  from  junior 

Connecticut 

1L\NDS,   Ronald  C,  Supervisor  of  Schedules, 

Winchester  Repeating  Arms  Co.,  New  Haven 

Illinois 

CRESSLKR.  Kerr  M.,  Engineer, 

Henry    1.   Lea,   Consulting   Gas   Engineer,  Chicago 

Massachusetts 

TURNER,  Charles  II..  Chief  Engineer, 

Osgood  Bradley  Car  Co.,  Worcester 

New  York 

BILLINGS,  Edward  J.,  Engineer, 

Henry    L.    Doherty    &   Co.,  New   Y'ork 

DURYEE,  Andrew  B.,  Mechanical  Engineer, 

Gerstendorfer  Bros.,  New  Y'ork 

HILL,  E.  Logan,  Assistant  Engineer, 

The    Erie    Railroad    Co..  New    Y'ork 

KNOWLTON,  Frederic  K.,  President, 

M.  D.  Knowlton  Co..  Rochester 

MESSNBR,  Manfred,  Engineer, 

Bing  &  Bing  Construction  Co.,   Inc.,  New   York 

NICKERSON,  Charles  W.,   Superintendent  of  Transportation. 

Westchester  Lighting  Co..  Mount   Vernon 

ROGERS,   Robert.  W.,   Chief  Engineer, 

Superno    Co.,    Inc..  New    Y'ork 

Ohio 

LdTHROP,  Marcus  T.,  Manager. 

Tube  &  Steel  Dept.,  Timken   Roller  Bearing  Co.,  Canton 

Pennsylvvania 

DANNER,  E,  C,  General  Su|ieriutendent, 

Ganteer  Works,  Cambria   Steel  Co.,  Johnstown 

Summary 

New    Applicants !.l 

Applicants  for  change  of  grading: 

Promotion   from  Associate-Member 2 

I'romotion   from   Junior 12 

Total lOD 


NECROLOGY 


HARRY  D.  JOHNSON,  JR. 

Harry  Dibrow  Johnson,  Jr.,  was  born  in  South  Bend,  Ind., 
on  July  29, 1882,  died  in  that  city  Noveber  14, 1916. 

Mr.  Johnson  received  his  early  education  in  the  public 
schools  of  South  Bend,  after  which  he  entered  Cornell  Univer- 
sity, graduating  in  1904.  Immediately  he  was.  employed  with 
the  General  Electric  Company  at  Schenectady,  N.  Y.,  and 
after  two  years  returned  to  South  Bend  for  responsible  work 
with  Studebaker  Brothers  Manufacturing  Company.  During 
the  first  seven  years  he  progressed  from  machinist  and  drafts- 
man and  assistant  master  mechanic,  having  charge  of  building, 
design  and  construction,  power-plant  operation,  machine  de- 
sign, maintenance,  repairs,  methods,  piece  prices,  factory  lay- 
outs, design  and  constraetion,  to  the  position  of  master  me- 
chanic and  extension  work  director. 

Mr.  Johnson's  varied  interests  included  public  enterprises 
and  general  charities,  as  well  as  memberships  in  the  University 
Club  of  Chicago,  the  Indiana  Club,  the  South  Bend  Country 
Club,  and  the  Chamber  of  Commerce.  In  1912  he  became  a 
.Tunior  Member  of  the  Society. 

CLIFFORD  E.  LIFE 

Clifford  E.  Lipe  was  bom  December  23,  1887.  Securing 
his  earlier  education  in  the  public  schools  of  Syracuse,  N.  Y., 
he  entered  Cornell  University  and  gi'aduated  from  the  school 
of  engineering  of  that  university  in  1911.  On  a  year's  trip 
abroad  he  studied  the  automobile  business  from  an  engineering 
and  manufacturing  standpoint,  and  on  return  was  engaged 
immediately  to  look  after  the  engineering  work  of  the  Brown- 
Lipe  Gear  Company.  He  became  chief  engineer  of  that  com- 
pany, having  charge  of  experimental  engineering,  including 
developing  and  testing  new  transmission  devices,  testing 
accessory  devices  brought  to  that  company  by  designers  and 
inventors,  and  designing  or  developing  the  company's  line  of 
four-speed  transmissions.  As  engineer  and  designer  with  the 
C.  E.  Lipe  JManufacturing  Company,  he  designed  a  great  va- 
riety of  special  devices,  tools,  jigs  and  fixtures,  including  a 
special  automatic  machine  for  drilling  and  reaming  solid  steel 
ball  retainers.  He  became  vice-president  of  the  Brown-Lipe 
Gear  Company,  being  a  member  of  the  Board  of  Directors  and 
very  instrumental  in  dictating  the  business  policy  of  that  com- 
pany. 

He  was  elected  to  Associate  Memberehip  in  the  Society  in 
1914. 


ALFRED  WATERS   PROCTOR 

Alfred  Waters  Proctor  was  born  in  Needham,  Mass.,  May 
26.  1878.  Having  from  early  youth  an  inclination  toward 
things  mechanical,  he  determined  to  fit  himself  for  mechanical 
engineering,  and  in  1899  entered  the  Massachusetts  Institute 
of  Technology. 

On  leaving  the  Institute,  Mr.  Proctor  acquired  his  first  ex- 
perience by  working  as  designer  and  draftsman  in  the  plants 
of  Blanchard  Machine  Company  and  Burton  Electric  Smelting 
Company,  and  with  Carl  L.  Sponholtz,  architect,  all  in  Bos- 
ton. He  was  later  employed  as  designer  of  machine  tools  with 
Western  Electric  Company,  and  in  the  manufacture  of  pyro- 
graphic  tools  with  J.  G.  Tyssowski  Company,  Chicago,  111. 

Much  of  his  time  was  devoted  to  inventions  and  the  design 


of  special  machinery,  for  the  manufacture  of  which  he  oper- 
ated shops  of  his  own  in  Washington,  D.  C. 

Erom  1907  to  1915  he  maintained  an  office  in  New  York 
City,  during  wliich  time  he  made  a  number  of  special  investi- 
gations, including  tests  on  inventions  of  pumps,  tests  with 
pumping  and  engine  apparatus  and  tanks  to  determine  the 
highest  efficiency  of  differently-shaped  siphon  bowls,  tests  on 
speed  of  type  bars  for  the  Royal  Typewriter  Company,  re- 
ports on  inventions  for  the  Crown  Cork  and  Steel  Company, 
chronograph  tests  on  shoe  machines  for  Reece  Button  Hole 
Machine  Company,  and  ball-bearing  measurements  for  the 
Hess-Bright  Manufacturing  Company. 

Mr.  Proctor  was  for  seven  years  an  examiner  in  the  United 
States  Patent  Office,  and  during  that  time  attended  and  gi'adu- 
ated from  Columbia  University  Law  School,  and  was  admitted 
to  practice  as  a  lawyer  by  the  Court  of  Appeals  of  the  Dis- 
trict of  Columbia  and  by  the  Supreme  Court  of  the  United 
States.  Because  of  his  peculiar  qualifications,  which  now  in- 
eluded  a  thorough  training  in  the  theory  and  practice  of  engi- 
neering and  a  wide  knowledge  of  patents  and  patent  laws,  his 
services  were  sought  as  an  expert  in  patent  litigation.  His  suc- 
cess in  this  capacity  resulted  in  his  being  retained  in  some  of  the 
most  important  patent  cases  before  t)ie  courts  in  recent  years, 
and  his  standing  with  the  members  of  the  patent  bar,  and  the 
confidence  and  respect  with  which  the  judiciary  regarded  his 
work  were  such  that  in  several  cases  he  was  invited  to  sit  with 
the  court  as  a  technical  adviser.  It  had  been  with  some  re- 
luctance, however,  that  he  relinquished  his  active  work  as  engi- 
neer, having  always  a  preference  for  actual  constructive  work, 
and  he  continued  to  act  frequently  as  a  consulting  engineer. 

Mr.  Proctor  was  elected  to  membership  in  the  Society  in 
1916,  and  was  also  a  member  of  the  Univereity  Club,  the 
Knickerbocker  Field  Club,  and  the  Young  Men's  Republican 
Club,  all  of  Brooklyn,  and  of  the  Technology  Club  of  New 
York  City.    His  death  occun-ed  on  September  10,  1916. 

HUBERT  LEIGH  WATSON 

Hubert  Leigh  Watson,  who  died  in  New  London,  Conn., 
October  11,  1916,  was  born  in  Philadelphia,  Pa.,  September, 
1888.  He  was  educated  in  the  public  schools  of  Hackensack. 
N.  J.,  and  later  entered  Cornell  University  for  a  course  in  me- 
chanical engineering,  taking  his  degree  in  1910.  The  follow- 
ing year  he  pursued  advanced  work  in  gas-engine  design. 

For  practical  exjaerience,  Mr.  Watson  began  with  the  sum- 
mer of  1909  to  employ  his  vacation  time  in  apprenticeships,  at 
that  time  as  machinist's  helper  in  the  repair  shops  of  the  Dela- 
ware, Lackawanna  &  Western  Railroad  at  KingBland,  N.  J.; 
in  1910  he  worked  with  the  American  Car  and  Foundry  Com- 
pany at  Berwick,  Pa.,  in  its  steel  ear  departinent,  and  in  1912 
and  1913  was  employed  with  the  De  La  Vergne  Machine  Com- 
pany, New  York  City,  in  erecting  and  testing  oil  engines,  also 
doing  some  special  tool  designing. 

From  1911  to  1915  he  was  instructor  in  practical  mechanics 
in  Purdue  University.  He  was  in  charge  of  the  course  in 
gas-power-plant  design  and  taught  all  sections  in  mechanism. 

In  July,  1915,  he  resigned  from  Purdue  University  to  accept 
a  position  with  the  New  London  Ship  and  Engine  Company, 
of  Groton,  Conn. 

He  published  an  article  on  Accelerating  Force  of  Recipro- 
cating Parts  in  Macliinery,  August  1916. 

Mr.  Watson  was  a  member  of  Purdue  Cosmopolitan  Club, 
and  in  1913  became  a  Junior  Member  of  the  Society. 
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AMONG  THE  SECTIONS 


ON  Tuesday,  Wednesday  and  Thursday  of  Annual  Meet- 
ing Week,  the  official  delegates  of  sixteen  of  the  twenty 
Sections  of  tiie  Ani.Soc.M.K.,  and  representatives  of  five  cen- 
ters contemplating  the  estahlishment  of  Sections,  met  in  con- 
ference with  the  Committee  on  Sections. 

A  great  deal  of  valuable  iiiformation  as  to  the  special  con- 
ditions obtaining  in  various  localities  was  developed  and  useful 
suggestions  made  which  should  do  much  to  enhance  the  interest 
in  this  most  important  phase  of  the  Society's  activities. 

On  the  first  day  of  the  Conference  the  delegates  met  at 
hmcheon  with  the  members  of  the  Council  and  officers-elect. 
On  that  occasion  the  President  and  President-Elect  took  ad- 
vantage of  the  opportunity  to  voice  their  keen  interest  in  the 
activities  of  the  Sections,  and  their  desire  for  correlation  of 
their  work  with  that  of  local  engineering  interests  whenever 
possible.  That  the  Society  is  taking  a  leading  part  in  this 
spirit  of  cooperation  was  evidenced  by  the  fact  that  there 
were  present  by  invitation  at  the  first  day's  session  of  the  Con- 
ference, representatives  of  the  other  three  Founder  Societies 
in  the  persons  of  T.  J.  McMinn,  Assistant  Secretary  of  the 
A.S.C.E.,  W.  H.  Hall,  Chairman  of  the  Sections  Committee 
of  the  A.I.E.E.,  and  A.  D.  Beers  of  the  A.I.M.E. 

The  Sections  represented  and  their  official  delegates  were : 

Atlanta     Earl  F.  Scott 

Birmingham     Paul  Wright 

Boston    A.    L.    Willistou    and 

W.  G.  Starkweather 

Buffalo     C.  H.  Bierbaum 

Chicago     Josepli    Ilarriiig.oii 

Ciuciunati    A.  J.  Baker 

Detroit    II.  E.  Coolej 

Indianapolis    William  H.   Insle.v 

Milwaukee   Edward  Hutcbens 

Minnesota    J.   V.   Martenis 

New  Haven   J.  W.  Roe 

New  Orleans WUliam  B.  Gregor.v 

New   York    H.    R.    Cobleigb     and 

John  H.  Norris 

Philadelphia     D.  Robert  Yarnall 

St.  Louis   Hans  R.  Setz 

Worcester    Edgar  H.  Reed 

Tliere  were  also  |iresent  representatives  from  the  following 
localities: 

Hartford    J.  Breslav 

Lowell    A.  W.  Vaughan 

Meriden    C.  H.  Decherd 

Providence     W.   H.   Paine  and 

A.  H.  Annan 
Rochester Lucien  Buck 


SCOPE   OP   THE    CONFERENCE 

The  first  day  of  the  Conference  was  given  over  to  an  '"  M\- 
perience  Meeting,''  at  which  each  delegate  reported  the  work 
of  his  Section  during  the  past  year  and  i)lans  for  the  ensuing 
season.  A  report  was  made  by  the  Committee  on  Sections 
giving  a  resume  of  what  it  has  accomplished  in  the  second 
year  of  its  work.    This  report  is  appended. 

The  first  section  brought  out  the  facts  that  generally  all 
Sections  are  closely  cooperating  with  existing  engineering  so- 
cieties and  clubs  in  their  respective  localities  and  thereby  se- 
curing greater  interest  on  the  part  of  all  engineers,  the  pre- 
sentation of  a  higher  class  of  papers,  a  better  spirit  of  "  get- 
together  "  and  good  fellowship  and  the  establishment  of  a  per- 


manent headquarters  for  the  engineeis  of  Ihe  locality.  Ways 
and  means  for  the  continuance  of  tiiis  forw'ard  movement  were 
discussed,  and  among  others  the  following  were  advanced : 

1.  The  desirability  for  "'  pre-meeting  "  suppers  at  a  reason- 
able price  which  would  encourage  general  participation 
and  afford   opportunity   for  increasing  acquaintanceship. 

2.  Provision  for  all  attending  each  meeting  to  wear  a  badge, 
giving  their  names  to  assist  in  acquaintanceship. 

3.  The  desirability  of  all  cooperating  to  the  utmost  in  this 
matter  of  good  fellowship  and  "  get-together  "  movement, 
and  especially  on  tiie  jiart  of  the  older  members  in  rela- 
tion to  the  newcomers. 

4.  The  wisdom  of  having  short  papers,  well  presented  and 
not  too  technical  in  nature,  with  prearranged  intelligent 
and  snappy  discussion  and  ad.journment  in  season  to 
enable  the  members  to  mingle  for  a  social  hour  and  par- 
take of  a  lunch, — "  Dutch  "  or  otherwise. 

5.  Excursions  to  points  of  engineering  interest  and  indus- 
trial plants,  which  afford  opportunity  for  getting  ac- 
quainted while  learning  something  of  value. 

The  subsequent  sessions  were  taken  up  by  a  thorough  dis- 
cussion of  pioposed  changes  in  the  By-Laws  of  the  Society 
with  regard  to  rules  covering  the  administration  of  the  Sec- 
tions, and  when  these  are  finally  decided  upon  they  will  be 
published  in  The  Journal. 

PUBLicrrY 

The  Conference  considered  that  particular  attention  should 
be  paid  to  Sections'  publicity.  Advance  notices  of  meetings 
should  not  only  be  sent  for  publication  in  The  Journal,  but 
also  to  newspapers  and  technical  papers;  reporters  should  be 
invited,  and  abstracts  of  papers  furnished  them  if  desired. 
Publicity  for  the  engineer  has  long  been  overlooked,  and  this 
is  largely  responsible  for  the  lack  of  appreciation  on  the  jiart 
of  the  community  of  the  prominent  part  taken  by  engineers 
in  public  relations. 

Proper  methods  will  do  much  to  broaden  the  interest  of  en- 
gineers and  afford  them  equal  recognition  with  the  legal  and 
medical  fraternities,  which  on  account  of  the  human  element 
in  their  iirofessional  work  are  today  exerting  such  a  strong 
influence  in  the  activities  of  the  community. 


Report  of  the  Second  Year's  Work  of  the 
Committee  on  Sections,   1916 

THE  first  .veni-  of  the  activities  of  the  Committee  on  Sections 
was  devoted  largely  to  formulating  a  policy  which  would 
provide  for  a  uniform  administration  of  the  Sections  with  regard 
to  their  relations  with  the  parent  Society  and  without  conflicting 
with  conditions  peculiar  to  their  respective  localities.  This  was 
accomplished  through  the  medium  of  two  conferences  of  Sections' 
delegates  (one  at  each  of  the  two  general  meetings  held  in  1915) 
supplemented  by  a  large  volmne  of  correspondence. 

During  the  past  year  it  has  been  possible  to  inaugurate  a  number 
of  innovations  in  the  Sections'  activities  and  it  is  believed  that 
the  cooperation  afforded  by  the  Society  has  been  rewarded  not  alone 
by  increased  interest  on  the  part  of  members  located  in  the  territory 
covered  by  the  several  Sections,  lint  also  throiigb  stimulating  mem- 
bers in  several  districts  to  undertake  the  establishment  of  new 
Sections. 

At  the  time  of  the  last  Section  Conference  in  December  1915, 
there  were  Sections  at  the  following  centers :  Atlanta,  Birming- 
ham. Boston,  Buffalo,  Chicago,  Cincinnati,  Los  Angeles,  Milwaukee. 
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Minnesota,  New  Haven,  New  York,  Philadelphia,  St.  Louis,  San 
Francisco  and  Worcester.  The  Birmingham  Section  was  authorized 
at  the  meeting  of  the  Council  held  in  December  1915.  Since  then 
five  Sections  have  been  added  to  the  list :  Baltimore,  Detroit,  Erie, 
Indianapolis,  and  New  Orleans.  Two  of  them,  Baltimore  and 
Erie,  have  been  authorized  in  December,  1916,  so  that  we  now 
have  twenty  Sections  of  the  Society. 

There  are  a  number  of  industrial  centers  where  conditions  appear 
to  be  ripe,  or  nearly  so,  for  the  organization  of  Sections,  or  where 
meetings  may  be  held  in  conjunction  with  Sections  already  existing. 
Among  these  places  may  be  mentioned  Cleveland,  Columbus,  Hart- 
ford, Kansas  City,  Lowell.  Meriden,  Providence.  Pittsburgh.  Roch- 
ester and  Toledo.  It  is  suggested  that  existing  Sections  coop- 
erate in  spreading  information  as  to  the  value  of  Sections  in  pro- 
moting the  engineering  profession  and  incidently  the  ''  JIutual 
Service "  afforded  by  The  American  Society  of  Mechanical  En- 
gineers, because  it  is  well  that  all  who  enter  the  Society  do  so 
with  the  understanding  that  they  are  getting  an  opportunity  to 
give  as  weU  as  receive  service.  One  way  in  which  Sections  could 
cooperate  in  the  development  of  new  Sections  would  be  to  prepare 
an  article  giving  concisely  the  value  of  the  Section  as  they  see  it. 
This  might  be  undertaken  by  a  member  of  the  Executive  Com- 
mittee who  has  had  suflScient  experience  in  the  work  to  have  a 
knowledge  of  what  may  bo  termed  a  composite  opinion  of  the 
members  of  the  Section  with  regard  to  its  worth  to  them.  A 
series  of  such  articles  could  be  used  to  considerable  advantage 
by  the  Committee  on  Sections  in  formulating  a  pamphlet  for  dis- 
tribution in  localities  where  Sections  are  proposed. 

During  the  year  the  President,  Secretary,  or  Chairman  of  the 
Committee  on  Sections  has  visited  practically  all  of  the  Sections 
of  the  Society  excepting  those  located  on  the  Pacific  Coast  and 
they  were  visited  in  the  fall  of  1915.  In  addition  visits  were  made 
to  Baltimore,  Detroit,  Erie  and  Indianapolis  on  the  occasion  of  the 
Organization  Meetings  held  at  those  places. 


;  CONSTRUCTIVE  ACTIVITIES 

Among  others,  the  following  developments  have  been  achieved : 

A  proposed  set  of  Amendments  to  the  By-Laws  of  the  Society,  to 
govern  uniformly  the  work  of  the  Sections.  These  were  submitted 
to  the  Sections'  Conference  at  the  Annual  Meeting,  December,  1916. 

Unusual  recognition  was  accorded  the  Sections  by  President 
Jacobus  in  giving  each  of  five  groups  of  Sections  the  privilege 
of  electing  one  member  of  the  Nominating  Committee  charged  with 
the  duty  of  selecting  candidates  for  the  Council  on  the  ballot 
just  closed. 

Another  illustration  of  the  recognition  of  the  importance  of 
Sections  is  a  Resolution  by  the  CouncU  to  present  at  the  1917 
Spring  Meeting  an  amendment  to  the  Constitution  to  make  a 
Standing  Committee  of  the  Committee  on  Sections. 

A  "  clearing  house  "  for  motion  picture  films  on  industrial  sub- 
jects and  lectures  has  been  established,  and  a  start  has  been  made 
to  secure  written  lectures,  sometimes  with  slides,  which  lectures 
may  be  presented  by  a  member  of  the  Section  who  is  willing  to 
become  sufiiciently  familiar  with  the  subject  matter  to  present  it. 

Sections  have  been  assisted  in  their  desire  to  encourage  the 
young  engineers  just  out  of  college  through  an  additional  amount 
added  to  their  appropriations  for  each  graduate  Student  Member 
who  locates  within  their  territory.  In  return  the  Sections  are 
expected  to  give  these  graduate  Student  Members  all  the  privileges 
of  the  Section  for  a  period  of  two  years  after  graduation.  There- 
after it  is  expected  that  regular  application  will  be  made  for 
membership  In  the  Society  if  one  expects  to  continue  to  obtain  such 
privileges. 

The  various  Sections  have  begun  in  a  small  way  to  cooperate 
with  one  another  through  an  exchange  of  literature  and  notices 
of  meetings.  This  should  be  further  developed  so  that  whenever 
a  member  of  one  Section  expects  to  visit  a  city  where  another 
Section  is  established,  notification  be  sent  in  advance  and  if  pos- 
sible arrangements  be  made  whereby  the  Section  visited  may  have 
opportunity  to  entertain  the  visitor  and  have  him  make  some 
remarks,  or  if  possible  deliver  a  technical  paper. 

The  Journal  now  devotes  considerable  space  to  a  portrayal  of 
the  work  of  Sections,  and  it  is  hoped  that  the  Sections  will  co- 
operate not  only  by  submitting  promptly  reports  of  their  activities, 
but  also  by  keeping  the  Editor  informed  regarding  all  engineering 
news  of  their  respective  districts  and  especially  proposed  engineering 
developments.  Every  Section  is  encouraged  to  nominate  one  of 
its  younger  members  to  act  as  a  correspondent  of  The  Journal. 


Transactions  of  the  Society  should  be  available  for  the  members 

of  Sections,  and  as  fast  as  Sections  secure  headquarters  where  such 
Transactions  may  be  properly  cared  for,  it  is  planned  to  provide 
them. 


UNIFORM  DATE  FOR  CHANGE  OF  OFFICERS 

Another  accomplishment  of  the  year  has  been  to  secure  the 
consent  of  all  Sections  to  uniformly  elect  their  officers  between 
March  first  and  the  end  of  May  so  that  such  elections  may  be 
formally  reported  and  ratified  by  the  Committee  on  Sections  and 
the  Council  at  their  June  meetings  (held  the  second  Friday  of 
June)  and  the  new  oSicers  thereby  enabled  to  uniformly  begin  their 
activities   on    July    first. 

It  is  hoped  by  this  procedure  it  will  be  possible  for  the  Executive 
Committees  of  Sections  to  map  out  their  programs  for  the  ensuing 
year  and  have  dates,  speakers  and  places  of  meeting  decided  upon, 
and  reports  thereof  sent  to  the  Society's  headquarters  by  October 
first  of  each  year. 

The  most  recent  and  one  of  the  most  successful  achievements 
in  Sections'  activities  was  a  Joint  Meeting  by  the  Boston,  New 
Haven,  New  York  and  Worcester  Sections  and  the  Providence 
Engineering  Society  at  New  London.  Conn.,  on  November  11,  1916. 
Over  sixteen  hundred  persons  attended  and  special  trains  were 
run  from  Boston  and  Providence  and  New  York  and  New  Haven. 
In  addition  to  being  the  first  Joint  Meeting  of  Sections  ever  held 
it  was  at  the  same  time  the  largest  gathering  ever  held  under 
the    auspices   of   the    Society. 

Elliott  H.  Whitlock,  Chairman. 
W.   F.  M.   Goss, 
L.    C.    Mabbubg, 
Walter  Rautenstbauch, 
D.  Robert  Yarnall, 

Local   Sections   Committee. 


SECTION   MEETINGS 

BIRMINGHAM,   OCTOBER   25 

An  enthusiastic  meeting  of  the  Birmingham  Section  was  held 
October  25  at  which  W.  P.  Caine,  Assoc.Am.Soc.M.E.,  gave  a 
most  interesting  talk  on  The  Use  of  By-Product  Coke-Oven  Gas  as 
a  Fuel  and  Some  of  the  Problems  Presented  in  its  Use  at  the 
Eiisley  Steel  Works. 

The  Tennessee  Coal  and  Iron  and  Rail  Road  Company  at  its 
Steel  Plant  at  Ensley  has  between  28  and  33  million  cu.  ft.  of 
by-product  gas  to  dispose  of  each  day.  This  is  the  surplus  made  at 
their  By-Product  Coke  Oven  Plant  at  Fairfield  and  forced  through 
a  24-in.  pipe  line  8000  ft.  long  ,and  from  the  Semet-Solvay  Ovens- 
located  next  to  the  Ensley  Plant. 

In  the  talk  the  causes  of  the  irregularities  in  the  delivery  and 
demand  for  the  gas  and  the  lack  of  a  gas  holder  were  brought  out 
in  order  to  indicate  the  conditions  under  which  it  has  to  be  used 
and  the  necessity  of  being  able  to  supplement  or  substitute  some 
other  fuel  upon  short  notice  suflncient  to  care  for  the  variations. 

Descriptions  were  given  of  various  types  of  burners  used,  and 
their  application  to  special  conditions  as  for  heating  ladles,  drying 
ovens,  mixers,  open-hearth  furnaces,  heating  furnaces,  soaking  pits, 
etc. 

All  burners  have  a  chamber  in  which  the  gas  and  air  or  a  part  of 
the  air  necessary  for  combustion  are  mixed  before  the  mixture  is^ 
ignited  in  the  furnace.  In  some  the  air  is  drawn  in  by  the  gas  jet 
or  jets,  while  in  others  it  is  a  jet  of  compressed  air,  air  from  a  fan 
blower  or  air  blown  in  with  a  steam  jet. 

Experience  has  shown  that  the  burners  will  back-fire  and  burn 
in  the  mixing  pipe  with  those  in  which  the  air  is  drawn  In  and  if 
allowed  to  burn  in  this  manner,  the  capacity  is  noticeably  reduced 
and  in  some  instances  the  end  of  the  mixing  chamber  has  burned  off. 
This  occurs  when  the  gas  pressure  is  lowered  or  its  velocity  is  re- 
duced by  trying  to  draw  in  too  much  air  for  the  proportions  of  the- 
burner.  To  avoid  this  trouble  a  burner  was  made  on  the  multiple 
jet  principle  with  a  very  short  mixing  chamber. 

Following  this  talk,  Mr.  Gaboury,  of  the  Woodward  Iron  Co., 
gave  his  experience  on  installations  similar  to  those  described  by 
Mr.  Caine.  This  was  followed  by  H.  P.  Ryding,  who  called  atten- 
tion to  the  economies  now  effected  as  compared  with  what  might 
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have  been  done  had  the  entire  installation  been  built  new  with  a 
view  to  using  by-product  gas. 

The  chairman  outlined  the  program  for  the  coining  season  as 
follows :  December,  Flying  Machines  by  Prof.  M.  T.  FuUan,  of 
Alabama  Polytechnic  Institute ;  January,  Combustion  and  Com- 
bustion Chambers  in  Locomotive  Practice,  by  A.  T.  Anthony ; 
Februarii,  Dr.  Ira  N.  ITollis,  President,  and  Calvin  W.  Rice,  Secre- 
tary of  the  Society ;  March,  Illumination,  by  Prof.  A.  A.  Wittig,  of 
the  University  of  Alabama;  April,  Prof.  A.  St.  C.  Duustan,  of 
Alabama  Polytechnic  Institute ;  May,  annual  meeting.  Dr.  Thorn- 
well  Haynes,  President  of  Birmingham  College. 

Paul  Wright, 

Section  Secretay. 


BIRMINGHAM,  NOVEMBER  15 

The  meeting  held  by  the  Birmingham  Section  on  November  15 
was  its  first  anniversary  meeting,  and  it  was  the  general  sense  of 
the  meeting  that  the  Section  had  been  successfully  organized  on  a 
basis  to  do  effective  work.  Two  talks  were  given,  illustrated  by 
photographs  and  charts  thrown  on  the  screen  by  the  new  baloptican 
machine.  The  use  of  this  machine  is  more  or  less  original  with  this 
Section,  and  the  results  were  highly  satisfactory  in  every  respect. 

The  first  talk  was  given  by  Mr.  Paul  Wright,  who  showed  a 
number  of  photgraphs  illustrating  the  manufacture  of  cast-iron 
water-pipe.  These  pictures  showed  the  operation  from  beginning 
to  end  of  the  American  Cast  Iron  Pipe  Company's  plant  at  Acipco, 
Birmingham.  This  company  manufactures  400  tons  of  pipe  per 
day,  and  is  the  only  pipe  shop  in  the  country  that  runs  double  shift ; 
it  also  has  the  distinction  of  making  pipe  16-ft.  long,  and  is  the 
pioneer  in  the  manufacture  of  this  long  pipe. 

Mr.  J.  H.  Klinck  led  an  interesting  discussion  of  the  paper  by 
Samuel  Insull  presented  at  a  meeting  of  the  New  Haven  Section 
on  April  5,  1916,  The  Progress  of  Economic  Power  Generation 
and  Distribution.  Each  picture  and  chart  was  well  illustrated  by 
the  baloptican.  Mr.  Klinck  added  several  illustrations  of  his  own 
experiences  with  different  types  of  turbines. 

In  the  discussion,  Frank  Cutler  called  attention  to  the  fact  that 
the  consideration  of  a  central  power  station  for  the  Birmingham 
district  might  be  the  means  of  conserving  considerable  power,  and 
at  the  same  time  take  advantage  of  the  diversity  principle  as 
strongly  emphasized  by  Mr.  Insull. 

Paul  Wright, 

Section  Secretary. 


BUFFALO,  NOVEMBER  1 

At  the  meeting  of  the  Buffalo  Section  held  on  November  1,  Frank 

B.  Gilbreth,  Jlem.Am.Soc.M.E.,  spoke  on  Motion  Study ;  his 
lecture  was  illustrated  with  slides  showing  his  well-known  cyclo- 
graph,  in  which  a  light  is  fastened  to  the  object  whose  motion  is 
to  be  recorded,  and  the  camera  is  opened  to  record  the  path  of  the 
lighted  object.  Mr.  GQbreth's  lecture  opened  up  many  fields  of 
thought  and  showed  what  could  be  done  in  further  advancing  the 
study  of  the  elimination  of  waste,  whether  in  motion  or  materials. 

John  Younger, 

Section  Chairman. 

BUFFALO,  NOVEMBER   15 

Professor  Wm.  L.  Cathcart,  Mem.Am.Soe.M.E.,  addressed  a 
meeting  of  the  Buffalo  Section  on  November  15  on  The  Navy ;  its 
Fleet  and  Naval  Stations.  His  talk  was  illustrated  with  slides 
showing  various  phases  of  work  in  the  Navy,  including  some  splen- 
did pictures  of  battleships.  The  speaker  showed  how  the  engineer 
v7as  responsible  for  the  modern  fighting  machine  and  pointed  out 
that  an  engineer  would  be  required  more  and  more  to  express  his 
feelings  as  regards  the'  growth  of  a  navy  suitable  for  the  adequate 
defense  of  the  United  States. 

John  Younger, 

Section  Chairman. 

BUFFALO,  NOVEMBER  29 

Before  the  meeting  of  the  Buffalo  Section  held  on  November  29, 

C.  H.  Bierbaum,  Mem.Am.Soe.M.E.  and  Chairman  of  the  Sub- 
committee on  Bearing  Metals  of  the  Research  Committee,  read  « 


papei  on  Graphite,  with  special  reference  to  its  use  in  lubricating 
compounds  for  bearings.  The  paper  described  at  the  outset  the 
experience  of  the  Lumen  Bearing  Company  in  producing  the  most 
economic  and  useful  bearings  for  particular  purposes.  The  first 
field  of  investigation  was  that  of  the  metallurgical  treatment  of 
bearing  metals  in  the  foundry ;  in  addition  it  was  found  necessary 
to  investigate  and  correct  improper  designs  from  the  point  of  view 
of  both  the  strength  and  proportion  of  the  bearing,  as  well  as  the 
oil  grooves.  This  in  turn  brought  in  the  oil  supply  in  general  and 
lead  to  a  broad  investigation  of  the  entire  field  of  lubricants,  and 
from  the  beginning  of  this  investigation  graiihite  promised  to  be  a 
vital  subject.  The  results  obtained  with  this  metal  were  so  varied, 
however,  and  at  times  so  unsatisfactory  that  they  lead  to  special 
studies  of  the  composition  and  impurities  of  graphite,  finally  result- 
ing in  the  perfection  of  a  process  by  means  of  which  all  objection- 
able impurities  are  removed ;  impurities  such  as  mica,  silicon,  feld- 
spar, iron  oxide,  alumina  and  clay  to  the  amount  of  30.7  per  cent., 
have  been  removed  by  this  process  from  some  of  the  best  lubricants 
on  the  market. 

L.  J.  Foley, 

Director  of  Puilicity. 


BUFFALO.  DECEMBER  13 

On  December  13,  Alfred  P.  Brush,  consulting  engineer,  of  De- 
troit, spoke  to  the  Engineering  Society  of  Buffalo  on  the  Four- 
Cylinder  Automobile  Engine,  and  other  engineering  topics.  Mr. 
Brush  said  in  part : 

"  Considered  solely  from  the  standpoint  of  numbers,  the  four- 
cylinder  engine  is,  and  has  been  for  the  last  ten  years,  the  standard 
prime  mover  for  self-propelled  road  vehicles,  and  in  my  judgment 
will  continue  to  be,  so  long  as  the  four-cylinder  internal-combustion 
engine  holds  its  place  as  the  most  satisfactory  prime  mover  for 
mobile  use. 

It  is  my  opinion  that  the  six-,  the  eight-,  and  the  twelve-cylinder 
motors  have  all  been  developed  more  nearly  to  their  ultimate  pos- 
sibilities than  has  the  four-cylinder  engine,  and  it  is  also  my 
opinion  that  the  greatest  obstruction  to  the  development  of  the 
four-cylinder  motor  toward  its  ultimate  possibilities  has  been  and 
is  its  very  popularity.  Volume  of  production  makes  for  efficiency 
of  production  and  stagnation  of  development. 

There  is  another  very  real  obstruction  to  the  development  of  the 
four-cylinder  engine.  It  has  come  to  be  accepted  as  the  engine  for 
the  extremely  low-priced  automobile. 

Four  of  the  leading  manufacturers  of  four-cylinder-engined  cars 
claim  for  their  engines  maximum  horsepower  per  cubic  inch  of 
piston  displacement  ranging  from  0.142  to  0.206,  with  total  piston 
displacements  ranging  from  170  cu.  in.  to  213  cu.  in.,  and  maximum 
total  horsepowers  ranging  from  25  to  35." 

Mr.  Brush  then  described  a  four-cylinder  motor  which  has  been 
produced  during  the  past  year  and  which  developed  over  0.2  hp.  per 
cu.  in.  from  400  r.p.m.  to  2600  r.p.m. 

A  general  discussion  of  engines  followed  Mr.  Brush's  talk,  and 
Chas.  M.  Manley  of  Curtiss  Aeroplane  Co.,  Russell  Huff,  Chief 
Engineer  of  the  Dodge  Company,  David  Fergusson,  Chief  Engineer 
of  the  Pleasure  Car  Department  of  the  Pierce-Arrow  Corporation, 
and  others  took  part. 

A  local  Section  of  the  Society  of  Automobile  Engineers  was 
formed  at  this  meeting.  David  Fergusson  was  elected  chairman. 
The  vice-chairman  and  secretary  are  Chas.  M.  Manley  and  David 
W.  Sowers. 

L.  J.  Foley, 

Section  Correspondent. 


CHICAGO,  NOVEMBER  17 

The  first  meeting  of  the  Chicago  Section  this  season  was  held 
on  November  17,  and  was  announced  as  Army  and  Navy  night. 
The  chairman  introduced  William  A.  Mollet,  Commander  of  the 
Great  Lakes  Naval  Training  Station,  who  told  how  naval  cadets 
were  prepared  and  showed  numerous  lantern  slides  of  their  quarters 
and  features  of  their  training.  Beginning  with  the  Constitution, 
the  development  of  the  navy  was  traced  up  to  the  last  battleships 
off  the  ways. 

It  was  the  speaker's  opinion  that  if  we  ever  attain  naval 
supremacy  we  must  build  ships  larger,  faster  and  with  greater 
gun  power  than  ever  before ;  in  other  words,  go  the  limit  in  the 
three  features  by  which  a  battleship  is  rated.     In  this  way  the 
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preseiit-day  dreadnaught  or  siiperdroiidiiiiuglu  would  be  outclassed 
and  soon  become  obsolete.  Pbysical  limits  would  be  reached  in  a 
battelship  having  a  displacement  of  OO.UOO  tuns,  IS-iu.  guns  and  a 
speed  of  35  knots. 

Luciau  B.  Moody.  Major.  Ordnance  Department.  Rock  Island 
Arsenal,  spoke  on  the  army  ordnance  department,  sho\v\iig  views 
of  its  factories  and  products  and  the  guns  now  used  by  the  army. 
In  time  of  war  the  five  arsenals  would  supply  only  a  small  par; 
of  the  munitions  needed ;  it  would  be  necessary  to  depend  largely 
on  the  output  of  private  enterprises. 

Captain  Christie,  of  the  new  United  States  Aviation  Station  at 
Chicago,  outlined  the  methods  of  training  aviators,  the  present 
status  of  the  service  and  the  hopes  for  the  future.  A  review  of 
the  difficulties  of  the  L'nited  States  aviation  corps  in  Mexico  and 
anecdotes  from  the  iiersonal  exiierience  of  the  speaker  were  heard 
with  great  interest. 

ROBT.    B.   TlIAYKK. 

Section  Scrntury. 

LOS  an(;i:les.  nove-mber  2 

A  technical  session  of  the  Los  Angeles  Section  met  on  No- 
vember 2,  when  E.  T.  Sederholm,  ilem. Am.Soc.M.E..  delivered 
an  address  on  Deep-JIine  Hoisting,  a  subject  which  his  e.xperience 
qualified  him  to  handle  well.  A  dinner  was  served  and  attention 
was  called  to  the  meeting  of  the  Engineers  of  Los  Angeles  every 
Thursday,  at  which  there  would  be  always  something  of  interest 
to  the  members  of  this  Section,  and  an  invitation  was  extended 
them  to  attend  these  meetings. 

FoBn  W.  Hakbi.s. 

Section    Sccrrtary. 

;  .MILWAUKEE.  XOVEMBEU  17 

At  a  joint  meeting  of  the  Milwaukee  Section  with  the  Milwaukee 
Engineers  Society  and  Milwaukee  Section  of  the  American  Chem- 
ical Society  on  November  37,  Pi  of.  Otto  L.  Kowalke  gave  an 
address  on  the  Characteristics  of  Base  Metal  Thermocouples.  The 
address  first  described  an  investigation  regarding  the  performance 
and  constancy  of  base  metal  couples.  For  this  purpose  samples  of 
couples  had  been  purchased  in  the  open  market,  the  couples  being 
calibrated  against  a  carefully  standardized  platinum  couple.  First 
the  couples  were  all  calibrated  with  4  in.  of  their  lengths  im- 
mersed in  the  furnace ;  second,  calibration  w-as  made  with  15  in. 
of  their  lengths  immersed.  Then  the  couples  were  ail  treated  for 
20  hours,  respectively,  at  400  deg.  Cent.,  600  deg.  Cent,  and  SOO 
deg.  Cent.,  and  after  each  treatment  the  couples  were  separately 
calibrated. 

The  results  of  these  treatments  and  calibrations  showed  that  in 
many  cases  there  were  variations  of  150  deg.  Cent,  between  the 
calibration  at  4  in.  and  15  in.  immersion.  This  difference  was  due 
to  a  lack  of  proper  annealing  before  being  put  into  service.  Many 
of  the  couples  gave  very  satisfactory  performance  and  showed  a 
variation  in  calibration  of  from  25  to  40  deg.  from  the  beginning  to 
the  end  of  the  test.  This  is  not  an  excessive  variation.  Jlicro- 
lihotographs  of  the  wires  were  also  made  before  and  after  heat 
treatment  for  two  hours,  respectively,  at  400  deg.  Cent,  600  deg. 
Cent.,  SOO  deg.  Cent,  and  1000  deg.  Cent. 

In  all  cases  where  satisfactory  calibration  was  found,  it  also  hap- 
pened that  the  metals  composing  the  wires  in  the  couple  formed 
a  solid  solution.  It  was  found  that  in  each  couple  where  silicon 
was  used  to  an  extent  of  about  3  per  cent,  a  segregation  of  the 
metal  took  place,  which  resulted  in  an  excessive  change  in  calibra- 
tion ;  the  extent  of  this  change  being  150  deg.  .at  1000  deg.  Cobalt 
was  also  investigated  as  a  chemical  element. 

Various  couples  were  made  up  with  iron,  Aduaiicc  micbrome 
and  coustantan  wires.  These  couples  were  treated  in  a  manner 
similar  to  those  described  above.  It  was  found  that  cobalt  vs. 
Advance  or  constantau  gave  satisfactory  calibrations.  Cobalt  does 
not  get  brittle  so  easily  as  does  nickel,  nor  does  it  oxidize  quite  so 
readily.  A  combination  of  cobalt  is.  nickel-iron  alloy  gives  a  niost 
satisfactory  performance.  There  was  less  than  5  deg.  difference 
between  the  original  and  final  calibrations. 

Fred.  H.  Dokneb. 

Section  Secretary. 

MINNLSOTA,    NOVEMBER   9 

The  Minnesota  .Section  held  its  third  meeting  of  the  season 
in    Minneapolis.    Minn.,    on    November   9.      The   speaker    was    Dr. 


E.  F.  Friedman,  chief  chemist  of  the  McLaughlin,  Gormley,  King 
Co.,  of  Minneapolis,  Minn.,  who  addressed  the  meeting  on  Coke 
and  Its  By-Products.  The  talk  proved  exceedingly  interesting  and 
was  followed  by  a  lively  discussion,  during  which  the  opinion  was 
expressed  that  the  inferiority  of  the  dyes  manufactured  in  this 
country  is  due  nut  to  lack  of  knowledge,  but  to  the  fact  that 
our  manufacturers  will  not  take  the  time  to  carry  the  reduction 
of  the  crudes  down  to  the  proper  base. 

I>.    .M.   FOKFAR, 

.s'ftfiore    Secretary. 

NEW   HAVEN,    NOVEMBER    15 

The  Fall  meeting  of  the  New  Haven  Section,  held  on  November 
l.'i,  was  held  in  two  sessions  as  usual.  At  the  afternoon  session, 
papers  were  read  on  Methods  of  Testing  Metals,  by  Prof.  W.  K. 
Sliepard,  and  on  Applied  Metallography  by  Prof.  C.  H.  Mathew- 
son.  These  were  followed  by  discussion  of  the  subjects  by  Mr. 
Skinner,  of  the  Westinghouse  Company,  Mr.  Staples,  Prof.  L.  P. 
Breckeuridge,  Mem. Am.Soc.M.E.,  and  others.  The  ITammond 
Laboratory  was  thrown  open  to  the  meeting,  and  dinner  was 
later  served  in  the  Yale  Dining  Club  Hall  tu  visiting  engineers. 

The  evening  session  was  opened  by  Calvin  W.  Rice,  Secretary 
of  the  Society,  who  gave  notice  of  the  37th  Annual  Meeting  tu 
be  held  in  New  York,  December  5  to  8.  Pruf.  Breckeuridge 
announced  that  an  exhibition  would  he  given  by  the  Yale  Me- 
clianical  Engineers  Club  in  the  Mason  Laboratory.  December  .S. 
A  paper  was  read  by  S.  .1.  Berard.  Instructor  in  Mtiehine  Design 
of  Sheffield  Scientific  School,  on  Methods  of  Duplicating  Draw- 
ings, and  Frank  P..  (iilbreth  Mem. Am.Soc.M.E.,  spoke  on  Develop- 
ments in  Time-Study  Methods  and  I>evices,  l]oth  of  which  brought 
out  considerable  discussion  on  tiie  application  of  photography  to 
engineering.  Mr.  Berard  gave  an  illiistiation  of  blueiiriuting  by 
exposing  a  tracing  in  the  stereopticon  and  almost  immediately 
showing  the  blueprint  on  the  screen.  Programs  were  prepared 
by  the  blueprint  department  of  the  Slason  Lalior.itory  as  examples 
of  methods  of  duplicating  from  negatives. 

.V  full  account  oi  this  meeting  is  iiulilisheil  elsewhere  in  this 
issue. 

11      II.      LOCKWOOD, 

Section    Secretary. 

NEW  ORLEANS,  OCTOBER  2 

A  joint  meeting  of  the  Louisiana  Society  of  the  members  of 
The  American  Society  of  Civil  Engineers  and  the  New  Orleans 
Section  of  our  Society  was  held  on  October  2.  The  chairman 
announced  a  new  policy  for  the  Section,  by  which  full  cooperation 
might  be  maintained  with  the  Louisiana  Engineering  Society 
without  any  conflicts  of  work.  Under  this  policy,  the  preparation 
of  new  papers  of  merit  is  to  be  confined  largely  to  the  Louisiana 
Society,  and  the  activities  of  our  Section  are  to  be  devoted  to 
the  discussion  of  papers  which  shall  have  appeared  either  in 
The  Journal  or  Transactions. 

The  topic  of  discussion  of  this  meeting  was  the  paper  of  G.  C. 
Noble,  entitled  The  Design  and  Test  of  a  Large  Reclamation 
Pumping  Plant,  pulilished  in  the  JIa.\,  1916,  issue  of  The  .Journal 
and  later  selected  by  the  Committee  on  Meetings  for  presentation 
at  the  Annual  Meeting  in  December,  1916. 

Professor  Gregory  and  Messrs.  Shaw.  Ilutson,  Okey,  Delery, 
Nelson.  Dusenbury,  Burwell  aiid  Olson  participated  in  the  dis- 
cussion of  this  paper,  bringing  out  a  number  of  points  of  interest 
not  previously  developed.  This  discussion  will  be  referred  to 
Mr.  Noble  for  his  reply. 

H.  L.  IliTso.x, 

Section    Sei:rctury. 

P11IL.\DELPH1A.  NOVEMBER  28 

On  November  28.  a  meeting  of  tin'  Philadelphia  Section  was 
held  in  the  auditorium  of  Ihe  Philadelphia  Engineers'  Club.  Jlr. 
MacCoull  of  the  Westinghouse  Machine  Co.,  of  Pittsburgh,  spoke 
upon  the  subject  of  mechanical  development  of  aviation.  He 
pointed  out  that  from  ancient  times,  it  has  been  man's  insatiable 
ambition  to  conquer  the  air.  and  history  from  the  earliest  times  is 
marked  by  accidents  occurring  from  experiments  with  various  types 
of  flying  machines.  The  most  rapid  progress  in  the  development 
of  air  machines  has  occurred  in  the  past  ten  years. 
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Ml'.  MucCouU's  iJiipei'  laid  inirticular  stri'ss  ii|jon  the  devolopmeut 
of  aeroplane  engines,  and  gave  instances  of  engines  developed  to 
meet  the  requirements  of  the  very  least  possible  weight  per  h.p. 
It  is  almost  unbelievable  that  successful  engines  have  been  con- 
structed which  weigh  only  three  or  four  pounds  per  h.p.  His  lecture 
was  illustrated  throughout  with  a  number  of  hue  lantern  slides 
showing  the  development  of  the  aeroplane  engine  within  the  past 
ten  years.  Valve  arrangements  and  cooling  systems  were  also 
treated  in  his  paper. 

Following  Mr.  JMacCoull's  paper,  Dr.  C.  E.  Lucke,  Mem. Am. - 
Soc.M.E.,  Dean  of  the  Department  of  Mechanical  Engiuoering  of 
Columbia  University,  gave  a  very  graphic  description  of  the  problem 
of  aeronautical  engine  design.  Dr.  Lucke  is  Chairm■^n  of  the  Advis- 
ory Aeronautical  Committee,  appointed  by  the  War  Department, 
and  showed  by  his  talk  that  he  was  intimately  familiar  with  the  dif- 
ficulties involved  in  successful  aeroplane  engines.  Dr.  Lucke  was 
somewhat  pessimistic  in  his  view  of  the  situation  as  to  the  de- 
pendability of  modern  aeroplane  engines.  Take  any  five  engines. 
Dr.  Lucke  said,  and  start  them  and  leave  them  alone,  and  hardly 
three  can  be  depended  upon  to  run  without  attention  for  over  two 
hours.  He  felt  as  if  the  problem  was  just  beginning  to  be  solved. 
and  as  soon  as  capital  became  interested  in  the  matter  and  the 
manufacture  of  aero-craft  took  its  place  on  a  plane  with  other  lines 
of  industrial  work,  then  would  the  development  of  the  engine  begin 
in  earnest.  It  was  estimated  that  it  would  require  from  .$."iO,OfH) 
to  $.500,000  to  develop  a  good  aeroplane  engine  and  embody  all 
the  most  recent  improvements. 

Dr.  Lucke  talked  aliout  carburatiou,  the  necessity  of  lightest 
possible  power  plant,  fixed  cylinders  versus  rotary  cylinders,  igni- 
tion, engine  housing,  crank  cases :  analyzing  his  talk  throughout 
with  the  use  of  curves  drawn  upon  the  blackboard.  Dr.  Lucke 
thought  that  not  suflicient  attention  had  been  paid  by  designers 
to  stresses  involved,  and  emphasized  the  necessity  for  designing 
to  meet  the  heat  carrying  conditions.  The  great  problem,  there- 
fore, is  to  get  together  a  sufficient  amount  of  design  data  to  enable 
engineers  to  handle  the  problem  in  a  iiKire  scientific  and  thorough 
manner. 

Although  an  American  was  the  inventor  of  the  present  aeroplane, 
it  is  much  to  our  shame  that  the  last  two  or  three  years  has  seen 
Continental  Europe  considerably  outdistance  us  in  the  i)rogress 
made  in  aviation. 

Discussion  on  the  subject  was  led  by  Dr.  Jos.  A.  Steinmetz  of 
the  Aero  Club. 

W.  R.  Jones. 

Section  fierrrtary. 


riiOVlDENCK.  XOVHMHF.R  -JL' 

At  the  November  meeting  of  the  I'rovideuce  Engineering  Society. 
held  in  the  Engineering  Building  of  Brown  University  on  the 
22nd.  definite  steps  were  taken  for  the  winter's  activities  by  the 
formation  of  four  sections,  which  with  the  section  on  fire  protection 
previously  organized  make  five  sections  to  start  with.  The  new- 
sections  are :  JIachiue  Shop.  Efficiency  and  Scientific  Management. 
Structural  Engineering  and  Designing  and  Drafting.  It  is  ex- 
pected that  they  will  immediatt'ly  take  up  their  work  and  organize 
interesting  meetings  in  this  department  of  the   Society's  activities. 

The  speaker  of  the  evening  was  Mr.  Nelson  B.  Lewis,  Chief 
Engineer  of  the  Board  of  Estimate  and  Apportionment,  Bureau  of 
Public  Improvements,  New  York  City,  His  address  was  on  the 
subject  of  City  Planning  as  an  Engineering  Problem,  and  was  well 
illustrated  by  lantern  slides.  He  pointed  out  the  serious  situations 
which  have  arisen  in  several  of  our  large  cities  because  this  feature 
of  the  city's  activities  was  not  given  proper  consideration.  For 
instance,  a  street  system  once  established  continues  almost  in- 
definitely, and  therefore  should  be  carefully  planned  :  a  street  layout 
and  a  transportation  system  are  the  means  by  which  the  people 
pass  from  their  homes  to  their  work,  recre.-ition  and  amusement, 
and  so  should  be  conveniently  arranged.  Park  and  recreation 
facilities  and  the  importance  of  the  location  of  public  buildings, 
both  with  regard  to  their  convenience  ,ind  appearance  wen' 
discussed. 

Al.nEKT    E.    TlIORNTJCV. 

Corresponding  ticcrijary. 

ST.  LOUIS,  DECEMBER  (1 

The  St.  Louis  Section  partici|iated  in  a  juint  meeting  uf  the  ,\s- 
soeiated    Engineering  Societies  of  St.   Louis,  held  on   December  li. 


under  the  auspices  of  the  Engineers'  Club  of  St.  Louis.  Members 
and  guests  were  agreeably  and  instructively  entertained  by  i)hoto- 
plays  of  unusual  merit  on  the  subjects  of  railroad  safety  and  the 
evolution  of  transportation  from  the  time  of  the  squaw  with  her 
papoose  on  her  b.ack  to  the  present  electrification  of  the  Chicago, 
Milwaukee  and  St.  Paul  Railroad.  These  were  supplemented  by  a 
paper  on  Railroad  Trespassing,  by  A.  A,  Krause,  Commissioner  of 
Safety   of   the   Missouri,   Kansas   &   Texas    Railway    System. 

L.  A.  Day, 

Hccliun  Secretary. 


ST.   LOUIS.   DKCF.MI'.KR    13 

The  Associated  Engineering  Societies  of  St.  Louis  and  the 
Engineers'  Club  attended  a  lecture,  dance  and  luncheon  given  at 
the  club  rooms  of  The  United  Itailwa.vs  Company.  St.  Louis,  on  the 
evening  of  December  13.  Mr.  A.  O.  .VUan.  Assistant  Engineer, 
X'aluation  Department,  Missouri  I'acific  Railway,  spoke  on  Some 
Experiences  of  a  Civil  Engineer.  The  talk  was  non-technical, 
describing,  with  a  personal  touch,  peculiar  features  encountered 
during  twenty  .years  of  railroad,  canal  and  reservoir  building  in  the 
West  and  was  illustrated  by  lantern  slides  from  photographs  of  the 
different  classes  of  construction.  Mr.  Allan's  address  was  the 
second  one  enjoyed  by  the  members  of  these  societies  in  191 H. 

L.  A.  Day, 

Section  Secretary. 


STUDENT   BRANCHES 

BUCKNELL  UNIVERSITY 

A  meeting  of  the  Student  Branch  of  Bucknell  University  held 
November  6  was  the  occasion  of  admitting  to  active  membership 
in  the  Branch  the  Junior  Mechanical  Engineers.  The  topic  dis- 
cussed at  the  meeting  was  The  Function  of  the  Sales  Engineer 
and  His  Relation  to  JIachine  Design,  and  a  paper  on  that  subject 
was  read  by  Raymond  E,  SiJrenkle :  comparing  the  duties  of  the 
sales  engineer  of  the  present  with  the  same  service  as  it  was  in 
the  past,  he  brought  out  the  opportunity  of  the  sales  engineer  to 
study  the  requirements  of  the  users  of  machines  with  a  view  to  dis- 
covering what  modifications  of  standard  types  will  be  needed  to 
effect  an  increase  in  production  or  decrease  in  cost  of  installation, 
and  so  meet  competition  and  the  conditions  presented  by  novel 
machinery   problems. 

The  subject  was  further  discussed  by  Professor  Burpee.  Mem. 
Ani.>Soc.M.E.,  who  developed  other  possibilities  for  advancement 
in  the  wurk  of  the  sales  engineer. 

C.  M.  Krinek, 

liranch   Secretary. 


CASE   SCli:»()L  OF   .\rri.lED  SCIENCE 

The  Student  Hranili  uf  the  Case  School  of  Applied  Science  held 
its  regular  monthly  meeting  on  December  0.  Mr.  JI.  Luckiesh,  of 
the  N.E.L.A.,  gave  an  interesting  talk  on  the  subject  of  Light, 
Shade  and  Color.  Mr.  Luckiesh  as  head  of  the  research  depart- 
ment of  the  association  has  made  a  marked  advance  in  perfecting 
lighting  facilities.  A  conspicuous  work  of  his  department  has  been 
the  development  of  artificial  daylight.  With  the  aid  of  diagrams 
and  illustrations  he  explained  the  fundamental  theories  and  prac- 
tical features  of  his  science,  including  the  importance  of  color  as  a 
factor  in  better  lighting,  and  emphasizing  the  luominence  of  light, 
shade  and  color  in  the  arts. 

.\.  Treuhaft, 

lirnnch  Seeretiiry. 


U.MVFRSITY  OF  CINCINNATI 

'['he  meeting  held  by  the  Student  Branch  of  the  University  of 
Cincinnati  (Ui  October  20  was  the  initial  meeting  for  the  year 
1910-17.  Branch  I'resident  Cowell.  presiding,  outlined  the  plans 
for  the  coming  year,  reminding  the  members  to  prepare  for  the 
Spring  Meeting  of  the  Society  to  be  held  this  year  in  Cincinnati. 

The  meeting  was  addressed  by  A.  J,  Baker,  Mem. Am. Soc.M.E,, 
who  is  connected  with  the  sales  department  of  the  Cincinnati  Mill- 
ing Machine  Company,  and  who  gave  an  instructive  and  interesting 
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forecast  of  the  problems  which  will  confront  the  engineer  at  the 
end  of  the  European  war. 

Short  talks  were  also  given  by  Prof.  A.  L.  Jenkins  and  C.  A. 
Joerger,  of  the  University  faculty. 

Eabl  a.  Botts, 

Branch  Secretary. 

UNIVERSITY  OF  COLORADO 

At  a  auH'tiug  of  the  University  of  Colorado  Student  Branch, 
held  November  23,  plans  were  completed  for  a  trip  of  the  mem- 
bers of  the  Branch  to  the  sugar  factory  at  Longmont,  Colorado. 
which  is  the  third  largest  factory  of  its  kind  in  the  world  and  of- 
fers many  points  of  interest  to  the  mechanical  engineer.  A  black- 
board talk  on  the  general  outlay  of  the  plant  was  given  at  the 
meeting  and  on  the  24th  the  plan  was  consummated  by  the  trip 
to  the  plant. 

R.  F.  Hamilton, 

Branch  Secretary. 

CORNELL  UNIVERSITY 

The  first  meeting  of  the  Student  Branch  of  Cornell  University 
was  held  November  13,  at  which  Prof.  RoUa  C.  Carpenter, 
Mem.Am.Soc.M.E.,  Chairman  of  the  Branch,  outlined  the  aims 
of  the  Society  and  the  advantages  to  be  gained  from  membership 
therein,  bringing  the  student  into  more  intimate  touch  with  engi- 
neering practice  as  it  is  today,  by  the  presence  of  prominent  engi- 
neers at  meetings  of  the  Student  Branches  to  present  important 
engineering  topics.  The  meeting  was  addressed  by  Professor 
Jacoby  of  the  College  of  Civil  Engineering  of  Cornell  University, 
an  authority  on  bridge  design,  who,  in  a  talk  on  this  subject,  dis- 
cussed the  fall  of  the  Quebec  Bridge,  expressing  his  opinion  that 
the  disaster  was  due  not  to  any  negligence  on  the  part  of  the  engi- 
neers in  charge,  but  rather  to  the  fact  that  the  science  of  engi- 
neering was  not  far  enough  advanced  to  insure  its  success ;  that  the 
construction  of  this  bridge  had  been  the  most  gigantic  task  of  its 
kind  ever  attempted ;  the  engineers  had  no  precedent  to  follow  and 
at  best  their  success  was  only  a  probability.  Officers  of  the  Branch 
were  elected  for  the  year,  as  follows :  Chairman,  Professor  Car- 
penter;  President.  W.  C.  Bliss;  Vice-President,  R.  O.  Compton ; 
Secretary.  S.  M.  Barr,  and  Treasurer,  W.  W.  Robertson. 

S.  M.  Barr, 
Branch   Secretary. 


UNIVERSITY  OF  ILLINOIS 

An  interesting  talk  on  Industry  in  Bulgaria  was  a  feature  at 
the  meeting  held  November  16  by  the  Student  Branch  of  the 
University  of  Illinois,  in  which  P.  Gherganoff,  a  native  of  Bul- 
garia, outlining  the  geographical  formation  of  that  country  and 
its  consequent  effects  on  the  life  of  the  people,  told  of  their 
economic  products,  their  travel  routes,  railroads  and  the  wonderful 
opportunities  for  water-power  development,  which  are  being  read- 
ily seized  by  engineers. 

At  the  meeting  held  by  this  Branch  on  December  7,  F.  M.  Van 
Dcventer  gave  an  illustrated  lecture  on  The  Use  of  Blast  Furnace 
Gas  for  Power  Purposes,  comparing  blast-furnace  gas  with  pro- 
ducer gas  and  showing  that  a  large  conservation  of  energy  might 
be  effected  by  the  use  of  blast-furnace  gas  in  boilers  and  internal 
combustion  engines.  The  apparatus  necessary  to  prepare  the  gas 
for  use  in  engines  was  shown  by  lantern  slides,  as  were  also  the 
different  power  units  throughout  the  country  where  this  gas-energy 
is  available,  while  other  slides  gave  views  of  the  details  of  large 
modem  internal  combustion  engines. 

V.  S.  Day, 
Branch  President. 


KANSAS    STATE   AGRICULTURAL   COLLEGE 

The  Student  Branch  of  Kansas  State  Agricultural  College  held 
its  third  regular  meeting  this  season  on  November  2.  Several  sub- 
jects of  interest  were' discussed,  Mr.  C.  A.  Frankenhoff  giving  a 
talk  on  the  Utah  Copper  Company,  followed  by  J.  I.  Brady,  who 
took  up  the  subject  of  Ore  Treatment  by  the  same  company.  These 
were  supplemented  by  A.  C.  Arnold  in  a  talk  on  the  Shell  Plant 
of  the  Hart-Parr  Company,  and  the  discussions  were  concluded  by 


E.  T.  Whitcomb  with  remarks  upon  the  Manufacture  of  Shells  at 
the  Plant  of  the  Hart-Parr  Company. 

Wm.  N.  Catot, 

Branch  Secretary. 


PENNSYLVANIA  STATE  COLLEGE 

The  November  meeting  of  the  Student  Branch  of  Pennsylvania 
State  College  was  held  on  the  27th.  R.  L.  Sackett,  Mem.Am.Soc. 
M.E.  and  Dean  of  Engineering  of  Pennsylvania  State  College, 
spoke  to  the  meeting  on  Power  Plants,  illustrating  his  talk  by  lan- 
tern slides  showing  the  ground  plans  of  several  plants  as  well  as 
methods  in  use  for  the  convenient  handling  of  coal  with  the  great- 
est saving  of  time  and  labor. 

The  meeting  called  for  a  member  to  represent  the  Branch  at  the 
Annual  Meeting  of  the  Society  in  New  York,  with  the  result  that 
Mr.  Harry  Hammond  attended  for  that  purpose. 

MASSACHUSETTS  INSTITUTE  OF  TECHNOLOGY 

About  200  new  members  were  voted  into  the  Student  Branch  of 
Massachusetts  Institute  of  Technology  at  its  first  business  meeting 
on  October  13.  There  were  interesting  talks  by  Prof.  E.  F.  Miller, 
Mem.Am.Soc.M.E.,  and  honorary  chairman  of  this  Branch,  Prof. 
A.  E.  Norton,  Mem.Am.Soc.M.E.,  Mr.  H.  L.  Coburn,  Mem.Am.Soc. 
M.B.,  and  Mr.  J.  O.  DeWolf,  Mem.Am.Soc.M.E.  Plans  were  made 
for  a  visit  by  the  members  of  the  Branch  to  the  Waltham  Watch 
Company's  plant  on  October  26. 

The  first  Student  Night  of  this  Branch  was  held  November  10, 
the  entire  program  being  carried  out  by  student  members  of  the 
Society,  including  a  talk  by  A.  E.  Keating  on  an  investigation  of 
the  efficiency  of  a  boiler  plant  in  Bridgeport.  Conn.,  remarks  on 
engineering  opportunities  in  China  by  H.  C.  Ling,  and  a  short  ac- 
count of  tunnel  construction  by  W.  .1.  Beadle,  based  on  his  work 
in  the  New  Y'ork  tubes. 

The  members  of  the  Branch  entertained  about  twenty  guests 
from  the  Institute  on  an  excursion  to  New  London,  November  11. 

Edward  W.  Rounds, 

Branch  Secretary. 

PURDUE  UNIVERSITY 

The  meeting  held  on  November  28  by  the  Student  Branch  of 
Purdue  University  was  instructively  entertained  by  motion  pic- 
tures showing  the  Indianapolis  plant  of  the  Ford  Motor  Company, 
which  brought  out  the  high  efficiency  attained  by  modern  labor- 
saving  machinery  as  applied  in  the  manufacture  of  Ford  cars. 
Views  of  safety  appliances,  schools  for  the  instruction  of  foreign- 
ers and  the  supervision  of  foodstuffs  supplied  to  employees  em- 
phasized the  welfare  campaign  as  conducted  at  the  Ford  plant. 

G.  A.  Rtress, 
Brnnrh  Corresponding  Secretary. 

WASHINGTON   UNIVERSITY 

A  resume  of  an  inspection  trip  to  the  Ford  Motor  Company's 
plant  at  Detroit,  Mich.,  was  the  subject  at  the  meeting  of  the 
Student  Branch  of  Washington  University.  St.  Louis,  Mo.,  on 
November  23.  The  discussion  embraced  the  features  of  axle  design, 
motor  assembly,  motor  block  and  testing,  commutator  and  distri- 
butor, and  observations  made  at  the  plant  of  the  Detroit  Edison 
Company  on  boilers,  student  members  Page.  Kurtz.  Thumser,  Key- 
sor  and  Conzelman  participating  in  the  discussion,  after  which 
Prof.  F.  E.  Berger,  Mem.Am.Soc.M.E.,  gave  his  impressions  of 
the  practical  instruction  of  seeing  these  plants  in  operation. 

Walter  Kurtz. 

Branch   Secretary. 

WORCE.STER  POLYTECHNIC  INSTITUTE 

The  month  of  November  is  reported  by  the  Student  Branch  of 
Worcester  Polytechnic  Institute  as  having  been  of  great  interest. 

On  November  3,  Gershom  Smith,  vice-president  and  general 
manager  of  the  Tabulating  Machine  Company,  of  New  Y'ork.  ad- 
dressed a  meeting  of  the  Branch  on  the  subject  of  cost  accounting, 
explaining  the  several  ways  in  which  shop  costs  are  accounted 
for.  the  method  of  apportioning  the  burden  and  the  modern  system 
of  tabulating  cost  accounts  by  machine.  To  illustrate  these  points 
Mr.  Smith  had  on  the  platform  a  group  of  tabulating  machines  de- 
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vised  and  patented  by  Dr.  Herman  Hollerith,  of  Wasliington,  D.  C, 
Mem.Am.Soc.AI.E.,  which  were  the  machines  used  by  Dr.  Hollerith 
in  tabulating  census  returns,  and  were  shown  to  do  very  wonderful 
work,  being  in  use  among  prominent  business  concerns,  especially 
the  large  railroads. 

On  November  11.  by  invitation  from  the  parent  Society,  the 
members  of  this  Branch  attended  the  submarine  exhibition  at  New 
London,  Conn. 

On  November  14,  Dr.  D.  S.  Jacobus,  while  in  Worcester  to  at- 
tend a  meeting  of  the  Worcester  Section  of  the  Society,  addressed 
the  Student  Branch,  taking  as  his  subject  Some  Points  Relative 
to  Steam  Engineering.  The  opportunity  of  meeting  Dr.  Jacobus 
was  enjoyed  by  the  members  of  the  Branch. 

The  most  important  feature  of  the  meeting  held  by  this  Branch 
on  December  4  was  an  instructive  talk  on  the  Heat  Treatment  of 


Steel,  by  Chester  JI.  Inman,  who  di.scvissed  the  subject  from  ex- 
perience gained  largely  through  his  two  years'  connection  with  the 
United  States  Steel  Company  in  Canton,  O.  At  this  plant  the 
speaker  had  been  to  a  considerable  extent  in  charge  of  certain 
phases  of  their  heat-treatment  work.  In  showing  what  was  to  be 
expected  from  certain  heat  treatment,  Mr.  Inuiiin  explained  how- 
such  results  were  gained,  why  certain  qualities  in  steel  were  de- 
sirable, giving  the  students  the  meaning  of  the  terms  ferrite,  pearl- 
ite  and  cementite  and  the  reasons  for  their  presence,  as  well  as 
their  composition.  The  results  of  Mr.  Inman's  experience  in  the 
use  of  the  Shore  scleroscope  and  the  Brinell  hardness  tester  were 
given,  as  well  as  some  insight  into  the  questions  of  elastic  limits 
and  yield  points,  with  their  relation  to  each  other. 

H.    P.    B^AIBFIELD, 
tiraiirh  Corresponding  Secretary. 


EMPLOYMENT  BULLETIN 

rHE  SECRETARY  considers  it  a  special  obligation  and  pleasant  duty  to  make  the  office  of  the 
Society  the  medium  for  assisting  members  to  secure  positions,  by  putting  them  in  touch  with 
special  opportunities  for  which  their  training  and  experience  qualify  them,  and  for  helping  any- 
one desiring  engineering  services.      The  Society   acts   only   as   a   clearing   house    in    these    matters. 


POSITIONS    AVAILABLE 

In  joTivardiiig  applications,  stamps  should  be  enclosed  for  trans- 
mittal to  advertisers;  applications  from  non-members  should  be 
accompanied  by  a  letter  of  reference  or  introduction  from  a  mem- 
ber, such  reference  letter  to  be  filed  with  the  Society.  Copy  for 
notices  must  be  in  hand  by  the  15th  of  the  month, 

TECHNICAL  GRADUATE,  age  30  to  35,  practical  experience  In  man- 
ufacture and  building  of  steam  and  hydraulic  machinery.  Man  pre- 
ferred with  wide  shop  e.xpericnce,  capable  of  directing  men.  Location 
Ohio.  Interview  arranged  only  after  examination  of  statement  of 
qualifications,  records  and  compensation  expected.     328 

LARGE  PUBLIC  INSTITUTION  of  middle  Northwest  seeks  services 
of  strictly  high  class  man  who  can  conduct  classes  and  lectures  on 
automobiles.  Must  be  technical  graduate  with  practical  experience  and 
not  afraid  of  work.     421. 

DESIGNER.  Technical  graduate.  Experienced  in  design  of  small 
intricate  machinery.     Location  New  York.     424 

ENGINEER  who  combines  faculty  for  writing  logical  interesting 
technical  reports  with  ability  to  turn  these  into  reliable  newspaper 
stories.  Single,  age  about  30.  Technical  education.  Experience  In 
building  construction  and  if  possible  general  knowledge  of  power-plant 
engineering.  Demonstrated  ability  as  writer  displayed  through  edi- 
torial and  similar  work.     Name  confidential.     594. 

INSTRUCTORS  for  school  of  mechanical  trades  in  Iowa.  Salaries 
$1,000  to  $1,200  per  year  ;  promotion  dependent  to  large  extent  upon 
commercial  work  which  can  be  turned  out  during  the  year. 

(a)  Energetic  young  mnn  with  some  business  ability  to  take  charge 
of  automobile  department  ;  must  know  his  subject  thoroughly  as  de- 
partment is  floing  large  repair  business,  and  must  be  able  to  build  up 
department  educationally  ind  coTiimercially.  Competent  to  teach  in 
automobile  lines,  including  electric  cranking,  lighting,  and  ignition 
course,  be  able  to  organize  material  and  work  in  such  way  that  maxi- 
mum number  of  students  can  be  handled  with  minimum  teaching  force 
and  expense. 

(b)  Man  to  hanille  foundry  and  machine  shop  and  possibly  forge. 
670. 

PUBLICITY  ENGINEER  to  take  charge  of  firm's  publication  and 
write  all  advertising  copy.  State  age,  experience  and  salary  expected. 
Location  Illinois.     IIST 

YOUNG  ENGINEERS,  experienced  in  manufacture  and  analysis  of 
metals.  Salaries  $65  and  $80  per  month  to  start.  Location  New  Jer- 
sey.    689 

DRAFTSMEN  with  experience  on  electric  traveling  cranes.  Perma- 
nent employment  and  good  wages  to  competent  men.  Location  Ohio. 
Apply  by  letter.     693 

EXPERIENCED  DRAFTSMAN  on  water-tube  boiler  work  as  detailer 
and  designer.  $1,200  to  $1,500.  Permanent  position  and  good  pros- 
pects for  right  man.     Location  Pennsylvania.     095 


ASSISTANT  TO  MANUFACTURING  EXECUTIVE.  Mechanical  en- 
gineer. Must  show  successful  experience  in  same  line  of  work,  and 
also  speed,  energy,  endurance,  initiative,  aggressiveness,  courage, 
accuracy,  memory,  good  judgment,  strong  sense  of  propriety.  Location 
Detroit.     Name  conlidcntial.      690 

ESTIMATING  ENGINEER.  Engineering  and  estimating  experience 
required  as  involved  in  formulating  selling  prices  and  calculation  of 
proper  size  of  steam,  gas,  pumping  engines,  air  and  gas  compressors 
and  heavy  special  machinery.  Technically  trained  man  desired.  Give 
experience,  references  and  salary  desired.  All  correspondence  strictly 
confidential.     Location  Ohio.     697 

SUPERINTENDENT  for  large  manufacturing  plant.  Must  be  familiar 
with  manufacturing  methods  for  producing  small  interchangeable  parts 
of  brass,  steel,  and  iron.  .State  age,  education,  experience  and  salary 
desired.     699. 

REPRESENTATIVE  tor  large  concern  manufacturing  one  type  of 
machine  tool,  to  work  in  conjunction  with  agents.  Previous  selling 
experience  not  necessary.  Good  mechanical  ability  most  desirable. 
Should  be  about  .30  and  have  had  mechanical  training  in  conjunction 
with  wide  shop  experience  and  should  possess  knowledge  of  best  prac- 
tice in  machine  tool  uses.     Location  Ohio.     "iOf;. 

YOUNG  ENGINEER  with  some  office  and  shop  training  for  position 
as  confidential  man  in  office.  Will  have  charge  of  various  cost  price 
and  engineering  records  and  .isslst  in  oversight  of  engineering  sales- 
men, to  eventually  work  Into  considerable  amount  of  sales  engineering 
correspondence.     Location  Detroit,  Mich.     712. 

LARGE  EUROPEAN  COMPANY  requires  machine-tool  salesman 
speaking  French,  Italian  or  Russian,  with  practical  experience,  to  as 
sist  in  purchasing  machine  tools  in  United  States.  Suitable  man  would 
later  be  required  to  reside  abroad.     Apply  by  letter.     715. 

DESIGNER.  Engineering  graduate,  with  experience  In  automatic 
machinery.  Good  opportunity  to  clever  man.  State  education,  experi- 
ence, and  salary  expected.     Location  New  Jersey.     717. 


DRAFTSMAN. 
I'lainfleld,  N.  J. 


Permanent  iio.sitions  for  high-grade  men. 
•19. 


Location 


CHIEF    ENGINEER    OF    STEAM    PLANT    of    10,000-kw. 
(turbine   plant).     Willing  to   pay   for  high-grade   engineer. 
Pennsylvania.     721. 

YOUNG  ENGINEERS  on  power-plant  operation  and  testing, 
by  letter.     Location  New  Jersey.     722. 


capacity 
Location 


.\pply 


MACHINERY  SALESMAN,  salary  and  commission,  with  guarantee 
of  $150  per  month.  Experienced  in  boiler  and  power-plant  work.  Lo- 
cation New  York.     723. 

MECHANICAL  ENGINEER,  with  several  years  mechanical  experi- 
ence, for  investigating  mechanical  operations  and  equipment  and  de- 
veloping new  apparatus  in  connection  with  operations  of  large  Indus- 
trial concern.  High-grade  man  desired.  In  first  letter  state  age,  ex- 
perience and  training.     Location  New  Jersey.     724. 
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COMBUSTION  ENGIXKEU  exporiented  in  hand  :iud  stokiT  liring 
of  bituminous  coal,  for  studying  boiler  efficiency  and  other  combustion 
problems.     High-grade  man  desired.    Location  New  Jersey.     725. 

DRAFTSMEN.  For  large  rubber  concern  in  Ohio,  number  of  com- 
petent draftsmen  on  machinery  layouts,  piping  and  electric  wiring. 
Also  two  tracers  and  a  checker.     Location  Ohio.     727. 

PRODICTION  AND  PLANT-EFFICIENCY  WORK.  Technical 
graduates.  Preferably  two  or  three  years'  experience.  -Must  be 
capable,  wide-awake  and  want  to  make  good.  Well-established  com- 
pany. Location  Indiana.  Unusual  opportunity  for  several  men  of 
ability  to  work  into  organization.     728. 

MECHANICAL  DRAFTSMAN,  with  about  six  years  experieuc-  in 
detailing  machinery.     Location  New  Jersey.     729. 

MECHANICAL  ENGINEER  who  would  be  interested  In  partnership 
in  established  business  dealing  largely  in  apparatus  pertaining  to  eco- 
nomical production  of  steam,  as  recording  instruments,  steam  meters, 
water  meters,  calorimeters  for  fuels  and  gases,  etc.  Headquarters  New 
York.     7:!G. 


EDITORIAL  ASSISTANT  for  technical  paper.     Lo 
Sal.-iry  $30.     7aS. 


':iti,in  New  Y'ork. 


YOUNG  ENGINEER  as  salesman,  for  mechanical  apparatus,  forgings, 
castings,  etc.     Salary  .$25-$30.     Location  New  Y'ork.     740. 

ENGINEER  for  American  plant  in  Hayti,  to  take  charge  of  engines, 
boilers  and  pumps.  Should  be  familiar  with  d-c.  installation  for 
lighting  plant.  Salary  $1.50  to  $17.-.  per  month.  Will  pay  traveling 
expenses,  board  allowance,  and  after  six  months  service  entitled  to 
return   expenses.      742. 

ASSISTANT  ENGINEERS,  familiar  with  power-station  and  factory- 
construction  work.     Location  Connecticut.     743. 

PRACTICAL  MANUFACTURING  EXECUTIVE,  accustomed  to  su- 
pervising quantity  production  on  modern  basis,  preferably  of  machine 
parts  and  stampings,  and  with  some  technical  and  construction  ex- 
perience ;  man  from  30  to  35  years  of  age.  Willing  to  join  a  large 
organization  at  salary  ot  about  $2000.  as  utility  man  and  candidate 
for  future  position  of  more  importance  as  opening  arises.  Location 
East.      746. 

DI!.\FTSM.\N  familiar  with  thresher,  gas  and  steam  tractors. 
Give   experionri',   age   and   salary   desired.      Location   Ohio.      74!i. 


MEN    .\V.\1L.\1!I,E 

Only  members  of  the  Soriely  are  lisled  in  tlie  imhlished  no- 
tices in  this  section.  Copy  for  notices  should  be  in  hand  by 
the  15th  of  the  month,  and  the  form  of  the  notice  should  be 
such  that  the  initial  ivords  indicate  the  classification.  Notices 
are  not  repeated  in  consecutive  issues. 

MECHANICAL  ENGINEER,  technically  educated,  twenty  years 
experience  in  shop  and  drawing  office,  railroad  and  general  contract 
engineering.  Desires  to  make  a  change.  Location  immaterial.  .\t 
present    employed.      Salary   .$2400,      .\-l 

MECH.iNICAL  ENGINEER.  Twenty  years  experience  in  prac 
tical  management  of  power-plant  equipment :  15  years  as  executive. 
Broad  experience  with  steam,  electrical,  hydraulic  and  refrigerating 
machinery.  At  present  chief  engineer  and  superintendent  of  main- 
tenance for  large  industrial  plant.  Desires  to  connect  with  large 
concern  wanting  to  improve  conditions.     Minimum  salary  S2500.     A-2 

ASSISTANT    TO    EXECUTIVE    or    EXPERIMENTAL    ENGINEER. 

Stevens  1911  graduate;  married;  age  28.  Possesses  energy,  initiative, 
self-confidence.  Last  three  years  in  Middle-West  in  natural-gas 
transportation  and  measurement,  including  successful  experimental 
work.  Temporary  engagement  with  U.  S.  Bureau  of  Mines  about  to 
end.  Desires  position  with  large  industrial  or  engineering  concern 
offering  permanency  and  futur.'.  Initial  salary  not  primary  con 
sideration.      A-3 

ASSISTANT  MECHANICAL  ENGINEER.  Jun.  Am.  Soc.  M.  E.. 
Cornell  M.E.  graduate;  age  26.  Has  had  considerable  drafting-room 
experience,  and  at  present  employed  with  large  coal-mining  com- 
pany hut  desires  to  make  change.  For  last  three  years  experience 
chiefly  confined  to  power  plants  and  testing  power-plant  equipment. 
Location   preferred.    New   York.      .\-4 


RAILW-4Y  MECHANIC.VL  ENGINEER,  age  37,  technical  education, 
seventeen  years  experience,  as  railway  machinist,  draftsman,  chief 
draftsman  and  mechanical  engineer.  Desires  position  with  railway 
company,  railway-supply  house  or  industrial  plant,  with  greater  re- 
sponsibility and  opportunity.  Location  immaterial.  At  present  em- 
ployed.    Salary  $2400.     A-5 

FUEL  TESTING  ENGINEER.  Graduate;  age  34.  Seven  and  a 
half  years  experience  in  scientilic  testing  of  coal  in  industrial  plants, 
for  large  coal  company  in  Middle  West.  Desires  position  as  com- 
bustion engineer  for  large  user  of  coal.     At  present  employed.     A-6 

S.\LES  ENGINEER.  Graduate.  Experienced  in  scientific  testing 
and  selling  ot  coal.  Desires  position  as  sales  manager  for  coal-op- 
•  rating  company.     At  present  employed.     .\-7 

CHIEF  DRAFTSMAN  or  ASSISTANT  SUPERINTENDENT.  Tech- 
nical graduate;  age  36.  Thirteen  years  experience.  Familiar  with 
manufacture  of  water-gas,  soaps,  leather  belting,  coal-mining  and 
handling  machinery.  .\t  present  employed.  Salary  $1800  to  $2400. 
A-8 

DRAFTSMAN.  .\ge  25.  Three  years  technical  training.  Three 
years  shop  practice.  Two  years  experience  on  design  of  appliances 
for  installation  of  steam,  gas,  air,  water  and  oil.  Familiar  with  pro- 
duction work.     Desires  position  with  future.     A-9 

EXECUTIVE  ENGINEER.  Age  33.  Ten  years  in  responsible  charge 
of  important  work  ;  estimating,  designing  and  constructing  systems 
for  the  technical  handling  of  all  kinds  of  material  in  course  of  manu- 
facture; six  years  in  present  position.     A-10 

ENGINEER  OF  TOOLS  AND  METHODS.  SUPERVISOR  OF 
PRODUCTION.  CHIEF  DRAFTSMAN  or  ASSIST.VXT  SUPERIN- 
TENDENT. Member  wishes  to  correspond  with  well-estalilisbcd  con- 
cern. Wide  experience  in  several  of  the  largest  and  best-known  con- 
cerns in  this  country  and  Europe,  manufacturing  small  and  medium- 
size  accurate  interchangeable  parts,  such  as  adding  machines,  type- 
writers, casli  registers,  watches  and  electrical  mechanism.  Natural 
mechanical  and  executive  ability,  together  with  broad  experience  in 
developing  production  of  above  work.  Location.  Chicago  or  vicinity 
preferred.     -\-ll 

WORKS   MANAGER,    SIIPERINTENDENT   or   I'LANT   ENGINEER. 

Graduate  mechanical  engineer.  Good  organizer  and  executive.  Exten- 
sive experience  in  the  management  of  mechanical  departments  of  rail- 
road, coal-mining  and  industrial  corporations  ;  design,  construction  and 
management  of  large  steam  and  electric  power  plants ;  design,  con- 
struction, and  maintenance  of  industrial  plant  buildings:  reinforced 
concrete ;  design,  installation,  and  maintenance  of  heavy  and  light 
steam,  hydraulic  and  electrically  driven  machiner.v ;  management  of 
shop,  yard,  office  and  drafting  room  fords.      A-12 

MECHANICAL  ENGINEER.  Technical  graduate;  age  26:  two 
years  experience  operating  and  maintaining  large  power  plant  for 
industrial  company  and  two  years  in  efficiency,  time-study  and  pro- 
duction end  of  same  concern.  Desires  position  with  responsible  future. 
Location  New  Jersey  or  Pennsylvania.     .-VIS 

M.VNAGER.  WORKS  MANAGER,  or  GENERAL  SUPERINTEND- 
ENT. Technical  education,  M.E.  Good  executive  abilities.  Over  25 
years  abroad  and  varied  experience  in  heavy,  medium  (electrical  and 
metal  working),  small  and  interchangeable  work;  thorough  in  modern 
methods,  and  practical  along  all  departments,  machine  shop,  smith, 
foundry,  plating,  japanning,  wood-working,  etc.  Thoroughly  capable 
in  shop  organization  and  supervision  of  manufacturing :  qualified  in 
office,  buying,  sales,  cost,  piece,  bonus  or  premium  methods.     A-14 

DESIGNING  or  CONSTRUCTING  ENGINEER  desires  to  change. 
Wide  experience  in  power-  and  industrial-plant,  pumping-station  design 
and  construction       Salary  $4200  or  salary  and  fees.     A-15 

ASSIST-VNT  SUPERINTENDENT.  Graduate  M.E.  Capable  machin- 
ist. Familiar  with  scientific  shop  management  and  can  produce  results 
in  handling  men.     A-16 

MACHINE  DESIGNER.  Technical  graduate.  Seventeen  years  ex 
perience  on  centrifugal  pumps,  steam  engines,  steam  pumps,  elevating 
and  conveying  machinery,  hall-bearing  manufacture,  roofing  paper  and 
paper  machiner.v,  factory  equipment  and  maintenance.  Now  holding 
position  as  chief  draftsman  and  engineer.  Desires  responsible  posi- 
tion.    Location  Boston  or  vicinity  preferred.     A-17 

MEC1IANIC.\L  ENGINEER  at  present  in  executive  po.sition  with 
large  construction  company,  seeks  connection  with  industrial  or  con- 
tracting concern  near  New  York.  Proven  ability  to  handle  general 
problems  as  well  as  details  ot  technical  or  business  nature.  Familiar- 
ity with  costs  and  prices  qualify  for  position  of  responsibility.     ,\  IS 
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MECHANICAL  ENGINEER.  Aincrican  ;  toclinitnl  grniUuitf  VM2. 
Thoroughly  familiar  with  mamifactvire  and  sale  of  bigli-grade  engi- 
neering specialties.  Factory  oxperieuce  in  ijattern,  foundry,  machine 
.shop  and  drafting  departments.  Theoretical  anil  practical  experience 
of  16  years.     A-1!) 

HEATING  AND  VENTIL-^TING  EN(;iNEEI!.  Age  So,  married. 
<iraduate  M.E.  from  prominent  university.  Six  years  experience  in 
estimating  and  designing  heating  and  ventilating  systems,  covering 
wide  range  of  installations.  Desires  permanent  and  responsible  posi- 
tion.    .\vailable  about  .lanuary   1.     A--0 

CHIEF  DRAFTSMAN,  MECHANICAL  ENGINEER,  COMPETENT 
EXEC'l'TIVK,  systematic  and  reliable:  has  originality  and  initiative; 
1.")  years  experience.     Ar21 

MECHANICAL  ENGINEER.  Jun.Am.Soc.M.E.  Cornell  graduate; 
age  28.  8ix  years  experience  on  power  plant  testing  and  supervision, 
and  some  selling  experience.  At  present  employed.  Location  pre- 
ferred, New  York  or  vicinity.     A-22 

TECHNICAL,  ENGINEERING  EXECl'TIVE.  Age  34,  married. 
Nine  years  practical  experience  as  production  engineer  and  executive, 
(iood  organizer,  hustler,  keen  observer,  energetic  ;  has  originality  and 
initiative;  up-to-date  in  costs,  efficiency  engineering,  factory  manage- 
ment, etc.  Desires  change  with  greater  opportunities.  Location  im- 
mateiial,  if  healthy.     A-2o 

MECHANICAL  ENGINEER,  MAINTENANCE  ENGINEER,  MAS- 
TER JIECIIANIi  .  Graduate:  age  ."3;  married.  Thirteen  years  ex- 
perience in  Germany,  Englan<l  and  United  States,  steam  and  electrical 
plants,  heating  and  ventilating,  factory  layout  and  equipment,  labor- 
saving  devices,  construction  and  maintenance,  systematic.  Desires 
permanent  responsible  post.     .\-24 

WORKS  M.\NAGER.  Twenty  years  experience  in  manufacturing 
typewriters,   firearms,   autoinoliiles  and  power-house  equipment.     A-25 

EXI'KKIENCED  ENGINEER  on  dies,  jigs,  fixtures  and  special  ma- 
chines for  metal-working  purvioses  is  opi'n  for  position.  Chicago  dis- 
trict L)refcrred.     ,\-2G 

MECII.VNICAL  ENGINEER.  Graduat.-  from  prominent  university. 
Valuable  and  wide  experience  in  shop,  utfice  and  field  both  as  subordi- 
nate and  executive;  five  years  in  sales  and  consulting  capacity  with 
present  connection.  Desires  responsible  position  in  executive  oflices 
of  good,  live,  progressive  concern.     .V-2T 

MECHANICAL  ENGINEER,  ASSISTANT  TO  WORKS  MANAGER 
or  SUPERINTENDENT.  Assoc-Mem.Am.Soc.M.B.  Graduate  Cornell 
University  ;  age  .31.  Eight  years  experience  in  shop  and  drafting  room. 
Accustomed  to  dealing  with  men.  .Aggressive,  and  eager  for  responsi- 
bility. Wishes  larger  oiiportunity  than  present  position  affords.  Best 
references.     Eastern  states  preferred.     A-2S 

MECHANIC.VL  ENGINEER.  .\ge  33.  Specialties;  shop-  and  power- 
plant  construction,  including  installation  of  buildings,  foundations, 
machinery  and  electrical  apparatus  ;  also  crude-oil  burning,  valuation 
engineering    and    railroad    mechanical    engineering,      A-29 

TECHNICAL  (HJADUATE.  eight  years  experience  heat-treating, 
forging,  testing  and  metallographic  study  of  steel  and  brass.     A-30 

WORKS  MAN.VGER  or  GENERAL  SUPERINTENDENT.  Age  40. 
High  grade  man  open  for  new  position.  Able  executive,  good  me- 
chanic, with  thorough  practical  knowledge  of  labor,  production  meth- 
ods, planning  and  conditions  necessary  for  economical  factory  man- 
agement.    Excellent  past  record.     A-31 

SUPERINTENDENT,  SALES  ENGINEER  or  ASSISTANT  TO  EX 
ECUTIVE.  .•i.ssoc-Mem.-Vm.Soc.M.E.  Age  35.  Fifteen  years  experi- 
ence In  manufacture  and  sale  of  electrical  machinery.  Desires  change. 
.Available  upon  30  days  notice.     .\-32 

MECHANICAL  ENGINEER  or  ASSISTANT  SUPERINTENDENT. 
Assoc. -Mem. .\m.Soc.M/E.  Technical  training,  shop  experience,  10 
years  of  design  and  experimental  work  on  gas,  oil  engines  and  air 
compressors.  Able  lo  ferret  out  and  correct  vexing  problems  about 
a  shop,  and  estimate  costs.     Middle  Wc^t  preferred.     A-33 

EXECUTIVE,  MANAGER  IN  ORG.SNIZ.VTHIN  WORK.  Fellow 
A.I.E.E.,  Member  of  The  Franklin  Institute.  Broad  business  experi- 
ence and  technical  training ;  familiar  with  shop  practice,  cost,  pro- 
ductive systems  and  sales  engineering :  operation  of  power  wagons ; 
also  design,  construction  and  purchase.     A-34 

.ASSISTANT  TO  S.iLES  MAN.-VGER.  Assoc-Mem.Am.Soc.M.E. 
Graduate  M.  E.  Age  34,  married.  Desires  position  as  assistant  to 
executive  or  sales  manager  or  as  advertising  manager.  Several  years 
advertising  a-id   editorial   experience  in   power  plant,   mining  and   con- 


tracting fields.  Very  little  actual  selling  experience.  Good  corre- 
spondent. Tactful.  Accustomed  to  responsibility.  East  preferred. 
.\t   present  employed.      A-3.5 

MECHANICAL  ENGINEER,  graduating  from  well-known  university 
in  February,  desires  position  with  future.  Any  location.  References 
and  experience  given.     .\-30 

INDUSTRIAL  ENGINEER  Technical  graduate.  Junior  Member; 
age  29.  Three  years"  experience  as  designing  draftsman  of  industrial 
plants,  transmission  machinery  and  labor-saving  devices.  Past  two 
years  Industrial  engineer,  experienced  on  time-study  work,  scheduling, 
modern  cost  system,  accounting,  etc.  .\blllty  to  Increase  production 
and  decrease  costs,  standardize  equipment  and  methods  of  manufac- 
ture.    A-37 

INDUSTRIAL  ENGI.XEEI;  ,\ssociate-Meinlier.  I'ulp  and  paper 
mills  (specialty  newsprint).  Fourteen  years'  experience  in  design, 
supervising,  complete  layouts,  purchasing,  construction,  operating  and 
maintenance.     E.vecutive  rapacity.      .\-3S 

<;AS  ENGINE  ENGINEER.  Technical  man.  Eight  years'  experience 
in  design,  development,  and  production  of  stationary  engines  and  aero- 
nautical motors.  Desires  position  requiring  unusual  executive  ability 
and  judgment.     A-,".!i 

ENGINEERING  EXECUTIVE.  Graduate  M.E.  ;  age  36;  married. 
Good  executive  and  organizer.  General  business  training  as  executive 
in  purchasing,  selling  and  manufacturing  departments,  having  filled 
positions  of  purchasing  agent,  branch  sales  manager,  and  plant  man- 
ager, the  latter  for  several  years,-  Thoroughly  familiar  with  modern 
manufacturing  methods,  etflclency  systems  and  cost  accounting.  Pre- 
fers position  which  would  ultimately  lead  to  an  officer  and  part  owner 
or  partucr  in  the  business,     A-4tl 

YOUNG  ENGINEER,  TECHNICAL  GRADUATE,  with  two  years' 
good  engineering  experience  desires  position  as  mechanical  engineer 
or  in  engineering  sales.     At  present  employed.     A-41. 

MASTER  MECHANIC  OR  CHIEF  DRAFTSM.\N.  Ten  years'  ex- 
perience in  the  manufacture  of  Interchangeable  parts.  Thoroughl.y 
experienced  in  design  of  jigs,  tools,  fixtures  and  special  automatic 
machinery  for  manufacturing  parts  on  interchangeable  basis  to  close 
limits.  Location  preferred  in  i  or  in  vicinity  of)  New  Y'ork  t)r 
Newark,   N.   .T.     A-42. 

ASSISTANT  TO  EXECUTIVE  OR  CONSULTING  ENGINEER. 
.\ssociate  member,  technical  graduate,  age  28.  Ten  years'  practical 
experience,  embracing  machine  and  plate  shops,  drafting,  inspecting, 
•  stimating,  production  and  supervision.  .\t  present  assistant  superin- 
tendent of  manufacturing  plant  employing  3.jO.  Location  in  vicinity 
of  New   York   preferred.      Salary    $2un0.      A-43. 

WORKS  MANAGER.  CHIEF  ENGINEER  OR  GENERAL  SIPER- 
INTENDPjNT.  .American,  44  years  of  age,  with  IS  years'  practical 
executive  experience  in  the  positions  of  chief  draftsman,  general 
superintendent  and  works  manager  on  light  and  medium-heavy  inter- 
changeable parts  as  used  on  typewriters,  moving-picture  machines, 
gasoline  and  electric  auto  trucks,  water  meters,  linotype  machines, 
automatic  machinery  and  machine  tools,  etc.  Desires  to  make  a 
change  on  or  about  May  or  ,Iune,  1017.  For  the  past  five  years  and 
at  present  successfully  engaged  as  general  superintendent  with  a 
manufacturing  concern  making  machine  tools.  Iieslres  to  locate 
within  a  radius  of  100  miles  from  New  York  City.  .\-l  systematlzer. 
organizer  and  production  man,  with  excellent  executive  ability,  and 
can  produce  results.  Best  of  references  from  past  and  present  em- 
ployers as  to  integrity,  honesty  and  ability.  Salary,  $4000  per 
annum.     A-44. 

ENGINEER.  Eighteen  years'  experience,  covering  shop  manage- 
ment, sales  and  development  work,  principally  in  connection  with 
pneumatic  appliances.     Seeks  executive  position.     A-45. 

INDUSTRIAL  PLANT  EXECUTIVE.  General  experience  as  engi- 
neer, purchasing  agent,  and  cost  accountant  In  large  industrial  plant. 
.Vvallable  on  short  notice.     Present  location  New  York.     A-46. 

MAN.\GER.  Mechanical  Engineer,  35,  technical  graduate.  Eleven 
years'  thorough  manufacturing  experience  in  both  office  and  shop, 
including  sales  and  organizing  cost,  production,  bonus  and  piece-rate 
departments,  principally  on  light  machinery,  small  tools  and  inter- 
changeable parts.  Can  handle  men  successfully,  lower  costs  and 
maintain  quality.      Salary  $5000.     A-47. 

ENGINEER.  Specialist  and  recognized  expert  in  public-utility  and 
industrial  power  work  offers  full  or  part  time  services  to  firm  or 
corporation  interested  in  such  properties.  Broad  experience  in  the  de- 
sign, construction  and  operation  of  power  systems  and  in  making 
investigations,  valuations  and  reports  covering  going  and  projected 
enterprises.     A-48. 


PRESENTATION   OF  THE  JOHN   FRITZ   MEDAL 


THE  John  Fritz  Medal  was  presented  to  Prof.  Elihu  Thom- 
son, eminent  electrical  engineer,  for  "  achievements  in 
electrical  inventions,  in  electrical  engineering,  and  in  industrial 
development,  and  in  scientific  research,"  in  the  Central  Hall  of 
the  Massachusetts  Institute  of  Technology,  on  the  evening  of 
Friday,  December  8,  1916. 

The  meeting  was  called  to  order  by  Prof.  Albert  Sauveur, 
Chairman  of  the  John  Fritz 
Medal  Board  of  Award,  and  the 
program  of  the  evening  included 
addresses  by  John  J.  Carty, 
Chairman  of  the  Presentation 
Committee  of  the  John  Fritz 
Medal  Board  of  Award;  E.  W. 
Rice,  Jr.,  President  of  the  Gen- 
eral Electric  Company,  and  Dr. 
Richard  C.  Maclaurin,  President 
of  Massachusetts  Institute  of 
Technology.  The  presentation 
was  made  by  Dr.  Charles  Warren 
Hunt,  Past-Chairman  of  the 
Board  of  Award,  and  the  cere- 
monies concluded  with  a  response 
by  Dr.  Thomson. 

Mr.  Carty  reviewed  the  his- 
tory of  the  John  Fritz  Medal, 
described  the  manner  of  award- 
ing it  and  enumerated  the  distin- 
guished men  to  whom  this  award 
has  already  been  made. 

Mr.  Rice,  a  life-long  friend 
of  Professor  Thomson,  and  with 
an  intimate  knowledge  of  his 
work,  delivered  a  very  interest- 
ing and  forceful  address.  As 
emphasizing  the  magnitude  of 
Professor  Thomson's  inventive 
work,  Mr.  Rice  said: 

"  It  would  be  impossible  in 
the  brief  time  at  our  disposal  to 

adequately  describe  the  achievements  of  our  medalist  in  these 
various  fields  as  it  would  involve  describing  the  life  work  of  one 
of  the  world's  most  prolific  and  industrious  inventors  and 
scientists.  The  impossibility  of  performing  such  a  task  <!an 
perhaps  best  be  indicated  by  the  statement  that  in  the  field  of 
electrical  inventions  alone  Profressor  Thomson  has  been 
awarded  something  over  550  U.  S.  Patents,  and  in  other  fields, 
notably  mechanical  work,  about  150  patents ;  that  he  has  made 
contributions  to  the  world's  scientific  and  technical  literature 
set  forth  in  several  hundred  articles  describing  not  only  his  own 
discoveries  and  inventions  but  making  remarkably  interesting 
contributions  to  scientific  speculation  and  thought." 

The  speaker  also  gave  testimony  to  the  profundity  of  Pro- 
fessor Thomson's  scientific  knowledge: 

"  As  a  close  observer  of  Professor  Thomson's  activities  for 
over  36  years,  I  may  be  able  to  say  something  of  interest  as  to 
his  method  of  work.  A  skilled  workman,  he  is  always  able  to 
himself  do  the  work  which  he  asks  others  to  perform.  He  pre- 
fers to  make  his  own  drawings,  freehand  sketches,  to  which  he 
adds  dimensions  and  a  short  written  description.  He  selects 
his  own  materials,  supervises  the  work,  quickly  makes  such 
modifications  as  may  be  needed  during  its  progress  and  stands 


Elihu  Thomson 


constantly  ready  to  give  just  the  advice  necessary  to  help  over 
difficult  places  and  turn  failure  into  success.  His  inventions  are 
the  result  of  such  profound  and  accurate  knowledge  and  de- 
veloped with  such  skill  that  they  almost  invariably  work  on  the 
first  trial  in  accordance  with  expectation.  One  of  the  most  ex- 
traordinary things  about  his  experimental  work  is  its  low  cost. 
I  am  sure  that  if  a  prize  were  to  be  given  for  the  inventor  or 

engineer  who  could  make  a  dol- 
lar go  the  furthest  and  produce 
the  greatest  results  that  Pro- 
fessor Thomson  would  have  no 
worthy  competitor  in  this  or 
any  other  counti-y.  And  I  say 
this  feelingly  because  I  have 
had  some  experience  with  other 
inventors.  He  seems  to  possess 
an  almost  intuitive  insight  into 
Nature  and  her  ways,  probably 
because  of  the  quickness  and 
accuracy  of  his  perception  com- 
bined with  the  most  remarkable 
depth  and  range  of  scientific 
knowledge,  all  helped  by  a  mar- 
vellously retentive  memory.  In 
fact  Professor  Thomson  per- 
haps more  than  any  other  in- 
ventor since  the  days  of  Henry 
or  Faraday,  combines  in  his  per- 
son profound  and  accurate  scien- 
tific knowledge  with  extraordi- 
nary technical  skill." 

Dr.  Maclaurin  characterized 
Dr.  Thomson  as  an  educational 
force  of  great  potency  and  a  man 
whose  merits  should,  in  the  very 
highest  interests  of  education,  be 
widely  appreciated  and  ac- 
claimed. He  gave  an  interesting 
conception  of  the  mentality  of 
such  a  man  as  Dr.  Thomson : 
"  It  has  sometimes  seemed  to  me  that  not  the  least  signifi- 
cant fact  in  regard  to  Professor  Thomson's  work  is  the  fact, 
known  to  those  who  have  had  the  pleasure  of  seeing  him  in  his 
home,  that  his  laboratory  is  built  right  into  the  home  and  is  an 
integral  part  of  it.  Probably  thoughts  on  scientific  problems 
are  never  wholly  absent  from  his  mind,  although  he  may  be 
consciously  thinking  of  quite  other  matters.  It  can  hardly  be 
necessary  to  say  that  a  man  who  has  achieved  what  Thomson 
has  done  must  be  more  than  an  unselfish,  generous,  weU-trained, 
w'ell-rounded.  well-balanced  man  of  science.  Above  all  and  per- 
vading all  must  be  imagination,  not  necessarily  the  imagination 
of  a  poet,  but  something  akin  to  that  in  quality  and  in  power, 
and  it  is  of  course  mainly  because  Thomson  is  a  man  of  imagi- 
nation in  the  highest  sense  that  he  has  achieved  so  much  suc- 
cess and  earned  so  much  respect,  not  only  in  this  country  but 
throughout  the  scientific  world.  He  has  been  literally  showered 
with  honors  and  it  must  be  almost  a  unique  thing  to  obtain  two 
great  national  medals  within  almost  a  week,  one  from  the  Royal 
Society  of  London,  and  the  other  the  great  honor  of  the  Fritz 
Medal  that  is  now  to  be  awarded.  I  heartily  congiatulate  the 
Board  of  Awards  on  having  found  a  man  worthy  to  be  placed 
beside  the  greatest  whose  names  have  already  given  dictinction 
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to  their  selection  liise  Graham  Bell,  Edison  and  Kelvin, 
a  one  undoubtedly  is  Elihu  Thomson. 


Such      ing,  and  Hovey  T.  Freeman,  a  recent  graduate  in  mechanical 
engineering  from  the  Massachusetts  Institute  of  Technology. 


Past- Presidents  Visiting-  China 

DR.  JOHN  A.  BRASHEAR,  Mr.  Ambrose  Swasey  and 
Mr.  John  R.  Freeman,  all  past-presidents  of  The 
American  Society  of  Mechanical  Engineers,  sailed  from  Van- 
couver on  December  20  on  an  e.xtended  tour  of  the  Orient  to 
inspect  engineering  work  there  and  also  to  enable  Dr.  Bra- 
shear  to  learn  more  about  the  educational  system  in  that 
part  of  the  world. 

The  tour  is  the  climax  of  probably  one  of  the  most  notable 
birthdays  in  the  career  of  Dr.  Brashear.  On  Wednesday, 
November  22,  Pittsburgh  friends  of  the  Doctor  planned  a 
great  public  reception  to  him,  and  two  days  later  "  Brashear 
Day  "  was  observed  in  that  city  and  all  Pittsburgh  was  given 
the  opportunity  of  contributing  to  a  fund  for  purchasing 
and  endowing  the  old  Brashear  home  and  workshop  in  Holt 
Street.  Commenting  on  the  tour,  the  Pittsburgh  Sun  said 
editorially : 

IT  IS  NEVER  TOO  LATE 

Dr.  John  A.  Brashear — and  the  name  is  enough  of  an  introduc- 
tion— will  arrive  at  the  76th  milepost  ou  his  journey  through  life 
ou  November  24th.  This  represents  at  least  70  years  of  activity, 
of  dreams,  of  ambitions,  of  hopes  realized  and  of  disappointments 
that  were  unavoidable ;  of  elation  at  success  and  depression  at 
failure ;  of  happiness  and  of  sorrow.  But  through  them  all 
the  beloved  doctor  has  not  allowed  the  big  things  to  crowd  out 
of  his  life  the  little  ones,  and  by  so  doing  he  has  retained  constant 
interest  in  the  things  that  have  been  going  on  around  him.  He 
has  remained  j'oung  in  mind  and  body,  and  today  he  is  physically 
and  mentally  more  vigorous  than  two-thirds  of  those  who  claim 
a   corresponding   number   of   years. 

But  the  point  of  this  is  that  on  his  birthday  Dr.  Brashear 
will  leave  for  a  tour  of  the  Orient.  He  will  study  the  educational 
problem  as  it  is  presented  in  the  Philippines,  Japan  and  China. 
Accompanying  him  will  be  two  well-kncwn  men,  one  skilled  in 
Oriental  affairs  and  the  other,  like  the  doctor,  a  maker  of 
astronomical  instruments.  The  tour  outlined  is  a  comprehensive 
one  and  will  give  the  travelers  a  broad  view  of  the  Orient,  and 
the  exceptional  opportunities  foi'  investigation  that  will  be  afforded 
them  will  be  ample. 

The  action  of  Dr.  Brashear  in  undertaking  this  long  journey, 
principally  for  pleasure,  to  be  sure,  but  also  for  study,  affords  the 
average  individual  food  for  thought.  It  is  never  too  late  to  under- 
take anything  that  promises  to  redound  to  the  benefit  of  humanity, 
no  matter  in  how  small  a  degree.  Some  persons  might  be  inclined 
to  think  that  after  one  has  passed  the  Biblical  span  he  is 
justified  in  taking  a  rest.  But  not  so  with  energetic  and  youthful 
Dr.  Brashear.  He  wants  to  know  about  the  educational  system 
of  the  Orient.'  What  he  sees  there  might  result  in  an  improve- 
ment in  this  country,  and  so  he  joins  two  congenial  companions 
and  starts.  He  will  return  even  a  better  man  than  when  he 
left  because  his  mind  will  have  become  enriched  by  what  he  has 
seen  and  by  the  persons  with  whom  he  has  talked  and  Pittsburgh 
will  get  the  benelit.  It  i^  :i  wonderful  Ihing  to  be  able  to  carry 
76  years  as  easily  as  does  Dr.  Braslienr. 

Mr.  Swasey,  in  liis  characteristically  painstaking  manner, 
prepared  in  advance  the  complete  itinerary  of  this  tour,  from 
the  time  of  Dr.  Brashear's  leaving  Pittsburgh  on  November 
24  and  his  own  departure  from  Cleveland  on  the  same  date, 
to  the  party's  arrival  back  at  San  Francisco  on  April  2,  1917, 
after  their  journey  to  Yokohama,  Kobe,  Peking,  Hankow, 
Nanking,  Shanghai,  and  Hong  Kong,  and  supplemented  this 
with  a  map  showing  the  route  of  the  trip. 

Mr.  Freeman  is  accompanied  by  his  two  sons,  John  R. 
Freeman,  Jr.,  a  recent  graduate  in  electrochemical  engineer- 


American   Uniform    Boiler   Code 
Congress 

THE  work  of  the  Boiler  Code  Committee  received  marked 
impetus  from  the  action  of  the  American  Uniform 
Boiler  Code  Congress  held  at  Washington,  D.  C,  on  Mon- 
day and  Tuesday,  December  4  and  5,  1916.  The  Congress 
was  a  gathering  of  representatives  of  various  states  inter- 
ested in  a  uniform  boiler  code,  which  was  called  by  the  Indus- 
trial Commission  of  the  State  of  Ohio,  the  body  having 
charge  of  boiler  regulation  in  that  State.  Representatives 
were  sent  by  the  Governors  of  28  states,  wliich,  with  the  rep- 
resentatives of  boiler-making,  boiler  insurance  and  other  in- 
terests, numbered  some  70-odd  attendants.  Hon.  J.  C.  Gal- 
lery, Chief  Deputy,  Division  of  Boiler  Inspection,  State  of 
Ohio,  presided. 

The  program  began  with  an  address  by  Hon.  T.  J.  Duffy, 
member  of  the  Industrial  Commission  of  Ohio,  who  brought 
out  forcibly  the  obligation  of  the  Government  to  guard  its 
citizens  against  the  avoidable  hazards  of  industry,  pre-eminent 
of  which  is  the  use  of  magazines  of  energy  like  steam  boilers, 
and  the  desirability  of  uniformity  in  the  regulations  adopted 
to  this  end. 

He  was  followed  by  Dr.  F.  R.  Hutton,  Mem.Am.Soc.M.E., 
professor  emeritus  at  Columbia  University  and  vice-president 
of  the  American  Museum  of  Safety,  whose  topic  was  Civiliza- 
tion and  Government  Are  Based  on  Human  Life;  Protec- 
tion of  Life  Is  a  Government's  First  Duty.  Professor 
Hutton  spoke  of  the  importance  to  the  mechanical  engineer 
of  safety  considerations,  and  he  showed  how  the  mechanical 
engineer  is  best  fitted  to  make  provisions  for  the  safety  of 
the  public.  He  alone  can  pass  on  the  advantages  or  disad- 
vantages of  special  constructions  and  his  recommendations 
may  safely  be  trusted.  The  mechanical  engineer  has  become  a 
leader  whom  we  cannot  afford  to  disregard,  and  safety  stand- 
ards proposed  by  him  may  be  accepted  as  authentic. 

The  speaker  stood  "  for  the  proposition  that  an  industrial 
accident  (and  a  boiler  rupture  or  failure  is  such  an  accident) 
is  an  economic  loss  and  an  indefensible  blunder  from  whicli 
the  community  has  a  right  to  be  defended,  and  by  ordinance 
or  legislation."  He  showed  that  a  boiler  accident  entails  a 
loss  in  five  different  directions  and  explained  that  these  are 
all  capable  of  being  expressed  in  dollars,  aside  from  the  be- 
reavement in  fatalities  and  the  suffering  inseparable  from 
such  disasters.  From  this  he  showed  that  the  safeguarding 
of  human  life  against  boiler  accident  by  legislation  and  ordi- 
nance is  in  line  with  {progress  and  development,  and  he  showed 
that  scientific  knowledge  has  advanced  to  a  point  where  safety 
can  be  attained  and  that  there  remains  only  the  question  of 
proper  legislative  channels.  Now  the  legislative  and  execu- 
tive arms  of  the  government  should  take  hold  with  a  strong 
hand  to  correct  and  remove  the  fatal  conditions.  It  has  been 
made  clear  that  the  facts  and  laws  of  applied  science  in  re- 
spect to  stresses  and  safety  in  pressure  resisting  vessels  have 
been  codified  and  recorded,  and  a  way  pointed  out  whereby 
uniformity  of  standard  in  the  various  states  of  the  Union 
may  be  secured. 

The  second  session  opened  with  an  address  from  Hon.  P. 
J.  McBride,  Commissioner  of  Labor  of  Kansas,  on  The  Pro- 
tection of  Labor  as  a  Human  Necessity  and  Its  Effect  on 
Business  Economy.     Mr.  McBride  emphasized  the  importance 


76 


SOCIETY   AFFAIRS 


The  Journal 
Am.Soc.M.E. 


of  gTeatcr  altentiou  to  the  safely  of  boilers  and  their  apiun- 
tenanees  as  an  element  in  the  industrial  development  of  the 
nation. 

Next,  Prof.  L.  P.  Breckenridge,  Mem.Am.Soc.M.E.,  of  Slief- 
field  Seientiiie  School.  Yale  University,  spoke  interestingly 
on  Civil  Service  in  the  Department  of  Boiler  Inspection.  He 
pointed  out  the  importance  of  absolutely  divorcing  this  de- 
partment from  politics,  and  showed  how  the  civil  senice  could 
best  handle  the  examinations  and  appointments  of  the  boiler 
inspectors.  He  referred  to  the  A.S.M.E.  Boiler  Code  as  a  set 
of  boiler-construction  rules  that  should  be  generally  applicable 
in  all  states,  and  he  made  a  plea  for  uniformity  throughout. 
He  produced  statistics  showing  that  in  1914  there  were  in  the 
whole  German  Empire  8  boiler  explosions — the  same  number 
that  Mr.  JIcBride  had  just  admitted  having  in  the  State  of 
Kansas  in  10  months.  In  the  United  States  in  the  same  year 
there  were  575  explosions;  in  Germany  the  loss  of  life  was  2. 
in  the  United  States  30;  in  Germany  the  personal  injuries  7, 
in  the  United  States  476. 

S.  F.  Jeter,  Mem.Am.Soc.M.E..  accredited  representative  of 
the  State  of  Connecticut,  read  a  letter  from  Governor  Hol- 
comb  expressing  his  belief  in  tlie  desirability  of  uniformity  of  ^ 
laws  covering  similar  commodities  in  different  states  and  ad- 
vising of  his  interest  in  the  movement  embraced  in  the  Boiler 
Code  Congress. 

J.  C.  McCabe,  Mem.Am.Soc.M.E.,  chief  inspector  of  the 
City  of  Detroit,  Mich.,  spoke  on  Realizations  of  a  Uniform 
Boiler  Code.  He  first  showed  clearly  the  hardship  that  is  now 
imposed  on  both  builders  and  purchasers  of  boilers  by  the 
numerous  different  codes  and  jiointed  out  how  necessary  is 
this  movement  toward  uniformity  in  construction  codes.  Mr. 
McCabe  made  a  strong  plea  for  a  single  uniform  code,  urged 
all  states  that  have  different  codes  to  cooperate  with  the  va- 
i-ious  states  that  have  adopted,  or  are  about  to  adopt,  the 
A.S.M.E.  Code,  and  announced  that  the  State  of  Michigan 
would  adopt  that  code  this  winter. 

Mr.  Callery  announced  that  his  State,  which  has  in  effect 
been  working  under  two  different  boiler  codes,  is  about  to 
adopt  the  A.S.M.E.  Boiler  Code  as  its  standard. 

Hon.  Victor  T.  Noonan,  safety  director  of  the  Industrial 
Commission  of  Ohio,  who  was  slated  at  the  Tuesday  moi-ning 
session  for  an  address  on  Some  Interesting  Aspects  of  Acci- 
dent Prevention,  was  unable  to  be  present  and  the  time  was 
occupied  in  general  discussion.  Thomas  C.  Eipper,  deputy 
eommissioiner  of  the  Department  of  Labor  of  the  State  of  New- 
York  and  connected  with  the  Bureau  of  Industrial  Code,  said 
that  the  bureiau  had  the  A.S.M.E.  Code  under  favorable  con- 
sideration. The  possibility  of  Federal  supervision  of  boilers 
transjiorted  from  one  state  to  another  was  suggested. 

Henry  Hess,  chairman  of  the  Standardization  Committee  of 
the  A.S.M.E.  and  a  member  of  the  governing  Council  of  that 
society,  read  a  paper  telling  of  the  genesis  and  history  of  the 
A.S.M.E.  Boiler  Code.  In  Mr.  Hess'  address,  the  annovnice- 
ment  was  made  that  in  the  future,  every  state  and  municipality 
that  adopts  the  A.S.M.E.  Boiler  Code  shall  be  entitled  to  have 
a  representative  present  at  all  meetings  of  the  Boiler  Code 
Committee. 

Hon.  Edward  N.  Hurley,  chairman  of  the  Federal  Trade 
Commission,  read  a  paper  on  Standardization  as  the  Fore- 
word of  Business  Efficiency.  John  A.  Stevens,  chairman  of 
the  Boiler-Code  Committee  of  the  A.S.M.E.,  told  of  the  man- 
ner of  production  of  the  A.S.M.E.  Code  and  the  care  wliich 
had  been  taken  to  have  all  interested  parties  have  a  voice  in 
its  formation. 

The    following   resolution    was    unanimously    adopted,    only 


those  having  credentials  from  state  or  municipal  executives 
being  allowed  to  vote: 

^Vhereas,  Industry  in  every  line  of  endea\'or  is  very  closelj' 
associated  with  steam  as  a  motive  power  and  the  use  of  steam 
boilers;,  and 

Whereas,  Obtainable  statstics  covering  a  jieriod  of  years 
show  that  in  the  United  States  there  is  annually  a  loss  of 
from  400  to  500  lives  and  the  disablement  of  from  1,000  to 
3,000  people  due  to  explosions  of  steam  boilers;  and 

Whereas,  The  Government  has  recognized  in  the  effort  it 
has  put  forth  in  the  safety  movement  that  its  first  duty  is  the 
protection  and  safety  of  human  life;  and 

Whereas,  The  Federal  Government  where  it  has  the  juris- 
diction has  prescribed  rules  for  the  construction  of  steam 
boilers:  therefore,  be  it 

Resolved,  That  it  is  the  sense  of  this  congTess  that  all  states 
should  exercise  super^'ision  over  the  manufacture  and  use  of 
steam  boilers  and  all  pressure  vessels. 

Mrs.  Helen  Adelaide  Goldsmith  (ai)poiuted  by  Mayor 
Gearon  as  delegate  from  Chicago)  read  an  address  commend- 
ing the  work  of  the  A.S.M.E.  and  urging  the  yielding  of  the 
more  sedentary  occupations  to  the  women,  while  the  men  oc- 
cupy themselves  with  the  more  active  work  of  the  world. 
William  F.  Keisel,  .Jr.,  Mem.Am.Soc.M.E.,  assistant  mechani- 
cal engineer,  Pennsylvania  R.  R.,  said  that  the  railroads  had  in- 
terested themselves  in  the  framing  of  the  Code  and  were  in 
favor  of  its  adoption.  Reports  were  heard  from  committees  on 
legislatiim.  boiler  codes,  interchangeability  of  inspectors,  etc., 
and  resolution  of  thanks  to  the  Ohio  Industrial  Commission 
and  to  Thomas  E.  Durban,  chairman  of  the  American  Uniform 
Boiler  Law   Society  were  adopted. 


Sixty-Ninth  Meeting  of  A.  A.  A.  S. 

THE  American  Association  for  the  Advancement  of 
Science  and  the  national  scientific  societies  which  have 
arisen  from  it  and  retain  affiliation  with  it,  have  been  im]:or- 
tant  factors  in  encouraging  scientific  research  and  diffusing 
general  interests  in  its  results.  The  Association  is  organized 
in  12  sections  covering  the  field  of  pure  and  applied  sciences. 
Section  D  is  the  Engineering'  Section,  of  which  Prof.  A.  H. 
Blanchard,  of  Columbia  University,  is  Secretary.  Our  Society 
is  aflSliated  with  the  Association  and  is  represented  on  its 
Council  by  Dr.  D.  S.  Jacobus  and  Mr.  Wm.  B.  Jackson. 

The  Association  held  its  sixty-ninth  meeting  in  New  York 
City  from  December  26  to  30.  1016.  The  membership  of  the 
Association  at  present  numbers  about  11,000,  and  it  is  be- 
lieved that  this  meeting  was  the  largest  and  most  important 
gathering  of  scientific  men  hitherto  held  in  this  country  or 
elsewhere.  All  the  affiliated  societies  joined  with  the  Asso- 
ciation in  this  convention,  and  this  year  there  were,  including 
the  sections  of  the  Association,  more  than  50  separate  national 
bodies  meeting  together. 

Section  D,  Engineering,  held  a  session  in  the  Engineering 
Societies  Building  on  the  invitation  of  The  American  Society 
of  Civil  Engineers,  The  American  Institute  of  Electrical  En- 
gineers, The  American  Institute  of  Mining  Engineers  and 
The  American  Society  of  Mechanical  Engineers.  At  this 
meeting  Dr.  Bion  J.  Arnold  gave  the  address  of  the  retiring 
chairman  and  there  were  addresses  b\-  representatives  of  the 
national  engineering  societies,  including  President  HoUis  of 
our  Society,  followed  by  a  reception  to  engineers  and  their 
associates. 

Section  D  also  held  a  joint  session  in  the  Assembly  Hall 
of  the  Automobile  Club  of  America  with  the  National  High- 
ways Association,  The  Automobile  Club  of  Ameiica,  and  the 
National  Automobile  Chamber  of  Commerce. 
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In  tlii'^  issue.  Section  Aeronautics,  we  publish  a  list  given 
out  lj>'  Lieut-Col.  Geo.  0.  Squier,  Aviation  Service,  War 
Department,  U.  S.  A.,  embodying  some  of  the  problems  con- 
nected with  the  development  of  military  aviation  and  aero- 
station. Tliis  list  is  well  worth  attention,  both  because  of  its 
source  and  the  evident  carefulness  with  which  it  has  been 
thought  out. 

The  ]iublieation  of  this  list  is  the  beginning  of  an  etfort  on 
the  part  of  The  Journal  to  cover  the  development  of  engineer- 
ing' research  in  the  process  of  evolution,  as  distinct  from 
abstracts  of  results  jireviously  published  in  other  jieriodicals. 

THIS    MOXTh'S    articles 

H.  L.  Horning  compares  truck  and  tractor  engines,  and 
discusses  the  charactei'istic  curves  of  such  engines,  as  well  as 
the  important  but  comjiaratively  neglected  subjects  of  water 
pumps  and  engine  cooling. 

Methods  of  eom]iariiig  automobile  performance  are  dis- 
cussed by  W.  Fishleigh,  who,  among  other  things,  presents  a 
simple  formula  for  the  "  automobile  performance  factor,"' 
which,  the  writer  contends,  affords  a  valuable  comparison  for 
cars. 

In  a  iiaper  before  the  Philadelphia  Section  of  the  S.  A.  E., 
John  Younger,  Mem.Am.Soc.M.E.,  presents  the  theory  of  re- 
tardation as  ai)plied  to  motor  cars.  In  the  discussion  of  this 
])aper,  the  speaker  made  an  imjiortant  statement,  viz.,  that 
the  time  is  coming  when  local  authorities  will  have  to  submit 
brakes  to  a  regular  system  of  inspection  as  a  means  of  insur- 
ing the  safety  of  travel  on  public  roads. 

In  the  Section  Engineering  Materials  is  reported  a  paper 
on  testing  steel  by  alternating  stresses,  the  author  using  a 
method  substantially  different  from  that  of  Bauschinger.  It 
appears  to  be  possible  to  find  the  stress  which  a  given  sample 
of  steel  is  capable  of  sustaining  for  an  unlimited  number  of 
reversals  without  damage ;  this  can  be  done  by  "  static  "  tests 
of  the  kind  described,   which   have  a  further  merit  of  quick- 


ness as  compared  with  endurance  tests  carried  to  destruction. 

In  the  same  section  will  be  found  another  paper  on  steel, 
this  time  on  the  annealing  of  carbon  steels  as  affected  by  small 
changes  of  temperature  and  by  magnetic  fluxes  acting  seji- 
aiately  or  simultaneously.  Among  other  things,  the  writer 
describes  an  electromagnetic  method  whereby  the  critical  point 
of  a  piece  of  steel  under  heat  treatment  can  be  determined 
directly  and  accurately.  This  method,  especially  in  the  case 
of  low-carbon  steel,  proved  to  be  of  higher  sensitiveness  than 
the  thermoelectric  method. 

Modern  methods  of  heat  treatment  as  ajiplied  at  an  Anieii- 
can  plant  are  described  in  an  abstract  taken  from  The  Iron 
Trade  Revieiv. 

Data  of  tests  on  the  tensile  strength  of  asbestos  rope  when 
e-xposed  to  fire  have  been  obtained  experimentally  in  the  me- 
chanical Ial)oratory  of  the  Tomsk  Institute  of  Technology,  in 
Siberia,  Ru.ssia.  They  show  that  on  the  whole,  if  used  as  life 
lines  at  fires,  asbestos  ropes  present  no  material  advantage  as 
compared  with  ordinary  hemp  rope. 

Some  minute  reactions  in  the  combustion  of  wood  are  de- 
scribed by  James  Scott,  whose  investigations  of  similar  reac- 
tions in  the  case  of  rusting  of  iron  and  paints  on  metal  have 
been  reported  in  previous  issues. 

That  ignition  of  explosive  gas  mixtures  by  electric  sparks 
is  essentially  a  phenomenon  of  ionization,  and  does  not  depend 
exclusively  on  either  temperature  or  voltage  in  the  spark  gaji, 
is  the  contention  of  J.  B.  Morgan. 

From  Power  is  briefly  abstracted  the  description  of  a  new 
internal-combustion  engine.  Its  cycle  diagram  is  rejjroduced 
and  explained. 

In  the  section  Mechanics  will  be  found  a  brief  reference  to 
an  article  by  Prof.  A.  Stodola  on  the  critical  speed  of  sliafts. 
A  more  complete  abstract  of  the  same  article  will  be  given  in 
an  early  issue. 

Safety  devices  for  jireventing  explosions  in  gas-firing  in- 
stallations on  steam  boilers  are  described  from  data  publislied 
ill  a  German  pe7-iodical. 
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Aeronautics 

Scientific  Research  for  National  Defense  as  Illustrated 
BY  THE  Problems  of  Aeronautics,  Lieut-Col.  Geo.  0.  Squier 

The  following  are  some  of  the  present  problems  connected 
with  the  development  of  Military  Aviation  and  Aerostation. 

I    aerodynamics 

a  Continue  the  development  of  the  mathematical  theory 
to  explain  the  phenomena  recorded  in  the  aerodynamical  lab- 
oratories, and  to  forecast  further  results. 

b  Obtain  solutions  for  the  speed  and  direction  of  flow  of 
air  about  geometric  and  aerotechnic  forms,  and  develop  ex- 
perimental means  to  visualize  or  map  the  speed  and  direction 
of  flow. 

c  Map  the  cuiTcnts  of  the  upper  atmosphere  which  may 
be  of  most  use  in  aerial  navigation,  and  evolve  simple  prac- 
tical rules  for  the  guidance  of  pilots. 

d  Give  fuller  explanation  of  the  phenomena  of  soaring, 
i.e.,  aeroplaning  indefinitely  without  motive  power. 

e  Develop  equations  and  laws  of  comparison  by  which 
the  behavior  of  large  aircraft  may  be  more  accurately  fore- 
told from  tests  of  models.  Apply  further  the  principle  of 
dynamical  similarity. 

/  Investigate  more  direct  and  effective  methods  of  secur- 
ing a  lift  or  thrust  in  the  air  from  the  consumption  of  fuel. 

g     Complete  theory  of  the  air  screw. 

II      ENGINE    PROBLEMS    REQUIRING    RESEARCH 

a  Fuel.  Possibly  the  most  far-reaching  problem  is  fuel. 
A  fuel  that  will  carry  more  power  into  an  engine  per  unit 
volume  will  be  a  direct  gain. 

Attempts  have  been  made  to  combine  alcohol,  gasoline, 
acetylene,  picric  acid,  ether,  and  other  hydrocarbons  with  the 
above  object  in  view.  Questionable  results  have  followed. 
There  has  been  an  increase  of  power,  but  nothing  so  far  com- 
mercially or  practically  useful. 

This  question  must  be  studied  with  the  greatest  of  care  and 
from  a  truly  research  standpoint. 

b  Solid  Fuel.  Solid  fuels  that  can  be  converted  into  liquid 
in  small  quantities  just  prior  to  use,  are  desirable  for  mili- 
tary aviation.  In  case  of  accident  from  shot  or  shock,  leak- 
age of  liquid  fuel  is  a  danger.  Solid  fuel  could  be  carried  in 
quantity  with  \ess  danger. 

c  Engine  Cooling.  The  problem  of  radiation  is  impor- 
tant. If  some  substance  could  be  found  that  would  circulate 
through  the  cooling  system,  at  higher  temperatures  than  water, 
it  is  probable  that  greater  engine  efiBciencies  would  result. 
Oils,  salt  waters  and  other  materials  have  been  tried  with 
indifferent  success. 

d  Liquid-Fuel  Pipes.  Tubing  that  will  resist  vibration 
(causing  rupture)  is  desired.  An  oil-  and  gasoUne-proof 
rubber  tubing  is  reported  as  used  in  Europe.  This  develop- 
ment is  highly  important,  not  only  for  tubing,  but  for  con- 
tainers in  which  to  carry  liquid  fuel.  Some  sort  of  fabric- 
and-rubber  tank  that  would  really  resist  the  action  of  gaso- 
line, would  be  of  highest  benefit. 

A  difficulty  lies  in  the  fact  that  the  tanks  are  large  (say  20 
to  100  gal.  capacity).  The  structural  problems  would  be  seri- 
ous. The  tanks  now  used  are  large  and  of  metal.  Vibration 
causes  much  difficulty  and  leakage. 

e     Metal  Coating.    The  protecting  of  the  metal  parts  of  an 


aeroplane,  especially  the  fittings  and  cables,  is  a  serious  prob- 
lem. A  material  is  desired  that  would  really  prevent  danger- 
ous corrosion.  Nickel  plating  over  copper  is  very  good,  but 
will  not  suffice.  Rust  strikes  through  very  rapidly.  Baked 
enamel  is  the  best  coating.  It  is  impossible  to  apply  in  many 
cases. 

/  Sound.  The  question  of  eliminating  the  noises  involved 
in  the  operation  of  aircraft  is  one  of  importance.  The  pe- 
culiar note  of  the  propeller  of  a  Zeppelin  can  be  heard  for 
several  miles,  and  is  usually  the  first  warning  of  its  approach 
at  night. 

Ill      MISCELLANEOUS 

a  Physiological.  Study  the  physiological  and  psychologi- 
cal effects  of  low-density  air  at  high  altitudes  on  the  perform- 
ance of  pilots. 

b  Transparent  Wing  Covering  for  Aeroplanes.  A  wing 
covering  which  would  answer  the  following  general  require- 
ments would  be  of  great  value  to  military  aviation : 

Weight  not  more  than  5  oz.  per  sq.  yd.  It  should  present 
reasonably  great  resistance  to  flame.  It  should  be  reasonably 
proof  against  action  of  salt  water,  moist  air,  extreme  dryness, 
and  quick  temperature  changes.  It  should  not  stretch  in  any 
direction.  Its  abiUty  to  retain  original  form  as  placed  on  the 
aeroplane  is  verj'  important.  It  should  have  tensile  strength 
of  at  least  75  lb.  per  in.  width  in  anj'  direction.  Its  tendency 
to  tear  and  split  because  of  tack  holes  through  it,  or  because 
of  bullet  holes,  should  be  as  small  as  possible. 

c  Development  of  Light  Alloys  for  Aeroplane  Construc- 
tion. Pure  aluminum  or  aluminum  alloys.  It  is  believed  that 
a  great  deal  can  be  done  in  this  direction.  So  far  no  alloy  has 
been  developed,  except  possibly  in  Geimany,  which  can  com- 
pare with  average  Alaskan  spruce  in  its  "  specific  tenacity." 

d  The  Structure  of  Gusts.  It  is  believed  that  this  is  of 
sufficient  importance  to  aviation  to  warrant  considerable  ex- 
pense in  its  study. 

Painstaking  investigation  of  the  character  of  eddy  forma- 
tions caused  when  wind  strikes  trees,  hoUows,  cliffs,  etc.,  and 
the  character  of  disturbances  created  by  canyons,  swamps, 
deserts,  etc.,  would  be  of  great  value  to  aviators. 

Tliis  can  be  done  not  only  by  smoke  and  toy-balloon  work 
in  the  vicinity  of  obstructions  such  as  the  above,  but  also  by 
photographic  work  in  wind  channels. 

A  set  of  simple  rules  laying  down  just  what  the  aviator 
may  expect  on  one  side  or  another  of  canyons,  cities,  trees, 
lakes  and  swamps,  would  be  very  helpful  in  aviation. 

e  Radio- Apparatus  for  Aircraft.  The  subject  of  radio- 
intercommunication  between  aircraft  in  flight,  and  between 
aircraft  and  the  earth,  requires  for  its  solution  the  highest 
possible  efficiency  and  reliability  combined  with  minimum 
weight. 

A  present  tendency  is  to  entirely  separate  the  power  plant 
from  the  main  engine  of  an  aircraft.  The  generator  body  in 
this  case  has  a  stream-line  figure,  and  a  separate  small  air 
screw  is  provided.  Among  other  methods  the  osciUion  is  be- 
ing tried  as  the  actual  source  of  continuous  electromagnetic 
waves. 

/  BuUet-Proof  Gasoline  Tanks.  Development  of  a  mate- 
rial with  which  to  line  or  construct  tanks  to  contain  the  gaso- 
line in  an  aeroplane  in  which  a  bullet  hole  will  quickly  close, 
entirely  or  partly  at  least.  This  would  enable  many  a  flier 
to  beat  back  to  his  own  lines  after  having  been  fired  upon. 

g  Development  of  a  Fabric  as  Good  as,  or  Better  than, 
Irish  Linen,  for  the  covering  of  aeroplanes.     There  has  not 
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been  manufactured  in  this  country  a  fabric  suitable  for  use  in 
covering  aeroplanes. 

The  fabric  should  answer  all  requirements  laid  down  under 
Transparent  Wing  Covering,  and  be,  in  addition,  such  as  to 
shrink  the  proper  amount  without  harm  when  cellulose  solu- 
tion is  applied. 

It  is  possible  that  long-fiber  cotton  might  be  developed  that 
would  answer  the  purpose. 

We  must  become  independent  in  all  lines  affecting  our  mili- 
tary aviation.  To-day  we  depend  entirely  upon  Ireland  and 
England  for  our  linen,  and  the  supply  is  becoming  very  low 
in  this  country. 

h  Aviator's  Clothing.  Much  is  still  to  be  done  in  devising 
non-inflammable  and  protective  clothiag  for  aviators.  This 
question  is  intimately  connected  with  personal  armor  and 
safety  in  case  of  fall. 

i  Ground-Speed  Indicator.  An  instrument  which  would 
measure  the  actual  speed  of  an  aircraft  over  the  ground  would 
be  useful  in  the  operation  of  military  machines. 

IV      PHYSICS  OP  THE  AIR 

a  High  Frequency.  At  present  we  have  no  evidence  of  vi- 
brations in  the  air  much  greater  than  40,000  to  60,000  cycles 
per  sec,  but  there  is  no  reason  to  deny  the  possibility  of  vi- 
brations of  100,000  to  200,000  or  even  a  million  cycles  per 
see.  in  the  ordinary  air  we  breathe.  If  these  vibrations  exist, 
may  not  they  have  an  important  function  to  perform  in  na- 
ture? The  reason,  of  course,  we  do  not  perceive  them,  if  pres- 
ent, is  because  they  are  above  the  upper  limit  of  the  human 
ear,  and  also  do  not  directly  affect  any  of  our  other  senses. 
Although,  in  general,  viscosity  would  operate  to  rapidly  damp 
out  these  high  vibrations,  yet  the  real  nature  of  viscosity  at 
extremely  high  frequencies  is  not  sufficiently  understood  at 
present  to  be  dogmatic  about  it.  The  present  efforts  of  the 
master  physicists  in  the  study  of  the  constitution  of  matter 
should,  before  long,  make  the  securing  of  high-frequency  data 
in  air  of  importance. 

Electromagnetic  waves  of  these  frequencies  existed  through 
all  time  unperceived  until  Hertz  devised  a  "  detector."  At 
present  the  detector  for  high-frequency  air  vibrations  is  the 
manometric  flame,  and  it  would  be  of  great  importance  to 
invent  a  detector  for  air  vibrations  which  would  indicate  their 
presence  or  absence  up  to  500,000  or  a  million  per  sec.  If 
we  had  such  a  detector  and  also  means  for  producing  such 
vibrations  in  air,  it  would  be  possible  to  provide  a  system  of 
intercommunication,  over  short  distances  at  least,  based  upon 
ultra-audible  sound  waves.  We  could,  for  instance,  devise  a 
noiseless  foghorn  as  an  aid  to  navigation. 

b  Elasticity.  The  elasticity  of  the  air  has  been  made  to 
serve  in  a  great  variety  of  machines  to  perform  useful  work. 
The  original  dynamite  gun  of  Zalinski  utilized  the  elasticity 
of  compressed  air  as  the  explosive  for  propelling  the  projec- 
tile. 

The  best  condensers  for  radio-telegraphy  employ  air  as  the 
dielectric.  Any  breakdown  automatically  repairs  itself  and 
thus  adds  greatly  to  reliability. 

The  passenger  automobile  itself  has  been  made  possible  by 
the  development  of  the  pneumatic  tire. 

c  Friction.  The  magnitude  of  the  friction  of  the  air 
against  the  surface  of  bodies  moving  through  it  may  absorb 
large  amount  of  energy.  The  average  velocity  of  shooting 
stars  is  25  miles  per  sec,  and  varies  from  10  to  30  miles  a 
second.     The  earth's  orbital  velocity  is  about  19  miles  a  sec- 


ond. It  is  sometimes  added  and  sometimes  subtracted  from 
the  shooting  star's  velocity  according  to  the  way  the  body  en- 
ters the  atmosphere.  The  friction  of  the  air  at  these  velocities 
is  so  great  as  to  volatilize  metals. 

A  mass  of  one  gram  of  air  moving  with  this  velocity,  25 
miles  per  sec,  has  a  kinetic  energy  of  8.0937  X  10"  ergs, 
which  is  sufficient  to  lift  one  ton  of  matter,  2000  lb.,  to  a 
height  of  298  ft.  above  the  earth's  surface.  One  gram  is  a 
small  amount  of  matter  to  possess  this  potentiality.  This  en- 
ables us  to  comprehend,  ui  part  at  any  rate,  the  disastrous 
results  of  the  cyclone,  where  houses  and  forests  are  bodily 
cut  down  as  by  a  giant  steel  knife. 

d  Mass.  A  cubic  foot  of  air  at  0  deg.  cent,  and  76  em. 
pressure  weighs  0.08071  lb.,  according  to  Rayleigh.  A  room 
18  X  20  X  10  ft.  contains  3600  cu.  ft.  The  air  in  it,  there- 
fore, weighs  290.556  lb.  In  liquid  or  solid  form  this  air  could 
be  removed  from  the  room  with  diflSculty  by  a  strong  man. 

On  this  view  it  appears  that  we  have  been  passing  our 
lives  on  the  bottom  of  a  deep  ocean  of  comparatively  heavy 
fluid,  and  that  only  recently  have  we  learned  how  to  utilize 
the  dynamic  reaction  of  this  fluid  to  construct  machines  for 
transportation  freely  in  three  dimensions  in  the  interior  of 
this  ocean.  Who  among  us  is  wise  enough  to  foretell  what 
these  machines  may  yet  accomplish? 

Automobiles 

Truck  and  Tractor  Engines,  H.  L.  Horning 

Practically  only  four-cylinder  engines  are  used  in  truck 
and  tractor  service.  There  are  several  important  differences 
in  the  conditions  imder  which  truck  and  tractor  engines  op- 
erate. Trucks  are  stopped  and  started  many  times  during 
tlie  day  and  operate  with  considerable  variation  in  speed.  The 
tractor  demands  a  steady  though  heavy  output  from  the  en- 
gine at  ajsproximately  constant  speed,  the  changes  varying 
from  half  to  full  load  or  overload. 

In  the  truck  it  is  not  essential  to  strain  the  dust  in  the 
carburetor  or  to  pay  particular  attention  to  dust  entering  the 
breather,  but  in  the  tractor  it  is  absolutely  essential  to  see 
that  evei-y  particle  of  dust  is  removed  from  the  air  as  it  enters 
the  carburetor  or  breather,  as  carelessness  in  this  respect  re- 
sults in  worn  rings,  pistons,  cylinders  and  bearings. 

Truck  engines  have  fl3rwheels  capable  of  storing  an  average 
or  double  energy  of  truck-engine  flywheels  in  order  to  meet 
satisfactorily  the  sudden  peak  loads  of  service. 

It  should  be  borne  in  mind  that  a  pleasure  car  will  turn 
over  20,000,000  revolutions  in  traveling  10,000  miles;  a  truck 
engine  60,000,000  in  traveling  14,000  miles,  while  during  the 
period  of  six  months  a  tractor  engine  will  turn  over  70,000,000 
revolutions  in  plowing  600  acres  and  in  doing  some  road  and 
belt  work. 

Piston  disislacements  of  American  truck  engines  have  been 
found  to  conform  to  the  formula 

D  =  200  -f  40  T 
in  which  D  is  piston  displacement  in  cubic  inches  and  T  nom- 
inal pay  load  in  tons.     An  investigation  of  American  truck 
engines  indicates  the  ratio  of  bore  to  stroke  as  1.3,  therefore 
D  =  0.7854B'  X  1.3-B  X  ^  =  4.1  B' 


B 


'V 


/200  -h  40  r 


where  B  is  bore  of  cylinder  and  N  the  number  of  cylinders, 
which  is  four. 
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Fig.  1  .shows  tlie  characteristics  of  a  wcll-kiiown  truck  en- 
gine. This  diagrain  sliows  that  at  three  speeds  in  the  curve 
peaks  there  occur,  first,  maximum  tor(|ue  at  783  r.p.m'. ;  sec- 
ond, maximum  horsepower  at  14.10  r.]i.in.,  and  third,  maximum 
economy  at  1044  r.|).m. 

It  would  be  ideal  if  these  speeds  were  identical  and  if  the 
truck  engine  could  operate  at  all  times  at  the  one  best  -speed. 
This  is  impossible,  if  only  because  of  the  influence  of  each 
characteristic  on  the  other. 

The  speed  of  the  maximum  torque  is  established  by  the 
combined  influence  of  cylinder  cooling,  flame  in'opagation,  vol- 
umetric efficiency,  carburetion,  compression  leakage,  and  me- 
chanical losses.  At  the  speed  of  maximum  torque  the  influ- 
ence of  cylinder  walls  on  cooling  the  charge  is  on  the  decline. 
Turbulence  of  the  charge  and  flame  propagation  are  on  the 
incicase.  Volumetric  elliciency  is  dropping,  while  carburetion 
is  improving  with  speed. 

Tlie  speed  of  maximum  economy,  which  is  always  higher 
than  that  of  maximum  torque,  is  established  by  favorable  car- 
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buretiiin,  by  tlie  better  atomizing  of  the  nozzle,  increased 
flame  propagation  resulting  from  increased  turbulence,  and 
the  good,  although  decreasing,  volumetric  efficiency.  The  time 
element  as  affecting  the  radiation  losses  and  the  decrease  in 
the  unfavorable  influence  of  water-jacket  temperature  on  econ- 
omy and  torque,  seem  to  combine  for  favorable  theromody- 
namic  conditions  at  the  speed  of  maximum  economy.  Of  all 
the  influences  affecting  economy,  carburetor  setting  has  the 
greatest  actual  effects.  Of  all  the  influences  favoring  torque, 
engine  design  has  the  most  efl'ect. 

The  speed  of  maximum  horsepower  is  increased  favorably 
by  violent  turbulence,  low  cylinder-wall-cooling  losses,  and  by 
the  declining  volumetric  efficiency  and  rapidly  rising  friction 
losses. 

From  this  the  author  jiroceeds  to  presentation  and  discus- 
sion of  truck-  and  tractor-engine  specifications.  An  interest- 
ing passage  is  that  referring  to  tlie  water  pumps  and  engine 
cooling,  which  latter  the  writer  calls  the  greatest  problem  in 
tractor  engines.  Little  reliable  information  is  available  as  to 
water  circulation  or  radiator  capacity.  A  well-known  company 
is  making  capacity   tests   of  dift'erent   radiators  and   fan   de- 


Cr  =- 


signs  for  tractor  service  and  these  will  soon  be  available.  A 
rough  rule  for  water-jiumj)  capacity  is 

BHP 

T 

in  which  G  represents  gal.  per  min.  water-]iump  discharge 
through  outlet  to  water  jacket,  and  V  is  a  variable  dependent 
on  engine  and  radiator  design.  For  an  efficient  design  it  is 
4.5,  and  for  a  poor  design,  3.5. 

The  efficient  lubrication  of  truck  and  tractor  engines  is 
second  in  difficulty  only  to  that  of  racing  engines.  Successful 
lubrication  of  heavy-duty  engines  requires  that  oil  make  a 
film  between  wearing  surfaces  and  act  as  a  conveyor  of  heat. 
As  the  duty  of  an  engine  increases,  it  is  hard  to  tell  which  is 
the  more  important  function.  The  wiiter  throughly  believes 
in  the  great  benefit  derived  from  a  large  quantity  of  oil  carry- 
ing the  heat  through  the  lower  part  of  the  cylinders  and 
crank  case  into  the  lower  pan,  where  the  design  should  be 
such  as  to  permit  dissipation  of  this  collected  heat.  An  abun- 
dant screen  area  for  thoroughly  straining  the  oil  is  of  great 
importance  in  heavy-duty.  work. 

The  writer  discusses  in  detail  the  application  of  tractor  en- 
gines and  gives  formulae  for  the  tractor  drawbar  pull  and 
for  the  speed  of  tractor  engines  in  terms  of  the  bore.  (S.  A.  E. 
Bulletni,  vol.  11.  no.  1,  p.  1,  October  lOlfi,  19  ])p.,  3  figs., 
HA) 

Methods  of  Cohparixg  Automobile  Performance,  Walter 
T.  Fishleigh 

The  writer  discusses  the  factors  of  automobile  performance, 
and  among  other  things  states  that  automobile  performance 
varies  directly  as  S,  the  speed  range  in  high  gear  in  m.p.li., 
-1,  the  average  acceleration  of  ear  in  ft.  per  sec.  per  sec.  over 
the  complete  range  of  its  operating  speeds,  E,  the  average  fuel 
economy  over  the  conij)lete  range  of  its  operating  speeds  in 
miles  per  gal.,  and  C,  the  riding  comfort  factor,  which  must 
be  determined  by  each  individual.  The  item  C  must  be  left 
to  personal  judgment,  but  the  other  items  are  each  suscept- 
ible of  scientific  determination  and  measurement.  The  com- 
bination of  these  three  factors  ^■  .1  E  constitutes  what  the 
author  calls  the  '•automobile  performance  factor,"  which 
all'iirds  a  valuable  comparison  for  cars. 

The  writer  discusses  the  determination  of  the  performance 
factors  as  well  as  performance  or  ability  formula*  other  than 
the  one  proposed  by  him,  such  as  the  old  ability  formula, 
Pr/WD,  and  the  vehicle  coefficients  of  Myers,  Roebuck,  and 
Thomas.  The  Thomas  Sigma  foi-mula  among  other  things 
includes  the  average  gasoline  consumption  in  ra.p.h.,  while 
the  Brush  ability  fonnula  represents  excess  drawbar  pull  per 
lb.  of  weight,  and  in  this  way  gives  an  accurate  measure  of 
hill-climbing  ability  and  the  approximate  measure  of  accel- 
eration. 

In  the  discussion  which  followed,  Cornelius  T.  Myers  ex- 
pressed the  belief  that  the  factor  of  speed  range  is  open  to 
argument  because  as  the  speed  is  decreased  the  difficulty  in 
obtaining  satisfacton-  operation  is  increased.  If  the  speed 
range  is  an  essential  factor  which  should  be  considered  in  di- 
rect proportion,  the  ratio  of  tlie  high  to  low  speeds  should  cer- 
tainly be  used. 

C.  C.  Hinkley  cited  in  a  modified  form  the  formula  brought 
out  by  the  Franklin  Company.  Divide  the  product  of  dis- 
placement in  cu.  in.  and  the  gear  ratio  by  the  weight  times  the 
wheel  diameter.  If  it  is  desired  to  introduce  other  factors, 
set  a  standard  test  of  from  5  to  50  m.p.h. 
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Ability  = 


Displacement  X  Gear  ivati 
Weight  XWDXt 


Tilt'  'quiekcr  the  acceleration  from  5  to  50  m.p.li.,  the 
greater  the  ability. 

E.  Planche  suggests  that  in  order  to  make  the  automobile 
performance  formula  more  precise,  it  be  given  the  form 
5  A  E/L,  where  L  is  the  lowest  speed  that  can  be  maintained 
on  high  gear  with  the  car  running  smoothly.  (.?.  A.  E.  Bul- 
letin, vol.  11,  no.  2,  p.  123.  November  191(1,  22  pp.,  5  figs. 
P) 

Retardation,  John  Younger,  Mem.Am.Soc.M.E. 

Paper  read  before  the  Pennsylvania  Section  of  the  Society 
of  Automobile  Engineers,  November  22,  1916.  The  author 
is  chief  engineer  of  the  Truck  Department  of  the  Pierce- 
Arrow  Motor  Car  Corporation,  Buffalo,  N.  Y. 

During  the  past  two  or  three  years  emphasis  has  been  laid 
on  the  accelerative  ability  of  cars,  while  the  significance  of 
retardation  has  not. gripped  the  people's  imagination,  even 
though  it  is  of  more  vital  importance.  The  automobile  death 
rate  increases  in  inverse  proportion  to  the  efficiency  of  the 
retardation  cui've. 

Retardation  can  be  studied  under  two  heads :  A,  relative 
to  the  road,  and  B,  relative  to  the  forces  acting  on  the  car. 
The  primary  object  of  the  former  is  to  slow  down  and  actu- 
ally stop  the  car.  The  object  of  the  second  is  to  maintain  the 
vehicle  at  a  steady,  safe  speed,  notwithstanding  the  forces  such 

TABLE  1.      STOPPING   TIMES  AND  DISTANCES  OF  CARS  tiOING 
AT    V.A.HIOUS    SPEEDS    INDE!!    CO.MPI.BTE    BRAKING. 

Stopping     Stopping 

Time.        Distance. 

Sec.  Ft. 

A  car  goiLg  60  m.p.h 11  484 

A  car  going  30  m.p.li 5Vt  121 

A  car  going  15  m.p.li 2%  3OV4 

A  car  KOing     ."1  m.p.li 0.625  4V2 

as  effect  of  gravity  in  hill  climbing  that  are  tending  toward 
acceleration. 

Retardation  i-elative  to  the  road  is  a  function  of  the  coeffi- 
cient of  adhesion  or  friction  of  the  tire.  The  writer  found 
an  adhesion  of  0.6  for  solid  rubber  tires  on  cement  and  vitri- 
fied-brick  roads,  and  only  0.5  under  similar  conditions  for 
pneumatics.  The  author  uses  the  term  adhesion  for  the  case 
where  the  tire  does  not  slip  relatively  to  the  road.  When  the 
tire  slips,  the  proper  term  is  friction.  As  the  coefficient  of 
adhesion  is  greater  than  that  of  friction,  this  partly  explains 
why  the  car  stops  more  readily  when  the  wheels  are  kept  mov- 
ing than  when  they  are  locked. 

For  possible  retardation,  the  author  gives  a  formula  of  re- 
tarding force,  namely,  0.5  W/2,  or  a  maximum  retardation  of 
about  8  ft.  per  see.  per  sec.  With  this  latter  he  obtains  the 
data  given  in  Table  1  for  stopping  time  and  stopping  dis- 
tance of  cars  going  at  various  speeds.  This  table  is  of  im- 
portance, as  it  disperses  the  claims  frequently  made  of  brakes 
being  able  to  stop  cars  going  at  rates  from  30  to  50  m.p.li. 
within  the  car's  own  length  or  thereabouts. 

The  discomfort  produced  by  too  rapid  a  deceleration  is  next 
discussed.  Experience  has  shown  that  a  deceleration  of  6  ft. 
per  sec.  per  sec.  is  about  all  that  can  be  borne  in  comfort  by 
passengers. 

It  is  thus  seen  that  for  an  average  vehicle  there  is  little  to 
gain  in  putting  brakes  on  more  than  the  two  rear  wheels. 

The  question  of  continuous  braking,  such  as  on  a  long  hill, 
is  different,   since   lien'   the   iivoblem   is  nut    iiicrtin    el'lVi-l    hut 


absorption  of  energy,  and  hence  reduction  of  heat.  If  a  5-ton 
truck,  gross  weight  20,000  lb.,  is  going  down  a  hill  of  10  per 
cent  grade  a  half-mile  long,  it  has  a  gravitational  component 
down  hill  of  approximately  2000  lb.  Assuming  a  road  resist- 
ance of  50  lb.  per  2000  lb.,  or  500  lb.  gross,  we  have  a  net 
force  tending  to  accelerate  the  truck  down  hill  of  1500  lb. 
[f  a  safe  speed  of  10  m.p.h.  is  maintained,  the  time  of  descent 
is  3  min.  The  energy  absorbed  by  the  brakes  is  1500  X  2640 
ft-lb.  or  40  hp.  or  1700  B.t.u.  per  mile,  which  means  enough 
heat  generated  in  3  min.  to  raise  the  temperature  of  the  mass 
from  60  deg.  fahr.  to  900  deg.  fahr. 

It  is  therefore  the  writer's  impression  that  as  the  country 
roads  get  opened  up  more  and  trucks  are  used  in  outlying 
districts,  the  demand  will  arise  for  a  third  brake  for  hiUy 
districts  which  will  enable  the  veliicle  to  coast  down  a  long 
incline  at  a  predetermined  safe  speed  with  no  wear  and  tear 
on  the  engine  or  undue  heat  of  the  brakes.  ( The  Automobile, 
vol.  35,  no.  22,  p.  929,  November  30,  1910,  3  pp.  tA) 

The  Resistance  of  Iron  and  Steel  to  Cojiplete  Reversals 
OF  Stress,  W.  C.  Popplewell 

A  brief  discussion  of  previous  work  in  testing  steel  by 
alternating  stresses,  and  description  of  three  sets  of  experi- 
ments carried  out  by  the  writer  himself. 

An  attempt  was  made  to  predict  (he  limited  stress  for  an 
unlimited    number    of    direct    reversals    by    the    Bauschinger 
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Fig.  li     Uetermin.vtion  of  Elastic  Li.mit  by   Slow  Keveksals 

method  of  slow  reversals,  with  two  separate  bars.  Each  of 
these  bars  was  first  subjected  to  ten  slow  reversals  under 
specified  stress,  and  then  extensometer  readings  were  taken 
in  tension  and  compression  to  show  the  position  of  the  elastic 
limits.  The  bars  were  than  subjected  to  the  same  treatment, 
under  successively  higher  loads  in  steps  of  %.  ton. 

The  results  of  these  two  sets  are  shown  plotted  in  Fig.  2, 
from  which  it  is  seen  that  the  line  drawn  to  include  the  points 
of  both  bars  cuts  the  45  deg.  line  at  the  point  just  below  11 
tons  Y>er  sq.  in.,  suggesting  a  limiting  stress  of  not  more  than 
11,  or,  say,  10%  tons  per  sq.  in.,  which  corresponds  to  a  range 
of  2IV2  tons  per  sq.  in. 

The  second  set  of  experiments  comprised  the  rotating-bcam 
tests.  In  these  the  bar  under  test  was  %  in.  in  diameter  and 
ran  in  bnll  bonriiigs  20  in.  apart  from  center  to  center.     The 


ENGINEERING  SURVEY 


The  Jouknal 
Am.Soc.M.E. 


force  causing  the  bending  moment  was  applied  at  two  points 
toward  the  middle  of  the  bar,  5  in.  apart.  This  force  wa;s 
derived  from  a  hanging  rod  through  a  pair  of  ball  bearings 
attached  to  the  ends 'of  the  cross-bar  at  the  top  of  the  rod 
carrying  the  load.  The  result  was  a  constant  bending  moment 
in  the  5-in.  length  in  the  middle,  of  magnitude  y^W  X  7%  in- 
Ib.,  where  TF  is  the  load.  Any  point  in  the  middle  5  in.  was 
subjected  alternately  to  a  tensile  and  a  compressive  stress  each 
time  the  bar  turned  completely  around,  the  value  of  these 
stresses  being  easy  to  calculate  from  the  magnitude  of  the 
load.  The  speed  of  reversals  was  350  per  minute,  which  is 
lower  than  that  employed  in  many  cases  of  high-speed  ma- 
chinery in  existence.  It  has  been,  however,  proved  before 
that  for  any  speeds  likely  to  be  met  with  in  running  machinery 
the  limiting  stresses  are  independent  of  the  speed. 

The  results  of  the  rotating-beam  experiments  are  shown  in 
Fig.  3,  where  the  applied  stresses  are  plotted  vertically  and 
the  number  of  reversals  necessary  to  cause  fracture,  hori- 
zontally, the  result  being  a  curve  which  tends  to  become  tan- 
gential to  a  line  drawn  through  a  stress,  which  is  taken  as  the 
value  for  an  unlimited  number  of  revereals.  In  this  case  the 
limiting  stress  suggested  by  the  direction  of  the  curve  appears 
to  be  somewhere  about  19.6  tons  per  sq.  in.,  or  through  a  com- 
plete range  of  39.2  tons  per  sq.  in. 


each  0.075  in.  thick  and  2.25  in.  wide,  and  it  was  found  from 
experiment  that  a  load  of  110  lb.  is  required  to  deflect  the 
spring  through  %  in.  on  either  side  of  its  central  position. 

In  order  to  simplify  the  experiment  it  was  found  convenient 
to  vary  the  stress  by  changing  the  diameters  of  succeeding 
specimens,  and  with  them  the  areas  of  their  cross-sections. 

The  results  obtained  are  plotted  in  Fig.  B,  where  it  is  seen 
that  the  curve  tends  to  become  horizontal  at  a  stress  of  11 
tons  per  sq.  in. 

The  results  obtained  by  the  writer  are  tabulated  in  Table  2. 
Among  other  things  it  has  been  found  that  the  actual  form 
of  the  part  of  the  rotating  beam  which  carries  the  greatest 
stress  has  considerable  influence  on  the  numerical  values  of 
the  results.  It  has  been  further  found  that,  apparently,  it  is 
possible  to  find  the  stress  which  a  given  sample  of  steel  is 
capable  of  sustaining  for  an  unlimited  number  of  reversals 
without  damage,  and  that  this  can  be  done  by  "  static  "  tests 
of  the  nature  described  above. 

This  plan  has  the  advantage  that  an  ordinary  testing  ma- 
chine can  be  used,  capable  of  exerting  both  tensile  and  com- 
pressive loads,  and  has  the  further  merit  of  quickness  as  com- 
pared with  endurance  tests  eariied  to  destruction.  {The  Engi- 
neering Review,  vol.  30,  no.  4,  p.  120,  Oct.  16,  1916,  3  pp.,  8 
figs,  e) 
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TABLE  2.   RESISTANCE  OF  STEEL  TO  COMPLETE  REVERSALS 
OF  STRESS 
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Fig.  3    Rotating-Beam  Tests 

For  experiments  under  reversals  of  direct  stress  was  used  a 
combination  of  a  recii>rocating  movement  and  the  deflection 
of  a  flat  spring.  The  former  was  derived  from  the  movement 
in  a  milling-machine  attachment,  there  being  in  this  an  eccen- 
tric with  a  throw  of  %  in.,  giving  a  reciprocating  movement 
to  a  slide  block  through  a  eouneeting  rod  2..J  in.  long. 

The  end  of  the  slide  block  further  from  the  eccentric  has  a 
continuation  into  which  the  end  of  the  specimen  under  test  is 
screwed,  so  that,  as  the  shaft  carrying  the  eccentric  revolves, 
one  end  of  the  specimen  is  reciprocating  through  %  m.  on 
either  side  of  its  central  position,  the  other  end  of  the  speci- 
men being  screwed  into  a  holder  which  forms  part  of  a  clamp 
gripping  the  middle  of  the  spring.  This  spring  has  a  span 
of  14  in.,  its  ends  passing  between  supports  which  prevent 
movement  in  either  direction. 

When  the  machine  is  running  and  the  point  of  attachment 
of  the  connecting  rod  with  the  sliding  piece  is  in  its  mid-posi- 
tion, the  spring  is  in  a  state  of  ease  and  there  is  no  force  ap- 
plied to  the  specimen.  But  when  the  slide  reaches  its  extreme 
position  on  the  side  further  from  the  spring,  the  latter  will 
have  been  deflected  from  its  central  position  through  %  in. 
by  a  force  in  tension  applied  through  the  specimen.  The  net 
result  is  that  during  one  revolution  of  the  shaft  the  specimen 
is  subjected  to  a  complete  cycle  of  stresses  proceeding  from 
a  maximum  in  tension  through  zero  to  a  maximum  in  com- 
pression and  back  again.     This  spring  is  made  of  7  plates, 


Prim- 
itive 
Limit 

Yield 

Point 

Tensile 
Strength 

Range  of  Stress 

Material 

Static 

Rotating 
Beams 

Direct 

Steel  Forging  (The  Wri- 
ter, Former  Experi- 
ments)   

Steel  Forging  (Stanton 
&  Bairstow) 

Steel  Forging  (Present 
Experiments) 

Cast  Steel  (Writer).... 

12.50 

12.94 

10.0 
22.24 

14.0 

14.52 

14.0 

28.56 

29.47 

25.4 
55.70 

18.4 

21.5 
40.50 

24.4 

39.2 

44.8 

20.60 
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The  Annealing  op  Carbon  Steels  as  Affected  by  Various 
Temperatures  and  Magnetic  Fluxes,  R.  B.  Fehr 

Data  of  tests  carried  out  at  the  Engineering  Experiment 
Station,  Pennsylvania  State  College,  State  College,  Pa.,  with 
the  primary  object  of  studying  the  range  of  temperature  in 
which  the  various  steel  heat-treating  operations  should  be 
carried  out. 

The  writer  has  been  unable  to  find  in  published  form  any 
series  of  tests  that  would  show  the  variation  in  physical  prop- 
erties due  to  small  variations  in  temperature  throughout  the 
critical  range.  As  usually  the  temperature  is  varied  by  50 
deg.  cent,  intervals,  it  would  be  of  interest  to  find  the  effect 
of  small  temperature  variations,  with  the  object  of  determin- 
ing what  advantages  could  be  derived  from  better  temperature 
control. 

In  the  same  series  of  tests  an  attempt  has  been  made  to 
determine  whether  there  was  any  unusual  effect  on  the  phys- 
ical properties  of  steel  from  being  subjected  to  heat  treatment 
and  the  action  of  magnetic  flux  simultaneously.  It  was  be- 
lieved that,  as  heat  brings  iron  and  steel  into  a  mobile  con- 
dition, magnetic  flux  in  connection  with  heat  might  facilitate 
this  rearrangement  of  the  structure,  and  thus  help  to  bring 
about  a  more  complete  transformation,  with  a  consequent 
beneficial  effect  on  the  physical  properties. 
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At  temperatures  above  750  deg.  cent.,  iron  and  steel  are 
practically  non-magnetic,  and  therefore  cannot  be  affected  by 
magnetism;  but  when  steel  cools  below  this  temperature  and 
regains  its  magnetic  properties,  it  may  be  that  magnetism 
might  have  some  good  effect  if  induced  in  the  metal  during 
the  process  of  cooling  past  the  magnetic  critical  point.  The 
chances  are  that  alternating  currents  would  give  the  best  re- 
sult on  account  of  the  constant  shaking  or  vibration  of  the 
molecules. 

Among  other  things,  the  writer  made  a  determination  of 
the  critical  point  of  iron,  with  the  result  that  an  electromag- 
netic method  was  evolved,  whereby  the  critical  point  of  a 
piece  of  steel  under  heat  treatment  would  be  determined  di- 
rectly and  accurately.     This  method   depends  upon   the  loss 


series-wound  dynamo  was  set  up  on  end  with  the  end  yokes 
removed. 

The  two  steel  rods  under  test  served  to  complete  the  mag- 
netic circuit.  The  magnetic  field  due  to  a  few  amperes  was 
exceedingly  strong,  and  the  flux  density  was  considerably  be- 
yond the  knee  of  the  saturation  curve  for  every  grade  of  steel 
tested. 

In  the  determination  of  the  critical  point  the  method  of 
procedure  was  to  break  the  field  circuit  at  regular  intervals 
during  the  heating  and  cooling  processes. 

The  tests  were  run  on  0.04,  0.28,  and  0.835  per  cent  carbon 
steel,  %-in.  round  bars. 

Several  tests  showed  quite  conclusively  that  the  electromag- 
netic method  of  obtaining  the  critical  temperature  gave  prac- 
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Fig.  4     Vabiation  of  Physical  Properties  with  Annealing 
Temperature,  0.04%  Carbon  Steel 


Mammum    ^I1neallng  Temperature,  Deg.Cent. 

Fw.  5     Variation  of  Physical  Properties   with   .Vn.nealing 
Temperature,  0.835%  Carbon  Steel 


of  magnetic  properties  of  steel  at  a  critical  temperature,  and 
upon  electromagnetic  induction.  The  writer  describes  the 
method  and  apparatus  in  detail.  Essentially,  an  electromag- 
net was  placed  around  the  heating  furnace  in  such  a  way 
that  the  magnetic  circuit  was  completed  through  the  piece  of 
steel  undergoing  heat  treatment,  but,  instead  of  placing  the 
coil  about  the  heated  part,  the  writer  located  it  outside  the 
furnace,  in  such  a  position,  with  respect  to  the  magnetic  field, 
that  the  sudden  change  of  residual  magnetism  at  the  critical 
point  would  be  made  use  of.  This  change  of  residual  mag- 
netism was  indicated  very  sharply  on  a  millivoltmeter  by 
breaking  the  electromagnetic  circuit. 

In  order  to  obtain  a  strong  magnetic  flux  which  would  be 
exerted  on  the  bars  at  the  same  time  that  they  were  under- 
going heat  treatment,  the  field  of  an  old  Manchester  bipolar. 


tically  the  same  result  with  high-carbon  steel  as  th«  thermo- 
electric method,  but  that  with  low-carbon  steels  the  thermo- 
electric method  was  not  sufficiently  sensitive,  which  may  be 
due  to  the  fact  that  in  these  steels  there  are  really  three  dis- 
tinct critical  points,  each  of  which  is  characterized  by  only 
relatively  slight  evolutions  of  heat. 

The  results  are  given  in  the  form  of  tables  and  cun'es.  In 
particular,  with  0.04  per  cent  carbon  steels,  the  elastic  limit 
of  the  rolled  bar  was  decreased  about  6000  lb.  per  sq.  in.  by 
the  annealing  treatments,  but  otherwise  the  curves  of  the 
plotted  results  (Fig.  4)  show  practically  no  change  in  the 
physical  properties  due  either  to  annealing  temperature,  or  to 
treatment  with  magnetic  flux,  except  in  the  case  of  the  elonga- 
tion, which  shows  a  slight  jog  just  above  the  magnetic  critical 
point.    These  results  are  therefore  entirely  in  accord  with  the 
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known  fact  that  low-parl)on   steels  are  very  little  affected  by 
heat  treatment. 

The  results  of  tliis  series  of  tests  with  U.28  per  cent  carbon 
steels  show  that  the  annealing  temperatures  around  the  mag- 
netic critical  point  have  considerable  effect  on  the  physical 
properties,  especially  the  elongation  and  reduction  of  area. 
In  raising  the  annealing  temperature  from  740  deg.  cent,  to 
761  deg.  cent,  the  elongation  was  suddenly  increased  22  per 
cent,  and  the  reduction  of  area  20  per  cent,  both  of  these 
projierties  falling  off  gradually  to  their  former  values  at  the 
temperature  of  about  880  deg.  cent. 

Finally,  tests  on  0.835  per  cent  carbon  steels  show  (Fig.  5) 
the  remarkable  effects  which  the  small  variation  in  the  anneal- 
ing temperature  has  u|)oii  the  physical  proijerties  of  a  high- 
carbon  steel.  Simultaneous  treatment  with  magnetic  flux  did 
not  apjiear  to  have  any  effect  whatsoever.  The  author  calls 
attention  to  the  fact  that  the  range  of  annealing  temperatures 
recommended  for  this  grade  of  steel  was  between  790  and  815 
deg.  cent.,  which  would  not  have  brought  about  maximum 
ductility  or  reduction  of  area,  as  shown  by  the  tests. 

The  writer  found  that  in  all  his  tests  the  magnetic  ciiticai 
point  indicated  without  exception  the  proper  annealing  tem- 
perature to  give  the  finest  grain,  maximum  ductility  and  re- 
duction of  area,  and  therefore  the  maximum  shock-resisting 
qualities.  This  temperature  in  all  cases  lies  within  a  range 
of  30  deg.  cent,  just  above  this  critii-al  point.  It  was  found 
that,  by  careful  temperature  control,  a  high-carbon  steel  can 
.  be  given  the  ductility  of  a  low-carbon  steel,  and  at  the  same 
time  possess  a  higher  elastic  limit  and  ultimate  strength  than 
are  to  be  found  in  low-carbon  steels. 

The  experiments  showed  that  in  the  annealing  of  carbon 
steels  the  ductility  and  reduction  of  area  increase  as  the  gi-ain 
size  decreases,  but  that  the  tensile  strength  and  elastic  limit 
decrease  with  decrease  of  grain  size. 

The  results  obtained  by  this  investigation  apply,  as  the 
author  points  out,  only  to  the  annealing  of  carbon  steels. 
{Abstract  from  advance  copy  of  a  paper  to  appear  as  Bul- 
letin Xo.  IS  of  the  Engineering  Experiment  Station,  Pennsi/1- 
vania  State  College,  State  College,  Pa.    e). 

Modern'  Ideas  in  Heat  Treatment 

Description  of  the  methods  used  at  the  plant  of  the  Steel 
Products  Company,  Cleveland,  0..  having  for  their  purpose 
the  elimination  of  variations  in  the  quantity  of  heat-treated 
products. 

The  output  of  the  Steel  Products  Company  consists  largely 
of  automobile-motor  valves,  poppet  valves,  spring-shackle  and 
steering-knuckle  bolts  and  valve  tappets,  made  of  both  com- 
mon and  alloy  steel,  demanding  the  best  of  heat  treatment. 

Tlie  uniformity  of  results  is  being  secured  here  by  main- 
taining a  uniform  quality  in  the  gas  supplied  to  the  furnaces, 
which .  again  involves  the  thorough  mixing  of  scientifically 
predetermined  proportions  of  gas  and  air.  The  mixture  is 
distributed  to  the  furnaces  under  a  constant  pressure,  which 
is  maintained  by  a  constant-speed  centrifugal  fan  located  be- 
tween the  mixer  and  the  furnaces.  The  gas-mixing  apparatus 
developed  by  German  engineers  is  based  primarily  upon  tie 
idea  of  mixing  gas  and  air  at  the  same  pressure.  This  feature 
of  equalizing  the  pressure  of  the  gas  and  the  air  is  essential 
if  the  proportions  of  each  are  to  be  accurately  controlled, 
this  control  being  accomplished  by  a  counterbalanced  gas  gov- 
ernor into  which  the  gas  is  received  as  it  flows  into  the  mixer 
from  the  gas  meter.     The  governor  is  shown  to  the  right  in 


Fig.  6.  The  air  is  mixed  at  atmospheric  pressui'e,  with  the 
gas  entering  from  the  gas  governor.  After  leaving  the  mixer, 
the  mixture  is  forced  through  the  pipes  to  the  different  fur- 
naces by  a  15-hp.  constant-speed  centrifugal  pump,  which 
maintains  a  constant  pressure  regardless  of  the  amount  of 
the  mixture  being  consumed. 

As  the  mixture  of  gas  and  air  in  the  proportions  to  produce 
perfect  combustion  is  explosive,  only  part  of  the  air  neces- 
sary to  insure  this  perfect  combustion  is  taken  in  through  the 
machine.  The  remainder  is  added  to  the  burner  itself  by 
means  of  a  Bunsen  attachment. 

The  proper  mixture  for  each  installation  is  determined  with 
the  aid  of  a  test  Bunsen  burner.  These  test  burners  operate 
on  the  principle  that  the  height  of  the  combustion  cone  is 
related  to  the  pressure  and  proportions  in  which  air  and  gas 
are  mixed.  With  this  system,  only  enough  air  is  supplied  to 
the  burners  to  insure  proper  combustion,  which  results  in  a 
material  economy  of  gas. 

An  interesting  feature  of  this  plant  is  the  system  of  cen- 
tralized control  of  furnaces.  The  gas  from  the  pump  is  piped 
to  the  operator's  house.  Valves  located  in  this  house  lead 
to  the  furnaces.  Because  of  the  fact  that  the  gas  is  supplied 
to  the  furnaces  through  a  single  pipe  for  each  furnace  and 
because  the  mixture  of  gas  and  air  is  adjusted  before  it  passes 


Fig.   (! 


('ou.\tebi!.\la.\cei)  (iAs   Governor  for   Heat-Treatino 

Furnaces 


through  the  regulating  valves,  a  pyrometer  man  is  enabled 
to  regulate  the  temperature  of  each  furnace  separately  from 
his  control  board.  The  test  burner  and  pressure  gage  lo- 
cated in  the  ojierator's  house  not  only  serve  to  indicate  if  the 
pressure  and  quality  of  the  gas  are  being  maintained  as  de- 
sired, but  also  serve  to  indicate  the  cause  of  trouble  in  case 
of  accident  to  the  mixer  or  pump.  Furnace  temperatures  are 
indicated  in  the  control  house  by  pyrometers.  ( The  Iron 
Trade  Review,  vol.  .59.  no.  21.  p.  1047.  November  23,  1916, 
4  pp.,  5  fiss.    dp) 

The  Tensile  Strength  of  Asbestos  Hope  when  Exposed 
TO  Fire,  J.  Bobaricoff  and  W.  IMramornoft' 

As  it  has  been  suggested  that  asbestos  ropes  might  prove 
serviceable  as  life  lines  at  fires,  the  writers  have  investigated 
the  strength  of  such  ropes  under  conditions  similar  to  those 
which  they  would  have  to  meet  if  so  used. 

A.  F.  Cirkel  has  tested  asbestos  ropes  having  a  core  of 
other  material.  He  states  that  a  rope  of  this  kind  ij  in.  in 
diameter  was  good  for  2!)0  11). 

The  ropes  tested  in  the  present  instance  were  three  in  num- 
ber— two  of  asbestos  and  one  of  hemp.     The  larger  of  the  two 
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asbestos  ropes.  No.  1  was  1  in.  in  diametei-  and  was  built  up 
of  4x4  x  4  X  3  X  .3  =  576  primary  yarns.  No.  2  rope,  also 
of  asbestos  throughout,  had  3x3x3x3x3  =  243  primary 
yarns,  while  No.  3,  the  hemp  rope,  consisted  of  7  x  3  x 
3  =  63  yarns.  None  of  the  ropes  had  a  core  of  other  ma- 
terial. The  asbestos  used  was  ehrysotile  from  the  Urals  and 
had  a  hygroscopic  water  content  ranging  from  1.1  to  1.2  per 
cent  at  18  deg.  cent,  with  the  air  at  .50  per  cent  humidity. 

The  first  series  of  tests  was  made  with  the  ropes  in  condi- 
tion as  received.  As  the  ropes  for  use  in  fires  would  be 
liable  to  be  wetted,  it  was  also  considered  of  interest  to  test 
asbestos  ropes  after  three  days'  immersion  in  water.  It  was 
found  that  rope  No.  1  lost  12.3  per  cent  of  its  strength  and 
rope  No.  2,  4.4  per  cent. 

A  further  series  of  tests  was  made  on  strands  unwound 
from  the  ropes  heated  to  different  temperatures  in  a  Heraeus 
electric  furnace.  The  maximum  temperatures  reached  were 
maintained  for  3  hours  in  every  case.  The  results  are  shown 
in  Tal)le  3.  and  indicate  clearly  that  the  strength  diminishes 


TABLE  3.     TESTS  OF  STRENGTH  OF 

IlE.VrEI)  ASBESTOS   KOI'F 

, — Loss  of  s 

itrength.^ 
Compared 

Compared 

with 

Temper- 

with un- 

merely 

ature  of 

Breaking 

Abso- 

heated 

cooled 

furnace.      Coudition  of  test. 

load. 

lute. 

strand. 

strand. 

Deg.  C. 

Kg- 

Kg. 

Per  cent. 

Per  cent. 

Unheated   

.      85.0 

220     Cooled  after  heating . 

.     S7.r, 

-2.5 

-2.9 

220     Wetted  after  c-ooling. 

.      64.0 

21.0 

24.7 

27.6 

Unheated   

.      SO.O 

270     Cooled  after  heatins;. 

72.8 

7.2 

b'.o 

270     Wetted  after  cooling. 

.      53.5 

26.5 

33.1 

26.5 

Unheated 

.      73.0 

360     Cooled  after  heating. 

.      54. S 

18.2 

24.8 

360     Wetted  after  cooling. 

.      42.5 

30.5 

41.8 

22.5 

Unheated 

.      85.0 

400     Cooled  after  heating. 

.       RB.3 

18.7 

22.0 

Unheated 

72. S 

500     Cooled  after  heating. 

.      54.0 

IS.  8 

25.8 

TABLE  4.  EFFECT  OF  REPEATEO  HEATING  ON  THE  STRIONOTH 
OF  ASBESTOS  ROPE 

Breaking  load,       Loss, 

kg.  per  cent. 

Temperature  140  deg.  cent llS  15 

Temperature  210  deg.  cent 29.0  81.5 

very  rapidly  as  the  tempeiatiue  of  each  rope  heated  is  in- 
creased. The  next  series  of  tests  was  made  on  specimens  first 
heated  and  then  immediately  cooled  down  again  as  soon  as 
the  limit  temperature  was  reached.  It  was  found  that  the 
loss  in  strength  was  increa.sed  by  prolonged  heating. 

To  see  the  reason  for  this  loss  of  strength  on  heating,  a 
determination  was  made  of  the  loss  of  weight  when  the  asbestos 
was  heated  for  three  hours  in  the  electric  furnace  and  allowed 
to  cool  in  a  desiccator.  It  was  found  that  the  loss  rapidly 
increases  after  a  temperature  of  550  deg.  cent,  is  reached. 

On  the  whole  it  was  found  that  loss  of  strength  and  loss 
of  weight  for  the  most  jiart  ran  together,  but  that  if  the 
maximum  tem)ierature  does  not  exceed  299  deg.,  this  rule 
fails.  The  rapid  loss  in  the  resistance  occurs  at  a  somewhat 
lower  temperature  than  the  corresponding  rapid  loss  in 
weight.  This  is  apparently  due  to  the  heat  destroying  the 
cohesiveness  of  the  constituents  somewhat  sooner  than  it  is 
able  to  expel  the  products  of  decomposition. 

The  large  loss  both  in  strength  and  weight  between  200  and 
350  deg.  cent,  is  due  to  the  burning  out  of  the  organic  matter. 

Tests  were  made  on  strands  heated  in  the  furnace  and 
loaded  at  the  same  time.  The  temperature  was  raised  until 
the  strand  broke.  In  the  first  series  the  strand  was  loaded 
with  a  weiglit  of  30  kg.,  and  broke  when  the  teniperatuic 
reached  650  deg.  cent.  The  same  strand  unheated  showed  a 
resistance  of  70.5  kg. ;  heated  and  cooled,  39  kg. 

Some  additional  experiments  were  made  on  the  effect  of  re- 


peated heatings  followed  by  cooling  in  water.  A  number  of 
specimens  were  first  raised  three  times  to  400  deg.  cent., 
cooled  twice,  and  then  broken.  It  was  found  that  repetitions 
of  the  heating-  process  liave  relatively  little  effect  on  the 
strength.  For  purjioses  of  comparison  some  tests  were  also 
made  on  the  effect  of  temperature  on  the  strength  of  the  hemp 
rope  No.  3,  with  the  result  shown  in  Table  4. 

On  the  whole  tiie  tests  indicate  that  asbestos  ropes  such  as 
tested  in  this  case  cannot  be  considered  as  suitable  for  use  as 
life  lines  at  fires.  Similar  ropes  with  steel  cores  would  be 
stronger,  but  the  asbestos  would  then  serve  merely  as  a  heat 
insulator,  for  which  purpose  it  is  not  very  well  adapted,  as 
it  becomes  very  brittle  at  a  temperature  of  600  deg.  cent. 

All  these  tests  were  carried  out  in  the  mechanical  labora- 
tory of  the  Tomsk  Institute  of  Technology,  in  Siberia,  Russia. 
(Engineering,  vol.  102,  no.  20,54,  p.  451,  Nov.  10,  1916,  2  pp., 
'■) 

The  Cojibustiox  and  Fireproofing  of  Wood;  Some  Minute 
Reactions,  James  Scott 

The  writer  discusses  the  process  of  combustion  of  wood  on 
the  basis  of  some  experiments  made  by  him  on  pine  shavings. 

He  laid  a  tliin  shading,  about  1  in.  long  and  i/4  in.  wide, 
upon  a  glass  slide,  with  nearly  half  of  it  projecting  beyond 
the  edge.  This  free  part  was  then  ignited,  and  when  it  had 
finished  burning  there  remained  the  suspended  white  ash,  the 
shape  of  which  would  be  easily  discerned  by  transterring  the 
slide,  carefully  to  the  stage  of  the  microscope.  It  was  then 
observable  as  a  fine,  delicate  skeleton  framework  of  the  de- 
stroyed cells. 

A  glowing  ember  of  wood  affords  a  wonderful  spectacle 
under  the  microscojie,  where  one  can  see  the  flare  tra\eling 
among  the  cells,  charring  them  and  leaving  an  ashy  trellis- 
work  of  disclosed  walls. 

In  the  test  with  the  pine  shaving  partly  under  the  glass 
slide,  one  can  distinguish  the  gradation  from  one  condition 
to  another  in  the  process  of  burning.  The  heat,  while  con- 
suming one  area,  liquefies  the  cell  contents  in  the  vicinity  and 
drives  some  of  them  further  away  in  the  opposite  direction, 
thereby  expanding  and  bursting  the  cells  and  discharging 
from  them  gases  which  feed  the  oncoming  fire. 

Fiz.  7  shows,  on  a  dark  background,  a  small  portion  of 
I  lie  burned  shaving,  wherein  all  phases  from  intact  to  de- 
stroyed Avood  are  visible. 

When  wood  is  burning  and  water  is  played  upon  it,  the 
main  result,  according  to  the  view  of  the  author,  depends, 
first,  on  the  mineral  matter  contained  in  the  water,  and,  sec- 
ond, on  the  mineral  ash  released  from  the  already  consumed 
.substance.  Hence,  he  believes  that  purposely  made  hard 
water  containing,  say,  excess  lime,  would  check  the  progress 
of  the  flames  at  a  quicker  rate  than  would  be  the  case  with 
distilled  water. 

When  wood  is  burning  the  fundamental  carbon  is  given  off 
as  myriads  of  infinitesimal  specks,  and  if  it  be  allowed  to  rise 
iii'-to  a  glass  slide  it  shows  remarkable  patterns  due  to  a  par- 
ti;ular  arrangement  of  the  particles.  In  Fig.  8  is  shown  the 
filigree  ocrasioned  in  a  thin,  gray  layer  of  wood  smoke,  the 
carbon  molecules  evidently  having  been  contained  in  gaseous 
ov  semi-vaporous  globules,  which,  on  meeting  the  solid  glass, 
subside  so  that  their  walls  produce  rings  and  their  contents 
central  nuclei  of  various  forms.  Some  of  the  soot  is  found 
as  shining,  tarry  films,  and  the  rest  as  a  lusterless  powder. 
(  The  Railway  Engineer,  vol.  37,  no.  442,  p.  261,  November 
1916,  3  pp.,  3  figs,     e) 
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Carburetion  at  High  Altitudes 

Symposium  of  Answers  of  Various  Carburetor  Manufacturers 
to  an  Inquiry  on  the  Above  Subject 

C.  W.  Findeisen  states  that  if  the  carburetor  has  been  care- 
fully adjusted  at  lower  altitudes  and  shipped  to  high  alti- 
tudes, it  is  neeessarj'  to  cut  down  the  supply  of  gasoline  to 
some  extent. 

G.  T.  Briggs,  of  the  Wheeler  &  Schebler,  Inc.,  states  that 
in  their  Model  L  carburetor  it  was  found  necessary  for  high- 
altitude  work  to  change  the  adjustment — that  is,  to  turn  on 
a  little  more  gasoline  at  the  needle  and  use  a  weaker  spring. 
It  was  found  that  turning  on  more  gasoline  did  not  change 
the  fuel  combustion,  owing  to  the  rarity  of  the  air.  The 
Model  R  carburetor  works  well  without  changing  the  adjust- 
ment at  high  altitude,  although  a  change  will  decrease  the 
consumption.  The  experience  of  this  company  is  that  in  order 
to  get  satisfactory  results  a  little  more  gas  must  be  supplied, 


Reduce  the  gas  in  the  carburetor  and  the  adjustments  at  all 
speeds  as  accurately  as  the  instrument  will  permit;  (2)  ad- 
vance the  spark  as  far  as  possible;  in  fact,  until  the  engine 
gives  a  sharp  knock,  when  it  should  be  retarded  until  the 
knocking  ceases;  (3)  remove  the  governor  or  at  least  set  it 
much  faster  than  usual. 

According  to  F.  C.  Mock,  of  the  Strombefg  Motor  Devices 
Co.,  the  rareness  of  the  air  decreases  the  relative  opening  of 
weight-  or  spring-control  air  valves.  This  is  taken  care  of  by 
using  larger  primary  openings  and  lighter  springs.  The 
change  in  mixture  proportion  is  only  a  small  part  of  the  diffi- 
cultj',  as  the  heat-up  of  the  engine  makes  its  operation  un- 
economical. 

Geo.  M.  HoUey,  of  HoUey  Bros.  Co.,  states  that  his  com- 
pany has  adjusted  carburetors  at  Kenosha,  Wis.,  on  Rambler 
cars,  and  shipped  them  to  Denver,  Colo.,  which  is  at  an  alti- 
tude of  5000  ft.,  but  could  find  absolutely  no  difference  in  the 
operation  of  the  device. 

In  this  connection  it  may  be  of  interest  to  compare  the  ex- 
periences with  Diesel  engines  at  high  altitudes  described  in 


Fig.  7    MAQNtFiED  View  of  Pine  SHA\^NQ,  the  Upper  Part  of 

WHICH     HAS     BEEN     BUHNED     TO    AN     ASH,     WITH     AN     INTER- 
MEDIATE Chabbed  Zone.   Diameter  of  Space  about  1/24  in. 


Fig.  8  Magnified  View  of  Film  of  Carbon  from  the  Burnt 
Pine  Shaving.  Actual  Diameter  of  the  Space  about 
1/24  IN. 


also  the  spring  must  be  changed  in  order  to  get  more  air  into 
the  carburetor  through  the  auxiliary  valve.  This  is  due  to 
the  fact  that  the  suction  is  much  lower  at  the  higher  altitudes. 
If  no  change  in  adjustment  is  made,  the  carburetion  is  bad 
and  the  fuel  combustion  high  at  over  5000  ft.  elevation. 

Arthur  B.  Browne,  of  the  Malleable  Iron  Fittings  Com- 
pany, in  discussing  the  theory  of  carburetion  at  high  alti- 
tudes, calls  attention  to  the  fact  that  the  mean  effective  pres- 
sure of  the  engine  is  a  function  of  the  compression  pressure. 
An  engine  having  70  lb.  per  sq.  in.  compression  in  New  York 
should  have  a  mean  effective  pressure  of  about  91  lb.  per  sq. 
in.;  in  Butte,  which  is  at  an  elevation  of  nearly  6000  ft., 
this  same  engine  would  give  a  mean  effective  pressure  of  only 
about  81  lb.  per  sq.  in.,  as  a  result  of  the  lowered  compression 
only.  Hence  a  truck  engiae  developing  40  hp.  in  New  York, 
would  develop  but  a  little  over  35  hp.  in  Butte  if  supplied  in 
both  cases  with  the  same  mixture.  The  loss  would  in  fact  be 
even  greater  because  of  a  slower  flame  propagation  in  the 
mixture  at  lower  compression  and  other  considerations,  while 
the  decreased  negative  work  of  compression  would  be  a  factor 
on  the  other  side. 

The  author  makes  the  following  practical  suggestions:   (1) 


The  Journal,  October,  1916,  p.  833.     (S.  A.  E.  Bulletin,  vol. 
11,  no.  1,  pt,  Oct.  1916,  3  pp,  p) 


Ignition  op  Explosive  Gas  Mixtuhes  by  Electric  Spaeks, 
J.  D.  Morgan 

The  ignition  of  an  explosive  gas  mixture  by  a  spark  is 
commonly  considered  to  depend  upon  the  communication  of 
heat  from  the  spark  to  the  gas,  but  experimental  investigation 
tends  to  indicate  that  ignition  depends,  at  least  partly,  and 
perhaps  entirely,  upon  some  other  cause  than  this.  It  does 
not  seem  likely  either  that  temperature  is  the  determining 
factor  in  ignition,  because  it  is  known  that  if  the  temperature 
is  not  accompanied  by  a  sufficient  quantity  of  heat,  ignition 
will  not  occur. 

Further,  if  it  be  assumed  that  heat  alone,  when  accom- 
panied by  sufficient  temperature,  is  capable  of  causing  igni- 
tion, it  would  apparently  be  right  to  suppose  that  the  mode 
of  producing  electric  sparks  containing  sufficient  heat  would 
have  no  effect  upon  the  igniting  property  of  such  sparks, 
which  again  is  found  not  to  be  the  case.     For  example,  Prof. 
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FiG.  9  (top)  and  Fig.  10  (middle)  Variation  of  Least  Con- 
tinuous CuKEENT  Required  to  Produce  a  Single  Igniting 
Spabk,  with  the  Gas  Mixture  ;  Fig.  11  (bottom)  Same, 
with  Alternating  Current 


W.  M.  Thornton  found  that  a  greater  amount  of  energy  is 
required  to  produce  an  igniting  spark  by  an  alternating  cur- 
rent than  by  continuous  current,  and  the  relationship  between 
the  number  of  volts  and  amperes  in  the  circuits  immediately 
prior  to  the  production  of  the  spark  differs  in  character  in 
the  two  eases. 

These  and  other  experiments  suggest  ionization  as  the  origin 
of  ignition.  Dr.  H.  F.  Coward  expresses  the  opinion  that  the 
ignition  of  an  inflammable  gas  mixture  is  largely  governed 
by  two  factors,  namely,  its  thermal  conductivity  and  the  en- 
ergy degraded  when  the  discharge  is  passed. 

In  a  general  way  it  is  known  that  gas  mixtures  are  only 
combustible  when  the  proportions  lie  within  certain  limits. 
Fig.  9,  taken  from  R.  V.  Wheeler's  Home  Office  Report  on 
Battery-Bell  Signalling  Systems,  shows  how  the  least  continu- 
ous current  required  to  produce  a  single  igniting  spark  varies 
with  variations  in  the  gas  mixture. 

From  this  it  is  seen  that  the  most  sensitive  mixtures  lie 
between  7.5  and  9  per  cent  of  methane.  The  first  value  of 
this  curve  is  to  show  the  limits  of  inflammability  and  the  gen- 
eral character  of  the  current  variation  between  these  limits. 
This  curve  has  been  obtained  on  an  alternating-current  cir- 
cuit, and  Professor  Thornton,  who  used  a  continuous  current, 
obtained  a  curve  of  a  different  form,  as  shown  in  Fig.  10.  It 
must  be  borne  in  mind,  however,  that  the  ordinates  of  these 
two  cui-ves  are  not  comparable,  since  the  least  igniting  current 
diminishes  as  the  voltage  or  inductance  increases. 

In  Fig.  10  a  portion  of  the  curve  follows  closely  the  straight 
line  which  passes  very  nearly  through  the  origin.  From  this 
Professor  Thornton  argues  that  the  igniting  current  is  pro- 
portional to  the  number  of  molecules  of  combustible  gas  in 
unit  volume  of  the  mixture.  With  alternating  current.  Fig.  11, 
the  character  of  the  curve  alters,  the  -current  varying  as  the 
"  square  of  the  excess  of  either  of  the  combining  gases  on  each 
side  of  the  point  of  maximum  inflammability." 

The  writer  considers  the  validity  of  the  method  of  deter- 
mining the  ability  of  the  spark  to  ignite  the  gas,  or  the  "  in- 
cendivity "  of  the  spark,  by  specifying  the  number  of  volts 
and  amperes  or  the  number  of  amperes  and  the  inductance  in 
the  circuit  prior  to  the  formation  of  the  spark. 

With  alternating  current  the  amount  of  current  for  a  given 
voltage  is  always  higher  than  in  the  ease  of  direct  current, 
but  all  data  show  that  the  amounts  of  voltage  and  current 
or  current  and  inductance  capable  of  producing  dangerous 
sparking  are  comparatively  small.  This  emphasizes  the  neces- 
sity of  adequately  protecting  electrical  apparatus  to  which 
explosive  gases  are  accessible,  which  in  particular  applies  to 
the  case  of  electric  bells. 

The  author  finds  that  a  single  spark  which,  when  repeated 
slowly  will  not  ignite  the  gas,  will,  after  a  more  or  less  definite 
interval,  produce  ignition  when  repeated  rapidly,  which  indi- 
cates that  the  element  of  time  is  a  factor  of  importance  in 
ignition  phenomena.  If,  instead  of  a  single-break  device,  a 
vibratory  make-and-break  device,  such  as  the  trembler  of  a 
bell,  be  employed,  the  ability  of  a  spark  to  ignite  a  gas  mix- 
ture is  found  to  depend  upon  the  duration  of  the  spark  as  well 
as  upon  the  circuit  conditions. 

A  writer  in  the  Electrical  Review  (vol.  77,  p.  65,  1915),  on 
the  basis  of  the  work  of  Professor  Thornton  and  Dr.  Wheeler, 
states  that  the  igniting  power  of  a  break-flash  depends  on  the 
Li'"*  of  the  circuit,  where  L  is  the  inductance  and  i  the  cir- 
cuit current. 

As  regards  the  use  of  the  product  volts  times  amperes,  iJt, 
as  in  measure  of  the  power  of  the  arc,  the  author  points  out 
lliat  the  value  of  vi  is  not  necessarily  the  same  during  arcing  as 
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when  tlie  contacts  are  brought  together,  and  there  is  no  leasoii 
for  assuming  them  to  be  the  same  when  the  are  is  only  of 
momentary  duration.  Therefore,  vi,  as  it  exists  (irior  to  spark- 
ing, is  not  a  measure  of  the  power  of  a  hot-point  spark. 

The  genei'al  conclusion  to  which  the  author  has  been  led 
by  his  experiments  is,  that  it  is  necessary  to  distinguish  be- 
tween the  energy  which  produces  a  spark  and  that  quality  of 
the  spark  called  by  him  "  incendivity,"  which  enables  tlie 
spark  to  cause  ignition,  and  that  the  magnitude  of  the  one 
is  not  a  measure  of  the  other,  although  there  may  be  a  more 
or  less  regular  relation  between  them  when  certain  physical 
conditions  are  kept  constant. 

Ignition  seems  to  depend  on  the  ionization  caused  by  the 
spark  during  the  interval  of  sparking.  The  ionization  may 
be  rapidly  dissipated  or  neutralized.  If  the  neutralizing  ac- 
tion predominates,  there  is  no  ignition  of  a  gas  mixture.  If 
there  is  little  or  no  neutralizing  action,  ignition  occurs  imme- 
diately. Between  these  two  limits  there  are  a  variety  of  inter- 
mediate conditions  which  apparently  account  for  the  delay 
of  ignition  found  in  some  of  tht  experiments  and  much  of 
the  great  irregularity  that  is  often  experienced  in  experi- 
mental work  on  the  subject. 

The  rest  of  the  paper  refers  to  dangerous  sparking  of  elec- 
trical apparatus  for  mining  and  of  electric  bell-signaling  cir- 
cuits. In  this  connection,  the  writer  believes  that  the  British 
Home  Office  Regulations,  limiting  the  highest  permissible 
voltage  in  bell-signaling  systems  to  25,  does  not  secure  safety, 
and  the  limit  ought  to  be  reduced  to  6  volts.  The  fixing  of 
the  voltage  limit  in  itself,  however,  is  not  sufficient  to  insure 
safety,  and  there  should  be  added  the  condition  that  sparks 
produced  in  the  system  should  not  be  capable  of  igniting  a 
specified  mixture  of  methane  and  air,  which  result  can  be 
easily  obtained  with  a  relay. 

E.  A.  Watson,  in  a  written  discussion  on  the  above  paper, 
expressed  his  belief  that  the  value  of  the  minimum  energy 
in  the  spark  required  to  ignite  a  gas  would  be  affected  by  the 
pressure,  and  still  more  certainly  by  the  temperature,  of  the 
explosive  mixture  before  ignition.  The  fact  that,  although 
one  spark  will  not  ignite  a  given  mixture,  yet  a  rapid  succes- 
sion of  sparks  will  do  so,  might  be  due  to  the  heating  of  the 
mixture  by  the  energy  liberated.  The  problem  of  liow  the 
horsepower  given  by  an  engine  depends,  other  conditions  re- 
maining the  same,  upon  the  energy  given  by  the  magneto,  is 
one  which  would  well  repay  investigation.  There  are.  how- 
ever, no  data  available  to  show  whether  an  increase  in  brake 
horsepower  might  be  obtained  by  increasing  the  energy  at 
the  spark  plug.  (Some  rough  experiments  made  on  a  com- 
paratively low-speed  gas  engine  give  a  negative  result,  but 
these  experiments  were  only  very  rough  and  cannot  be  con- 
sidered as  being  at  all  conclusive,  especially  as  the  effect 
would  be  most  marked  at  high  engine  speeds.)  {The  Journal 
of  the  Institution  of  Electrical  Engineers,  vol.  54.  no.  254,  p. 
196,  Januaiy  15,  1916,  1.3  pp.,  11  figs.,  et) 

Internal-Combustion  Turbine,  A.  W.  H.  Griepe 

Description  of  the  construction  and  operation  of  a  100-h;\ 
internal-combustion  turbine  which,  it  is  said,  has  made  a  num- 
ber of  runs  with  an  efficiency  estimated  by  a  rough  test  at 
about  20  per  cent. 

The  turbine  consists  of  a  rotor  similar  to  that  used  in  a 
reaction-type  turbine,  with  the  blades  distributed  in  four 
equally  spaced  groups  around  the  periphery  of  the  wheel. 
each  gi-oup  occupying  one-eighth  of  the  circumference.  On 
the  rotor  is  mounted  a  valve  band  which  acts  as  an  admission 


and  cut-off  valve  between  the  exiilosion  chamber  and  the  fuel 
and  air  supply.  The  stationary  element  contains  the  explosion 
chamber  and  ring  chambers  for  the  fuel  and  air  supply.  The 
nozzles  are  mounted  so  that  the  gases  flow  from  the  inner  to 
the  outer  periphery  of  the  wheel. 

The  operation  of  the  turbine  is  as  follows:  Compressed 
air  enters  the  air  chamber  from  the  storage  tank  at  from  45  to 
75  lb.  and  gas  from  the  fuel  chamber  at  approximately  atmos- 
pheric pressure.  The  compressed  air  flows  in  through  spe- 
cially formed  passages,  and  in  doing  so  acts  as  an  injector 
and  draws  the  fuel  in  through  a  small,  straight  nozzle  in  the 
center  of  each  valve.  By  means  of  a  special  arrangement  in 
thf  valve  ring,  the  port  between  the  fuel  and  the  explosion 
clianiber  is  closed  an  instant  before  the  port  is  opened  from 
I  lie  explosion  chamber  to  the  blade,  and  at  this  instant  the 
ehai'ge  is  ignited  and  expands. 

The  operation  of  the  turbine  may  be  seen  from  the  cycle 
diagram  in  Fig.  12.  Starting  at  I,  explosion  is  complete 
and  the  ring  valve  is  just  beginning  to  open   tine   aii-  valve, 


Fig.  12    Cycle  DiAiiR.vii  or  ax  Ixternal-Combustiox  Turbine 

with  the  explosion  chamber  still  open  to  atmosphere.  Air  is 
admitted  to  the  explosion  chamber,  blows  out  through  the 
exhaust,  and  scavenges  the  explosion  chamber.  This  con- 
tinues for  10  deg.  of  the  revolution,  at  which  point  the  nozzle 
from  the  explosion  chamber  is  closed  by  the  inner  rim  of  the 
rotor.  At  II,  the  valve  band  opens  the  fuel  valve,  admitting 
a  fresh  mixture  into  the  explosion  chamber,  and  the  pressure 
rises,  owing  to  the  pressure  of  the  compressed  air.  At  III, 
40  deg.,  the  valve  band  closes  the  admission  opening.  Wlien 
the  valve  band  has  overlapped  one  degree,  at  IV,  41  to  42 
deg.,  ignition  takes  place.  At  this  point  the  highest  pressure, 
V,  is  obtained.  From  42  to  45  deg.  the  nozzle  is  opening 
from  the  explosion  chamber  and  expansion  begins.  From  45 
deg.,  VI,  to  90  deg.  the  nozzle  is  wide  open  and  expansion 
takes  place.  At  90  deg.  the  cycle  is  complete  and  begins  over 
again. 

In  the  first  installation  a  3-in.  by  4-in.  Gardner  comjsressor 
was  used.  The  amount  of  air  delivered  was  large  enough  for 
two  explosion  chambers,  the  air  leakage  between  the  tank  and 
the  explosion  chamber  being  at  that  stage  about  25  per  cent. 
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Adjusting'  nozzles  were  then  installed  and  reduced  tlie  losses 
to  about  10  per  cent.  A  O-in.  by  6-in.  double-cylinder  Curtis 
compressor  was  then  installed  with  modified  means  to  reduce 
the  leakage.  With  the  best  arrangements  thus  far  developed, 
the  power  necessary  to  compress  the  air  was  about  12  per 
cent  of  the  whole  power  developed. 

The  combustion  never  gave  any  trouble. 

The  blades  are  made  of  cast  iron  and  inserted  in  the  rotor. 
The  sections  are  cast  in  one  piece. 

No  data  of  any  tests  are  given,  but  from  a  statement  made 
in  anotlier  connection  it  ajipears  that  nins  were  made  at 
speeds  up  to  3500  r.p.m.  (Power,  vol.  44,  no.  23,  p.  785,  De- 
cember 5,  1016,  3  pp.,  14  figs.,  d) 

Machine  Parts 

Friction'  Clutches,  Wm.  G.  Gass 

The  writer  divides  all  clutches  into  a  number  of  distinct 
types,  such  as  claw  coupling's,  friction  cones,  internal-seg- 
ment-and-band  clutches,  external-segment-and-band  clutches, 
plate  clutches,  brush  clutches,  magnetic  clutches,  and  auto- 
matic clutches,  and  discusses  the  distinctive  features  of  each 
type  separately. 

As  to  friction  materials,  the  author  believes  that  while  they 
are  of  advantage  for  brakes,  there  are  difheulties  in  the  way 
of  using  them  for  clutches.  In  most  cases  rivets  have  to  be 
depended  on,  and  these  are  apt  to  give  way.  The  material  is 
liable  to  glaze,  particularly  in  a  clutch  thrown  in  and  out 
many  times.  Where  steel  is  employed  it  should  not  be  used 
on  cast  iron  unless  its  surface  is  chilled  very  hard.  The 
trouble  of  driving  surfaces  is  that  they  wear  away,  and  this 
wearing  is  greater  or  less  as  the  clutch  slips  or  not.  If  there 
is  slippage,  the  surface  generally  being  dry,  a  small  jjoition 
of  matter  gets  embedded  into  whichever  of  the  surfaces  is 
softer  and  acts  as  a  kind  of  plow  into  the  other.  It  is  not 
necessarily  the  softer  of  the  two  wliich  gives  way,  but  often 
the  harder. 

Clearance  is  the  main  difficulty  with  clutches,  and  the  small- 
iiess  of  it  is  the  cause  of  a  considerable  amount  of  wear  when 
running  out  of  gear.  In  all  eases  where  the  setting  up  is 
done  by  screws,  the  clearance  between  the  driving  part  and 
the  driven  is  relatively  smaller.  Attempts  have  been  made  to 
increase  the  clearance  by  racks  to  rotate  the  screw  through  a 
l)inion,  but  this  does  not  enable  the  necessary  pressure  to  be 
put  on  the  screw,  and  there  is  consequently  a  loss  of  efficiency. 
Generally  speaking,  clutches  of  all  kinds  wear  away  more 
quickly  out  of  gear  than  when  they  are  in  gear,  even  where 
they  are  strong  enough  to  easily  cope  with  the  load.  Clear- 
ances axe,  therefore,  a  weak  spot  in  almost  all  types  of 
clutches,  being  so  small  that  any  wear  which  occurs  in  the 
bushes  of  the  free  part  of  the  clutch  affects  its  running. 

Setting-up  Gear.  The  action  of  setting  up  a  clutch  is  the 
conversion  of  a  sliding  movement  along  tlie  shaft  carrying 
the  clutch  into  a  pressure  between  the  clutch  surfaces.  This 
may  be  properly  divided  into  two  operations.  The  first,  that 
which  is  in  the  clutch  itself,  and  the  other,  that  by  which  the 
power  for  operation  is  applied.  The  locking  and  concentra- 
tion of  power  may  be  obtained  either  by  a  double  joint  or  by  a 
wedge,  but  in  both  eases  a  slight  application  is  necessary  to 
transmit  the  j^ow'er  from  the  stationary  lever  to  the  rotating 
shaft  earrj'ing  the  clutch.  The  power  may  be  applied  to  the 
clutch  either  to  set  it  in  gear  or  to  release  it,  i.e.,  to  jut  it 
out  of  gear,  the  clutch  being  in  this  case  kept  in  gear  by 
means  of  springs. 


The  matter  of  pressure  on  working  faces  is  a  crucial  point 
in  the  efficiency  of  any  clutch  and  its  power  to  drive.  It  is 
usually  considered  that  if  an  actual  jsressure  of  50  lb.  per 
sq.  in.  can  be  put  on  the  surfaces,  it  is  as  much  as  is  desirable 
for  good  working  conditions,  but  if  for  any  reason  a  less 
pressure  is  put  on  than  that  required  to  transmit  the  power, 
the  clutch  will,  if  it  begins  to  slip,  grind  itself  away  quickly 
and,  in  the  spring-center  type,  grind  away  all  the  available 
spring  in  the  metal.  As  to  pins,  in  spite  of  all  that  can  be 
done  they  will  wear  away,  so  that  if  a  clutch  is  set  u)i  cor- 
rectly a  very  small  wear  on  the  pins  and  links  of  the  toggle 
will  rapidly  reduce  the  effective  pressure  of  the  faces. 

The  power  transmitted  is  proportional  to  the  speed  of  ro- 
tation, and  the  clutch  which  will  transmit  10  hp.  at  100  revo- 
lutions will  transmit  50  hp.  at  500  revolutions. 

Lubrication  in  clutches  is  of  the  greatest  importance,  par- 
ticularly where  the  clutch  is  running  idle  for  a  considerable 
part  of  its  time.  If  the  outside  poitiou  of  the  clutch  is  the 
driven  part,  it  runs  on  the  shaft  and  may  have  to  be  stationary 
while  the  shaft  rotates  in  the  clutch  bushes,  or,  if  the  outside 
is  the  driver,  it  has  to  run  loosely  on  stationary  shaft.  This 
is  a  source  of  trouble  with  many  clutches,  and  the  lubrication 
of  these  bushes  requires  the  closest  attention,  both  in  design 
and  on  the  part  of  the  attendant. 

In  starting  up  any  friction  clutch  a  certain  amount  of  rub- 
bing takes  place,  and  when  (wo  metal  surfaces  rub  on  one  an- 
other, fine  particles  of  metal  are  given  off.  In  an  enclosed 
chamber  these  cannot  get  away,  become  mixed  with  the  lubri- 
cant, and  form  an  excellent  abrasive  which  does  not  increase 
the  life  of  the  part.  This  can  be  obviated  by  an  occasional 
cleaning  of  the  chamber,  which,  however,  is  not  usually  done. 

Another  peculiarity  of  lubrication  in  the  case  of  plate 
clutches  is  that  where  the  resistance  to  the  idle  clutch  is  not 
very  great,  if  the  oil  becomes  thick  the  plates  adhere  because 
all  the  air  is  driven  out  between  them  and  the  resistance  may 
not  be  able  to  make  the  clutch  stop.  Springs  between  the 
plates  have  been  tried  to  obviate  this,  but  without  great  suc- 
cess. Excessive  lubrication  also  reduces  the  driving  power 
materially. 

The  speed  at  which  the  clutch  is  to  run  is  an  important 
point  to  consider,  as  well  as  the  balance  of  the  clutch.  The 
clutch  is  rapidly  affected  by  any  want  of  balance  if  the  speed 
reaches  a  point  at  which  the  want  of  balance  becomes  opera- 
tive. The  clutch  should,  however,  be  properly  balanced  for 
any  speed.  The  cone  having  no  moving  parts  is  undoubtedly 
the  easiest  to  balance  and  keep  in  balance;  it  has,  however, 
certain  inherent  defects  which  stand  in  the  way  of  its  more 
extensive  use.  Another  point  which  sometimes  affects  the  use 
of  the  clutches  is  the  overall  space  required. 

The  writer  discusses  further  the  field  of  application  of 
clutches.  In  his  opinion  the  ideal  friction  clutch  should  be  a 
combination  of  a  friction  drive  and  a  positive  drive,  i.e.,  a 
friction  arrangement  should  be  used  for  starting  up  and  then 
a  positive  drive  should  come  in  operation  and  all  driving 
be  taken  off  the  frictional  portion.  The  clutch,  however,  should 
be  able  to  be  thrown  out  of  gear  with  the  same  ease  that  the 
friction  drive  can  give,  and  should  have  all  the  running  parts 
with  ample  clearance  when  running  out  of  gear.  While 
this  is  not  impossible,  it  is  very  difficult  to  attain,  especially 
as  the  clutch  should  always  be  in  perfect  balance,  with  no 
|)rojeeting  parts,  properly  lubricated,  and  free  from  complica- 
tions. (Paper  read  before  the  Manchester  Association  of 
Engineei-s,  October  28,  1916;  abstract  made  from  a  reprint 
in  the  Mechanical  Engineer,  vol.  38,  no.  980,  p.  342,  November 
3,  1916,  4  pp.   dg) 
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Mechanics 

Recent  Observations  on  the  Critical  Speed  of  Shafts, 
Prof.  A.  Stodola 

In  observing  the  critical  angular  velocity  of  smooth  shafts, 
the  writer  has  been  surprised  to  iind  that  the  deflections  at 
the  critical  speed  were  in  nowise  "  infinite,"  but  that  the 
values  always  remained  finite,  even  when  the  shaft  was  en- 
tirely free  and  without  support  at  one  end.  This  finite  char- 
acteristic of  values  and  deflection  appears  in  a  still  more 
striking  form  in  the  interesting  observations  communicated 
to  him  by  Brown,  Boveri  &  Co.  They  submitted  a  photo- 
graph of  a  rotating  shaft  having  a  slight  taper,  this  photo- 
graph being  taken  at  the  second  critical  speed  of  the  shaft. 
If  now  the  trough  in  which  the  shaft  is  located  be  filled  with 
water,  the  shaft  at  the  same  speed  takes  an  entirely  different 
shape  and  the  deflections,  which  even  before  were  not  very 
large,  disappear  practically  entirely.  This  experiment  shows 
that  in  the  case  of  shafts  immersed  in  a  liquid,  for  example, 
propeller-screw  shafts  sticking  out  from  the  side  of  the  vessel, 
the  critical  speed  may  be  permitted  without  any  danger  of 
producing  thereby  excessive  vibrations.  It  also  indicates  a 
possible  explanation  for  the  phenomenon  referred  to  above, 
namely,  that  apparently  the  deflection  of  a  shaft  is  affected 
by  the  viscosity  of  the  medium  surrounding  it.  One  may 
assume  that  a  certain  amount  of  the  fluid  adheres  to  the  shaft, 
revolves  with  it,  and  thereby  reduces  the  critical  velocity. 

This  question  is  entirely  elucidated  by  the  data  published 
by  Dr.  0.  Foppl,  according  to  which,  in  the  case  of  a  heavy 
disk,  the  center  of  gravity  of  the  disk,  the  point  of  "  break- 
down "  of  the  shaft,  and  the  point  of  intersection  of  the  geo- 
metric axes  through  the  center  of  the  bearing  will  not  rotate 
on  a  straight  line  as  has  been  hitherto  theoretically  assumed. 
Such  a  deviation  from  the  straight  Ime  can,  however,  occur 
only  if  the  resisting  forces  are  not  negligibly  small  as  com- 
pared with  the  centrifugal  and  shaft  forces,  which  must  be 
the  case  in  the  rotation  of  turbine  disks  either  in  free  air 
or  in  steam.  (Neuere  Beobachtungen  iiber  die  kritischen 
U.mlaufzahlen  von  Wellen,  Prof.  Dr.  A.  Stodola,  Schu-eizer- 
ische  Bauzeitung,  vol.  68,  nos.  18,  19,  pp.  197,  209,  October  28, 
November  4,  1916,  5  pp.,  10  figs.    etA) 

Steam  Engineering 

Pressure  Tests  of  Welded  Boiler-Tube  Vessels, 
Robert  Cramer 

Data  of  tests  of  simply  welded  joints  tested  under  hydrau- 
lic pressure. 

The  samples  were  welded  either  by  simple  butt  welding  or 
in  various  improved  ways.  Among  other  things  dished-in 
heads  were  welded  on  to  seamless  steel  tubing.  Some  of  the 
samples  were  annealed  before  testing,  while  in  others  the  joint 
was  welded  in  the  same  manner  as  the  Winslow  boiler  tubes 
are  welded  into  their  headers. 

The  tests,  in  the  opinion  of  the  author,  seem  to  show  that 
acetylene  welds  of  joints  of  the  type  tested  can  be  made  as 
strong  as  the  tube  itself.  Sections  of  welds  have  been  etched 
with  a  mixture  of  sulphuric  and  hydrochloric  acid  for  about 
6  hours,  and  the  difference  in  appearance  between  the  original 
tube  and  the  added  material  was  hardly  discernible. 

In  the  test  with  dished-in  heads  welded  on  to  a  seamless 
steel  tubing,  at  a  pressure  of  about  2500  lb.  one  dished 
head  bulged  out,  the  action  having  the  appearance  of  the  head- 
being  of  rubber.     This  distortion   strained  the  weld,   which 


tore  at  3000  lb.  per  sq.  in.  It  is  also  interesting  to  note  that  . 
in  several  cases  a  rupture  occurred,  not  in  the  weld,  but  near  it. 
Similar  tests  were  made  with  electrically  welded  joints, 
with  the  result  that  they  appeared  to  be  poorer  than  acetylene- 
welded  joints  under  pressures  exceeding  3000  lb.  Many  of 
the  samples  discharged  sufficient  water  through  a  large  num- 
ber of  very  fine  holes  to  prevent  the  pressure  from  being  car- 
ried higher  than  5000  lb.  per  sq.  in.  (Power,  vol.  44,  no.  23, 
p.  772,  December  5,  1916,  3  pp.,  10  figs.,  e) 

Steam  Motor  Vehicles,  Abner  Doble 

General  discussion   on  steam-driven  road  vehicles  such  as 
automobiles,  with  a  description  of  the  Doble  system. 

One  great  disadvantage  of  the  steam  car  has  been  the  in 
sufficient  mileage  that  was  obtained  from  the  water  that  could 
be  conveniently  carried.  The  usual  car  did  not  carry  con- 
densing apparatus  which  would  enable  it  to  make  continuous 
runs  of  much  more  than  100  miles  without  refilling.  The 
honeycomb  radiator  was  not  used  because  it  was  feared  that 
the  thick  oil  was  liable  to  clog  the  extremely  small  passages 
and  that  the  exhaust  steam  was  liable  to  melt  the  solder.     It 


Fig.  13     Doble  Steam  Generator  for  Motor  Vehicles 

was  also  believed  that  oil  would  injure  the  boiler  by  causing 
violent  foaming^  as  the  successful  lubrication  of  the  steam 
engine  required  a  heavy  oil.  The  writer  states  that  he  put  a 
honeycomb  radiator  on  a  car  and  operated  it  with  a  fire-tube 
boilerjn  1913.  He  found  that  the  car  would  run  anywhere 
from  1000  to  1500  miles  at  one  time  on  24  gal.  of  water,  the 
boiler  operation  being  entirely  unaffected  by  the  oil  pumped 
into  it  from  the  engine  cylinder. 

The  selection  of  the  type  of  boiler  was  a  serious  problem. 
The  steam  generator.  Fig.  13,  is  a  flash  generator  in  theory, 
yet  has  the  appearance  of  a  water-tube  boiler  and  has  a  watei- 
level  in  the  evaporating  zone.  .The  close  and  regular  heating 
surfaces  give  heat-transfer  conditions  resembling  those  of  a 
fire-tube  boiler,  but  the  water  flow  in  counter-current  to  the 
flow  of  the  gases  and  with  no  circulatory  flow  is  characteristic 
of  the  flash  type.  The  water  enters  at  the  bottom  of  an  econ- 
omizer zone  and  flows  to  the  top  under  the  action  of  the 
pumps  and  gravity,  the  hottest  water  collecting  at  the  top. 
From  there  the  water  overflows  through  a  connecting  pipe 
into  an  evaporating  zone,  where  it  is  converted  into  steam. 
The  water  level  is  maintained  to  half  way  up  the  generator 
by  an  automatic  by-pass  valve  so  arranged  that  when  the 
regulator  tube  is  filled  with  steam  the  by-pass  valve  is  closed 
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by  the  expansion  of  the  tube,  forcing  the  water  from  the 
pumps  to  lift  the  cheek  valve.  The  vpater  can  then  enter 
the  generator.  As  the  water  level  rises,  the  regulator  tube  is 
filled  with  water  from  an  exhaust  pijse  leading  from  the  water 
manifold.  This  water  is  not  in  circulation  in  the  generator 
and  therefore  remains  quite  cool.  The  regulator  tube  then 
contracts  and  opens  the  by-pass  valve,  allowing  the  water  to 
return  to  the  tank. 

The  generator  tubes  are  vertically  swaged  at  the  ends  to 
half  their  diameter  and  welded  into  horizontal  headers  top 
and  bottom. 

An  important  disadvantage  of  steam  cars  in  the  past  has 
been  the  loss  of  time  in  getting  the  burner  started  to  raise 
steam.  The  writer  tried  to  use  a  carburetor  and  .^park  plug 
with  the  blower  driven  by  an  electric  motor  to  furnish  the 
requisite  air.  Means  were  also  foimd  to  use  kerosene  for 
starting,  without  recourse  to  gasoline.  For  this  purpose  con- 
ditions were  established  under  which  kerosene  could  be  ignited 
by  an  electric  spark.  Thus,  in  the  complete  apparatus  there 
is  an  electric  motor  directly  connected  to  a  multivane  blower 
and  a  gi-aduated  kerosene  pump.  This  pump  draws  a  meas- 
ured quantity  of  fuel  from  the  supply  tank  and  forces  it 
through  the  atomizing  nozzle,  the  resultant  fog  being  ignited 
by  a  spark  plug.  To  stop  the  combustion  it  is  only  neces- 
sai-y  to  break  the  blower-motor  circuit.  The  starting  of  the 
fire  takes  about  6  min.  and  requires  the  care  of  the  operator 
until  it  is  going  well.  After  the  fire  is  started,  steam  is  made 
quickly.  The  engine  used  is  a  single-expansion  uniflow  en- 
gine with  a  cut-off  at  5  per  cent  of  the  stroke.  The  engine 
directly  geared  to  the  axle  with  a  47  to  48  ratio  can  produce 
enough  torque  to  slip  the  driving  wheels  on  dry  gi'ound.  {S. 
A.  E.  Bulletin,  vol.  11,  no.  2,  p.  158,  November  1916,  8  pp.,  3 
figs,   d) 

Gas-Firing  Installations  for   Steam  Boilers,  Pradel 

Continuation  of  a  serial  article.  The  beginning  of  the  ar- 
ticle has  not  been  abstracted,  as  the  issues  of  the  paper  con- 
taining it  have  not  yet  been  received  by  the  Librai-y,  appar- 
ently because  of  the  delays  and  uncertainties  in  the  delivery 
of  mails  coming  from  Germany.  It  may  also  be  stated  in  this 
connection  that  a  number  of  technical  periodicals  have  not 
been  received  because  of  the  prohibition,  by  the  German  Gov- 
ernment, of  the  export  to  the  belligerent  and  neutral  countries 
of  certain  teclmical  and  medical  publications. 

Among  other  things,  the  article  describes  safety  devices  used 
on  the  burners  and  piping  in  gas-fired  boiler  plants.  Wher- 
ever gas  firing  is  used,  there  is  always  the  danger  of  the 
formation  of  an  explosive  mixture  of  gas  and  air.  In  par- 
ticular, irregularities  in  gas  pressure,  such  as  excessive  pres- 
sure or  excessive  velocity  of  the  flow  of  gas,  may  tear  away 
the  flame  and  extinguish  it  for  a  short  period.  Then  the  con- 
tinuation of  the  flow  of  gas  into  the  firing  chamber  will  gradu- 
ally fill  it  with  the  mixture  of  gas  and  air,  which  may  be  sub- 
sequently ignited  by  contact  with  the  hot  waUs  and  cause  an 
explosion.  Excessively  low  pressure  in  the  gas  piping  may 
also  lead  to  an  explosion  through  the  penetration  by  suction 
of  air  into  the  gas  piping,  and  the  consequent  formation  of  an 
explosive  mixture. 

The  Moll  safety  shut-off  valve  is  proposed  as  a  means  to 
combat  this  danger.  The  Moll  burner  can  be  applied  only 
where  each  firing  chamber  has  one  separate  burner.  Where 
a  single  firing  chamber  requires  such  a  large  amount  of  gas 
that  several  burners  have  to  be  installed,  the  Moll  burners  are 


arranged  in  such  a  manner  that  one  burner,  usually  the  middle 
one,  acts  as  an  igniting  burner. 

Such  an  arrangement  is  shown  in  section  in  Fig.  14.  The 
main  firing  burner  a  has  an  auxiliary  igniting  burner  h  sup- 
plied with  gas  independently  from  the  main  burner  installa- 
tion, and  so  arranged  that  it  can  be  operated  independently 
of  the  same.  The  flow  of  gas  from  the  main  burner  installa- 
tion is  automatically  cut  off  until  the  igniting  burner  is  cut 
in,  and  until  it  has,  by  the  use  of  the  reducing  flame,  entirely 
consumed  the  oxygen  present  in  the  air  in  the  firing  chamber. 
With  this  in  view,  the  igniting  burner  is  provided  with  a  valve 
gear  connected  with  the  handwheel  of  the  cut-off  valve  d 
regulating  the  gas  admission  to  the  main  firing  system.  When 
the  igniting  burner  is  cut  out,  this  mechanism  grips  the  hand- 
wheel  of  the  valve,  and  does  not  relieve  it  until  the  igniting 
burner  has  been  cut  in  again. 

Safety  devices  to  protect  against  variations  of  pressure  in 
the  supply  of  gas  and  explosions  produced  thereby,  are  usu- 
ally built  into  the  gas  piping  proper.  Essentially,  they  are 
regulators  of  pressure,  limiting  the  pressure  either  outward 
or  downward.  In  the  first  place,  when  the  maximum  pres- 
sure is  exceeded,  a  by-pass  is  opened  for  the  gas;  in  the  sec- 


Fio.  14    Moll  Bueneb  with  Pilot  and  Main  Fires 

ond  place,  when  the  pressure  reaches  its  lowest  limit,  the  gas 
supply  is  entirely  cut  off.  Salau  &  Birkholz,  for  example,  use 
a  device  wherein  the  gas-admission  cocks  on  the  burners  are 
provided  with  wires  attached  to  a  minimum  pressure  regu- 
lator. At  a  certain  definite  minimum  pressure,  the  regulator 
releases  a  weight,  the  fall  of  which  instantly  closes  the  cocks 
on  all  the  pipes  leading  to  a  given  battery  of  boilers. 

In  safety  installations  of  this  kind  it  is  essential  that  the 
opening  of  the  by-pass  or  the  closing  of  a  gas  valve  by  the 
pressure  regiilator  be  of  such  a  natui-e  that  the  reverse  action 
should  not  take  place  when  the  pressure  reaches  its  normal 
level.  The  device  should  be  so  arranged  that  it  can  be  re- 
opened only  by  hand.  This  is  so  provided  in  the  safety  cut- 
off valve  of  the  Westfalische  Maschinenbau-Industrie  Gustax- 
MoU  &  Co.,  A-G.,  in  Neubeckum,  shown  in  vertical  section  in 
Fig.  15.  The  pressure  governor  consists  of  a  bell  a  immersed 
in  a  cup  on  the  gas  piping  h  filled  with  an  inert  liquid,  the 
device  being  so  arranged  that  the  immersion  takes  place  when 
the  supply  of  gas  falls  below  a  certain  Umit.  When  the  beU 
reaches  its  lowermost  position,  the  pendulum  c,  suspended 
from  the  cover  of  the  valve,  moves  downwards  until  it  reaches 
a  small  groove  in  the  bell,  and  thereby  prevents  it  from  rising 
again.     The  pressure  of  the  gas  then  begins  to  act  on  the 
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liquid,  liii'ii  at  level  il.  and  raises  it  to  the  jjosition  indicated 
by  e,  eori-es])onding'  to  the  highest  permissible  gas  pressure, 
in  sueh  a  manner  that  uo  further  flow  of  gas  can  occur.  The 
rise  of  the  level  of  the  liquid  in  the  gage  glass  indicates  to  the 
fireman  that  full  gas  pressure  is  again  available.  In  order  to 
admit  gas  again  to  the  l)urnei-s.  the  pendulum  holding  the  bell 
must  be  released  by  pulling  on  the  handle  f,  or  pressing  down 
the  lever  g,  whereupon  the  bell  will  be  raised  by  the  gas  pres- 
sure far  enough  to  permit  the  flow  of  gas  through  the  ori- 
fices h. 

The  valve  can  be  so  devised  that  the  bell  may  be  held  in 
place  during  the  coui-se  of  operation,  that  is,  even  when  the 
pressure  is  below  normal. 

The  article  also  describes  the  safety  cut-off  valve  built  by 
P.  Hoss  in  Langenbockum,  shown  in  section  in  Fig.  16.  The 
chamber  a  is  built  in  onto  the  gas  pipes  I  and  g,  the  pipes  en- 
tering into  the  chamber  by  means  of  elbows  b  and  6,.  Over 
the  chamber  a  is  located  a  water-filled  chamber  i,  with  a  valve 
;)  on  the  bottom,  this  valve  closing  the  short  pipe  k  leading 
to  the  chamber  a.     The  valve  p  is  operated  liy  tiie  lever  rod  /, 


Fig.  15     JIoll  AuTO.AfATic  S^sjety  Cut-off  Valve 


of  which  the  dead  weight  may  be  equalized  by  the  adjustable 
weight  m  in  such  a  manner  that  the  flow  of  gas  is  prevented 
from  opening  the  valve  p,  which  in  this  case  is  no  longer  sup- 
ported by  the  flap  v.  In  the  chamber  a  are  likewise  located 
the  floats,  c  and  Cj,  running  in  guide  cages  e  and  e^,  these 
floats  being  arranged  in  such  a  manner  that  when  the  water 
level  in  chamber  a  rises  they  press  against  the  openings  of 
the  elbows  b  and  b^.  With  the  lever  system  /  is  connected  an 
electric  contact,  in  such  a  manner  that  it  announces,  by  the 
ringing  of  the  bell,  the  closing  of  the  valve.  The  amount  of 
water  is  so  jiroportioned  that  the  openings  in  the  elbows  b 
and  bj  are  just  covered  over,  but  no  water  can  penetrate  into 
the  gas  piping  proper.  In  order  to  start  the  flow  of  gas  after 
some  trouble  has  occuiTed,  all  that  is  necessai'y  is  to  let  oft' 
some  water  from  chamber  a  by  the  cock  n,  and  to  fill  anew 
the  water  chamber  i,  which  is  usually  provided  with  a  water 
gage  and  peep  glass. 

{Gasfeiieruiigeii  fiir  lJampfke»sel,  Pradel,  Zeitschrift  fiir 
Dampfkessel  mid  Maschinenbetrieb,  vol.  39,  no.  40,  p.  315, 
October  6, 1916.  serial  article,  not  finished,  d) 


The  Engineering  Society,  Its  Past,  Present  and  Futurk 
Activities,  Ernest  McCullough 

Discussion  of  the  objects  and  policies  of  engineering  so- 
cieties, with  special  reference  to  the  conditions  in   Chicago. 

The  writer  claims  that  while  the  engineer  has  become  a 
technical  man  with  a  vocation  recognized  alongside  the  older 
professions  of  law,  medicine  and  theology,  the  technical  and 
engineering  societies  have  not  kejjt  pace  with  this  develop- 
ment. They  still  consider  themselves  as  institutions  organ- 
ized solely  for  educational  purposes,  and  the  society  proceed- 
ings have  become  encyclopedias  which  are  consulted  less  fre- 
quently than  are  the  pages  of  the  journals  maintained  purely 
for  profit. 

The  writer  believes  that  the  young  man  in  the  engineering 
society  feels  that  he  has  not  been  paid  the  proper  attention, 
and  that  "  Engineering  societies  have  foi  many  years  past 
been  mutual  admiration  societies  of  successful  men."  The  dis- 
cussions at  the  meetings  are  too  frequently  inadequate,  and 
real  criticism  is  seldom  developed  when  the  author  of  a  paper 
is  of  a  commanding  eminence.     The  young  man  learns  some- 
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Fig.    k;     Hoss   S.\fety   Cut-off  Valve 

thing  from  the  papers,  but  he  feels  diffident  about  discussing 
them,  as  he  fears  that  his  opinion  would  not  be  well  received. 
"  Get  a  reputation  first,"  is  the  attitude  of  too  many  authors 
when  they  write  a  closure  to  a  discussion. 

The  young  man  does  not  want  this.  He  wants  fellowship, 
companionship,  and  definite  recognition.  He  is  glad  to  attend 
a  meeting  where  he  knows  refreshments  will  be  sen-ed,  not 
because  of  the  refreshments,  but  because  something  to  eat  and 
drink  signifies  a  lack  of  formality  and  perhaps  an  opportu- 
nity to  mingle  freely  with  men  who  have  made  their  mark. 
He  wants  to  feel  that  the  society  is  more  than  an  editorial 
body  or  an  encyclopedic  compilation  of  engineering  facts. 

The  writer  states  that  the  young  man  is  the  central  idea 
of  the  present  policy  of  the  Western  Society,  beginning  with 
the  new  constitution  of  1911,  which  provided  for  a  grade 
known  as  student  members. 

The  writer  proceeds  to  discuss  technical  societies  organized 
in  Chicago  by  the  younger  generation  of  engineers,  such  as 
The  Associated  Technical  Men  and  The  American  Association 
of  Engineers,  and  in  discussing  their  jirograms  touches  upon 
the  activities  of  the  Western  Society  of  Engineers  in  connec- 
tion with  legislation — in  particular,  the  licensing  of  engineers 
in  the  State  of  Illinois.  As  the  author  states,  engineers  were 
opposed  to  legislation   to  license  engineers,  but  conditions  in 
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the  State  of  Illinois  became  so  intolerable  on  account  ot  the 
monopoly  given  to  architects  that  The  Western  Society  of  En- 
gineers obtained  last  year  the  passage  of  a  law  to  license 
structural  engineers.  Further  effort  is  being  made  to  secure  a 
lien  law  for  engineers. 

As  regards  publicity,  the  writer  believes  that  the  societies 
heretofore  liave  concerned  themselves  with  tlie  publicity  work 
of  individuals.  What  is  now  a  crying  need  is  publicity  work 
of  a  jiroper  sort  by  the  societies  for  the  benefit  of  the  mem- 
bership, and  incidentally  of  the  technically  educated  men  not 
members  of  any  society. 

It  is  the  duty  of  engineering  societies  to  break  away  from 
precedent  and  get  back  to  first  principles.  They  must  become 
again  the  j)laces  where  the  interests  of  the  young  men  are  the 
concern  of  tlie  older  men.  (Journal  of  the  Western  Society 
of  Enfihieers,  v<il.  21.  no.  8,  p.  697,  Oct.  1916,  12  pp.  (/) 

Some  Essential  Features  of  High-Speed  Engine.s,  A.  F. 
Milbrath 

Discussion  of  the  design  of  high-speed  engines. 

Such  engines  are  built  primarily  for  racing,  where  maxi- 
mum output  is  the  main  consideration.  To  adapt  them  for 
stock  cars  certain  modifications  would  be  required  to  insure 
durability  as  well  as  to  reduce  the  cost  of  manufacture.  All 
of  these  motlifieations  tend  to  reduce  speed  and  mean  effective 
pressure,  so  that  the  output  is  smaller  as  compared  with  that 
of  the  racing  engine.  The  result  is  a  compromise  between 
high  output  on  the  one  hand  and  durability  on  the  other.  The 
data  presented  in  this  paper  are  the  result  of  several  years' 
e.xperimental  work.  Only  the  most  important  features  are 
here  abstracted. 

In  a  high-speed  engine  a  small  diameter  of  cylinder  with 
the  long  stroke  is  favorable,  since  the  weight  of  the  piston  in- 
creases with  some  power  of  the  diameter  between  the  second 
and  third,  while  the  inertia  forces  on  the  piston  vary  likewise 
as  long  as  the  piston  speed  is  constant.  On  the  other  hand, 
however,  the  weight  of  the  engine  will  increase  with  the  longer 
stroke,  while  the  valve  area  will  decrease  with  the  smaller  bore 
unless  large  valve  pockets  are  used.  The  heat  lost  to  the 
jacket  water  will  be  the  less  the  smaller  the  area  exposed  to 
the  gases  in  the  cylinder.  A  shorter  stroke  has  therefore  its 
advantages.  In  Europe,  stroke-bore  ratios  as  high  as  2  have 
been  used  successfully.  From  the  author's  experience  ratios 
of  1.70  or  1.75  have  given  good  results  in  300-eu.-in.  engines. 

The  volume  of  compression  space  should  be  about  18  to  20 
per  cent  of  the  total  volume,  which  will  give  compression 
pressures  of  about  90  to  110  lb.  per  sq.  in.  gage. 

As  to  ignition,  the  author  prefers  two-point  ignition  witli 
spark  plugs  on  opposite  sides,  as,  in  his  opinion,  this  gives 
more  rapid  combustion,  more  power,  and  reduced  fuel  con- 
sumption. As  to  valve  springs,  in  actual  practice  at  engine 
speeds  of  3000  r.p.m.  spring  tensions  of  80  lb.  with  valve 
seated  have  been  satisfactory  on  1%-in.  valves  weighing,  with 
accompanying  reciprocating  parts,  0.9  lb.  For  liigher  speeds 
greater  spring  tensions  are  necessary,  which,  however,  in- 
volves difficulties  in  securing  springs  that  will  stand  up  for 
any  length  of  time. 

As  to  pistons  for  high-speed  engines,  the  most  important 
consideration  is  light  weight.  Aluminum-alloy  pistons  have 
the  advantage  of  ease  of  manufacture,  light  weight,  heat  con- 
ducti\ity,  and  ample  strength.  Wristpin  bearings  can  be 
formed  directly  in  the  aluminum.  Thicker  rings  should  be 
used,  however,  as  thin  rings  are  apt  to  wear  into  the  alum- 
inum, and  this  causes  a  gradual  widening  of  the  grooves. 


Connecting  rods  should  be  light,  but  great  strength  is  also 
necessary.  Connecting  rods,  pistons  and  all  the  reciprocat- 
ing parts  must  be  balanced  perfectly  to  insure  freedom  from 
vibration. 

The  writer  discusses  in  detail  the  matter  of  crankshafts.  He 
believes  that  with  the  shaft  of  liberal  dimensions,  sufficient 
mass  is  secured  to  absorb  any  vibrations  set  up  by  the  light 
pistons  and  rods.  No  further  balance  weights  are  necessary, 
especially  if  the  ratio  of  connecting-rod  length  to  stroke  is  2 
or  slightly  greater.  (S.  A.  E.  Bulletin,  vol.  11,  no.  2,  p.  115, 
November  191(i,  8  pp.,  1  fig.    g) 

Specification  and  Tests  of  the  Transparency  of  Paper 
AND  Tracing  Cloth 

The  Bureau  of  Standards,  Department  of  Commerce,  has 
just  published  a  Circular  under  the  above  title  (Circular  No. 
O.j).  It  describes  a  method  of  quantitatively  specifying 
transparency  for  practical  purposes,  states  the  form  of  the 
sijccification  and  gives  a  description  of  the  apparatus  used  *" 
make  measurements. 
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CLASSIFICATION  OF  ARTICLES 

Articles  appearing  in  the  Survey  are  classified  as  c  compara- 
tive; d  descriptive;  e  experimental;  g  general;  h  historical; 
TO  mathematical;  p  practical;  s  statistical;  t  theoretical.  Ar- 
ticles of  especial  merit  are  rated  A  by  the  reviewer.  Opinions 
expressed  are  those  of  the  reviewer,  not  of  the  Society.  The 
Editor  will  be  pleased  to  receive  inquiries  for  further  informa- 
tion in  connection  with  articles  rejiorted  in  the  Survey. 


A  gasoline-driven  two-furrow  plow  used  in  England  weighs 
about  2300  lb.  and  develops  about  11  h.p.,  requiring  about  2 
gal.  of  gasoline  per  acre  plowed. 


According  to  The  Engineer  (London),  silver  alloyed  with 
2  per  cent  of  palladium  forms  a  good  substitute  for  platinum 
in  eontact-i)oint  and  spark  devices.  The  alloy  which  gives 
the  greatest  resistance  to  spark  erosion  is  60  per  cent  palla- 
dium and  40  per  cent  silver.  Palladium  raises  the  melting 
])oint  and  lowers  the  thermal  conductivity. 


In  an  interesting  |)ul)lication  entitled  '"  Personal  Reminis- 
cences of  James  Mapes  Dodge,"  Charles  Piez,  Mera.Am.Soc. 
M.E.,  tells  of  the  struggles,  early  failures  and  final  great  suc- 
cesses of  one  of  the  most  commanding  figures  in  American 
invention  and  engineering,  and  shows  the  genial,  charming 
personality  of  Past-President  Dodge,  who  did  much  to  shape 
our  present-day  industrial  ideals. 


Professor  W.  F.  Durand,  on  behalf  of  the  National  Ad- 
visory Committee  for  Aeronautics,  is  planning  during  the 
coming  year  to  install  at  Leland  Stanford  Junior  University, 
California,  an  aerodynamic  laboratory  for  experimental  in- 
vestigation of  problems  in  which  the  committee  is  concerned, 
and  with  special  reference  to  the  investigation  of  aerial  pro- 
pellers. He  will  undertake  during  the  coming  year  in  this 
lalKU'atory  an  experimental  investigation  of  such  propellers, 
covering  some  fiftv  different  forms  of  models,  and  with  a  view 
to  the  establishment  of  reliable  design  constants  and  char- 
acteristics for  the  use  of  naval  and  military  designers  and  as 
a  general  aid  to  commercial  designers  in  the  development  of 
this   feature  of  the  aeroplane. 
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6  pp. 
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1916,  2  pp.,  1  flg. 

Adtomobile-Engine  Cycles  of  the  Fdtdre,  Herbert  Chase.  S.  A.  E. 
Bulletin,  vol.  11,  no.  2,  November,  1916,  21  pp.,  3  figs. 

Lubrication  op  Slide  Valve.s  for  Superheater.-  Cassier's  Engineering 
Monthly,  vol.  50,  no.  3,  September,  1916,  3  pp. 

Tests  with  Gasolene-Kerosene  Mixtures.  The  Gas  Engine,  vol. 
IS,  no.  12,  December,  1916,  1  p. 

Four-Cylinder  Double  Acting  Gas  Engine.  The  Engineer,  vol.  122, 
no.  3177,  November  17,  1916,  1  p.,  4  flgs. 

tSoME  Essential  Features  of  High  Speed  Engines.  .\.  F.  Milbrath. 
S.  A.  E.  Bulletin,  vol.  11,  no.  2,  November,  1916,  8  pp.,  1  fig. 

Trials  of  a  Diesel  Engine,  and  Application  of  Energy-Diagram 
to  Obtain  Heat  Balance,  P.  Trevor  Wilkins.  The  Journal  of  the 
Institution  of  Mechanical  Engineers,  no.  8,  November,  1916,  25  pp., 
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Measuring   the  Viscosity   of   Oil,   H.   C.   Hayes  and   G.   W.   Lewii. 
The  Iron  Trade  Review,  October  26,  1916,  2  pp.,  5  figs. 
Several  existing  types   of  viscosiraeters   are  discussed,   the   authors 
believing  that  most  of  these  are  subject  to  error.     A  meter  based  upon 
a  new  principle  is  described. 

A  Length  Compakator  for  Determining  Linear  Coefficients  of 
Expansion,  Wm.  L.  DeBaufre.  Journal  of  the  American  So- 
ciety of  Naval  Engineers,  vol.  28,  no.  4,  November  1916,  14 
pp.,   8   flgs. 


MECHANICS 

L'APPLICATION    DU    PRINCIPE    DB    SIMILITUDE    EN    MfeCANIQUE.       Bulletin 

Technique  de  la  Suisse  Romande,  vol.  42,  no.  19,  October  10,  1916, 
2   pp.,   plates. 
The   application  of   the   principle   of  similitude  in   mechanics. 

F.EREGNiNG   Av   Mastefundamenter.      Tcknlsk   Ukeblad,   vol.    63,    nos. 
42   and   43,   October   20  and   27,   1916,   4   pp. 
Calculation  of  foundations  for  masts. 

tFKiCTiON  Clutches,  W.  G.  Gass.  Mechanical  World,  vol.  60,  no. 
1558,    November   10,    1916,    2   pp. 

tNEUERE     BEOBACHTUNGEN     UBER    DEI     KRITISCHEN     UMLAUFZAHLEN     VON 

Wellen.     Schweizerische  Bauzeitung,  vol.  68,  no.  18,  October  28, 
1916,  3  pp.,  9  figs. 
Modern  observations  on  the  critical  speeds  of  shafts. 

The  Torsion  op  Solid  and  Hollow  Prisms  and  Cylinders,  Cyril 
Batho.     Engineering,  vol.  102,  no.  2656,  2  pp.,  2  figs. 

Stresses  in  Impact.  Armin  Elmendorf.  Journal  of  The  Franklin 
Institute,  vol.  182,  no.  6,  December,  1916,  20  pp.,  9  figs. 

Springs,  C.  E.  Squire.  The  Mechanical  Engineer,  vol.  38,  no.  984,  3 
pp.,    2    figs. 

De  Evenwichtsvoorwaardb  bij  Spannings  Berekeningbn,  P.  A. 
Vening  Meinsz.    De  Ingenieur,  no.  45,  November  4,  1916,  4  pp. 

Slab  Deflection  and  Subsidence  of  Column  Supports  in  a  Floor 
Test  of  International  Hall,  Chicago,  made  September  1913. 
Henry  T.  Eddy.  Journal  of  The  Franklin  Institute,  vol.  182, 
no.  6,  December,  1916,  10  pp.,  2  flgs. 

Design  of  Symmetrical  Hingeless  Concrete  Arches,  Victor  H. 
Cochrane.  Proceedings  of  The  Engineers'  Society  of  Western 
Pennsylvania,  vol.   32,  no.   8,  November,   1916,   68  pp.,  22  figs. 


Boiler  Repairs  Made  by  Oxy-Acetylene  and  Electric  Welding 
Process  at  Waycross  Shops.  D,  M.  Pearsall.  Southern  and 
Southwestern  Railway  Club,  vol.  13.  no.  11,  September,  1916. 

Tools  Used  in  the  Machining  of  Motor  Parts,  Robert  Mawson. 
American  Machinist,  vol.  45,  no.  23,  December  7,  1916,  3  pp., 
11  flgs. 

Unusual  Flue  Work  and  Tools  in  a  Railroad  Shop.  American 
Machinist,  vol.  45,  no.  23,  December  7,  1916,  2  pp.,  5  figs. 

Screw  Machine  Equipment.  Oskar  Kylin.  The  Iron  Age,  vol.  98. 
no.  22,  November  30,  1916,  2  pp.,  illustrated. 

Jigs  Used  in  the  M.\chining  op  Motor  Parts,  Robert  M:iwson. 
.\merican  Machinist  vol.  45,  no.  22,  November  30,  1916,  2  pp., 
illustrated. 

Double-Helical  Gear  Cutter.  American  Machinist,  vol.  45,  no.  22, 
November  30,  1916,  3  pp.,  4  figs. 

The  Manufacture  op  Punchings,  C.  W.  Starker.  American  Ma- 
chinist, vol.  45,  no.  21,  November  23,  1916,  6  pp.,  7  figs. 

Plants  of  Remington  Arms  Company,  Hugh  M.  Wharton.  Amer- 
ican Machinist,  vol.  45,  nos.  21  and  22,  November  23  and  30, 
1916,  11  pp.,  18  figs. 

Profile  and  Indicating  Gages,  Douglas  T.  Hamilton.  Machinery, 
vol.  23,  nos.  3  and  4,  November  and  December,  1916,  27  pp., 
108  figs. 

Aciers  a  outils — Travadx  de  chariotage  et  de  fraisage,  p.  Denis. 
Revue  de  M^tallurgie.  vol.  13,  no.  3,  May,  June  1916.  3  pp. 
Tool  steels  in  cutting  and  milling. 

Mechanical  Die-Sinking,  Edward  K.  Hammond.  Machinery,  vol.  23, 
no.   3,  November,  1916.  6  pp.,  14  flgs. 

Change-Gear  Tables  for  Screw  Cutting,  Martin  H.  Hall.  Machinery, 
vol.  23,  no.  3,   November,   1916,   1   p. 

Spiral  Type  Bevel  Gears.  Reginald  Trautschold.  Machinery,  vol. 
23,  no.  3,  November,  1916,  7  pp.,  12  flgs. 


MUNITIONS 

Manufacturing  Party  of  Type  .SO  Time  Fuses.  Donald  Baker.  Ma- 
chinery,  vol.   23,   no.   4,   December,    1916,   6   pp.,   23   figs. 

What  is  the  Matter  with  the  Munitions  Makers?  Fred  H. 
Bogari.      Machinery,  vol.  23,  no.   4,   December,   1916,   4   pp. 

Erosion  of  Gins — The  Hardening  of  the  Surface,  Henry  Fay. 
Bulletin  of  the  American  Institute  of  Mining  Engineers,  no.  120, 
December,    1916,    15   pp.,    14   figs. 

Special  Lathes  for  8-in  Shells,  H.  V.  Haight.  American  Ma- 
chinist,  vol.   45,   no.   23,   December   7,    1916,   3   pp.,    11   figs. 

United  States  Munitions.  .Vmerican  Machinist,  vol.  45,  nos.  20,  21, 
22,  and  23,  November  16,  23,  30  and  December  7,  1916,  39  pp., 
illustrated. 


POWER    GENERATION 

Harnessing  a  Volcano  to  a  15.000-Horse-Power  Electric   Power 
House,  Professor  Luiggi.     Engineering,  vol.  102,  no.  2655,  2  pp. 


PUMPS 

The  Condensation  Pump  :  .\N  Improved  Form  of  High  Vacuum 
Pump.  Irving  Langmuir.  General  Electric  Review,  vol.  19,  no. 
12,  December,  1916,  12  pp.,  8  figs. 

The  Condensation  Pump  :  .\n  Improved  Form  op  High  Vacuum 
Pump,  Irving  Langmuir.  Journal  of  The  Franklin  Institute,  vol. 
182,  no.  6,  December,  1916,  26  pp.,  8  flgs. 


RAILROAD    ENGINEERING 

Die   Lokomotiven   der   Furkabahn.     Schweizerische   Bauzeitung,   vol. 
68,  no.  16,  October  14.  1916.  1  p.,  1  fig. 
Locomotives  of  the  Turka   Railroad. 
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The  Journal 
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Intakes  and  Intake  Lines  in  Railway  Watek  Service.  Railway 
Review,   vol.   59,   no.   21,  November   IS,   191G,   5   pp.,   10  figs. 

Pulverized  Fuel  Applicitiox  to  Steam  Locomotives,  Joel  S.  Coffin. 
Jr.  Canadian  Machinery,  vol.  16,  no.  21,  November  1,  2,  3,  lOlil, 
■1  pp.,  2  flgs. 

Cab  Weic:ht  Reduced  bi"  Steel  Construction.  Electric  Railway 
Journal,  vol.  48,  no.  21,  Novemtjer  18,  191ti,  3  pp.,  ;)  tigs. 
A  description  of  tiie  new  steel  interurban  passenger  car  recenlly 
received  by  the  Northern  Ohio  Traction  and  Light  Company,  Akrun. 
Ohio.  These  cars  combine  reasonable  weight  with  substantial  construc- 
tion and  weigh  12,0IJ0  lbs.  less  than  steel-underframe  cars  of  the 
same    type. 

Large  Mikado  Locomotive  Mounted  for  Fuel  Tests.  The  Railroad 
Herald,  vol.  20,  no.  12,  November,  1916,  5/G  p.,  illustrated. 

Rail  Corrugation  Studied  in  Chicago.  Electrical  Railway  Journal, 
vol.  48,  no.  20,  November  11,  1910,  4V-  pp.,  8  flgs. 
Investigation  of  72  miles  of  single  track  reveals  corrugations  to 
be  as  prevalent  on  ballast  foundations  as  on  concrete.  Study  also 
leads  to  the  conclusion  that  curved  head  rails  would  greatly  reduce 
the   rate  and  amount   of  corrugation. 

THE  KiESEL  Train  Resistance  Formulas,  A.  J.  Wood.  Railway 
Mechanical  Engineer,  vol.  90,  no.  12,  December,  1916,  2  pp .  il- 
lustrated. 

Modern  British  Goods  Locomotives.  E.  C.  Poultney.  Railway  Me 
chanical  Engineer,  vol.  90,  no.  12,  December,  1910  7  pp..  il 
lustrated. 


REFRIIiERATIOX 

Refrh:eration  of  Perishable  Freight   i.v  Transit,   M.   K.   Teuning- 
tc^Ti.     Railway  .\ge  Gazette,  second  half  of  1916,  no.  20,  November 
17,   1916.   5   pp.,   6   flgs. 
A  discussion  ot   the  efficiency  of  different  types  of  refrigerator  cars 

and  results  of  tests  made  on  them. 


Low  Temi'Er.iture  Compression  Systk.m.   Harry   Slo 
Journal,  vol.  3,   no.  3,  November,  1916,   5  pp. 


A.    S.    R.   E. 


A  Theory  of  Cooling  Towers  Compared  with  Results  in  Practice. 
B.  H.  Coffey  and  Geo.  A.  Home.  A.  S.  R.  E.  Journal,  vol.  3,  no. 
3,  November,  1916,  16  pp.,  2  flgs.,  7  plates.  4  tables. 

A  Five-Huxdred-Ton  High  Speed  Booster  .-Ammonia  Co.mpressor, 
F.  L.  Fairbanks.  A.  S.  H.  E.  Journal,  vol.  3,  no.  3,  November, 
1916,   9   pp.,   10   figs. 


SAFETY  ENGINEERING 

Removing  Causes  of  Crane  Accidents,  P.  H.  Elam. 
Review,  October  26,  1916,  3  pp. 


The  Iron  Trade 


Investigation  of  Safety  Goggles  at  Underwriters'  Laboratories, 
Sidnev  V.  James.  The  -\rniour  Engineer,  vol.  9.  no.  1,  November, 
1910,"  9    pp.,    illustrated. 


STEAM   ENGINEERING 

Auto.matic  Boiler  Feed-Water  Regulators,  F.  W.  Marquis.  Journal 
of  The  Ohio  Society  of  Mechanical  Electrical  and  Steam  Engineers, 
vol.   9,   no.  1,  November  16,   1916,   16  pp.,   8  flgs. 

Modern  Superheaters,  W.  H.  Maxwell.  Cassier's  Engineering  Monthly, 
vol.  00,  no.  3,  September,  1916,  19  pp.,  27  flgs. 

A  Study  of  He.\t  Transmission  in  Steam  Boilers,  Victor  R.  Gage, 
The  Sibley  Journal  of  Engineering,  vol.  31,  no.  2,  November,  1910, 
11  pp.,  26  flgs. 

Draught  and  TEMPER.vrURE  Regul.\tor  for  Marine  Boilers,  John 
Ingham.  Cassier's  Engineering  Monthly,  vol.  1,  no.  5,  November, 
1916,   6%    pp.,  4  figs. 

Power  and  Steam  Tests  in  Central  Florida,  E.  W.  Kerr.  Sugar, 
vol.  18,  no.  9,  September,  1916.  2%   pp.,  4  flgs. 

Uniflow  Engines  as  Rolling  Mill  Drives,  W.  Trinks.  The  Blast 
Furnace  and  Steel  Plant,  December,  1916,  4  pp.,  5  flgs. 

Notes  on  Economics  in  the  Use  of  Steam  in  Bleaching  and 
Finishing  Plants,  P.  R.  Moses.  The  Isolated  Plant,  vol.  8, 
no.   12,  December,  1916,  3  pp. 

Erosive  Effect  of  Steam  o.x  Turbine-Blading  Material,  T.  J. 
Keleher.  Journal  of  the  American  Society  of  Naval  Engineers, 
vol.  2S,  no.  4,  November,  1916,  5  pp.,  illustrated. 

The  Prevention  op  Flywheel  Explosions.  Technical  Magazine, 
vol.  7,  no.  3,  November,  1916,  11  pp.,  3  flgs. 


THERMODYNAMICS 

The  Co-Efficients  of  Heat  Transmission  Established  by  the 
Austrian  Engineers,  A.  A.  Jones.  The  Heating  and  Ventilating 
Magazine,  vol.  13,  no.  11,  November,   1916,  4  pp.,  9  figs. 

The  Present  Status  of  the  Ther.modyxamic  Properties  of  Carbon 
Dioxide,  Fred.  G.  Keyes  and  Arthur  W.  Kennev.  A.  S.  R.  E. 
Journal,  vol.  3,  no.  3,  November,  1916,  25  pp.,  S  figs. 

Determining  Heat  Transmission  of  Compound  Walls,  with  Tests 
ox  Ixsul.\ted  Steel  Car  Sections,  .\rthur  J.  Wood.  X.  S.  R.  E. 
Journal,  vol.   3,  no.  3,  November.   1916.  18  pp.,   7   flgs. 


VAUIA 

The  Eyi  n.iDRiu.M  of  the  Magnetic  Comp.iss  in  aeroplanes,  S.  G. 
Starling.      Philosophical    Magazine   and    Journal    of    Science,    vol. 

32,  no.  191.  November,  1916,  16  pp. 

EXCJjNEERlNG    EQUIPMENT    OF    AN    EDUCATIONAL    INSTITUTION.       Practical 

Engineer,  vol.  20,  no.  23,  December  1,   1916,  7  pp..  9  figs. 
Model  underground  distribution  system  employed  in  connection  with 
power  plant  of  University  of  Cincinnati. 

The  Training  of  Y'ouxg  Men  for  Positions  of  Responsibility,  F. 
W.  Thomas.  Official  Proceedings  of  the  New  York  Railroad  Club, 
vol.  26,  no.  9,  November,   1916,   21   pp. 

fTHE  Engineering  Society — Its  Past,  Present  and  Future  Ac- 
tivities, Ernest  McCullough.  Journal  of  the  Western  Society  of 
Engineers,  vol.  21,  no.  8,  October,   1916,   12  pp. 

The  Selling  of  Lead  and  Zinc,  H.  J.  Stander.     University  of  Arizona 
Bulletin,  no.  39.  Metallurgical  Series  no.  3,  November  7,  1910,  S'i 
pp. 
Penalties,    schedules    on    concentrates,    statistics  of   zinc   smelters. 

The  Steel  Pipe  Coxdl  it  at  Loch  Raven,  Md.,  Ezra  B.  Whitman. 
The  Cornell  Civil  Engineer,  vol.  25,  no.  1.  October,  1916,  5 
pp.,  illustrated. 

The  Coaling  of  Ships.  Frederick  George.  Cassier's  Engineering 
Monthly,  vol.  50,  no.  3,  September,  1910.  23  pp.,  17  figs. 

.\  Motor-Operated  Clam  Shell  Bucket.  Railway  Age  Gazette, 
second  half  of  1910,  no.   21,  November  24,  1916,  1  p.,  illustrated. 

The  Valuation  of  Land,  L.  P.  Jerrard.  American  Society  of  Civil 
Engineers,   35  pp.,   3  flgs. 

The  Financial  Organization  of  Factories,  Edwin  L.  Orde.  Ma- 
chinery, vol.  9,  no.  216.     November  16,  1916,  3  pp.,  2  flgs. 

A      COMPILATIO-X      OF      ALL      ESSENTIAL      PORTIONS       OF      PENNSYLVANIA 

Labor  Laws  that  Should  be  Known  by  all  Employers,  Em- 
ployees. Employment  Agents  and  Proprietors  of  Institutions 
AND  Public  Halls  Throughout  this  Commonwealth.  Monthly 
Bulletin.  Pennsylvania  Department  of  Labor  and  Industry,  vol.  3, 
no.   9,   September,   1916. 

The  Sphere  of  the  Scientific  and  Technical  Press  in  Relation 
TO  Technical  Education  and  Research,  A.  P.  M.  Fleming.  The 
Illuminating  Engineer,  vol.  9,  no.  0,  June,  1916,  11  pp. 

Scientific  Research  in  Rel.\tion  to  the  IndustrieSj  Charles  P. 
Stein  metz.  Journal  of  The  Franklin  Institute,  vol.  182,  no.  0, 
December,  1916,  8  pp. 

The  Tightening-Up  Problem.  The  Practical  Engineer,  vol.  .')4,  no. 
1552,    November   23,    1916,    2   pp. 

The  Ladder.  Iron  Tradesman,  vol.  76.  no.  3,  October,  1910.  4  pp.. 
illustrated. 

Works  Organiz.ition  : 

Part  I.  Manufacturing  Organization,  A.  D.  C.  Parsons  ;  Part  II, 
The  Financial  Organization  of  Factories,  Edwin  L.  Orde ;  Part 
III,  Selling  Organization.  G.  H.  Tewrrell.  Transactions  of  the 
North-East   Coast   Institution  of  Engineers  and  Shipbuilders,   vol. 

33,  no.  1,  November,  1916,  46  pp.,  10  flgs. 

Cast-Iron  Pipe  Manufacture  in  the  South,  Y.  A.  Dyer.     The  Iron 
Age.  vol.  98,  no.  21,  November  23,   1916.  4  pp.,  7  flgs. 
Continuous  operation  and  other  innovations  have  put   the   industry 
on  a  new  basis  of  economic  production. 

Electric  vs.  Steam  Logging.  W.  D.  Peaslee.  Journal  of  Electricity, 
vol.   37,   no.   21,   November  18,   1916,   5   pp.,   illustrated. 

Lumber  Studies,  Box  Tests.  Monthly  Report  of  the  Forest  Products 
Laboratory,  October,  1916,  4  pp. 


CHARTS 

Tangential    Force    on    Bevel    Pinions,    Piston    Displacement. 
Horseless  Age,  November  15,  1916. 


The 


A  Chart  for  Quickly  Determining  Belt  Slip  (Copyright,  1916), 
W.   F.   Schaphorst.     The  Popular  Engineer,   November,   1916. 

Chart  for  Determining  Sizes  of  Engine  Bearings,  Practical  En- 
gineer, vol.  20,  no.  22,  November  15,  1916. 

Production  of  Chart  Used  by  Intern.\tion.\l  Machine  Company  to 
Record  Progress  in  Building  Machine  Tools,  Machinery,  vol. 
9,  no.  215.  November  9.  1916. 

Chart  for  Estimati.x<;  the  Amount  of  Cooling  Water  for  Con- 
denser and  TiiianiAL  Efficiency.  Haylett  O'Neill.  Practical 
Engineer,  vol.  20,  no.  22,  November  15.  1916. 

Chart  for  Giving  Stroke  and  Floor  Space  of  Cross-Compound 
Pumps  under  Different  Conditions.  Practical  Engineer,  vol. 
20,  no.  22,  November  15,  1916. 

Chart  for  Selecting  R.vwhide  Pinions,  N.  G.  Near.  Machinery,  vol. 
23,  no.  3,  November  1916,  2  pp.,  2  flgs. 

Fuel  Consumption  and  Cost  Curves  on  Diesel  Engines.     Practical 
Engineer,  vol.  20,  no.  22,  November  15.  1916. 

Fixed  Charges  and  Labor  Cost  Curves  for  Diesel  Engines.  Prac- 
tical Engineer,  vol.  20,  no.  22,  November  15,  1916. 


LIBRARY  NOTES 

From    the   Library  of   the   United   Engineering   Society,  Engineering   Societies   Building,  New 
York.     Includes  Accessions  to  the  Libraries  of  the  Four  Founder  Societies 


Dr.  Douglas's  Gift 

Plans  for  the  expansion  of  the  library  of  The  United  Engi- 
neering Society  are  being  made  which  will  render  the  library 
unique,  not  only  in  the  collection  of  technical  books  and  pe- 
riodicals, but  also  in  the  service  it  will  be  prepared  to  render 
to  the  members  of  any  branch  of  the  engineering  profession. 

These  plans  have  been  made  possible  by  the  initial  gift  of 
$100,000  from  Dr.  James  Douglas,  as  the  beginning  of  an 
endowment  fund  which  it  is  hoped  will  reach  $1,000,000.    One 


How  TO  Build  Up  Furnace  Efficiency.  A  hand  book  of  fuel  econ- 
omy. Ed.  7,  by  Jos.  W.  Hays.  n.  p.  1914.  Gift  of  G.  L.  Simonds 
&  Co. 

How  You  May  Save  Money  in  Operating  Your  Steam  Boilers.  Ed. 
3.     Revised  by  E.  L.  Webster.     Gift  of  A.S.M.E. 


Minutes    of    Proceedings.      Vol. 


IN.STITUTION     OF     CIVIL     EnGINEBES. 

CXCIX.     London,  191!>. 

Mechanical  Equipment  of  Buildings,  Louis  Allen  Harding  and 
Arthur  Cutts  Willard.  New  York,  John  Wiley  <C  Sons.  1916.  Gift 
of  Louis  Allen  Harding. 

Messerschmitt  Process  for  the  Reproduction  of  Hydrogen,  H.  L. 
Barnitz.  Reprinted  from  Metallurgical  and  Cbemical  Engineer- 
ing, vol.  15,  no.  8,  1916.     Gift  of  author. 

Mosquito  Control  in  Panama.     The  Eradication  of  Malaria  and  Yel- 
low Fever  in  Cuba  and  Panama,  J.  A.  Le  Prince  and  A.  J.  Oren- 
stein.     New  York,  a.  P.  Putnam's  Sons,  1916.     Price  $2.50.     Gift 
of  publishers. 
The  joint  authors  were  associated  with  General  Gorgas  in  Cuba  and 
Panama  as   chief  and  assistant  chief  sanitary   inspectors.      This   book 
gives  a  detailed  account  of  the  conditions  found,  the  measures  adopted 
for  mosquito  extermination,  and  the  results  obtained.     No  engineer  do- 
ing or  planning  work   in   the  tropics  should  miss   reading   this  work. 
The  extermination   of   the   mosquito  made   possible  the   completion   of 
this  gigantic  engineering  feat.  W.  P.  C. 


Report,   1914-1915.     New 


New  York  City  Department  of  Bridges. 
York,  1915.     Gift  of  A.S.M.E. 

New   York    State   Conservation   Commission.     Annual    Report    5th, 
1915.     Albany,  1916.     Gift  of  Conservation  Commission. 


Annual    Report,    1915. 


Pennsylvania    Water    Supply    Commission. 
Harrisburg,  1916.     Gift  of  A.S.M.E. 

Queensland  Harbours  and  Rivers.  Report  from  the  Engineer  for 
year  ended  June  30,  1916.  Gift  of  Queensland  Engineer  for  Har- 
bours and  Rivers. 

Relaiif  a  unb  nouvelle  determination  des  Valeurs  des  Puis- 
sances dans  les  ES.SAIS  d'Helices.  Fascicule.  (A  encarter 
dans  I'ouvrage  Nouvelles  Recherches  sur  la  Resistance  de  I'alr  et 
TAviation.     1914).     Gift  of  G.  Eiffel. 

Tractive  Reistances  to  a  Motor  Delivery  Wagon  on  Different 
Roads  and  at  Different  Speeds,  A.  B.  Kennelly  and  O.  R.  Schu- 
rig.  Bulletin  no.  10,  Massachusetts  Institute  of  Technology,  Elec- 
trical Engineering  Dept. 

United  States  Government  Publications  Pertaining  to  Pulp  and 
Paper,  H.  E.  Surface.  Reprinted  from  Paper,  October  4,  1916. 
Gift  of  author. 


Washington  Academy  op  Sciences. 
cember  5,  1913.  Baltimore,  1916. 
of  Sciences. 


McGee   Memorial  meeting,   De- 
Gift  of  Washington  Academy 


Db.  James  Douglas 


Worm  Gearing,  Hugh  Kerr  Thomas.  Second  edition.  Neio  York,  Mc- 
Oraw-Uill  Book  Company,  1916.  Gift  of  author. 
An  important  use  for  worm  gearing  is  rapidly  developing  in  con- 
nection with  the  reduction  of  steam  turbines  for  marine  propulsion. 
Other  uses  are  for  automobile  gears  and  gears  for  driving  line  shafting 
from  electric  motors.  The  mere  fact  that  a  second  edition  is  demanded 
so  soon  as  in  three  years  shows' the  great  interest  in  this  branch  of  ap- 
plied mechanics.  The  author  lias  added  to  this  edition  appendices  de- 
voted to  efficiency,  reversibility,  and  an  alternative  method  of  calcu- 
lating stresses.  W.   P.  C. 


of  the  initial  steps  in  these  plans  is  to  place  on  the  library 
shelves  every  engineering  periodical  published  in  the  world, 
no  matter  in  what  language,  and  the  same  broad  policy  will 
be  followed  in  the  acquisition  of  reference  books. 

Dr.  Douglas's  gift  has  suggested  large  possibilities,  and  with 
the  consolidation  of  the  library  of  the  American  Society  of 
Civil  Engineers  with  that  of  the  three  original  Founder  So- 
cieties, the  ultimate  should  be  a  library  of  universal  sen-ice  to 
the  engineering  profession. 

Am.  Soc.  M.  E.  Accessions 

The  John  Bogart  Letters.  1776-1782.  New  Brunswick,  N.  J., 
Mill.     Gift  of  President  of  Rutgers  College. 

Chicago,  Board  of  Supervising  Engineers,  CniCAQO  Traction. 
Annual  Report  7th,  1914.     Chicago,  1916.     Gift  of  Bion  J.  Arnold. 

Heavy  Timber  Mill  Construction  Buildings.  C.  E.  Paul.  Ed.  2. 
Chicago,  1916.  Gift  of  National  Lumber  Manufacturers'  Associa- 
tion. 


TRADE    CATALOGUES 


American  Blower  Co.     Detroit,  Mich.     Bulletin  No.  13.     "  A.  B.  C." 
Disc  Ventilating  Fans.     June  1916. 

American  Rolling  Mill  Co.     Middletoun,  Ohio. 

Armco  Triangle.    November  1916. 

Chicago  Pneumatic  Tool  Co.     Chicago,  111.     Bulletin  no.  129.     Hose, 
hose  couplings  and  hose  clamp   tools.     November  1916. 

130.     Lubrication  of  pneumatic  tools.     November  1,  1916. 

266.      "  Rockford  "  railway  motor  cars. 

E-45.     Duntley  Portable  electric  hoists.    November  1,  1916. 

Flannery  Bolt  Co.,  Pittsburgh,  Pa.     Staybolts.     November  1916. 

Goldschmidt  Thermit  Co.    New  York,  N.  Y.    Reactions,     vol.  9,  no.  3. 

Gurney  Heater  Manufacturing  Co.     Boston,  Mass. 
Leno.\  boilers,  steam  and  hot  water. 
Essex  boilers. 

Sectional  boilers,  900  series  ;  Bright  Idea  series,  1915  type. 
Water  supply  boilers. 
400  series  boilers   (round),   steam-water. 
Down-draft  boilers   (for  soft  coal). 
Gas  water  heater. 
Radiators. 

Hunt,  Rodney  Machine  Co.     Orange,  Mass.     Catalogue  no.  30,  Section 
WCA.     Water  controlling  apparatus. 
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Link  Bki.t  Co.     Pliiladelplda,  Pa.     Handling  coal  in  the  Victor  Power 
plant.      (Book  no.   296.)  .         „ 

Handling  coal  and  aslics  in  the  power  liouse  of  William  U.  Grundy 
Co.  with  Link-Belt  machinery.      (Book  no.  liSS.) 

Newton  M.^ciiine  Tool  Wokks.     PhUaiclphia,  Pa.     Catalogue  no.  51. 
Cold  saw  cutting  off  machines. 

Stephens-Adamson   Manufactcbing   Co.     Aurora,  III.     Labor   Saver. 
November  1S16. 

SUPERNO  Co.,   Inc.     2icw  York,  N.   Y.     Superno  patented  steel  super- 
heaters. 

Texas  Co.     A"c»i.-  York,  If.  Y.     Lubrication.     Noiemter  1916. 

Under-Feed  Stoker  Co.  of  America.     Chicago,  111.     Publicity  Maga- 
zine.    November  1916. 

Valley   Iron   Works   Co.     Applctun,   TTi's.      The  Beater.      November- 
Deeember  1916. 

Walworth  Mfg.  Co.     Boston,  Mass.     Walworth  Log.     November  1916. 


Institution  of  Civil  Engineeu.s  of  Ireland.  Transactions,  vol. 
XLII.     niiblin,  1916. 

Institution  of  Mechanical  Engineers.  Alloys  Itesearch  Committee. 
Report  Ist-Sth  and  Appendix.  London,  1891-1907.  Oitt  of  Bradley 
f^toughton. 

Institution  op  Naval  .Architects.     Transactions,  vol.  LVIII.     1918. 

International  Engineering  Congress.  1915.  Index  volume.  Son 
Francisco,  1915. 

Investigation  ok  the  Coals  of  Canada.  (Extra  volume.)  Uttaica, 
1915. 

loiVA  Geolcoical  Survey.  -Vunual  Report.  Vol.  XXV.  1914.  Des 
Moines,  1016. 

Iron  and  Steel  Institute.  Carnegie  Scholarship  Memoirs,  vol.  VII. 
London,  1916. 

Kansas  Gas,  Water,  Electric  Light  and  Street  Railway  Associa- 
tion. Proceedings  of  18th  annual  meeting,  October  21-23,  1915. 
Gift  of  Association. 


U.  E.  S.  Accessions 


Accidents  at  Metallurgical  Works  in  the  United  States  During 
1915.  U.  S.  Bureau  of  Mines.  Technical  paper  164.  Washington, 
1916. 

American  Society  fob  Testing  Materials  Standards.  1916.  Phil- 
adclnhia,  1916. 

Assay  of  Tin  and  .\ntimony,  L.  Parry.     Ed.  2.     London,  n.  d. 
Baltimore  and  Ohio  Railro.4d.     Reprint  of  articles.     July  1916. 

Birliography — Spontaneous  Combustion  and  Weathering  of  Coal. 
Gift  of  Edwin  B.  Ricketts. 

Cagnegie  Steel  Company.  Pocket  Companion  for  engineers,  archi- 
tects, and  builders,  containing  useful  infio-matinn  and  taldes  ap- 
pertaining to  the  use  of  steel.  Ed.  19.  Pitt.ihtirgh,  1917.  Gift  of 
Carnegie  Steel  Company. 

Case  for  the  Railroads,  Howard  Elliott.  From  New  York  Times, 
Magazine  Section,  September  10,  1916. 

Catalogue  of  the  Hopkins  Railway  Library,  F.  J.  Teggart.  Palo 
Alto,  Cal.,  1S95. 

Centennial  Celebration  of  the  United  States  Coast  and  Geodetic 
Survey,  1916.     Wasliington,  1916. 

Ch-arlotte.  N.  C,  Code  of  the  City.  Charter  and  Ordinances.  July 
1914.     Charlotte,  1915.     Gift  of  the  City  Clerk. 

Cold  Storage  and  Ice  Association.  Proceedings,  vol.  XIII.  London, 
1916. 

Colorado  Scientific  Society.  Constitution  and  By-Laws.  January 
1,  1916. 

Columbia  (S.  C.)  Building  Department.  Building  Code,  1916.  Co- 
lumbia, 1916.     Gift  of  Building  Department. 

Congress  and  the  Shippers,  G.  A.  Post. 

Electric  Power  Club.  Executive  Staff,  Member  Companies,  Commit- 
tees, Constitution  and  By-Laws,  etc.  August  1,  1916.  Gift  of 
Club. 

Elenco  DEI  Fabbuicanti  IN  Italia  di  Materiale  e  Macchinario 
Elettrico.  October  1916.  Milano,  1916.  Gift  of  Associazione 
Elettrotecnica  Italiana. 

Federal  Valu.ation  of  the  Railroads  in  the  United  States.  List 
of  Valuation  Committees  of  the  railroad  companies  and  principal 
officers  and  employees  of  the  Interstate  Commerce  Commission  en- 
gaged in  appraisal  work.  October  1916.  Philadelphia,  1916.  Gift 
of   Clemens   Herscbel. 

Florida  Geological   Survey.     Annual  Report  Sth.     Tallahassee,  1916. 

A  Forest  Census  of  Alabama.  Reprinted  from  the  Proceedings  of 
the  Society  of  American  Foresters,  vol.  XI,  no.  2.  University, 
Ala.,  1916. 

Galveston  (Texas)  Building  Department.  Building  Code,  1914. 
Gift  of  Galveston  Building  Department. 

Geology  of  the  Nanaimo  Map  Area.  Canada  Department  of  Mines, 
Memoir  51.     Ottawa,  ISli. 

Handbuch  der  Regionalen  Geologie.  Edited  bv  G.  Steinmann  and 
O.  Wilckens.     Pts.  1-18.     Heidelberg,  1910-191S.' 

Hill,  John  A.     Soriie  of  the  writings  of.     Gift  of  Power. 

HoRLOGERiA  Th^oeique,  H.  Grossmauu.     2  vols.     Paris,  1911,  191S. 

La  Houille  Blanche,     vols.  Ill,  1902-1912.     Paris,  1901-1911. 

Inks,  Their  Composition  and  Manufacture,  C.  A.  Mitchell  and  T.  C. 
Hepworth.     Ed.  2.     London,  1916. 


Krause  Absorbent  Filter.  Pure  and  safe  feed  water  from  oily  con- 
densate of  all  kinds  guaranteed  by  using.     Gift  of  A.  E.  Krause. 

Late  Pleistocene  Oscillations  of  Sea  Level  in  the  Ottawa  Val- 
ley. Canada  Department  of  Mines.  Museum  Bulletin  no.  24. 
Ottaica,  1916. 

Law  op  Automobiles,  X.  P.  Huddy.     Ed.  4.     Albany,  1916. 

Light  Oil  Fields  of  Wyoming.  Wyoming  State  Geologist.  Bulle- 
tin no.  12.     Cheyenne,  1916. 

List  op  Inspected  Electrical  Appliances.  October  1916,  Supple- 
ment to  April  1916.     Gift  of  Underwriters'  Laboratories. 

Madison   (Wis.)  Industrial  Commission.     Building  Code.     1915. 

Fire  Protection  in  Schools.     1914. 

General  Ordere  on  Safety  Building  Construction.     1914. 

Proposed  Orders  on  Fire  Protection  in  Existing  Buildings,  In- 
cluding Also  Sanitation  in  Existing  Tenements  and  Theaters. 
1915.     Gift  of  Commission. 

Mechanics  of  Telephone  Receiver  Diaphragms,  as  Derived  from 
Their  Motional  Impedance  Circles,  a.  E.  Kennelly  and  H.  A. 
Affel.  -Massachusetts  Institute  of  Technology.  Electrical  Engi- 
neering Department,  Buletin  no.  8,  November  1915.  Reprinted 
from  the  American  Academy  of  Arts  and  Sciences.  Proc,  Novem- 
ber 1915.  Gift  of  Massachusetts  Institute  of  Technology,  Elec- 
trical Engineering  Dept. 


Melting  Aluminum   Chips. 
108.     Washington,  1916. 


U.   S.   Bureau   of   Mines..      Bulletin   no. 


Mines  Handbook  and  Enlargement  of  the  Copper  Handbook,  W.  H. 
Weed.     Vol.  XII.     New  York,  1916. 

National  Engineer.  Vols.  1,  2  ;  vol.  5,  nos.  1-4,  7-8,  10-12  ;  vol.  6 ; 
vol.  8,  nos.  1-10.     Chicago,  1S97,  1S9S,  1901,  1902,  1901,. 

Needs  and  the  Opportunity  of  the  Railroad  Situation.  W.  D. 
Hines.  Address  delivered  at  the  Sth  annual  convention  of  the  In- 
vestment Bankers'  Association,  October  4,  1916. 


New  Jersey  Geologic  Map,  J.  V.   Lewis  and  H.  B.   Kiimmel. 
1912. 


1910- 


New  York  City's  Administrative  Progress,  ISll-lOKJ.     New  York, 
1916.     Gift  of  New  York  City  Municipal  Reference  Library. 

New  York  Electric  Railway  Association.     Annual  Report,  31st-33d. 
V.  p.  1913-1915.     Gift  of  Association. 

New  York  Times  Index.     Vol.  IV.     July-September  1916.     A'etc  York, 
1916. 

New  Y'ork,  New  Haven  and  Hartford  Railroad  Company.     Statement 
by  Howard  Elliott,   October  16,   1916. 

The  Nitr.ation  of  Toluene.     U.  S.  Bureau  of  Mines,  Technical  Paper 
146.     Washington,  1916. 

Norfolk.  Va.     Tentative  report,   proposed  building  ordinances,   March 
25,  1915.     Gift  of  City  Clerk. 

North-East    Coast    Institution    of    Engineers    and    Shipbuilders. 
Transactions,  vol.   32.     NeiccaMle-upon-Tyne,  1916. 

Official  .American  Textile  Directory,  1916.     New  York,  1916. 

Ohio  Public  Utilities  Commission.     Annual  Report.     1914,  1915. 

Laws  of  Ohio  relating  to  Public  Utilities.     1916. 

Rules  of  practice  before  the  Commission.     1916.     Gift  of  Pub- 


lic Utilities  Commission. 


Oil    Shales    in    Impendile    County,    Natal. 
1916. 


[leport    on.  Pretoria. 


Oxy-Acetylexe  Welding  and  Cutting.   H.   P.  Jlanly.     Chicago,  1916. 

Passaic,  N.  J.     Ordinance  Concerning  Streets  and  Public  Buildings  of 
the  City.     1888.     Gift  of  City  Clerk. 

Pennsylvania    Secretary   of   Internal  -Affairs.     Pt.   I.   Land-Offlce- 
Boundary   Lines ;   Pt.    II,   Assessments-Taxes.      Harrisbury,  X916. 
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Pleistocene  and  Recent  Deposits  of  the  Island  of  Montreal. 
Canada  Bureau  of  Mines  Department,  Memoir  73.     Ottawa,  1915. 

Problem  of  the  Railroads  Is  Your  Problem,  Ij.  B.  Franklin.  Re- 
printotl  from  the  address  of  tlie  President  of  the  Investment  Bank- 
ers' Association,  October  2,  1916. 

Production  of  Iron  and  Steel  in  Canada  During  1015.  Ottaica, 
1916. 

Railroad  Credit  and  Regulation,  A.  J.  County.  Pennsylvania  Rail- 
road System  Information,  November  4,  1916. 

Regeln  Ft)R  Leistungsvehsuche  an  Ventilatoren  und  Kompres- 
.SOREN.  Aufgestellt  vera  Verein  deutscher  Ingenieure  und  dem 
Verein  deutscher  Maschinenbau  Anstaltcn  im  Jahre  1912.  Gift  of 
Leon  Golduiersteiii. 


Register   of   National    Bibliography,   W.    P.    Courtney. 
London,  1905,  1912. 


Vols.    1-3. 


Revision  of  Primary  Levels  and  List  of  Bench  Marks  in  North- 
ern New  Jersey.  Bulletin  no.  17,  N.  J.  Geologic  Series.  Trenton, 
1916. 

Road  Material  Surveys  in  1914.  Canada  Department  of  Mines, 
Memoir  8.5.     Ottaica,  1916. 

Smull's  Legisl.\tive  Handbook  and  Manual  of  the  St.ate  of  Pexx- 
sylvania.     1916.     Harrishurg,  1916. 

Society  of  Railway  Financial  Officers.  An  .\ddress  by  the  Ilon. 
Frank  A.  Vandcrlip,   October  20,   1916, 

Titles  to  Mine.s  in  the  IInited  States,  W.  .\.  Harris.  London,  1S77. 
Gift  of  Bradley  Stoughton. 

Trent  Valley  Outlet  of  Lake  Algonquin  and  the  Deformation 
OF  THE  Algonquin  W.xter  Plane  in  Lake  Simcoe  District, 
Ontario.  Canada  Department  of  Mines,  Museum  Bulletin  no.  23. 
Ottawa,  1916. 

Union  of  Soi'th  Africa.  Department  of  Mines  and  Industries.  An- 
nual Report  of  the  Government  Mining  Engineer,  1915.  Pretoria, 
1916. 

Use  op  Mud-laden  Fluid  in  Oil  and  Gas  Wells.  U.  S.  Bureau  of 
Mines.     Bulletin  134.     Washington,  1916. 

U.  S.  Patent  Office.  Manual  of  classification  of  subjects  of  inven- 
tion.    Revised  to  January  1,  191G.     Washington,  1916. 

Valuation  op  the  National  Association  of  Railway  Commission- 
ers. Report  of  the  Committee.  Scope  of  the  Committee's  juris- 
diction.    November,  1916.     Gift  of  Clemens  Herschel. 

Western  Australia.  Geological  Survey.  General  Index  to  Reijorts 
1S70-1910.     Bulletin  no.  60. 


GIFT    OF    F.    K.    GILLESriE 
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GIFT   OF    CLEMENS    HERSCHEL 

Collection  or  Reports  of  Presidents'   Conference  Committee  on 
Federal  Valuation  of  the  Railroads  in  the  United  States. 


TRADE    CATALOGUES 

American  Blower  Company.     Detroit,  Mich.     Sirocco  Service. 

Abierican  Grondal  Co.     Neio  York,  N.  Y.     Groudal  briquetting.     Con- 
centrates made  by  Grondal  separators.     Magnetic  separators. 

Baciiarach  Industrial  Instrument  Co.     Pittsburgh,  Pa.     Catalog  B. 
Hudro  volume  and  pressure  recorders. 

BuB'FALO  Foundry  and  Machine  Company.     Buffalo,  X.  Y.     Chemical 
-Apparatus.     "  Buflokast  "  and  "  Buflovak." 

Crocker   National   Fire   Prevention    Engineering   Company.      New 
York,  N.  Y.     Prevention  of  Fire. 

Ivaniioe-Regent  Works  of  the  General  Electric  Company.     Cleve- 
land, O.     The  Hunchman.     Heptcmhcr  1916. 

KoEHEiNG    Machine    Company.      Milwaukee,    Wis.      Koehring    Mixer. 
August-September  1916. 

Nitrogen  Products  Company.     Providence,  R.  I.     Fixation  of  Atmo- 
spheric Nitrogen.     1916. 

Supplee-I'.iddle     IIaudware     Co.       Phihidelphiu,     Pa.       Mouel     metal. 
Xoiember,  1916. 

Texas  Company.     Ncic  York,  N.  Y.     Lubrication.     October  1916. 

Under-Feed  Stoker   Co.mpany   of   .\merica.      Chicago,  III.     Publicity 
Magazine.     September-October  1916. 

United    Shoe    Machinery    .\thletic    Association.      Beverly,    Mass. 
The  Three  Partners.     September  1916. 


\^  iderstandsmo.mente.       Ti!.S.GItEiTSMOMENTE      UND     Gewichte     von        WALLACE  SUPPLY  Co.     Xeic  York,  A'.  Y.     Hand  power  bending  tools. 


Blechtrageen,  B.  Bohm  and  E.  John. 
Equipment  and  Supply  Company. 

Catalogue  Studies,     vols.  1,  4,  6,  7, 

34,  37-40.  42.  43,  48  and  index. 

Blue  Print  Book.     56  prints. 


Ed.  2.     Gift  of  Catalogue 
10,  12,  15,  23,  24,  27,  28, 


EXCHANGE 

SociEDAD  Nacional  de  MiNERiA.  Bolctln.  .\no  1,  nos.  4-5,  7-24,  .\no. 
2,  nos.  25-29,  31-43,  45-48;  Ano.  3,  nos.  49-54,  56-06.  Santiago, 
18Si-lS86. 


GIFT    OF    CATALOGUE    EQUIPMENT    AND    SUPPLY     COMPANY 

99  United  States  Topographical  Maps  of  New  York,   New  Jeusey 


Westinghouse  Electric  &  Manufacturing  Company.  East  Pitts- 
burgh, Pa.     Catalogue  3-B.     Westinghouse  Instruments.     Julg  1916. 

Westinghouse  Electric  and  Manufacturing  Co.  East  Pittsburgh, 
Pa.  Circular  no.  1516-.\.  Baldwiu-Westinghouso  electric  locomo- 
tives for  interurban  freight  haulage.     October.  1916. 

Circular  no.  1576.     Joe  and  the  General  Manager  at  the  A.  E. 

R.  A.  Convention.     October.  1916. 

D.   L.   3952.     Westinghouse   direct  current   railway  equipments. 

1200-1500  volts. 

Leaflet  3561-A.     OISC  transformers-radiator  tank  type. 

Leaflet  3865.     Westinghouse   IIL  unit  switch   control. 

Leaflet  3905.     Liquid  rheostatic  control  for  large  A.  C.   wound 

rotor  motors. 

licaflet    3926.       Freight    haulage    with     Balrtwin-Westinghouse 

electric   locomotives. 

•  Leaflet  3946.      Baldwin-Wcstinghouse  electric  locomotives. 

liCaflet  3953.     'Westinghouse  IILD  control. 

Special  Publication  1577.     Standard  railway  equipments. 
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TN  these  columns  are   in.serted  items  concerning  members  of  the  Society  nnd  their  professional 
activities.     Members  are  always   interested  in   the   doings   of    their   felloiv-memhers,    and    the 
Society  tvelcomes  notes  from   members  and  concerrdng  members  for  insertion  in  this  section.     All 
communications   of  personal  notes   should   be  addressed  to  the  Secretary  and  items  should  be  re- 
ceived by  January  16  in  order  to  appear  in  the  February  issue 


CHANGES    OF    POSITION 

Manning  E.  Rupp,  for  a  number  of  years  with  tlie  Panama  Canal, 
nas  accepted  a  position  as  superintendent  with  the  Curtis  Pneu- 
matic  Machinery    Company,    St.    Louis,    Mo. 

H.  O.  C.  IsENBERG  has  been  made  chiot  engineer  of  the  Seripps-Booth 
Company  of  Detroit.  He  was  formerly  associated  with  the  Ferro 
Machinery  and  Foundry  Company  of  Cleveland,  O. 


Kennktii  .\.  Me.serole,  formerly  in  the  engineering  department 
of  the  .American  Beet  Sugar  Company,  Oxnard,  Cal.,  has  become 
associated  with  the  Stcarns-Roger  Manufacturing  Company,  Denver, 
Colo. 


W.  M.  IMBRIE,  Jr.  recently  resigned  as  superintendent  of  the 
Chattanooga  Chemical  Company  to  become  engineer  in  charge  of 
construction  for  the  .\tlantic  Pulp  and  Paper  Company,  Savannah, 
Ga. 
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CLAIiENCE  W.  Ht-NTINGDON,  vlce-presidcnt  and  general  manager  of 
the  Minneapolis  and  St.  Louis  R.R.,  has  resigned  to  accept  the  chair- 
manship of  the  directorate  of  the  Virginian  Railway,  with  office  in  New 
York  City. 

Arthur  V.  Faek,  for  the  past  three  years  advertising  manager 
of  the  S.K.F.  Ball  Bearing  Company,  Hartford,  Conn.,  has  re- 
signed to  accept  the  position  of  sales  manager  of  the  Hess  Steel 
Corporation,  Baltimore,  Md. 

Philip  Jones,  until  recently  associated  with  the  Pinal  Dome 
Oil  and  Refining  Companies,  Santa  Maria,  Cal.,  in  the  capacity  of 
consulting  engineer,  has  assumed  the  duties  of  general  superintendent 
of  the  Mid-Co.   Gasoline  Company,  Tulsa,  Okla. 

H.  H.  Laubr  has  resigned  his  position  as  head  of  the  Bureau 
of  Prices  of  the  Midvale  Steel  Company,  Philadelphia,  Pa.,  to  ac- 
cept the  position  of  chief  engineer  of  construction  of  the  Atlas 
Portland   Cement   Company,    Northampton,    Pa. 

Charle.s  U.  Carpenter  has  severed  his  connections  with  the 
Fire-Proof  Furniture  and  ConstrucUon  Company,  Miamisburg,  0., 
and  has  become  affiliated  with  The  Recording  and  Computing  Ma- 
chines Company,   Dayton,   O.,   in   the   capacity   of   manager   of  works. 

Arthur  K.  Howell  has  resigned  as  sales  representative  of  the 
Worthington  Pump  and  Machinery  Corporation,  Memphis,  Tenn.,  and 
has  become  associated  with  A.  A.  Bonsack,  formerly  St.  Louis 
manager  of  the  Ingersoll  Rand  Company.  Messrs.  Howell  and 
Bonsack   plan   to   carry   on   a   general   machinery   sales   business. 


Martin  Nixon-Miller,  recently  assistant  engineer,  contracting  de- 
partment of  McClintie-Marshall  Construction  Company,  in  charge  of 
the  building  operations  of  their  new  511,000,000  bridge  shop  at  Potts- 
town,  Pa.,  has  been  appointed  by  the  U.  S.  Government  to  take 
charge  of  the  eight  new  factory  building  operations  and  to  install 
the  machinery  after  the  completion  of  the  buildings,  at  the  Frank- 
ford   Arsenal,   Philadelphia,   Pa. 


AUTHORS  OF  P.\PERS,  ETC. 

Halbert   p.    Gillette  is   the  author  of   a   Handbook   of   Rock   Ex- 
cavation Methods  and  Costs. 

A.  W.  H.  Griepe  is  the  author  of  Internal-Combusion  Turbine,  which 
appears  in  the  December  5  number  of  Power. 

George  L.  Fowler  is  the  author  of  a  book  on  Anatomy  of  a  Steel 
Hopper-Bottom  Coal  Car. 

Clinton  H.  Scovell  is  the  author  of  a  book  entitled  Cost  Account- 
ing and  Burden  Application. 

S.  S.  Wyer  is  the  author  of  a  book  on  The  Reasonableness  and  Legal 
Right  of  the  Minimum  Charge  In  Public  Services. 

RoDERT  Cramer  has  contributed  an  article  entitled  Pressure  Tests  of 
Welded  Boiler- Tube  Vessels  to  the  December  5  Issue  of  Power. 


A.  A.  POTTER  and  W.  A.  Buck  have  contributed  an  article  on 
Four-Cylinder  Best  Tractor  Engine  to  the  December  7  Issue  of  The 
Automo^iile. 


ANNOUNCEMENTS 
B.   G.   Spilseury   has  returned   from   a   professional   visit  to  Cuba. 

John  R.  Freeman,  Past-President,  Am.Soc.M.E.,  has  been  elected 
president  of  the  Providence  (R.  I.)  Gas  Company. 

The  colleges  of  electrical  engineering  and  civil  engineering  of  the 
University  of  Kentucky,  Lexington,  Ky.,  have  been  consolidated, 
with  E.  Paul  Anderson  as  dean. 

Henry  L.  Doherty  was  one  of  the  speakers  at  the  reception  to  Presi- 
dent Wilson  in  New  York  when  the  flood  lighting  illumination  was 
turned  on  the  Statue  of  Liberty,  December  3. 


Clarence  E.  Kinne  of  the  Bagley  and  Sewall  Company,  Water- 
town,  N.  Y.,  has  started  on  a  several  months'  trip  through  China  and 
Japan  for  engineering  exploitation  work,  especially  in  relation  to 
paper  mills. 

George  H.  Shepard,  until  recently  counected  with  the  Gould  Storage 
Battery  Company,  Depew  N.  Y.,  in  the  capacity  of  factory  superin- 
tendent, has  taken  up  consulting  practice  in  efficiency  work,  with  offices 
in  Buffalo,  N.  Y'. 


Cornelius  Vandeebilt,  who  has  been  divisional  inspector  of  the 
New  York  National  Guard  with  the  rank  of  major,  has  been  com- 
missioned colonel  of  the  22d  New  York  Engineers'  Regiment,  one 
battalion  of  which  is  still  on  the  Mexican  border. 


APPOINTMENTS 

Robert  R.  Jones,  assistant  mechanical  engineer  of  the  Firestone 
Tire  and  Rubber  Company,  Akron,  O.,  has  been  appointed  chief  en- 
gineer  of   the   company. 

William  M.  Bastable,  manager  of  the  pump  department  of  Fair- 
banks, Morse  and  Company,  New  York,  has  been  appointed  manager 
of  the  Baltimore  branch  of  the  company. 

Albert  H.  Israel  has  been  serving  as  assistant  chief  inspector 
of  ordnance  for  the  E.  W.  Bliss  Company,  since  his  return  from 
South  Bethlehem  as  resident  inspector. 

John    Hunter,    chief    engineer    of    steam    plants  for    the    Union 

Electric    Light    and     Power    Company,     St.     Louis,  Mo.,    has    been 

chosen    to    succeed    the    late    A.    C.    Einstein,    as    a  member    of    the 
company's    board    of    directors. 


Arthur  J.  Wood  has  contributed  an  article  entitled  The  Kiesel  Train 
Resistance  Formulas  to  the  December  issue  of  the  Raihcay  Mechanical 
Enfiineer. 

Frederick  W.  Salmon  has  contirbuted  a  brief  article  on  Safe 
Loads  on  Rope  Slings  to  the  December  21  Issue  of  Engineering  Neics. 

William  Knight  has  contributed  an  article  on  Safe  and  Noiseless 
Operation  of  Cut  Gears  to  the  December  14  Issue  of  the  American 
Machinist. 

Walter  V.  Turner  gave  an  amusing  and  instructive  address  on  the 
subject  of  Freak  Patents  before  the  Railway  Club  of  Pittsburgh, 
December  18. 

Reginald  Trautschold  contributed  an  article  on  Bucket  Loaders  for 
Manufactories  to  the  December,  1916,  number  of  The  Engineering 
Magazine. 

Arthur  M.  Greene,  Jr.,  vice-president  Am.Soc.M.E.,  is  the  author  of 
a  book  on  the  Elements  of  Refrigeration  :  A  Text-Book  for  Students, 
Engineers  and  Warehousemen. 

W.  Trinks  is  the  author  of  an  article  on  Air  Delivery  Factors 
of  Blowing  Engines  which  is  published  in  the  December  number  of 
The   Blast   Furnace   and   Steel   Plant. 

Charles  P.  Steinmetz  is  the  author  of  an  article  on  Scientific  Re- 
search in  Relation  to  the  Industries,  which  appears  in  the  December 
issue  of  the  Journal  of  The  Fraiikliit  Institute. 

Edward  C.  Poultney  is  the  author  of  an  article  on  Modern  British 
Goods  Locomotives  which  is  published  in  the  December  number  of  the 
Railway  Mechanical  Engineer. 

John  E.  Starr  presented  a  paper  on  Accidents  in  Refrigerating 
Plants  at  the  December  4  to  6  convention  of  the  American  Society  of 
Refrigerating  Engineers,  held  in  New  Y'ork. 

R.  H.  Rice  and  Sanford  A.  Moss  presented  a  paper,  illustrated  by 
lantern  slides,  on  Blast-Furnace  and  Steel-Mill  Power  Plants  at  the 
December  12  meeting  of  the  Engineers'  Society  of  Western  Pennsyl- 
vania. 

An  abstract  of  the  paper  on  Specifications  for  Concrete  which  was 
read  before  the  American  Society  for  Testing  Materials  by  Ci.cyd 
M.  Chapman,  appears  in  the  December  7  issue  of  The  Canadian 
Engineer. 

H.  V.  Haight  is  the  author  of  Special  Lathes  for  8-In,  Shells, 
which  appears  in  the  December  7  number  of  the  American  Machinist. 

Frederick  H.  Wagner  is  the  author  of  a  book  on  Coal  and  Coke, 
published  by   the   McGraw-Hill  Book   Company,   Inc. 
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"  To  THE  West,  When  Wind.  Tide  and  Weather  Serve,  There  is  Sttficient  Water  to  Let  Out  the  Fleet    .     .    .    Over  This 

Lower  Channel,  Asvi'ing  from  Wire  Cables  from  Two  Towers,  Hangs  the  Trap's  Iron  Gate.     The  Towers  Rise  from  a 

Populace  Friendly  to  Every  Nation  in  the  World  but  Its  Own     .     .     .     and  Fond  of  Explosives." — Sea  Power. 

THE    DEVELOPMENT    OF    OUR    FLEET  AND  NAVAL  STATIONS 

By  W.  L.  CATHCART,  PHILADELPHIA,  PA. 
Member  of  the  Society 


MY  subject,  ■■  The  Development  of  Our  Fleet  and  Naval 
Stations,"  is  so  broad  that  only  a  rapid  review  uf  its 
salient  points  will  be  possible  to  me. 

I  need  scarcely  say  that  this  whole  question  of  naval  strength 
is  one  of  impelling  interest  to  engineers.  The  European  con- 
flict has  shown  in  many  striking  ways  that  war  by  land  and 
sea  is  now  very  largely  but  a  matter  of  applied  science,  of 
physics  and  chemistry,  and  chiefly  of  engineering  in  all  its 
branches. 

Years  ago,  Theodore  Roosevelt  said,  in  an  expression  which 
has  become  classic,  that  the  naval  officer  of  our  time  is 
fundamentally  a  ''  Fighting  Engineer."  This  description  is 
wholly  accurate  with  regard  to  the  structures  and  mechanisms 
of  naval  war — its  huge  hulls  and  giant  turbines,  its  colossal 
guns,  its  dynamos,  wireless,  torpedoes,  and  air  craft.  The 
naval  officer  has  added  functions  as  a  strategist  and  tactician, 
but  it  is  clear  that  tlie  engineer  is  a  mighty  factor  in  tlie  sea 
power  of  our  lime. 

WHY    WE    NEED    A    GREAT    NAVY 

Why  does  the  United  States  need  a  great  navy?  In  the 
first  place,  our  country  is  the  richest,  and,  owing  to  its  vast 
extent  of  coast  line,  the  most  vulnerable  of  all  the  great 
Powers.  And,  second,  like  a  modern  Atlas,  it  staggers — diplo- 
matically and  militarily — under  the  weiglit  of  some  national 
policies  which,  while  just,   are  as  world-irritating  and   war- 
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breeding  as  any  that  histoi-y  has  known.  These  policies  are : 
The  Monroe  Doctrine,  The  Neutralization  of  the  Panama 
Canal,  The  Maintenance  of  the  Rights  of  Neutrals,  The  Ex- 
clusion of  Asiatic  Races,  and  The  "  Open  Door  "  in  China. 

The  Monroe  Doctrine  extends  our  "  political  suzerainty  over 
two  continents,  comprising  a  fourth  of  the  habitable  earth  and 
one-half  of  its  unexploited  wealth."  Excluding  Canada  and 
the  United  States,  this  vital  and  yet  war-inviting  policy  covers 
twenty  republics,  having  a  total  area  of  nine  million  square 
miles,  a  population  of  eighty  millions,  and  a  foreign  trade  of 
nearly  three  billion  dollars.  And  all  this  is  to  be  guarded 
from  Euroiiean  seizure  by  the  force  behind  a  doctrine  which 
is  not  international  law,  but  simply  a  bluff  declaration  by  the 
United  States  that  Europe  shall  not  enter  in ! 

This  doctrine  has  been  a  sleeping  danger  to  this  Republic 
for  nearly  a  century  now.  Its  slumber  has  been  due  chiefly 
to  the  lack  of  means  for  the  swift  transfer  of  fleets  and  armies 
across  the  Atlantic,  and  the  extreme  delicacy  of  the  balance  of 
power  in  Europe.  The  progress  of  steam  navigation  has  swept 
the  first  of  these  away,  and,  as  for  the  second,  who  dare  pre- 
dict political  conditions  in  Europe  when  this  war  closes.^ 

Now,  take  the  Panama  Canal.  By  international  law,  it  is  a 
1  art  of  the  territory  of  the  United  States,  and  it  is  also,  as 
a  military  and  commercial  highway,  one  of  the  world's  greatest 
prizes.  So,  we  must  defend  it.  Further,  by  the  provisions  of 
the  Hay-Pauncefote  Treaty  of  1901,  we  agreed  that  "the  canal 
shall  be  free  and  open  to  the  vessels  of  commerce  and  of  war 
of  all  nations " — that  is,  we  guaranteed  its  neutralization. 
Either  of  these  obligations  necessitates  a  powerful,  fully  sup- 
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Partial  Steategic  Chaet,  Noeth  Atlantic  Ocean 


Courtesy  of  V.  S.  Naval  War  College. 


ported  fleet,  and  neutralization  presents  as  well  most  complex 
and  dangerous  problems  for  the  future. 

We  have  glanced  at  the  possible  effects  of  but  two  of  out 
national  policies,  and  they  alone  hold  menace  enough  for  the 
future.  Trans-oceanic  attack  can  be  met  primarily  only  by  a 
fleet.  Do  you  wonder,  then,  that  naval  strategists  foresee  a 
time  when — not  in  aggression,  but  in  national  defense — the 
mighty  thunder  of  American  guns  will  roll  out  in  mid-Atlantic 
or  on  the  sun-lit  Caribbean,  along  the  coasts  of  Europe  or  at 
the  threshold  of  the  Far  East? 

The  surest  way  to  delay  the  coming  of  that  time  is  to 
have  behind  the  parleys  of  our  diplomacy  a  naval  force 
stronger  than  those  of  our  possible  foes.  All  history  shows 
that  diplomacy,  when  backed  by  guns  enough,  can  keep  the 
peace,  but  notes  without  powder  behind  them  are  futile. 

STRATEGIC  SITUATION,  EASTERN  COAST 

The  elements  of  naval  strength  are:  First,  the  fleet — its 
ships  and  men ;  and,  second,  its  shore  stations — navy  yards 
at  home  and  naval  bases  in  our  island  possessions — which 
dock,  repair,  and  supply  the  ships,  and  from  which  the  fleet 
may  strike.  Manifestly,  the  location  of  these  stations  with 
regard  to  our  possible  battlegi'ounds  of  the  future  is  of  pri- 
mary importance.  Let  us  glance  briefly  at  the  strategic  situ- 
ation of  our  eastern  and  western  coasts  in  this  respect,  as 
shown  by  charts  whose  use  is  permitted  through  the  courtesy 
of  Rear  Admiral  Knight,  President  of  the  Naval  War  Col- 
lege, and  Captain  J.  S.  McKean,  Assistant  to  the  Chief  of 
Operations. 

When   invasion   by   a    European   Power   is   threatened,   our 


Navy  Department  will  know  only  that  the  enemy  has  set  sail 
from  some  port  across  the  Atlantic.  His  specific  couise  and 
objective — on  our  coast  or  in  the  Caribbean — will  be  unknown. 
Our  fleet,  if  strong  enough,  would  take  the  offensive-defensive, 
and  attack  the  enemy  a  thousand  miles  or  more  at  sea.  To 
locate  him,  our  admiral  would  send  out  a  long  line  of  scouts 
to  scour  the  seas  in  a  great  are  from  Cape  Sable  in  Nov* 
Scotia  to  Trinidad  at  the  lower  entrance  of  the  Caribbean  Sea. 

There  would  be  four  principal  points  of  departure  for  this 
enemy  fleet :  from  the  Orkneys,  the  northern  base  of  the  Brit- 
ish Grand  Fleet;  from  the  mouth  of  the  English  Channel; 
from  the  Straits  of  Gibraltar;  or  from  some  point  on  the 
African  coast,  as  Agadir. 

On  these  four  lines  of  approach  to  our  coast  the  distances 
range  between  2800  and  4200  sea  miles.  To  Culebra — which, 
if  we  do  not  acquire  St.  Thomas,  will  be  our  challenging  Car- 
ibbean outpost — these  lines  are  from  3200  to  3900  miles  long. 
In  the  present  state  of  naval  science,  these  relatively  great  dis- 
tances make  successful  invasion  impossible,  if  the  enemy  fleet 
must  conduct  continuous  operations  on  our  coast  from  its  home 
bases,  or  even  from  these  eastern  Atlantic  islands. 

There  are  two  main  reasons  for  this.  In  the  first  place,  a 
naval  force,  steaming  far  from  its  bases,  must  be  followed  by 
a  train  of  supply  vessels,  which  train  becomes  huge  when  that 
force  is  large.  And,  second,  fleets  cannot  invade.  So  the 
enemy  fleet  must  be  followed  by  troop  transports. 

And,  further,  unless  the  enemy  had  previously  gained  com- 
mand of  the  sea,  these  helpless  fleets  of  transports  and  supply 
ships  of  his  must  be  guarded  always  while  en  route  throughout 
the  whole  period  of  his  operations,  and  by  a  stronger  force 
than  we  could  bring  against  them. 
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From  these  eonsidei-ations,  several  things  are  clear:  First — 
disregarding  the  Caribbean  for  the  time — any  enemy  but 
Great  Britain  must,  for  successful  invasion,  fii-st  seize  a  naval 
base  on  our  coast,  from  which  to  conduct  succeeding  operations. 
To  seize  that  base,  he  must  first  defeat  decisively  our  fleet — 
either  destroying  it,  blockading  it,  or  forcing  it  to  withdraw  to 
a,  distance.  Then,  and  then  only,  when  the  enemy  has  won 
command  of  the  sea,  will  his  convoys  of  troops  and  supplies 
be  safe. 

Naval  bases  suitable  for  hostile  operations  are  fairly  numer- 
ous on  our  coast.  For  example,  Delaware  Bay,  Nanagansett 
Bay,  Provincetown,  Mass.,  and-  several  others,  in  their  present 
defenseless  state,  could  be  seized  with  ease  if  our  fleet  were 
first  defeated. 

As  to  our  naval  stations  on  this  coast,  they  all  lie  within  an 
air-line  distance  of  500  miles,  although  our  Atlantic  and  Gulf 
coast  lines  are  more  than  3000  miles  long. 

If  an  enemy  should  gain  possession  of  these  500  miles  of 
coast,  our  dreadnaughts  would  be  homeless,  unless  the  fleet 
could  flee  to  the  Bay  of  Panama,  since  the  yards  at  Charleston, 
Pensacola,  arid  New  Orleans  are  equipped  for  small  craft  only. 
As  to  these  conditions.  Rear  Admiral  Edwards  says : 

"  There  is  not  a  dry  dock  owned  by  the  Government  or  by 
anyone  else  on  the  South  Atlantic  and  Gulf  coasts  which  will 
take  any  of  our  super-dreadnaughts.  There  is  not  a  single 
stationary  or  floating  crane  on  these  coasts  which  will  remove 
from  or  install  in  a  battleship  either  a  modem  turret  gun,  a 
Scotch  marine  boiler,  or  an  assembled  low-pressure  turbine 
of  the  kind  now  fitted  in  our  large  naval  colliers,  tankers,  and 
battleships." 


These  conditions  give  our  strategists  .just  cause  for  concern 
in  their  bearing  on  our  undefended  line  of  commimications, 
875  miles  long,  from  Cape  Hatteras  to  Key  West,  and  on  the 
distance,  one-half  greater,  from  Culebra  to  Norfolk. 

STJJATEGIC  SITUATION,  CAKIRBEAN  SEA 

The  Caribbean  Sea  is — as  Admiral  Mahan  once  wrote  of  it 
— "  preeminently  the  domain  of  sea  jjower."  For  its  size, 
it  has  more  strategic  positions  than  any  other  important  ex- 
panse of  sea  on  the  globe.  For  the  United  States,  its  mastery 
in  war  is  almost  vital,  since  that  mastery  is  the  bulwark  of 
our  defense  of  the  Monroe  Doctrine  and  the  Panama  Canal. 

No  invasion  of  the  United  States  is  possible  until  our  fleet 
has  first  been  put  out  of  the  reckoning.  If,  then,  the  enemy 
must  thus  eliminate  our  fleet,  it  seems  probable  that  he  would 
endeavor  to  force  action  where  our  naval  strength  is  most 
vulnerable — that  is,  off  Culebra,  where  our  ships  would  be 
more  than  1200  miles  from  their  home  bases. 

Again,  for  continuous  operations,  the  enemy  must  have  * 
naval  base  of  his  own  on  or  near  our  territory,  and  the  seizure 
of  a  small  island  would  be  far  easier  than  that  of  a  base  on 
our  coast. 

Finally,  if  thus  established  at  some  point  like  St.  Thomas 
or  Culebra,  with  our  fleet  negligible  for  the  time,  the  enemy 
could  raid  our  South  Atlantic  and  Gulf  coasts  at  will ;  could 
flank  all  our  routes  to  the  Caribbean,  and  when — with  full 
command  of  the  sea — his  convoys  of  troops  had  come  he  could 
invade  the  Canal  Zone,  1040  miles  from  St.  Thomas.  Posses- 
sion of  the  Canal  would  give  him  not  only  a  powerful  lever 
in  bringing   pressure   on   our   Government,   but  would   enable 


6UL  F    OF  MEXICO 


Distances  are  m  Nau+ical 
Miles 


6UL  F  OF 
rONSECA 


Strategic  Chart,  CABrsBEAN  Sea 


104 


OUR  FLEET  AND  NAVAL  STATIONS,  W.  L.  CATHCART 


The  Journal. 
Am.Soc.M.E. 


him.  to  block  the  retreat  of  our  defeated  fleet  to  Gatiin  Lake 
or  the  Bay  of  Panama,  and  to  prevent  the  coming  of  rein- 
forcements from  the  Paeitic. 

Glance  now  at  the  geography  of  the  sea.  On  its  northern 
border  lie  Porto  Rico,  which  we  own;  Haiti  and  Santo  Do- 
mingo, which  are  under  our  virtual  protectorate,  and  Cuba, 
whose  independence  we  have  guaranteed.  Doubtless,  every 
port  in  these  islands  would  be  open  to  our  use  in  time  of  war. 
There  are  five  entrances  to  the  sea  along  this  northern  border 
— the  Yucatan  Channel  via  the  Florida  Straits  from  the  At- 
lantic, and  the  Windward,  Mona,  Virgin,  and  Anegada  Pas- 
sages. Dominating  the  Florida  Straits  stands  Havana  like  a 
new-world  Gibraltar.  Near  the  southeastern  end  of  Cuba  lies 
our  base,  Guantanamo,  which,  with  Mole  St.  Nicolas  in  Haiti, 
commands  the  Windward  Passage.  Similarly,  Samana  Bay  in 
Santo  Domingo  controls  the  Mona  Passage,  Culebra  and  St. 
Thomas  the  Virgin  Passage,  and  the  latter  and  St.  Croix  the 
Anegada  Passage,  which  is  the  main  route  from  Europe  to 
the  Canal. 

-Jamaica,  with  its  naval  base,  Port  Royal,  seemingly  domi- 
nates all  by  its  central  location.  But,  while  Jamaica  has  thus  a 
commanding  strategic  position,  it  is  lacking  in  strength  against 
attack  and  in  its  resources  for  supplies  and  refitting.  Hence, 
for  military  support  and  supplies,  it  would  be  dependent  in 
war  on  its  lines  of  communication  with  other  British  colonial 
and  home  ports,  and  from  those  ports  it  is  both  distant  and 
isolated.  Further,  our  base  at  Guantanamo  flanks  its  com- 
munications with  all  of  these  ports. 

Now  as  to  our  two  naval  bases,  Guantanamo  aud  Culebra: 
Guantanamo  is  but  700  miles  from  the  Canal,  aud,  as  it  flanks 
all  routes  to  Colon  except  that  from  Jamaica,  its  location 
centrally  is  almost  as  good.  Further,  it  has  surpassing  ad- 
vantages in  the  fact  that  it  is  on  a  large  island,  which  has  not 
only  great  native  resources,  but  also  direct  railway  communica- 
tion with  manufacturing  centers  in  the  United  States  except 
for  the  short  sea  link  between  Key  West  and  Havana.  Hence, 
supplies  can  reach  Guantanamo  by  interior  land  lines  immune 
from  attack  by  sea  if  the  Florida  Straits  be  guarded  ef- 
fectively. 

As  compared  with  Guantanamo,  Culebra  is  about  tidO  miles 
farther  to  the  eastward,  and  hence  it  has  a  far  better  command 
of  the  eastern  entrances  to  the  sea,  flanking  all  routes  through 
them  by  short  runs  of  350  to  500  miles.  Again,  it  is  but  a 
few  miles  from  Porto  Rico,  which  is  in  itself  difficult  of  de- 
fense. Further,  as  a  little  island,  it  could  be  fortified  and  gar- 
risoned at  proportionately  low  expense.  And  finally,  as  a 
salient,  it  flanks  the  lines  of  approach  to  our  coast. 

All  of  these  advantages,  and  more,  hold  for  St.  Thomas, 
just  across  the  Virgin  Passage  from  Culebra.  It  also  is  a  small 
island,  it  is  still  farther  eastward,  has  a  better  command  of 
the  Anegada  Passage,  and  its  harbor  can  be  strongly  defended 
by  fortifications  in  the  high  hills  surrounding  it.  The  best 
argument  for  its  acquisition  by  the  United  States  is,  however, 
the  negative :  Suppose  the  unthinkable — that  we  should  let 
St.  Thomas  pass  into  the  hands  of  a  strong  military  power 
unfriendly  to  us.  Then  our  base  at  Culebra  would  be  con- 
fronted by  a  rival  fortress  on  the  further  shore  of  that  narrow 
Virgin  Passage.  These  conditions  would  be  as  if  Gibraltar 
faced  an  equally  formidable  and  alien  "  Rock,"  with  but  the 
Straits  between. 

And  the  menace  of  that  fortress  would  stretch  fur  heyoncl 
the  Caribbean  to  our  trade  routes  to  South  America,  and  even 
to  our  coast.  For  within  a  radius  of  1000  to  1400  miles  from 
it  lie  New  Orleans,  Key  West,  Charleston,  Norfolk,  and  New 
York — a   distance   through  which   raiding   battle   cruisers   or 


even   a  dreadnauglit  fleet  could  steam  and  fight,  with  ample 
fuel  remaining  for  their  return,  if  necessary,  to  St.  Thomas. 

We  find,  then,  that  the  destiny  of  nations  has  given  the 
United  States  full  opportunity  for  holding  the  strategic  mas- 
tery of  the  Caribbean  Sea  through  its  present  and  prospective 
tenure  of  predominating  positions  there.  But  strategic  dom- 
inance on  the  sea  means  nothing  if  the  sites  on  which  it  de- 
pends are  not  fully  equipped,  fortified,  and  garrisoned  and  an 
adequate  fleet  based  there,  since  a  more  jiowerful  enemy  would 
simply  wrest  them  from  us.  So  these  neglected  West  Indian 
bases  of  ours  give  cause  for  grave  concern.  With  them,  some 
day,  the  fate  of  this  Eepublic  may  rest. 

STRATEGIC  SITUATION,  NORTH  PACIFIC 

Let  us  close  our  strategic  review  with  a  brief  consideration 
of  our  western  coast  and  our  outlying  possessions  in  the  North 
Pacific  Ocean,  where  remarkable  conditions  exist. 

In  the  first  place,  the  United  States  owns  on  the  shores 
from  Panama  to  Kiska  in  the  Aleutian  Islands  every  impor- 
tant strategic  position  except  three — the  Galapagos  Islands, 
Magdelena  Bay  in  Mexico,  and  Esquimault,  the  fortified  port 
of  British  Columbia.  Thus,  strategically — if  these  be  developed 
— our  power  over  these  shores  is  predominating  for  two-thirds 
the  width  of  that  great  ocean. 

Further,  spanning  the  Pacific  like  the  piers  of  a  colossal 
bridge  from  Panama  lie  our  islands  of  the  Hawaiian  Group, 
and  our  other  island,  Guam,  in  the  Ladrones,  which  is  the  key 
to  the  military  control  of  this  northern  ocean.  Then  1150 
miles  west  of  Hawaii  is  Midway,  useless  to  us  except  as  a 
future  coaling  station.  And  finally,  2300  miles  southward,  is 
Tutuila  in  American  Samoa,  one  of  the  noblest  harbors  in  the 
South  Seas. 

Steaming  at  12  knots  an  hour  from  Panama,  it  would  take 
a  fleet  12  days  to  reach  San  Francisco,  16  days  to  Honolulu, 
28  to  Guam,  and  33  to  Manila.  So  no  fleet  stationed  on  our 
western  coast  in  war  could  jjrotect  the  Philippines  and  our 
interests  in  the  "  Open  Door "  in  China.  Hence,  for  their 
d-efense  and  that  of  Alaska — which  is  virtually  an  overseas 
j>ossession  2000  miles  from  San  Francisco — we  must  rely  on 
our  island  bases,  Guam  and  Hawaii. 

Hawaii  is  the  center  of  communications — the  strategic  focus 
— of  the  eastern  half  of  the  North  Pacific  Ocean.  This  means 
that  a  fleet  based  there  can  strike  with  equal  ease,  in  offense 
or  defense,  at  all  points  on  the  great  arc  of  coast  line  from 
Kiska  to  Panama.  Hawaii  thus  dominates  the  whole  strategic 
front  formed  by  the  shores  of  the  eastern  half  of  the  North 
Pacific  Ocean. 

Similarly,  the  strategic  lines  of  the  western  Pacific  all  inter- 
sect near  our  possession,  Guam,  which  is  thus  the  strategic 
focus  of  that  half  of  the  ocean — and  hence  a  menace  in  war  to 
every  important  position  there,  from  Japan's  northernmost 
one  at  Yetorofu  and  that  of  Russia  at  Vladivostok,  down  the 
Chinese  coast  to  Singapore  in  the  Straits  Settlements.  Well 
within  the  circle  of  Guam's  protective  area  lie  the  Philippines, 
indefensible  of  themselves,  whose  single  stronghold  is  the  little 
island,  Corregidor,  in  Manila  Bay.  And  also,  well  within  its 
reacli,  stands  that — now  closing — "  Open  Door  "  in  China. 
Guam  is  small — about  seven  by  twenty-nine  miles — has  a  harbor 
which,  by  dredging  and  building  a  breakwater,  would  shelter 
a  fair-sized  fleet,  and  is  readily  cajiable  of  defense  by  fortifi- 
cations and  mines. 

Finally,  a  noteworthy  fact  as  to  our  chain  of  bases  bridging 
the  North  Pacific,  is  that  tlie  strategic  line  from  Panama 
through  Hawaii  to  (Juani  cuts  the  similar  British  line  from 
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Esquimault  to  Australia  and  New  Zealand.  In  view  of  this 
and  of  the  focal  relations  of  Guam  and  Hawaii  to  that  north- 
ern ocean,  the  strategical  predominance  of  the  United  States 
in  those  waters  is — in  a  geographical  sense,  at  least — unques- 
tionable. 

Guam  and  Hawaii,  if  made  ocean  fortresses,  would  be  our 
Malta  and  Gibraltar  against  aggression  by  any  enemy  sailing 
from  the  Far  East — from  Vladivostok,  Yokohama,  or  Singa- 
pore. If  in  war  we  had  strong  fleets  based  there,  no  enemy 
from  Asiatic  waters  would  dare  to  pass  Guam  without  mask- 
ing or  reducing  it,  and  destroying  or  dispersing  its  fleet.  And, 
later,  he  would  have  a  similar  victory  to  win  off  Hawaii  before 
the  Pacific  coast  would  meet  the  shock  of  war.  And  yet,  like 
Guantanamo  and  Culebra,  Guam  lies  neglected  and  undevel- 
oped there,  at  the  veiy  threshold  of  the  Far  East — an  easy 
prey  for  any  foreign  nation  which  would  dare  war  with  us  to 
take  it.  And,  too,  the  fortification  and  equipment  of  Hawaii 
proceed  but  slowly. 

As  to  the  very  striking  relation  of  these  ocean  outposts  to 
Pacific  coast  defense.  Captain  McKean,  formerly  of  the  Naval 
War  College  and  now  Assistant  to  the  Chief  of  Operations, 
says: 

"  With  Guam  converted  into  a  Pacific  Gibraltar,  Honululn 
.  becomes  a  secondary  base,  and  can  be  less  strongly 
held  against  attack  from  the  West.  ...  In  effect,  their 
(Guam  and  Honolulu)  fortifications  would  be  an  expanded 
and  intelligently  elaborated  coast  defense,  which,  combined 
with  an  adequate  fleet  to  bind  them  together,  would  keep  the 
enemy  from  ever  apjjroaching  our  coast." 

Tin:   .NEICKS  OF  OUK   X.WAL   STATIONS 

In  the  upbuilding  and  maintenance  of  the  Navy,  we  shall 
need  all  the  navy  yards  we  have — and  more.  As  a  whole, 
these   yards    lack   much,   not   only   in    the    dredging   of   their 


channels  of  approach,  but  in  modern  equipment  for  building 
and  repair,  both  as  to  hulls  and  machinery.  The  need  of  dry 
docks  and  of  channels  to  these  yards,  which  would  be  deep 
enough  for  our  largest  vessels  at  all  stages  of  the  tide,  is  an 
amazing  instance  of  naval  unpreparedness.  We  have  been 
building,  and  are  to  build,  giant  dreadnaughts,  which,  at  pres- 
ent, can  be  docked  at  only  four  widely  separated  navy  yards 
— New  York,  Norfolk,  Puget  Sound  and  Hawaii.  The 
possible  consequences,  after  but  one  great  naval  battle,  are 
appalling.  I  have  pointed  out  the  imperative  need  of  repair 
facilities  on  our  southern  Atlantic  coast  for  war  vessels  of  the 
largest  size.  At  present,  Charleston  seems  to  be  the  only 
suitable  location  there.  Admiral  Benson,  Chief  of  Operations 
— in  recommending  a  navy  yard  of  the  first-class  on  this  south- 
ern coast — says,  if  "  there  should  be  any  naval  engagements 
south  of  Hatteras,  it  would  be  of  vital  importance  to  be  able 
to  use  all  the  facilities  that  the  Charleston  yard  offers  " — and 
that  yard  is  now  but  a  very  minor  affair. 

As  to  the  naval  bases  for  the  defense  of  our  outlying  pos- 
sessions and  as  frontier  outposts  for  our  coasts,  the  admirable 
locations  which  we  now  have  are  as  yet  but  "  the  substance 
of  things  hoped  for,"  and  fatally  lacking  in  much. 

Admiral  Knight,  President  of  the  Naval  War  College,  says: 
"  It  is  my  opinion  that  the  completed  bases  at  Guam  and 
Culebra,  including  the  defenses  •  •  »  would  cost  in  the 
neighborhood  of  $15,000,000 — in  other  words,  about  the  price 
of  a  battleship."  Shall  we  hazard  the  safety  of  our  fleet  and 
imperil  our  national  defense  to  save  an  amount  equal  to  the 
cost  of  but  one  dreadnaught? 

Every  important  naval  station  on  our  coast  and  island  pos- 
sessions should  have  its  Flying  Base  and  be  equipped  also 
with  its  "  Mother  Ship,"  carrying  from  ten  to  twenty  aero- 
planes, all  fitted  with  wireless.  These  flying  scouts  could  re- 
liort  the  location  and  formation  of  an  enemy  fleet  some  days 
in  advance  of  its  appearance  off  the  coast. 


Photo  by  New  York  Shipbuilding  Co. 

U.  S.  S.  Oklahoma,  the  Latest  Addition  to  the  Battleship  Fleet 
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H3W   LAItOE   SHOULD   OUR  NAVY   BE? 

Not  for  aggression,  but  to  keep  the  peace,  and  to  exert  fitly 
what  Mahan  called  "  the  silent  force  of  sea  power,"  the  United 
States  needs  a  great  Navy.    How  big  should  that  Navy  be? 

Several  conditions  affect  the  answer.  First,  our  unequaled 
and  ill-defended  wealth,  inviting  spoliation.  Second,  our  im. 
mense  territory,  which — from  Eastjiort,  Maine,  to  Manila — 
stretches  more  than  half  around  the  world.  Third,  the  factor 
of  distance  with  regard  to  that  territory — which  factor  has  no 
parallel  in  Europe.  England,  for  example,  is  today  waging 
the  greatest  naval  war  of  all  history  at  but  400  miles  from  her 
own  shores,  while,  with  us,  the  distances  to  the  Caribbean  Sea, 
to  the  Panama  Canal,  to  Alaska  and  the  Philippines,  are  from 
three  to  twenty  times  greater.  Fourth,  the  fact  that  "  the 
United  States  Navy  is  really  a  '  Disunited  States '  navy,"  since, 


nently  in  each  ocean  a  battle  fleet  strong  enough  to  defeat 
decisively  any  probable  enemy  there. 

This  in  itself  means  a  great  Navy,  but  the  General  Board 
states  that  we  should  go  farther  still,  that  "  the  Navy  of  the 
United  States  should  ultimately  be  equal  to  the  most  powerful 
maintained  by  any  other  nation  of  the  world." 

MODERN  BATTLE  RANGES 

The  great  growth  in  the  possible  battle  range  during  recent 
years  lias  been  forced  by  the  increase  in  torpedo  range,  which, 
otiicially,  is  now  10,000  yards  (5.7  miles),  but  probably  is  con- 
siderably more. 

Since  guns  can  now  hit  with  straddling  salvos  as  far  as 
the  fire  control  officer  in  the  top  can  see  the  decks  of  the 
enemy   ship,    the    question    of   the    limiting    battle    range   is 


Courtesy  of  Sea  Power. 
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S.  Pennsylvania,  the  Greatest  Fiotitixg  Ship  in  the  World 


like  Russia,  with  her  Baltic  and  Black  Sea  littorals,  we  have 
two  widely  separated  coasts,  linked,  in  our  case,  by  a  canal 
which  may  fail  us  in  a  crisis — either  by  slides  or  by  treacher- 
ous or  direct  attack  with  high  explosives  on  its  locks. 

It  would  take  60  days  for  our  fleet  to  steam  from  the  Carib- 
bean Sea  around  South  America  to  Panama.  The  Austro- 
Prussian  War  of  1866  was  won  at  Sadowa  in  nineteen  days 
after  its  beginning.  The  Franco-Prussian  War  of  1870  ended 
at  Sedan  in  fifty-one  days  after  its  declaration.  The  British 
Fleet— the  very  keystone  of  Allied  success  in  the  existing  war 
— was  started  instantly  on  its  fateful  run  of  but  400  miles  by 
the  telegraphic  order,  "  Go !  "  By  sixty  days'  delay  in  sudden 
war  we  might  lose  the  lands  of  an  empire — Alaska,  Hawaii, 
Guam,  and  Samoa — in  the  Pacific  Ocean. 

Hence,  from  every  viewpoint — of  strategy  and  of  common 
sense — the  conclusion  is  inevitable  that  we  should  keep  perma- 


now  in  theory  one  of  visibility  only — of  extending,  instrumen- 
tally,  the  range  of  human  vision  beyond  the  horizon  which 
the  curvature  of  the  earth  makes. 

In  discussing  this  subject.  Commander  Ralph  Earle  of  our 
Navy  gives  the  distance  of  the  sea  horizon  from  the  turret 
sights  as  11,400  yards  (5.7  sea  miles)  in  perfectly  clear 
weather.  But  the  "  spotter's  "  platform  at  the  top  of  the  mast 
of  an  enemy  ship  would  be  about  110  feet  above  his  sea  level, 
and  hence  would  be  visible — just  above  our  turret-sight  horizon 
— for  a  distance  of  12  sea  miles  more,  making  the  total  distance 
of  visible  objects  17.7  sea  miles,  or  20.4  land  miles  (35,400 
yards ) . 

However,  other  conditions  than  visibility  affect  this  fighting 
limit.  These  are,  first,  the  small  percentage  of  hits  at  extreme 
ranges;  and,  second,  the  wearing  out  of  the  guns  by  erosion 
of  the  bore. 
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The  iJritish,  during  the  battle  off  the  Falkland  Islands, 
scored  but  two  per  cent  of  hits  out  of  a  total  of  750  shots. 
As  to  erosion,  it  is  due  jirimarily  to  the  high  temperature  of 
the  exploding  charge  and  the  friction  of  its  gases,  although 
chemical  action  probably  plays  a  jiart.  With  nitroglycerine 
powder,  this  temperature  reaches  3178  deg.  cent.  The  pro- 
pelling jiowder  used  by  our  Army  and  Navy  is  a  low  explosive 
of  the  nitrocellulose  tyi^e,  which  has  less  tendency  to  burn  out 
the  bore  of  the  gun.  Owing  to  erosion,  the  accuracy-life  of 
our  12-in.,  45-caliber  naval  guns  is  but  120  rounds.  I  am 
enabled  to  show  the  effect  of  erosion,  during  a  test  to  destruc- 
tion, through  the  courtesy  of  Major  Edward  P.  O'Hem, 
v.  S.  Army,  who  says : 

"  The  illustration  indicates  the  condition  of  the  interior  of 
a  0.30-caliber  machine-gun  barrel,  after  a  rajiid-tire  lest  of 
3000  rounds  in  which  nitroglycerine  powder  was  used.  The 
firings  were  made  with  unusual  rapidity,  and  without  the 
presence  of  the  usual  water  jacket  surrounding  the  barrel." 

In  view  of  these  facts  many  gunnery  experts  believe  that, 
under  present  conditions,  no  battle,  broadside  to  broadside,  is 
probable  at  a  greater  range  than  8  miles  (14,000  yards),  if 
closer  action  can  be  forced,  since  no  admiral  would  be  justified 
in  wasting  his  ammunition  and  wearing  out  his  guns  by  firing 
at  a  greater  distance.  In  chasing,  however,  guns  will  doubt- 
less be  fired  at  any  range  at  which  a  hit  is  possible. 


with  the  telescopic  sight.  The  firing  ship  was  steaming  at  high 
speed,  15  knots.  The  target  was  towed  at  6  or  7  knots  on  a 
non-parallel  course,  so  that  the  range  was  changing  constantly. 

Admiral  Fletcher  also  refers  to  some  later  practice,  in  which 
one  of  our  ships  made  seven  hits  on  this  small  target  out  of 
42  shots.  The  ship  was  the  battleship  Michigan.  Her  com- 
manding officer.  Captain  Brittain,  stated  that  he  opened  flre 
at  18,000  yards  (10.2  miles),  and  continued  at  an  average 
range  of  16,000  yards  (9.1  miles).  As  before,  the  firing  ship 
was  moving  at  15  knots  and  the  target  was  towed  on  a  non- 
jiarallel  course. 

This  shooting  has  not  been  surpassed — if,  indeed,  it  has 
been  equaled — by  any  navy,  and  we  are  warranted  in  the  be- 
lief that  the  Michigan  and  her  consorts  are  making  our  dread- 
naught  fleet  the  equal  of  any  in  the  world  in  marksmanship. 
The  nation  hears  little  of  their  work  in  this,  since  the  reports 
of  target  practice  are  confidential.     The  two  examples  I  have 
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Cross-Sectton  of  a  Machine-Gun  Barrel  After  Firing  3000 
Rounds  with  Nitroglycerine  I'owder 

given  were  revealed  only  by  statements  drawn  from  officers  by 
the  House  Committee  on  Naval  Affairs. 


Limiting  B.^ttle  Range  of  a  Wab  Vessel 


A  V.  S.  ship 
B  Enemy  ship 
H   Horizon 


S  Spotter's  platform,  U.  S.  ship 

T  Turret  sight.  U.  S.  ship 

F  Spotter's  platform,  enemy  ship 


THE  MARKSMANSHIP  OF  OUR  NAVY 

A  battleship  is  essentially  but  a  mobile  gun  platform,  and 
its  ability  to  hit  with  that  primary  weapon,  the  gun,  is  virtu- 
ally its  sole  reason  for  existence.  Occasionally  there  appear 
in  the  press  adverse,  and  usually  uninformed,  criticisms  of 
the  Navy's  target  practice,  of  the  failures  of  our  "  Hitless 
Navy."  The  facts,  however,  as  furnished  by  Admiral  Fletcher, 
tell  a  different  story.  In  the  salvo  firing  of  one  of  our  dread- 
naughts  in  West  Indian  waters  last  winter,  five  shots  were 
fired  simultaneously  at  the  same  moving  target,  30  ft.  high  by 
90  ft.  long.  The  results  were  photographed.  The  distance 
between  the  extreme  splashes  in  the  line  of  fire  was  taken  as 
400  yd. — the  maximum  dispersion  of  our  projectiles  in  the  line 
of  fire.  In  one  position  between  the  extreme  splashes,  three 
shots  would  have  struck  a  battleship,  and  in  almost  any  posi- 
tion between  she  wonld  have  been  liit  by  two  or  more  shots. 

This  salvo  was  fired  at  a  range  of  9000  yards  (5.1  land 
miles),  with  reduced  charges  so  as  to  give  the  same  angle  of 
fall  as  thai  with  a  full  charge  at  a  range  of  16,350  yards  (9.3 
miles).  The  hits  for  these  two  ranges  would  thus  be  the 
same,  since  all  conditions  as  to  aiming  would  be  identical  ex- 
cept the  apparent  size  of  the  target,  which  does  not  matter 


FIRE  CONTROL 

The  accuracy  of  the  target  practice  which  has  just  been  de- 
scribed is  due  primarily  to  fire  control,  which  is  vital  to  pre- 
cision in  modern  gunnerj-,  and  hence  to  victory  in  a  sea  fight. 
For  example,  comjiare  the  Michigan's  abnormally  high  per- 
centage of  hits  with  the  similar  results  at  the  battle  of  Santi- 
ago. There,  under  the  old  hit-or-miss  methods,  our  fleet  fired 
9000  shots  at  relatively  short  range,  and  made  but  120  hits,  or 
1.3  per  cent. 

The  reasons  for  this  amazing  inaccuracy — common  to  all 
navies  then — were,  as  Captain  Sims  says,  because  '"  each  gun 
pointer  estimated  the  distance  of  the  enemy  for  himself,  made 
his  own  estimate  for  deflection  {i.e.,  the  speed  of  the  enemy 
across  the  line  of  fire),  decided  at  what  point  on  the  ship's 
roll  to  flre,  and  how  fast  his  Une  of  sight  was  moving  across 
the  target  and  consequently  how  far  his  line  of  sight  should 
be  off  the  target  (approaching  it),  when  he  pulled  the  lock 
string.  It  was  because  no  man  could  acquire  this  skill  to  a  high 
degree,  and,  particularly,  because  no  grouj)  of  pointers  could 
acquire  it  to  the  same  degree,  that  we  could  not  hit  anything 
except  at  very  short  ranges." 

The  foundation  of  modern  methods  of  fire  control  was 
laid  by  Commander  (now  Rear-Admiral)  Bradley  A.  Fiske  of 
our  Navy,  in  his  invention  and  successful  application  of  the 
telescopic  sight  to  naval  guns  in  1892.  The  credit  for  orig- 
inating the  jiresent  system  of  accurate  aiming  belongs  to  Vice- 
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Admiral  Sir  Pei'cy  Scott  of  the  British  Kavy.  The  introduc- 
tion of  this  system  into  our  own  Navy  is  due  wholly  to  Captain 
William  S.  Sims,  who,  in  1902 — supported  vigorously  by  Theo- 
dore Roosevelt,  then  President — overcame  the  opposition  of 
the  Navy  Department,  and  virtually  forced  the  New  Gunnery 
on  the  United  States  Navy — to  its  great  advantage,  ultimately. 
Fire  control,  while  fairly  sim]ile  in  iirinc_ii)lc.  is  comijlex  in 
detail,  and,  as  it  is  a  progressive  art,  those  details  are  naturally 
military  secrets.  Speaking  broadly,  the  system  replaces  inde- 
pendent operation  of  each  gun  by  team  work  for  the  whole 
battery,  directed  by  the  fire  control  officer  from  the  top  of 
the  cage  mast,  100  ft.  above  sea  level.  If  this  station  is  shot 
away  in  action,  the  control  party  shifts  to  the  other  mast,  or 
to  the  conning  tower,  or,  as  a  last  resort,  to  the  turrets. 

The  genei'al  method  is:  (1)  Tlie  range  of  the  enemy  ship  is 
found  by  the  range  Under  and  its  bearing  by  tlie  gyi'oscopic 
compass.  (2)  Two  sets  of  these  observations,  with  a  known 
interval  between,  give  the  data  required  to  compute  the  en- 
emy's speed  and  relative  course,  and  the  rate  of  change  of 
range.  (3)  Instrumental  observations  are  checked  by  "spot- 
ting " — that  is,  observing  the  fall  of  the  shell,  which  usually 
makes  a  splash  about  200  ft.  high,  visible  in  a  clear  day  for 
15  miles. 


Now,  no  nation  will  attack  us  with  any  but  a  dieadnaught 
fleet,  and  only  dreadnaughts  can  fight  it.  Hence,  our  naval 
sti'ength  lies  fundamentally  in  the  number  and  relative  jiower 
of  our  dreadnaughts.  At  the  beginning  of  the  European  war 
(ireat  Britain  had,  built  or  building,  H8  dreadnaught  battle- 
ships, of  which  siie  has  since  lost  one;  siniilarlj',  Germany  had 
20.  (if  which  she  lias  ])robably  lost  one:  and  tiie  United  States, 
12. 

As  to  dreadnaught  battle  cruisers:  Great  Britain  liad  10,  of 
which  she  ha£  lost  3;  Germany,  it,  hut  •!  have  been  sunk  and 
one  sold  to  Turkey;  and  the  United  States,  none. 

The  nlalive  dreadnaught  strength  of  battleships  and  battle 
cruisers,  ba.sed  on  pre-war  figures  and  deducting  losses,  is, 
llien:  Great  Britain,  44;  Germany,  24;  and  the  United  States, 
12. 

No  one  outside  of  England  or  Germany  knows  what  they 
have  built  or  are  building  since  tiie  war  started.  There  have 
been  persistent  reports,  however,  as  to  feverish  energy  in  ship- 
building in  both  countries,  and  Germany  has  ample  facilities 
for  building  at  the  rate  of  25  dreadnaughts  a  year,  while  Eng- 
land could  probably  double  this  figure  under  stress. 

So  the  United  States  has  a  hard  road  to  travel  to  leach 
even  second  place  among  the  navies  of  the  world.     It  is  true 


rjss 


Z"?'^'^ ' 


Effectivene.ss  of  Salvo  Firing  of  a  U.  S.  Dreadnaught 
(Tlie  e.vtrcme  splashes  are  400  yd.  apart.     In  tlie  position  shown,  three  shots  would  have  struck  a    battleship.) 


OUR  NAVAL  STRENGTH 

The  battleship  has  been  the  backbone  of  every  fleet  since 
navies  existed.  There  is  nothing  else  on  land  or  sea  which 
is  its  equal  in  the  concentration  of  enormous  power.  The 
energy  of  one  14-in.  shell  is,  according  to  Admiral  Fiske,  equal 
to  that  of  60,000  muskets.  On  this  basis,  the  12  guns  of  the 
battleship  Pennsylvania  are  equivalent  to  the  aggregate  mus- 
ket-energy of  720,000  men.  Each  of  her  14-in.  projectiles 
has  a  muzzle  energy  of  70,000  foot-tons.  Under  stress,  her 
main  battery  of  twelve  14-in.  guns  can  be  fired  about  three 
times  per  minute — a  delivery  of  2,520,000  foot-tons  during 
that  period. 

Essentially,  the  dreadnaught  battleship  is,  first,  an  all-big- 
gun  ship — that  is,  it  has  a  main  battery  of  the  same  caliber 
throughout,  whose  guns  are  capable  of  piercing  modern  armor 
belts  at  battle  I'anges;  second,  it  has  a  speed  of  21  knots  or 
more,  so  as  to  be  capable  of  acting  in  company  with  other 
dreadnaughts;  third,  it  has  the  ma.ximum  armor  protection 
which  is  possible  with  tliis  armament  and  speed.  The  battle 
cruiser  is  a  modified  battleship,  having  roughly  about  three- 
fourths  the  latter's  armament  and  armor  and  about  50  per 
cent  more  speed. 


that,  since  July,  1914,  we  have  laid  down  3  dreadnaughts,  that 
the  keels  of  2  more  will  soon  be  laid,  and  that  4  more  have 
been  authorized  for  immediate  construction.  But  it  takes  at 
least  three  years  to  build  a  battleship  or  battle  cruiser,  so  that 
the  last  of  the  total  of  16  dreadnaughts  authorized  by  the  re- 
cent Naval  Appropriation  Act  will  not  be  completed  before 
1922 — at  which  time  our  dreadnaught  strength  will  be  27,  as 
against  the  pre-war  strength,  deducting  losses,  of  44  for  Great 
Britain  and  24  for  Germany. 

And  this  is  not  all.  A  well-balanced  fighting  fleet  includes 
cruisers,  destroyers,  and  submarines,  in  addition  to  battle- 
ships and  battle  cruisers.  The  cruiser  has  two  functions: 
First,  the  protection  of  commerce ;  second,  as  a  scout  and  for 
general  sen-ice  with  a  fleet.  In  future  fleet  actions,  if  we 
shall  not  have  enough  battle  and  scout  cruisers  to  force  the 
enemy's  screen  and  ascertain  his  strengtli  and  formation,  our 
fleet  will  be  blind  and  helpless.  From  all  viewpoints  an  ade- 
quate increase  in  our  cruiser  strength  is  imperative,  and  this 
increase  should  far  exceed  what  is  proposed  now  by  tlie  Ad- 
ministration and  Congress — not  by  naval  officers  who  know 
our  needs. 

The  question  of  destroyers  is  even  more  jsressing.    Primarily, 
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the  destroyer's  function  is  torpedo  attack  ou  an  enemy  fleet  in 
battle.  It  can  act  also  in  protecting  commerce  and  as  a  scout 
in  moderate  weather.  But  its  surpassing  sei-vice  during  this 
war  has  been  in  guarding  Allied  battleships  from  submarine 
attack. 

England's  pre-war  proportion  of  destroyers  to  battlaships 
was  about  4  to  1,  and  this  number  she  has  found  far  too  few 
as  time  went  on.  It  takes  Ave  of  them  to  convoy  a  battleship, 
and  it  took  all  she  had  at  first  to  guard  her  Grand  Fleet  off 
the  Orkneys,  leaving  her  1800  miles  of  coast  line  wide  open 
for  submarine  attack  on  merchant  vessels.  To  the  British 
lack  of  these  small,  swift,  and  handy  craft  is  due  very  largely 
her  great  losses  of  merchant  vessels. 

In  1922  our  proportion  of  destroyers  to  battleships  will  be 
short  by  about  100  vessels  of  the  British  pre-war  proportion 
of  4  to  1.  Our  deficiency  with  regard  to  the  present  propor- 
tion in  the  British  fleet  must  be  far  greater.  And  yet,  as  the 
recent  raid  of  the  U-53  off  Nantucket  Shoals  proves,  we  may 
need  them  in  swarms  on  our  3000-mile  eastern  coast  line. 
We  might  better  lack  a  dreadnaught  or  an  adequate  fleet  of 
submarines  of  our  own  than  a  strong  force  of  destroyers. 

As  to  submarines:  The  coast-defender  type  has  shown  its 
value  during  this  war,  and  an  adequate  force  of  these  vessels 
— not  exceeding  800  tons'  surface  displacement  and  operating 
from  protected  bases — would  worry  an  invading  fleet  seriously, 
and  force  it  to  make  ceaseless  attempts  to  trap  or  sink  its 
under-water  foes. 

The  fleet  submarine  —  the  large  boat  whicli,  submerged, 
could  charge  with  the  fleet  in  action — is  still  but  a  dream.  Her 
requirements  are  beyond  the  present  state  of  the  art.  The 
ardent  desire  of  every  navy  is  to  have  such  a  vessel,  with  an 
engine  exhaust  which  will  not  leave  a  white  trail  on  the  sur- 
face to  betray  her.  She  wOl  surely  come  some  day.  Captain 
Simon  Lake,  the  Nestor  of  submarine  inventore,  writes  me : 

'■  The  high-speed  submarine  is  going  to  come.  How  soon, 
I  do  not  know.  I  do  not  believe  anyone  else  can  answer  that 
question,  as  it  all  depends  on  the  engines.  Germany  is,  in  all 
probability,  away  ahead  of  us  in  engine  development  today, 
but  progress  is  being  made,  and  as  soon  as  we  can  get  reliable 


liigh-powered  engines,  we  shall  have  reliable  high-speed  sub- 
niEirines  capable  of  accompanying  a  fleet." 


ADMIRAL  FISKE'S  GREETING 

When  this  pajjer  was  projected  I  wrote  to  a  distinguished 
officer  of  our  Navy,  Rear  Admiral  Bradley  A.  Fiske — whose 
frank  and  fearless  statements  as  to  our  naval  unpreparedness 
stirred  this  country  like  a  bugle-call — and  asked  him  if,  in  view 
of  the  engineer's  relation  to  naval  war,  he  would  favor  me  with 
a  message  to  this  great  national  body  of  engineers,  through  its 
representatives  here  assembled.  In  answer,  the  Admiral 
writes : 

I  am  verj'  glad  indeed  that  you  are  going  to  address  the 
American  Society  of  Mechanical  Engineers  on  "  The  Develop- 
ment of  Our  Fleet  and  Naval  Stations." 

There  are  no  other  men  in  the  United  States  so  immediately 
and  directly  powerful  in  developing  the  fleet  and  naval  sta- 
tions as  the  engineers.  While  the  strategist  estimates  the  gen- 
eral situation,  and  determines  the  application  of  the  general 
principles  of  strategy  to  each  situation  as  it  arises;  and  while 
the  tactician  handles  the  units  of  personnel  and  material  in 
actual  battle  and  in  preparation  for  it,  it  is  the  engineer  who 
provides  the  strategist  and  the  tactician  with  the  mechanisms 
with  which  to  carrj-  out  their  respective  and  collective  aims. 

It  is  the  engineer  who  enables  the  strategist  and  the  tactician 
(and  who  often  forces  the  strategist  and  the  tactician)  to  keep 
his  art  abreast  of  the  developments  of  the  physical  arts  and 
sciences,  and  to  take  advantage  of  them.  It  is  the  engineer 
who  has  given  to  the  world  the  gun,  the  torpedo,  the  subma- 
line,  the  battleship,  the  wireless  telegraph,  the  searchlight,  and 
the  aeroplane.  It  was  the  original  military  engineer— th* 
youthful  David,  afterwards  king — who  made  the  first  recorded 
triumph  of  science  and  art  over  mere  physical  strength,  when, 
at  a  distance  great  in  those  days,  he  killed  Goliath  with  his 
sling. 

Therefore,  for  the  reason  that  the  engineers  of  any  country 
have  so  much  power  to  exert  for  the  safeguarding  of  their 
<-ountry,  and  because  men  are  always  responsible  for  the  power 
committed  to  their  keeping,  it  is  the  high  duty  of  all  American 
engineers,  and  of  you  gentlemen  who  represent  them,  so  to 
direct  this  power  as  to  secure  the  peace  and  prosperity  of  the 
United  States. 

With  respectful  salutations  to  the  Society,  I  am, 
E's-er  sincerely  yours, 

(Signed)     Bradley  A.  Fiske. 
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VIBRATION  IN  TEXTILE-MILL  BUILDINGS 

By  G.  H.  PERKINS,'  LOWELL,  MASS. 


IT  is  the  purpose  of  this  paper  to  outline  the  principal 
causes  and  effects  of  vibration  occurring  in  buildings 
occupied  by  textile-manufacturing  processes,  with  the  view  of 
stimulating  investigation  and  promoting  discussion  on  a  sub- 
ject which  has  received  but  scant  attention  from  those  most 
vitally  concerned.  The  importance  attached  to  the  question 
of  vibration  in  many  other  fields  of  work  is  strongly  empha- 
sized by  efforts  made  for  its 
elimination  from  high-speed 
machinery,  such  as  marine  en- 
gines, steam  turbines,  electrical 
machinery  and  motor  cars. 
Therefore,  if  vibration  of  a  tex- 
tile mill  can  be  shown  to  pro- 
duce any  prejudicial  effect  on 
either  buildings,  machinery, 
product  or  employees,  it  would 
seem  worthy  of  serious  study. 
Information  on  this  question 
must  necessarily  be  of  a  frag- 
mentary character,  and  nothing- 
is  here  offered  purporting  to  be 
a  full  analysis  of  the  subject. 
The  many  and  varied  influences 
contributing  to  the  resultant 
vibration  of  an  entire  mill 
building  containing  machinery 
in  motion  make  the  problem  a 
complex  one,  and  it  is  often 
impossible  to  even  ascribe 
specific  results  to  specific 
causes. 

Vibration  is  unquestionably 
present  in  every  textile-mill 
building  to  some  degree,  al- 
though its  amplitude  may  be  so 

minute  that  it  passes  undetected  either  by  the  senses  or  by  any 
material  effect.  While  most  textile  manufacturers  will  con- 
cede that  vibration  exists  in  certain  parts  of  their  plants,  they 
are  rarely  convinced  that  any  real  damage  is  done,  except 
when  exaggerated  or  serious  conditions  affecting  production 
make  remedial  action  imperative.  In  many  of  our  older  miUs, 
extraordinary  conditions  of  vibration  have  existed  for  years 
without  apparent  serious  results.  Like  conditions  of  produc- 
tion, excejst  for  vibration  effects,  are  so  rarely  found  and  so 
difficult  to  create,  that  it  is  practically  impossible  to  separate 
the  losses  due  to  vibration  from  those  attributable  to  other 
causes,  or  to  measure  them  in  economic  terms. 


NATURE  OF  VIBRATION  IN  MILL  FLOORS 

The  physical  laws  underlying  the  vibration  of  simple  bodies, 
such  as  rods  and  plates,  have  been  clearly  defined  and  are  well 
understood,  but  their  application  to  the  complex  structure  of 
a  mill  floor  will  not  admit  of  any  simple  mathematical  treat- 


ABSTRACT    OF    PAPER 

The  author  first  states  the  nature  of  vibration 
in  textile-mill  floors  and  then  enumerates  the 
causes  of  such  vibration,  namely;  unbalanced 
machines,  heavily  loaded  trucks,  iveaknesses  of 
building  structure,  poor  soil  conditions  for 
foundations,  and  sympathetic  idbrations  origi- 
nating outside  the  building. 

He  then  discusses  the  objectionable  effects  of 
vibration  in  textile  mills  in  regard  to  the  secur- 
ity of  the  building,  the  quality  of  output  of  tex- 
tile machinery,  and  also  the  nervous  systems  of 
the  operatives.  The  methods  usually  employed 
in  eliminating  vibration  in  an  existing  building 
are  stated,  as  well  as  the  precautions  to  be  ob- 
served when  textile  machines  are  mounted  on 
rigid  floors. 

In  the  analysis  of  specific  cases  of  building 
vibration,  graphical  records  of  the  motion  pro- 
duced have  proved  of  much  value  to  the  author, 
and  he  has  accordingly  included  in  the  paper 
reproductions  of  several  such  records  made  by 
an  instrument  resembling  the  seismograph,  to- 
gether tvith  particidars  of  the  building  in  which 
they  were  taken. 
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ment.  It  is  well  known  that  all  structures,  simple  or  complex, 
have  their  inherent  periodicity  or  rate  at  which  "  free  "  vibra- 
tion will  take  place  when  they  are  set  in  motion,  and  that  this 
period  is  dependent  upon  the  mass,  dimensions,  and  elasticity 
of  the  body. 

In  the  textile  mill,  vibration  most  commonly  results  from 
the  unbalanced  resultant  of  forces  set  up  by  certain  classes 

of  machines,  synchronizing  to 
some  extent  with  the  natural 
period  of  the  structure,  or  of 
one  of  its  elements,  usually  the 
floor.  From  any  evidence  avail- 
able it  would  appear  that  the 
actual  movements  do  not  agree, 
except  for  exceedingly  brief 
periods,  with  the  "  free  "  nat- 
ural vibration  of  the  floor  and 
are  therefore  of  a  "  forced " 
character.  This  is  doubtless  a 
fortunate  circumstance,  so  far 
as  integrity  of  the  structure  is 
concerned,  and  cases  are  rare 
where  vibration  has  been  the 
direct  cause  of  a  building  fail- 
ure. The  historic  Pemberton 
Mill  disaster  oceujTed  in  a 
building  noted  for  its  freedom 
from  vibration. 

Two  distmct  classes  of  move- 
ments are  commonly  found  in 
textile-mill  floors : 
a    Horizontal    movements    of 
floor,    more    or   less   inde- 
pendent of  walls,  of  com- 
paratively   low    frequency 
and  large  amplitude.  These 
may  properly  be  classed  as  oscillations. 
h  Movements  of  higher  frequency  and  less  amplitude,  often 
in  a  vertical  plane,  which  may  be  considered  as  no  more 
than  tremors. 
While    vibrations    may    exist    in    all    three    planes    simul- 
taneously, they  ar€  under  textile-mill  conditions  more  apt  to 
be  strongly  emphasized  in  only  one  direction.     These  motions 
may  properly  be  considered  as  truly  harmonic  in  character, 
and  their  period,  frequency  and  amplitude  defined  as  from  Ji 
sine  curve. 

CAUSES   OF   VIBRATION    IN   TEXTILE   MILLS 

The  principal  factors  contributing  to  vibration  in  textile- 
mill  buildings  are: 

r  Unbalanced  machines,  of  which  the  following  are  the  most 
important: 

a  Looms.  The  lay  and  pick  motions  of  practically  all 
looms  are  unbalanced  reciprocating  movements  in  a 
horizontal  plane.  Harness  motions,  including  Jac- 
quard  heads,  are  reciprocating  movements  in  a  ver- 
tical plane.  The  frequency  of  these  motions  ranges 
from  90  to  180  picks  per  minute,  depending  upon 
type  of  loom  and  class  of  work. 


Ill 
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6  Noble  worsted  combs.  The  dabbing  brushes  are  actu- 
ated by  vertical  reciprocating  motions  at  from 
1000  to  1200  r.p.m.,  with  two  brushes  per  machine. 
Cotton  combers,  on  which  the  nipping  motion  oscil- 
lates at  from  100  to  125  nips  per  minute,  giving  slight 
vertical  throw. 

c  Mules.  The  cariiage  of  a  mule  moves  with  a  variable 
alternating  motion  in  a  horizontal  j)lane  at  from  4 
to  6  draws  per  minute. 

d  Unbalanced  drums,  cylinders,  rolls  and  pulleys  are 
frequent  causes  of  local  vibration.  Worn  or  de- 
fective gearing  also  often  causes  trouble  on  heavy 
roll  drives,  as  on  calenders. 

e  Heavily  loaded  trucks  moving  over  light  floors  cause 
deflection  of  beams  and  plank  and  some  vibration. 

II  Inherent   weaknesses  in  the  structure,  such  as  thin  walls, 

light  floors  with  long  spans,  and  unsuitable  connections 
between  floors  and  walls. 

III  Poor  soil  conditions  contributing  to   relative  freedom  of 
foundations  and  footings. 


paper  will  best  be  served  by  coiiKuing  the  results  shown  to 
those  obtained  from  one  typical  weaving  mill. 
Description  of  building : 
Length,  270  ft.  0  in.  Spans :  4  of  26  ft.  each 

Width,  116  ft.  0  in.  1  of  12  ft. 

Basement,  10  ft.  6  in.  Bays,  7  ft.  6  in. 

Two  Stories,  16  ft.  each  Roof  of  Saw-Tooth  Type 

Walls :  24  in.  on  first  story,  20  in.  on  2d  story 
Pilasters,  28  in.  wide  Windows,  5  ft.  0  in.  wide 

Floor  Beams,  10  in.  by  18  in.  Floor  Plank,  4  in. 
Floor  plans  and  arrangement  of  machinery  are  shown  in 
Figs  1  and  2.  Stations  at  which  records  were  taken  are  num- 
bered on  floor  diagrams.  It  will  be  noted  that  aU  looms  are 
arranged  across  the  mill  and  records  show  longitudinal  vibra- 
tion only.  Records  taken  with  instrument  set  transversely 
showed  no  appreciable  motion  on  either  floor. 

Records  taken  in  this  mill  after  the  installation  of  addi- 
tional looms,  indicated  a  decrease  in  the  maximum  amplitude, 
fewer  cyclic  variations  and  a  somewhat  higher  average  ampli- 
tude.     (See  Figs.  3  to  7.)      The  reduction  in  the  maximum 
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Fig.  1    First-Flooe  Plan 


IV  Sympathetic  vibrations  originating  outside  the  building. 
These  are  frequently  set  up  by  water  falling  over  dams, 
reciprocating  engines  in  adjacent  buildings,  or  by  railroad 
trains.  Their  mode  of  transmission  is-  often  obscure,  al- 
though it  is  sometimes  direct,  as  through  pipe  hues  or 
solid  ledge. 

vibi;ati().\  kecokds 

In  tiie  analysis  of  specific  cases  of  building  vibration,  graph- 
ical records  of  the  motion  produced  have  proved  of  much 
value.  Such  records  showing  the  period,  amjilitude  and  cyclic 
variations  of  the  vibrations  serve  as  a  guide  in  tracing  their 
origin  and  assist  materially  in  estimating  the  effects  produced 
on  building  and  machinery.  Numerous  instruments  for  this 
purpose,  which  need  not  be  described  here,  have  been  con- 
structed, involving  the  basic  principle  of  the  seismograph  orig- 
inally developed  for  the  study  of  earthquake  phenomena. 

The  partial  records  presented  are  portions  only  of  results 
obtained  in  the  course  of  investigations  carried  on  under  vari- 
ous conditions  in  textile-mill  buildings.  As  it  is  obviously 
impossible  to  present  any  extended  records,  the  purpose  of  the 


double  amplitude  was  from  0.059  in.  to  0.045  in.  This  is  not 
an  unusual  experience  when  mills  are  equip])ed  in  install- 
ments. A  mathematical  analysis  of  the  unbalanced  horizontal 
force  applied  to  the  floor  by  a  72-in.  Knowles  worsted  loom 
running  at  120  picks  per  min.  showed  an  average  value  of 
154  lb.,  with  a  maximum  of  262  lb.  This  gives  some  concep- 
tion of  the  magnitude  of  the  total  force  acting  when  a  number 
of  looms  are  in  synchronism. 

In  all  cases  any  movement  estimated  by  the  senses  was  far 
greater  than  actually  recorded.  This  bears  out  the  fact-  that 
even  small  and  harmless  vibrations  are  often  responsible  for 
apprehension  on  the  part  of  the  operatives. 

EFFECTS  OP  VIBRATION 

In  presenting  information  covering  the  effects  of  vibration, 
the  writer  wishes  to  acknowledge  the  assistance  rendered  him 
by  the  Aberthaw  Construction  Company,  of  Boston,  Mass.. 
who  desers'e  much  credit  for  undertaking  an  extensive  investi- 
gation of  this  unpromising  subject.  They  have  placed  at  the 
writer's  disposal  all  of  the  interesting  material  accumulated 
by  them  to  date,  covering  a  wide  range  of  industries. 
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Objectionable  effects  of  vibration  in  textile  mills  have  been 
noted  by  various  observers  as  follows : 

a  Settling  of  foundations  and  footings  on  poor  soils,  with 
resultant  cracking  of  walls  and  unleveling  of  floors,  due 
to  a  "  shaking-down  "  process  of  buildings  subject  to  ex- 
cessive vibration. 
h  Effect  on  operatives.  This  is  usually  manifested  by  appre- 
hension of  the  failure  of  the  building,  loss  of  efficiency  due 
to  fatigue,  and  the  serious  effect  of  continued  vibration 
on  the  nervous  system. 
c  Effect  on  production  of  textile  machinery. 

Carding     Wider   card   settings   are   found   necessary   on 

vibrating  floors,  causing  uneven  and  jioor  work. 
Spinning     Vibration   of   ring  rails   on   frames   spinning 
either  fine  numbers   or  coarse   waste   yarns,  causing 
breaking  down  of  ends. 

Turning  of  roving  bobbins  on  skewers  of  spinning- 
frame  creels,  causing  roving  to  unwind  and  kink. 
"  Chatter  "  of  rolls  on  long  frames. 


ELIMINATION  OF  VIBRATION 

The  elimination  of  vibration  of  an  existing  building  of  mill 
construction  is  usually  attempted  by : 

a     Stiffening  and  strengthening  of  floors   bj    additional   col- 
umns or  trusses  and  making  more  secure  connections  to 
walls;   also   by   stiffening   outside   walls   with   additional 
pilasters,  or  in  the  case  of  wooden-frame  buildings  even 
by  braces  or  guys. 
h     Balancing  of  all  machines  possible  and  cushioning  or  ab- 
sorption of  the  shocks  of  machines  in  which  an  unbal- 
anced   component    seems    unavoidable.      More    attention 
could  advantageously  be  given  to  the  matter  of  balance 
in  certain   classes   of   textile   machines   by  tlieir  builders. 
Incidentally,  the  attendant   reduction   of  noise  would   be 
benefleial. 
The  well-known  advantages  of  reiuforced-concrete  buildings 
with  particular  reference  to  rigidity  will  not  be  discussed  here, 
but  such  construction  undoubtedly  would  obviate  a  large  por- 
tion of  the  difificulties  outlined  above.    There  are  certain  con- 
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Fig.  2     Second-Floor  Plan 


Weaving  Vibration  of  tension  weights  on  narrow  fabric 
looms,  causing  dropping  of  weights  when  loom  is  at 
rest. 

Shaking  of  similar  tension  weights  ou  elastic-web- 
bing looms,  permitting  rubber  warp  to  slacken  and 
causing  defective  work  by  allowing  excess  elastic  to 
enter  fabric. 

Increased  sensitiveness  of  "  feeler "  mechanisms  in 
filling  changing  looms. 
Finishing  Chattering  of  "  doctor "  blades  on  "  back- 
filling "  mangle,  due  to  passing  trucks,  causing  un- 
even distribution  of  starch  on  goods  and  imperfectly 
cleaned  roll. 

Wave   movement    of    water    in    pan    of    "  damping " 
machine,  causing  uneven  distribution  of  moisture  on 
goods  by  spraying  brush. 
Miscellaneous     Breaking  of  electric-lamp  filaments,  mak- 
ing spring  suspensions  necessary.     Difficulties  in  use 
of  sensitive  instruments,  such  as  balances,  scales,  test- 
ing apparatus,  etc. 
Many  consider  that  the  matter  of  increased  power  consump- 
tion of  shafting  due  to  vibrating  floors  is  important,  but  no 
authentic  tests  covering  this  point  are  available. 


ditions,  however,  where  too  great  rigidity  has  been  found  to 
be  most  undesirable  for  certain  classes  of  textile  machinery  as 
at  present  constructed.  Such  a  large  proportion  of  our  textile 
plants  occupy  buildings  of  "  slow-burning  "  mill  construction 
that  it  is  the  present  purpose  to  show  existing  conditions 
rather  than  emphasize  the  advantages  of  any  one  type  of  con- 
struction. 

EFFECT   OF  RIGID   FLOORS  ON  TEXTILE  MACHINERY 

The  data  available  covering  the  comparative  operation  of 
textile  machinery  under  similar  conditions  on  rigid  and  flex- 
ible floors  are  extremely  Limited,  but  experience  seems  to  em- 
phasize the  f oUowing : 

a  In  weaving  heavy  fabrics,  the  breakage  of  loom  parts  has 
been  excessive  when  looms  are  mounted  on  concrete  floors 
with  no  provision  for  absorbing  the  shocks  produced. 
Cushioning  the  loom  feet  with  absorbents  such  as  wood, 
cork  or  rubber,  has  been  found  absolutely  necessary  under 
these  conditions. 

b  Transmission  of  the  noise  of  machinery  to  offices,  labora- 
tories, etc.,  has  been  found  exceedingly  annoying  in  some 
concrete  buildings. 
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ni:ki)  for  furtheu  sti  dy 


The  problem  of  mill  vibration,  while  not  new,  has  yet  to 
receive  either   full  recognition   or  sufficient   serious  attention. 


a  general  agreement  as  to  the  desirability  of  avoiding  exces- 
sive vibration  in  manufacturing  buildings.  There  is  evidence 
of  a  growing  interest  in  the  subject,  but  the  scarcity  of  au- 
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Fig.  3     Hecoku  No.  1,  T.^ken  .\t  .St.\tion  3  on   Second  Floor 

Show*  High  Average  .\niplitude.     Period,  108  to  120  per  Min.     .\verage  Loom   Speed,   from 

110  to  120  Picks  per  Min.    Jlaximum  Double  .\iiiplitude.  0.03  In. 
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Fig.  4     Kecokd  Xo.  2.  T.^ken  at  Station  3  ox  Second  Flook 
Shows  Ijow  Average  -Vniplitude  under  Same  Conditions.     Records  Taken  at  Station  2  Showed 


Same  Characteristics  as  Those   at   Station  3 


J L 


I I 


J I L 


J I L 


J I I L 


Time     in   Seconds 
Fig.  5     Record  No.  3,  Taken  at  Station  3  on  Second  Floor 
Shows   Evidence  of  Cvclic  Disturbances  about   Every  S  to  10  S»c. 
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Fig.  G     Record  No.  4,  Taken  at  St.^tion  1  on  Second  Floor,  .Vuout  50  Ft.  Away  from  Nearest  Machine 

Indicates  How  Readily  Vibrations  are  Transmitted  through  Floor  Undiminished  in  Amplitude. 

It  may  be  Noted  that  the  Group  of  36  Looms  Nearest  to  Station  1  are  Individually  Electrically 

Driven.     Maximum  Double  Amplitude  =  0.04.5  In. 


Time      in   Seconds 
Fig.  7     Record  No.  5,  Taken  at  Station  5  on  First  Floor 
Shows  Typical  Record  at  this  Point  with  Vibrations  of  Slightly  Less  Frequency  and   Small 
Amplitude.    The  Average  Speed  of  the  104-in.  Looms  on  This  Floor  was  90  Picks  per  Min.,  and 
the  Speed  of  the  S4-in.  Looms  was  98  Picks  per  Min. 


The  resulting  economic  losses  are  unquestionably  large,  if  ana- 
lyzed from  all  standpoints,  and  the  elimination  of  vibration  is 
consequently  an  important  factor  in  the  efficiency  of  the  plant. 
All  information  at  present  available  would  seem  to  point  to 


theutic  results  from  experimental  work  along  this  line,  car- 
ried on  under  actual  manufacturing  conditions,  makes  ex- 
haustive tests  and  observations  necessary  before  any  general 
conclusions  can  be  reached. 


HOW  DOES  INDUSTRIAL  VALUATION  DIFFER  FROM  PUBLIC- 
UTILITY  VALUATION? 


By  JOHN  H.  GRAY,'  MINNEAPOLIS,  MINN. 


IT  IS  my  object  in  this  paper  to  show  that  value  logically 
and  necessarily  means  exchange  value  based  on  capitalized 
earnings,  real  and  estimated.  It  depends  on  strategic  advan- 
tages, and  involves  speculative  elements,  which  are  destroyed 
when  an  industry  is  declared  a  public  utility  and  its  earnings 
are  limited  to  a  fair  return.  This  fair  return  has  no  relation 
to  value,  but  is  a  matter  determined  in  the  supposed  inter- 
ests of  the  public  welfare.  The  basic  purpose  of  regulation 
is  to  limit  profits  to  a  just  amount,  and  thus  to  take  that  part 
of  the  property  for  the  public  which  would  inure  to  the  pri- 
vate owners  under  non-regulation.  For  the  value  of  such  an 
unregulated  private  monopoly  is  limited  only  by  the  willingness 
and  ability  of  the  people  to  pay  rather  than  do  without  the 
ser\'ices  of  the  monopoly. 

This  paper  deals  chiefly  with  valuation  of  public  utilities 
for  purposes  of  fixing  rates.  As  the  courts  ruled  in  1898  that 
utilities  are  entitled  to  a  fair  return  on  a  fair  value  of  prop- 
erty in  use  at  the  time  of  valuation,  valuation  is  necessary  if 
regulation  is  to  be  attempted. 

The  most  significant  tendency  of  the  last  two  decades  the 
world  over,  and  more  particularly  in  America,  has  been 
toward  the  socialization  of  wealth;  or,  to  express  it  in  another 
form,  toward  the  limitation  of  the  rights  of  private  property. 
Many  businesses  formerly  considered  private — gas,  electricity, 
common  carriers,  insurance,  banking — have  now  been  brought 
under  public  regulation. 

For  better  or  worse,  public  utilities  have  been  taken  out 
of  the  category  of  unrestricted  private  property.  Technically, 
they  remain  private  property,  but  the  law  has  taken  from  them 
the  chief  attribute  of  private  ownership,  that  of  the  chance 
of  speculative  gains.  The  doctrine  of  fair  return  forever 
separates  such  property  economically  from  ordinary  private 
property. 

For  instance,  it  is  only  a  single  generation  since  the  courts 
of  this  country  uniformly  declared  that  the  making  and  dis- 
tribution of  gas  was  a  private  industry.  The  most  conservative 
would  not  undertake  to  maintain  that  view  today.  The  plac- 
ing of  electricity  within  the  class  of  public  utilities  is  much 
more  recent.  But,  perhaps,  no  other  industry  illustrates  this 
point  as  weU  as  the  common  carrier  and  the  extent  of  regu- 
lation, which,  in  theory,  is  universally  recognized  as  proper 
today,  compared  with  that  which  we  considered  permissible 
a  generation  ago.  A  mere  study  of  the  phrases  "  reasonable 
rates "  and  "  unjust  discrimination "  will  show  the  progress 
we  have  made,  for  good  or  for  ill,  along  this  line. 

The  same  social  progress  has  brought  urban  land,  and  in 
some  countries  all  kinds  of  land,  under  special  public  control 
in  every  civilized  country  except  America.  What  is  true  of 
land  is  equally  true  of  the  whole  range  of  insurance.  The 
changed  attitude  of  the  public  mind  towards  the  rights  of 
banking  illustrates  the  same  point.  A  century  and  a  half 
ago  banking  and  insurance  were,  both,  under  the  common  law, 
occupations  freely  open  to  anyone,  without  restraint. 


'  Professor  of  Economics,  University  of  Minnesota. 

Presented  at  the  Annual  Moetinc;  of  The  American  Society  of 
Mechanical  Engineers,  New  Yorlj,  r)ecember  1916.  Tbe  paper  is  ticre 
printed  in  abstract  form.  Pamplilet  copies  of  complete  paper  without 
discussion  may  be  obtained  ;  price  15  cents  to  members,  30  cents  to 
non-members. 


REASONS    FOR    CLASSIFYING    CERTAIN    INDUSTRIES 
AS    PUBLIC    UTILITIES 

We  have  found  that  social  considerations  make  certain  in- 
dustries of  more  immediate  and  overwhelming  interest  to  the 
public  welfare  than  are  ordinary  private  businesses,  and  have 
thrown  them  into  a  single  category  labeled  "  public  utilities  " ; 
but  what  social,  economic  and  political  reasons  justify  us  in 
so  doing? 

About  150  years  ago  there  grew  up  the  theory  that  under 
a  system  of  free  competition  one's  self-interest  would  prevent 
him  from  injuring  the  public.  With  an  abundance  of  free 
land,  large  opportunity  to  expand,  accompanied  by  a  high 
degree  of  intellectual,  social,  and  educational  equality,  this 
was  measurably  true.  But  with  the  creation  of  fixed  capital 
on  a  large  scale  this  doctrine  became  unsafe,  and  self-interest 
can  no  longer  be  depended  upon  to  hold  in  check  the  reckless- 
ness, greed  and  extortion  of  the  owners  of  even  purely  private 
property.  Government  regulation  may  then  be  ascribed  to 
the  breakdown  in  the  application  of  competition. 

If  competition,  as  indicated,  is  not  a  real  safeguard,  what 
is  the  danger  of  leaving  private  parties  unrestrained  in  those 
industries  where  competition  no  longer  works  smoothly  or 
effectively?  I  think  if  we  go  thoroughly  into  this  point,  we 
shall  realize  as  never  before  that  with  the  limitations  of 
human  knowledge  the  more  complex  the  machine  became,  the 
more  extended  the  division  of  labor,  and  the  larger  the  mass 
of  fixed  capital,  practically  the  more  dangerous  to  the  public 
was  any  mistake  of  the  owners.  If  we  wished  to  turn  this 
into  a  modem  phrase,  we  should  say  that  it  was  strictly  the 
spculative  element  in  private  property,  the  buying  and  selling 
and  holding  for  an  increase  in  price,  that  furnished  the  point 
of  greatest  danger.  One  was  allowed  this  freedom  in  the 
early  days  on  the  supposition  that  the  natural  resources  and 
things  out  of  which  property  rights  could  be  carved  were 
virtually  unlimited,  and  that  when  one  undertook  to  develop 
these  resources  and  claimed  them  for  his  own,  he  was  doing 
a  pubUe  service.  Since  we  have  found  that  resources  are 
not  unlimited  and  that  we  must  learn  to  live  together,  we 
have  discovered  that,  in  this  particular,  what  one  gets  for 
himself  is  taken  from  another,  or  at  least  prevents  the  other 
from  taking  in  like  manner  and  to  the  same  extent.  In  other 
words,  we  are  face  to  face  with  monopoly. 

The  world  has  now  become  alarmed  on  the  subject  of  non- 
regulated  privately  owned  monopolies,  and  there  is  a  growing 
tendency  to  declare  more  and  more  of  these  to  be  public 
utilities.  We  apparently  have  reached  the  .conclusion  that 
civilization  cannot  be  maintained  or  advanced  unless  such 
utilities  can  be  made  to  render  adequate  ser\ice  at  a  reasonable 
charge  and  without  unjust  discrimination.  But  increasing 
emphasis  must  be  put  on  the  fact  that  stability,  regularity 
and  universality  of  service  are  of  infinitely  more  importance 
to  the  public  than  the  general  level  of  charges  or  the  amount 
of  profits  made  by  a  company. 


SPECULATIVE    ELEMENT    IN    PUBLIC    UTILITIES   THE 
ULTIMATE  REASON  FOR  REGULATION 

In  the  past  the  reason  for  the  purchase  of  property  has 
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often  not  been  aierely  for  the  sake  of  income,  but  for  the 
sake  of  possible  gains  in  selling.  Whatever  we  may  finally 
consider  is  justice  in  regard  to  the  reckless,  unsavory  and 
speculative  past  in  this  field,  v/e  may  safely  say  that  the 
world  has  now  come  to  the  view  that  for  all  future  invest- 
ments the  amount  contributed  by  the  owners  shall  be  the  basis 
of  calculations  for  rates,  and  that  variable  risks  shall  be  met 
by  varying  rates  of  charge  and  income  rather  than  by  fluctua- 
tions in  the  value;  for  so  long  as  we  have  the  latter,  owing 
to  false  valuations,  we  shall  have  manipulation  and  specula- 
tion to  bring  about  increased  gains.  Our  present  problem  is 
how  are  we  going  to  take  conditions  growing  out  of  competi- 
tive circumstances  and  adapt  them  to  an  age  of  monopoly  with 
as  little  friction  and  injury  as  possible,  and,  in  working 
it  out,  we  must  never  forget  that  speculation  and  regulation 
cannot  simultaneously  exist. 

LIMITATIONS  IMPOSED  ON  PUBLIC-UTILITY  PROPERTY 

We  are  here  concerned  with  the  meaning  of  the  content  of 
the  term  "  property  " :  what  are,  in  fact,  and  what  ought  to 
be,  the  limitations,  if  any,  on  the  absolute  rights  of  property. 
Are  the  limitations  on  public  utilities  different  from  those 
on  strictly  private  property,  and  are  they  more  severe  ?  There 
can  be  no  doubt  of  the  present  tendency  on  this  subject.  It 
is  all  towards  greater  socialization  of  wealth  and  limitation 
of  private  rights.  One  evidence  of  this  is  the  growing  tend- 
ency towards  public  ownership  and  operation,  and  the  public 
enjoyment  of  property  shows  this.  The  constant  enlarging 
of  the  list  of  industries  that  are  subject  to  more  and  more 
restrictions  in  the  public  interest  clearly  points  in  the  same 
direction. 

It  is  true  that  many  such  industries  are  comjjaratively  new, 
but  they  existed  for  a  relatively  long  time  before  they  were 
classitied  as  public  utilities.  For  instance,  the  common  car- 
rier is  old;  and  it  took  us  a  long  time  to  realize  that  the 
parlor-car  business,  the  pipe  lines  (gas  and  oil),  gas  com- 
panies, the  telegraph,  the  telephone,  fall  into  the  same  class 
because  of  performing  similar  functions,  and,  that,  if  left 
unregulated,  they  are  capable  of  inflicting  like  monopoly  in- 
jury and  abuse.  So  we  have  progressed  step  by  step  from  the 
common  carrier  through  the  utilities  named  to  the  street 
railway,  the  use  of  electricity  in  all  its  manifestations,  to  con- 
duits, cold-storage  warehouses  and  the  like.  Furthermore,  we 
have  recently  entered  upon  a  broad  and  wide  field,  with  ill- 
defined  limits,  that  comes  neither  within  the  realm  of  public 
utilities  nor  private  property,  as  these  terms,  liave  heretofore 
been  used,  but  occupies  what  Mr.  Bryan  calls  a  "  twilight 
zone." 

Justice  Brewer  discusses  such  cases  in  the  Kansas  City 
Stock  Y^ards  case,'  where  he  considers  various  industries  re- 
quiring some  special  regulation,  but  not  such  as  we  impose 
upon  public  utilities.  One  cannot  view  the  progress  regula- 
tion has  made,  for  good  or  for  iU,  without  realizing  that  the 
emphasis  on  property  rights  has  changed  fundamentally  in 
recent  years.  In  the  opinion  of  this  generation,  property 
either  public,  semi-public,  or  private  is  looked  upon  more 
and  more  as  a  public  trust.  The  attitude  of  the  public  mind, 
and  of  the  law,  has  not  only  changed  toward  the  industries 
mentioned,  but  has  changed  towards  the  industrial  trusts  as 
well;  hence  our  anti-trust  laws.  Recently  we  raised  the 
question  whether  mere  size  is  cause  for  added  regulation. 
For  an  answer  to  this  question  we  must  wait  for  the  Harvester 


'Cottlng  1-.  Kansas  City  Stock  Yards,  22  Sup.  Ct.  Rep.  30   (1901). 


case  to  be  decided.  The  subject  naturally  shades  off  into 
pure-food  laws,  building  ordinances,  height  of  buildings,  and 
so  on. 

THE  PAIR  VALUE  OF  PRIVATE  INDUSTRIAL  PROPERTY 

The  question  of  the  fair  value  of  a  strictly  private  (indus- 
trial) property  depends  principally  on  what  it  will  actually 
sell  for.  This  is  determined  by  the  actual  past  earnings  and 
an  estimate  of  future  earnings,  the  latter  being  based  on  a 
]iresupposed  established  rate  of  charge.  If  the  property  is 
not  subject  to  effective  competition,  the  only  way  of  arriving 
at  its  value  is  to  estimate  what  it  would  sell  for  under  com- 
petitive conditions. 

This  argument  rests  upon  the  laissez-faire  doctrine  of  com- 
petition. The  idea  of  competition  rests  on  the  right  of  charg- 
ing all  the  traffic  will  bear,  and  on  the  assumption  that  natural 
forces  place  a  limit  to  charges  and  thus  prevent  extortion. 
In  such  cases  no  government  regulation  is  necessary  or  desir- 
able. Regulation  is  the  very  antithesis  of  competition. 
The  necessity  for  regulation  comes  from  the  fact  that  competi- 
tion is  totally  absent,  or  is  ineffective  to  protect  the  public 
and  keep  charges  within  the  bounds  of  reason  and  in  harmony 
with  the  welfare  of  society. 

I  have  gone  into  this  long  preliminary  statement  to  furnish 
a  proper  background,  or  foundation  for  our  discussion,  and 
to  show,  also,  that  things  are  not  as  hard  and  fast  as  we 
have  been  wont  to  suppose,  and  that  changes  in  our  legal 
system,  even  without  any  changes  in  the  constitution,  are 
not  so  difficult  as  they  have  usually  seemed  to  be.  But  let 
us  now  come  back  to  the  main  issue. 

HOW  SHOULD  A  PUBLIC   UTH.ITY  BE  VALUED? 

Since  the  monopolies  under  question  are  not  sold  frequently 
enough  under  comparable  circumstances  to  establish  a  market 
price,  we  estimate  the  value  on  the  basis  of  capitalized  earn- 
ings, and  on  the  (legal)  assumption  that  the  existing  rates  are 
fair  and  just. 

There  is  a  legal  assumption  that  the  existing  rates  are  just, 
because  they  have  not  been  judicially  called  in  question  or 
])roved  to  be  unjust.  Take,  for  example,  the  vexed  and 
admittedly  unsettled  claim  of  the  public  to  a  share,  at  least, 
in  the  clear  surplus  of  a  company  acquired  out  of  earnings 
which  have  also  yielded  dividends  at  a  fair  rate.  It  is  con- 
ceivable that  the  question  might  [iroiierly  be  decided  one  way 
in  the  case  of  a  company  going  out  of  business,  and  in 
exactly  the  opposite  way  for  a  company  compelled  to  continue 
to  serve  the  public,  or,  one  way  in  regard  to  a  surplus  ac- 
quired before  the  era  of  regulation,  and  quite  another  way  in 
the  case  of  a  surplus  accumulated  under  regulation.  lu  the 
one  case  the  rate  from  which  the  surplus  came  might  be  con- 
sidered both  legal  and  just,  in  the  other  as  both  illegal  and 
unjust. 

But  all  careful  and  disinterested  students  now  recognize, 
notwithstanding  great  vacillation  of  the  United  States  Su- 
preme Court  on  the  subject,  that  the  necessity  for  this  super- 
regulation  arises  solely  from  the  fact  that  the  industries  now 
under  review  are  monopolistic.  It  cannot  be  said  too  often 
that  regulation  is  simply  a  substitute  for  competition. 

Gains  due  to  speculations,  stock  waterings,  frauds,  extor- 
tions, excessive  charges,  surplus  and  unearned  increment  ought 
not  to  be  and  cannot  be  allowed  to  go  to  owners  of  public 
utilities.  Past  claims  ought  to  be  compromised  or  adjusted 
in  some  way  and  a  new  start  made  on  a  sound  basis.  With 
a  complete,  amicable  and  final  settlement  of  this  question,  all 
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would  agree  that  all  that  owners  of  public  utilities  are  entitled 
to  in  the  future  is  a  safeguarding-  of  the  money  they  contribute 
and  an  annual  rate  of  income  commensurate  with  the  risk 
involved. 


PUBLIC-UTILITY     PROPERTY     ENTITLED    TO     A     FAIR 
RETURN 

Public-utility  property,  being  devoted  to  public  use,  must 
be  content  with  a  fair  return,  determined  under  our  system 
of  jurisprudence  by  public  authority,  with  an  ultimate  appeal 
to  the  judiciary.  It  is  liable  for  continuous  service,  additional 
investment  may  not  be  made  without  specific  consent  of  the 
public,  accounts  must  be  kejjt  and  made  public  in  reports,  and 
the  owner  must  serve  all  alike  without  discrimination.  Owner- 
ship under  such  conditions  of  incumbrance  is  therefore  but 
partial. 

The  novel  theory  has  recently  been  put  forth  that  public- 
utility  property  is  not  in  fact  dedicated  to  public  use,  but 
merely  the  service  is  so  dedicated.^  But  this  theory  in  view  of 
all  the  facts  seems  scarcely  tenable.  Such  a  limitation  amounts 
to  the  statement  that  the  property  as  compared  with  private 
property  is  property  affected  with  a  genuine  servitude  or 
incumbrance.  If  one  has  incumbered  his  private  property 
with  a  mortgage,  he  does  not  expect  to  enjoy  as  large  a  net 
income  therefrom  as  if  the  property  were  wholly  unincum- 
bered. Just  so,  on  investing  in  public-utility  property  one 
does  so  under  the  present  law  and  practice  of  regulation,  with 
full  legal  notice  of  this  incumbrance  of  regulation.  To  this 
extent,  and  in  this  sense,  he  is  not  free  to  do  as  he  pleases 
with  his  own  if  he  professes  the  public  service. 

We  must  not  lose  sight  of  the  fact  that  freedom  of  contract 
is  at  the  very  foundation  of  all  property  rights,  and  cannot 
in  essence  or  in  law  be  separated  from  property  as  protected 
by  the  fifth  and  fourteenth  amendments  and  other  constitu- 
tional provisions.  Nor  would  I  be  understood  to  say,  or  even 
to  imply,  that  these  constitutional  safeguards  are  of  no  signi- 
ficance in  the  case  of  public-utilitj'  property.  The  whole 
point  of  my  argument,  however,  is,  that,  by  declaring  certain 
property  affected  with  a  public  interest,  we  have  thereby  neces- 
sarily given  such  an  interpretation  to  these  constitutional 
provisions  as  seriously  to  incumber  the  property,  and,  there- 
fore, have  restricted  the  uses  to  which  it  can  be  put  so  long 
as  it  is  dedicated  to  a  public  use. 

VALUATIDN   OF   FRANCHISES 

Under  our  system  of  law  a  secondary  or  local  franchise  is 
property,  but  it  is  not  to  be  valued,  in  ordinary  rate  cases, 
unless  there  is  some  specific  agreement  or  contract  on  this 
point  that  makes  valuation  necessary.  Unless  a  franchise 
gives  an  exclusive  right  and  carries  an  inviolable  contract  for 
a  fixed  charge,  it  is  not  to  be  valued  in  a  rate  case  under  the 
established  principles  of  regulation.  The  general  rule  now  is 
that  in  rate  cases  franchises  are  not  to  be  valued  above  actual 
cost.  This  is  plain  from  the  mere  fact  that  in  a  rate  case  the 
fairness  of  the  present  income  is  the  point  at  issue. 

Valuations  are  made  today  not  because  justice  or  economic 
policy  require  it,  but  because  of  the  court  ruling  that  property 
is  entitled  to  a  fair  return  on  its  fair  value.  What  is  a  fair 
value?  These  industries  are  vitally  necessary  to  us,  and  if  left 
in  private  hands  the  estimated  income  from  them  must  be  at 
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the  normal  rate  in  the  community  for  investments  accompanied 
by  like  risks,  in  order  to  attract  the  necessary  capital. 

In  a  rate  case  it  is  impossible  to  arrive  at  a  valuation  that 
has  significance.  Courts  have  tried  in  vain  to  qualify  value 
by  such  words  as  "  fair."  If  these  words  could  be  collated 
and  disconnected  from  their  speculative  past,  they  would  mean 
simply  that  a  company  is  entitled,  in  view  of  the  unregulated 
results  of  the  past,  to  what  the  court,  under  all  the  circum- 
stances, regards  as  an  adequate  reward  for  the  services  and 
capital  the  owners  have  wisely  and  efficiently  contributed. 
This,  however,  has  no  fixed,  permanent  or  measurable  relation 
to  value  in  an  economic  sense. 

COST-OF-REPRODUCTION   THEORY    OF   VALUATION 

For  a  decade  or  more  and  until  recently  the  so-called  eost- 
of-reproduction  theory  of  value  actually  dominated  courts  and 
commissions,  but  they  now  demand  the  facts  of  investment. 
Companies  claim  a  value  on  the  cost  of  reproduction  as  high 
as  the  public  would  be  willing  to  give  rather  than  forego  the 
service  and  undergo  all  the  inconveniences  of  doing  without 
it  until  a  duplicate  plant  could  be  built.  They  forget,  how- 
ever, that  the  public,  in  absence  of  specific  contract,  has  a 
right  to  duplicate  the  facilities,  and  that  this  would  greatly 
lessen,  or  even  destroy,  the  value  of  the  old  plant. 

The  fact  that  in  a  majority  of  the  older  and  stronger  rail- 
roads and  many  other  utilities  the  original  water  has  been 
squeezed  out  by  the  investment  of  surplus  earnings  in  the 
plant,  does  not  simplify  the  problem  of  valuation  but  merely 
adds  complications  to  it.  It  emphasizes  aU  the  more  the 
speculative  elements  in  the  situation.  In  the  earlier  days, 
the  companies  claimed  a  return  on  all  their  watered  stock, 
and  opposed  regulation  that  interfered  with  this  claim.  To 
this  the  court  answered  with  its  "  fair  value."  The  effort  of 
the  companies  was  to  inflate  the  valuation  so  as  to  bring 
about  the  results  that  the  court  denied  them  in  the  case  of 
Smythe  v.  Ames.  Meantime,  social  growth  was  very  rapid 
and  regulation  very  lax.  Therefore,  when  prosperity  came, 
surplus  was  piled  into  the  plants  in  addition  to  a  fair  dividend, 
and  under  the  doctrine  of  valuation  and  freedom  of  contract 
the  companies  with  such  surpluses  based  their  claim  to  these 
same  old  speculative  gains — gains  which  may  legally,  if  not 
wisely,  be  permitted  to  go  to  private  property,  but  which 
the  law  of  public  utilities  tried  to  prevent  from  coming  into 
being,  and,  by  its  doctrine  of  reasonable  rates,  tries  to  claim 
a  share  in  after  they  have  been  created.  I  am  not,  at  this 
point,  passing  judgment  on  the  question  whether  these  siiecu- 
lative  gains  ought  to  be  prohibited  or  not.  I  am  simply 
trying  to  show  that  the  idea  of  monopolies  regulated  by  law, 
under  the  doctrine  of  public  utilities,  leaves  no  place  for 
them.  The  main  object  of  classifying  any  industry  as  a  public 
utility  is  to  prevent  this  very  thing.  But  valuation  under 
the  cost-of-reproduction  and  similar  methods  now  employed 
prevents  the  accomplishment  of  this  object  through  regulation. 

All  our  trouble  with  regulation  comes  from  past  speculation 
and  not  from  an  inability  to  agree  about  what  is  just  and 
fair,  so  far  as  entirely  new  utilities  and  future  investments 
in  old  ones  are  concerned. 

RESULTS  OF  CURRENT  VALUATIONS  MISLEADING 

The  valuation  of  all  the  railroads  now  in  progress,  as  well 
as  current  valuations  in  rate  cases,  are  worth  more  than  their 
cost  as  a  means  of  educating  the  public,  and  may  be  highly 
profital)le  as   a   basis   for   compromising  with   the   companies 
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for  their  past  efforts.  But  they  Jo  not  arrive  at  value  in  the 
eeouomic  or  market  sense.  They  are  misleading,  for  the  public 
supposes  that  on  the  theory  of  the  cost  of  reproduction  the 
next  time  a  rate  ease  arises  we  must  go  all  through  the  process 
again,  and  drag  in  all  the  speculative  elements  due  to  social 
gi'owth,  unearned  increment,  and  the  like. 

It  may  not  be  out  of  place  to  call  attention,  at  this  point,  to 
several  relatively  recent  street-car  franchises'  based  on  the 
so-called  principle  of  cost  of  service.  These  franchises  are  all 
in  my  judgment  not  only  defective  but  vitally  defective.  But 
they  are  worth  all  they  have  cost  and  all  they  will  cost  in 
■  the  future  because  of  their  contribution  to  the  particular 
point  under  discussion.  They  have  banished,  once  and  for  aJl, 
from  these  systems  the  bugbear  of  valuation;  for  the  future 
the  amount  on  which  the  companies  are  entitled  to  a  return 
is  the  actual  investment,  or  what  is  accepted  as  such  by 
agreement. 

These  franchises  are  meant  to  give  a  fair  return,  in  the 
future,  on  public-utility  investments,  made  on  a  monopolistic 
basis,  under  non-speculative  conditions,  and  publicly  con- 
trolled capitalization. 

Unless  an  attempt  at  regulating  capitalization  by  commis- 
sions should  prove  as  futile  as  earlier  attempts  at  preventing 
stock  watering  have  heretofore  pro\ed,  investments  made  from 
now  on  will  need  no  valuation  whatever  in  these  cities  or 
elsewhere  in  rate  cases.  Furthermore,  it  seems  plain  that  all 
commission  laws  will,  in  the  future,  provide  for  controlling 
investments  and  capitalization.  It  is  not  too  much  to  hope 
and  expect  that  the  Interstate  Commerce  Commission  will,  at 
an  early  date,  be  given  power  over  these  matters. 

This  is  what  the  new  model  franchises  call  for.  It  is  what 
sound  regulation  means.  It  still  leaves  the  vexed  question  of 
pioneering  past  wrongs  and  extravagant  ventures  to  be  settled 
by  compromise,  not  by  determining  value  in  any  proper  or 
economic  sense  of  the  word.  As  previously  stated,  this  is  a 
matter  of  public  policy,  to  be  determined  not  by  experts  but 
ultimately  by  public  opinion. 

Any  other  method  of  trying  to  determine  what  is  fair  to  the 
owners  by  valuation,  or  otherwise,  plunges  us  at  once  into 
the  question  of  how  to  deal  with  the  results  of  past  specula- 
tion, good,  bad,  and  indifferent.  How  ought  the  punishments 
and  the  rewards  of  these  past  reckless,  unregulated  conditions 
of  the  competitive  era  to  be  apportioned  between  the  owners 
and  the  public!  What  is  a  reasonable  notice  of  a  profound 
change  of  policy  on  the  part  of  the  government?  There  can 
be  no  doubt  of  the  legal  right  of  a  government  to  change  its 
policy  and  as  little  doubt  of  the  fact  that  by  creating  the  class 
of  public  utilities  and  making  them  subject  to  such  regula- 
tion as  the  law  calls  for,  we  meant  to  change  the  relation  of 
this  property  to  government  and  to  take  away  the  chance  of 
speculative  gains.  Is  it  fair  then  to  enforce  these  laws  strictly, 
or  should  we  give  more  time  for  adjusting  the  old  conditions 
to  the  changed  ideas  of  public  welfare?  In  other  words,  when 
ought  we  reaUy  to  begin  to  enforce  the  theories  underlying 
regulation?  I  cannot  undertake  to  answer  these  questions 
at  this  time,  but  content  myself  with  remarking  that  we  have 
allowed  the  owners  in  their  attempts  to  safeguard  their  sup- 
posed interests  through  valuations,  to  make  control  of  future 
investment  practically  impossible,  while  contributing  almost 
nothing  to  the  settlement,  under  a  compromise  agreement,  for 
the  chaos  of  the  past. 


'I  refer  more  particularly  to  the  so-called  street  car  settlements  In 
Chicago,  Cleveland,  and  Kansas  Cit.v. 


THE  SURPLUS  PROBLEM 

If  we  could  imagine  all  public-utility  property  now  exist- 
ing wiped  out  by  a  miracle,  and  all  other  things  to  remain  as 
they  are,  namely,  knowledge  and  needs,  does  anybody  imagine 
that  any  question  of  valuation  or  "  fair  value "  would  or 
could  arise?  Under  the  present  form  of  commission  control, 
the  commissions  would  simply  see  that  the  money  with  which 
to  rebuild  was  properly  capitalized,  and  the  owners  would 
agree  that  their  returns  ought  to  be  based  on  this  amount, 
and  no  other.  Sound  regulation  aims  at  stable  and  equal  rates 
much  more  than  at  low  rates  or  low  profits. 

As  for  the  claims  of  the  public  to  a  share  of  the  surplus, 
the  commissions  would  take  charge  of  that  at  its  source,  and, 
under  their  control  over  investments,  see  to  it  that  only  such 
future  surplus  ever  came  into  being  as  was  really  needed  to 
protect  the  credit  of  the  company  and  to  carry  on  the  business 
effectively.  We  should  have  no  such  a  condition  as  presents 
itself  today  in  the  Union  Pacific  Raih-oad,  which  as  a  result  of 
successful  speculation  now  holds  securities  of  other  roads  to 
the  amount  of  $175,819,947;  and  in  addition,  a  surplus  in  cash, 
and  cash  items,  of  $35,000,000.  If  the  road  never  did  any 
more  trans]iortation  business  or  utilized  any  of  its  transporta- 
tion property  for  any  purpose,  it  could,  from  its  other  invest- 
ments, pay  a  good  dividend  on  its  common  stock  in  perpetuity. 
What  relation  has  all  this  property  to  a  fair  rate?  What  is  a 
fair  valuation?  AVhat  property  ought  to  be  included  in  a 
valuation  of  the  jjroperty  of  this  system? 

Probably  any  system  of  effective  regulation  calls  logically 
for  a  guarantee  by  the  public  against  all  losses  necessarily 
incurred.  It  might  be  more  advantageous  to  do  this  directly 
and  openly  instead  of  as  at  [iresent  inflating  valuations  under 
the  heads  of  "  going  concern,"  "  cost  of  developing  business," 
etc. 

CONCLUSION 

To  summarize:  The  welfare  of  the  public  has  made  it 
necessary  to  class  certain  industries  as  public  utilities  and  to 
limit  their  profits.  In  the  absence  of  regulation  there  would 
be  no  limit  to  the  profits  except  the  ability  of  the  public  to 
pay.  Value,  in  the  ordinary  sense  of  the  word,  would  there- 
fore increase.  The  chief  motive  for  regulation  is  to  prevent 
such  possible  extortion  by  confining  utilities  to  a  fair  and 
steady  rate.  This,  however,  destroys  those  attributes  of  pri- 
vate property  out  of  which  value  grows.  For  value  is  meas- 
ured by  earning  power,  and  this  under  regulation  is  fixed  by 
law  and  not  by  the  economic  forces  and  bargaining  power 
that  fix  value  in  the  only  proper  meaning  of  the  term.  There- 
fore, to  attempt  to  discover  value  as  a  means  of  fixing  a  rate 
of  such  a  monopoly  is  to  reason  in  a  circle. 

We  have  been  led  into  this  slough  of  despair  in  the  wrangle 
over  who  ought  to  have  the  gains  and  who  ought  to  bear  the 
losses  of  the  era  of  competition.  With  these  questions  settled 
once  for  all,  there  would  remain  no  controversy  over  the  fact 
that  the  amount  so  agreed  upon  plus  any  future  additions  is 
the  investment  upon  which  a  fair  return  should  be  allowed. 
The  present  commission  system  of  regulation,  with  its  power 
over  investments,  capitalization  and  accounts,  provides  for 
such  determination  of  the  investment,  and  there  is  now  no 
possible  chance  or  occasion  for  valuation  for  rate  making 
under  such  an  arrangement,  except  as  the  controversy  over 
the  disposition  of  the  speculative  gains  of  the  unregulated  past 
and  the  uncertainty  of  the  records  of  that  iieriod  make  it 
necessary  as  a  basis  for  compromise. 


REPORT  OF   COMMITTEE   ON   RECOMMENDED    PRACTICE    FOR 

STANDARDIZATION   OF  FILTERS 


ON  January  28,  1913.  P.  N.  Engel,  Mem.Am.Soe.M.E., 
suggested  in  a  communication  that  the  Society  appoint 
a  committee  to  take  up  the  question  of  rating  of  mechanical 
filters.    Mr.  Engel's  suggestions  were  substantially  as  follows: 

■'  Mechanical  sand  filters  of  the  pressure  type  are  coming 
into  more  general  use  every  year,  and  yet  the  engineer  or 
architect  under  whose  specification  they  are  bought  and  in- 
stalled has  no  way  of  ascertaining  just  what  size  filters  are 
needed  to  perfonn  a  certain  amount  of  work,  other  than  he 
can  secure  from  the  various  filter  manufacturers'  catalogues, 
or  from  the  claims  of  the  filter  salesman,  which  we  regret  to 
say  in  many  cases  vary  greatly. 

"  Practically  all  of  the  standard  filter  manufacturers  are 
agreed  that  a  square  foot  of  filter  surface  will  not  perform 
more  in  one  filter  than  it  will  in  another,  with  equal  efficiency. 

"  I  believe  that  the  members  of  your  Society  will  be  greatly 
benefited  by  having  an  approved  specification  to  which  they 
could  refer  when  buying  filters,  and  therefore  respectfully 
suggest  that  your  Council  appoint  a  committee  to  investigate 
the  matter  and  to  recommend  the  adoption  of  a  standard 
specification. 

"  The  points  established  are  that  the  capacity  of  a  filter  is 
governed  by  the  filtering  area — that  the  filtering  area  is  gov- 
erned by  the  internal  horizontal  diameter  of  the  filter;  that 
all  filters  of  a  given  diameter  have  the  same  capacity ;  that  the 
cajjacities  of  filters  of  a  given  diameter  vary  according  to  the 
efficiency  desired ;  that  the  more  slowly  the  water  passes 
through  a  filter,  the  more  perfectly  will  the  water  be  filtered, 
the  minimum  rate  of  flow  being  2  gal.  per  sq.  ft.  of  filter  area. 

"  A  standard  specification  will  mean  that  the  buyer  of  a 
filter  of  a  given  capacity  will  get  a  filter  of  the  proper  size — 
no  matter  from  which  manufacturer  he  buys  it,  and  this  is  not 
the  case  at  the  present  time,  as  the  mechanical  engineer  has  no 
text-book  or  standard  specification  to  tell  him  what  size  filter 
is  needed." 

Mr.  Engel's  letter  was  referred  to  the  Council,  who  in  turn 
consulted  a  number  of  experts  in  this  field  on  the  desirability 
of  the  Society  taking  action  in  this  matter.  The  consensus  of 
opinion  being  favorable,  the  Council,  on  May  12,  1913,  ap- 
pointed the  following  committee  to  investigate  and  report  on 
how  to  rate  the  capacity  of  mechanical  filters :  George  W. 
Fuller,  Consulting  Engineer,  Chairman;  P.  N.  Engel,  Vice- 
President,  International  Filter  Co.;  J.  C.  W.  Greth,  Manager, 
Water  Purifying  Department,  Wm.  B.  Scaife  &  Sons  Co. ; 
James  C.  Boyd,  Managing  Engineer,  Westinghouse,  Church, 
Kerr  &  Co. ;  Wm.  Schwanhausser,  Chief  Engineer,  Interna- 
tional Steam  Pump  Co. 

For  some  time  the  work  of  the  committee  served  to  empha- 
size somewhat  the  importance  of  the  conditions  that  led  to 
its  appointment,  while  at  the  same  time  developing  difficulties 
in  the  way  of  making  an  adequate  report. 

The  committee  found,  upon  investigation,  many  points 
which  undoubtedly  needed  remedying,  it  being  doubtful 
whether  pressure  filters  as  used  in  the  mill  business  or  in  the 
office-building  business  could  be  further  standardized  to  ap- 
proach the  basis  used  in  the  best  offices  for  municipal  stand- 
ards. The  small  pressure  filters  did  not  seem  capable  of  hav- 
ing attached  to  them  the  various  safeguarding  devices  used  in 
the  larger  city  plants. 

119 


On  August  7,  1915,  the  conunittee  lost  by  death  one  of  its 
members,  Mr.  J.  C.  W.  Greth,  who  rendered  much  aid  in  the 
collection  of  data  on  the  practical  side  of  the  art.  The  chair- 
man called  in  two  new  members,  Arthur  M.  Crane,  of  the 
Xew  York  Continental  Jewell  Filtration  Co.,  and  Martin  F. 
Newman,  Assistant  Manager  of  the  Water  Purifying  Depart- 
ment, Wm.  B.  Scaife  &  Sons  Co. 

The  committee  presented  its  report  to  the  Council  on  No- 
vember 10,  1916,  and  it  was  received  and  ordered  printed. 
The  report  was  presented  to  the  membership  at  the  annual 
meeting  in  New  York,  December  5,  1916,  and  it  was  discussed 
at  this  meeting.  The  report  and  discussion  are  reported  in 
full  below. 


The  Report 


To  THK  Council  of  The  Amkrican  Society  op  Mechanical 
Engineers: 

Your  committee,  appointed  to  make  recommendations  as  to 
how  to  rate  the  capacity  of  mechanical  filters^  desires  to  sub- 
mit the  following  report : 

MUNICIPAL  VS.  INDUSTRIAL  FIELD 

2  The  field  of  mechanical  filtration  may  be  arbitrarily  yet 
definitely  divided  into  two  ]>arts :  One,  the  purification  of 
drinking  water  or  water  for  domestic  supply,  and  the  other 
the  purification  of  water  for  other  purposes,  such  as  industrial 

uses. 

Ml'XICirAL   PRACTICE   SUBSTANTIALLY    UNIFORM 

3  On  account  of  its  importance  and  the  large  expenditure 
involved,  especially  in  connection  with  municipal  plants,  much 
time  and  study  have  been  given  to  all  features  of  the  filtration 
of  water  for  domestic  use.  A  large  amount  of  data  gathered 
through  laboratory  tests,  and  experience  covering  long  periods 
in  the  practical  operation  of  municipal  plants,  have  brought 
into  quite  uniform  adoption  by  all  engineers  engaged  in  such 
work  the  use  of  a  rate  of  filtration  of  2  gal.  per  min.  per  sq. 
ft.  of  filtering  area  for  domestic  supply. 

DEPARTURES    FROM    NORMAL   MUNICIPAL   RATE    PER- 
MISSIBLE 

4  While  stating  as  a  matter  of  information  that  such  a  rate 
is  api)licable  in  the  great  majority  of  such  eases,  your  com- 
mittee does  not  feel  waiTanted  in  setting  forth  this  rate  as 
one  to  be  adojjted  for  all  cases.  As  a  matter  of  fact,  the 
installation  of  a  municipal  filtration  plant  usually  is  done, 
and  always  should  be  done,  under  the  advice  and  supervision 
of  a  competent  filtration  engineer  engaged  for  the  purpose, 
and  the  rate  of  filtration  as  well  as  other  points  of  construc- 
tion and  operation  should  be  left  to  his  judgment,  based  upon 
the   local  conditions   that   may   exist.     For  this   reason,   your 


Received  by  the  Council,  November  10,  1916,  and  ordered  printed. 
For  presentation  at  the  Annual  Meeting.  December  1816,  of  The 
.\MERicAN  Society  op  Mechaxical  Engi.neer.s,  lio  We.st  39th  Street, 
.Now  York. 
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committee  feels  that  it  is  advisable  and  in  accordance  with 
the  spirit  and  intent  of  your  instructions  to  refer  herein 
chiefly  to  the  filtration  of  water  for  other  than  municipal  pur- 
poses. 

VARIOUS  VIEWS  CANVASSED 

5  Your  committee  in  considering  this  subject  has  sought 
information  and  assistance  from  many  sources,  and  we  desire 
herewith  to  express  our  appreciation  of  the  many  courtesies 
extended  to  us  by  those  thus  called  upon  for  data  or  comment. 

GRAVITY  VS.  PRESSURE  FILTERS 

6  It  may  be  well  here,  in  view  of  the  misunderstanding 
that  seems  to  exist  to  some  extent,  to  make  some  reference  to 
the  two  different  types  of  mechanical  filters  known  as  the 
gravity  type  and  the  pressure  type.  With  both  types,  purifica- 
tion is  accomplished  by  passing  the  water  through  a  filtering 
bed,  which  in  practically  all  cases  is  sand,  and  the  purification 
is  dependent  upon  the  property  or  power  of  the  bed  of  sand 
to  remove  suspended  impurities  from  the  water  passing 
through.  This  property  is  one  inherent  in  the  filter  bed  itself, 
and,  while  it  will  be  affected  by  the  rate  at  which  the  water 
passes,  it  is  not  altered  by  the  incidental  fact  of  the  water 
being  or  not  being  under  more  than  atmospheric  pressure. 
While,  with  additional  pressure  available,  more  water  can  be 
forced  through  a  pressure  filter  than  a  gravity  filter  of  given 
size,  there  is  no  difference  in  the  principles  or  methods  em- 
ployed that  warrants  a  higher  rate  of  filtration  with  such 
filters  than  is  acceptable  for  open  or  gravity  filters  when 
similar  results  are  to  be  obtained. 

EXPERIENCE  LEADING  TO  STANDARDIZATION 

7  From  the  information  gathered  it  was  made  apparent 
that  experience  has  already  brought  about  a  substantial 
unanimity  of  opinion  and  practice  on  the  part  of  all  those 
who,  as  engineers,  chemists  or  manufacturers,  are  brought  into 
close  contact  with  the  field  of  mechanical  filtration  as  to  the 
limits  within  which  permissible  rates  of  filtration  must  fall. 
A  vei-y  definite  rate  has  become  established  in  connection  with 
municipal  work,  and  indeed  if  there  had  been  anything  like 
the  publicity  in  connection  with  filtration  of  water  for  other 
purposes  that  has  obtained  in  connection  with  gravity  filters 
such  as  are  installed  for  municipal  work,  it  is  probable  that 
there  would  have  been  no  occasion  for  such  investigation  and 
report  as  this  committee  has  been  called  upon  to  make. 

TENDENCY  TO  OVER-RATING 

8  While  our  investigation  has  made  the  above  situation 
apparent,  it  has  also  developed  the  fact  that  there  have  been 
many  filters  installed  in  which  the  rate  of  filtration  per  unit 
of  area  is  beyond,  and  sometimes  far  beyond,  that  at  which 
good  results  can  be  expected  or  required.  In  some  cases  this 
has  been  due  to  the  specifications  under  which  the  fUters  were 
installed,  and  in  others,  to  what  must  be  called  an  over-rating 
of  the  capacity  of  filters  on  the  part  of  manufacturers.  It  is 
easily  possible  to  force  or  pass  through  a  filter  of  given  dimen- 
sions much  more  water  than  it  will  properly  filter,  and  in 
view  of  this  it  must  be  expected  that  there  will  be  more  or 
less  yielding  on  the  part  of  manufacturers  placed  under 
competitive  conditions  to  the  temptation  to  over-rate  their 
filters. 


NEED   r3R   DEFINITE,   REASONABLE    SPECIFICATIONS 
ON   CAPACITY 

9  This  condition  emphasizes  the  need  and  value  of  a  pro- 
nouncement on  this  subject  by  some  such  body  as  The  Ameri- 
can Society  of  Mechanical  Engineers  which  will  serve  for  the 
information  and  guidance  of  those  who,  while  having  occa- 
sional need  to  specify  or  use  mechanical  filters,  do  not  have 
opportunity  to  keep  fully  informed  of  conditions  in  that  field. 
It  is,  therefore,  hoped  that  this  report  and  its  recommenda- 
tions will  be  of  real  value  to  engineers  by  placing  before  them 
information  as  to  what  is  now  the  best  opinion  and  practice, 
and  thus  enabling  them  to  protect  their  own  work  and  their 
clients'  interests.  To  this  end  your  committee  most  heartily 
and  urgently  recommends  that  when  specifying  filters  there  be 
included  not  merely  the  amount  of  water  to  be  filtered  per 
unit  of  time,  but  also  specifications  as  to  the  rate  of  filtration 
per  unit  of  area,  or  else  the  area  or  dimensions  of  the  filter 
bed.  Specifications  thus  written  will  insure  fair  competition 
and  more  satisfactory  results. 

IDENTITY    IN    GENERAL    DESIGN 

10  The  same  general  design  and  the  same  principle  of 
operation  are  followed  by  all  the  leading  manufacturers  of 
mechanical  filters,  the  filtration  being  downward  through  a 
bed  of  sand  superimposed  upon  layers  of  gravel,  the  filters 
being  washed  by  a  reverse  flow  of  water.  Competition  in  con- 
struction is,  therefore,  limited  to  the  excellence  of  materials 
and  workmanship,  to  the  perfecting  of  details  and  to  adapta- 
tions for  convenience  in  accordance  with  good  iiltration  engi- 
neering practice.  While  this  affords  abundant  opportunity  for 
conscientious  care  and  requires  familiarity  with  the  history 
of  filtration  and  thorough  knowledge  and  observance  of  the 
results  of  experiments  and  tests,  it  does  not  allow  any  ap- 
jjlication  of  ingenuity  to  change  fundamental  requirements 
that  are  dependent  upon  natural  laws. 

UNNECESSARY   TO    STANDARDIZE    CONSTRUCTION 
DETAILS 

11  Your  committee  feels  that  it  would  be  unwise,  at  least  at 
this  time,  to  attempt  to  standardize  details  of  construction, 
there  being  a  wide  range  in  this  field  for  individual  preference 
or  convenience,  but  there  may  well  be  established  a  standard 
in  regard  to  the  rate  of  filtration,  since  the  object  thereby 
sought  is  not  mere  uniformity  but  compliance  with  the  limita- 
tions imposed  by  the  laws  of  nature,  so  that  the  possible  bene- 
fits of  filtration  will  be  actually  and  fully  realized.  It  would 
thus  seem  to  be  self-evident,  even  if  it  were  not  fully  estab- 
lished by  experiment  and  experience,  that  the  capacity  of 
any  filter  is  dependent  upon  and  determined  by  two  factors : 

a  The  permissible  rate  per  unit  of  area  at  which  the  water 

can  be  passed  to  insure  the  desired  results. 
b  The  effective  area  of  the  filter  bed. 


AGREEMENT     AMONG     LEADING     FILTER     MANUFAC- 
TURERS 

12  It  was  made  evident  by  the  data  gathered  that  there  is 
a  unity  of  opinion  on  the  part  of  those  best  qualified  to  judge 
at  what  rate  water  may  be  passed  per  square  foot  of  filter 
area  to  secure  desired  purification,  and  that  there  is  a  close 
agreement  in  the  practice  of  all  the  leading  filter  manufac- 
turers in  rating  the  capacity  of  a  filter. 
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FORM    OF    EXPRESSING   CAPACITY 

13  For  convenience,  we  have  expressed  the  rate  of  filtra- 
tion in  terms  of  gallons  per  square  foot  of  superficial  filter  bed 
area  per  minute,  thus  combining  units  of  quantity,  area  and 
time  in  a  way  to  make  easy  the  calculation  of  the  amount  of 
water  any  given  filtering  unit  will  properly  handle  or  to 
estimate  the  area  of  filter  bed  surface  that  will  be  required 
for  a  given  supply.  The  filtering  area  should  be  computed 
on  the  upper  surface  of  the  filter  bed,  as  the  latter  lies  during 
noiTnal  filtering  operation,  and  no  attention  should  be  paid 
to  a  greater  cross-sectional  area  such  as  is  sometimes  found 
in  horizontal  cylindrical  filters. 

CARE    AS    TO    MAXIMUM    DEMAND 

14  In  deciding  upon  the  size  of  filters  to  be  installed  in 
any  instance,  very  careful  consideration  should  be  given  to  the 
maximum  flow  that  will  be  required  at  any  time,  and  ample 
capacity  provided.  Where  the  demand  is  irregular,  the  maxi- 
mum requirement  is  much  greater  than  the  average  or  mini- 
mum consumjjtion,  and  either  adequate  storage  for  filtered 
water  should  be  provided  or  the  rated  capacity  of  the  filter 
made  equal  to  the  maximum  demand.  All  filters  are  capable 
of  passing  more  than  their  rated  capacity,  but  beyond  certain 
fairly  narrow  limits  this  is  always  at  the  expense  of  the  qual- 
ity of  the  filtered  water,  unless  more  than  ordinary  care  is 
taken  in  efficiently  coagulating  the  unfiltered  water.  As  al- 
ready intimated,  the  persistent  use  of  moderately  high  rates 
above  the  normal  and  the  occasional  use  of  excessively  high 
rates  should  be  discouraged,  if  not  prohibited. 

DEPTH    OF    FILTER    BED 

15  While  in  a  sense  consideration  of  the  filter  bed  may  not 
be  included  within  the  instructions  given  your  committee,  we 
feel  that  some  remarks  in  this  connection  will  be  of  value, 
especially  as  there  seems  to  be  an  opinion  in  some  quarters 
that  the  use  of  a  thicker  filter  bed  or  special  methods  or  ap- 
pliances for  washing,  or  similar  features,  make  higher  rates 
of  filtration  permissible.  In  regard  to  such  points,  we  would 
say,  that  while  of  course  there  is  a  minimum  thickness  of  filter 
bed  that  must  always  be  maintained  for  safety,  better  results 
do  not  follow  increased  depth.  In  fact,  an  excessive  depth 
of  sand  bed  is  in  some  instances  objectionable,  as  it  may  inter- 
fere with  proper  washing.  We  find  that  the  minimum  thick- 
ness of  filter  bed  should  be  27  in.,  of  which  at  least  18  in. 
should  be  sand  or  similar  fine  material.  A  filter-bed  thickness 
of  33  in.,  of  which  at  least  24  in.  is  sand  or  similar  fine  mate- 
rial of  suitable  size  and  grade,  is  recommended. 

INFLUENCE    OF    FILTER    WASHING 

16  While  efficient  washing  of  the  filter  bed  must  be  pro- 
vided for  and  while  the  use  of  special  means  or  appliances, 
such  as  stirrers,  air  agitation  or  other  means  of  breaking  up 
the  filter  bed,  may  be  of  value  in  some  cases  as  means  of 
Fccuring  economy  in  time  or  of  water  consumed  in  washing 
the  filter  bed,  the  direct  effect  of  such  means  is  limited  to 
that  secured  during  the  washing  process  and  such  effect  has 
no  influence  one  way  or  the  other  on  the  permissible  rate  of 
filtration,  which  is  dependent  upon  and  limited  by  properties 
inherent  in  the  filter  bed  itself. 

NORMAL    FILTERING    MATERIAL 

17  The  most  desirable  filter  medium  is  a  granular  substance 


of  a  hard,  non-porous,  insoluble  character,  with  grains  sub- 
stantially uniform  in  size  and  shape,  the  exact  size  and  uni- 
formity of  the  particles  being  open  to  some  variation  depend- 
ing upon  local  conditions.  If  properly  washed,  such  a  filter 
bed  will  remain  in  efficient  working  condition  for  several 
years. 

SPECIAL    FILTERING    MATERIAL 

18  Bone  charcoal  or  other  porous  material  is  sometimes 
of  aid  in  the  removal  of  iron,  color,  tastes  or  odors.  But  if 
they  are  used  it  must  be  recognized  that  growths  of  bacteria 
in  the  effluent  are  very  likely  to  occur,  although  there  is  no 
evidence  to  indicate  that  such  growths  include  disease-produc- 
ing germs.  These  porous  media  may  be  used  in  single  or 
double  filtration,  as  noted  in  Pars.  20  to  23,  inclusive. 

RECOMMENDED    RATE    OF    FILTRATION 

19  The  permissible  rate  of  filtration  in  any  instance  de- 
I)ends  upon  the  character  of  the  water  to  be  filtered  and  the 
purpose  for  which  the  water  is  used.  If  the  water  is  for 
domestic  purposes,  whether  the  filters  are  installed  in  a  mu- 
nicipal plant  or  otherwise,  the  rate  of  filtration  shoujd  not 
exceed  that  which  has  been  adopted  for  such  service  by  uni- 
versal consent  of  filtration  engineers.  We  therefore  recom- 
mend that: 

a  Whenever  the  water  is  to  be  used  for  domestic  purposes  or 
to  secure  full  bacterial  purification,  the  capacity  shall  be 
based  upon  a  rate  of  filtration  not  to  exceed  2  gal.  per 
min.  per  sq.  ft.  of  filtering  area  and  a  coagulant  must 
be  used. 

h  Where  a  lesser  degree  of  purification  is  required,  either  be- 
cause the  water  is  not  to  be  used  for  domestic  consump- 
tion or  because  the  water  to  be  filtered  is  already  suffi- 
ciently free  fi'om  bacteria,  or  where  the  filtered  water  is 
to  be  effectively  sterilized,  a  loigher  rate  of  filtration  may 
be  used,  but  not  to  exceed  3  gal.  per  sq.  ft.  per  min. 

DOUBLE    FILTRATION    IN    SPECIAL   CASES 

20  Your  committee  finds  that  there  is  a  limited  use  made 
of  double  filtration;  that  is,  the  water  is  passed  through  two 
filters  placed  in  tandem.  The  consensus  of  opinion  of  those 
consulted  and  the  recommendation  of  your  committee  is  that 
when  both  filters  are  filled  with  the  same  medium  this  is  not 
the  best  practice,  but  that  better  results  will  be  obtained  from 
the  same  filters  operated  in  parallel,  if  they  are  properly 
constructed,  owing  to  the  slower  rate  of  filtration. 

21  Double  or  tandem  filtration  may,  however,  be  used  to 
advantage  under  some  special  circumstances,  as,  for  instance, 
where  the  filter  medium  in  the  second  filter  is  of  a  very  close 
texture,  so  as  to  secure  the  very  highest  quality  of  filtered 
water  by  removing  fine  suspended  matters  that  may  pass 
through  an  ordinary  filter  bed. 

22  Double  filtration  may  also  be  of  advantage  where  the 
use  of  a  coagulant  is  not  desired  or  where  it  is  intended  to 
remove  iron,  color,  odor  or  taste.  In  such  cases  sand  can  be 
used  in  the  first  filter  and  bone  charcoal  or  similar  jjorous 
medium  in  the  second.  Such  practice,  however,  should  be 
limited  to  cases  where  an  increase  in  the  numbers  of  harmless 
water  bacteria,  such  as  frequently  occurs  in  the  effluent  of  a 
porous  filter  medium,  is  not  objectionable. 

23  If  double  filtration  is  employed,  the  rate  of  filtration 
should  not  exceed  the  rate  of  single  filtration,  unless  warranted 
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by  the  results  of  experiments  or  upon  the  advice  of  a  com- 
petent filtration  engineer. 

STERILIZATION 

24  In  earlier  years  it  was  frequently  the  custom  to  sterilize 
filter  beds  with  steam,  but  it  was  found  that  the  benefit  of  this 
treatment  was  temporary,  and  it  frequently  resulted  in  the 
growth  of  water  bacteria  witliin  the  filter.  At  present,  steriliza- 
tion is  normally  and  preferably  secured  in  the  filtered  water 
through  the  aid  of  liquid  chlorine,  hypochlorite  of  lime,  or 
ultra-violet  rays.  When  properly  applied,  such  treatment  will 
destroy  all  objectionable  bacteria. 

PREPARATORY    TREATMENT 

25  While  this  report  deals  essentially  with  filters  them- 
selves, it  is  proper  to  point  out  that  mechanical  filters,  with 
the  rapid  rate  of  filtration  employed,  cannot  be  expected  to 
accomplish  the  best  obtainable  results  without  the  securing 
of  proper  coagulation ;  and  if  the  raw  water  is  very  turbid, 
then  preliminary  sedimentation  also  must  be  considered. 

26  In  closing  this  report  the  committee  desires  to  express 
its  deep  loss  in  the  death  on  August  7,  1915,  of  J.  C.  W. 
Greth,  Mem.Am.Soc.M.E.,  one  of  the  original  members,  and 
also  its  appreciation  of  his  aid  in  collecting  data  on  the  prac- 
tical state  of  the  art  and  of  his  judicially  expressed  opinion  as 
to  the  basis  of  this  report. 

Respectfully  submitted, 

George  AV.  Fuller,  Chainnnu, 
■  James  C.  Boyd, 

Arthur  M.  Crane, 
;  Philip  N.  Engel, 

Martin  F.  Newman, 

William  Schwanhausser, 

Committee  on  Filter  Standardization. 

DISCUSSION 

J08.  W.  Ellms.'  The  recommendations  of  the  committee 
making  this  report  are  in  agreement  with  the  best  modern 
]nactice  in  the  design  of  mechanical  filters.  They  have  quite 
clearly  indicated  the  maximum  limits  for  safe  rates  of  filtra- 
tion and  the  minimum  depths  for  the  filtering  medium.  Their 
conclusions  on  these  points  are  in  accord  with  the  writer's  own 
experience. 

In  declining  to  commit  themselves  in  regard  to  construction 
details,  they  are  probably  justified;  yet  it  might  have  been 
well  to  have  enunciated  some  of  the  general  principles  which 
experience  has  shown  to  be  essential  to  the  best  design.  The 
writer  has  reference  more  particularly  to  underdrain,  strainer 
and  waste-trough  design.  Probably  no  portions  of  a  meclian- 
ical  filter  are  more  directly  dependent  upon  proper  coordina- 
tion than  are  those  whose  jjrincipal  functions  relate  to  the 
cleansing  of  the  filter  bed.  So  far  as  these  portions  of  the 
filter  act  as  distributors  of  the  influent  water  to  the  filter  bed, 
and  as  outlets  for  the  efiiuent  from  the  bed,  their  imjjortance 
is  only  of  a  secondary'  character. 

It  is  of  the  utmost  importance  that  the  underdrain  system 
of  a  filter  bed  shall  effect  as  uniform  a  distribution  of  wash 
water  as  possible.  Whether  this  is  done  largely  through 
strainers  of  various  types  or  through  perforated  jiipes,  or  in 


conjunction  with  the  coarse  filtering  material  forming  the  bot- 
tom of  the  filter  bed,  is  of  small  consequence,  so  long  as  it  is 
actually  accomplished.  Moreover,  a  uniform  and  speedy  with- 
drawal of  the  dirty  wash  water  by  means  of  properly  dis- 
posed waste  troughs  is  as  essential  as  uniform  distribution  of 
the  wash  water  when  entering  the  filter  bed.  In  other  words, 
a  mechanical  filter  which  cannot  be  quickly  and  effectively 
cleansed  is  defective. 

It  is  to  be  hoped  that  the  indorsement  of  the  committee's 
report  by  the  Society  will  establish  certain  definite  principles 
of  filter  design  to  which  manufacturers  will  confonn,  and  by 
which  purchasers  of  filters  may  be  guided  in  judging  of  the 
merits  of  any  particular  design  that  may  be  submitted  to  them. 

George  A.  Johnson. — The  report  of  the  committee  recom- 
mending certain  standard  procedures  in  filter  practice  shows 
clear  evidence  that  the  general  proposition  has  been  viewed 
from  the  numerous  necessary  angles  and  the  tentative  conclu- 
sions drawn  from  approved  practice  in  filter  design  and  opera- 
tion. At  best  the  prejaaration  of  such  a  report  was  a  difficult 
task,  for  the  reason  that  in  water-filtration  problems  local  con- 
ditions govern  so  very  largely,  and  their  individual  peculiari- 
ties are  so  numerous  and  varied.  This  report  will  serve  a  valu- 
able purpose  in  the  development  of  standard  practices  where 
possible  of  application,  and  the  committee  is  to  be  congratu- 
lated for  the  skill  and  conservatism  displayed  in  its  prepara- 
tion. 


Frederick  Schreibman,  in  tlie  first  of  a  series  of  articles  in 
The  Iron  Age  on  improving  operating  conditions  in  machine 
shops  without  buying  new  machines  or  erecting  new  buildings, 
proposes  to  adopt  the  following  plan  whenever  an  expansion 
of  a  plant  is  attempted :  a,  to  adopt  a  new  location  of  machines 
at  present  used;  b,  to  change  the  location  or  enlarge  certain 
doors,  windows,  stairways  and  elevators;  c,  to  strengthen  cer- 
tain parts  of  the  first  floor,  etc. 


'  FiUration  Plant,   CaUtornia.  Cincinnati,  Ohio. 


Ill  the  construction  and  insulation  of  refrigerators  "  l)uilt 
in  "  on  board  ship,  difficulty  has  been  encountered  with  the 
use  of  cork  that  had  not  been  sufficiently  pressed  previous  to 
baking.  This  cork  was  not  as  dense  as  it  should  have  been, 
and  was  lacking  in  mechanical  strengtli. 

As  to  refrigerator  doors,  the  idea  seems  to  prevail  that  they 
should  have  beveled  edges  and  that  such  edges  make  a  very 
tight  door.  However,  as  soon  as  the  moisture  begins  to  have 
its  effect,  sttch  a  door  cannot  be  tight  any  more.  Further,  if 
the  hinges  yield  at  all,  as  they  are  likely  to  do  with  such  "a 
heavy  door,  it  will  never  be  tight. 

The  way  to  make  a  tight  refrigerator  door  is  to  have  a 
plain  surface  come  up  against  a  plain  surface  with  a  flexible 
gasket  between  them,  or  two  pairs  of  such  surfaces  with 
gaskets  between  them,  making  an  air  pocket  between  the  two 
sills.  If  this  arrangement  is  used  the  door  dan  sag  consider- 
ably without  causing  any  serious  binding  or  failure  in  tight- 
ness. 

As  regards  estimating  the  capacity  of  the  refrigerator 
machine  required  to  take  care  of  the  given  refrigerator,  it  is 
not  sufficient  to  calculate  on  heat  loss  through  the  insulation 
of  the  refrigerator,  as  it  is  only  a  part  of  the  -total  loss.  The 
other  losses  are  due  to  heat  entering  in  wai'm  goods,  by  the 
interchange  of  air  through  the  opening  of  doors,  and  by  leaks 
through  defective  insulation  or  defective  doors;  to  lights,  or 
to  the  heat  of  the  bodies  of  workers;  to  any  change  of  state 
occurring  in  the  goods,  such  as  freezing,  fermenting,  etc. — 
R.  F.  Massa  in  paper  at  the  Annual  Meeting  of  the  Society 
of  Naval  Architects  and  Marine  Engineers,  November  1916. 


ANNUAL  MEETING   DISCUSSIONS 


Written  Discussions  of  the  Papers  Presented  at  the  Thirty-Seventh    Annual    Meeting    of    The 
American  Society  of  Mechanical  Engineers,  New  York,  December  5  to  8,  1916 


IN  the  preceding  issue  was  given  an  outline  of  the  Thirty- 
Seventh  Annual  Meeting  of  The  American  Society  of  Mech- 
anical Engineers,  held  in  New  York,  December  5  to  8,  1916,  in 
which  it  was  aimed  to  give  a  comprehensive  and  yet  not  over- 
long  account  of  the  whole  meeting.  It  was  only  possible  to  in- 
clude in  this  outline  the  briefest  abstract  of  the  written  dis- 
cussions, which  were  exceptionally  full. 

It  was  hoped  to  give  full  publication  to  these  wi-itten  discus- 
sions in  this  issue  of  The  Journal,  but  here  again  space  pre- 
cludes giving  more  than  one-half  the  discussions  and  the  re- 
mainder w»ill  be  given  nest  month. 

The  discussions  are  printed  substantially  in  fuU,  and  will 
be  found  to  contain  a  large  amount  of  valuable  material  suii- 
plementing  the  subject-matter  of  the  papers.  Following  the 
discussions  are  given,  in  each  case,  the  authors'  closures,  which 
refer  also  to  the  oral  discussion  abstracted  last  month. 


THE  TESTING  OF  HOOSE-HEATING  BOILERS,   L.  P. 
BRECKENRIDGE  AND  D.  B.  PRENTICE 

William  Kent.  The  method  of  rating  a  house-heating 
boiler  proposed  by  the  authors  seems  to  leave  out  a  most  im- 
portant factor  of  such  a  rating,  viz.,  the  grate  surface,  or  the 
amount  of  coal  that  should  be  burned  per  square  foot  of  grate 
surface. 

The  authors  say,  "  The  capacity  or  commercial  rating  of  a 
lieating  boiler  has  always  been  given  in  terms  of  the  direct 
radiating  surface  which  it  would  serve."  The  capacity  of  such 
a  boiler  thus  defined,  that  is,  the  amount  of  radiating  surface 
which  it  wUl  sei-ve,  is  an  exceedingly  variable  quantity,  de- 
pending chiefly  upon  the  amount  of  coal  that  is  burned  under 
it  per  hour,  which  in  turn  depends  on  the  size  of  the  grate  and 
the  rate  of  combustion.  A  certain  boiler  with  1  sq.  ft.  of  grate 
and  say  20  sq.  ft.  of  heating  surface  may  supply  150,  300  or 
450  sq.  ft.  of  heating  surface,  depending  on  whether  the  coal 
is  burned  at  the  rate  of  4,  8,  or  12  lb.  per  sq.  ft.  per  hour.  It 
is  evident  then  that  no  satisfactory  rating  of  a  house-heating 
boiler  can  be  made  that  does  not  take  into  consideration  the 
rate  at  which  the  coal  is  burned.  I  therefore  would  amend  the 
authors'  definition  of  a  unit  for  stating  the  capacity  of  a  heat- 
ing boiler  so  as  to  make  it  read  as  follows : 

The  foot  of  radiation  shall  be  %  lb.  of  steam  per  hour  con- 
densed at  212  deg.  fahr.  and  discharged  as  water  at  182  deg. 
(equivalent  to  250  B.t.u.  per  hour)  when  the  coal  is  burned  at 
the  rate  of  4  lb.  per  sq.  ft.  of  grate  surface  per  hour. 

I  use  the  figure  250  instead  of  the  authors'  242.6  because 
it  has  long  been  used  by  heating  and  ventilating  engineers  as  a 
standard  equivalent  for  an  average  square  foot  of  radiation. 
A  radiator  generally  discharges  its  return  water  at  a  tempera- 
ture somewhat  below  the  temperature  of  the  steam,  and  the 
figure  250  is  therefore  more  nearly  equivalent  to  the  actual 
conditions  of  condensing  1/4  lb.  of  steam  than  is  242.6. 

In  1909  the  writer  presented  a  paper  on  The  Testing  and 
Rating  of  House-Heating  Boilers  to  the  American  Society  of 
Heating  and  Ventilating  Engineers,  which  is  published  in  the 
Transactions  of  that  society.  Some  of  the  points  in  that  paper 
are  pertinent  to  the  discussion  of  the  present  paper. 


S.  B.  Flagg  and  R.  L.  Beers.  The  writers  have  been  en- 
gaged during  the  past  two  years  in  planning  and  carrjing 
on  an  extended  series  of  tests  which  the  Bureau  of  Mines 
is  conducting  for  one  of  the  Government  departments.  The 
principal  purpose  of  these  tests  has  been  to  obtain  informa- 
tion as  to  the  relative  value  for  domestic  heating  purposes  of 
a  large  number  of  fuels  used  by  this  department,  including 
a  number  of  Canadian  and  foreign  coals.  At  the  same  time 
a  comparison  is  being  made  of  steam  and  hot-water  boilers. 

The  reasons  given  in  the  paper  why  it  is  important  to 
have  a  satisfactory  method  of  testing  house-heating  boilers 
are  heartily  indorsed.  The  writers  would  add  to  these  reasons 
by  pointing  out  that  in  many  localities  anthracite  coal  is 
practically  unobtainable  or  can  be  used  only  at  a  much 
greater  heating  cost  than  for  some  other  fuel.  Consequently 
methods  of  firing  and  testing  such  boilers  and  the  ratings 
established  for  them  should  take  account  of  these  other  fuels, 
especially  bituminous  coal. 

It  is  agreed  that  the  lack  of  clearness  as  to  the  meaning  of 
a  foot  of  radiation  is  undesirable  and  should  be  corrected. 
In  reporting  results  of  tests  of  boilers  of  the  hot-water  type, 
the  employment  of  a  unit  such  as  the  paper  describes  would 
be  especially  desirable  for  comparison  with  steam-boiler  tests. 

In  the  development  of  plans  for  the  tests  which  the  Bureau 
is  now  conducting  the  following  considerations  governed: 

The  average  residence-heating  boiler  operates  during  the 
most  of  the  heating  season  at  a  load  less  than  40  per  cent  of 
its  rating.  Results  were  desired  showing  the  comparative 
values  of  the  fuels  under  average  load  conditions,  and  the 
tests  were  therefore  run  at  approximately  this  load. 

Conditions  of  attention  were  to  be  comparable  to  those  in 
actual  service  so  far  as  possible.  For  this  reason  with  most 
fuels  charges  of  relatively  large  size  were  fired  so  as  to  give 
a  firing  period  ranging  from  6  to  12  hours. 

In  the  ease  of  the  steam  boiler  installed  in  a  residence, 
neither  the  rate  of  delivery  of  steam  nor  that  at  which  the 
condensation  returns  is  uniform.  The  boiler  output  was 
therefore  allowed  to  vary,  but  the  valve  controlling  the  delivery 
was  so  set  that  with  automatic  damper  regulation  an  average 
load  of  approximately  40  per  cent  of  rating  was  maintained. 
This  corresponds  with  the  authors'  requirement  in  Par.  12a. 

So  far  as  possible  the  test  data  were  mechanically  recorded 
and  some  of  the  data  so  recorded  by  a  second  piece  of  equip- 
ment. 

In  order  to  reduce  errors  of  starting  and  stopping  the  dura- 
tion of  the  tests  was  made  approximately  48  hours. 

The  authors  concede  that  when  the  load  is  allowed  to  vary 
the  conditions  of  house  operation  are  reproduced,  but  they 
feel  that  under  such  circumstances  it  would  be  difficult  to 
duplicate  results.  Tests  conducted  at  the  Bureau's  experi- 
ment station  do  not  justify  such  a  conclusion,  and  the  writers' 
oi)inion  is  that  the  real  purpose  of  the  test  should  be  to 
learn  what  the  boiler  will  do  under  operating  conditions.  If 
it  be  agreed  that  such  is  the  purpose  the  effort  should  be  to 
approximate  the  operating  load.  Observations  taken  at  the 
time  the  Bureau's  plans  were  being  developed  showed  that  the 
actual  delivery  of  steam  by  a  residence-heating  boilei  raries 
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through    a    considerable    range,    even    in    moderate    winter  rise  in  temperature  of  the  condensing  water,  the  condensate 

weather,  and  is  affected  principally  by  the  times  and  condi-  returning  to  the  boiler.     Selection  of  equipment  for  either 

tions  of  firing,  and  the  character  of  the  fuel.  method  may  be  made  from  a  wide  variety,  and  nearly  any 

It  was  the  effort  when  the  Bureau's  tests  were  first  started  desired  degree  of  accuracy  obtained  in  measuring  the  output, 
to  employ  a  method  of  starting  and  closing  tests  similar  to 

that  proposed  in  Par.  17  of  the  paper.     The  duration  of  the  .                           ,  .  ,    r 

full  test  was  then  and  still  is  made  approximately  48  hours,  ^"^  i'-  Lynd.     There  are  two  pomts  m  this  paper  wh.ch  I 

and  at  the  end  of  the  first  24  hours  the  fires  were  brought  to  "'ould  like  to  discuss.    The  first  is  that  the  titles  of  the  paper 

a  closing  condition  and  readings  taken.    Experience  with  this  and  of  the  proposed  testing  code  both  confine    themselves   to 

method,  particularly  with  anthracite  coals,  showed  so  great  touse-heating  boilers,  and  the  paper  states  that  the  class  of 

variations  between  the  two  24-hour  periods  and  also  between  boilers  indicated  by  the  authors  under  this  headmg  includes 

different  tests  that  it  was  abandoned  for  what  was  formerly  o"ly  boilers  designed  to  serve  2000  ft.  of  radiation  or  less.    It 

known   as  the  "  standard  "  method  of   starting  and  closing.  seems  that  we  make  a  mistake  in  thus  limitmg  this  code.    The 

With   the   latter  method   of  test   the   overaU   eflBciencies   are  same  boilers  which  we  use  in  our  houses  are  used  very  exten- 

usuaUy  lower,  but  results  can  be  more  easily  checked  with  24-  sively  to  heat  schools,  churches,  and  other  large  buildings,  and 

hour  tests  by  this  method  than  by  48-hour  tests  by  the  former  several  makes  of  low-pressure  cast-iron  sectional  boilers  are 

method.    The  following  results  illustrate  the  variation:  designed  to  serve  as  much  as  10,000  ft.  of    radiation.      We 

would  do  well  to  eliminate  the  term  house-heating  boilers  from 

Total  the  title,  the  paper  and  the  code,  and  substitute  therefor  low- 

Mcthcd     Duration     sq.  (t.          Effi-  pressure  heating  boilers;  and  include  all  low-pressure  heating 

Test                   Coal        ot  Starting    (hours)      Grate       clency  %  \yo\\ers  instead  of  those  only  which  are  designed  to  serve  2000 

TBlii)""     ^^^'^:.'^'^^-        ^'r.^'-        Ilo^          ilii          sao  ft.  of  radiation  or  less.     The  larger  boilers  of  this  class  are 

7G1(6).':.'           ••              ^   "           22:78         37.S         74.5  covered  by  section  (9)  of  the  code,  which  states  that  the  test 

868 "                 Second         24. 2d            80.3            o2.8  ,.  .       "^    ,       ,  ,    ,                        ,                       •,  .      ,-i       xi            j- 

853 "                  "           49.37        128.3         62.9  conditions  should  be  as  nearly  as  possible  like  the  ordinary 

The  proposed  method  of  starting  and  stopping  can  probably  operating  conditions  for  the  boiler  to  be  tested. 
be  used  with  a  fair  degree  of  success  with  anthracite  coal  of  In  the  A.S.M.E.  Boiler  Code  of  1914,  boilers  are  divided 
stove  or  chestnut  size,  but  the  writers'  experience  with  other  into  two  classes,— Power  Boilers,  Section  1,  and  Boilers  used 
sizes  was  anything  but  encouraging.  The  evaporative  per-  exclusively  for  Low-Pressure  Steam  and  Hot-Water  Heating 
formances  quoted  by  different  manufacturers,  nearly  all  of  and  Hot- Water  Supply,  Section  2.  This  division  should  be 
which  are  believed  to  be  for  anthracite  coal,  appear  high,  borne  in  mind  in  any  new  testing  code.  As  the  proposed  testing 
and  it  may  be  due  to  the  effort  to  get  results  with  a  short  code  is  essentially  a  code  for  evaporative  tests,  we  are  not  con- 
test or  to  the  use  of  a  method  of  starting  and  stopping  which  cerned  with  boilers  for  hot-water  heating  and  hot-water  sup- 
does  not  give  correctly  the  quantity  of  fuel  actually  consumed.  lily.    It  would  seem  therefore  that  the  new  code  should  cover 

It  is  obvious  that  the  proposed  method  of  starting  involves  all  boilers  used  exclusively  for  low-pressure  steam  heating,  and 

less  work  in  both  the  conduct  of  the  test  and  the  analysis  of  should  be  so  entitled;    The  A.S.M.E.  Boiler  Code,  in  Section  2, 

fuel  and  refuse  samples  than  does  the  other  method  wherein  does  not  limit  low-pressure  heating  boilers  to  2000  ft.  or  less, 

the  test  is  started  with  a  new  fire  and  analysis  is  made  of  the  and  we  should  not  so  restrict  the  testing  code, 

material  remaining  on  the  grate  at  the  close  of  the  test.     It  The  second  point  is  in  regard  to  the  definition  given  for  a 

was  because  of  this  difference  that  the  effort  was  first  made  foot  of  radiation.    The  authors  seem  to  think  that  the  amount 

to  start  with  a  fire  which  has  been  burning  for  3  or  4  hours,  of  steam  condensed  per  foot  of  radiation  enters  more  largely 

but  the  writers  were  not  able  to  carry  out  the  method  sue-  into  ordinary  heating  calculations  than  the  B.t.u.     They  have 

cessfully  with  anthracite,  lignite  and  some  of  the  sub-bitu-  assumed  a  convenient  average  amount  of  steam  per  foot  of 

minous  coals,  and  they  are  of  the  opinion  that  others  would  radiation,   and   have   then   converted   this   into   an    awkward 

experience   similar   difficulty.     A   duration   of   test   sufficient  B.t.u.  value.    This,  to  my  mind,  is  wrong.    We  figure  practi- 

to  show  a  total  fuel  consumption  of  40  pounds  per  square  eally  everything  in   connection  with  heating  installations  in 

foot  of  grate  is,  however,  believed  to  be  adequate  if  the  so-  B.t.u.'s,  and  it  is  very  rare  that  the  question  of  the  amount 

called   "  standard  "   method   is   used.  of  steam  involved  is  raised.    I  would  suggest  that  the  foot  of 

The  feeding  of  water  to  the  boilers  may  be  done  as  described  radiation  be  defined  as  a  transfer  of  heat  equal  to  250  B.t.u.'s 

in  the  paper  or  it  may  be  done  in  another  way  if  the  output  per  hour.    This  figure,  and  its  reciprocal,  0.004,  are  both  very 

rather  than  input  is  measured.     The  latter  course  is  followed  convenient,  and  would  be  far  preferable  to  the  figures  given 

in  the  Bureau's  tests.  by  the  authors. 

Connection  may  be  made  by  a  small  line  from  a  source  of  It  has  been  the  writer's  practice  to  test  low-pressure  boilers 

water  under  pressure  to  the  return  outlet  of  the  boiler.     In  at  atmospheric  pressure,  keeping  a  record  of  the  steam  tem- 

this  line  a  smaU  orifice  may  be  placed  and  the  pressure  drop  perature  as  indicated  by  a  mercury  thermometer  placed  in  an 

through  the  orifice  read  off  of  a  manometer  graduated  to  read  oil  well  directly  in  the  steam  chamber  in  the  top  of  the  boiler, 

in  rate  of  flow  or  simply  in  pressure  difference.    The  manom-  The  pressures  at  which  these  boilers  are  operated  are  as  a  rule 

eter  shows  at  any  time  at  what  rate  the  water  is  being  fed,  so  nearly  atmospheric,  if  the  heating  system  is  conservatively 

and  this  feed  can  be  adjusted  to  keep  the  boiler  water  level  designed,  that  a  test  made  at  atmospheric  pressure  comes  about 

practically  constant.  as  close  to  actual  operating  conditions  as  it  can  be  got.    The 

Measurement  of  output  can  readily  be  made  in  either  of  great  advantage  of  the  atmospheric  pressure  test  is,  of  course, 

two  ways.     One  way  is  to  send  the  steam  delivered  by  the  its  simplicity,  it  being  unnecessary  to  use  the  reducing  valve, 

boiler  through  a  closed-type  feedwater  heater,  the  condensing  receiver,  and  bank  of  valves  spoken  of  by  the  authors, 

water   circulating   in   the   coil,   and   measure   the    condensate.  One  of  the  functions  performed  by  this  system  of  pressure 

The  other  way,  which  would  obviate  the  use  of  calorimeter  control  suggested   by  the  authors  is  in   the  determination  of 

readings  in  computing  results,  is  to  measure  the  quantity  and  the  time  of  starting  and  stopping  the  test.     The  test  is  started 
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by  establishing  normal  running  conditions  with  a  pressure  of, 
say,  5  lb.  on  the  boiler.  Then  the  fire  is  cleaned  and  thinned 
until  the  pressure  drops  to  say,  3  lb.,  when  the  test  is  assumed 
to  start.  The  same  conditions  are  reproduced  at  the  end  of 
the  test,  the  test  being  over  when  the  pressure  drops  to  the 
same  3  lb.  This  would  all  be  out  of  the  question  with  a  test 
made  at  atmospheric  pressure.  The  writer  has  used  for  some 
time  a  system  which  is  very  similar,  and  which  gives  practical- 
ly the  same  accuracy,  and  which  is  applicable  to  tests  made 
at  atmospheric  or  any  higher  pressure.  Normal  running  con- 
ditions are  established  before  the  test,  and  then  the  fire  is 
cleaned  and  thinned  just  as  outlined  in  the  paper,  but  instead 
of  depending  on  the  pressure  dropping  to  a  certain  starting 
pressure,  the  temperature  of  the  flue  gases  is  used  as  an  index. 
When  the  temperature  of  the  flue  gases  falls  to  a  predeter- 
mined point,  the  test  is  assumed  to  be  started,  and  at  the  close 
of  the  test  the  starting  conditions  are  reproduced  until  the 
flue-gas  temperature  taken  at  the  same  point  in  the  flue  falls 
to  the  starting  temperature.     This  method  seems  preferable, 


this  purpose  the  boiler  was  suspended  upon  a  sensitive  bal- 
ance, so  the  smallest  amount  of  fuel  burned  off  in  the  boiler 
could  be  weighed  very  exactly  at  shortest  intervals,  thus  giving 
a  continuous  determination  of  the  fuel  consumption  and  the 
incoming  heat.     The  arrangement  is  shown  in  Fig.  1. 

The  entire  steam  generated  was  condensed  in  a  condenser 
and  the  condensed  water  carried  back  to  the  boiler.  In  this 
way  the  useful  heat  could  be  determined  continuously  by  con- 
tinuously measuring  with  a  Poncelet  vessel  the  quantity  of 
cooling  water  used  in  the  condenser  and,  with  the  thermometers, 
the  increase  in  its  temperature. 

The  flue  gases  were  drawn  out  by  a  ventilator  and  carried 
through  a  flue-gas  calorimeter,  in  which  their  entire  sensible 
heat  was  determined  by  cooling  them  down  to  the  room  tem- 
perature by  a  water  jacket,  the  quantity  of  cooling  water  being 
measured  continuously  with  a  Poncelet  vessel,  and  its  rise  in 
temperature  also  being  measured.  The  volume  of  the  flue 
gases  was  recorded  with  a  gas  meter  of  1500  liters  capacity 
per  revolution. 
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Flu.   1      Testing  Low-Peessube  Boilers  at  the  Royal   Technical  High  School,  Aix-la-Chapelle,  Germany 


as  the  flue-gas  temperature  is  more  intimately  connected  with 
the  condition  of  the  flre  than  the  steam  pressure  is,  and  at 
the  same  time  it  enables  us  to  use  the  very  much  simpler  at- 
mospheric pressure  conditions. 

It  has  also  been  the  writer's  practice,  for  some  time  past, 
to  keep  accurate  records  of  the  draft  in  the  flue,  in  the  fire- 
box, and  in  the  ashpit,  by  means  of  differential  draft  gages. 
These  data  sometimes  indicate  differences  in  the  draft  condi- 
tions which  may  explain  differences  in  test  results. 

Max  Friedlander.  Below  is  a  description  of  a  new  method 
for  the  continuous  determination  of  the  heat  balance  of  house- 
heating  boilers.  The  principle  of  the  method  was  suggested 
by  Prof.  H.  Junkers,  the  originator  of  tlie  Junkers  calorimeter, 
and  the  method  was  tried  out  and  applied  by  the  writer  in 
a  series  of  actual  tests  on  a  steam-heating  boiler  in  1911  when 
he  was  his  assistant  at  the  Technical  College  of  Aix-la-Chap- 
elle, Germany. 

The  idea  was  to  measure  all  items  of  a  complete  heat 
balance    in    a    continuous    way    during    operation,    and    for 


A  quite  novel  feature  was  the  continuous  determination  of 
the  loss  of  heat  due  to  incomplete  combustion  by  a  new 
calorimetrie  method  in  which  the  heat  value  of  the  flue  gases 
was  measured  in  a  calorimeter  fitted  with  a  specially  designed 
burner  for  which  a  patent  is  pending.  This  method  for  the 
calorimetry  of  flue  gases  has  been  developed  by  the  writer 
in  separate  experiments  and  tried  out  in  a  great  number  of 
actual  tests  and  applications  on  boilers  and  combustion  en- 
gines, and  it  has  been  described  in  detail  in  a  dissertation  (not 
yet  published),  where  all  these  experiments  and  tests  are  also 
reported.  The  arrangement  for  this  is  also  shown  in  the  illus- 
tration. 

The  heat  loss  due  to  incomplete  combustion  was  very  variable 
and,  with  the  boiler  mentioned,  wavered  between  8  per  cent 
and  23  per  cent  of  the  incoming  heat  when  the  operation  and 
combustion  was  normal,  and  increased  to  over  45  per  cent 
when  the  boiler  was  operated  with  Lnsufiicient  excess  of  air  or 
otherwise  in  bad  condition.  In  all  cases,  however,  the  heat 
value  of  the  flue  gases  decreased  continuously,  or,  in  other 
words,  the  combustion  improved  steadily  in   the  proportion 
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as  the  layer  of  coal  was  burning  off,  thus  indicating  that  the 
boiler  was  working  in  the  beginning  like  a  gas  producer. 

Heat  radiation  and  conduction  was  determined  by  tempera- 
ture measurements  of  the  outer  surface  of  the  boiler  and  its 
surroundings,  and  by  use  of  individual  coeflficients  of  heat 
transfer. 

CLOSURE  BY  PROFESSOR  BRECKENRIDGE 

L.  P.  Breckenridge.  The  authors  appreciate  the  discussion 
and  suggestions  presented  by  the  different  members.  It  is 
evident  that  the  time  has  amved  for  adopting  a  plan  for 
testing  house-heating  boilers.  It  is  probable  that  the  Power 
Test  Committee  will  be  able  to  use  the  suggestions  made  in  the 
discussion  when  they  come  to  give  consideration  to  this  paper. 

At  no  place  in  the  paper  do  the  authors  discuss  a  method 
of  rating  boilers.  That  is  a  matter  for  future  consideration. 
We  still  believe  that  in  spite  of  the  convenience  of  250  B.t.u., 
the  reason  already  given  in  the  paper  is  of  sufficient  weight 
to  justify  asking  that  the  most  careful  consideration  be  given 
to  the  authors'  proposed  definition  of  a  foot  of  radiation. 

THE  UTILIZATION  OF  WASTE  HEAT  FOR  STEAM-GEN- 
ERATING PURPOSES,  ARTHUR  D.  PRATT 

Warren  B.  Lewis.  The  extraction  of  waste  heat  from  fur- 
nace gases  has  not  always  been  successful,  and  the  unfortunate 
examples  have  been  heralded  fully  as  much  as  the  successful 
ones.  Boiler  economizers  are  the  most  widely  known  waste- 
heat  extractors;  and  their  success  has  been  due,  in  no  small 
measure,  to  a  thorough  understanding  of  the  characteristics 
of  the  gases  to  be  handled.  The  conditions  surrounding  steel 
furnaces  have  not  been  so  thoroughly  understood,  nor  the 
requirements  of  the  furnace  so  well  appreciated,  so  that  the 
apparatus  for  recovering  waste  heat  has  not  been  standardized. 
The  following  description  of  a  plant  using  waste-heat 
boilers  in  which  the  transfer  rate  is  low  is  cited  to  show  what 
has  been  accomplished  from  a  different  reasoning  point  to  that 
employed  in  the  paper. 

Admitting  at  the  start  that  mechanical  draft  is  practically 
a  necessity,  the  regulation  of  draft  takes  place  in  the  flue 
between  the  furnace  and  the  boiler,  or,  to  put  it  another  way, 
a  certain  definite  draft  must  be  maintained  at  the  end  of  the 
checkers.  What  happens  beyond  that  point  is  of  compara- 
tively small  importance. 

The  furnaces  were  fired  with  producer  gas  made  from 
bituminous  coal.  The  amount  of  coal  consumed  in  a  year 
was  8400  tons.  The  gases  between  the  producers  and  the 
furnaces  were  analyzed,  as  were  also  the  gases  between  the 
checkers  and  the  stack;  and  a  determination  made  of  the 
weight  of  gas  issuing  from  the  stack.  The  temjierature  of  the 
gases  averaged  1050  deg.  falir.,  and  the  boilers  were  designed 
to  abstract  550  deg.  fahr. 

The  boilers  chosen  were  of  the  Manning  type,  with  tubes 
20  ft.  long;  and  draft  was  produced  by  means  of  a  motor- 
driven  steel-plate  fan  mounted  on  a  platform  at  the  top  of  the 
boilers.  A  rotatable  steam-jet  tube  blower  was  installed,  by 
means  of  which  the  tubes  could  be  blown  out  as  often  as 
desired  with  a  minimum  of  labor.  The  ground  space  occu- 
pied was  small,  and  the  protection  necessary  from  the  weather 
inexpensive.  The  boilers  were  equipped  with  automatic  feed- 
water  regulators. 

The  early  calculations  in  connection  with  this  installation 
showed  that  there  should  be  an  average  output  of  212  boiler 
hp.     One  year  after  the  investigation  was  made  the  boilers 


were  in  operation,  and  the  actual  boiler  horsepower  developed 
was  227 ;  the  temperature  of  the  flue  gases  was  418  deg.  fahr. 
The  total  square  feet  of  heating  surface  was  6600,  and  the 
transfer  rate  less  than  2.  The  actual  power  required  to  drive 
the  fan  was  about  2V2  per  cent  of  the  net  return  from  the 
boilers. 

The  tests  showed  a  comparatively  high  percentage  of  re- 
covery, as  indicated  by  the  low  temperature  of  the  flue  gases 
issuing  from  tlie  fan. 

In  order  to  recover  a  high  percentage  of  heat  with  a  low 
transfer  rate,  a  large  amount  of  surface  must  be  used;  and  it 
is  simply  a  question  of  what  that  additional  surface  costs  as 
compared  with  the  cost  of  a  high-pressure  drop. 

L.  D.  RiCKETTs'.  The  Cananea  plant  is  the  oldest  one  in- 
stalled with  the  header  type  of  flues  for  the  distribution  of 
the  waste-heat  gases  to  the  boilers.  In  more  modern  smelters 
in  the  Southwest,  Stirling  boilers  or  ones  of  similar  type  but  of 
much  larger  capacity  are  used.  They  are  equipped  with  super- 
heaters. Economizers  have  not  been  installed  recently  on  ac- 
count of  their  tending  to  become  foul  and  to  cut  down  the  draft 
in  the  furnaces. 

The  new  plant  of  the  International  Smelting  Co.,  near 
Globe,  Arizona,  has  three  reverberatory  furnaces,  each  21  ft. 
wide  by  120  ft.  long,  and  seven  waste-heat  boilers  of  a  capa- 
city of  713  boiler  hp.  each,  and  they  are  supplied  with  super- 
heaters which  furnish  50  deg.  of  superheat  to  the  steam,  which 
is  generated  at  a  pressure  of  195  lb. 

We  find  it  advantageous,  however,  to  use  three  boilers  to  a 
furnace,  and  now  that  we  have  to  increase  the  size  of  the  plant 
and  add  an  additional  furnace,  we  contemplate  installing  three 
more  boilers  of  this  size  so  that  we  can  do  this  in  operating 
three  furnaces  and  have  one  boiler  as  a  spare. 

It  may  be  of  interest  in  this  connection  to  give  some  idea 
of  the  amount  of  power  recovered  at  a  plant  like  the  one  in 
question. 

Each  of  the  furnaces  treat  about  500  tons  of  solid  charge 
per  day,  and  with  two  furnaces  running  continuously  the 
plant  smelts  about  30,000  tons  of  solid  charge  per  month.  The 
evaporation  from  and  at  212  deg.  in  the  oil-fired  boilers  in  the 
power  house  is  16.46  lb.  of  water  per  pound  of  oil.  The 
evajjoration  in  the  revorberatoi-j-  furnaces  is  7.32  lb.  of  water 
per  lb.  of  oil.  In  other  words,  a  pound  of  oil  burned  for 
smelting  purposes  in  the  reverberatory  furnaces  yielded  on  an 
average  (for  the  first  ten  months  of  1916  at  the  International 
Company's  plant)  44.77  per  cent,  of  the  power  such  oil  would 
yield  if  burned  under  its  boilers.  The  gross  oil  consumed  in 
smelting  was  0.856  barrel  per  ton  of  solid  charge,  and  of  this 
0.475  barrel  was  charged  to  smelting  and  the  balance  to  steam 
generated. 

B.  N.  Broido".  Waste  heat  is  also  very  often  used  in  Ger- 
many to  superheat  steam.  In  cases  where  for  some  reason 
superheaters  cannot  be  installed  in  boilers,  or  in  which  circum- 
stances require  the  superheater  to  be  near  the  engine,  inde- 
pendent superheaters  are  recommended.  In  such  cases  super- 
heaters healed  by  waste  gases  are  the  ideal  installation. 

The  writer  has  designed  and  installed  a  number  of  super- 
heaters both  large  and  small  for  waste  heat.  Fig.  2  shows 
such  a  superheater  for  40,000  lb.  of  steam  per  hour,  installed 
at  the  plant  of  the  Coal   Mining  Co.,  Gelsenkirchener  Berg- 
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werks  Gesellschaft.  The  gases  had  an  average  temjierature 
of  about  1382  deg.  fahr. 

The  moist  steam  enters  the  superheater  at  .1  in  order  to 
prevent  rapid  burning  of  the  tubes  at  the  point  where  the 
gases  first  come  in  contact  with  them.  The  steam  flows 
through  this  portion  of  the  superheater  in  the  same  direction 
as  the  gases,  passes  over  to  B  and  flows  in  the  opposite  direc- 
tion, taking  full  advantage  of  counter-How  principle. 

With  a  velocity  of  the  flue  gases  of  about  900  ft.  jier  min., 
and  a  velocity  of  steam  inside  of  the  pipes  of  about  5000  ft.  per 
min.,  the  average  heat  transfer  was  4.3  B.t.u.  per  sq.  ft.  per 
deg.  fahr.  temperature  difference.  The  steam  for  this  super- 
heater was  supplied  by  five  waste-heat  water-tube  boilers, 
300  hp.  each,  four  of  which  were  always  in  operation. 

On  account  of  its  smaller  heating  surface  the  cost  of  this 
independent  superheater  was  considerably  smaller  than  it 
would  be  with  each  boiler  provided  with  its  own  superheater. 

Most  of  the  superheaters  have  been  installed  for  waste 
heat  from  coke  ovens  and  open-hearth  steel  furnaces.  Also 
copper  furnaces  and  cement  kilns  often  furnished  waste  heat 
for  superheaters. 


have  been  in  accordance  with  early  ratlier  tluiu  modern  waste- 
heat  practice;  that  is,  gas  velocities  comparable  to  those  now 
used  in  open-hearth,  cement-kiln  and  beehive  coke-oven  work 
have  not  been  used.  In  view  of  the  success  of  the  applica- 
tion of  this  principle  in  these  industries,  and  from  a  compari- 
son of  exit-gas  temperatures  from  boilers  set  with  smelting 
furnaces  and  temperatures  from  the  modern  design  of  waste- 
heat  boiler,  it  would  certainly  appear  that  a  trial  installation 
at  least  of  the  modern  design  is  warranted  on  the  part  of  one 
of  the  copper  campanies. 

Mr.  Lewis  in  his  discussion  gives  some  interesting  figures 
on  the  performance  of  a  boiler  with  low-temperature  gases 
where,  based  on  the  transfer  rate,  the  velocity  must  have  been 
very  low  as  compared  to  modern  waste-heat-boiler  velocity. 
He  points  out  that  for  such  low  transfer  rates  the  amount 
of  surface  to  be  furnished  for  a  given  capacity  must  be  high. 
The  boiler  in  question,  presumably  of  660  nominal  rated  horse- 
power, cooled  approximately  48,000  lb.  of  gas  per  hour  from 
1050  to  418  deg.  and  developed  227  hp.,  or  some  34  per  cent 
of  its  normal  rating.  It  is  interesting  to  compare  the  heating 
surface  of  a  modern  waste-heat  boiler  to  develop  the  same 
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MR.  PRATT'S  CLOSURE 

Arthur  D.  Pratt.  Mr.  Christie  raises  the  question  as  to 
whether  the  principles  of  high  gas  velocity  could  not  be  suc- 
cessfully applied  in  direet-flred  work.  This  has  been  tried 
a  number  of  times,  and  the  absence  of  unqualified  success  has 
come  rather  from  improper  boiler  design  than  from  faulty 
principle. 

It  is  of  interest  to  note  that  there  have  recently  been  sold 
a  number  of  direct-fired  boilers  in  which  the  principle  of  high 
gas  velocity  along  the  lines  of  modern  waste-heat  practice  is 
followed.  These  units  are  not  as  yet  in  operation,  but  in  view 
of  the  knowledge  gained  in  waste-heat  work  there  is  no  reason 
why  the  installation  should  not  be  wholly  successful.  That  this 
view  is  warranted  is  best  indicated  by  the  boilers  described  in 
the  section  of  the  paper  on  Utilizing  Beehive  Coke  Oven  Gases. 
Here  with  entering  gas  temperatures  of  2100  to  2300  deg. 
fahr.,  temperatures  which  at  least  closely  approach  the  direct- 
fired  practice  at  ratings  of  200  per  cent  and  upward,  exit  tem- 
peratures of  about  475  deg.  are  secured. 

The  operating  figures  of  the  International  Smelting  Co. 
given  by  Dr.  Ricketts  are  of  interest.  With  one  exception, 
all  of  the  boilers  furnisiied  with  copper  reverberatory  furnaces 


capacity  with  that  described  by  Mr.  Lewis.  With  such  a 
boiler  it  is  entirely  possible  to  cool  this  weight  of  gas  from 
1050  to  418  deg.  and  thus  develop  227  bj).  (It  is  to  be  remem- 
bered that  the  temperature  to  which  it  is  possible  to  cool  a  gas 
is  to  an  extent  governed  by  the  pressure  carried  in  the  boiler.) 
The  amount  of  heating  surface  necessary  for  such  capacity, 
however,  would  be  approximately  3500  sq.  ft.  as  compared 
with  6600,  and  this  heating  surface  would  be  operating  at 
some  65  per  cent  of  its  normal  rated  capacity. 

Mr.  Lewis  states  that  the  power  required  to  drive  the  fan 
was  approximately  21/2  per  cent  of  the  net  capacity  of  the 
boiler.  With  the  gas  velocity  through  the  boiler  corresponding 
to  the  transfer  rate  obtained,  the  draft  loss  through  the  boiler 
proper  must  have  been  very  low,  and  it  is  possible  that  the 
duty  of  the  fan  consisted  largely  in  furnishing  draft  at  the 
checkers.  If  the  ordinary  draft  of  1.4  in.  was  required  at  the 
checkers,  with  the  furnace  directly  connected  to  a  natural-draft 
stack,  the  height  necessary  for  a  gas  temperature  of  1050  deg. 
would  be  approximately  150  ft.  With  the  boiler  installed  and 
the  gases  cooled  to  418  deg.,  this  height  of  stack  will  give  at 
the  boiler  outlet  about  0.75  in.,  which  would  not  be  sufficient 
for  proper  furnace  operation. 
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As  compared  with  2V>  per  eent  of  net  power  required 
for  the  fan  with  the  boiler  described,  a  motor-driven  fan  for 
the  modem  design  of  waste-heat  boiler  would  require  approxi- 
mately 4.4  per  cent  of  the  gross  output.  A  turbine-driven  fan 
for  the  modern  unit  would  require  approximately  6.4  per  eent 
of  the  gross  output,  but  if  the  exhaust  from  the  turbine  could 
be  used  in  a  heater,  a  large  part  of  this  power  could  be  re- 
turned to  the  system. 

While,  as  Mr.  Lewis  states,  the  question  involved  is  the  cost 
of  additional  surface  as  compared  with  the  cost  of  a  high- 
pressure  drop  (for  a  net  capacity),  the  foregoing  comparison 
seems  to  be  decidedly  in  favor  of  the  modern  design. 

Mr.  Broido's  discussion,  in  which  he  refers  to  the  utilizing 
of  waste  heat  for  superheating  steam,  brings  out  a  point  that 
was  perhaps  not  sufficiently  emphasized  in  the  paper,  namely, 
that  by  far  the  greater  portion  of  modem  waste-heat  boilers 
installed  have  been  equipped  with  integral  superheaters.  The 
high  gas  velocity  has  the  same  effect  in  increasing  transfer 
rates  in  superheaters  as  in  boilers,  and  the  amount  of  super- 
heat being  obtained  even  with  low-temperature  gases  is  com- 
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parable  to  what  would  be  secured  from  the  same  amount  of 
superheating  surface  in  direct-fired  boilers. 

Several  installations  have  also  been  made  of  superheaters 
outside  the  boiler  proper  after  the  manner  of  separately  fired 
superheaters.  In  one  plant  with  which  the  writer  is  familiar 
such  superheaters  were  set  in  the  flue  connecting  open-hearth 
furnaces  to  waste-heat  boilers.  In  these  superheaters  a  trans- 
fer rate  of  approximately  6  B.t.u.  was  obtained. 

In  one  or  two  other  installations  superheaters  have  been 
placed  outside  of  the  setting  in  the  exit  boiler  flue.  Such  a 
location,  however,  would  only  be  practicable  with  boilers  where 
the  gas  velocities  were  such  as  would  result  in  high  exit-gas 
temperatures. 

GRAPHIC  METHODS  OF  ANALYSIS  IN  THE  DESIGN  AND 

OPERATION  OF   STEAM   POWER  PLANTS,  R.   J.   S. 

PIGOTT 

C.  F.  Dixon.  We  are  building  in  Buffalo  a  station  which 
will  be  equipped  with  three  20,000-kw.  Curtis  turbine  gen- 
erators and  five  11,500-sq.  ft.  B.  &  W.  boilers  and  Green 
economizers.  We  placed  in  operation  on  November  26  one 
turbo-generator  and  two  boilers.  Our  operation  is  in  conjunc- 
tion with  Niagara  power,  so  that  the  steam  plant  is  in  opera- 


tion now  only  about  twelve  to  fourteen  hours  a  day,  and  we 
are  confronted  with  the  problem  of  starting  and  stopping  these 
large  units  from  no  load  to  full  and  reverse  on  very  short 
notice.  The  starting  is  quite  simple,  as  the  underfeed  stoker 
responds  very  rapidly  to  load  demands.  Our  chief  difficulty 
is  in  the  loss  of  auxiliary  steam  during  the  starting  period 
before  the  main  unit  is  started.  This  is  the  only  period  I 
have  ever  found  where  electric-driven  auxiliaries  would  show 
any  value,  and  this  period  does  not  extend  over  20  to  30 
min.,  and  would  never  occur  in  a  24-hour  plant. 

Stopping  these  large  boiler  units  is  the  most  difficult  prob- 
lem we  have,  especially  with  the  high  volatile  coal  used.  We 
have  found  that  banking  with  green  coal  is  out  of  the  ques- 
tion. We  are  able,  however,  to  take  our  boilers  out  without 
loss  of  steam  if  we  have  20  min.  to  bum  down  fires  before 
load  is  withdrawn. 

I  cannot  agree  with  Mr.  Pigott's  statement  that  the  econo- 
mizer has  grown  undesirable  through  the  use  of  higher  boiler 
pressures.  With  higher  boiler  pressures  have  also  come  higher 
boiler  ratings,  with  their  consequential  higher  flue  tempera- 
tures, and  the  economizer  can  be  made  to  pay  for  itself  under 
these  conditions.  The  construction,  however,  must  be  mate- 
rially changed  for  the  higher  pressures. 

F.  A.  Wardenburg.  In  this  paper  Willans  input-output 
Lines  are  ingeniously  applied  to  the  design  of  the  power  plant. 
In  the  paper  two  examples  are  worked  out,  where  most  exact 
information  on  each  unit  is  plotted.  It  is  not  possible  to 
secure  such  accurate  data  except  from  actual  test  on  an  oper- 
ating plant,  and  in  very  few  eases  are  these  data  available  in 
making  a  design.  There  is  no  advantage  in  working  out  a 
design  so  minutely  when  the  figures  ordinarily  obtainable  are 
speculative.  A  great  many  things  vital  to  the  design  of  a 
power  plant  are  not  subject  to  exact  analysis  and  must  be 
left  to  the  judgment  of  the  designer;  this  being  the  case,  it  is 
straining  a  point  to  apply  such  exact  analj-sis  to  the  parts  of 
the  design  for  which  figures  of  more-or-less  doubtful  value 
are  available.  Further,  the  proposed  method  does  not  take 
into  account  return  on  investment,  which  is  one  of  the  most 
important  considerations  in  the  design  of  a  power  plant.  The 
designer  can,  by  direct  figuring,  determine  the  necessary  fea- 
tures of  design  more  easily  than  by  the  use  of  the  Willans 
input-output  curves. 

AIR.  PIGOTT'S  CLOSURE 

R.  J.  S.  PidOTT.  Several  who  have  discussed  this  paper 
seem  to  have  mistaken  entirely  the  source  of  the  data  on  these 
curves.  The  method  is  practically  without  use  if  the  data 
must  be  plotted  from  tests;  in  neither  case  were  any  test  data 
available  at  the  time  the  graphic  curves  were  made  up.  They 
are  made  entirely  from  guarantees,  and  the  data  are  no  more 
exact  than  is  usually  the  ca^e  in  obtaining  guarantees,  except 
in  that  they  are  complete;  but  the  use  of  the  input-output 
line  allows  one  to  get  the  complete  characteristics  of  a  unit 
from  two  or  three  guaranteed  points.  This  is  especially  tme 
of  such  apparatus  as  boiler-feed  pumps  and  fans. 

The  criticism  that  this  method  cannot  be  made  to  take  care 
of  financial  features  is  not  true;  in  one  case  in  the  paper  I 
have  done  it,  and  it  is  just  as  easy  to  treat  the  investment 
costs  in  the  same  manner  by  the  use  of  the  double  panel  curve 
used  by  Mr.  Stott  when  figuring  total  cost  of  power.  If  Mr. 
Wardenburg's  statement  about  direct  figuring  being  easier 
than  the  graphic  method  were  true,  there  would  be  no  neces- 
sity even  for  such  things  as  load  curves,  because  they  can 
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always  be  figured  from  the  log  sheets.  I  do  not  beheve 
that  anybody  who  has  made  extensive  use  of  graphics  would 
agree  with  this. 

With  regard  to  Mr.  Dixon's  and  Professor  Greene's  ques- 
tions raised  relative  to  the  economizers,  I  would  say  that  if  the 
use  of  the  steel-tube  unit  were  adopted,  most  of  my  objections 
to  the  economizer  in  its  present  form  would  disappear;  but  in 
this  paper  I  have  been  consideiing  constructions  as  they  are 
standard  on  the  market  at  the  present  time.  Certainly  the 
reliability  of  the  economizer  would  approach  that  of  the 
boiler,  if  put  into  steel-tube  form. 

Mr.  Reinicker's  method  is  simply  a  short  cut  permitted  in 
an  operating  station,  by  the  presence  of  venturi  meters.  Nat- 
urally, advantage  should  be  taken  of  the  opportunity  to  elide 
some  of  the  steps.  I  must  repeat  again  that  the  paper  is  a 
mere  indication  of  the  application  of  the  method.  The  varia- 
tions in  detail  and  in  general  are  endless.  To  sum  up,  the  use 
of  input-output  lines,  both  of  individual  apparatus  and  com- 
binations of  apparatus,  is  the  easiest  and  safest  way  of  get- 
ting information  for  all  loads.  Individual  calculations  for  a 
single  point  at  a  time  do  not  show  the  important  changes  tak- 
ing place  around  cut-in  points,  and  are  not  as  likely  to  be 
accurate. 

POWER-PLANT  EFFICIENCY,  VICTOR  J.  AZBE 

Geo.  H.  Gibson.  The  author  states  that  "  it  is  ditTicult  to 
reason  out  just  what  effect  load  variations  have  upon  an 
economizer  as  a  heat  absorber."  However,  in  a  given  installa- 
tion, if  the  heat  absorption  at  any  one  load  be  known,  the 
heat  recovery  at  other  loads  will  be  approximately  in  a  direct 
proportion  to  the  rate  of  water  flow,  as  indicated  by  the 
chart  of  Fig.  3,  which  gives  the  results  of  three  different 
tests  with  variable  loads.  From  the  Port  Dimdas  test,  it 
would  appear  that  the  heat  recovery  while  the  load  is  increas- 
ing is  somewhat  less  than  while  the  load  is  decreasing.  This 
is  due  to  heat  storage  in  the  large  mass  of  water  in  the  econo- 
mizer. If  the  heat  recovery  of  the  economizer  for  a  given 
steady  load  is  known,  however,  it  is  only  necessary  to  draw 
a  straight  line  through  this  point  and  the  point  for  zero  load, 
in  order  to  determine  the  heat  recovery  at  every  other  load. 

One  of  the  graphs  in  the  paper  purports  to  show  the  rela- 
tion between  velocity  of  gas  through  the  economizer  and  heat 
absorption  per  square  foot  per  hour  per  degree  difference  of 
temperature.  However,  the  coefficient  of  heat  absorjition  varies 
witli  the  temperature  of  the  gases  as  well  as  with  the  velocity. 
The  relations  between  rate  of  gas  flow,  temperature  of  gases 
and  average  coefficient  of  transmission  are  shown  in  the 
accompanying  chart.  Fig.  4,  which  I  have  compiled  from  tests 
upon  a  large  number  of  commercial  economizers  in  various 
conditions  of  actual  service.  The  temperatures  marked  upon 
the  graphs  are  the  mean  temperatures  of  the  gases,  that  is,  the 
temperature  of  the  gases  entering  the  economizer  plus  the 
tem)3erature  of  the  gases  leaving  the  economizer,  divided  by 
two.  The  rate  of  gas  flow  is  stated  in  pounds  of  gases  per 
foot  of  pipe  in  a  section  per  second,  that  is,  if  there  are  ten 
pipes  in  a  section  of  the  economizer  and  each  pijje  is  10  ft. 
long,  there  will  be  100  ft.  of  pipe  per  section,  and  the  total 
gas  flow  per  second  would  be  divided  by  100  to  obtain  the 
quantity  set  off  on  the  horizontal  axis. 

Ed.  A.  Uehlikg.  Mr.  Azbe's  paper  covers  the  whole  steam- 
power  plant,  and  he  makes  many  valuable  suggestions  as  to 
how  the  heat  now  wasted  could  be  saved.  I  shall  conflne  my 
specific  remarks  to  the  operation  of  the  steam  generators,  in 


which  at  least  50  per  cent  of  the  preventable  heat  losses  occur, 
especially  in  the  type  of  plants  to  which  Mr.  Azbe  most  par- 
ticularly refers. 

I'o  obtain  highest  efficiency  from  a  boiler  three  things  are 
necessary,  these  in  the  order  of  their  importance  being  (1) 
efficient  combustion  of  the  fuel,  (2)  efficient  absorption  of  the 
heat  generated  by  combustion,  and  (3)  efficient  rate  of  driv- 
ing. 

The  difiiculty  in  maintaining  boiler  efficiency  is  that  so 
many  continually  changing  variables  are  involved  in  its  opera- 
tion that  fixed  adjustments  are  out  of  the  question.  To  main- 
tain maximum  boiler  efficiency  the  fireman  must  have  before 
him  the  information  necessary  to  enable  him  to  make  the 
required  adjustments  intelligently,  as  well  as  the  facilities 
necessary  to  make  them.  The  draft  must  be  varied  to  burn 
the  coal  necessary  to  produce  the  steam  required.  The  steam 
gage  tells  him  when  to  increase  or  decrease  his  draft.  The 
thickness  of  the  fire  must  be  adjusted  to  the  draft,  so  that 
complete  combustion  takes  place  with  the  minimum  excess 
of  air.  Unless  some  means  are  provided  by  which  the  fireman 
can  tell  whether  the  relation  between  the  draft  and  thickness 
of  fire  is  right,  he  cannot  know  with  any  degree  of  certainty 
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whether  his  fire  is  too  thick  or  too  thin  for  economic  combus- 
tion at  the  changed  rate  of  driving.  A  CO.  indicator  at  the 
boiler  front  tells  him  at  a  glance  whether  this  adjustment  is 
right,  and  what  to  do  to  make  it  so.  Although  the  necessary 
draft  adjustment  to  the  steam  demand  and  the  fire  adjustment 
to  the  combustion-efficiency  demand  can  and  must  be  made 
regardless  of  what  the  draft  gage  may  indicate,  it  is  none  the 
less  of  great  value  to  the  fireman  in  making  adjustments.  He 
should  have  before  him  not  only  the  boiler  draft  but  also  the 
furnace  draft,  the  latter  to  indicate  the  condition  of  his  fire 
bed  and  the  former  to  indicate  the  rate  of  driving.  Where 
positive  information  is  required  regarding  the  rate  of  driving, 
steam  meters  also  must  be  installed. 

The  temperature  of  the  escaping  gas  depends  on  four  vari- 
ables: (a)  the  condition  of  the  boiler  setting,  including  the 
baffling;  (b)  the  condition  of  the  heating  surface;  (c)  the  rate 
of  driving,  and  (d)  the  percentage  of  CO^  in  the  escaping  gas. 
It  is  an  index  to  absorption  efficiency  provided  condition  (a) 
is  perfect  and  (c)  and  (d)  are  known.  It  is  of  no  value  to  the 
fireman  as  a  guide  to  combustion  efficiency,  because  it  depends 
on  conditions  beyond  his  control.  A  record  of  the  tempera- 
ture of  the  escaping  gas  considered  by  itself  is  also  of  ques- 
tionable value  to  the  operating  engineer  and  may  be  entirely 
misleading,  inasmuch  as  a  low  gas  temperature  may  result 
from  air  infiltration  as  well  as  efficient  absorption  of  heat  by 
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the  boiler,  and  high  teinperalure  may  bc^  due  to  a  high  rate 
of  driving,  dirtj'  heating  surface,  or  broken-down  baffling.  To 
discriminate  in  the  former  case,  we  must  know  the  percentage 
of  CO.,  and  to  locate  the  cause  of  the  latter  we  must  know 
the  boiler  draft. 

Although  the  Hue-gas  temijerature  by  itself  is  of  no  value 
to  the  operating  engineer  as  a  control,  it  becomes  of  some 
value  when  considered  in  combination  with  the  boiler  draft, 
and  is  of  the  utmost  value  in  connection  with  the  percentage 
of  CO.,  because  these  two  factors  determine  the  heat  loss  up 
the  chimney. 

Boiler  efficiency  can  be  correctly  ascertained  only  by  accu- 
rately measuring  the  heat  input  and  heat  output.  This,  how- 
ever, is  neither  feasible  nor  desirable  under  operating  condi- 
tions. A  system  of  efficiency  control  on  the  heat  input-output 
basis  was  organized  by  Mr.  Polakov  for  the  Penn  Central 
Heat  &  Power  Co.  in  their  AVarrior  Ridge  plant,  and  described 
by  him  in  a  paper  read  before  the  Society  in  December  1913. 
This  system  of  control  approached  scientific  accuracy  and  gave 
excellent  results,  at  least  while  under  Mr.  Polakov's  able  man- 
agement, but  it  is  too  elaborate  and  cumbersome  for  general 
apijlicatiou,  and  to  my  knowledge  has  not  been  duphcated  at 
any  other  plant. 

Automatic  coal  weighers  alone  are  of  no  value  as  a  control 
for  boiler  operation,  though  thej'  may  be  of  some  value  as 
a  check  on  the  shippers'  weights.  Water  meters  are  of  more 
value  because  a  more-or-less  approximate  estimate  of  the  coal 
burned  can  be  made  at  convenient  intervals,  perhaps  monthly, 
and  knowing  the  weight  of  water  evaporated,  a  calculation  of 
steam  produced  per  pound  of  coal  burned  can  be  made  and 
a  rough  idea  of  the  combined  efficiency  of  all  the  boilers  ob- 
tained. 

Diagnosis  must  precede  the  selection  and  application  of  the 
remedy,  or  a  cure  cannot  be  effected  with  any  likelihood  of 
success.  Every  boiler  must  be  treated  individually.  The  gas 
must  be  analyzed,  temperatures  must  be  measured  and  draft 
conditions  observed  continuously.  To  do  this  the  necessary- 
instruments  must  be  supplied  by  the  manager  and  intelli- 
gently used  by  the  operating  personnel,  and  if  so  used  the 
highest  efficiency  which  the  conditions  of  the  plant  permit  can 
be  attained,  and  in  no  other  way  is  it  attainable.  It  has  been 
accomplished  many  times  by  thorough  combustion  experts  with 
the  aid  of  an  Orsat  apparatus  and  a  portable  draft  gage  and 
pyrometer.  This  is  very  well  and  good.  The  trouble  is  the 
high  efficiency  established  by  the  expert  will  not  stay  put. 
He  has  scarcely  left  the  plant  when  it  will  begin  to  drop  off, 
and  in  the  course  of  a  few  weeks  or  months  at  most  it  will 
be  down  nearly,  if  not  quite,  to  where  he  found  it.  High 
efficiency  cannot  be  continuously  niaiutained  without  instru- 
ments that  will  guide  the  fireman  as  to  what  to  do,  and  will 
indicate  properly  the  effect  of  what  he  did,  and  will  auto- 
graphically  record  the  performance  of  both  fireman  and  boiler 
as  a  control  for  the  operating  engineer. 

Autographic  records  to  be  of  the  greatest  benefit  must  be 
regularly  and  thoughtfully  scrutinized  and  co-related,  and  the 
information  they  contain  must  be  promptly  acted  upon,  whether 
to  bestow  a  praise,  administer  a  rebuke,  or  correct  a  short- 
coming in  the  operator  or  plant.  The  moral  effect  of  the  auto- 
graphic record  is  very  gieat  if  wisely  used.  Scientific  appa- 
ratus cannot  serve  their  purpose  unless  they  are  kept  in  con- 
tinuoi^s  operatmg  condition.  They  will  not  prove  a  paying- 
investment  if  they  are  operated  perfunctorily.  They  should 
receive  the  same  regular  and  conscientious  attention  that  must 
be  given  to  the  machines  and  apparatus  wliich  are  vital  to  the 
operation  of  the  plant. 


.\IK.   AZHE-S    (-lAIJ^lUE 

Victor  J.  Azbe.  In  connection  witii  Mr.  Pigott's  (jpinioii  in 
regard  to  maximum  COj  desired,  I  wish  to  say  that  this  is 
altogether  a  matter  of  type  installation.  With  many  installa- 
tions it  is  not  desired  to  go  over  10  per  cent ;  with  others  again 
16  per  cent  and  17  per  cent  can  be  obtained  without  serious 
losses  due  to  incomplete  combustion.  The  most  important 
factors  in  this  problem  are  proper  facilities  for  gas  mixing  and 
proper  air  distribution  over  the  gi-ate.  We  also  must  not  for- 
get that  on  one  hand  at  high  CO.  percentages,  CO  might  not 
be  the  only  combustible  gas  escaping,  and  on  the  other  hand 
that  a  given  percentage  of  CO  at  high  CO^  percentages  repre- 
sents a  gi'eat  deal  smaller  loss  than  with  the  low  CO.. 

Supplementing  Messrs.  Harrington  and  Polakov's  excellent 
statements,  I  wish  to  say  that  while  the  manager  is  the  one 
who  is  mostly  responsible  for  the  present  condition,  neverthe- 
less the  operating  engineer  shares  also  the  blame  to  a  very 
great  extent,  and  the  chief  reason  for  the  bad  condition  is  that 
efficiency  in  power  plants  is  taken,  generally,  too  lightly,  and 
this  even  by  a  great  many  professional  men  who  really  should 
be  the  leaders  in  agitation  for  better  conditions. 

I  do  not  agree  with  Mr.  Hunters  statement  on  CO,  recorders, 
for  the  reason  that  I  have  had  five  CO.  recorders  of  three  dif- 
ferent types  in  operation  for  two  years,  obtaining  with  them 
the  most  satisfactory  results  in  our  two  St.  Louis  Anheuser- 
Busch  plants.  One  man — not  a  coUege  graduate — takes  care 
of,  changes  charts  and  keeps  in  constant  proper  operation 
eighty  different  instruments,  such  as  CO,  recorders,  recording 
pyrometers,  steam-flow  meters,  venturi  and  other  water-flow 
meters,  etc.,  and  in  addition  finds  time  to  help  with  testing 
work.  Where  CO.  recorders  or  similar  instruments  are  not 
successful,  it  is  generally  due  to  not  taking  time  to  learn  their 
principles  of  operation,  and  to  improper  installation. 

Fig.  6  of  my  paper  was  not  drawn  to  show  exactly  the 
economizer  heat  transmission,  but  rather  the  approximate  re- 
lation between  heat  flow  and  draft  loss,  and  represents  condi- 
tions in  the  economizer  at  about  300  deg.  fahr.  mean  tempera- 
ture difference.  Mr.  Gibson  mentions  that  the  rate  of  heat 
transmission  varies  with  the  temperature.  I  wish  to  say  that 
it  varies  rather  with  the  mass  of  the  gas  and  the  velocity,  both 
of  which  are,  of  course,  dependent  upon  the  temperature.  Heat 
transmission  in  economizers  with  a  given  gas  velocity  will  also 
vary,  due  to  the  influence  of  such  factors  as  cleanliness  of 
outside  and  inside  heating  surface,  water  velocity,  and  -dis- 
tribution of  gas  over  the  heatuig  surface. 

With  Mr.  Gould's  opinion  that  I  overlooked  the  most  im- 
portant point,  "  the  character  and  quantity  of  fuel  used,"  I 
do  not  agree,  for  the  reason  that  w-hile  the  quality  and  cost 
of  coal  are  prime  factors  in  planning  efficiency  methods  and 
efficient  equipment,  they  are  not  necessarily  essential  factors, 
so  far  as  my  paper  is  concerned.  Preventable  power  plant 
losses  are  general  over  the  whole  country  and  where  high 
as  well  as  low-grade  coal  is  burned,  and  if  it  pays  to  prevent 
the  losses  in  small  plants  burning-  low-grade  and  at  the  same 
time  cheap  coal,  it  certainly  should  pay  in  larger  plants  or 
with  liisrher-a:rade  and  more  costlv  coal. 


THE  FLOW  OF  AIR  AND   STEAM  THROUGH   ORIFICES, 
HERBERT  B.  REYNOLDS 

San  FORD  A.  Moss.  The  author  has  executed  some  difficult 
experimental  work  in  a  very  creditable  manner.  The  coeffi- 
cients for  venturi  meters  at  high  densities  are  valuable  pieces  of 
contributory  evidence  to  the  general  principle  that  an  orifice  or 
venturi  coefficient  is  nearlv  unitv. 
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Tlie  coefficient  wliieli  Mr.  Reynolds  gives  for  the  Taylor  jiitot 
tube  is  the  product  of  the  ratio  of  average  to  central  velocity 
and  of  tlie  static-hole  constant  of  the  Taylor  tube,  which  is  not 
unity. 

Some  remarks  may  be  made  regarding  the  formulae  used. 
The  venturi  formula  given  is  the  correct  general  formula  both 
for  the  venturi  and  the  plate  orifice.  It  should  never  be  used 
for  computation  work,  however,  as  simplitied  forniiiliP  yivc 
Ci^ual  accuracy  with  vastly  less  computation. 

For  the  case  of  Mr.  Reynolds'  Venturis  the  differentials  are 
exceedingly  small,  and  the  proper  formula  for  cul)ic  feet  uf 
standard  air  at  32  deg.  is 

491.5  X  677.5  dr  V  [P,  (P,  —  P,)/T,] 
~  519.5  XV[l—(-i.'-^,t" 

For  the  case  of  the  table  given  on  Page  29,  this  becomes 

2S6.1V[P,  (P,--?^J/^J 

The  following  table  gives  a  comparison.  There  is  a  constant 
difference  of  a  fradion  of  a  per  cent,  due  t:i  ditt'erence  oL  fin- 
damental  constants. 


From  table  on 
P.  29 

8.4 
10.9 
13.9 
17.7 
21.6 
2.'i.5 
29.2 
33.0 
3S.0 
42.0 
4C,.C, 


From  above 
formula 

s.»;9 
11.(19 
14.0.-) 
17.90 
21. .H2 
25.66 
29.44 
33.3.S 
:!S.19 
42.91 
46.9.-. 


The  formula  used  by  Mr.  Reynolds  for  the  thin-plate  orifice 
is  theoretically  correct  only  for  pressure  ratios  greater  than 
0.52.  For  less  pressure  ratios,  the  flow  is  dependent  on  the  ini- 
tial pressure  only.  1  understand  tliat  Mr.  Reynolds  has  made 
his  computations  on  this  basis.  However,  Mr.  Reynolds'  actual 
results  for  small  pressure  ratios  show  that  the  flow  does  vary 
with  the  final  pressure.  This  means  that  the  coefficient  of  a 
thin-plate  orifice  varies  with  the  pressures.  The  exact  variation 
IS  given  for  the  first  time  by  Mr.  Reynolds  and  he  gives  a  A'ery 
interesting  empirical  law,  taking  account  of  both  the  theoreti- 
cal and  the  coefficient  variation  and  giving  the  net  flow. 

The  conclusion  whicli  I  think  should  be  drawn  from  the  data 
presented  is  that  the  venturi  meter  is  much  preferable  to  the 
thin-plate  orifice  for  the  following  reasons : 

The  venturi  coeificient  is  well  established  by  much  previous 
data  and  by  Mr.  Reynolds  himself,  as  nearly  unity,  while  the 
coefficient  of  the  thin-plate  orifice  is  variable  and  the  net  flow 
is  a  complication  of  this  factor  and  the  theoretical  flow.  Mr. 
Reynolds'  empirical  formula  is  very  ingenious,  but  it  would 
have  to  be  established  for  many  other  cases  before  it  would  be 
proper  to  use  in  general. 

The  corner  of  the  thin-plate  orifice  has  an  important  influ- 
ence and  even  Mr.  Reynolds  used  two  different  forms, — square 
and  with  1/16-in.  radius.  I  believe  a  venturi  with  a  well- 
rounded  approach  and  some  length  of  parallel  portion  can  be 
more  easily  made  and  duplicated  than  a  true  thin-plate  orifice. 

Mr.  Reynolds  also  mentions,  in  the  steam  case,  an  uncer- 
tainty regarding  point  of  measurement  of  pressure. 

He  complicates  the  venturi  case  by  use  of  the  full  theoretical 
formula,  whereas  much  simpler  and  equally  accurate  formulae 
are  available.  He  uses  a  rather  large  venturi  tiiroat,  giving 
small  differentials  which  are  comparatively  hard  to  measure. 
One  of  the  great  advantages  of  the  venturi  is  the  fact  that 
large  differentials  can  be  used  by  proper  selection  of  the  throat 
diameter. 

Hence  I  feel  that  Mr.  Reynolds'  paper  gives  valuable  evi- 


dence showing  tliat  tlie  venturi  meter  should  not  be  displaced 
by  till'  tliiii-plalc  orifice  for  the  ca.se  of  large  pressures. 

MR.  REYNOLDS-  CLOSURE 

Herbert  B.  Reynolds.  In  regard  to  the  relative  merits  of 
the  venturi  tube  and  the  thin-plate  orifice  for  measuring  com- 
pressed air  and  steam,  I  wish  to  say  that  the  venturi  tube 
considered  from  the  theoretical  point  of  view  is  a  more  desira- 
ble instrument.  However,  when  the  cost  and  other  practical 
considerations  are  taken  into  account,  the  thin-plate  orifice  has 
a  great  many  advantages  over  the  venturi  tube,  as  is  pointed 
out  by  Mr.  Pigott. 

In  reply  to  Mr.  Thurston's  question  as  to  the  use  of  venturi 
tubes  in  parallel,  I  have  no  doubt  that  the  apparent  difference 
of  pressure  noticed  by  him  when  some  of  the  tubes  are  shut 
off  is  due  to  the  pulsating  pressure,  as  explained  by  Mr. 
Connet. 

The  method  of  measuring  the  air  described  by  Mr.  Connet 
is  probably  as  accurate  as  the  method  used  in  these  tests. 
However,  I  think  that  the  gasometer  method  is  freer  from 
uncertainties  than  any  other  method,  as  it  is  a  direct  measure 
of  the  actual  volume  of  air. 

Referring  to  Mr.  Christie's  interesting  remarks  about  the 
close  agreement  of  the  coefTieieut  of  the  Taylor  pitot  tube 
when  used  in  a  10-in.  ])ipe  with  the  eoefiScient  which  I  found 
lor  a  2-in.  pipe,  I  find  that,  by  referring  to  my  original 
curves — which  are  easier  to  interpolate — the  coeflSeients  are 
about  0.78  for  both  the  2-in.  and  the  iy2-iii-  pipes. 

I  think  that  everyone  will  agree  with  me  that  the  pinhole 
type  of  pitot  tube  is  much  to  be  preferred  to  the  Taylor  tube, 
as  the  coefficient  of  the  pinhole  tyjie  can  be  considered  unity 
for  all  practical  purposes  if  a  traverse  is  made  in  the  pipe 
or  duct.  The  data  for  the  Taylor  tube  were  obtained  in  this 
case  because  it  was  desirable  to  calibrate  this  form  of  tube  in 
connection  witli  some  other  work. 

I  do  not  agree  with  Dr.  Moss  when  he  says  that  the  formulae 
which  I  have  used  should  never  be  used  for  computations. 
One  object  of  these  experiments  was  to  compare  the  actual 
]ierformance  with  the  theoretical  performance,  and  thus  I  do 
not  think  that  short-cut  methods  should  be  used  on  the  the- 
oretical side  in  order  to  save  work  any  more  than  they  should 
be  used  in  determining  the  actual  perfoiinance,  namely,  in  the 
actual  measurement  of  the  air.  A  great  deal  of  work  and 
expense  could  have  been  saved  if  some  simpler  method  had 
been  used  in  measuring  the  air.  However,  the  uncertainties 
would  have  been  increased.  On  the  other  hand,  a  simpler 
formula  might  have  been  used  in  computing  the  theoretical 
flow,  and  giving  the  same  degree  of  accuracy  as  pointed  out 
l)y  Dr.  Moss,  but  at  the  same  time  involving  uncertainties. 
Tlierefore  I  think  in  this  case,  with  the  object  of  the  com- 
putations in  view,  the  unquestionable  correct  theoretical 
formula  should  be  used  in  comparing  the  theoretical  flow  with 
the  actual  flow. 

I  have  made  the  above  remarks  about  the  approximate 
foi-mula  granting  that  it  gives  practically  the  same  results 
as  the  theoretical  formula.  However,  in  investigating  the 
formula  as  given  by  Dr.  Moss,  which  becomes 


§  =  286.1  VP,(P,  —  PJ/T, 
for  the  2X0.666-111.  venturi  tube,  I  find  tliat  for  the  lower 
pressure  ratios  it  gives  results  which  are  quite  far  from 
the  correct  results.  For  example,  the  percentage  of  error 
varies  from  0.64  per  cent  when  the  pressure  ratio  is  0.99892, 
to  34.62  per  cent  when  the  pressure  ratio  is  0.5821. 

Dr.  Moss  states  that  the  equation  which  I  have  used  for  the 
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orifice  is  theoretically  correct  ouly  when  the  ratio  of  pressures 
is  greater  than  0.527.  If  used  correctly  this  equation  is  the- 
oretically correct  for  any  ratio  of  pressure.  However,  when 
the  ratio  of  pressures  is  less  than  0.527,  the  value  0.527P, 
should  be  substituted  for  P,  in  the  formula.  This  was  done 
whenever  the  ratio  of  pressures  was  less  than  0.527. 

Dr.  Moss  says  that  the  size  of  the  venturi  throats  which 
I  have  used  resulted  in  very  small  differentials  which  are  very 
hard  to  measure.  Expressed  in  pounds  per  square  inch,  these 
differentials  appear  to  be  very  small.  However,  it  should 
be  kept  in  mind  that  these  pressure  differences  were  meas- 
ured in  inches  of  water,  which  resulted  in  readings  of  con- 
siderable magnitude  in  most  of  the  tests.  In  fact,  in  some 
of  the  tests  the  differentials  were  so  large  that  it  was  necessary 
to  use  mercury  in  the  manometer  in  place  of  water. 

SPONTANEOUS   IGNITION   STUDIED   BY   MEANS  OF 
PHOTOGRAPHIC  PLATES,  FREDERICK  J.  HOXIE 

Milton  F.  Jones'.  The  subject  of  the  early  stages  of  oxi- 
dation of  inflammable  substances  which,  should  the  reaction 
continue,  may  terminate  in  spontaneous  ignition,  is  a  matter 
of  importance  regarding  which  very  little  is  known. 

If  the  author's  assumption  that  the  effect  upon  the  photo- 
graphic plate  is  due  entirely  to  liberated  hydrogen  peroxide, 
is  correct,  then  we  have  perhaps  the  first  tangible  evidence  of 
the  beginning  of  the  oxidation  process,  in  a  form  which  would 
allow  comparisons  to  be  made. 

That  the  density  of  the  photographic  image  does  not  har- 
monize with  the  iodine  number  of  the  oil,  is  not  remarkable. 
The  iodine  number  of  an  oil  is  usually  employed  as  a  means 
of  identification.  It  is  based  upon  the  capacity  of  the  oil  in 
question  to  combine  with  one  of  the  halogens,  that  is,  iodine. 
It  is  doubtful,  however,  whether  we  have  the  right  to  assume 
that  the  oil  wiU  combine  witli  an  equivalent  amount  of  oxygen. 
Chlorine  unites  directly  with  some  elements  with  which  it  is 
difficult  for  oxygen  to  unite. 

Because  the  drying  oils  have  as  a  rule  the  higher  iodine 
numbers,  and  are  prone  to  spontaneous  ignitionn,  it  has  been 
suggested  that  the  iodine  number  might  prove  a  guide  in  de- 
termining the  tendency  of  an  oil  in  this  direction.  Boiled 
linseed  oil  possesses  greater  drj'ing  properties  than  raw  oil, 
and  is  usually  considered  more  hazardous,  yet  it  seems  to 
have  been  conclusively  demonstrated  that  it  has  the  lower 
iodine  number.  The  ordinary  red  oil  which  is  a  crude  oleic 
acid  obtained  from  tallow,  an  animal  oil,  is  probably  as 
hazardous  as  regards  spontaneous  ignition  as  linseed  oil.  Cot- 
tonseed oil  is  not  considered  a  drying  oO. 

The  statement  of  the  author  that  all  charcoal  is  not  alike  will 
hardly  be  questioned;  it  is  one  of  the  most  perplexing  factors 
in  the  investigation  of  charcoal  fires.  He  finds  that  the  density 
of  the  photographic  image  corresponds  with  the  activity  of 
the  sample  of  charcoal,  which  is  interesting.  The  conditions 
as  to  charcoal  are  different  from  those  of  oil.  In  the  latter 
case,  having  determined  that  ah  oil  is  hazardous,  it  can  be 
safeguarded  more  or  less.  With  the  charcoal,  however,  al- 
though many  samples  may  show  an  inactive  condition,  one 
active  piece  favorably  located  in  a  pile  may  under  certain  con- 
ditions determine  the  destruction  of  the  mass. 

As  the  author  states,  the  results  are  only  a  beginning,  and 
subsequent  research  will  determine  the  value  of  the  process, 
whether  of  scientific  interest  only,  or  whether  applicable  to 
industrial  or  fire-prevention  uses. 


'  National  Fire  Protection  Association,  Boston,  Mass. 


STANDARDIZ.VTION   OF   MACHINE  TOOLS,   CARL  G. 
BARTH 

Fred  A.  Parsons.  Regarding  standardized  progressions 
for  speeds  and  feeds  and  standardized  power,  the  paper 
presents  what  is  without  doubt  the  ideal  condition,  but  in  ap- 
plication the  following  points  should  be  borne  in  mind : 

1  At  present  a  very  small  percentage  of  machine  tools 
goes  to  factories  where  the  management  would  appreciate  the 
refinements  in  feed  and  speed  ratios  suggested.  Indeed,  the 
jobbing  shop  could  never  get  together  with  the  manufactur- 
ing plant  on  the  question,  since  the  former  requires  a  wide 
range  of  speeds  with  large  ratios  and  the  latter  a  small  range 
of  speeds  and  feeds  with  small  ratios. 

2  Present  machine-tool  feeds  and  speeds  are  very  largely 
the  outgrowth  of  the  above  conditions,  though  there  are  no 
doubt  many  instances,  as  the  author  mentions,  where  no  par- 
ticular attention  has  been  paid  to  anything  except  getting  the 
high  and  low  speeds  required. 

3  Present  milling  practice  seems  to  require  of  general-pur- 
pose machines,  such  as  the  plain  knee-and-column  type,  about 
the  same  number  of  feeds  as  of  speeds,  but  a  total  ratio  of 
about  24  to  1  for  the  speeds  as  against  about  48  to  1  for  the 
feeds.  Unless  present  practice  is  wrong,  this  would  require 
two  different  progression  ratios. 

4  Some  designs  permit  considerable  economies  to  be  ef- 
fected in  space  and  parts  required  by  attempting  only  a  fairly- 
close  approximation  of  the  perfect  geometrical  progression. 
An  instance  may  be  considered  of  obtaining  nine  speed  varia- 
tions with  nine  gears  on  three  shafts,  the  gears  on  first  and 
last  shafts  being  sliding  gears  and  on  the  intermediate  being 
laterally  stationary.  In  this  case  it  is  not  possible  to  reach 
any  perfect  geometrical  progression  exactly,  if  the  high  and 
low  speeds  are  even  fairly  far  apart,  but  a  close  approxima- 
tion can  be  obtained. 

5  Considering  that  by  practically  any  method  of  drive  the 
variation  from  normal  speed  at  no  load  and  at  full  load  will 
be  up  to  5  per  cent,  is  it  warrantable  to  add  cost  to  a  machine 
tool  to  come  closer  than  a  few  per  cent  above  or  below  a  given 
geometrical  progression  1 

6  Mr.  Barth  has  stated  in  his  paper,  that  the  standardiza- 
tion of  speed  ratios  should  be  accompanied  by  a  standardiza- 
tion of  power  for  machines  of  a  given  type  and  size.  Such  a 
standardization  must  be  considered  from  the  standpoint  of  the 
user.  At  present  the  users  seem  to  demand  two  power 
capacities  of  any  given  range,  one  light  and  one  heavy,  and 
it  is  hard  to  see  how  this  could  be  avoided,  as  otherwise  some 
wiU  be  purchasing  power  capacity  they  do  not  need,  though 
they  require  the  range,  and  in  the  other  extreme  the  reverse 
would  be  true. 

7  It  seems  unquestionable  that  a  few  years  more  will  see 
the  development  and  general  application  of  a  machine-tool 
drive  for  both  feed  and  speed  in  which  the  speed  variations 
can  be  represented  by  a  smooth  curve  from  minimum  to  maxi- 
mum. Such  a  drive  is  typified  at  the  present  time  by  the  vari- 
able-sijeed  motor;  the  objections  are  that  it  is  expensive  to  in- 
stall and  cumbersome.  Such  a  drive  will  not  of  course  apply 
to  lathe  feeds  for  screw  cutting,  or  milling-machine  feeds  for 
spirals. 

Regarding  the  standardization  of  details  such  as  T-slots, 
taper  shanks,  etc.,  which  Mr.  Barth  mentions,  there  are  not 
the  difficulties  which  enter  into  standardization  of  speeds 
and  power.  The  cases  are  quite  different,  inasmuch  as  if  a  T- 
bolt,  for  instance  %  in.  in  diameter,  is  being  used  in  an  appro- 
priate place,  there  must  certainly  be  only  one  correct  depth 
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•of  slot,  considering  strength  for  any  given  material,  the  same 
as  there  is  one  best  size  for  the  square  and  thickness  of  bolt 
head. 


H.  M.  Norms.  That  some  machine-tool  builders  are  learn- 
ing to  appreciate  the  value  of  a  smaller  speed  variation  is  at- 
tested by  the  fact  that  fifteen  years  ago  no  radial  drill  was 
provided  with  more  than  eight  changes,  while  now  they  may  be 
obtained  with  20,  24  and  30.  The  speeds  of  most  of  these 
later  tools  are  intended  to  be  in  geometrical  progression,  but 
I  am  of  the  opinion  that  a  geometrical  series  is  not  the  best 
for  a  drilling  machine. 

The  ratio  of  progression  most  favored  by  Mr.  Barth  appears 
in  the  first  column  of  Table  1.  The  second  columi\  gives  the 
corresponding  number  of  revolutions  per  minute,  and  the  third 
the  diameters  of  drills  which  this  series  would  drive  at  a  cut- 
ting speed  of  80  feet  per  minute.  To  my  mind  this  is  not  as 
efficacious  a  series  as  that  obtained  from  a  ratio  giving  both 
desired  extremes,  columns  4,  5  and  6.  Here  we  have  fifteen 
speeds  for  drills  from  %  to  4^/2  inches  in  diameter,  while  under 
the  former  gradation  there  are  but  twelve. 

But  why  use  either?  Instead  of  deciding  upon  a  series  and 
then  seeing  what  drills  it  will  drive  at  a  certain  cutting  speed, 
is  it  not  better  to  decide  first  upon  the  drill  diameters  and  then 
try  to  obtain  the  exact  speed  for  each,  regardless  of  the  ratio 
of  advance?  Suppose,  for  example,  we  set  down,  as  in  column 
7,  the  diameters  of  drills  we  would  like  a  machine  to  drive  at 
a  cutting  speed  of  80  feet  per  minute.  It  is  an  easy  matter 
to  ascertain  at  what  number  of  revolutions  per  minute  each 
should  run,  column  8.  Here  each  harmonic  group  of  speeds 
may  be  obtained  from  a  five-change  speed  box  or  a  2-to-l 
motor,  while  back  gears  made  in  the  ratio  of  1  to  1,  1  to  2, 
1  to  4,  1  to  8,  etc.,  will  give  as  many  successive  geometric 
groups  as  desired. 

Mr.  Barth  states  in  his  paper  that  "  It  is  by  this  time  uni- 
versally accepted  by  those  who  have  a  .right  to  an  opinion  in 
this  matter  that  the  available  speeds  of  a  machine  should  be 
in  a  geometrical  progression,"  and  that  "  a  discussion  of  this 
will  not  be  undertaken  by  him  unless  provoked  by  some  one 
else."  It  is  not  my  purpose  to  provoke  an  argument,  but  I 
would  like  to  learn  if  I  am  in  error  in  tliinking  that  my  series 
is  tlie  best  of  the  three. 


TABLE  I 


COMPARISON  OF  BARTH,  NORRIS,  AND  USUAL  METHODS 
OF  CALCULATING  DRILL  RATIOS 


Barth 

UsnAL  Method 

NOHBIS 

Diam. 

Diam. 

Diam. 

R.P.M. 

Ratio 

Ratio 

R.P.M. 

In. 

Ratio 

R.P.M. 

In. 

In. 

1.000 

43.3 

7.09 

1.000 

67.9 

4.50 

4H 

67.9 

1.000 

1.189 

51.5 

5.93 

1.152 

78.2 

3.91 

4 

76.4 

1  125 

1.414 

61.2 

4.99 

1.326 

90.1 

3.39 

3>^ 

87.4 

1.285 

1.682 

72.8 

4.20 

1.527 

103.7 

2.94 

3 

101.9 

1.500 

2.000 

86.6 

3.53 

1.759 

119.4 

2.56 

2M 

122.2 

1.800 

2.378 

102.8 

2.97 

2.025 

137.5 

2.22 

2K 

135.8 

2.000 

2.828 

122.3 

2.49 

2.332 

158.3 

1.93 

2 

152.8 

2.250 

3.364 

145.6 

2.10 

2. 686 

182.2 

1.68 

Wt 

174.5 

2.570 

4.000 

173.2 

1,77 

3.093 

210.0 

1.46 

m 

203.8 

3.000 

4.757 

205.8 

1.48 

3.552 

241.0 

1.27 

IH 

244.4 

3.600 

5.657 

244.8 

1.25 

4.103 

278.6 

1.098 

IH 

271.6 

4.000 

6.727 

291.0 

1.05 

4.725 

321,0 

0.952 

1 

305.6 

4.500 

8.000 

346.0 

0.883 

5.441 

369:0 

0.838 

Vi 

349.2 

5.140 

9.514 

411.6 

0,742 

6.266 

425.0 

0.720 

i        M 

407.5 

6.000 

11.314 

488.9 

0.625 

7.215 

488.9 

0.625 

i       % 

488,9 

7.200 

iMU.  EARTH'S  CLOSURE 

Carl  G.  Barth.  While  I  am  rather  disappointed  at  the 
fewness  of  the  discussions  of  my  paper,  the,  on  the  whole,  very 
favorable  discussion  by  an  engineer  who  has  given  so  much  in- 
dependent attention  to  the  subject  as  Mr.  De  Leeuw,  is  com- 
pensation enough  for  my  having  taken  the  trouble  to  prepare 
it.  Regarding  Mr.  De  Leeuw's  comment  that  certain  machines, 
as,  for  instance,  large  boring  mills,  would  be  better  provided 
with  two  hunches  of  speeds,  I  agree  with  him  fully;  but  will 
insist  that  each  bunch  should  conform  to  the  principles  advo- 
cated by  me.  I  also  agree  with  him  that  more  experiments 
with  cutting  tools  should  be  made,  and  am  pleased  to  inform 
him  that  more  is  known  about  the  art  of  cutting  metals  with 
planer  fools,  milling  cuttei-s  and  drills  tlian  has  as  yet  been 
published.  For  fully  ten  years  I  have  thus  had  a  set  of  slide 
rules  covering  certain  milling  cutters  on  the  one  hand,  and  gear 
cutters  on  the  other  hand,  which  have  been  of  substantial  as- 
sistance to  me  in  my  efforts  to  improve  shop  practices;  and  if 
I  live  long  enough,  I  shall  fully  disclose  their  theory,  construc- 
tion, and  application,  together  with  much  else  relating  to  the 
art  of  cutting  metals.  Regarding  Mr.  Norris'  discussion,  it 
discloses  such  a  fundamental  lack  of  grasp  of  the  whole  matter 
considered,  that  I  would  be  inclined  not  to  waste  any  words 
upon  it,  beyond  stating  that  it  proves  that  he  belongs  to  the 
other  class  I  had  in  mind  when  I  referred  to  "  those  who  have  a 
right  to  an  opinion  in  this  matter."  However,  being  a  gi-eat 
admirer  of  the  many  excellent  features  of  the  line  of  radial 
drill  presses  he  has  developed  during  a  term  of  years,  I  am 
glad  to  point  out  that  his  mistake  consists  in  neglecting  to  take 
account  of  the  fact  that  the  proper  cutting  speed  of  a  drill — 
just  as  much  as  of  a  lathe  tool  and  a  milling  cutter,  etc. — 
varies  with  the  diameter  of  the  drill,  the  feed  used,  and  the  ' 
hardness  of  the  material  drilled ;  and  that  there  is  an  exceed- 
ingly small  increment  between  all  the  drills  used  in  nearly 
every  shop.  Hence,  theoretically,  to  meet  every  combination 
of  these  variables  between  a  maximum  and  a  minimum,  in- 
finitesimal increments  would  be  required,  in  the  absence  of  the 
possibility  of  obtaining  which,  equal-percentage  increments 
become  our  only  rational  practical  approximation  ;.  and  that  is, 
in  a  nutshell,  all  the  reason  and  argument  there  is  behind  a 
geometrical  progression  of  speeds,  and  it  is  all  that  is  needed. 
Regarding  Mr.  Parsons'  discussion,  I  fully  agree  with  him  that 
at  present  but  a  small  percentage  of  machine  tools  goes  to  the 
factories  where  the  management  would  appreciate  the  refine- 
ments of  the  feed  and  speed  ratios  suggested  by  me.  How- 
ever, it  has  been  my  business  for  a  number  of  years  to  help 
managements  to  such  appreciation,  and  I  think  the  machine- 
tool  builders  should  again  help  me  do  it.  The  field  I  can  per- 
sonally cover  is  exceedingly  limited,  whereas,  theirs  is  unlim- 
ited. What  he  says  about  the  relation  of  feeds  and  speeds  of 
general-purpose  milling  machines  is  not  clear  to  me,  so  I 
cannot  comment  upon  it.  I  never  expected  all  attempts  at  a 
geometrical  progression  of  speeds  to  turn  out  even  a  prac- 
tical perfection,  but,  I  have  fully  demonstrated  in  my  paper 
that  there  is  no  inherent  difficulty  in  doing  better  in  numerous 
instances  than  what  has  been  done.  I  have  said  nothing  in  my 
paper  that  excludes  any  number  of  sub-standards  of  machine 
tools,  as  regards  power.  Thus,  I  fully  believe  that  there  might 
to  advantage  be  both  a  heavy  and  a  light  standard  of  any  work 
capacity  (as  opposed  to  chip-producing  capacity)  of  several 
of  the  more  common  types  of  machine  tools.  For  reasons 
that  I  prefer  not  to  reduce  to  writing  at  the  present  time, 
while  much  misunderstanding  still  exists  regarding  my  work 
as  a  scientific-management  expert,  I   do  not  favor  any  kind 
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of  eontiuuous  speed  or  feed  variator  for  the  mere  sake  of  get- 
ting tlie  closest  possible  speed  adjustment  (which  nobody  can 
hope  to  know  closer  than  a  rather  uncertain  percentage  any- 
way, for  any  set  of  practical  conditions),  though  under  cer- 
tain conditions  I  strongly  advocate  adjustable-speed  motor 
drives,  because  of  the  quickness  with  which  they  enable  speed 
changes  to  be  effected. 

ACCURATE    APPRAISALS    BY    SHORT    METHODS,    J.    G. 

MORSE 

Chas.  W.  McKay\  The  reproduction  cost  of  the  propertj', 
tangible  and  intangible,  the  present  or  depreciated  value  of 
the  property,  the  cost  of  producing  and  marketing  the  plant 
output,  and  the  capacity  of  the  plant,  are  all  factors  which 
should  be  carefuUy  considered  in  attempting  to  evaluate  an 
industrial  property.  Of  these  elements  reproduction  cost  and 
present  value,  if  not  the  most  important,  are  at  least  worthy 
of  careful  consideration,  and  in  the  following  paragraphs  is 
briefly  outlined  a  method  of  manufacturing-plant  appraise- 
ment patterned  after  current  practice  in  public-utility  valu- 
ation work.  The  grand  summary  of  such  an  appraisal  would 
take  somewhat  the  following  form: 

GRAND  SUMMAKY  OF  MANUFACTUKING-PL.\NT  APPRAISAL 


Direct  Construction  Costs  : 

Land   

Buildings    

Machine  Tools  (lathes,  boring  mills,  etc.) 

Auxiliary  Equipment  (chucks,  etc.) 

Electrical  Equipment    (motors,   rheostats. 

etc.)    

Belting    

Shafting 

Small  Tools  and  Dies 

Patterns  and  Drawings 

Stock  and  Supplies 

Furniture  and  Fixtures 

Total  Inventoriable  Property 

Omissions  and  Contingencies 

Purchasing  Expense  During  Construction .  . 
Tools  and  Tool  Expense  During  Construction 

Total  Direct  Construction  Costs. 
Collateral  Construction  Costs : 

General  and   Legal  Expense  During  Con- 
struction     

Engineering  and  General  Supervision  Dur- 
ing Construction 

Taxes  and  Insurance  During  Construction 
Interest  on   Investment  During  Construc- 
tion    

Total      Collateral     Construction 

Costs  

Non-Physical  (or  Intangible)  Assets: 

Value  of  Patent  Rights 

Value  of  Trade  Marks 

Value  of  Going  Concern 

Value  of  Goodwill 


Reproduction 
Cost. 


Present 
Value. 

(Same) 


(Same) 


(Same) 
(Same) 
(Same) 


Total  Non-Physical  Assets, 
Grand  Total 


Inventoriable  Property.  As  to  the  inventory  and  appraise- 
ment of  the  strictly  physical  property,  an  appraisal  made  by 
a  consulting  engineer  should  be  equally  well  adapted  to  serve 
for  tax  adjustment,  insurance  or  accounting  purposes  or  as 
a  basis  for  the  determination  of  fair  value  in  the  event  of 
the  sale  or  reorganization  of  the  property  under  consideration. 
The  inventory  should  be  accurate,  within  reason,  and  should  be 
based  upon  sound  engineering  and  economic  principles,  so  that 
it  can  successfully  withstand  the  scrutiny  to  which  it  is  almost 
certain  to  be  subjected  if  presented  before  the  courts. 

Mr.  Morse's  plan  is  a  little  too  broad  to  meet  the  require- 
ments just  outlined.  He  is  merely  satisfying  his  clients,  or 
his  employers,  as  to  the  physical  value  of  the  risks  they  are 
undertaking.     They  have  sufficient  confidence  in  him  to  war- 
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rant  their  acceptance  of  such  short-cut  methods  as  he  may 
see  fit  to  employ,  knowing  full  well  that  he  will  be  able  to 
substantiate  his  valuation  in  the  event  of  a  call  for  claim 
adjustments.  Nevertheless,  it  is  very  probable  that  the  Fac- 
tory Mutual  Companies,  or  any  other  insurance  organization, 
would  be  somewhat  loth  to  accept  valuations  made  by  outside 
engineers  based  upon  these  rather  broad-gage  methods.  In 
any  event,  it  is  probable  that  an  engineer  in  submitting  such 
an  appraisal  would  experience  considerable  difficulty  in  "  get- 
ting by"  with  the  courts,  in  the  event  of  a  lawsuit  over  the 
value  of  a  manufacturing  property,  or  in  using  it  as  a  basis 
for  capitalization. 

In  a  manufacturing-plant  appraisement,  the  inventory 
should  be  made  in  sufficient  detail  to  facilitate  its  ready 
analysis  by  opposing  experts,  in  the  event  of  legal  action, 
and  should  be  so  arranged  as  to  render  the  various  elements 
of  plant  segregable  for  accounting  or  insurance  purposes. 

The  attitude  of  the  courts  has  been  unfavorable  toward 
real-estate  appraisements  made  by  consulting  engineers,  and, 
to  be  on  the  safe  side,  it  is  usually  best  in  the  long  run  to 
have  land  appraised  by  a  real-estate  broker  of  unques- 
tionable standing  and  the  buildings  preferably  by  the  architect 
under  whose  supendsion  they  were  erected.  The  auxiliary 
building  equipment,  however,  such  as  elevators,  piping  and 
wiring,  should,  so  far  as  possible,  be  considered  as  a  part  of 
the  building  rather  than  as  a  part  of  the  machine  equipment, 
as  suggested  by  the  author.  Of  course,  exceptions  may  have 
to  be  made,  as  in  the  ease  of  special  wiring  for  motor-driven 
machinery. 

As  to  the  preparation  of  the  unit  costs  of  the  inventoriable 
property,  it  is  better  for  all  purposes,  with  the  possible  ex- 
ception of  insurance  ap])raisals,  to  carefully  investigate  them 
for  a  period  of  a  year  or  two  preceding  the  appraisal,  and  if 
those  prevalent  at  the  appraisal  date  seem  to  be  abnormal, 
to  use  average  prices. 

Omissions  and  Contingencies.  No  matter  how  carefully  an 
inventory  may  be  made,  there  is  always  the  probability  that 
items,  perhaps  individually  of  small  value,  but  which  when 
taken  collectively  may  amount  to  an  appreciable  sum,  will  be 
entirely  omitted.  In  public-utility  work,  the  usual  allowance 
to  compensate  for  such  omissions,  and  one  which  has  had  the 
sanction  of  the  courts,  is  two  per  cent  of  the  reproduction  cost 
of  the  inventoriable  property. 

The  word  "  contingencies "  as  used  in  appraisal  work  may 
be  defined  as  the  monetary  allowance  which  may  be  added  to 
the  appraisal  of  the  inventoriable  property  to  compensate  for 
such  unforeseeable  contingencies  as  may  arise  in  the  construc- 
tion of  the  property  and  which  cannot  be  taken  account  of  in 
the  preparation  of  the  unit  costs.  In  public-utility  appraisal 
practice  it  is  usual  to  add  an  allowance  of  about  two  per  cent 
of  the  reproduction  cost  of  the  inventoriable  property.  Simi- 
lar conditions  are  encountered  in  manufacturing-plant  ap- 
praisal work,  and  there  is  no  i-eason  why  a  specific  allowance 
should  not  be  made  for  omissions  and  contingencies. 

Purchasing  Expense  During  Construction  is  a  very  appre- 
ciable item,  involving,  as  it  does,  the  securing  of  competitive 
bids  and  possibly  visits  to  the  manufacturers'  plants  to  inspect 
machinery.  This  may  be  cared  for  on  a  percentage  basis,  the 
allowance  depending  largely  upon  the  nature  of  the  equipment 
involved. 

Tools  and  Tool  Expense  During  Construction.  This  item 
includes  not  only  the  original  cost  of  the  tools,  but  also  the 
cost  of  maintaining  them  during  the  construction  period.  In 
public-utility  work,  an  allowance  of  2  per  cent  of  the  repro- 
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duetion  cost  of  the  iuventoriable  property  is  not  unusual  for 
this  item. 

General  and  Legal  Expense  During  Constritction.  This  item 
includes  the  general  expense  of  the  executive  organization 
during  the  construction  period,  the  cost  of  temporary  offices 
for  the  bookkeepers,  timekeepers,  paymasters,  etc.,  and  the 
cost  of  legal  counsel  for  incorporating  the  companj-.  In  man- 
ufacturing-plant-appraisal work  a  suitable  allowance  for  this 
item,  based  on  the  reproduction  cost  of  the  iuventoriable  prop- 
erty and  depending  upon  the  nature  of  the  property  involved, 
■will  probably  not  exceed  two  per  cent. 

Engineering  and  General  Supervision  During  Construction. 
Plans  have  to  be  prepared  for  the  general  layout  of  the  build- 
ings and  transportation  facilities,  as  well  as  for  the  distribu- 
tion of  the  machinery  in  the  buildings  themselves,  and  in  many 
plants  it  is  customary  to  retain  an  engineer  throughout  the 
entire  construction  period  to  supervise  the  erection  of  the 
plant  and  the  installation  of  the  equipment.  The  usual  allow- 
ance for  this  item  varies  from  5  to  9  per  cent  of  the  repro- 
duction cost,  depending  upon  the  nature  of  the  property 
involved. 

Taxes  and  Insurance  During  Construction  are  unquestion- 
ably capital  expenses,  and  should  be  included  in  the  determina- 
tion of  the  total  reproduction  cost  of  a  manufacturing  prop- 
erty. An  adequate  estimate  may  be  made  by  ascertaining  the 
insurance  and  tax  rates  prevalent  at  the  time  of  the  appraisal. 
Interest  During  Construction.  Up  to  the  time  the  plant 
starts  production,  this  item  is  just  as  real  a  part  of  the  total 
investment  in  the  property  as  is  the  cost  of  the  inventoriable 
plant.  For  all  practical  purposes,  interest  may  be  computed 
with  sufficient  accuracy  by  ascertaining  the  interest  rate 
prevalent  at  the  date  of  appraisal  and  applying  one-half  of 
this  rate  to  the  total  physical  costs,  including  General  and 
Engineering  Expense,  Taxes  and  Insurance. 

Intangible  Assets,  or,  more  properly,  non-physical  assets, 
include  Value  of  Patent  Eights,  Going  Value,  Value  of  Trade 
Marks  and  Goodwill,  and  constitute  the  major  portion  of  the 
total  value  of  an  industrial  property.  The  method  of  de- 
termining their  value  is  so  dependent  upon  the  exigencies  of 
individual  cases  that  it  is  useless  to  attempt  to  outline  a  gen- 
eral plan  for  their  determination. 

Depreciated  or  Present  Value  of  the  inventoriable  portion 
of  the  plant.  This  may  be  determined  along  the  lines  sug- 
gested by  Mr.  Morse.  The  items  Omissions  and  Contingencies, 
Purchasing  Expense,  Tools  and  Tool  Expense  During  Con- 
struction, and  all  of  the  Collateral  Costs,  should  be  depre- 
ciated at  the  same  rate  as  the  inventoriable  property,  i.  e.,  the 
present  value  of  the  inventoriable  property  divided  by  its 
reproduction  cost  will  give  a  condition  per  cent  which  may 
be  applied  to  the  reproduction  cost  of  the  items  Omissions  and 
Contingencies,  Purchasing  Expense,  etc.,  to  obtain  their  re- 
spective present  values. 

It  is  undoubtedly  true  that  some  of  the  appraisals  prepared 
by  the  so-called  appraisal  companies  contain  needless  detail, 
and,  furthermore,  that  the  accuracy  of  inventory  is  ofttimes 
more  than  offset  by  erroneous  assumptions  as  to  depreciation 
and  by  too  close  adherence  to  standard  unit  costs.  This  raises 
the  point  that  the  problems  involved  in  manufacturing-plant- 
appraisement  work  are  strictly  engineering  problems,  requir- 
ing the  experience  and  judgment  of  trained  engineers. 

The  short-cut  methods  prescribed  by  the  author,  on  the 
other  hand,  while  admirably  adapted  for  his  own  purposes, 
are,  it  would  seem,  a  little  too  approximate  in  their  nature 
to  warrant  their  general  adoption  for  engineering  valuations. 
Is  it  not  true  that  there  is  a  happy  medium  between  these 


two  jjlans,  and  that  tliis  medium  can  be  best  reached  by  ob- 
serving, and  to  a  certain  extent' copying,  the  methods  adopted 
in  the  public-utility  appraisement  field? 

Then  again,  when  preparing  a  reproduction-cost  appraisal, 
why  appraise  the  inventoriable  property  with  great  care  and 
accuracy  and  then  omit  entirely  elements  which  are  just  as 
inevitably  a  part  of  the  cost  of  reproducing  a  property  as 
the  cost  of  the  machinery  or  tools?  It  is  true  that  the  col- 
lateral and  intangible  elements  may  not  be  necessary  for  some 
of  the  uses  to  which  manufacturing  appraisements  are  put, 
but,  on  the  other  hand,  they  are  most  essential  for  the  de- 
termination of  fair  value  in  the  event  of  sale  or  reorganiza- 
tion of  properties. 

PRODUCTIVE  CAPACITY  A  MEASURE  OF  VALUE  OF  AN 
INDUSTRIAL  PROPERTY,  H.  L,  GANTT 

R.  S.  HaJjE.  Many  of  the  questions  about  cost  and  value 
'would  become  simpler  if  we  would  give  up  the  idea  that  there 
is  any  abstract  "  cost "  or  "  value,"  and  instead  should  work 
on  the  basis  that  the  business  of  the  accountant  and  engineer 
is  to  provide  data  which  will  ipake  it  easier  for  the  executive 
to  answer  certain  questions,  or  rather  to  enable  the  executive 
to  take  action. 

The  first  of  the  two  theories  of  costs  given  by  Mr.  Gantt,  by 
which  all  the  expenses  are  included  in  the  cost,  gives  a  figure 
that  helps  the  executive  decide  whether  he  can  afford  to  declare 
a  dividend,  but  is  not  of  very  much  use  for  deciding  what  the 
expenses  will  be  next  year. 

The  second  theory,  by  which  only  the  expenses  actually 
needed  for  the  production  of  an  article  are  charged  to  its 
cost,  gives  a  figure  which  is  useful  in  determining  what  the 
expenses  may  be  next  year,  but  is  not  particularly  useful  in 
deciding  what  profit  the  concern  has  made  the  past  year. 

There  is  no  such  thing  as  an  abstract  "  cost,"  or  if  there 
is  it  is  of  no  use  to  any  one.  Sometimes  we  want  to  know 
whether  we  have  made  or  lost  money  during  a  given  period. 
In  other  cases  we  want  to  know  how  much  our  expenses  will 
be  increased  if  we  put  some  by-product  on  the  market.  In 
that  case  we  want  to  know  only  the  real  extra  cost  of  the 
by-product.  In  still  other  cases  a  factory  owner  may  want 
to  know  whether  he  had  better  shut  down  his  factory  for 
a  period,  or  run  it  until  the  market  for  the  product  improves. 
To  answer  this  question  he  needs  an  entirely  different  set  of 
figures  than  when  he  is  deciding  whether  or  no  to  build  a  new 
factory. 

Mr.  Gantt's  charts  are  exceedingly  valuable,  because  they 
heljo  the  executive  to  decide  what  he  could  have  done  if  he 
had  had  more  material,  or  if  he  had  had  more  orders,  or  had 
had  more  help.  Likewise  they  help  show  what  could  be  done 
if  certain  idle  machinery  were  disposed  of,  etc.  The  cost 
figures  they  show  are,  however,  more  than  useless  in  some 
cases;  but  the  same  is  true  of  all  cost  figures. 

Practically  every  theory  of  cost  or  theory  of  valuation 
helps  to  answer  some  particular  question,  and  it  is  only  a 
matter  of  logic  to  say  that  we  shall  continue  to  have  new 
cost  theories  and  new  value  theories  so  long  as  new  questions 
are  coming  up  to  be  answered. 

The  point  it  is  desired  to  emphasize  is  that  abstract  "  cost " 
and  abstract  "  value  "  are  of  slight  or  no  importance.  What 
the  accountant  and  engineer  should  give  the  executive  are  the 
figures  that  will  help  solve  the  particular  questions  that  are 
asked  in  a  particular  case,  and  they  should  not  put  these 
figures  in  any  form  that  would  cause  them  to  be  used  im- 
properly, nor  should  they  give  them  any  abstract  name  that 
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would  have  the  same  result  of  misleading  the  user  of  the  fig- 
ures. 

A.  C.  Jewett.  The  expense  of  idle  equipment  shown  by 
Mr.  Gantt's  chart  must  be  combated,  so  far  as  idleness  due 
to  lack  of  orders  is  concerned,  by  an  intense  study  of  the  sales 
problem.  The  engineer  must  direct  the  sales  policies.  He 
must  direct  the  distribution  of  the  products  of  industry.  The 
consuming  power  of  mankind  is  not  limited.  It  is  the  dis- 
tributing mechanism  that  is  at  fault  when  machinery  in  the 
mills  and  factories  is  idle  and  many  people  lack  sufficient  food 
and  clothing.  When  the  problem  of  the  proper  distribution 
of  the  products  of  industry  is  solved  there  need  be  no  idle 
labor,  the  cost  of  living  wiU  not  be  an  acute  problem,  and 
there  need  be  no  complaint  about  the  length  of  the  working 
day. 

This  is  not  new,  but  it  is  new  for  the  engineer  to  give 
serious  attention  to  matters  such  as  these  as  a  part  of  his 
work  of  industrial  management.  The  solution  of  these  prob- 
lems and  all  that  they  involve  is  not  an  easy  task,  but  it 
is  one  that  no  engineer  can  afford  to  neglect  and  that  all  ought 
to  study  earnestly. 

J.  B.  MiLLiKEN.'  To  make  our  position  clear,  we  define 
the  valuation  of  industrial  property  to  mean  the  value  at 
which  the  physical  manufacturing  property  of  a  corporation 
is  carried  on  its  books.  We  mention  this  because  Mr.  Gantt's 
paper  evidently  contemplates  a  different  definition,  viz.,  one 
including  the  efficiency  of  the  plant,  which  involves  the  value 
of  the  organization  operating  it,  which  latter  he  states  "  is 
an  integral  factor  in  the  valuation  of  an  industrial  property." 
We  agree  with  Mr.  Gantt,  if  by  industrial  property  he  means 
all  the  values  which  are  represented  by  the  capital  stock 
of  a  corporation,  in  which  case  the  value  of  the  management 
is  reflected  in  the  profit  and  loss  account  and  in  the  market 
value  of  the  corporation's  shares;  but  the  value  of  an  organ- 
ization cannot  properly  be  reflected  in  the  physical  assets  of 
tbe  eorporatii_.il  as  shown  by  its  books. 

Our  view  is  that  the  valuation  of  land,  buildings  and 
equipment  should  be  shown  on  the  books  of  a  corporation  at 
their  original  cost,  less  a  depreciation  for  use  or  obsolescence. 
As  a  cheek  on  our  valuations  and  on  our  depreciation  ratios, 
we  have  appraisals  made  by  professional  appraisers  at  inter- 
vals of  approximately  ten  years  and  compare  results  carefuUy 
with  our  valuations. 

In  contrast  with  the  accounting  method,  which  should  be 
based  on  actual  cost,  we  believe  that  appraisals  should  be 
made  on  the  basis  of  present  cost  to  replace,  less  proper  al- 
lowance for  age  or  for  obsolescence,  rather  than  on  the  basis 
of  original  cost,  as  the  latter  may  be  difficult  to  determine  at 
the  time  of  the  appraisal  and  in  some  cases  may  represent 
more  or  less  than  real  value,  even  at  the  time  of  purchase. 
A  careful  appraisal  may  disclose  excessive  original  costs,  for 
example,  in  which  case  a  question  arises  as  to  whether  the 
valuation  of  a  given  item  should  be  reduced  to  agree  approxi- 
mately with  the  appraisal.  Great  care  should  be  exercised 
in  comparing  appraisal  values  made  on  the  basis  of  replace- 
ment values  to  avoid  taking  advantage  of  an  abnormal  present 
cost,  such,  for  instance,  as  would  occur  in  the  case  of  ap- 
praisals made  at  the  present-  time,  due  to  the  very  high  prices 
of  practically  all  materials  and  labor. 

We  believe  that  actual  cost,  whether  higher  or  lower  than 
normal,  should  be  the  basis  of  all  values  on  a  corporation's 


books.  It  is  conceivable  that  two  factories  might  be  exact 
duplicates  and  yet  show  original  cost  of  construction  and 
equipment  widely  variant.  The  proper  course  in  such  a  case 
is  not  for  the  higher-cost  company  to  reduce  its  valuation, 
which  was  its  actual  cost,  but  to  justify  its  cost  through  its 
proflt-and-loss  account  by  increased  earnings,  if  it  can  do  so, 
so  that  a  comparison  of  its  ratio  of  net  earnings  to  capital 
invested  in  plant  may  compare  favorably  with  that  of  its 
competitor.  This  method  discloses  the  facts,  both  of  the  actual 
cost  of  the  property  and  the  actual  earnings,  whereas  reducing 
the  cost  on  the  books  by  a  charge  against  earnings  (in  excess  of 
reasonable  annual  depreciation)  distorts  the  facts  as  to  both 
earnings  and  assets. 

J.  H.  Williams.'  Mr.  Gantt  recommends  the  use  of  "  con- 
stant "  cost  rates  in  cost  accounting  as  a  means  of  increasing 
efficiency  of  production.  The  writer  would  go  further  and 
recommend  the  use  of  standard  as  well  as  "  constant "  cost 
rates. 

By  cost  rates  is  meant  the  percentage  to  be  added  to  direct 
wage  and  the  hour  rates  for  the  different  machines;  by  stand- 
ard cost  rates,  rates  representing  what  the  cost  should  be  as 
distinguished  from  what  it  is.  The  determining  of  standard 
cost  rates  is  to  the  same  end  as  time  study  and  the  determining 
of  standard  methods  and  time. 

Overhead  costs  and  volume  of  work  which  are  the  only  fac- 
tors affecting  cost  rates  as  here  defined  are  not  subject  to  the 
same  kind  of  study  as  operations,  but  they  are  equally  suscept- 
ible of  scientific  study. 

The  use  of  standard  cost  rates  makes  possible  a  daily  com- 
parison of  the  aggregate  of  the  amount  charged  on  the  cost 
records  (at  standard  rates)  w-ith  the  aggregate  of  the  actual 
cost.  Any  difference  is  shown  in  dollars  and  cents  in  the  ag- 
gregate instead  of  in  the  rate.  The  occasion  of  the  difference, 
if  any,  is  ascertainable  through  subdivision  of  the  actual  cost 
into  the  items  used  in  determining  the  standard  rates. 

Through  the  use  of  standard  rates  we  are  able,  as  above  ex- 
plained, to  determine  our  profit  or  loss  due  to  volume  daily; 
and  by  analysis  of  actual  cost  and  comparison  with  standard 
cost,  to  determine  their  source. 

On  the  other  hand,  through  using  the  same  standard  rates 
in  keeping  production-cost  records,  we  are  also  able  to  deter- 
mine our  profit  or  loss  due  to  efficieiicg  daily  by  jobs  as  they 
are  completed.  By  comparing  the  actual  with  the  estimated 
cost  of  production  we  are  able  to  determine  the  operations  in 
which  the  profit  or  loss  occurred. 

In  this  wise  we  have  a  daily  statement  not  only  of  profit  and 
loss  but  also  a  statement  as  to  the  several  exact  sources  of 
profit  and  loss,  and  one  wherein  the  difference  between  the 
aggregate  daily  profits  and  aggregate  daily  losses  wiU  agree 
with  the  increase  and  decrease  in  assets  and  liabilities,  as 
shown  in  the  monthly,  quarterly,  or  yearly  closing.  In  no  other 
way  can  profits  and  losses  be  accurately  determined  daily,  or 
in  such  a  vast  number  of  items.  The  timeliness  and  detail  of 
these  statements  is  of  the  utmost  importance  in  their  effective- 
ness. 

R.  B.  Shepaed,  Jr."  I  am  particularly  impressed  with  the 
paper  by  Mr.  Gantt  and  heartily  subscribe  to  his  dictum  that 
the  productive  capacity  is  a  measure  of  the  value  of  an  in- 
dustrial property.  Indeed,  I  will  go  even  farther  and  assert 
that  productive  capacity,  taken  in  conjunction  with  the  desir- 


1  Treasurer,  The  Yale  &  Towne  Mfg.  Co.,  Stamford,  Conn. 


'  772  Park  Avenue,  New  York,  N.  Y. 

^OfBce  Engineer,  Atlantic  Coast  Line  R.  R.  Co.,  Wilmington,  N.  C. 


February 
1917 


ANNUAL  MEETING  DISCUSSIONS 


137 


ability  of  the  product  from  the  consumers'  point  of  view,  in 
other  words  the  earning  capacity,  is  the  measure  of  value,  and 
the  only  measure  unless  natural  economic  conditions  have  been 
artificially  disturbed.  It  is  remarkably  significant  that  most 
of  the  valuations  heretofore  made  have  had  as  their  object  not 
the  determination  of  absolute  value,  but  rather  the  ascertain- 
ment of  a  limit  below  which  public  bodies  could  not  arbitrarily 
depress  value  through  interference  with  charges  for  the  com- 
modities produced.  Granted  the  power  of  the  public  to  regu- 
late chaiges  for  service  rendered  by  so-i'alled  public  utilities, 
subject  only  to  constitutional  restraint  agauist  confiscation, 
the  only  unassailable  position  open  to  public  utilities  in  the 
protection  of  their  interests  seems  to  be  that  confiscation  re- 
sults when  earnings  are  so  reduced  by  arbitrary  action  of  regu- 
lating agencies  that  fair  returns  on  the  capital  employed  are 
denied,  and  the  cost  of  reproduction  seems  to  afford  the  read- 
iest measure  of  the  sum  of  capital,  or  capital  equivalent,  en- 
gaged ill  the  service;  hence  the  disproportionate  importance  to 
which  the  estimated  cost  of  reproduction  seems  to  have  attained 
in  current  schemes  of  valuation.  To  the  owner  the  cost  of 
reproduction  does  not  signify  value  but  is  definitely  re- 
lated to  the  cost  of  the  output  of  his  plant.  For  his  business 
to  be  profitable,  it  must  yield  a  sum  sufficient  to  meet  all  costs 
of  operation  and  leave  a  balance  from  which  to  pay  interest 
on  the  confined  capital  and  a  profit.  The  value  is  commensur- 
ate with  the  size  of  this  balance,  not  with  cost,  or  capital 
equivalent. 

The  term  "  cost  of  reproduction  "  should,  in  the  writer's 
opinion,  be  interpreted  to  mean  the  total  investment  which 
would  be  required  to  replace  the  object  under  consideration,  in- 
cluding working  capital,  development  costs,  etc.,  etc.;  that  is, 
the  absolute  sacrifice,  expressed  in  terms  of  money,  which 
would  be  required  for  present  production,  in  its  entirety,  of  the 
completed  and  operating  utilitj'.  This  is  a  somewh.at  more 
comprehensive  definition  than  is  generally  attached  to  the  term, 
but  it  is  justified  by  the  economic  functions  of  the  estimated 
cost  of  replacement. 

For  the  ascertainment  of  absolute  value  recourse  must  be 
had  to  the  balance  sheet,  the  past  history  and  the  future  pros- 
pects of  the  business.  The  balance  sheet  does  not  disclose  the 
value  in  stated  terms,  but  it  furnishes  the  data  as  to  results  of 
operation  and  the  present  financial  condition  of  the  business  on 
which  the  calculation  of  value  must  be  founded.  The  value  has 
no  fixed  relation  to  the  investment.  It  is,  of  course,  affected 
by  the  judgment  used  in  making  the  investment,  the  efficiency 
of  the  organization,  the  confidence  of  the  purchasing  public, 
the  general  condition  of  prosperity  and  enlightenment  of  the 
community,  etc.,  but  these  are  matters  more  for  the  considera- 
tion and  activity  of  the  managers  than  of  the  appraisers, 
especially  as  their  practical  effects  are  reflected  in  the  balance 
sheet  and  enter,  along  with  all  other  influential  facts,  into  cal- 
culations based  on  data  taken  therefrom.  No  definite  conclu- 
sion as  to  value  could  be  drawn  from  the  study  of  operations 
for  one  or  two  years,  but  the  examinations  should  extend  over 
at  least  a  decade  in  order  that  periods  both  of  depression  and 
of  prosperity  could  influence  the  findings. 

This  method  of  valuation  is  applicable  to  those  industries 
only  which  are  more  or  less  free  to  respond  to  economic  influ- 
ences. For  others,  subject  to  regulation  and  price  fixing  by 
external  agencies,  purely  arbitrary  methods  must  be  evolved  if 
the  valuations  are  to  enter  into  the  contest  or  construction  of 
rates  of  charge.  To  meet  such  a  situation,  the  industries 
must  claim  the  right  to  profitable  operation  and  contend  that 
profitability  ceases  when  the  earnings  are  not  sufficient  to  pay 
all  costs,  including  interest  at  reasonable  commercial  rates  on 


total  capital  equivalent  and,  in  addition,  yield  a  profit  in  pro- 
portion to  the  size  of  the  business  handled.  This  is  the  rock 
bottom  of  permissible  depression.  The  criterion  should,  in 
equity,  be  the  relative  extent  to  which  the  regulated,  as  com- 
pared with  unregulated,  industries  are  permitted  to  participate 
m  the  general  prosperity  and  welfare. 

F.  J.  Cole.  Mr.  Gantt  does  not  state  whether  the  items  in 
his  idleness  expense  chart  are  a  copy  from  an  actual  day's  run 
at  some  mill  or  typical.  It  is  significant,  however,  that  out  of 
$1909  total  cost  of  idleness,  $1630,  or  83  per  cent,  is  chargeable 
to  lack  of  material  or  to  poor  material. 

One  of  the  principal  sources  of  expense  in  the  production 
of  any  manufactured  article  is  the  loss  due  to  an  insufficient 
supply  of  material,  either  in  not  having  it  at  the  machines 
when  needed  in  sufficient  quantities,  or  it  being  of  improper 
quality. 

Where  many  kinds  of  materials  are  used  and  their  quality 
is  more  difiSeult  and  complex,  more  systematic  work  is  required 
in  the  purchasing,  inspection,  tracing  and  delivery  of  such 
materials  in  order  to  avoid  serious  delays. 

Proper  scheduling  of  events  or  processes  in  the  making  of 
manufactured  articles  is  most  necessary  in  order  to  determine 
the  correct  anticipation  of  dates  when  things  must  be  done. 
This  scheduling  includes  the  dates  for  ordering  and  delivering 
of  material,  inspection,  tracing  shipments  and  manufacturing 
operations  of  various  parts  and  processes  so  that  the  doing 
of  the  necessary  events  is  maintained  in  their  proper  sequence. 

Using  all  the  machines  all  the  time  is  most  economical,  but 
wjietlicr  it  can  be  done  always  depends  upon  many  conditions. 
A  surplus  of  machines  is  sometimes  required  to  take  care  of 
\ariations  in  product,  where  the  character  of  the  work  varies 
considerably  with  different  articles  of  the  same  general  class 
which  are  being  manufactured. 

A  daily  statement  of  the  losses  in  dollars  and  cents  incurred 
through  idle  machines,  idle  processes,  caused  by  the  percentage 
of  time  they  are  idle,  must  be  a  great  object  lesson  to  a  man- 
agement in  calling  prompt  attention  to  the  monetary  loss 
caused  by  idleness  in  operating  below  maximum  capacity.  The 
idleness  expense  chart  proposed  by  the  author  shows  at  a 
glance  the  loss  in  values,  in  percentages  of  idleness,  and  their 
cause. 

A  (JAS  PRODUCER  FOR  BITUMINOUS  FUEL,  0.  C.  BERRY 

Godfrey  M.  S.  Tait.  The  methods  used  by  the  author  for 
the  determination  of  the  tar  content  are  all  highly  practical 
as  applied  to  the  experimental  apparatus  used,  but  would,  of 
course,  have  to  be  modified  in  connection  with  a  test  of  a 
plant  in  regular  service. 

The  author's  theory  as  to  the  volume  of  recirculated  gas 
is  not  original,  having  been  tried  with  more  or  less  success  in 
Europe,  the  main  difficulty  experienced  being  the  power  con- 
sumed by  the  blower  and  the  excessive  quantity  of  steam  thus 
introduced — unless  some  arrangement  were  provided  for  con- 
necting the  governor  on  the  gas  engine  to  the  by-pass  blower 
so  as  to  control  same.  With  low  load  and  the  by-pass  blower 
running  full  capacity,  it  was  possible  to  lower  the  temperature 
of  the  fuel  bed  to  such  a  point  as  to  shut  down  the  engine, 
hence  the  need  of  some  form  of  automatic  control. 

Also  the  findings,  as  to  clinkers,  are  apt  to  be  misleading, 
due  to  the  very  small  size  of  the  producer  in  question. 

The  ideal  conditions  of  draft  current  in  a  gas  producer 
consist  of  a  i)erfeetly  balanced  draft  at  all  loads.  Any  ar- 
rangement to  get  away  from  this  balanced  condition  greatly 
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increases  the  tendency  to  clinker  in  all  kinds  of  fuels,  for  be 
it  understood  tliat  the  clinker  is  first  formed  by  a  fissure 
forming  in  the  fuel  bed,  and  by  the  concentration  of  draft 
through  such  a  chaniiel,  with  a  blowpipe  effect  that  fuses  the 
ash  and  fuel,  and  that  the  only  way  to  prevent  clinkers  is 
to  so  arrange  the  fuel  bed  that  the  tendency  to  form  such 
fissures  or  "  pipes  "  is  reduced  to  a  minimum.  This  is  best 
accomplished  by  using  fuel  beds  of  generous  dimensions  and 
grates  that  insure  equal  distribution  of  the  draft  current  to 
all  parts  of  the  fuel  bed  at  all  loads. 

In  practice  it  will  be  found  that  the  resultant  increase  in 
efiicieney  due  to  the  fixation  of  the  tarry  vapors  of  the  gas, 
rather  than  to  wash  them  out  and  waste  them,  is  much  less 
than  would  be  expected.  If  such  figures  have  been  worked 
out  by  Mr.  Ben'y,  the  results  would  be  of  interest. 

Personally  I  rather  lean  to  the  construction  of  bituminous 
producers  along  the  line  of  simple  single-zone  up-draft,  with 
attached  tar  washers,  as  being  more  adapted  to  the  hard 
usage  of  practice,  and  have  in  mind  a  single  400-hp.  up-draft, 
balanced-draft  producer,  operating  on  Illinois  slack,  costing 
85  cents  a  ton  delivered,  said  coal  having  4  per  cent  sulphur 
content,  22  per  cent  ash,  and  38  per  cent  volatile  matter  (10,- 
300  B.t.u.).  This  producer  was  installed  without  any  spare 
unit  to  help  out,  and  has  operated  24  hours  per  day  since 
August,  1910,  using  1^4  lb.  of  coal  per  hp-hour.  I  mention  this 
plant  as  a  case  in  point  on  the  eUnker  question,  as  this  fuel 
had  a  bad  reputation  in  that  respect  (as  well  as  others). 

Also  as  to  the  reduction  of  CO,  to  2C0,  my  own  experience 
indicates  that  perfect  reduction  occurs  at  1800  deg.  fahr., 
provided  that  the  draft  velocity  is  sufficiently  low  to  allow 
the  time  necessarj'  for  the  reaction.  The  faster  the  flow  of 
draft  through  the  fuel  bed,  the  higher  must  the  temperature 
be  for  this  reason. 

Mr.  Berry  should  continue  his  investigation  under  condi- 
tions entailing  more  commercial  conditions,  variable  load, 
without  special  attention,  and  noting  the  possibility  of  keep- 
ing the  gas  tar-free  during  such  variations  without  undue 
attention  and  the  effect  of  large  grate  areas;  for  example,  in 
producers  10  ft.  inside  diameter,  for  all  producer  builders 
have  had  the  sad  experience  of  discovering  that  the  design 
that  was  most  successful  at  36  in.  diameter  was  far  from  such 
on  twice  that  diameter,  etc. 

C.  M.  Gablavd.  The  studies  recorded  in  Mr.  Berry's  paper 
are  very  interesting  and  the  methods  of  investigation,  to- 
gether with  the  design  of  the  producer,  are  both  novel  and  in- 
genious. There  are  several  points  brought  up  in  the  paper, 
however,  which  the  writer  feels  have  not  been  sufficiently 
described  and  on  which  further  information  would  be  very 
desirable. 

Regarding  the  removal  of  ash  and  clinker  from  the  pro- 
ducer: from  the  drawing  it  would  seem  that  the  burner  for 
the  recirculating  gas  takes  up  a  large  portion  of  the  grate 
area.  It  would  also  seem  that  this  burner  would  be  in  danger 
of  clogging  through  an  accumulation  of  ash.  Regarding  the 
formation  of  clinker:  the  combustion  of  the  recirculating 
gases,  while  it  would  undoubtedly  destroy  the  tar,  would,  how- 
ever, produce  a  high  temperature  in  the  ash  zone  which  would 
greatly  facilitate  the  formation  of  clinker,  even  with  fuels 
which  would  not  clinker  in  the  ordinary  producer.  Due  to  the 
recirculating  of  the  gases  and  the  high  temperature,  which 
are  apparently  maintained  even  in  the  coking  chamber  of  the 
producer,  the  clinker  formation  might  begin  very  high  in  the 
producer.  In  this  connection  temperatures  through  the  fuel 
bed  and  of  the  gases  leaving  the  producer  would  be  very  in- 


teresting. The  removal  of  the  gases  from  the  side  of  the  pro- 
ducer is  another  element  that  would  tend  to  cause  the  forma- 
tion of  clinker,  particularly  around  the  side  walls. 

Data  on  the  calorific  value  and  the  composition  of  the  gas 
from  the  producer  would  also  be  very  desirable.  The  design 
would  unquestionably  eliminate  tar  and  produce  a  gas  of  low 
calorific  value.  While  the  gas  of  low  calorific  value,  in  so  far 
as  power  is  concerned,  is  not  objectionable,  the  power  end  of 
gas-producer  work  today  is  a  comparatively  small  end  of  the 
work  and  is  more  than  likely  to  decrease  rather  than  increas*. 

The  ideal  to  be  approached  in  the  elimination  of  tar  is  a  pro- 
ducer in  which  the  tarry  products  are  converted  into  iixed 
hydrocarbon  gases  which  would  raise  the  calorific  value  of  the 
gas  instead  of  lowering  it.  The  demand  today  is  for  a  pro- 
ducer gas  to  replace  fuel  oil.  This  gas  must  ha/ire  a  high 
calorific  value  in  order  that  high  furnace  temperatures  may 
be  produced. 

MR.  BERRY'S  CLOSURE 

0.  C.  Berry.  Mr.  Tait  calls  attention  to  the  methods  used 
in  testing  for  tar.  It  is  very  important  to  know  that  the  gas 
leaving  this  producer  is  entirely  free  from  tar  at  all  times. 
The  method  used  in  making  this  test  is  a  very  searching  one 
and  can  be  appUed  continuously  and  without  difficulty  in  any 
power  plant  where  either  live  steam  or  compressed  air  is 
available.  It  consists  in  maintaining  a  vacuum  of  about  20 
in.  of  water  inside  of  a  large  glass  bottle  by  means  of  a 
steam  or  an  aspirator.  The  bottle  should  have  a  wide  mouth 
closed  by  a  stopper.  To  this  stopper  is  attached  the  support 
for  a  slip  of  white  cardboard.  The  gas  to  be  tested  for  tar 
is  led  into  the  bottle  through  a  glass  tube.  This  tube  is  drawn 
down  to  a  small  opening  at  its  lower  end  and  bent  so  as  to 
cause  the  gas  to  impinge  against  the  paper  at  right  angles  and 
at  a  high  velocity.  The  presence  of  the  slightest  trace  of  tar  in 
the  gas  will  cause  a  brown  spot  to  form  on  the  cardboard  im- 
mediately. This  method  is  very  easy  to  apph',  and  has  the  ad- 
vantage of  being  verj-  searching  and  at  the  same  time  very 
quick  to  react. 

I  feel  that  if  Mr.  Tait  will  make  a  closer  study  of  the 
European  producers  he  will  find  that  they  have  not  been 
worked  out  along  the  lines  here  presented,  though  some  of  them 
have  been  very  similar.  In  some  cases  I  have  had  a  hard  time 
to  see  for  mj-self  why  the  older  producer  should  fail  and  my 
own  be  worthy  of  success.  There  has  been  a  reason  in  each 
case,  however,  even  though  the  search  for  it  has  caused  some 
anxiety  on  my  part  in  the  early  stages. 

The  work  of  0.  Boudouard,  published  in  the  Comptes  Ren- 
dus  de  I'Academie  des  Sciences  in  1899  and  1900,  has  been 
widely  referred  to.  It  would  seem  to  indicate  that  a  tempera- 
ture of  1800  deg.  fahi-.  is  sufficient  to  decompose  the  CO,.  The 
element  of  time  has  been  left  out  in  this  work,  however,  as  is 
shown  by  the  later  work  done  by  J.  K.  Clement,  L.  H.  Adams, 
and  C.  N.  Haskins  for  the  Department  of  the  Interior.  U.  S. 
Bureau  of  Mines,  and  published  in  their  Bulletin  7.  Here  it 
is  shown  that  at  a  temperature  of  1832  deg.  fahr.  the  gas  must 
be  in  contact  with  coke  for  123.2  sec.  in  order  to  decompose 
78.4  per  cent  of  the  COj.  This  is  entirely  prohibitive,  as  Mr. 
Tait  win  see. 

I  am  sorry  to  be  unable  to  present  a  detailed  sketch  show- 
ing Mr.  Garland  just  how  tiie  gas  burner  avoids  clogging  up 
with  ash.  The  removal  of  the  ash  and  clinker  is  as  easy  to 
accomplish  in  this  plant  as  it  is  in  the  standard  anthracite 
plant,  and  the  burner  is  so  designed  as  to  avoid  any  possi- 
bility of  clogging  up,  and  never  has  to  be  cleaned. 
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The  bumiug  of  the  recirculated  gas  tends  to  lower  rather 
than  raise  the  temperatures  met  with  in  the  combustion  zone 
of  the  producer,  and  has  never  been  the  cause  of  the  formation 
of  clinkers.  The  formation  of  clinker  in  the  coking  zones  of 
the  producer  is  unthinkable,  as  the  temperatures  there  are  below 
1200  deg.  fahr.,  while  it  is  a  poor  coal  having  an  ash  with  a 
fusing  temperature  as  low  as  2350  deg.  fahr.,  while  good  coals 
will  not  clinker  below  2750  deg.  fahr. 

The  heat  value  of  the  gas  from  this  plant  seems  to  vary  be- 
tween 125  and  150  B.t.u.  per  cu.  ft.,  the  same  as  anthracite 
gas.  The  high  heat  values  reported  in  connection  with  pro- 
ducer gas  from  bituminous  fuel  are  due  quite  largely  to  the 
presence  of  tar  vapors  in  this  gas,  and  would  be  impossible 
without  these  vapors.  Such  a  gas  is  ideal  for  some  types  of 
furnace  work,  but  cannot  be  used  in  an  engine. 

Mr.  Eathbun  takes  exception  to  the  cleanlmess  of  this  gas. 
He  knows  that  the  gas  from  an  anthracite  plant  is  the  cleanest 
gas  that  can  be  gotten  from  any  type  of  gas  producer,  and 
is  also  the  easiest  to  separate  from  what  little  dirt  it  does 
contain.  The  gas  as  it  leaves  this  producer  is  in  a  class  with 
anthracite  gas.  It  is  not  clean  enough  to  use  in  an  engine 
in  the  condition  in  which  it  leaves  the  producer,  but  it  is  the 
easiest  gas  to  clean  that  there  is. 

Mr.  Smith  is  correct  in  his  statement  that  it  will  take  con- 
siderable fLxed  carbon  in  the  coal  to  reduce  all  of  the  CO,  and 
HjO  formed  by  the  combustion  of  a  large  amount  of  volatile 
matter.  It  is  probable  that  not  all  of  these  gases  are  com- 
pletely burned.  The  tars  can  be  completely  destroyed  by  pass- 
ing them  tlirough  an  incandescent  zone,  and  some  of  them  are 
probably  eliminated  in  this  way.  As  a  matter  of  fact,  nearly 
all  of  the  tests  on  this  producer  have  been  made  with  Indiana 
and  Illinois  coals,  having  about  8  per  cent  moisture,  35  per 
cent  volatile  matter,  49  per  cent  tixed  carbon,  and  8  per  cent 
ash.  No  trouble  was  experienced  in  keeping  a  sufficient  bed 
of  coke  with  any  of  these  fuels. 

Whether  Mr.  Chapman's  objection  on  the  score  of  a  deep 
fuel  bed  would  hold  in  the  case  of  a  larger  plant,  is  proble- 
matical. In  the  case  of  the  plant  here  shown  it  is  4  ft.  deep, 
which  is  not  too  deep  to  poke  with  ease. 

Reliability  in  a  producer  of  this  character  cannot  be  estab- 
lished by  a  series  of  laboratory  tests.  It  requires  years  of  use 
in  many  power  plants.  I  hope  that  the  future  may  establish 
the  predictions  which  the  laboratory  tests  have  lead  us  to  make 
for  the  future  of  this  type  of  producer. 

THE  RATIO  OF  THE  SPECIFIC  HEATS  AND  THE  COEF- 
FICIENT  OF    VISCOSITY    OF    NATURAL   GAS    FROM 
TYPICAL  FIELDS,  ROBERT  F.  EARHART 

H.  B.  Bernard.  Due  to  the  many  features  encountered  in 
piping  natural  gas,  such  as  condition  of  pipe,  type  of  joints, 
bends,  temperature  changes,  etc.,  it  is  doubtful  whether  Pro- 
fessor Earhart's  determinations  are  of  any  value  outside  of 
the  laboratory.  For  practical  conditions,  the  formula  derived 
by  T.  R.  Weymouth  from  numerous  observations  and  pub- 
lished in  Vol.  34  of  the  Transactions  of  the  Society  are  un- 
questionably of  sufficient  accuracy  in  problems  involving  the 
flow  of  natural  gas. 

Referring  to  Table  1,  it  appears  that  the  coefficients  of  vis- 
cosity are  computed  from  the  coefficient  of  viscosity  for  air 
and  the  relative  coefficients  of  viscosity  as  determined  on  the 
following  page.  It  is  unfortunate  that  the  author  has  neglected 
to  give  sufficient  data  to  permit  the  checking  of  these  values 
by  the  formula  preceding  the  table. 

In  determining  the  relative  densities  by  an  eflfluxometer,  the 


densities  are  in  the  ratio  of  the  squares  of  the  times  of  efiBux. 
In  view  of  the  fact  that  the  coefficients  of  viscosity  are  in  the 
ratio  of  the  times  of  efflux,  the  densities  should  be  as  the 
squares  of  the  relative  coefficients  of  viscosity.  Using  the  lat- 
ter values  as  given  in  Table  1,  the  computed  densities  as  com- 
pared to  those  in  the  tables  arc  as  follows : 

Computed 1.000 

From  Table  1...  1.000 

Computed 0  504 

From  Table  1...  0.585 


0.593 

0,533 

0 .  563 

0.5-10 

0.563 

0.682 

0.660 

0.660 

0,690 

0,666 

0.578 

0.563 

0,672 

0,689 

0.755 

0.678 

0.755 

0,770 

P.  F.  Walker.  The  author  uses  in  his  title  the  words 
"  ratio  of  specific  heats,"  and  throughout  his  discussion  shows 
that  he  is  assuming  that  this  ratio  and  the  value  of  the  adia- 
batic  exponent  are  identities. 

The  statement  is  made  at  the  outset  that  this  paper  and  the 
experimental  work  on  which  it  is  based  constitute  an  extension 
of  an  earlier  paper  dealing  with  the  question  of  the  variation 
of  natural  gas  from  Boyle's  law.  In  that  -paper  the  joint 
authors  indicate  a  very  marked  deviation  of  the  gas  from  the 
laws  of  perfect  gases.  While  the  numerical  values  shown  in 
that  paper  are  excessive,  being  made  to  appear  large  because 
of  some  unexplained  fluctuations  at  low  pressures  which  other 
experiments  do  not  corroborate,  it  is  true  that  the  substance 
differs  materially  from  a  perfect  gas. 

It  is  not  necessary  to  go  through  the  steps  of  the  mathe- 
matical proof  of  the  principle  that  for  a  perfect  gas  the 
adiabatic  exponent  is  the  ratio  of  specific  heats.  It  has  been 
my  observation  on  several  occasions,  however,  when  questions 
on  this  matter  were  up  for  discussion,  that  it  is  necessary  to 
remind  engineers  of  the  fact  that  the  statement  applies  only 
to  perfect  gases.  It  seems  to  be  an  ingrained  notion  in  the 
minds  of  technical  and  scientific  men  that  the  adiabatic  ex- 
ponent- must  be  the  ratio  of  specific  heats.  This  is  far  from 
being  the  truth,  however,  when  the  gas  is  of  such  a  character 
that  it  fails  to  follow  the  laws  of  perfect  gas  to  such  an  extent 
that  the  variation  is  worthy  of  notice.  The  point  brought  out 
in  the  previous  paper  by  the  author,  and  in  substance  fully 
attested  to  by  all  who  took  part  in  the  discussion,  is  that  this 
gas  in  its  behavior  does  vary  materially  from  the  laws  of 
perfect  gases,  and  hence  it  must  follow  that  the  value  of  the 
exponent  found  for  an  adiabatic  cannot  be  taken  as  the  ratio 
of  specific  heats. 

This  point  is  of  significance,  provided  the  purpose  of  the 
investigator  is  to  discover  facts  with  reference  to  specific 
heat.  We  need  not  enter  at  this  time  into  a  discussion  as  to 
which  is  the  important  thing  to  be  determined.  Every  con- 
tribution to  our  knowledge  of  matters  in  this  connection  is 
valuable,  and  we  should  be  grateful  to  Professor  Earhart  for 
having  brought  this  interesting  and  instructive  investigation  to 
our  attention. 

Sanford  A.  Moss.  While  natural  gas  may  depart  consid- 
erably from  the  perfect-gas  laws,  at  high  pressure,  the  depar- 
ture at  pressures  close  to  atmospheric  cannot  be  very  serious. 
Hence  the  computation  of  density  and  of  specific-heat  ratio 
from  gas  analysis  will  give  reasonably  accurate  results. 

I  have  made  such  computations  for  the  various  samples 
given  by  Professor  Earhart  in  his  Table  1,  using  the  volu- 
metric analysis  there  given.  I  obtained  values  for  the  density 
and  s])eeific-heat  ratio  which  differ  greatly  from  experimental 
values  tabulated  by  Professor  Earhart. 

The  method  of  computing  density  or  specific  gravity  of  a 
mixed  gas  from  the  volumetric  analysis  is  well  known.  It 
consists  in  multiplying  the  percentage  of  each  component  by 
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density  of  said  component  at  standard  conditions,  and  adding 
the  results.  A  sample  computation  of  density  is  given  in 
Columns  C  and  D  in  Table  2.  The  values  of  specific  heat  at 
constant  pressure  and  specific  heat  at  constant  volume  can  be 
found  in  a  similar  way,  using,  however,  analysis  by  weight 
instead  of  analysis  by  volume.  The  ratio  of  the  specific  heats 
of  the  mixture  as  thus  computed  gives  a  value  which  can  be 
used  to  compute  velocity  of  sound,  etc.,  and  which  should  agree 
with  the  experimental  values  of  Professor  Earhart's  n. 

In  other  words,  if  we  have  a  gas  mixture  containing  vari- 
ous components  whose  individual  specific  heats  at  constant 
pressure  are  c/,  Cp",  etc.,  and  whose  specific  heats  at  constant 
volimie  are  c/  Cv",  etc.,  and  if  the  percentages  by  weight  of 
each  of  the  components  are  x',  x",  etc.,  then  it  can  be  shown 
that  the  specific-beat  ratio  for  the  mixture  is 

X    Cf    -\-  X     Cf     -\-      .       .       . 

a!  c/  -|-  x"  c"  -!-••• 
This  formula  is  almost  self-evident.    However,  I  have  given  a 
deduction  in  Sibley  Journal,  May,  1905,  page  311.     A  sample 
computation  of  specific-heat  ratio  by  this  method  is  given  in 
Table  2,  Columns  E,  F,  G,  H  and  I. 

In  making  computations  I  have  used  the  values  of  Cp  and  c, 
listed  in  Columns  F  and  H,  Table  2.  All  of  these  values  are 
fairly  well  agreed  upon  by  various  authorities  except  the 
value  for  ethane,  which  I  was  not  able  to  find.  However,  it  is 
well  known  that  for  a  perfect  gas  the  molecular  specific  heat 
or  product  of  specific  heat  and  molecular  weight  m,  is  given  by 
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I  have  used  the  value  of  n  for  ethane  given  on  the  first  page 
of  Professor  Earhart's  paper,  and  obtained  Cp  by  this  formula. 
The  value  is  of  course  in  error  due  to  the  imperfection  of 
ethane,  but  the  discrepancy  cannot  be  very  large. 

I  have  made  computations  similar  to  those  in  Table  2  for 
each  of  tlie  gas  samples  given  in  Professor  Earhart's  Table  1. 
A  comparison  with  the  experimental  results  of  Professor  Ear- 
hart  is  given  in  Table  3.  As  will  be  seen,  there  is  an  appre- 
ciable discrepancy.  I  do  not  believe  this  can  be  explained  by 
the  fact  that  the  gases  in  question  do  not  obey  the  perfect-gas 
laws. 

>[H.  E.\RIIART'S  CLOSURE 

R.  F.  E.iRHART.  A  confusion  of  terms  seems  to  have  arisen 
involving  the  flow  of  gases  through  a  pipe.  The  resistance 
offered  to  the  passage  of  a  stream  of  gas  through  a  pipe 
is  a  complex  problem  and,  as  Mr.  Bernard  has  pointed  out, 
is  influenced  by  the  physical  condition  of  the  pipes,  the  joints 
and  several  other  factors.  The  coefficient  of  viscosity,  strictly 
speaking,  is  a  measure  of  the  internal  friction  of  the  gas  and 
is  but  a  single  factor  in  the  problem.  In  many  cases,  no 
doubt,  it  is  less  important  than  others;  it  is,  however,  a  factor 
jieeuliar  to  the  gas  itself. 

It  appears  that  in  some  eases  the  viscosity  effect  (or  com- 
putations for  "  viscosity  "  by  engineers)  is  taken  to  represent 
the  summation  of  a  considerable  number  of  factors.  Some 
of  these  have  been  taken  into  consideration  by  Mr.  WeymoutH 
in  the  article  to  which  reference  has  been  made. 

The  experiments  on  the  coefficient  of  viscositj'  were  made 
with  the  idea  of  comparing'  the  single  factor  of  internal 
friction  or  viscosity  for  gases  obtained  from  widely  different 
sources  under  similar  conditions  of  pressure  and -temperature 
and  in  the  same  apparatus.  The  values  obtained  cannot,  of 
course,  replace  those  found  serviceable  in  practice  and  which 
include  several  other  factors,  even  though  in  a  very  loose  way 


they  go  by  the  same  name;  nor  can  they  be  expected  to  give 
satisfactory  density  values. 

The  rate  of  escape  of  a  confined  gas  through  an  orifice  is  a 
function  of  the  pressure,  temperature,  density  and  coeflicient 
of  viscosity.  In  the  effluxometer  we  compare  the  densities  of 
two  gases  under  similar  pressure  and  temperature  conditions 
by  the  rate  of  escape  through  an  orifice  which  must  be  an 
opening  in  a  thin  diaphragm.  To  obtain  density  comparisons, 
the  diaphragm  must  be  vanishingly  thin  in  comparison  with 
the  size  of  the  orifice.     This  is  approximated  by  making  a 


TABLE  2  SAMPLE  COMPUTATION  OF  DENSITY.  WEIGHT  ANALYSIS 
AND  SPECIFIC  HEATS  OF  A  GASEOUS  MIXTURE,  FROM  VOLU- 
METRIC ANALYSIS 

Natural  Gas  from  Vinton  County,  Ohio,  Line  6,  Tabie  1 
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Density  of  air,  0.07638  Ib./cu.  ft.  at  14.7  lb,  abs,  and  60  deg.  fahr. 
Specific  gravity  of  gas,  0.05174/0.07638  =  0.6775 
n  or  Cp/cv  for  mixture,  0.4690/0.3590  =  1.306 

TABLE  3  COMPARISON  OF  VALUES  OF  SPECIFIC  GRAVITY  AND 
SPECIFIC-HEAT  RATIO  OF  NATURAL  GAS  BY  COMPUTATION 
AND  EXPERIMENT 
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(Density,  with  Air  =1.00) 
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Table  1 
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1.285 
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1  300 
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0,770 

0.7760 

224 

1.297 

small  hole  in  a  piece  of  thin  foil,  usuaUy  of  platinum.  The 
necessity  for  making  the  diaphragm  thin  is  to  reduce  the 
effect  due  to  viscosity. 

Thus,  by  suitably  dimensioning  the  apparatus,  the  viscosity 
effect  becomes  small  and  is  assumed  to  be  negligible.  When, 
however,  we  make  the  diaphragm  very  thick  or  for  convenience 
cause  the  gas  to  escape  through  a  tube  whose  length  is  great 
compared  with  the  diameter  of  the  opening,  the  rate  of  escape 
is  determined  largely  by  the  viscosity  factor.  Practically, 
when  the  length  of  the  tube  is  200  times  the  diameter,  the 
viscosity  term  becomes  so  large  in  comparison  with  the  density 
factor  that  the  density  factor  is  neglected.  The  conditions 
which  prevail  in  the  two  cases  are  so  different  that  the  data 
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obtained  under  one  set  of  conditions  cannot  be  treated  by  the 
formula  applying  to  the  other. 

A  comparison  of  density  determinations  made  by  different 
effluxometers  indicates  that  those  made  in  the  usual  way  are 
not  accurate;  the  discrepancies  are  sometimes  several  per 
cent.  The  writer  is  therefore  brought  to  the  conclusion  that 
the  accuracy  of  this  metliod  is  greatly  overestimated. 

The  point  raised  by  Professor  Walker  concerning  the  appli- 
cation of  the  law  of  perfect  gases  to  the  theory  of  velocity 
determinations  is  well  taken.  The  degree  of  accuracy  obtained 
in  the  experiment  will  determine  whether  the  correction  factor 
should  be  applied  or  omitted.  The  value  of  n  is  obtained  by 
taking  the  product  of  three  quantities,  one  of  which  is  the 
density  of  the  gas.  The  density  of  the  gas  was  determined 
to  one  part  in  five  hundred  in  the  laboratory.  This  is  a 
higher  degree  of  accuracy  than  conditions  really  warrant,  for 
gas  from  any  field  wUI  show  variations  from  day  to  day  of 
perhaps  one  per  cent.  However,  it  was  easy  to  determine. 
This,  however,  places  a  limit  on  the  accuracy  of  the  result, 
and  it  is  not  desirable  to  introduce  a  correction  factor  of  less 
magnitude  in  the  other  quantities. 

The  experiment  by  Mr.  Wyer  and  myself  showed  that  the 
departures  from  Boyle's  Law  were  appreciable  for  several 
atmospheres'  change  and  were  large  when  the  pressure  vari- 
ations were  thirty  or  forty  atmospheres.  However,  when 
sound  waves  pass  through  a  gas  the  pressure  changes  are  from 
one  atmosphere  to  possibly  one  and  one  millionth  atmos- 
pheres. Even  for  such  a  pressure  change  there  should  strictly 
be  a  correction  for  deviation  from  Boyles'  Law,  which  is  as- 
sumed to  hold  between  the  limits  of  pressure  employed. 

The  application  of  this  correction  factor  is  not  justified 
when  compared  with  the  density  determinations.  The  correc- 
tion applicable  in  such  cases  is  treated  in  a  very  able  way  by 
Capstick  in  a  paper  presented  to  the  Royal  Society  of 
London  (Phil.  Trans.  Roy.  Soc.  of  London,  1894,  Part  I, 
Page  1.)  Dr.  Capstick  was  determining  the  ratio  «  for  a 
series  of  vapors  some  of  which  were  but  slightly  removed 
from  saturation.  Under  such  circumstances  the  deviations 
from  Boyles'  Law  are  considerable.  He  made  a  careful  study 
of  the  case  and  found  a  small  correction  necessary.  The 
natural-gas  products,  however,  are  so  far  removed  from  this 
condition  that  any  modification  of  the  value  obtained  from 
direct  experiment  is  not  justified. 

PULVERIZED  FUEL  FOR  LOCOMOTIVES,  J.  E. 
MIlHLFELD 

C.  W.  Corning.'  I  am  familiar  with  many  of  the  results 
from  the  use  of  pulverized  fuel  as  stated  in  Mr.  Muhlfeld's 
paper,  having  for  several  months  had  charge  of  an  Atlantic- 
type  locomotive  in  first-class  passenger  service,  burning  this 
form  of  fuel. 

Of  tiie  many  things  which  contribute  toward  the  lightening 
of  the  onginemen's  cares  in  the  discharge  of  their  duties, 
probably  the  two  most  essential  are  the  properly  working  of 
injectors  and  the  free  steaming  of  the  engine. 

In  all  of  the  runs  made  by  the  engine  mentioned,  it  never 
failed  to  deliver  all  the  steam  pressure  required  (in  the  lan- 
guage of  the  fireman,  it  is  "  two  o'clock  "  all  the  time  by  the 
steam  gage).  In  the  event  of  the  failure  of  the  injectors 
it  is  a  simple  matter  to  shut  off  the  supply  of  fuel  until 
such  time  as  the  matter  can  be  remedied  and  the  fire  relighted. 

A    very    prominent    feature    of    the    indverized-fuel    engine 


'Chief  Smoke  In.'ii.ector  C.  &  N.  W.  U.   It..  Cliicago,   111. 


is  the  fact  that  the  draft  appliances  need  not  be  changed 
for  different  grades  of  fuel,  or  climatic  conditions  of  the 
various  seasons  of  the  year.  The  locomotive  has  been  oper- 
ated in  all  kinds  of  weather,  in  very  heavy  rain  storms,  snow 
storms,  extremely  hot  and  dry  weather,  and  when  the  tem- 
perature was  several  degrees  below  zero,  and  there  never  was 
any  noticeable  change  in  the  steaming  qualities  of  the  engine. 
Last,  but  not  least,  of  the  many  good  qualities  stated  in 
Mr.  Muhlfeld's  paper  is  that  of  the  possibiUty  of  enlarging 
exhaust-nozzle  openings.  The  area  of  the  exhaust-nozzle 
opening  on  the  C.  &  N.  W.  engine  has  been  increased  about 
40  per  cent.  In  summing  up,  what  is  nearest  the  heart  of 
an  engineman  is  a  free-working  engine,  and  this  is  obtained 
by  burning  pulverized  coal. 

W.  A.  Evans.  Only  two  of  those  discussing  the  proposition 
suggested  what  has  always  been  the  one  difficulty  in  obtaining 
powdered-fuel  combustion  under  boilers,  viz.,  the  difficulty  of 
maintaining  the  brickwork  with  its  necessity  of  large  com- 
bustion space  for  this  form  of  burning.  One  of  the  men 
stated  frankly  that  his  company  had  experimented  with 
powdered  coal,  and  found  when  forcing  the  boiler,  as  is  neces- 
sary in  locomotive  practice,  that  the  brickwork  was  difficult 
to  maintain.  It  is  hoped  that  Mr.  Muhlfeld  will  give  full 
account  of  brickwork  difficulties  and  means  by  which  he  would 
overcome  them. 

To  those  who  have  watched  powdered-coal  development 
there  was  much  satisfaction  in  the  apparent  success  of  burn- 
ing it  under  a  Franklin  boiler  at  the  American  Locomotive 
Works  in  Schenectady,  N.  Y.'  That  installation  seemed  to 
indicate  the  necessitj'  of  large  combustion  space  and  slow 
velocity  of  fuel  and  air  entering  the  furnace.  These  demands 
are  quite  contrary  to  the  limited  possibilities  on  the  illustra- 
tions shown  in  Mr.  Muhlfeld's  paper  on  the  application  to 
locomotive  boilers.  After  operating  for  over  two  years,  to 
the  writer's  knowledge  there  is  no  evidence  that  results  have 
been  so  desirable  as  to  have  the  other  boilers  in  the  same  plant 
equipped  with  the  same  fuel  apparatus,  and  two  years  of 
experience  ought  to  attract  more  attention  than  is  evidenced 
by  the  lack  of  further  development  in  the  stationary  line  in 
this  time. 

There  is  further  cause  for  caution  on  the  part  of  those  con- 
sidering the  use  of  powdered  coal  in.  the  fact  that  of  the  many 
concerns  claiming  to  produce  powdered-fuel  equipment  and 
soliciting  opportunities  to  undertake  the  entire  installation, 
.  none,  to  the  writer's  knowledge,  will  give  a  definite  guarantee 
of  results. 


Lawford  H.  Fry.  Mr.  Muhlfeld  has  shown  the  economy 
and  advantage  of  applying  pulverized  fuel  to  locomotives 
designed  with  a  grate  for  burning  lump  fuel.  It  would  be 
interesting  if  he  could  tell  us  what  further  advantages  could 
be  obtained  if  the  locomotive  were  to  be  designed  from  the 
outset  without  the  restrictions  imposed  by  the  necessity  of  a 
grate.  To  see  what  changes  would  be  involved,  consider  the 
difference  in  the  two  processes  of  combu.stion.  In  firing  lump 
coal,  the  fuel  is  introduced  intermittently,  being  thrown  on  to 
a  bed  of  incandescent  fuel.  The  volatile  matter  is  distilled 
off  and  burnt  in  the  volume  of  the  firebox.  The  fixed  carbon, 
or  at  least  the  greater  part  of  it,  remains  on  the  grate.  In 
order  to  burn  this,  a  strong  current  of  air  through  the  grate 
is  necessary  since,  owing  to  the  comparatively  small  surface  of 
the  lumps,  it  is  necessary  that  they  be  scrubbed  vigorously 
by  the  air,  using  an  amount  in  excess  of  that  which  combines 
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with  the  carbon  during  combustion.  This  process  of  combus- 
tion gives  two  requirements  in  locomotive  design :  sufficient 
volume  for  the  combustion  of  the  volatile  matter,  and  suffi- 
cient grate  area  for  tlie  combustion  of  the  fixed  carbon.  It  is 
well  known  th.at  the  higher  the  percentage  of  fixed  carbon, 
the  larger  must  be  the  grate,  hence  the  large  grate  areas 
necessary  for  anthracite-burning  locomotives. 

With  pulverized  fuel  the  conditions  are,  as  Mr.  Muhlfeld 
has  pointed  out,  entirely  different.  The  fuel  is  introduced 
continuously  as  it  is  burnt,  not  intermittently.  Owing  to  the 
very  large  surface  which  each  particle  of  fuel  has  in  the  pul- 
verized form,  the  scnibbing  action  of  the  air  is  not  required, 
and  complete  combustion  can  be  obtained  with  the  theoreti- 
cally necessary  amount  of  air,  provided  the  fuel  floats  with 
the  air  for  a  sufficient  time  at  the  temperature  necessary  for 
combustion.  It  is  obvious  that  with  the  pulverized  fuel  no 
grate  area  is  necessary,  but  there  must  be  sufficient  fii'ebox 
volume  and  a  sufficiently  long  travel  for  the  flame  to  allow 
complete  combustion  to  take  jalace  before  the  gases  enter  the 
flues  and  are  cooled  below  the  combustion  temperature.  It 
would  be  very  interest  if  Mr.  Muhlfeld  could  give  us  some 
information  as  to  the  volume  and  length  of  firebox  required  for 
a  given  rate  of  combustion. 

Now  coming  to  the  effect  which  this  novel  process  of  com- 
bustion may  have  on  locomotive  design :  So  far  as  the  lump- 
fuel  locomotive  is  concerned,  Mr.  C.  D.  Young  in  discussing 
locomotive  proportions  before  the  Master  Mechanics'  Asso- 
ciation last  June,  jjointed  out  that  the  basic  steps  in  design- 
ing a  locomotive  are,  first  to  determine  the  grate  area  neces- 
sary to  give  power,  and  then  to  settle  on  the  depth  of  throat 
sheet  which  will  give  sufficient  firebox  volume  for  efficient 
combustion.  The  depth  of  throat  sheet  in  conjunction  with 
the  diameter  of  the  drivers  fixes  the  diameter  of  the  boiler 
•which  can  be  used  with  a  given  loading  gage.  This  all 
means  that  the  design  for  the  whole  lump-fuel  locomotive 
is  built  up  around,  and  is  controlled  by,  the  grate  area  and 
the  depth  of  firebox. 

Now  with  pulverized  fuel  it  would  seem  to  be  possible  to 
eliminate  both  grate  and  throat  sheet,  and  to  use  a  boiler 
of  larger  diameter  and  special  design  which  would  give 
even  better  results  than  can  be  obtained  by  adapting  an 
existing  lump-fuel  boiler.  I  have  not  attempted  to  work  this 
thought  out  in  its  practical  details,  but  it  would  .be  interesting 
if  Mr.  Muhlfeld  could  tell  us  whether  he  has  considered  this 
phase  of  the  question  of  pulverized  fuel.  Of  course  a  special 
design  of  boiler  along  the  lines  indicated  presupposes  com- 
plete conversion  of  the  road  using  it  to  pulverized  fuel,  but 
no  doubt  Mr.  Muhlfeld  has  sufficient  confidence  to  look  thus 
far  into  the  future. 

E.  H.  Stroud.  The  results  reported  by  Mr.  Muhlfeld  show 
a  great  advance  upon  the  practice  of  burning  lump  coal  upon 
locomotive  grates,  hand-fired,  and  an  enormous  saving  to  the 
railroads  in  many  ways.  Still  better  results  can  be  had,  how- 
ever, and  a  greater  saving  of  coal  and  money  l)e  made  by  aban- 
doning the  use  of  stack  draft,  and  making  all  the  air  necessary 
for  the  most  complete  combustion  possible  carry  into  the  fire- 
box all. the  coal  that  has  to  be  burned. 

The  statement  has  been  made  that  it  would  be  impossible 
to  find  space  enough  that  could  be  spared  upon  the  front  end 
of  a  tender  for  such  apparatus  as  would  be  required  to  do 
this.  Such  apparatus,  however,  is  available  from  my  firm,  in 
size  to  fit  that  space,  and  it  can  be  built  to  operate,  at  variable 
speed,  by  either  steam  or  electricity.  It  is  the  result  of  16 
years  of  effort  and  I  know  of  nothing  l)nt  our  method  of  oper- 


ation which  has  been  really  successful  under  boilers  of  any 
kind.  We  tried  the  stack-draft  method  and  abandoned  it  years 
ago  for  the  very  faults  shown  by  Mr.  Muhlfeld's  locomotives. 
They  save  15  per  cent  of  coal.  Our  plan  saves  nearly  50  per 
cent  in  stationary  boiler  plants,  where  the  usual  losses  are  not 
so  great  as  in  locomotives.  By  our  method  we  are  able  also 
to  give  furnace  temperatures  from  1800  deg.  fahr.  to  3000 
deg.  fahr.  and  over,  and  such  a  low  temperature  has  not  been 
achieved  before. 

It  is  evident  from  Mr.  Muhlfeld's  showing  that  the  use  of 
stack  draft  renders  necessary  for  the  control  of  the  fire  of  a 
locomotive  a  much  more  complicated  mechanism  than  is 
needed  for  firing  by  the  method  and  device  I  have  mentioned, 
which  latter  performs  for  powdered  coal  the  same  service  as 
the  device  called  a  carburetor  performs  for  gasoline:  namely, 
it  receives  the  entire  quantity  of  the  two  fuel  elements,  coal 
and  air,  and  mixes  them  thoroughly  together  in  exactly  the 
right  proportions  before  they  enter  the  combustion  chamber. 

It  makes  no  material  difference,  therefore,  whether  the 
locomotive  is  standing  or  running,  or  what  its  speed  may  be, 
or  whether  there  be  wind  or  no  wind,  provided  it  be  fired  by 
such  a  stoker;  whereas,  when  depending  upon  stack  draft  the 
circumstances  mentioned  must  necessarily  exert  a  considerable 
influence,  and  require  the  use  of  a  constantly  varying  quantity 
of  exhaust  steam  at  all  times  to  counteract  those  influences, 
thus  putting  a  back  pressure  upon  the  cylinders  and  reducing 
the  efficiency  of  the  locomotive  proportionately. 

I  think  it  is  admitted  by  most  railroad  men  that  the  use 
generally  made  of  the  exhaust  steam  to  create  stack  draft 
reduces  the  total  locomotive  efficiency  25  per  cent.  Such 
being  the  case,  the  use  of  the  apparatus  referred  to  would 
give  the  locomotive  one-third  more  power  to  use,  besides 
effecting  a  greater  saving  of  coal  and  water  and  the  simplify- 
ing of  the  control  of  the  firebox  results,  because  the  exhaust 
steam  will  not  be  used  to  create  draft. 

J.  H.  Manning."  Mr.  Muhlfeld's  paper  accords  with  our 
practical  experience  with  engine  1200,  having  a  boiler  the  prin- 
cipal dimensions  of  which  are  as  follows: 

Diameter,  fiist  course 86  in. 

Firebox,  size 114  in.  wide,  126  in.  long 

Equivalent  heating  surface 5004  sq.  ft. 

326  2-in.  tubes 

46  superheater  units 
This  boiler  supplied  steam  to  27  x  32-in.  cylindere,  and  devel- 
oped through  a  medium  of  63-in.  wheels,  60,000  lb.  tractive 
power  at  the  drawbar,  carrying  205  lb.  of  steam. 

This  company,  the  Delaware  and  Hudson,  is  closely  con- 
nected with  a  territory  that  produces  about  80,000,000  tons  of 
anthracite  per  year.  It  is  not  hard  to  understand  that  a  great 
deal  of  extremely  fine  coal  and  dust  accumulates  in  the  pro- 
cess of  marketing.  This  cannot  be  burnt  on  the  grates,  but, 
if  at  all,  in  suspension  in  a  refractory  furnace.  For  this  latter 
purpose  we  have  available  in  our  neighborhood  550,000  tons 
per  month.  This  latter  and  the  fact  that  there  were  located 
around  us  a  number  of  industrial  plants  successfully  burning 
bituminous  coal  in  pulverized  form,  encouraged  us  to  build  an 
experimental  locomotive  of  the  dimensions  stated  above,  pro- 
ducing approximately  2700  cylinder  horsepower.  To  guard 
against  the  possibility  of  failure,  the  entire  firebox,  boiler  and 
locomotive  was  so  constructed  that  the  application  of  the  pow- 
dered-fuel mechanism  could  be  readily  removed  and  the  fire- 
box, etc.,  arranged  for  burning  fuel  on  grates. 

'  Suporiiitpndcnt  of  M<ittvo  Power.  Delaware  and  Huds-on  Cenipanv, 
Watervliet.   X.   Y. 
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We  soou  found  out  it  would  be  impossible  to  burn  clear 
anthracite  coal  in  pulverized  form.  Due  to  the  low  volatile,  it 
would  promptly  snufl:  out  if  the  engine  should  happen  to  slip 
or  worked  extremely  hard,  and  firebox  temperature  would  not 
permit  it  to  again  flash.  We  therefore  arranged  a  program 
and  detemiined  to  start  with  75  per  cent  bituminous  and  de- 
crease until  it  was  found  that  this  objectionable  feature  was 
removed.  This  was  continued  until  a  mixture  of  60  per  cent 
anthracite  and  40  per  cent  bituminous  was  obtained.  We 
find  this  gives  splendid  results,  the  engine  steams  freely  with 
very  little  smoke  and  is  very  nicely  controlled  by  the  fireman  to 
the  extent  of  keeping  the  engine  within  three  pounds  of  the 
maximum  pressure  continuously  without  popping  under  the 
diti'erent  operations  necessarily  obtaining  in  a  day's  work 
with  an  engine  of  this  character,  experiencing  no  firebox 
trouble  whatever. 

Such  difficulty  as  we  have  had  with  the  pulverized-fuel 
mechanism  for  the  introduction  of  the  fuel  into  the  firebox  has 
been  satisfactorily  eliminated  and  the  successful  burning  of 
pulverized  fuel  in  suspension  in  locomotive  firebox,  to  my  mind, 
has  passed  beyond  the  experimental  stage.  It  is  now  a  ques- 
tion of  economy  only  and  this  depends  upon  the  source  of 
supply  in  a  great  measure. 

MR.  MUHLFELD'S  CLOSURE 

J.  E.  MuHLFELD.  With  respect  to  the  points  that  Mr.  Rob- 
inson brought  out,  I  would  say  that  he  has  looked  at  this  matter 
from  a  strictly  pi'actieal  standpoint,  and,  in  my  opinion,  the 
advantages  that  he  names,  through  ability  for  the  railway  to 
pool  the  various  grades  and  qualities  of  coal  that  they  secure 
from  the  different  mine  operations  along  their  line,  reduction 
in  fire  building,  ashpit  and  other  terminal  delays,  and  the 
■elimination  of  arduous  labor  on  the  part  of  the  fireman,  are 
among  the  most  important  items  with  which  the  railways  ai-e 
contending  today.  The  advantages  of  pulverized  fuel  with  re- 
gard to  all  of  these  have  already  been  demonstrated  in  road 
xrnd  tei-minal  operation. 

Mr.  Katte  took  exception  to  paragraph  d  under  the  caption 
Facts  and  Conclusions.  If,  as  he  states,  the  electric  locomo- 
tive and  the  complete  electric  installation  behind  it  for  the 
movement  of  heavy  traffic  over  long  distances  can  be  main- 
tained and  operated  cheaper  tlian  the  equivalent  steam  unit, 
then  we  would  like  to  have  some  -figures  to  show  it.  As  the 
steam  locomotive  carries  its  own  self-contained  power  plant, 
its  maintenance  camiot  be  comi^ared  with  an  electric  locomo- 
tive that  does  not  generate  its  own  power.  A  fair  comparison 
must  cover  the  combined  fixed  charge,  maintenance  and  op- 
erating expense  involved  for  drawbar  horse  power  per  hour. 

Mr.  Katte  felt  that  the  electric  installations  so  far  made 
have  demonstrated  greater  reliability  under  all  conditions  than 
steam  locomotives.  In  reply  to  this  it  might  be  interesting  to 
make  a  comparison  of  steam-railway  steam-locomotive  opera- 
tion for  from  25  to  30-mile  runs  in  the  Chicago  district  with 
steam-railway  electric-locomotive  operation  for  similar  dis- 
tances in  the  New  York  district  as  regards  schedule  time  and 
regularity  and  continuity  of  service,  summer  and  winter.  With 
respect  to  fiexibility  of  service,  a  steam  locomotive  can  be  oper- 
ated wherever  the  gage  and  strength  of  the  track  admit  it. 
whereas  an  electric  locomotive  is  confined  to  the  electrified  sec- 
tion that  fulfills  its  electric-current  characteristics  and  contract- 
line  requirements.  In  the  January  8,  191fi,  issue  of  the  Sail- 
way  Review,  I  covered  this  phase  of  the  subject  in  considerable 
detail  in  a  paper  entitled  The  Future  of  the  Steam  Locomotive, 
the  majority  of  the  data  presented  having  been  obtained  from 


about  five  years  of  actual  experience  with  steam-  and  electric- 
locomotive  operation  on  the  Baltimore  and  Ohio  Railroad. 

The  point  that  Mr.  Fowler  makes  about  more  constant  fire- 
box temperature  with  pulverized  fuel  is  certainly  correct,  as 
the  firedoor  is  never  opened  during  the  time  that  combustion 
takes  place,  and  the  liability  of  a  cold  shaft  of  air  passing 
through  the  firebox,  as  where  coal  is  burned  on  grates,  is  en- 
tirely eliminated. 

Mr.  Young  refers  to  work  that  the  Pennsylvania  has  done 
and  which,  from  results  obtained  with  a  locomotive  in  a  sta- 
tionary condition,  must  have  been  with  entirely  different  means, 
methods  and  processes  from  what  we  have  developed  and 
make  use  of  in  both  locomotive-  and  stationary-boiler  practice. 
Their  arrangement  evidently  concentrates  or  pockets  the  heat 
in  connection  with  the  refractory  material,  and  too  great  a 
velocity  pressure  of  the. products  of  combustion  must  obtain 
in  the  firebox. 

Mr.  Y^oung  also  brought  out  that  the  Chicago  &  North- 
western locomotive  water-rate  performance  was  exceptionally 
high.  He  evidently  considered  this  from  a  cylinder-horsepower, 
rather  than  from  a  drawbar-horsepower-per-hour  standpoint. 

With  respect  to  his  statement  that  from  40  to  60  per  cent 
of  the  fuel  consumed  by  steam  locomotives,  when  coal  was 
being  burned  on  grates,  takes  place  when  the  engine  is  not 
working  steam:  Our  data  in  this  regard,  obtained  from 
actual  road  results,  are  in  accord  with  liis  figures.  Of  course, 
the  more  congested  the .  operation  on  a  right-of-way,  as  for 
example,  during  the  past  few  months  on  various  steam  roads 
in  the  Eastern  district  in  the  United  States,  the  greater  this 
percentage  becomes. 

Mr.  Randolph  brought  out  the  matter  of  liability  of  dust 
explosions.  From  the  fact  that  about  8,000,000  tons  of  pul- 
verized coal  are  now  being  burned  in  the  United  States  per 
annum,  it  is  thought  that  general  practices  with  respect  to  the 
handling,  drying,  pulverizing,  storing  and  disbursing  of  the 
same  have  been  pretty  well  taken  care  of,  and  the  general  re- 
sults with  the  various  cement  and  industrial  plants  using  this 
kind  of  fuel  indicate  this  to  be  the  case.  Where  we  have  had 
our  designs  of  fuel-preparing,  handling  and  burning  equip- 
ment in.staUed,  up  to  the  present  time  no  trouble  whatsoever 
has  obtained. 

Mr.  Basford's  idea  of  prolonging  the  life  of  existing  loco- 
motives by  modernizing  them  through  the  application  of  pul- 
\'erized  fuel  was  well  taken,  and  an  enormous  amount  of  work 
remains  to  be  done  along  this  line  which  will  enable  the  reclaim- 
ing of  motive  power  that  in  its  present  condition  is  ineffective 
and  uneconomical. 

Mr.  Baker  brought  out  the  problem  of  smoke  elimination, 
particularly  in  the  larger  city  teiToinals  where  numerous 
switching  and  transfer  locomotives  are  used. 

The  control  of  not  only  the  smoke,  but  also  of  sparks,  cin- 
ders and  popping  off,  as  well  as  the  reduction  in  the  exhaust- 
nozzle  noise  is  entirely  possible  and  practicable  with  the  de- 
velopment that  has  already  been  demonstrated  through  the  op- 
eration of  the  Chicago  &  North- Western  pulverized-fuel-burn- 
ing  locomotive  in  the  City  of  Chicago. 

The  items  that  Mr.  Corning  brought  up  were  those  which 
appealed  to  the  practical  railway  operating  ofiicial  as  well  as 
to  the  engineer  and  firemen  in  charge  of  the  locomotive,  and 
the  benefits  to  be  derived  from  flexibility  in  the  operation  of 
the  equipment  and  the  maintenance  of  economical  working 
steam  pressure  at  all  times  and  under  all  (;onditions,  and  fur- 
ther the  increased  tractive  power  by  the  enlargement  of  the 
exhaust-nozzle  area  are  most  essential  in  that  regard. 

Mr.  Evans  brought  up  the  dittieulty  in  maintaining  brick- 
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work,  with  the  necessity  for  large  combustion  space  in  the  use 
of  powdered  fuel  in  boilers,  and  requested  data  on  that  sub- 
ject. The  answer  is:  Reduce  the  velocity  pressure  of  the  com- 
bustion gases  to  the  minimum ;  eliminate  restricted  areas  in  the 
brickwork  through  which  these  gases  must  flow;  and  bring 
these  gases  into  contact  with  heat-absorbing  surfaces  as  quickly 
as  possible  after  the  combustion  process  has  been  completed. 
We  have  found  that  owing  to  the  rapidity  of  oxidation  large 
combustion  space  and  brick  area  are  not  necessarily  essential 
to  effective  results. 

Probably  the  reason  for  Mr.  Evans  not  being  able  to  secure 
a  definite  guarantee  of  results  from  the  use  of  pulverized  fuel 
from  the  concerns  with  whom  he  has  had  the  matter  up,  is  the 
fact  that  until  recently  very  little  practical  knowledge  has  been 
available  on  which  to  base  such  assurances,  and  that  essential 
means,  methods  and  processes  were  not  really  developed  along 
practical  lines  until  the  application  of  pulverized  fuel  to  the 
most  unfavorable  condition,  i.  e.,  the  steam-locomotive  boiler, 
was  undertaken. 

Mr.  Fry  brought  up  the  question  of  volume  and  length  of 
service  locomotive  firebox  necessary  for  a  given  rate  of  com- 
bustion. All  of  our  development  work  has  been  done  with 
existing  standard  designs  of  locomotive  fireboxes  and  boilers 
ranging  from  48  in.  wide  by  90  in.  long,  to  114  in.  wide  by 
126  in.  long,  and  in  no  instance  has  there  been  any  difficulty  ex- 
perienced with  burning  the  requisite  amount  of  fuel  to  secure 
economical  boiler  horsepower  under  the  most  extreme  working 
conditions.  This  applies  to  lignite  as  well  as  to  bituminous  coal 
and  to  a  mixture  of  60  per  cent  of  anthracite  slush  and  40 
per  cent  bituminous  screenings. 

The  point  that  Mr.  Fry  brings  up  relative  to  being  required, 
when  coal  is  burned  on  grates,  to  build  up  a  locomotive  design 
around  the  grate-area  and  depth-of-firebox  dimensions,  is 
largely  correct,  and  the  burning  of  fuel  in  suspension  wiU 
enable  the  use  of  special  designs  of  locomotive  boilers,  for 
example,  for  longer  flameway  and  return  tubes,  which  will 
permit  of  utilizing  a  much  greater  percentage  of  the  fuel  value 
than  will  ever  be  found  possible  by  the  burning  of  fuel  on 
grates. 

Mr.  Stroud  points  out  the  feasibility  of  securing  still  bet- 
ter results  than  what  have  been  obtained  by  abandoning  the 
use  of  st<ick  draft.  The  practical  work  that  we  have  done 
along  this  line  has,  to  the  present  date,  not  demonstrated  this. 
While  stack  draft  is  not  needed  to  secure  combustion  results, 
it  is  required  to  produce  boiler  and  superheater  capacity  and 
effectiveness,  which  all-important  factors  Mr.  Stroud  has  ap- 
parently overlooked. 

Mr.  Manning  brings  up  that  on  his  road  a  mixture  of  60 
per  cent  of  antln-acite  and  40  per  cent  of  bituminous  is  now 
givuig  splendid  results  in  locomotive  service.  I  desire  to  elab- 
orate on  this  and  state  that  the  CO  per  cent  consists  of  anthra- 
cite slush,  or  heretofore  waste  by-product  of  mining,  and  that 
the  40  per  cent  consists  of  bituminous  unwashed  screenings, 
all  of  which  is  mixed  and  pulverized. 

This  mixture  gives  a  fuel  of  about  15  per  cent  volatile  as 
compared  with  the  heretofore  generally  recommended  practice 
of  not  less  than  30  per  cent  volatile.  Furthermore,  this  result 
has  been  acquired  with  the  second  type  of  furnace  refractory 
arrangement  tried  out,  and  we  feel  that  the  next  change  in 
the  refractory  arrangement  will  result  in  the  utilization  of  a 
mixture  of  at  least  80  per  cent  of  anthracite  slush  and  20 
per  cent  bituminous  screenings,  for  the  reason  that  no  diffi- 
culty whatever  is  now  experienced  in  burning  the  straight 
anthracite  slush  in  stationary  boiler  practice  and  obtaining  the 
requisite  boiler  capacity  and  maximum  efficiency. 


WATER  FOR  STEAM  BOILERS,  ITS  SIGNIFICANCE  AND 
TREATMENT,  ARTHUR  C.  SCOTT  AND  J.  R.  BAILEY 

S.  B.  Applebaum  '  This  paper  and  discussion  confine  them- 
selves to  the  old  lime-soda  system  which  has  been  in  use  about 
half  a  century  and  from  which  little  that  is  new  can  be  ex- 
pected. No  mention  is  made  of  the  "  Permutit  "  process  which 
has  so  rapidly  come  to  front  in  the  last  decade  in  Germany, 
France  and  England,  and  during  the  last  few  years  in  this 
country.  This  is  an  entirely  new  departure  in  water  softening 
and  it  represents  the  only  real  progress  made  in  a  considerable 
jieriod. 

The  essential  characteristics  of  this  process  are  that  the 
water  passes  through  a  bed  of  insoluble  exchange  alumino-sili- 
cates  or  zeolites  at  a  high  rate,  and  that  in  the  cold  a  chemical 
exchange  automatically  takes  place  between  the  water  and 
this  material,  whereby  all  the  calcium  and  magnesium  are 
completely  removed  and  replaced  by  sodium.  It  is  a  rapid 
chemical  reaction  between  the  insoluble  powerful  reagents 
and  the  water,  which  is  a  very  dilute  solution  of  calcium  and 
magnesium  salts.  The  insolubility  of  these  exchange  silicates 
ia  water  is  the  essence  of  the  process.  Because  of  this 
pro]ierty  it  is  possible  to  remove  all  of  the  hardness  from 
water  and  to  obtain  this  result  by  automatic  filtration.  Why 
is  this  not  possible  with  the  older  process?  Every  chemical 
reaction  to  be  carried  very  near  to  completion  needs  a  driving 
excess  of  the  reagent.  When  we  add  Ume  and  soda  ash  to 
water,  they  dissolve  in  the  water.  To  remove  aU  of  the  hardness 
we  would  have  to  add  a  large  excess  which  would  remain  in 
the  effluent.  Such  an  excess  would  be  out  of  the  question 
from  the  point  of  view  of  operating  costs,  especially  today  with 
soda  ash  at  2^/2  to  3  cents  per  pound;  and  the  high  causticity 
in  the  treated  water  would  make  it  unfit  for  boiler-feed  use. 

Tlie  exchange  silicates  are  placed  in  the  steel  filter  shells 
in  amounts  many  times  in  excess  of  that  required  by  the  reac- 
tion. But  they  are  insoluble,  and  as  the  water  flows  through 
the  bed  of  silicates  the  excess  of  the  latter  drives  the  softening 
n.'acliou  to  completion  in  a  few  minutes ;  the  effluent  comes  out 
of  zero  hardness  and  no  causticity  is  present. 

The  advantages  of  this  process  may  be  summed  up  as  fol- 
lows: 

1  No  chemist  is  needed  to  analyze  the  varying  compositions 
of  the  raw  water  and  proportion  the  chemicals  accordingly. 
The  water  passes  through  the  softening  material  automatically 
and  can  never  be  overtreated. 

2  The  reaction  takes  place  in  a  few  minutes.  With  soluble 
chemicals  three  to  six  hours  are  needed  to  allow  the  reactions 
to  take  place.  Accordingly  large  settUng  tanks  are  needed. 
These  occupy  considerable  floor  space.  The  Permutit  filters 
for  the  same  service  are  small  and  compact. 

3  No  precipitates  are  formed  and  no  sludge  has  to  be  re- 
moved. The  Liquors  from  the  regeneration  are  all  fluid  and 
run  into  the  sewer.- 

4  The  only  cost  of  operation  is  that  of  the  salt  used  for 
regeneration  of  the  exchange  silicates.  It  is  much  more 
economical  than  the  use  of  soda  ash  for  the  removal  of  perma- 
nent hardness. 

5  Finally  a  water  free  from  causticity  and  having  zero 
hardness  is  obtained  at  all  times  which  deposits  absolutely  no 
scale. 

[The  remainder  of  the  discussion  on  this  paper  will  appear 
in  the  March  issue  of  The  Journal.] 
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Strength  of  Boiler  Furnaces 

To  THE  Editor: 

In  the  October,  1916,  issue  of  The  Journal,  I  have  read  with 
considerable  interest  an  article  by  Prof.  John  Airey,  the  pur- 
pose of  which  apparently  was  to  expose  the  inadequacy  of  the 
flue  formute,  as  regards  safety,  of  the  A.  S.  M.  E.  Boiler  Code 
by  comparing  the  results  of  these  formulse  with  some  other 
flue  formuliB  promulgated  by  various  authorities. 

As  the  writer  has  had  the  advantage  of  figuring  allowable 
pressures  on  a  very  large  number  of  flues  covering  practically 
all  varieties  of  sizes  actually  in  use,  and  also  knows  from  close 
personal  touch  with  accident  statistics  in  this  country  that  flue 
failures  due  to  structural  weakness  as  known  by  theoretical 
determination  contribute  a  microscopically  small  proportion  of 
the  total  number  of  flues  collapsed,  he  is  quite  certain  that 
Professor  Airey's  criticism  of  the  A.  S.  M.  E.  Boiler  Code  for- 
mula is  not  warranted.  In  fact,  it  seems  entirely  misplaced, 
since,  judging  from  what  still  is  actual  practice  in  this  coun- 
try as  regards  allowing  pressure  on  flues,  the  A.  S.  M.  E. 
Boiler  Code  foiinute  appear  ultraeonservative  and  their  prime 
virtue  is  that  they  are  consistent  with  the  most  up-to-date  and 
thorough  research  on  this  phase  of  mechanics.  Professor 
Airey's  reference  to  the  danger  of  the  A.  S.  M.  E.  Boiler  Code 
formute  would  therefore  seem  almost  humorous,  especially 
when  it  is  considered  that  flue  failures,  aside  from  those  cases 
of  flues  that  come  down  due  to  overheating  in  connection  with 
excessive  amounts  of  oil  entering  boilers,  are  very  rare. 

It  would  further  appear  that  Professor  Airey's  observations 
of  the  pressures  allowed  by  other  authorities  are  not  correct  in 
several  instances,  tending  to  reveal  a  lack  of  familiarity  with 
the  subject. 

Taking  up  Professor  Airey's  comment  on  some  of  the  vari- 
ous rules  quoted,  I  would  call  attention  to  the  fact  that  Pair- 
bairn's  rule  is  based  on  experiments  with  wrought-iron  tubes 
that  were  lap-riveted  and  brazed,  so  that  further  allowance  ft)r 
the  weakening  effect  due  to  a  riveted  joint  is  obviously  not 
necessary,  especially  when  making  comparisons.  This  rule  is, 
however,  inconsistent  in  that  it  permits  of  pressure  determina- 
tion on  flues  of  any  length  and  produces  pressures  for  long 
flues  that  are  very  low  and  for  the  shorter  flues  excessively 
high. 

The  fact  has  been  quite  definitely  established  that  for  lengths 
of  flues  over  about  six  times  the  diameter,  any  increase  in 
length  for  a  given  diameter  does  not  materially  decrease  the 
collapsing  pressure. 

By  a  series  of  tests,  conducted  on  a  most  exhaustive  basis. 
Prof.  R.  T.  Stewart  found  this  formula  for  some  conditions 
to  err  as  much  as  400  per  cent.  (Trans.  Am.Soc.M.E.,  1906, 
Vol.  27). 

In  the  book  written  by  Hutton  no  mention  is  made  of  the 
fact  whether  the  flues  tested,  on  which  he  based  his  formula, 
were  riveted  or  welded,  but  judging  from  their  size  and  the 
time  this  took  place,  it  is  fairly  safe  to  assume  that  they  were 
iriveted  flues,  so  that  the  weakening  effect  of  a  joint  does  not 


have  to  be  separately  taken  into  account,  as  it  certainly  never 
is  in  practice. 

Hutton's  formula  has  the  same  faulty  characteristics  as  that 
of  Fairbairn,  which  has  led  to  the  use  of  the  length  of  riveted 
sections  for  L  in  the  formula  instead  of  the  total  length  of 
flues  that  are  made  up  in  sections  by  means  of  lap-riveted  girth 
seams.  By  doing  this,  an  allowable  working  pressure  that 
seems  more  reasonable  and  which  sometimes  may  still  be  con- 
sidered safe  is  obtained  on  long  flues. 

Plain  furnace  flues  of  the  length  given  in  the  concrete  case 
submitted  by  Professor  Airey,  namely,  94  in.,  were  rarely 
made  in  one  length,  so  that  a  large  majority  of  the  flues  at 
present  in  use  have  pressures  allowed  on  them  as  based  on 
this  practice  of  taking  the  length  of  sections  for  L.  In  some 
cases  the  pressure  resulting  appears  unduly  high. 

This  practice  of  using  the  length  of  sections  for  L  is  still 
followed  more  or  less  to  this  day  in  the  manufacture  of  in- 
ferior grades  of  boilers  and  other  pressure  vessels. 

Needless  to  say,  the  Code  formula  gives  pressure  results 
considerably  lower  than  the  values  obtained  in  the  manner 
just  mentioned  with  Hutton's  rule. 

The  CJerman  Government  rule  is  not  quoted  by  Professor 
Airey  in  its  entirety.     This  rule  reads  as  follows : 


«  =  A'  X  V  (J'  X  i  X  -D)  +  0.1  em. 

The  constant  0.1  is  for  boilers  in  river  steamers.  For  boilers 
in  sea  vessels  this  constant  is  0.2.  The  extra  thickness  result- 
ing from"  this  augmented  constant  is  required  to  offset  the 
stronger  corrosive  action  in  boilers  on  board  sea  vessels  due 
to  the  possibility  of  salt  water  entering  them.  Quite  obviously, 
for  the  purpose  of  making  a  comparison  with  the  requirements 
of  the  A.  S.  M.  E.  Boiler  Code,  which  is  intended  for  station- 
ary practice,  it  would  appear  that  0.1  is  the  proper  constant 
to  use  instead  of  0.2,  as  was  done  by  Professor  Airey.  On  the 
flue  mentioned  in  the  concrete  example  (29  in.  diameter,  94 
in.  long,  %  in.  thick),  by  using  the  constant  0.1  the  pressure 
becomes  90  lb.  against  75  lb.  as  calculated  by  Professor 
Airey. 

89,600  X  i 


Lloyd's  rule,  P  = 


LXD 


-,  used  to  be  quite  generally 


employed  in  the  United  States  for  riveted  flues,  but  is  now  more 
or  less  in  the  discard.  Wherever  it  is  still  prescribed,  as,  for 
instance,  in  the  boiler  rules  of  the  City  of  Philadelphia  and 
other  rules  that  were  designed  to  cover  the  early  practice  of 
boiler  construction,  the  length  of  the  lap-riveted  sections  may 
be  taken  for  L,  which  in  some  eases  has  led  to  absurdly  high 
pressure  allowances. 

In  the  practice  of  applying  Lloyd's  rule  it  was  never  cus- 
tomary to  make  a  special  allowance  for  the  character  of  the 
longitudinal  seam,  speaking  with  regard  to  American  i^raetice 
at  least,  and  this  certainly  is  not  done  now  in  localities  where 
this  rule  is  still  used. 

The  U.  S.  Government  rule  (Steamboat  Inspection  Service) 
is  not  identical  with  Lloyd's  rule  as  stated  by  Professor  Airey, 
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the  latter  having  been  abandoned  about  10  years  ago. 
present  U.  S.  Government  rule  is 


The 


■=¥( 


(18.75  X2')-(l-03Xi) 


This  is  the  same  formula  as  given  in  the  A.  S.  M.  E.  Boiler 
Code  for  flues  of  which  the  length  is  120  times  the  thickness 
of  the  plate  or  less. 

According  to  this  formula  the  pressure  on  the  flue  of  the 
concrete  example  would  figure  94  lb.  safe  working  pressure. 
There  is  no  stipulation  in  connection  with  this  formula  regard- 
ing the  weakening  effect  of  longitudinal  seams,  and  conse- 
quently the  pressures  on  all  boilers  in  steam  vessels  where  this 
rule  happens  to  be  the  deciding  factor  are  never  determined 
making  such  an  allowance;  and  it  may  be  said  in  this  connec- 
tion that  (to  quote  the  Government  Rules)  such  "  plain  cir- 
cular riveted  flues,  furnaces  and  cone  tops  "  are  quite  gener- 
ally lap-riveted. 

The  fact  that  the  U.  S.  Government  rule  allows  for  L  in 
the  formula  to  be  taken  the  length  of  lap-riveted  sections 
causes  pressures  to  be  used  that  appear  entirely  out  of  pro- 
portion in  some  eases  of  very  long,  thin  flues. 

The  British  Board  of  Trade  rule  is  not  correctly  quoted  by 
Professor  Airey.    He  quotes  it  as: 

75,000  f 


The  constant  in  this  formula  may  be  taken  at  77,000  for  steel 
flues  with  single-riveted  lap  seams.  This  brings  the  pressure 
on  the  flue  in  the  concrete  example  up  to  75  lb. 

There  is  no  provision  that  the  length  of  riveted  sections  may 
be  taken  for  L  in  this  formula,  but  there  is  a  stipulation  limit- 

,   ■     n         .     9900  X*   ,v 
ing  the  pressure  on  plain  flues  to lb. 

D 

Since  the  British  Board  of  Trade  allow  various  constants 
in  their  flue  formula  relative  to  the  type  of  joint',  it  is,  of 
course,  not  necessary  for  Professor  Airey  to  make  further 
allowances  for  the  weakening  effect  of  a  single-riveted  lap 
seam  as  he  did,  as  this  is  taken  care  of  by  the  constant. 

Summarizing  the  results  of  the  various  rules  taken  up  here 
in  the  light  of  their  practical  application  as  stated,  we  get : 

Working  pressure 

Fairbairn   Rule 155  lb.  per  sq.  in. 

Fairbairn  Rule   (modified) 125  lb.  per  sq.  in. 

Hutton's   Rule 120  lb.  per  sq.  in. 

German   Government  Rule 90  lb.  per  sq.  in. 

Lloyd's    Rule 99  lb.  per  sq.  in. 

U.  S.  Government  Rule 94  lb.  per  sq.  in. 

Michael  Longridge  Rule 157  lb.  per  sq.  in. 

British  Board  of  Trade  Rule. . .   75  lb.  per  sq.  in. 

Average 114  lb.  per  sq.  in. 

A.  S.  M.  E.  Boiler  Code  Rule. .   99.7  lb.  per  sq.  in. 


Working  pressure 

Hutton's  Rule 208  lb.  per  sq.  in. 

Lloyd's  Rule 296  lb.  per  sq.  in. 

U.  S.  Government  Rule 209  lb.  per  sq.  in. 

Average 238  lb.  per  sq.  in. 

A.  S.  M.  E.  Boiler  Code  Rule.  .   99  lb.  per  sq.  in. 

It  is  particularly  in  this  feature  of  taking  for  L  in  the  vari- 
ous formula  the  length  of  riveted  sections,  that  the  A.  S.  M.  E. 
Boiler  Code  rules  are  a  marked  improvement,  as  this  is  spe- 
cifically prohibited  for  the  Code  formula.  (See  interpretation 
by  the  Boiler  Code  Committee  in  Case  No.  22,  The  Journal, 
January  1916,  Page  44.) 

It  is  extremely  doubtful  whether  in  the  majority  of  cases 
one  is  justified  to  consider  the  reinforcing  effect  of  a  single- 
riveted  lap  seam  connecting  the  sections  of  a  riveted  flue,  suf- 
ficient to  disregard  the  total  length  of  the  flue  and  simply  con- 
sider the  greatest  length  as  that  of  one  section,  the  same  as  is 
done  when  the  sections  of  a  plain  furnace  flue  are  joined 
by  the  Adamson-ring  construction  or  similar  reinforcement, 
especially  so  when  such  flues  built  in  lap-riveted  sections  are 
quite  long,  say  5  or  6  times  the  diameter. 

A  few  examples  of  actual  flues  may  ser\^e  to  further  show 
the  conservative  amount  of  pressure  allowed  by  the  A.  S.  M.  E. 
Boiler  Code  formula  and  what  it  has  heretofore  been  quite 
generally  the  practice  to  aUow,  by  taking  for  L  the  length  of 
sections,  according  to  Hutton's,  Lloyd's  and  the  U.  S.  Govern- 
ment rules. 

58%  In.  Length.  2  Sections.  26  In.  Diameter.  %-In.  Plate 

Working  pressure 

Hutton's  Rule 135  lb.  per  sq.  in. 

Lloyd's  Rule 198  lb.  per  sq.  in. 

U.  S.  Government  Rule 163  lb.  per  sq.  in. 

Average 165  lb.  per  sq.  in. 

A.  S.  M.  E.  Code  Rule 103  lb.  per  sq.  in. 

88%  In.  Length.  3  Sections.  24  In.  Diameter.   %-In.  Plate 

Working  pressure 

Hutton's  Rule 146  lb.  per  sq.  in. 

Lloyd's  Rule 213  lb.  per  sq.  in. 

U.  S.  Government  Rule 176  lb.  per  sq.  in. 

Average 178  lb.  per  sq.  in. 

A.  S.  M.  E.  Code  Rule 72  lb.  per  sq.  in. 

lt)0%  In.  Length.  3  Sections.  24  In.  Diameter.  %-In.  Plate 

Working  pressure 

Hutton's  Rule 137  lb.  per  sq.  in. 

Lloyd's  Rule 188  lb.  per  sq.  in. 

U.  S.  Government  Rule 167  lb.  per  sq.  in. 

Average 164  lb.  per  sq.  in. 

A.  S.  M.  E.  Boiler  Code  Rule..   63  lb.  per  sq.  in. 

H.  J.  Vander  Eb. 

Hartford,  Conn. 


Of  course,  as  pointed  out  in  the  foregoing,  the  fact  that 
some  of  the  above-mentioned  rules  allow  the  length  of  lap- 
riveted  sections  to  be  used  for  L,  in  the  case  of  flues  so  con- 
structed, changes  the  values  of  pressure  as  given  considerably; 
if,  for  instance,  the  flue  of  the  concrete  case  under  discussion 
were  made  in  three  sections  that  were  joined  by  single-riveted 
lap  girth  seams,  we  would  get  allowable  working  pressures  as 
f  oUows : 


Friction  Screw  Presses 

To  THE  Editor: 

In  the  July,  1916,  issue  of  The  Journal  attention  is  called 
to  an  article  treating  Pressure  Developed  by  Friction  Screw 
Presses,  which  appeared  in  one  of  the  trade  papers. 

While  my  firm  furnished  the  author  at  his  request  some 
photographs  showing  the  presses  it  manufactures,  I  do  not 
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wish  tlie  impressiou  to  prevail  that  the  theory  developed 
covers  our  conception  of  the  subject,  and  that  the  value  of 
our  product  be  gaged  thereby. 

Practically  every  deduction  of  the  author  is  wiong  and  the 
readers  of  The  Journal  may  be  misled  by  this  article. 

The  formula  for  the  coefficient  of  efficiency  of  the  screw  is 
unnecessarily  couiplicatcd  and  moreover  not  correct  as  it  as- 
sumes that  the  end-thrust  friction  acts  on  a  lever  r.  while  only 
2rJ3  should  be  used. 

The  formula  slmuld  have  the  following  form: 


N 


L  a 


f,   (   a  +  ;   ) 


3  Vi 


a  =  mean  angle  of  thread. 

C  =  angle  of  friction. 

F  =  coefficient  of  friction. 

r,  =  radius  of  screw. 

r„  =  radius  of  thrust  pivot. 

The  other  formulae,  such  as  those  of  the  energy  of  the  fly- 
wheel and  pressure  developed,  are  also  incoiTeet. 

In  the  example  the  author  accomplished  the  remarkable 
feat  of  calculating  the  pressure  developed  by  a  press  by  using 
a  fonnula  containing  a  constant  based  upon  the  dimensions 
and  physical  jjroperties  of  the  workpiece,  and  obtains  this  con- 
stant from  the  dimensions  of  the  press. 

Newark,  N.  J.  E.  W.  Zeh. 

Systematic  Committee  Work  in  Tech- 
nical Societies 

To  THE  Editor: 

The  paper  submitted  by  Mr.  Hathaway  on  a  Proposed  Plan 
for  the  Activities  of  the  Machine  Shop  Practice  Sub-Commit- 
tee of  The  American  Society  of  Mechanical  Engineers'  con- 
tains certain  suggestions  that  have  a  far  wider  scope  than  his 
title  indicates.  While,  therefore,  the  discussion  below  has  been 
brought  out  by  his  paper,  I  would  prefer  a  more  representative 
title,  such  as  Systematic  Committee  Work  in  Technical  So- 
cieties, with  Special  Reference  to  Research  Work. 

Mr.  Hathaway  says:  "The  proceedings  of  such  (scientific 
and  technical)  societies  should  provide  authoritative  and  usable 
data  covering  the  entire  range  of  activities  in  their  respective 
fields." 

Farther  on  Mr.  Hathaway,  in  elaborating  on  his  idea,  says : 

"  A  second  and  even  larger  undertaking  would  be  the  prose- 
cution along  predetermined  lines  of  research  that  would  result 
in  definite  advancement  of  the  art.  At  present  this  is  almost 
entirely  left  to  the  enterprise  of  individuals  or  companies  and 
there  is  no  coordination  of  effort." 

To  a  certain  extent  work  of  this  sort  is  already  being  car- 
ried on  by  various  societies,  includmg  our  own.  In  order 
to  write  more  by  the  card  I  shall  confine  myself  at  first  to  our 
own  work. 

We  have  within  our  Society: 

The  Committee  on  Technical  Research.  This  is  the  logical 
agency  to  which  investigation  and  experimentation  for  ad- 
vancing the  arts  should  be  entrusted.  Special  work  is  natu- 
rally carried  on  by  suitable  sub-committees  created  from  time 
to  time  and  existing  until  theii'  work  is  completed  and  gath- 
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ered  into  a  final  report.     The  main  Committee  itself  should 
be  a  permanent  or  "  Standing  "  one. 

We  already  have  a  Research  Committee.  As  a  research  com- 
mittee it  is  and  can  be  little  more  than  a  name.  Research 
and  no  funds  make  a  poor  combination.  That  is  a  joke  and  a 
rather  poor  joke  at  that,  whether  taken  in  the  literal  or  pun- 
ning sense.  This  is  no  doubt  partly  because  the  Committee  is 
not  active  and  does  not  ask  for  adequate  funds,  and  it  probably 
does  not  ask  for  funds  because  it  is  doubtful  of  those  being 
granted.  Inverting  the  old  saw  is  also  a  truth :  "  Ask  not  and 
ye  shall  receive  not."  It  is  expecting  too  much  of  a  Finance 
Committee  to  have  to  provide  in  its  budget,  already  unable  to 
comply  with  demands,  for  funds  not  asked  for.  Even  so,  the 
Finance  Committee  does  recognize  the  Reseach  Committee's 
needs  by  providing  the  munificent  sum  of  $300.00.  (See  the 
report  on  page  1018  of  the  .December  Journal.) 

The  various  Standards  Committees  provide  another  agency 
within  our  Society  that  does  sometimes  concern  itself  with 
certain  phases  involving  research,  but  in  too  haphazard  and 
uncorrelated  a  manner  to  secure  the  best  work  at  the  least 
cost.  While  standardization  is  necessarily  based  more  or  less 
on  research,  research  per  se  is  not  a  function  of  standardiza- 
tion. 

Special  Committees  are  occasionally  appointed  to  deal  with 
certain  definite  subjects,  not  standards.  In  much  of  their  work 
they  could  be  aided  by  an  adequate  Research  Committee. 

A  Suggested  Plan.  We  already  have  a  Research  Committee. 
This  should  be  a  general  supervising  committee,  not  one  that 
actually  carries  on  research'  It  should  originate  or  pass  on 
projects  for  research  brought  to  its  notice  and  advise  the 
Council  as  to  tlie  creating-  of  sub-committees,  each  to  deal  with 
one  special  line  only.  It  would  supervise  the  work  of  the  sub- 
committees and  the  expenditure  of  funds  allotted  them.  It 
would,  on  occasion,  bring  about  cooperation  with  other  bodies 
from  other  societies,  and  secure  cooperation  of  the  Committees 
of  our  own  Society,  such  as  certain  Standards  and  other  Spe- 
cial Committees.  As  to  funds,  these  should  be  allotted  as 
liberally  as  our  budget  permits ;  it  is  reasonably  fair  to  assume 
that  funds  will  be  furnished  for  researches  that  have  a  special 
as  well  as  a  general  interest,  without  taxing  the  Society's 
budget.  Care  and  tact  will  have  to  be  exercised  to  guard 
against  the  Society's  being  improperly  used  and  exploited  and 
lending  its  name  to  private  enterprise. 

Precedents.  Attention  has  already  been  called  to  the  exist- 
ence of  these  within  our  own  organization,  though  limited, 
fragmentary  and  without  real  unity  of  purpose.  The  situation 
is  similar  in  other  societies.  The  British  engineers  have  come 
nearer  to  good  cooperation  research  in  connection  with  the 
work  of  their  Engineering  Standards  Committee,  made  up  of 
representatives  of  the  large  engineering  societies,  cooperating 
with  the  great  engineering  firms  and  with  the  government. 

Probably  no  one  technical  society  comes  nearer  to  taking 
care  of  the  problem  than  the  Verein  Deutseher  Ingenieure, 
possibly  because  that  society  has  funds  sufficient  to  enable  it 
to  carry  on -investigation.  I  can  speak  -with  some  degree  of 
familiarity  of  one  example  that  comes  within  my  personal 
knowledge  and  of  which  I  was  reminded  by  Mr.  Hathaway's 
reference  to  Mr.  Fred  W.  Taylor's  work  reported  in  his  paper 
On  the  Art  of  Cutting  Metals.  In  the  early  days  when  Mr. 
Taylor's  high-speed  steels,  as  well  as  those  of  Boehler  Bros, 
and  the  Bismarck  Huette,  began  to  attract  the  attention  of 
the  builders  and  users  of  machine  tools,  the  Verein  recognized 
their  enormous  potentialities.  A  committee  was  formed,  at 
first  under  the  writer's  chairmanship,  and  a  program  of  ex- 
perimentation was  laid  out.     Uniform  report  sheets  were  dis- 
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tributed  among  the  largest  machine  shops  about  Berlin,  and 
on  these  was  recorded  during  six  months  the  tool  history  of 
all  the  regular  work  going  through  those  shops.  This  enor- 
mous mass  of  data  was  then  classified  and  digested.  (Owing 
to  the  writer's  being  too  fully  engaged,  he  relinquished  the 
chairmanship  to  the  very  able  direction  of  Mr.  Lasche,  chief 
engineer  of  the  Allgemeine  Elektrizitats  Gesellschaft.)  This 
gave  exceedingly  valuable  information  in  connection  with  the 
average  as  well  as  the  highest  type  of  then  existing  machine 
tools.  The  ultimate  possibilities  of  the  steels  as  they  were 
then  were  determined  by  a  series  of  tests  carried  out  directly 
under  the  writer  at  the  works  of  the  German  Niles  Tool  Works 
Company,  on  heavy  machine  tools  specially  arranged  with  a 
very  wide  range  of  speeds,  feeds  and  power.  Special  steel 
ingots  for  turning  down  were  provided  and  many  tons  were 
reduced  to  chips.  With  these  tools  also  researches  were  car- 
ried out  along  lines  indicated  by  the  digest  of  the  data  gathered 
in  the  various  shops. 

I  refer  to  this  somewhat  at  length  to  draw  attention  to 
the  -fact  that  it  has  been  recognized  by  at  least  one  engineering 
society  that  research  of  this  character  is  quite  within  its  prov- 
ince, that  it  should  be  cooperative  rather  than  left  to  individual 
effort,  that  it  can  be  effectively  carried  on  by  such  cooperation, 
and  that  effective  aid  and  cooperation  for  the  general  benefit 
can  be  secured  also  from  private  interests  which  are  quite  ready 
to  recognize  that  though  their  aid  is  to  some  extent  altruistic,  it 
is  also,  as  are  most  tnih'  altruistic  efforts,  dii-ectly  beneficial 
from  a  personally  selfish  viewpoint;  and  that  is  why  such  re- 
search work,  properly  undertaken  and  organized,  may  count 
on  financial  support  that  need  in  no  way  embaiTass  the  Society. 

Henry  Hess. 
Philadelphia,  Pa. 

Impact  or  Shear  Tests 

To  THE  Editor: 

In  a  letter  on  Impact  or  Shear  Tests  published  on  page 
1001  of  the  December,  1916,  issue  of  The  Journal,  Mr.  John 
Younger  quotes  myself  as  pointing  out,  in  a  paper  before  the 
American  Society  for  Testing  Materials,  that  "  it  was  very 
strange  that  ingot  iron  or  verj'-low-earbon  steel  showed  greater 
energy  necessary  to  shear  than  did  the  higher-grade  chrome- 
nickel  alloy." 

The  exact  words  of  my  paper  on  Impact  Testing,  read  be- 
fore that  society,  were  as  follows :  "  By  comparing  Tables 
II  and  III  it  will  be  seen  that  there  is  no  easily  discovered 
relation  between  the  results  of  impact  tests  and  those  of  ten- 
sion tests.  For  example,  ingot  iron  with  low  tensile  strength 
and  high  ductility  gives  nearly  as  good  impact  results  as  the 
chrome-nickel  steel  of  high  tensile  strength  and  rather  low 
ductility." 

No  other  comment  is  needed  than  a  comparison  of  the  above 
quotation  with  Mr.  Younger's  indirect  quotation. 

D.  J.  MCAdam,  Jr. 

Annapolis,  Md. 


Engineering  Societies  and  Public 
Affairs 

To  THE  Editor  : 

Mr.  W.  Herman  Greul's  communication  appearing  in  the 
November  issue  of  The  Journal  has  my  decided  interest.    Mr. 


Greul  has  apparently  entirely  missed  or,  rather,  misconstrued 
my  suggestions  on  "  the  relation  of  engineering  societies  to 
public  affairs."  As  a  matter  of  fact,  Mr.  Greul  is  far  more  in 
accord  with  my  position  than  he  seems  to  realize.  Nowhere 
did  I  suggest  that  the  engineer  or  the  engineering  societies 
should  adopt  the  "  wait-till-they-ask-me  "  position. 

Quite  the  contrary,  it  is  distinctively  the  function  of  the 
engineering  societies  to  concern  themselves  with  public  affairs 
and  I  have  advocated  that,  but  to  restrict  that  concern  to  the 
engineering  phase  while  steering  clear  of  politics. 

Possibly  the  strongest  proof  of  this  situation  is  the  A.S.M.E. 
Boiler  Code  matter  that  I  also  cited  in  my  original  communi- 
cation. The  American  Society  of  Mechanical  Engineers,  in 
association  with  other  engineering  bodies,  not  only  did  not 
wait  until  it  had  been  approached,  but  it  took  the  initiative  in 
working  up  a  basic  engineering  code  governing  the  construc- 
tion of  boilers.  The  thing  that  the  Society  did  not  do  in  this 
connection,  and  upon  which  the  Society  has  gone  on  record  as 
being  outside  of  its  province,  was  the  formulating  of  laws  re- 
lating to  the  adoption  of  the  Code  by  municipalities  and 
legislatures. 

Those  who  are  most  familiar  with  the  work  that  the  Society 
did  do  in  the  working  up  of  this  Code,  those  who  know  of 
the  weeks  of  continuous  sessions,  frequently  lasting  late  into 
the  night,  that  the  original  Committee  and  its  consulting  com- 
mittee held,  will  be  most  emphatic  in  their  conviction  that  the 
Society  did,  of  its  own  initiative  and  from  within,  undertake 
most  vitally  constructive  work  connected  with  public  affairs. 

It  is  rather  difficult  to  see  just  how  this  attitude  of  the 
Society  can  be  interpreted  as  the  engineering  societies'  being 
"  afraid  they  cannot  measure  up  to  the  requirements  of  such  a 
progressive  attitude  "  and  "  stay  on  our  pedestal  where  we  will 
not  encounter  the  difficulties  of  constructive,  aggressive  work." 
Surely  if  ever  any  constructive  work  was  done  by  an  en- 
gineering society,  this  Boiler  Code  deserves  that  name;  such 
constructive  work  was  distinctly  and  most  decidedly  con- 
structive engineering,  and  it  would  be  difficult  to  see  in  what 
way  the  engineering  societies  can  be  of  more  use  to  the  com- 
munity than  along  just  such  lines;  and  it  is  work  of  this  sort 
which  was  most  distinctly  advocated  in  my  article. 


Henry  Hess. 


Philadelphia,  Pa. 


In  the  Journal  of  The  Franklin  Institute,  January  1917, 
is  described  a  machine  of  high  precision  for  testing  the  speed 
and  efficiency  of  shutters  in  photographic  apparatus,  devel- 
oped by  the  research  laboratory  of  the  Ansco  Company.  In 
this  machine  a  simple  method  has  been  found  to  overcome  the 
difficulty  due  to  overlapping  of  the  image  in  the  case  of  shutter 
exposures  of  more  than  1/50  sec. 


In  The  Engineer,  December  29,  1916,  is  presented  a  brief 
description  of  reinforted-concrete  floating  structures  which 
have  been  widely  employed  of  late.  In  the  past,  similar 
structures  were  built  but  they  were  not  intended  to  float  con- 
tinuously. The  article,  among  other  things,  recalls  the  fact 
that  as  early  as  1912  a  pontoon  was  built  for  the  Manchester 
Ship  Canal  100  ft.  long  and  28  ft.  wide,  to  draw  about  5  ft. 
6  in.  of  water  when  fully  loaded,  and  to  act  as  a  movable 
pumping  plant  which  is  shifted  from  place  to  place  as  may 
be  desired  and  which  is  used  for  pumping  material  dredged 
from  the  canal  on  to  any  low-lying  land  near  the  banks  which 
it  may  have  been  decided  to  raise. 


SOCIETY  AFFAIRS 

A  Record  of  the  Current  Activities  of  the  Society,  its  Members,  Council,  Committees. 

Sections  and  Student  Branches;  and  an  Account  of  Professional 

Affairs  of  Interest  to  the  Membership 


THE  features  of  the  month  just  closed  are  the  meeting  of 
the  Civil  Engineers  in  the  Engineering  Societies  Build- 
ing, noted  elsewhere  in  this  issue,  and  the  President's  visit  to 
the  Seetions. 

The  fonner  means  much  to  your  Secretary  for  the  reason 
that  it  was  his  privilege,  fifteen  years  ago,  to  receive  the  gift 
•of  $1,500,000  from  Mr.  Carnegie  for  the  Engineering  Societies 
Building.  This  was  addressed  to  the  four  engineering  socie- 
ties and  the  Engineers  Club  jointly,  and  on  account  of  the 
unwillingness  of  the  Civil  Engineers  to  accept  at  that  time, 
the  whole  gift  was  jeopardized  until  Mr.  Carnegie  consented 
to  readdress  his  gift  to  the  other  organizations  omitting  the 
Civil  Engineers. 

The  President  has  undertaken  to  visit  all  of  the  Sections 
•at  some  time  during  his  administration  and  by  that  act  de- 
velop a  national  interest  and  spirit.  In  addition  to  his  visits 
made  to  the  Sections  this  month,  reported  elsewhere  in  this 
issue,  he  has  also  addressed  a  number  of  ether  organizations, 
and  the  underlying  thought  in  all  of  these  addresses  has  been 
to  emphasize  the  service  of  the  individual  to  society. 

Calvin  W.  Rice,  Secretary. 

Council  Notes 

The  regular  meeting  date  of  the  Council  has  been  changed 
to  the  third  Friday  of  the  month,  in  January  falling  on  the 
19th.  There  were  present  at  this  meeting,  Ira  N.  HolUs, 
President,  presiding,  C.  H.  Benjamin,  W.  B.  Jackson,  C.  T. 
Plunkett,  Charles  T.  Main,  Arthur  M.  Greene,  Jr.,  R.  H. 
Fernald,  John  A.  Stevens,  D.  S.  Jacobus,  AVm.  H.  Wiley, 
Treasurer,  Max  Toltz,  F.  R.  Button,  Calvin  W.  Rice,  Secre- 
tanj  and  R.  M.  Dixon,  Chairman  Finance  Committee. 

L.  P.  Alford,  F.  E.  Rogers  and  George  B.  Brand  were  ap- 
pointed a  Committee  on  Award  of  the  Junior  Prize  for  1917, 
and  W.  D.  Ennis,  D.  S.  Kimball,  and  F.  R.  Button  were 
appointed  a  Committee  on  Award  of  Student  Prizes  for  1917. 
Particulars  of  these  awards  appear  elsewhere  in  this  issue. 

The  Council  has  approved  the  setting  ahead  one  day  of  the 
Spring  Meeting,  1917,  to  permit  of  a  joint  session  with  the 
Machine  Tool  Builders  Association.  The  meeting  will  be  held 
in  Cincinnati,  May  21  to  24. 

The  Boiler  Code  Committee  has  been  reappointed  for  1917. 
This  committee  has  lost  by  death  H.  G.  Stott  and  one  member 
by  resignation. 

The  President  announced  the  following  appointments  on 
Standing  Committees  of  the  Society: 

Finance W.  E.  Symons,  to  serve  for  5  years 

Meetings A.  L.  DeLeeuw,  to  serve  for  5  years 

Publication George  J.  Foran,  to  serve  for  5  years 

Membership.  .W.  C.  Morris,  to  serve  for  4  years,  Nich- 
olas S.  Hill,  to  serve  for  4  years 

Library A.  M.  Hunt,  to  serve  for  4  years 

Souse H.  0.  Pond,  to  serve  for  5  years 

Research Albert  Kingsbury,  to  serve  for  5  years 
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Constitution  and  By-Laws. . .  .Ira  B.  Woolson,  to  serve 

for  4  years,  Jesse  M.  Smith,  to  serve  for  5  years 
Standardization Henry  Hess,  to  serve  for  5  years 

I.  E.  Moultrop  has  been  appointed  on  the  Board  of  Trustees 
of  United  Engineering  Society,  to  fill  the  vacancy  in  the 
Society's  representation  on  the  Board  caused  by  the  death  of 
Mr.  Stott. 

A  special  committee  consisting  of  J.  W.  Lieb,  F.  R.  Button 
and  D.  S.  Jacobus  was  appointed  to  prepare  resolutions  in 
token  of  appreciation  of  the  signal  contribution  to  the  society's 
work  rendered  by  Mr.  Stott  in  his  service  as  an  officer  of  the 
Society,  as  a  member  of  professional  committees,  and  as  the 
Society's  representative  in  many  undertakings. 

Special  resolutions  were  recorded  thanking  the  Engineering 
Foundation,  and  in  turn  the  Founder  Societies,  for  the  as- 
sistance which  has  been  given  to  the  National  Research  Council 
in  its  work.    These  resolutions  follow : 

Whereas  The  Engineering  Foundation,  administered  by  the 
American  Society  of  Civil  Engineers,  the  American  Institute 
of  Mining  Engineers,  The  American  Society  of  Mechanical 
Engineeers  and  the  American  Institute  of  Electrical  Engineers, 
out  of  pubUe  spirit  and  with  a  desire  to  increase  the  intimacy 
of  the  relations  between  the  research  workers  and  the  engineers 
of  the  United  States,  has  generously  put  its  whole  resources, 
its  office  facilities  and  the  services  of  its  Executive  Secretary  at 
the  disposal  of  the  National  Research  Council  in  order  to 
assist  the  federation  and  coordination  of  governmental,  educa- 
tional, industrial  and  other  agencies  of  research,  and 

Whereas  the  assistance  of  The  Engineering  Foundation  thus 
tendered  has  been  gratefuUy  accepted;  now,  therefore,  be  it 

Resolved,  That  the  thanks  of  the  National  Research  Council 
for  this  assistance  be  hereby  expressed  to  The  Engineering 
Foundation  and  through  it  to  the  United  Engineering  Society 
and  to  the  American  Society  of  Civil  Engineers,  the  American 
Institute  of  Mining  Engineers,  The  American  Society  of  Me- 
chanical Engineeers  and  the  American  Institute  of  Electrical 
Engineers,  and  it  is  further 

Resolved,  That  the  National  Research  Council  reciprocates 
and  hereby  expresses  the  desire  for  closer  relations  between 
the  research  workers  of  the  United  States  and  the  members 
of  the  engineering  profession  constituting  the  national  engi- 
neeilng  bodies,  and  it  is  further 

Resolved,  That  the  Secretary  of  the  National  Research 
Council  be  instructed  to  transmit  a  copy  of  these  resolutions 
to  The  Engineering  Foundation,  to  the  United  Engineering 
Society  and  to  the  governing  bodies  of  the  national  engineering 
societies  above  mentioned. 

Attest  Gary  T.  Butchinson,  Secretary. 

W.  B.  Jackson,  member  of  the  Council  and  past-president  of 
Board  of  Directors  of  the  Western  Society  of  Engineers,  pre- 
sented the  request  of  that  society  that  the  Council  appoint 
two  representatives  on  the  Washington  Award  administered 
by  the  society  to  be  annually  presented  to  an  engineer  whose 
work  in  some  special  instance,  or  whose  services  in  general 
have  been  noteworthy  for  their  merit  in  promoting  the  public 
good.  The  President  has  been  requested  to  nominate  two  such 
representatives. 

Calvin  W.  Rice,  Secretary. 


CIVIL  ENGINEERS  MEET  IN  ENGINEERING  SOCIETIES  BUILDING 


THE  SLsty-Fourth  Animal  Meeting  of  the  American 
Society  of  Civil  Engineers,  now  a  Founder  Society,  was, 
by  invitation  of  the  United  Engineering  Society,  held  in  the 
Engineering  Societies  Building.  Plans  of  the  addition  to  the 
building  to  house  the  Civil  Engineer  and  a  model  showing 
how  the  building  will  look  when  completed  were  available  at 
the  meeting  for  inspection.  The  meeting  was  held  on  January 
17  and  18. 

In  calling  the  meeting  to  order,  President  Clemens  Herschel 
introduced  Mr.  Charles  F.  Rand,  President  of  the  United  Engi- 
neering Society,  who  "  welcomed  the  Civil  Engineers  to  their 
own  home."    Mr.  Rand  said  : 

"  As  one  who  has  looked  forward  very  earnestly  to  this  day 
and  who  has  made  a  modest  effort  in  favor  of  the  new  ar- 
rangements, it  is  a  peculiar  satisfaction  to  be  the  representa- 
tive of  the  Trustees  of  the  United  Engineering  Society  and  to 
welcome  you  on  the  occasion  of  your  first  meeting  in  this  build- 
ing in  which  you  now  own  a  quarter  interest. 

"  As  this  is  your  annual  meeting,  I  cannot  take  your  time 
for  extended  remarks,  yet  it  seems  proper  that  I  should  call 
attention  to  a  few  facts  respecting  the  United  Engineering 
Society  with  which  you  are  now  identified. 

"  The  U.E.S.  exists  for  the  purpose  of  holding  the  legal  title 
to  certain  of  the  property  of  the  Societies  of  Civil,  Mining, 
Mechanical  and  Electrical  Engineers,  and  to  act  for  them  in 
certain  matters.  The  value  of  its  property,  including  real 
estate,  the  Library  and  the  Reserve  and  Endowment  Funds 
exceeds  two  million  dollars,  all  free  and  clear. 

"  The  total  membership  of  the  four  Founder  Societies  is 
29,000  and  the  membership  of  associate  societies  is  23,000, 
making  a  grand  total  of  52,000  engineers  who  now  have  head- 
quarters in  this  building. 

"  As  is  well  known  the  U.E.S.  stands  not  over  but  under  the 
Founder  Societies.  It  is  organized  to  perform  for  the  Founder 
Societies  certain  specific  acts  which  are  governed  by  contracts. 
There  is  no  merger  of  societies,  each  retains  its  individuality. 
The  U.E.S.  enables  the  Founder  Societies  to  cooperate  con- 
veniently. 

"  The  Engineering  Foundation  is  a  fund  of  $200,000  be- 
longing to  the  U.E.S.,  established  for  engineering  research 
with  a  gift  from  Ambrose  Swasey;  this  fund  it  is  hoped  will 
soon  be  increased  many  times. 


"  The  great  Libraiy  now  includes  that  of  the  Civil  Engi- 
neer's and  contains  approximately  75,000  bound  volumes  and 
50,000  unbound  volumes.  It  is  believed  to  be  the  largest  engi- 
neering collection  in  the  world.  Plans  have  been  made  for 
the  development  of  the  Library  which  contemplate  the  expen- 
diture of  $50,000  annually.  At  present  the  societies  can  only 
afford  to  spend  $20,000  per  year.  The  Library  has  an  endow- 
ment of  $100,000.  This  we  hope  may  soon  amount  to  one 
million  dollars,  as  the  Libraiy  needs  the  income  from  that  sum. 

"  The  United  Engineering  Society  has  been  established  thir- 
teen years.  It  was  originally  developed  through  the  efforts  of 
the  Societies  of  Mining,  Mechanical  and  Electrical  Engineers. 
To  this  organization  the  American  Society  of  Civil  Engineers 
has  joined  its  strength  and  prestige  and  takes  a  leading  part. 

"  Your  new  home  is  being  rapidly  prepared  for  you  and 
will  be  ready  during  the  current  year.  The  six  months  of  inti- 
mate association  and  cordial  cooperation  we  have  already  had 
with  the  officers  of  your  society  indicates  that  a  move  has  been 
taken  of  great  value  and  importance  to  engineers. 

"  Gentlemen,  welcome  to  your  own  home." 

The  professional  program  of  the  meeting  was  devoted  to 
tlie  presentation  of  the  annual  reports  and  the  reports  from 
several  special  committees  and  the  election  of  officers  for  the- 
ensuing  year.  The  new  oflieers  are:  George  H.  Pegram, 
president;  Alfred  Craven,  George  W.  Kittredge,  Palmer  C. 
Ricketts  and  George  S.  Webster,  vice-presidents;  George  W. 
Tillsou,  treasurer,  and  Charles  Warren  Hunt,  secretary. 

Among  the  reports  was  that  of  the  Special  Committee  to 
Foi-mulate  Principles  and  Methods  for  the  Valuation  of  Rail- 
road Property  and  other  Public  Utilities.  This  report  is  the 
result  of  five  years'  work  on  the  part  of  a  committee  of  nine, 
who  have  held  forty-eight  joint  meetings,  many  of  them  con- 
sisting of  three  sessions,  and  who  have  carried  on  a  voluminous 
coiTespondenee,  aggregating  thirteen  substantial  volumes.  This 
report  is  of  particular  interest  to  our  own  membership,  coming 
out,  as  it  does,  so  soon  after  our  own  discussion  at  the  Annual 
Meeting  of  this  important  subject.  Those  of  our  members  who- 
are  particularly  interested  will  find  this  report  very  helpful 
in  clarifying  this  subject. 

The  entertainment  part  of  the  progi'am  included  an  inspec- 
tion of  the  new  Broadway  subway  in  New  York  City,  a  visit 
to  Hell  Gate  Bridge,  and  an  excursion  on  the  East  and  Hud- 
son Rivers. 


THE  PRESS  ON  THE  ANNUAL  MEETING 


THE  Annual  Meeting  of  the  Society  and  the  papers  and 
discussions  were  reported  by  the  daily  as  well  as  the 
technical  press,  some  editions  assigning  prominent  positions 
and  considerable  space.  We  believe  that  the  increased  atten- 
tion given  by  the  press  reflects  in  a  direct  way  the  increasing 
importance  of  the  engineer  in  the  affairs  of  the  State,  eco- 
nomic as  well  as  industrial.  As  to  the  general  result  of  the 
Annual  Meeting,  The  Iron  Trade  Review  says,  "  In  attend- 
ance, enthusiasm  and  general  merit  of  the  papers,  the  meeting 
surpassed  those  of  past  years,"  with  which  we  ai'e  sure  our 
members  will  be  in  entire  agreement  from  their  personal  ex- 
perience, for  this  was  without  doubt  the  most  successful  meet- 
ing we  ever  held.  In  saying  this,  we  must  not  overlook, 
however,  that  there  are  several  factors  which  contributed 
to  this  result,  one  of  which  undoubtedly  is  that  to  a  certain  ex- 


tent these  are  abnormal  times.  The  European  war  has  acted 
as  a  stimulant  on  our  thoughts  and  energies,  we  are  Uving  in 
a  time  of  intensified  activity,  expectant  of  the  future  and 
alert  as  to  what  it  may  bring  us.  Apart  from  preparedness, 
campaigns,  the  reflex  action  of  the  war  on  our  national  life 
has  been  the  cause  of  many  economic  and  industrial  develop- 
ments, some  of  them  taxing  the  ingenuity  of  the  engineer  to 
his  utteiinost  capacity. 

The  Chattanooga  News  in  its  report  of  the  meeting  says,. 
'■  Many  people  maintain  that  a  great  moral  and  spiritual  revo- 
lution is  now  in  progi'ess  which  will  change  all  the  thoughts 
and  actions  of  the  world."  Although  this  statement  may  be- 
somewhat  too  sweeping,  yet  it  contains  some  truth.  Our  out- 
look and  our  thoughts  are  undoubtedly  undergoing  a  change, 
though  we  may  not  even  know  in  what  direction,  but  we  are- 
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in  a  very  receptive  state  of  miuil  at  present,  which  engineers 
should  hail  as  a  splendid  opportunity  for  the  initiation  and 
execution  of  improvements  tending  to  our  national  advance- 
ment ;  and  we  believe  engineers  can  be  relied  upon  to  do  their 
share  in  this  direction. 

In  their  reports  of  the  meeting,  a  number  of  journals  and 
newspapers  laid  stress  on  the  fact  that  the  field  of  activity  of 
the  engineer  is  constantly  broadening  and  that  he  is  increasing 
his  influence  in  all  directions.  If  this  means  that  wherever 
the  engineer  steps  in,  the  work  will  be  done  more  scientifically 
and  more  systematically  than  has  been  the  custom,  then  this 
extension  of  his  activity  must  certainly  be  welcomed  as  con- 
ducive to  the  good  of  the  Nation  as  a  whole  and  should  be  en- 
couraged in  every  respect.  We  believe  that  the  engineering 
profession  will  not  commit  itself  light-heartedly  to  additional 
responsibilities,  but,  having  accej^ted  them,  will  not  be  found 
wanting.  Our  Society  has  always  fostered  that  sense  of  re- 
sponsibility in  its  members  which  is  essential  to  success.  These 
points  are  well  summarized  in  The  Iron  Trade  Review,  which 
says  in  this  connection;  ''That  the  engineer's  influence  is 
bound  to  extend  far  beyond  the  conventional  limits  of  the  pro- 
fession was  emphasized  in  the  sessions  of  the  37th  Annual 
Meeting  of  the  Am.Soc.M.E.  Scientific  management,  indus- 
trial valuation,  safety  regulations  for  cranes  and  boilers — all 
subjects  outside  the  old  recognized  limits  of  mechanical  engi- 
neering, claimed  most  of  the  attention  of  the  1500  members 
and  guests  of  the  Society  in  attendance.  The  feeling  that  the 
engineering  profession  must  take  up  a  large  proportion  of  the 
burden  of  national  affairs  was  expressed  by  several  different 
speakers  and  the  evidence  that  engineers  are  eager  to  assume 
this  added  responsibility  was  furnished  by  the  unusual  inter- 
est displayed  in  the  subjects  of  general  application."  We  be- 
lieve that  this  accurately  expresses  the  consensus  of  opinion 
of  the  meeting. 

Not  only  is  the  activity  of  the  engineer  extendinjj  in  all 
directions,  but  also  the  range  of  subjects  before  the  Society 
shows  a  broadening  out  and  extension  into  the  multitudinous 
rami  flea  (ions  of  sulijeets  hitherto  somewhat  foreign  to  the  engi- 
neer. The  press  took  general  note  of  this,  The  Iron  Age  say- 
ing in  this  connection:  "  The  efficiency  of  the  managei,  more 
about  the  human  factor  in  industries,  the  need  of  a  tiieans  of 
collating  machine-shop  information  for  the  common  good,  and 


the  undeveloped  but  necessary  place  of  the  meehanital  engi- 
neer in  industrial  preparedness  were  conspicuous  topics  in  the 
discussions."  Thus  the  engineer  not  only  does  things  but  he 
endeavors  to  go  to  the  bottom  and  find  out  how  to  do  them 
best,  which  in  a  broader  sense  means  that  he  is  more  and  more 
departing  from  the  individualistic  standpoint  and  is  learning 
to  view  things  more  from  a  sociological  or  national  standpoint, 
even  though  he  would  seemingly  depart  from  his  customary 
field  of  action.  ''  The  surprising  thing,"  says  the  Chat- 
tanooga News,  "  was  tiie  emphasis  placed  in  many  of  the 
papers  upon  the  moral  and  social  aspect."  This  is  a  frank 
recognition  of  the  fact  that  in  tlie  mind  of  the  engineer  the 
financial  aspect  is  giving  place  to  more  altruistic  ideals.  This 
displacement  of  finance  from  supremacy,  it  will  be  remem- 
bered, was  very  tersely  expressed  by  Mr.  Gantt  in  his  paper 
when  he  substituted  the  "  ability  to  do  things  "  for  the  "  ability 
to  buy  things,"  making  the  financier  give  place  to  the  engineer. 

With  regards  to  comments  on  papers  before  the  meeting,  the 
address  of  Dr.  D.  S.  Jacobus,  our  retiring  president,  on  Edu- 
cation in  Engineering,  was  very  gfenerally  quoted  and  com- 
mented on,  the  recommendations  in  it  receiving  unqualified  en- 
dorsement. 

Professor  Catheart's  paper  on  the  Development  of  our 
Fleet  and  Naval  Stations  attracted  wide  attention.  This  paper 
was  very  prominently  announced  by  such  captions  as  "  More 
Naval  Bases  Urged,"  "  Charleston  Recommended  as  a  Naval 
Base,"  ■'  Naval  Stations  are  Inadequate,"  "  Speakers  Deplore 
Lack  of  Adequate  U.  S.  Naval  Stations,"  "  Woeful  Unpre- 
paredness  on  U.  S.  Coast  Depicted,"  "  U.  S.  Navy  far  helow 
par  in  Stations  and  Destroyers,"  "  South's  Lack  of  Stations 
is  Discussed,"  "  Lack  of  Bases  puts  Navy  in  Peril,"  "  Cath- 
eart's Warning  sent  to  Congressmen;"  one  of  the  papers  point- 
ing out  that  it  was  the  best  paper  produced  on  the  subject  in 
recent  years  and  would  certainly  receive  the  attention  of  the 
Government.  Professor  Catheart's  paper  is  published  in  this 
issue  of  The  Journal. 

Extensive  quotations  also  appeared  from  the  other  papers; 
there  was  not  a  single  paper  which  did  not  arouse  interest  in 
some  quarters,  tliough  it  is  also  fair  to  say  that  some  of  the 
papers  have  not  received  so  far  the  attention  which  they  merit 
and  it  is  to  be  hoped  that  in  due  course  the  technical  press 
will  also  do  justice  to  these. 


PRESIDENT   MOLLIS  SPEAKS  AT  CLEVELAND 


ON  January  2,  Dr.  Ira  N.  Hollis,  President  of  the 
Am.Soc.M.E.,  addressed  the  Cleveland  Chamber  of 
Commerce  on  the  subject  of  Efficiency  and  Democracy,  in  which 
he  advocated,  instead  of  military  conscription  so  prominent  be- 
fore the  public  in  c(mnection  with  preparedness,  a  conscrip- 
tion of  the  whole  youthful  population  to  form  an  army  "  en- 
listed against  nature."  Such  an  army  would,  for  instance, 
supply  the  labor  for  building  the  Lincoln  Highway  across  the 
continent,  etc.,  and  there  are  a  thousand  other  great  utilities 
it  might  carry  out.     Dr.  Hollis  said  in  part : 

EFFICIENCY  AND  DEMOCRACY 

I  can  hardly  claim  to  bring  you  ;i  message  from  New  EBgland, 
as  I  come  from  the  same  side  of  the  Alleghenies  as  you.  My 
earliest  association  were  with  the  soldiers  of  the  Civil  War  and 
the  memories  of  that  time  would  lead  me  naturally  to  avoid  war, 
.vet,  it  is  difficult  to  talk  on  any  subject  in  America  today  with- 
out some  mention  of  the  greatest  event  in  history,  made  doubly 
horrible    by    science    and    modern    invention.      We    and    the    whole 


world   are   involved   and   we   cannot  escape   from   its   consequences. 

The  great  question  before  the  world  today  is  the  relation  of 
government  to  the  individual  and  the  attitude  of  the  individual 
towards  his  own  government,  Many  of  us  believe  that  the  whole 
future  of  democracy  is  at  stake  and  that  unless  democracy  can 
develop  as  high  a  national  efficiency  as  autocracy,  it  is  doomed. 
That  is  fundamentally  the  question  before  the  United  States 
today. 

What  is  efficiency?  It  has  expanded  as  it  has  become  more 
impoi'taiit  in  the  past  few  years,  and  is  now  applied  to  nations 
as  a  whole.  When  we  take  the  Century  Dictionary  definition, 
namely,  "  a  quality  or  power  of  producing  desired  or  intended 
effects,"  it  is  applicable  to  nations  as  well  as  individuals.  An- 
other definition  is  "  the  state  of  being  able  or  competent,  the 
state  of  possessing  or  having  acquired  knowledge  or  skill  in  any 
act  or  profession."  In  the  technical  sense  the  word  has  a  mathe- 
matical significance :  it  is  the  ratio  of  useful  work  to  the  total 
energy  expended  in  producing  it.  This  is  perhaps  the  best  defini- 
tion, for  it  calls  attention  to  the  essential  of  efficiency,  the  saving 
of  waste  in  energy  and  materials.  When  one  stops  to  investigate 
(iiir  criminal  waste  of  food,  our  lavish  expenditure  of  time  and 
niiiiu'y  on  useless  things,  and  our  failure  to  fit  transportation  into 
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the  distribution  of  the  commouest  necessities  for  great  cities,  one 
would  almost  condemn  us  as  the  most  inefficient  nation  on  earth. 
A  few  years  ago  Mr.  Frederick  W.  Taylor  undertook  inves- 
tigations to  determine  with  accuracy  the  best  system  for  work- 
men us  well  as  for  tools.  The  results  ultimately  grew  into 
"  scientific  management,"  so  called  by  Louis  Brandeis,  in  order  to 
direct  the  mind  effectually  to  the  essentials  of  the  method :  viz., 
getting  the  maximum  return  in  manufacture  for  a  given  ex- 
penditure of  time,  money  and  effort,  by  the  scientific  planning  and 
allotment  of  tasks  to  every  tool  and  employee.  Under  Mr.  Taylor's 
development  of  the  subject  we  have  always  the  idea  of  the  manu- 
factured product,  but  the  term  is  capable  of  a  much  larger  ap- 
plication in  relation  to  communities  or  nations  as  a  whole.  The 
true  meaning  of  efficiency,  in  a  larger  sense,  is  the  regulation  of 
one's  life  so  that  society  shall  receive  the  maximum  return  in  serv- 
ice and  in  happiness. 

The  application  of  the  word  efficiency  to  our  government  is 
better  brought  out  in  connection  with  the  real  meaning  of  the 
term  democracy.  Abraham  Lincoln  defined  it  for  all  time  in  the 
words  "  government  of  the  people,  by  the  people,  and  for  the 
people."  It  makes  no  difference  what  the  head  of  the  State  may 
be  called,  so  long  as  his  definition  holds.  Presidents  and  kings 
alike,  are  equally  powerful,  or  equally  powerless,  when  the  rules 
are  made  by  the  people  themselves.  After  all,  there  are  only  two 
forms  of  government,  one  by  the  few,  aristocracy,  and  the  other 
by  the  many,  democracy. 

In  discussing  the  comparative  merits  of  the  two  governments 
democracy,  as  iUustratod  by  the  United  States,  and  aristocracy,  as 
illustrated  by  Germany,  Americans  are  not  always  judicial.  They 
are  either  unduly  confident  or  over-sceptical  as  to  the  future  of 
our  form  of  government. 

Is  it  true  that  efficiency  is  best  developed  under  democracy  and 
that  in  the  long  run  a  nation  is  stronger  against  war  with  the 
individual  initiative  there  taught  than  it  could  be  under  an 
autocracy?  Any  American  would  naturally  say  yes,  in  the  belief 
that  men  do  better  what  they  consent  and  wish  to  do,  than  when 
they  act  under  compulsion.  But  we  should  be  utterly  mistaken 
if  we  judged  the  German  nation  by  that  measure.  In  contrasting 
Germany  with  the  United  States  we  have  been  too  quick  to  take 
it  for  granted  that  German  citizens  were  acting  under  the  com- 
pulsion of  a  military  caste.  If  so,  they  have  been  able  to  hide 
the  evidence  of  compulsion,  because  they  have  freely  consented  to 
conscription  during  the  vast  military  organization  under  which 
their  people  have  been  prepared  for  war,  and  under  which  their 
advance  in  a  material  way  has  been  beyond  the  power  of  the 
imagination. 

Our  own  country  was  a  very  interesting  example  of  the  two 
types  of  government  during  the  early  years  of  the  CivU  War. 
The  Southern  Confederacy  was  practically  an  aristocracy,  with  a 
slaveholding  class  who  took  all  the  offices,  and  a  great  popula- 
tion of  whites  and  slaves  accustomed  to  guidance  by  a  governing 
class.  At  the  outset  of  the  CivU  War  they  were  more  efficient 
than  the  North.  It  took  the  North  a  long  time  to  organize,  and 
it  was  not  until  after  Vicksburg  and  Gettysburg  that  the  Southern 
cause  began  to  wane.  The  Northern  armies  had  gradually  been 
worn  down  into  effectiveness  and  the  administration  had  gone  into 
the  West,  the  most  flagrantly  democratic  part  of  the  country,  for 
its  commanding  officers.  This  experience  in  our  long  war  seems 
to  justify  the  claim  that  democracy  is  strongest  in  the  long  run. 
I  am  a  profound  believer  in  democracy  as  Lincoln  defined  it.  If 
stripped   of   certain   ugly   excrescences,   it  is   the   hope   of  man. 

The  Declaration  of  Independence  states  that  all  men  are 
created  equal,  and  that  they  are  endowed  by  their  Creator  with 
certain  inalienable  rights ;  that  among  these  are  life,  liberty,  and 
the  pursuit  of  happiness.  We  have  by  constant  dwelling  on  the 
W'Ord  "  equality "  twisted  it  out  of  the  meaning  that  our  fore- 
fathers intended  to  give  it.  As  a  matter  of  fact,  the  Declaration 
of  Independence  was  the  statement  of  a  noble  reaction  against 
bondage  in  a  feudal  system,  and  it  expresses  fundamentally  that 
men  should  be  equal  as  to  opportunity.  It  could  never  determine 
the  equality  of  men  as  to  physical  and  mental  endowments.  They 
are  distinctly  not  equal  and  never  have  been,  and  no  fiat  can  ever 
make  them  so.  Nature  has  taken  care  of  that.  In  our  democracy, 
we  should  dwell  on  the  ccjuality  of  opportunity  to  serve. 

On  the  court  house  in  Worcester  is  this  sentence,  "  Obedience 
to  Law  is  Liberty."  That  obedience  to  law  is  a  necessary  element 
of  true  liberty  has  been  the  doctrine  of  philosophers  since  the 
dawn  of  recorded  history.  We  cannot  deny  it  and  we  know  that 
bur  country's  liberty  is  less  for  every  violation  or  disregard  of  law. 


The  finest  definition  of  a  man's  place  in  our  democracy  is  found 
in  the  statement  that  here  he  wUl  be  permitted  to  develop  him- 
self to  his  maximum  possibility  in  the  service  of  mankind.  Observe 
the  word  "  permitted  "  to  develop  one's  self.  It  signifies  that  the 
individual  must  learn  how  to  use  this  permission  before  it  be- 
comes really  of  value  to  him. 

How  far  must  the  efficiency  of  the  individual  give  way  to  the 
collective  efficiency  of  a  large  number  of  individuals,  or  of  the 
state?  An  engineer  will  understand  the  force  of  this  question, 
because  he  is  in  the  habit  of  effecting  compromises  in  the  selection 
of  machinery  for  manufacturing  or  power  purposes.  In  steam- 
ships, for  instance,  it  is  a  well-known  principle  that  a  screw 
propeller  generates  its  highest  efficiency  at  a  comparatively  low 
speed  of  rotation,  while  a  steam  turbine  is  quite  the  opposite  in 
reaching  its  higher  efficiency  at  a  very  high  rate  of  speed.  When 
they  are  coupled  together  for  propulsion,  both  must  surrender 
something  in  order  that  their  combined  effort  may  produce  the 
maximum  result. 

In  the  same  way,  every  individual  of  every  community  should 
consider  his  conduct  and  his  work  as  affecting  all  others  with 
whom  he  is  associated,  and  all  others  who  live  under  the  same 
flag.  If  his  efficiency  in  business  becomes  so  distorted  that  it 
interferes  with  the  rights  and  the  happiness  of  others,  it  must  be 
curbed  and  checked  so  that  the  maximum  of  service  and  happiness 
will  be  found  for  all. 

The  chief  danger  to  any  democracy  grows  out  of  a  false  stand- 
ard. We  know  in  our  hearts  that  the  ideals  of  this  country  are 
clean  and  sound,  and  yet  we  stimulate  enterprise  and  initiative 
by  an  appeal  to  the  most  selfish  side  of  human  nature.  The 
patent  laws,  the  entry  of  public  land,  and  the  rights  to  property, 
all  good  within  limits,  have  pioduced  most  of  the  litigation  be- 
cause they  are  based  on  selfishness;  and  the  worst  of  it  is  that 
few  can  see  any  other  practicable  or  possible  method  of  holding 
society  together.  It  is  a  false  standard  and  there  is  something 
better  in  our  love  of  fair  play,  our  charity  to  our  neighbors,  our 
passion  to  pay  and  our  desire  to  serve.  If  we  can  only  let  them 
sway  us  in  relation  to  our  own  government  as  in  private  life,  the 
republic  W'ill  be  safe  for  all  time  and  democracy  will  win  the 
earth. 

We  have  a  very  curious  and  striking  illustration  of  liberty  and 
efficiency  in  the  acts  of  the  trade  unions.  In  the  name  of  liberty 
they  claim  the  right  to  organize  against  capital  and  then  in  the 
name  of  efficiency  of  organization,  they  demand  the  most  slavish 
obedience  from  their  members.  There  is  no  liberty  in  a  trades 
union.  Capital  is  not  free  from  a  similar  failure  to  consider  the  true 
good  of  the  state  or  community.  The  virtual  control  of  property 
in  the  United  States  is  in  the  hands  of  comparatively  few  men 
who  have  untU  lately  paid  no  attention  to  public  interests.  There 
is  little  to  choose  between  capital  and  labor  in  their  indifference 
to  the  efficiency  of  the  state  and  to  the  combined  effectiveness 
of  all.  Between  the  two  of  them  the  public  has  small  considera- 
tion, except  to  pay. 

Has  any  healthy  and  mentally  sound  individual  a  place  in  any 
community  to  which  he  renders  no  service  or  where  he  makes  no 
contribution  to  the  welfare  of  the  state?  This  sounds  like  harsh 
Puritanism,  and  yet  it  is  not  when  you  stop  to  think  about  it. 
There  is  in  machinery  a  quality  known  as  hunting.  It  is  found 
in  the  steam  engine  when  the  governor  has  a  high  initial  re- 
sistance. If  the  speed  increases  and  the  governor  does  not  act, 
the  engine  will  run  away  until  the  governor  does  act ;  then  it 
wUl  act  too  much  and  carry  the  engine  to  the  other  extreme. 
This  bad  quality  may  be  improved,  but  hunting  is  always  present 
even  in  the  turbines  that  supply  your  power  and  light.  The  engine 
is  all  the  time  hunting  the  average  normal  speed  without  ever 
finding  it.  In  many  respects  humanity  is  like  that,  always  striv- 
ing and  never  attaining. 

If  I  accomplish  nothing  else  than  to  call  your  attention  to  an 
essay  by  William  James,  on  the  Moral  Equivalent  of  War,  I  shall 
be  satisfied  with  my  visit  to  Cleveland.  He  has  given  us  one  of 
the  noblest  conceptions  of  man's  future,  and  best  of  all  the  way 
out  of  blood  and  crime.  In  the  first  paragraph  of  his  essay  he 
says :  "  The  military  feelings  are  too  deeply  grounded  to  abdicate 
their  place  among  our  ideals  until  better  substitutes  are  offered 
than  the  glory  and  shame  that  come  to  nations  as  well  as  to  in- 
dividuals from  the  ups  and  downs  of  politics  and  the  vicissitudes 
of  trade.  There  is  something  highly  paradoxical  in  the  modern 
man's  relation  to  war.  Ask  all  our  millions,  north  and  south, 
whether  they  would  vote  now  (were  such  a  thing  possible)  to 
have  our  war  for  the  Union  expunged  from  history,  and  the  record 
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of  a  peaceful  transition  to  tlie  present  time  substituted  for  that 
of  its  marciies  and  battles,  and  probably  hardly  a  handful  of 
eccentrics  would  say  yes.  Those  ancestors,  those  efforts,  those 
memories  and  legends,  are  the  most  ideal  part  of  what  we  now 
own  together,  a  sacred  spiritual  possession  worth  more  than  all 
the  blood  poured  out.  Yet  ask  those  same  people  whether  they 
would  be  willing  in  cold  blood  to  start  another  civil  war  now  to 
gain  another  similar  possession,  and  not  one  man  or  woman  would 
vote  for  the  proposition." 

What  relation  has  this  to  the  state  of  mind  of  the  American 
people?  We  have  had  no  end  of  discussion  about  national  de- 
fense, the  Army  and  Navy,  and  universal  military  service.  War 
is  clearly  in  the  air  and  any  one  of  several  questions  might  bring 
it  like  a  thunder  clap.  Not  one  man  or  woman  would  vote  for  it, 
but  we  are  in  the  hands  of  fate.  Will  it  be  possible  for  any 
nation  to  remain  neutral  in  the  next  war,  or  in  this,  if  it  lasts 
out  another  summer?  I  am  a  believer  in  thorough  preparedness 
immediately,  and  yet  I  am  persuaded  that  we  have  taken  the 
public  mind  away  from  what  should  be  the  great  ideal  of  our 
republic  by  emphasizing  the  word  "  military  "  at  the  expense  of  the 
word  "  service."  It  is  service  in  every  direction  that  is  needed, 
and  no  young  man  can  discharge  his  obligation  to  the  state  by  a 
few  months  in  camp.  The  whole  matter  hinges  on  a  state  of 
mind.  Of  course  military  training  may  form  part  of  any  collec- 
tive training  for  the  service  of  the  country,  but  it  is  not  the 
chief  one. 

Perhaps  the  settled  idea  of  all  this  writing  is  found  in  the  last 
sentence  of  the  following  paragraph  :  "  The  martial  type  of  char- 
acter can  be  bred  without  war.  Strenuous  honor  and  disinter- 
estedness abound  elsewhere.  Priests  and  medical  men  are  in  a 
fashion  educated  to  it,  and  we  should  all  feel  some  degree  of  it 
imperative  if  we  were  conscious  of  our  work  as  an  obligatory 
service  to  the  state."  After  all,  it  is  Service  that  Mr.  James  is 
putting  forward  as  the  only  antidote  to  decadence. 

How  can  efficiency  be  promoted  in  a  democracy?  We  must 
again  keep  in  our  minds  the  fact  that  there  are  two  efficiencies : 
one,  the  efficiency  of  the  individual ;  the  other,  the  efficiency  of 
the  collective  mass.  Our  efficiency  as  a  whole  will  maintain  the 
republic,  but  the  efficiency  of  the  individual  acting  alone  will 
create  such  division  as  to  destroy  it.  That  of  the  individual  is 
soundly  promoted  by  complete  freedom  of  speech,  complete  free- 
dom of  choice  as  to  a  career,  and  by  a  preservation  of  the  ideals  of 
service  as  distinguished  from  sense  enjoyment.  We  have  the  first 
two  of  these  eminently  developed  in  the  United  States,  but  the  last 
has  been  clouded  over.  We  have  leaned  too  much  on  literature 
and  art  as  representing  the  higher  things,  in  comparison  with  the 
utilities  of  life.  As  a  matter  of  fact,  neither  one  of  them  is 
worthy  of  consideration  if  carried  to  a  debauch,  and  there  is 
something  far  higher  and  more  ennobling  than  either.  We  do  not 
fix  our  high  moral  purpose  by  reading  some  beautiful  piece  of 
literature  or  looking  at  some  great  picture  or  by  making  a  lot  of 
money  on  some  invention,  but  we  get  it  by  the  experience  of  life. 
If  that  experience  takes  the  proper  perspective.  It  Is  Christ's 
conception  of  life  and  service  that  will  give  us  efficiency  as  in- 
dividuals in  dealing  with  others.  We  are  too  easily  misled  by 
college  professors  into  the  belief  that  critical  study  forms  the 
broadening  and  enlarging  developer  of  man's  soul  and  mind. 
Colleges  have  been  comparatively  inefficient  in  turning  the  mind 
towards  that  kind  of  universal  service  that  will  create  in  this 
country  a  united  nation.  The  popular  idea  that  colleges  are  fail- 
ures in  respect  to  public  service  is  exaggerated,  and  yet  one  can- 
not but  feel  that  they  have  achieved  far  less  than  might  have  been 
hoped  from  their  claims  of  breadth  and  education. 

As  to  the  efficiency  of  the  collective  mass,  my  belief  is  that 
Professor  James  has  suggested  the  best  solution  possible  in  the 
words :  "  If  now  there  were,  instead  of  military  conscription,  a 
conscription  of  the  whole  youthful  population  to  form  for  a  cer- 
tain number  of  years  a  part  of  the  army  enlisted  against  nature, 
injustice  would  tend  to  be  evened  out  and  numerous  other  goods 
to  the  commonwealth  would  follow."  It  is  not  necessary  here  to 
suggest  the  elements  of  the  warfare  against  nature ;  one  of  them, 
however,  comes  readily  to  mind.  Suppose,  instead  of  an  appropria- 
tion of  millions  by  the  government  of  the  United  States  and  by  the 
states  to  build  the  great  Lincoln  Highway  across  the  continent, 
that  the  work  on  this  highway  were  a  free  gift  of  our  young  men, 
under  universal  service,  we  should  then  have  an  enduring  monu- 
ment to  love  of  country  and  an  ennobling  incentive  to  the  right 
kind  of  patriotism.  That  great  artery  of  commerce  and  recrea- 
tion would  hold  memories  of  splendid  achievement  for  generations 


to  come  and  it  would  always  bind  the  states  far  better  than  in- 
terstate laws. 

The  Lincoln  Highway  is  only  one  of  many  things  that  can  be 
offered  by  the  youth  of  the  country.  There  might  be  a  Washing- 
ton Highway  from  Maine  to  Texas  passing  through  the  moun- 
tains of  Kentucky  and  Tennessee.  The  mind  can  suggest  a 
thousand  other  great  utilities.  It  has  been  claimed  that  service 
under  the  flag  in  Germany  and  France  has  served  to  educate  the 
people.  That  is  a  pure  preparation  for  war  which  has  been  going 
on  during  the  past  fifty  years  as  the  means  of  educating  the 
masses.  I  do  not  believe  for  one  instant  that  it  offers  half  the 
stimulus  that  constructive  service  in  peace  would  bring  to  our 
youth.  All  the  discipline  of  the  army  can  be  found  in  the  working 
party  with  the  pick  and  shovel  taking  the  place  of  the  rifle. 

The  Army  never  will  be  in  a  satisfactory  condition  until  we 
get  rid  of  the  dual  control  involved  in  the  state-militia  idea  and 
substitute  for  it  a  citizen  soldiery  with  only  a  nucleus  of  men 
permanently  under  arras.  This  involves  of  course  the  Swiss  sys- 
tem or  the  Australian  system  of  universal  training,  beginning  in 
the  public  school  and  continuing  for  10  or  15  years. 

The  appropriations  are  only  stop  gaps,  however,  and  we  must 
provide  a  lasting  remedy  for  the  loose,  flabby  ideas  of  service  held 
by  too  many  voters.  Our  main  task  is  only  begun,  that  of  arous- 
ing a  national  spirit  by  every  means  in  our  power.  Industrial  pre- 
paredness is  only  a  small  part  of  it.  Cooperation  in  everything 
is  demanded,  in  education,  in  religion,  in  the  industries  and  in 
citizenship,  for  the  purpose  of  fusing  this  conglomerate  population 
into  a  united,  efficient  and  peaceful  nation,  capable  of  serving  and 
advancing  civilization.     Let  us  do  our  share. 


Junior  and  Student  Prizes 

The  attention  of  Junior  Members  of  the  Am.Soc.M.E.  and 
of  members  of  its  Student  Branches  is  called  to  the  prizes 
offered  each  year  by  tlie  Society  for  the  best  paper  by  a 
Junior  Member  and  for  the  two  best  papers  by  enrolled  mem- 
bers of  Student  Branches.  The  former  of  these  prizes  is  a 
cash  prize  of  fifty  dollars  and  engraved  certificate,  and  the 
latter  are  cash  prizes  of  twenty-five  dollars  each  and  engraved 
certificate. 

The  rules  covering  the  award  of  these  prizes  are  given  in 
the  Year  Book  of  the  Society,  the  1917  Edition  of  which 
is  about  to  be  issued.  The  last  date  for  submitting  papers 
for  consideration  by  the  Committee  on  Awards  this  year  is 
June  30,  1917. 

Those  who  intend  to  participate  in  this  competition  should 
make  their  plans  now  so  that  their  papers  will  be  ready  in 
ample  time.  They  should  select  a  subject  of  practical  value 
and  treat  it  in  a  simple,  correct,  clear  and  forcible  manner. 
A  subject  might  well  be  a  description  of  a  new  mechanical 
invention  or  piece  of  engineering  apparatus;  an  account  of 
some  original  work  in  the  laboratory,  shop  or  classroom;  a 
description  of  a  new  and  novel  piece  of  mechanical  construc- 
tion; a  description  of  a  novel  modification  to  an  existing 
plant;  an  explanation  of  plans  or  methods  of  proposed  engi- 
neering work;  a  summary  of  present  practice  in  a  given 
mechanical  field,  or  an  argument  for  or  against  a  particular 
mechanical  apparatus,  process,  construction,  etc. 

The  Secretary  will  be  glad  to  furnish  any  information  or 
to  give  any  suggestions  to  tliose  intending  to  compete  for  either 
of  these  prizes. 

Correction 

Mr.  E.  J.  S.  Pigott  reports  that  the  statement  on  page 
1009  of  the  December  issue  that  his  "  later  work  included 
the  preliminary  design  and  layout  of  the  extension  to  the 
Seventy-Fourth  Street  Station "  is  incorrect.  His  work  in- 
cluded not  only  the  layout  but  also  tlie  actual  construction 
and  testing  of  this  extension. 


CANDIDATES  FOR  MEMBERSHIP 


TO   BE   VOTED   ON   AFTER   MARCH   10,   1917 


THE  American  Society  of  Mechanical  Engineers  is  an 
organization  for  mutual  service  of  over  7700  engineers 
and  associates  cooperating  with  engineers.  The  membership 
of  the  Society  comprises  Honorary  Members,  Members,  As- 
sociates, Associate-Members  and  Juniors,  all  elected  by  ballot 
of  the  Council.  Application  for  membership  is  made  on  a 
regular  fonn  furnished  by  the  Secretary  which  provides  for  a 
statement  of  the  standing  and  professional  experience  of  the 
applicant  and  requires  references  from  voting  members  per- 
sonally acquainted  with  the  applicant.  The  requirements  for 
admission  to  the  various  grades  will  be  furnished  upon  re- 
quest. 

Below  is  the  list  of  candidates  who  have  filed  applications 
for  membership  since  the  date  of  the  last  issue  of  The  Journal. 
These  are  classified  according  to  the  grades  for  which  their 


ages  quality  them,  and  not  with  regard  to  professional  qualifi- 
cations, i.e.,  the  ages  of  those  under  the  first  heading  place 
them  under  either  Member,  Associate  or  Associate-Member, 
those  in  the  nest  class  under  Associate-Member  or  Junior,  and 
those  in  the  third  class  under  Junior  grade  only.  Applications 
for  change  of  grading  are  also  posted. 

T)ie  Membership  Committee,  and  in  turn  the  Council,  urge 
the  members  to  scrutinize  this  list  with  care  and  advise  the 
Secretary  promptly  of  any  objections  to  the  candidates  posted. 
All  correspondence  in  this  regard  is  strictly  confidential.  Un- 
less objection  is  made  to  any  of  the  candidates  by  March  10, 
1917,  and  providing  satisfactory  rejiUes  have  been  received 
from  the  required  number  of  references,  they  will  be  balloted 
upon  by  the  Council.  Those  elected  will  be  notified  about 
April  15,  1917. 


NEW   APPLICATIONS 

FOR   tOXSIDER.lTIO.\    AS    ME.MEER,    ASSOCIATE   OR   ASSOCHTB-MEMBER 

Arizona 

LANDRY,  Caliste  F.  A.,  Mecbanlcal  Engineer,  Power  Plant, 

Inspiration  Cons.  Copper  Co.,  Globe 

California 

BANE,  Thurman  H.,  1st  Lieutenant  of  Cavalry,  U.  S.  .\rmy, 
Aviation  School,  San  Diego 

Coimecticut 

E.^LES,  William  P.,  .isst.  Supt.,  Engineering  and  Inspection  Div., 
Travelers  Insurance  Co.,  Hartford 

District  of  Columbia 

P.KOOKE,   Llovd  -A..  Designing  Draftsman.   Ordnance   Dpartment, 
V.  S.  Naval  Gun  Factory,  Wasliington 

Illinois 

CARLSON.  AL>OLrH  G.,  Chief  Engineer, 

Universal  Portland  Cement  Co.,  Chicago 

HOWIND,  H.  EuN-ST,  Checker,  Mechanical  Engineering  Office, 

Illinois  Central  U.  R.  Co.,  Chicago 

LINK,  Maximilian-  W.,  Assistant  Mechanical  Expert, 

Crane  Co.,  Chicago 

NELSON,  S.  T.,  Superintendent,  Chicago  Plant, 

Sullivan  Machinery  Co.,  Chicago 

PITTSFORD.  William  A., 

Kcwanee  Boiler  Co.,  Chicago 

W'lLSON,  Joseph  B.,  Sales  Department  Engineer, 

Westinghouse  Elec.  &  Mfg.  Co.,  Chicago 

Massachusetts 

ANGIER,  Edward  H.,  President  and  Treasurer, 

Angler  Mills. 
.\DAMS.  Comfort  A..  Professor  of  Electrical  Engineering. 

Harvard  University.  Cambridge 

BROWN.  Edward  C,  Plant  Engineer. 

Industrial  Service  &  Equipment  Co..  Boston 

CABOT.  W.4LTEE  K.,  .\sslstant  Manager  and  Mechanical  Engineer, 
William  Underwood  Co..     .  Boston 

PUTNAM.  Arthur  D.,  Civil  and  Mechanical  Engineer. 

Worcester  Electric  Light  Co.,  Worcester 

Minnesota 

MILLER.  Stanley  G.,  Vice-President. 
•  rex  Carpet  Co., 
New  Jersey 

DAVIES,  Thomas  H.,  Engineer  in  Charge. 

W.  L.  Dickinson  High  School, 
KAVANAGH.  Thomas  J.,  General  Superintendent, 

American  Sugar  Refining  Co., 
MORG-VN.   John-   D..   Engineer,   Inventory   and   Appraisal   Dept.. 

Public  Service  Elec.  Co..  Newark 

PICKEL,  Harey  A.,   Superintendent  of  Power, 

Hircules  Powder  Co.,  Kenvll 

New  York 

AB.\.  ElGENE.  Tool  Designer, 

Pierce  .\rrow  Motor  Car  Co..  Buffalo 

.\LLEN,    Jared   E..    Superintendent    Engineering    Department, 

Oneida  Community,  Ltd.,  Oneida 


Ashland 


St.  Paul 

Jersey  City 
Jer.sey  City 


.\NTHONr,  James  T.,  Assistant  to  President, 

.American  Arch   Co.,  New  York 

BOWLES.  Hardy,  Civil  Engineer, 

Eastern  Terminal  Div.,  The  Texas  Co.,  New  York 

CLOCK.  Erxest  E.,  Chief  Inspector,  Engrg.  and  Fly  Wheel  Dept., 

Fidelity  &  Casualty  Co.,  New  York 

COOKSON,  Alfred  W.,  Maintenance  Engineer, 

Morrow  Mfg.  Co.,  Elmira 

RICHARDSON,  Francis  J.,  Heating  and  Ventilating  Inspector. 

Board  of  Education,  New  Y'ork 

RIPLEY,  Charles  M., 

General  Electric  Co.,  Schenectady 


GROTHE,  Walter,  Mchanical  Engineer, 

National  Carbon  Co.,  Fremont 

MONAHAN,  William  H.,  Jr.,  Chief  Draftsman  and  Supt.  of  Cons., 

Whitaker-Glessner   Co.,  Portsmouth 

MOSHER,  Clifford  C,  General  Manager, 

East  Iron  &  Machinery  Co.,  Lima 

Pennsylvania 

BOCKIUS,  Stehmax  .\.,  Sales  and  Contracting  Engineer, 

S.  A.  Bockius  Co.,  Pittsburgh 

KERSTING,  Albert  H.,  Charge  of  Ordnance  Inspection  Dept.. 

Bethlehem  Steel  Co.,  So.  Bethlehem 

PANCO.VST.  Albert.  Vice-President  and  General  Manager, 

Union  Spring  &  Mfg.  Co.,  New  Kensington 

WER.\,  Eugene  L.  J.,  Draftsman. 

Westinghouse   Machine  Co.,  E.   Pittsburgh 


£ng:land 

THORNTON.   Henry  W. 
Great   Eastern   Rwy., 


General  Manager, 


London.   E.   C. 


FOR     consideration     AS     ASSOCIATE-MEMBER    OR    JUNIOR 


California 

MASSER.  Harry  L.,  Head  Draftsman, 

Southern   California  Gas  Co., 
SOMERVILLE.  George  N.,  Chief  Draftsman. 

Skandia   Pacific  Oil  Engine  Co., 

Connecticut 

ADAMS,  Lyman  D.,  Manager  Mill  Dept.. 
The  Wallace  Barnes  Co., 

Delaware 

HOOPES,  Edgar  M.,  Chief  Engineer, 
Board  of  Water  Commissioners, 

Indiana 

BURRESS,  Loyd  F.,  Superintendent  Coke  Ovens, 

Illinois  Steel  Co., 
HEIGN,  Harry  B.,  Engineer, 

Indiana  Public  Service  Commission, 

T.ouisiana 

DURR.  George  E..  Engineer. 
General  Fire  Extinguisher  Co., 


Los  .-Vngeles 
Oakland 

Bristol 

Wilmington 

Gary 
Indianapolis 

New  Orleans 
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Massachusetts 

ROBBINS,  Walter  C,  Chief  Checker  of  Designs, 

New  Enghiud  Westinghouse  Co.,  Chicopee  Falls 

\VILLIA.M8.    !<iLiS,   EDginoer, 

New  England  Westinghouse  Co.,  Springfield 

Michigran 

SHOEMAKER,  S.4MUEL  S.,  Technical  Assistant  to  Superintendent, 
Semet-Solvay   Co.,  ■  "    Detroit 

Mlimesota 

CALL,  Almon  E.,  Assistant  Engineer  of  Tests, 

Island  Creek  Coal   Sales  Co.,  Minneapolis 

HUBBELL,  Arthur  C,  Machine  Designer, 

C.  D.  Enochs,  Cons.  Engr.,  Miuueapolis 

Missouri 

GAUSS,  Henry  F.,  Assistant  Mechanical  Engineer. 

Operating  Section,  Water  Div.,  Dept.  of  Public  Utilities, 


Nebraska 

Kl'HL,  Louis  C,  Charge  Drafting  Office, 
American   Smelting  &   Refining  Co., 

New  Jersey 

ALLEN,  Abbott,  Engineer, 
E.   H.   Muml'ord  Co., 


St.   Louis 


Omaha 


Elizabeth 


New  York 

APPELQUEST,  Jerome  A..  Engineer  in  Charge,  Syracuse  Office, 

Ford,  Buck  &  Sheldon,  Inc.,  Syracuse 

BLANC'HARD,  EDWARD  J.,  Assistant  Engineer, 

R.  Martens  &  Co.,  Inc.,  New  York 

BOND,  William  L.,  lime  Studies  and  Investigations, 

Remington  Typewriter  Works,  Ilion 

MOFFITT,  Francis  A.,  Senior  Partner, 

B.  O.  Moffltt's  Sons,  BingbamtaB 

PennsylTania 

JOHANNSEN,  John   F.,  Chief  Tool  Designer, 

Remington   Arms   Co..  Eddystone 

ROBERTSON,  Arthur  R.,  Erecting  Engineer, 

Westinghouse  Machine  Co.,  E.  Pittsburgh 

RYAN,  Frederick  J.,  Manager  of  Eastern  Office, 

Snyder  Electric  Furnace  Co.  of  Chicago,  Philadelphia 

STRUBLB,  George  W.,  General  Superintendent  Redlngton  Plants, 

Bethlehem  Steel  Co.,  So.  Bethlehem 

WADSWORTH,  John  F.,  Associate, 

Richard  Irvin  &  Co.,  Erie 

Wisconsin 

SCHERNER,  John,  Mechanical  Engineer, 

The  Federal  Rubber  Co.,  Cudnhy 

India 

ABRAHAM,  Kodiate  J.,  Chief  Engineer  and  General  Manager, 
The  Eastern  Rubber  Mfg.  Co.,  Tiruvalla,  Travancore 


HARRIS,  Raymond  B.,  Combustion  Engineer, 

Detroit  Edison  Co., 
STEWART,  Earle  H.,  Instructor, 

Michigan  Agricultural  College, 

Minnesota 

SMITH,  J.  Edgar,  Locomotive  Designer, 
Great  Northern  Railway  Co., 

New  Jersey 

HORTON,  Marshal  G.,  Cadet  Engineer, 
Public  Service  Elec.  Co., 

New  York 

KEENE,  Albert  R.,  Draftsman, 

Doehler  Die  Casting  Co., 
LORENZI,  Otto,  Engineering  Department, 

Combustion  Engineering  Corp., 
WILLIAMS,  Samuel  C,  Export  Department, 

J.  P.  Morgan  &  Co., 
WUNSCH,  Joseph  W.,  Mechanical  Engineer, 

Hanau  Engineering  Co., 


Detroit 
Bast  Lansing 

St.  Paul 

Newark 

Brooklyn 

New  York 
New  York 
New  York 


Ohio 


GIBBS,  Charles  W.,  Student, 

The  Babcock  &  Wilcox  Co.,  Barberton 

GUEST,  W.  E.,  Efficiency  Engineer, 

The  American  Tool  Works  Co.,  Cincinnati 

OSTER,  Eugene  A.,  Mechanical  Engineer, 

Ault  &  Wiborg  Co.,  ClnclnnaU 

PHILLIPS,  Victor  B.,  Engrg.  Asst.  to  Superintendent  of  Power, 

The  Cleveland  Rwy.  Co.,  Cleveland 


Pittsburgh 


Midland 


Pennsylvania 

FLANAGAN,  Walter  N.,  Superintendent, 

National  Brush  Washing  Machine  Co., 
KLOPF,  Charles  G., 

The  Pittsburgh  Crucible  Co., 
SPIETH,  Benjamin  S.,  Apprentice, 

Westinghouse  Mch.  Co.,  Pittsburgh 

WINTERLING,  Clee  C,  Engineer  Steam  Engineering  Department, 

Cambria  Steel  Co.,  Johnstown 

Rhode  Island 

DUNBAR,  Robert  H.,  Mechanical  and  Hydraulic  Engineer, 

Providence  Engineering  Works.  Providence 


APPLICATIONS  FOR  CHANGE  OF  GRADING 

promotion  from  associ.\te  member 


Massachusetts 

COVE,  James  R.,  Master  Mechanic, 
Massachusetts  Cotton  Mills, 


Ohio 


BIDDISON,  Pa.scal,  Construction  Engineer, 
Ohio  Fuel  Supply  Co., 


Lowell 


Columbus 


FOR    consideration    AS    JUNIOR 

California 

BARNHART,  George  E.,  Chief  Tester,  Aviation  Motors, 

Signal  Corps  Aviation  School,  San  Diego 

Connecticut 

COOPER,  William  K.,  Efficiency  Engineer, 

Winchester  Repenting  Arms  Co.,  New  Haven 

SANFORD,    Newton    W.,    Overseer    Production    and    Inspection, 
Drafting  Room, 
Winchester  Repeating  Arms  Co.,  New   Haven 

'  STIMMEL,  Virgil  B.,  Mechanical  Draftsman, 

S.  K.  F.  Bali  Bearing  Co.,  Hartford 


Louisiana 

MOSES,  Walter  B.,  Sales  Engineer, 
A.  M.  Lockett  &  Co.,  Lid., 


New  Orleans 


Maryland 

GAIL,  George  W.,  Engineering  Department, 

Bethlehem  Steel  Co.,  Sparrows'   Point 

LYON,  Howard  B..  Instructor  in  Marine  Engineering, 

U.  S.  Naval  Academy,  Annapolis 

Massachusetts 

GUTHRIE.  John  F.,  Mechancial  Engineer, 

Arnold  Print  Works,  North  Adams 

Michigan 

ASHMUN,  Louis  H.,  Engineering  Draftsman, 

Dow  Chemical  Co.,  Midland 


promotion  from  junior 

Connecticut 

LINDQUIST,  E.  a..  Superintendent. 
W.  &  B.  Douglas, 

Georsria 

NOTT,  Albin  j.,  Mechanical  Engineer, 
-Central  Georgia  Power  Co., 

Oklahoma 

HACKSTAFF,  John  D.,  General  Manager, 
Empire  Pipeline  Co., 


Middletown 


Macon 


Bartlesville 


Missouri 

AZBE,  Victor  J.,  Member,  Engineering  Department. 

Anheuser  Busch  Brew.  Assn.,  St.  Louis 


New  York 

GILSON,  Harry  W.,  Secretary-Treasurer, 

Vincent-Giison  Engrg.  Co., 
STEWART,  Charles  A.,  Engineer, 

Steel  &   Ordnance   Corp., 


New  Y'ork 
New   York 


SUMMARY 

New   Applications SS 

Applications  for  change  of  grading : 

Promotion  from  Associate-Member 2 

Promotion    from    Junior 6 

Total 90 


NECROLOGY 


HENRY  G.  STOTT 

Henry  Gordon  Stott,  superintendent  of  motive  power  of 
the  Interborough  Rapid  Transit  Company  and  New  York 
Railways  Company  of  New  York,  died  at  his  home  in  New 
Rochelle,  January  15,  1917,  after  an  illness  of  many  months. 
He  was  a  native  of  the  Orkney  Islands,  Scotland,  where  he 
was  born  in  1866.  After  a  thorough  grounding  in  the  funda- 
mentals at  the  hands  of  his  father  and  elementary  school  in- 
structors, he  was  enrolled  as  a  student  at  the  Watson  Colle- 
giate School,  Edinburgh.  On  leaving  this  institution  he  en- 
tered the  College  of  Arts  and  Sciences  at  Glasgow,  and  began 
a  course  in  mechanical  engineering  and  electricity,  graduating 
in  188.5.  In  the  year  previous  be  had  entered  the  employ  of 
the  Electric  Illuminating  Company  of  Glasgow.  Shortly 
after  graduating  he  was  made  assistant  electrician  on  board 


Henbt  G.  Stott 

the  steamship  Minia,  belonging  to  the  Anglo-American  Tele- 
graph Company.  For  the  next  four  and  one-half  years  he 
was  engaged  with  those  duties,  during  the  course  of  which  he 
saw  much  service  in  connection  with  repairs  to  the  cable  lines 
of  that  company.  In  this  period  he  undertook  a  number  of 
experiments  that  resulted  in  the  introduction  of  improved 
methods  of  handling  cable  repairs.  He  was  also  identified 
with  the  "  duplexing  "  of  the  United  States  Cable  Company's 
main  cable  (2750  knots),  the  longest  duplex  cable  in  the 
world. 

In  1889  Mr.  Stott  was  made  assistant  engineer  of  the  Brush 
Electric  Engineering  Company's  plant  at  Bournemouth,  Eng- 
land. The  following  year  he  was  offered  a  post  by  Hammond 
&  Co.  as  assistant  engineer  in  the  construction  of  an  under- 
ground cable  and  power  plant  at  Madrid,  Spain.  He  remained 
there  until  1891,  when  he  came  to  the  United  States  to  install 
an   underground    cable    and    conduit    system    for   the    Buffalo 


Light  and  Power  Company  (now  the  Buffalo  General  Electric- 
Company).  This  work  was  completed  with  a  degree  of  suc- 
cess that  reflected  very  greatly  to  the  credit  of  Mr.  Stott,  and 
as  a  result  he  was  named  engineer  of  the  company,  and  during 
the  next  ten  years  was  one  of  the  most  active  figures  in  the 
industrial  progress  of  Buffalo.  During  this  period  he  designed 
and  executed  some  notable  construction  work,  including  a 
power  plant  on  Wilkeson  Street,  Buffalo. 

His  work  attracted  wide  attention  and  in  1901  he  was  ap- 
pointed superintendent  of  motive  power  of  the  Interborough 
Rapid  Transit  Company,  New  York  City,  a  position  which  he- 
filled  with  signal  success.  At  the  time  he  took  up  these  duties 
the  Interborough  had  not  yet  been  organized,  the  company 
having  the  title  of  the  Manhattan  Railway  Company.  The 
post  which  Mr.  Stott  was  called  to  had  just  been  created,  and 
it  devolved  upon  him  to  organize  the  operating  force,  in  con- 
nection with  which  he  completed  the  Seventy-fourth  Street 
power  plant  of  the  company,  various  sub-stations  and  trans- 
mission lines. 

When  the  Manhattan  system  was  amalgamated  with  the 
Interborough,  in  1904,  Mr.  Stott  was  invited  to  retain  his 
office  with  the  new  corporation.  He  accepted  and  immediately 
took  over  supervision  of  the  construction  of  the  power  plant 
on  rifty-ninth  Street.  Since  that  time  he  has  been  constantly 
in  charge  of  design,  construction  and  operation  of  the  power- 
generating  stations  and  the  distributing  system  of  the  Inter- 
borough, which  comprehends  both  the  subway,  elevated  and 
surface  lines  of  New  York  City. 

The  plans  for  the  electric-power  system  of  the  new  subway 
lines  have  been  developed  under  his  supervision  and  the  con- 
struction has  progressed  so  far  and  bears  so  strongly  the 
stamp  of  his  work  that  when  completed  it  will  be  a  monument 
to  him. 

Mr.  Stott  was  a  firm  believer  in  cooperation  among  engi- 
neers through  the  agency  of  the  engineering  societies.  He- 
was  elected  president  of  the  American  Institute  of  Electrical 
Engineers  for  the  term  of  1907  to  1908.  He  was  a  manager 
of  The  American  Society  of  Mechanical  Engineers  from  1907 
to  1910,  and  from  1911  to  1912,  and  he  was  vice-president  of 
the  Society  from  1912  to  1914.  He  was  a  director  of  the- 
American  Society  of  Civil  Engineers  in  1911,  and  was  vice- 
president  and  a  trustee  of  the  United  Engineering  Society  at 
the  time  of  his  death. 

In  the  American  Institute  of  Electrical  Engineers  he  was. 
a  member  of  the  Standards  Committees,  the  Public  Policy 
Committee,  the  Committee  on  Development  of  Water  Power,, 
the  United  States  National  Committee  of  the  International 
Electrotechnical  Commission,  the  Power  Stations  Committee,, 
the  Committee  on  Economics  of  Electric  Service  and  the  Edi- 
son Medal  Committee.  He  was  one  of  the  Institute  representa- 
tives on  the  Joint  Committee  on  the  Metric  System,  of  which; 
he  was  an  ardent  advocate. 

In  the  Mechanical  Engineers,  he  served  on  the  Special  Com- 
mittee on  Pipe  Thread  Gages  in  1913  and  1914,  as  chairman 
of  the  Committee  on  Flanges  and  Pipe  Fittings  from  1912  to 
1914,  as  chairman  of  the  Conference  Committee  on  Electrical 
Engineering  Standards  in  1913  and  1914.  He  was  a  member 
of  the  Executive  Committee  of  the  Council  in  1913  and  1914,. 
a  member  of  the  Advisory  Committee  of  the  BoUer  Code  Com- 
mittee, and  in  1916  was  appointed  a  member  of  the  Standard- 
ization Committee.  He  represented  the  Society  on  the  Board 
of  Tnistees  of  the  United  Engineering  Society. 
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As  a  result  of  his  unusually  wide  experience  and  extended 
research,  Mr.  Stott  was  called  upon  often  to  contribute  papers 
to  the  various  engineering  societies.  He  was  especially  well 
known  for  his  minute  analysis  of  engineering  problems. 
Among  tJie  large  number  of  papers  wliich  he  has  written  on 
his  subjects  are  The  Conversion  and  Distribution  of  Received 
Cun-ents,  Power  Plant  Economics,  Notes  on  the  Cost  of  Power, 
Steam  Pipe  Covering  and  Its  Relation  to  Station  Economy, 
Tests  of  a  15,000  Kilowatt  Steam  Engine  Turbine  Unit,  Power 
Plant  Design  and  Operation  (a  series),  etc. 

Mr.  Stott  was  a  remarkable  figure  in  the  engineering  world 
because  he  was  in  the  front  rank  of  both  electrical  and  me- 
chanical engineers;  because  in  both  branches  of  the  art  he  was 
a  master  of  theory  and  practice,  and  because  with  these  tech- 
nical qualifications  he  combined  a  rare  executive  ability  and 
power  of  inspiring  the  confidence  of  his  employees  and  of 
bringing  out  the  best  that  was  in  the  men  who  worked  for  him. 

W.  S.  F. 

AUGUSTUS  W.   COLWELL 

Augustus  W.  Colwell,  who  died  in  New  York  on  January  2, 
1917,  was  a  member  of  one  of  the  oldest  families  of  mechan- 
ics in  New  York,  a  pioneer  in  the  manufacture  of  sugar  ma- 
chinery of  the  modern  type,  and  a  man  who  was  associated  in 
many  ways  in  the  engineering  development  of  the  country 
during  the  past  fifty  years.  He  was  the  oldest  son  of  Lewis 
Colwell,  founder  of  the  Colwell  Iron  Works,  who  started  in 
business  for  himself  in  1840  in  a  small  foundry  on  Charles 
Street,  New  York.  Among  the  important  undertakings  of 
the  Colwell  Iron  Works  was  the  establishment  as  an  adjunct 
of  the  main  business  a  ship  building  yard  in  Jersey  City, 
where  several  of  the  Civil  War  monitors  were  constructed 
and  many  vessels  of  the  United  States  Navy  were  prepared. 

Mr.  Colwell  was  born  in  New  York  City  on  February  5, 
1842,  and  educated  in  the  public  schools  and  in  the  College 
of  the  City  of  New  York.  In  1861  he  was  apprenticed  in  his 
father's  machine  shop  and  foundry,  starting  in  the  drawing 
room  and  later  working  in  the  foundry  as  a  moulder.  He 
afterwards  was  general  superintendent  of  the  plant  and  spent 
portions  of  each  winter  in  Cuba  inspecting  the  erection  of  the 
company's  sugar  maeliinery  and  attending  to  new  orders.  On 
the  death  of  his  father  he  purchased  the  interests  of  the  other 
heirs  and  became  president  and  owner  of  the  Colwell  Iron 
Works,  until  1906,  when  he  retired  from  business.  By  his 
numerous  inventions  and  by  leading  in  advanced  engineering 
and  foundry  practice,  he  became  prominent  in  English,  French 
and  Spanish-speaking  America  as  a  manufacturer  of  sugar 
machinery,  and  apparatus  for  the  manufacture  of  other  prod- 
ucts requiring  the  use  of  evaporators,  as  well  as  steam  engines, 
pumping  engines,  and  miscellaneous  machinery. 

Under  his  supervision  the  first  successful  diffusion  battery 
for  handling  sugar  cane  liquors  was  erected  and  operated  at 
the  Louisiana  Experimental  Station  located  on  Governor  War- 
moth's  Magnolia  Plantation  on  the  Lower  Coast.  He  was 
among  the  first  to  design  and  manufacture  machinery  to  use 
bone  char  for  refining  sugar  and  used  it  at  the  plantation  for 
refining  direct  in  one  process.  He  was  a  pioneer  in  the  use 
of  water  tube  boilers  on  sugar  plantations  in  which  bagasse 
was  used  as  fuel.  He  patented  a  bagasse  burner  for  this  pur- 
pose and  installed  plants  using  this  fuel  on  plantations  in 
Cuba.  His  system  of  returning  all  exhausts  and  drips  to  the 
boiler  house  and  utilizing  the  exhaust  steam  for  the  vacuum 
pan  and  triple  effect  was  much  sought  for  by  the  planters. 

He  also  was  one  of  the  first  engineers  to  advocate  clarifiers, 


steam  trains  and  centrifugals  to  take  the  place  of  the  old  open 
kettle  direct-fired  as  used  by  the  earlier  sugar  makers.  He 
remodeled  many  old  style  plants  on  sugar  plantations  by  sup- 
plying centrifugals  to  eliminate  the  molasses  from  the  magna 
after  it  left  the  vacuum  pan.  By  contrast,  the  old  cone 
moulds  iuid  banana  leaf  moulds  which  were  common  at  that 
time  had  to  be  stored  for  weeks  in  dark  cellars  and  allowed 
to  drain  in  order  to  eliminate  the  molasses. 

A  great  deal  of  interesting  work  was  done  by  Mr.  Colwell 
in  fields  totally  different  from  those  which  engaged  his  chief 
attention.  He  patented  and  erected  for  New  York  City  refuse 
crematories  which  were  used  by  the  late  Colonel  Waring  when 
he  was  Commissioner  of  Street  Cleaning.  He  did  the  steel  and 
iron  work  for  a  number  of  lighthouses  erected  on  the  Atlantic 
and  Gulf  coasts.  He  made  many  experiments  for  the  United 
States  Government  in  the  interest  of  the  sorghum  industry, 
designing  and  operating  the  machinery,  and  also  furnished 
much  machinery  for  the  glucose  trade.  It  is  interesting  to 
note  that  Lewis  Colwell,  his  father,  was  the  first  to  use  coal 
in  a  cupola  to  melt  iron,  and  that  similarly  he  was  the  first, 
in  New  York  City,  to  use  coke  in  a  cupola. 

During  the  Civil  War,  in  spite  of  the  fact  that  the  Col- 
well Iron  Works  were  actively  engaged  in  Government  work, 
Mr.  Colwell  enlisted  twice  with  the  137th  New  York  Vol- 
unteers and  was  honorably  discharged  as  Color  Sergeant. 
About  1886  he  was  made  Commander  for  the  term  of  two 
years  of  the  John  A.  Dix  Post  135  of  the  Grand  Army  of  the 
Republic. 

Mr.  Colwell  was  one  of  the  charter  members  of  The  Ameri- 
can Society  of  Mechanical  Engineers  and  signed  the  register 
at  the  first  Annual  Meeting.  During  the  past  ten  yeai-s  he 
traveled  extensively,  once  around  the  world,  once  to  the  Orient 
and  once  to  South  America.  He  is  survived  by  four  sons,  all 
following  the  engineering  profession,  and  by  a  daughter. 

ALFRED  C.  EINSTEIN 

Alfred  C.  Einstein  was  bom  in  Hoboken,  N.  J.,  in  1866. 
He  received  his  elementary  education  in  the  St.  Louis  Public 
Schools,  later  graduating  from  the  Manual  Training  School. 
He  began  a  course  in  Washington  University,  but  left  before 
its  completion,  to  become  manager  of  a  mining  property  in 
Silver  City,  N.  M.,  which  position  he  held  for  several  years. 

In  1891,  Mr.  Einstein  returned  to  St.  Louis  to  become  presi- 
dent of  the  Consolidated  Engineering  Co.,  and  held  this  office 
until  1894.  During  that  period  he  succeeded  in  building  forty 
different  plants,  including  waterworks,  steam  plants  and  elec- 
tric- and  street-railway  plants. 

Between  the  years  1894  and  1896,  he  was  vice-president 
and  manager  of  the  Paducah  Electric  Light  and  Street  Rail- 
way Co.,  of  Paducah,  Ky.  He  sold  out  his  interest  in  this 
company  in  1896  and  returned  to  St.  Louis,  where  he  pur- 
chased the  Suburban  Electric  Light  and  Power  Co.  He  also 
organized  the  St.  Louis  County  Gas  Co. 

In  1904,  he  sold  the  Suburban  Electric  Light  &  Power  Co. 
to  the  North  America  Co.,  and  in  1906  purchased  the  King 
Electric  Light  Co.,  which  later  was  merged  with  the  Suburban 
Electric  Light  and  Power  Co.  In  1911  he  became  vice-presi- 
dent and  general  manager  of  the  Union  Electric  Light  and 
Power  Co.,  which  office  he  held  at  his  death,  November  20, 1916. 

Mr.  Einstein  had  always  taken  an  active  interest  in  the 
business  and  civic  affairs  of  St.  Louis.  He  was  the  fourth 
vice-president  of  the  Business  Men's  League,  and  was  largely 
instrumental  in  bringing  many  conventions  to  St.  Louis.  He 
became  an  Associate-Member  of  the  Society  in  1905. 
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THOJIA.S   IIATTERSLEY   BELCHER 

Thomas  Hattersley  Belcher  was  born  in  Newark,  N.  J.,  in 
December  1876.  He  was  educated  in  the  Newark  High  School 
and  later  iu  the  teclmical  and  mechanical  drawing  schools. 
H-is  early  experience  in  mechanical  work  was  obtained  while 
in  the  employ  of  Cyrus  Currier  &  Sons,  Newark,  N.  J.  In 
1900  he  affiliated  with  A.  &  E.  Brown  Co.,  as  engineer  and 
superintendent  of  installations  of  power  transmission  equip- 
ment in  manufacturing  plants.  In  1904  he  became  assistant 
chief  engineer  of  that  concern.  Between  1906  and  1913  he  was 
with  the  Chicago  Coated  Board  Co.  as  general  mechanical 
superintendent.  In  May  1913  he  became  engineer  and  repre- 
sentative for  the  Black-Clawson  Co.,  Hamilton,  0.,  resigning 
after  two  years,  to  become  manager  of  the  Carthage  Machine 
Co.,  of  Carthage,  N.  Y.  His  death  occurred  Nov.  7,  1916, 
while  acting  in  this  capacity.  He  became  a  Member  of  the 
Society  in  1913. 

FREDEHICK  W.  HOLMGREN 

Frederick  W.  Holmgren  was  born  December  29,  1891,  in 
Brooklyn,  and  died  there  December  29.  1916.  He  received 
his  early  education  in  the  Brooklyn  Public  Schools  and  at- 
tended Manual  Training  High  School  for  a  time.  After  leav- 
ing school,  he  took  an  evening  course  at  the  Brooklyn  Poly- 
technic Institute,  working  in  the  projectile  department  of  the 
E.  W.  Bhss  Co.,  Brooklyn,  during  the  day.  He  received  his 
degree  of  Mechanical  Engineer  from  that  institution  in  June, 
1914.  He  remained  with  E.  W.  Bliss  Co.  for  a  time  after  his 
graduation,  resigning  to  enter  into  partnership  with  the  Berg- 
gren  &  Pearson  Machine  Co.  of  New  York,  with  which  con- 
cern he  was  affiliated  at  the  time  of  his  death.  He  was  elected 
to  Junior  Membership  in  the  Society  in  November,  1915.  • 

NAPOLEON  DuBRUL 

Napoleon  DuBrul  was  born  in  Montreal,  Canada,  on  June 
22,  1846,  and  died  in  Cincinnati,  October  23,  1916.     At  the 


age  of  fourteen,  he  became  apprentice  in  the  Gilbert  Machine 
Shop.  In  1866  he  went  to  Chicago  where  he  invented  the 
tin  cigar  mold  and  later  the  tin-lined  wooden  cigar  mold. 
He  removed  to  Cincinnati  in  1872  and  in  1879  became  a 
member  of  the  firm  of  Miller,  DuBrul  &  Peters  Mfg.  Co. 
In  1893  the  members  of  the  firm  bought  and  reorganized  the 
Anniston  Pipe  and  Foundry  Co.,  of  Anniston,  Ala.,  which 
was  later  consolidated  with  the  American  Pipe  &  Foundry 
Co.  of  Chattanooga,  Term.,  and  in  turn  was  sold  to  the  U.  S. 
Cast  Iron  Pipe  &  Foundry  Co. 

Mr.  DuBrul  devoted  his  inventive  skill  to  the  develop- 
ment of  machinery  for  making  cigar  molds.  He  designed, 
patented  and  marketed  many  different  machines  and  appli- 
ances used  in  the  cigar  business  in  all  countries  of  the  world. 

He  became  a  Member  of  the  Society  in  1900  and  was  a 
member  of  the  Business  Men's  Club  and  the  Queen  Club  of 
Cincinnati. 

WILLIAM  L'E.  MAHON 

William  L'E.  Mahon  was  born  in  Detroit,  Mich.,  June  19, 
1861.  His  education  was  secured  at  the  University  of  Michi- 
gan, succeeded  by  a  course  at  the  Massachusetts  Institute  of 
Technology.  He  specialized  in  marine-engine-construction 
work,  beginning  as  an  apprentice  in  the  Dry  Dock  Engine 
Works  in  Detroit,  and  being  later  engaged  as  mechanical  engi- 
neer and  chief  draftsman  with  the  Frontier  Iron  &  Brass 
Works,  later  acting  as  assistant  supeiintendent  on  construc- 
tion of  heavy  marine  engines  with  the  same  works,  and  subse- 
quently with  the  Brown  Hoisting  Machinery  Company  of 
Cleveland,  0.,  with  which  company  he  continued  several  years. 

Mr.  Mahon  was  also  connected  several  years  with  the  New 
York  office  of  Taylur  Wharton  Iron  &  Steel  Company,  of 
High  Bridge,  N.  J.,  later  representing  them  in  the  Pacific 
Northwest.  It  was  while  engaged  in  work  with  the  last-named 
comjjany,  with  headquarters  at  Butte,  Montana,  that  he  died, 
October  6,  1916,  at  Ogden,  Utah. 

Mr.  Mahon  was  a  member  of  the  Technology  Club  of  New 
York  and  became  a  member  of  this  Society  in  May,  1889. 


AMONG  THE  SECTIONS 


DURING  the  month  just  closed.  President  Hollis  has  vis- 
ited the  Sections  at  Detroit,  Chicago,  Milwaukee,  New 
Orleans,  Birmingham  and  Atlanta,  also  the  Student  Branches 
at  Purdue  University  and  the  Georgia  School  of  Technologj'. 
In  his  tour  of  these  Sections  and  Branches,  President  Hollis 
spoke  in  addition  at  the  Cleveland  Chamber  of  Commerce  and 
the  Detroit  Chamber  of  Commerce,  and  addressed  the  students 
at  Tulane  University.  Dr.  HolUs'  message  to  these  Sections 
and  Branches  is  published  below,  embodied  in  the  reports  of 
the  meetings  which  he  addressed. 

Our  two  new  sections,  at  Erie  and  Indianapolis  respectively, 
both  report  progress  in  their  plans  of  activities.  At  Indian- 
apolis an  Engineers  Club  is  being  organized  and  this  wiU  be 
an  affiliation  of  the  several  local  engineering  organizations,  in- 
cluding our  own  Section.  At  Erie,  the  new  Section  is  putting 
into  effect  plans  for  securing  a  substantial  membership.  This 
Section  will  work  in  dose  cooperation  with  the  existing  local 
.engineers'  society,  the  Engineers  Society  of  Western  Penn- 
sylvania, and  a  committee  consisting  of  R.  F.  Benzinger,  chair- 
man, H.  N.  Dodge  and  F.  P.  Klund,  has  been  appointed  to 
work  out  the  exact  relations  between  our  Section  and  the  local 
societv. 


The  New  Year  has  brought  the  Providence  Engineering 
Society  a  long  and  varied  monthlj'  program.  The  society 
is  to  be  congTatulated  on  its  endeavor  to  make  this  year  a 
banner  year  for  the  engineering  profession  in  Rhode  Island. 
No  less  than  five  meetings  of  the  society  were  held  in  January, 
at  two  of  which  new  sections,  a  Power  Section  and  a  Municipal 
Highway  and  Water  Supply  Section,  were  formed. 

SECTION  MEETINGS 

BALTIMORE,  DECEMBER  13 

At  a  meeting  of  the  Baltimore  Section  on  Decembei-  13,  1910, 
a  report  of  the  committee  handling  the  organization  of  the  Asso- 
ciated Technical  Societies  was  considered.  This  association  is 
to  consist  of  eight  branches  of  nation.il  societies  in  Baltimore 
and  other  societies  duly  elected  by  the  Board  of  Governors. 
Its  purposes  are  to  advance  the  interests  of  all  technical  organ- 
izations through  cooperation,  to  promote  goodwill  and  fellowship 
between  the  members  of  the  various  societies  and  to  present  for 
discussion  and  action,  subjects  of  common  interest,  thereby 
strengthening  the  influence  of  technical  men  in  matters  of  public 
welfare.  The  governing  -board  will  consist  of  the  presidents  of 
the   member  organizations.     The  individual   sections   will   continue 
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to  hold  their  separate  meetings  as  heretofore,  but  members  of  any 
membt-r  section  will  be  privileged  to  attend  meetings  .of  any  other 
member  section  as  guests.  F.  il.  Chatard  was  appointed  fifth 
member  of  the  executive  committee  and  11.  Garner,  A.  Kennedy 
and   K.  B.   Passano  were  appointed  a  meetings  committee. 

During  the  latter  part  of  the  evening  Captain  F.  H.  Wagner 
gave  an  address  on  the  Recovery  and  Use  of  By-Froducts  from 
Coal  Tar.  He  illustrated  the  various  processes  of  gas  manu- 
facture and  by-product  recovery  and  outlined  the  production  of 
intermediates  and  final  products.  He  described  what  had  been 
done  in  this  country  in  the  development  of  benzol  plants,  aniline 
dye  plants  and  plants  for  the  production  of  explosives,  illustrating 
hy  slides  the  apparatus  and  processes.  At  the  close  of  the  lecture 
American    coal    tar    by-products    were    exhibited. 

A.  G.  Christie, 

Section    Secretari/. 

BUFFALO,   JANUAUY   3 

On  .January  3,  1917,  over  two  hundred  and  fifty  engineers, 
mechanical,  electrical,  civil,  motor-car  and  others,  celebrated  the 
first  convivial  night  of  the  Buffalo  Engineering  Society,  and  made 
tterry   until  well   after  midnight. 

P.\ui.  Wright. 

Section    Secretarii. 

BUFFALO,  JANUARY  17 

Highway  Bridges  was  the  subject  of  Chas.  M.  Spofford's  ad- 
dress before  the  Engineering  Society  of  Buffalo  on  January  17. 
1917.  He  told  of  the  great  opportunity  for  engineers  in  the  matter 
of  standardization  of  the  width  of  all  bridges  to  be  built,  and 
quoted  figures  which  proved  that  the  increase  in  highway  traSic 
during  the  last  few  years  called  for  wider  bridges.  Relative  to 
Buffalo's  condemnation  of  sever.il  viaducts  because  of  the  effect 
of  corrosion  upon  the  floor  supports,  he  claimed  this  was  caused 
mostly  by  the  forming  of  gas  pockets  in  the  understructures  of 
railroad  bridges.  By  means  of  lantern  slides,  Mr.  Spofford  showed 
various  types  of  bridges,  analyzing  each  design  and  describing  vari- 
ous types  of  wearing  surfaces  and  supports  for  wearing  surfaces 
and  the  distribution  of  loads. 

Frank  P.  Jackson,  engineer  of  bridges  and  viaducts  of  Buffalo, 
followed  Mr.  Spofford  with  some  of  his  experiences  with  bridges. 
He  too  advocated  smooth  understructures  so  as  to  eliminate  gas 
pockets,  stating  that  Buffalo  had  practically  eliminated  corrosion 
by  applying  red  lead,  sand  and  cement  to  the  understructures  of 
street  viaducts. 

Loui.s  J.  Foley, 
Assistant  to  Seci-etary. 

CHICAGO,  JANUARY.  5 

Dr.  Hollis  addressed  the  Chicago  Section  at  their  meeting 
January  5,  1917,  on  the  status  of  the  engineer  and  his  relation 
to  society.  His  plea  was  for  the  recognition  of  engineering  as 
a  learned  profession  on  an  equality  with  medicine,  law  and 
theology.  He  outlined  the  difference  between  the  various  pro- 
fessions in  their  relation  to  the  welfare  of  society.  To  him 
fnfineering  is  a  constructive  profession  working  for  the  welfare 
of  humanity.  He  cited  Eli  Whitney  and  James  Watt  as  instances 
where  the  work  of  individual  men  had  changed  the  entire  aspect 
■of  social  and  business  life.  Well's  dictum  "  The  history  of 
humanity  is  the  history  of  man's  attainment  to  external  power," 
he  intepreted  in  the  sense  that  the  history  of  mankind  is  the 
history  of  invention,  and  invention  is  at  bottom  the  practical 
■expression  of  man's  desire  to  benefit  his  fellow  men. 

Dr.  IloUis  concluded  his  remarks  by  outlining  the  relations  that 
should  exist  betweeen  the  various  local  Sections  of  the  Am.Soc. 
M.E.  and  other  existing  organizations  of  engineers  in  the  same 
locality.  He  encouraged  closer  relations  between  such  groups 
of  cngineeers  and  held  that  the  ultimate  good  of  engineering 
demanded    the    closest    cooperation    of   such    organizations. 

Robert  E.  Thayer, 

Section    Secretary. 

CINCINNATI,  DECEMBER  21 

The  Concrete  Bridges  and  Viaducts  of  Cincinnati  was  the 
subject   of   the   paper   by    Frank    L.    Raschig   at   a   joint   meeting 


of  the  Cincinnati  .'■Section  and  the  Engineers'  Club  of  Cincinnati, 
December  21,  191(!.  In  outlining  the  activity  of  Cincinnati  in 
the  way  of  bridge  and  viaduct  building,  the  speaker  stated  that 
since  1910  the  city  has  expended  about  $2,000,000  for  concrete 
bridges  and  viaducts.  Four  viaducts  and  fifteen  bridges  of  lesser 
importance  have  been  built  and  thirty  small  concrete  bridges 
have  replaced  wooden  structures.  It  is  the  settled  policy  of  the 
Engineering  Department  of  the  city  to  build  only  concrete  bridges 
and  viaducts  in  the  future,  unless  absolutely  impracticable. 

The  Gilbert  Avenue  viaduct  consists  of  30-ft.  spans  of  column, 
beam  and  slab  construction,  the  entire  structure  supported  on 
concrete  piles.  The  structure  is  about  1200  ft.  long  and  80  ft. 
wide,  with  roadway  58  ft.  wide.  It  cost,  exclusive  of  property, 
$240,000  or  about  .$2.40  per  sq.  ft.  The  main  portion  of  the 
Ludlow  Avenue  viaduct  consists  of  six  solid  barrel  arches  of 
85-tt  clear  span  built  on  a  skew  of  52  deg.  with  a  roadway  of 
column,  beam  and  slab  construction  over  these  arches.  The 
approaches  loading  up  to  these  arches  are  of  column  and  beam 
construction  of  24-ft.  spans.  Length  1300  ft.,  width  60  ft.  with 
40  ft.  of  roadway,  cost  about  $'280,000  or  $3  per  sq.  ft.  The 
Hopple  Street  viaduct  consists  of  a  series  of  balanced  cantilever 
beams  arched  in  shape.  A  pier  and  the  cantilever  arms  on  each 
side  compose  a  unit,  the  arms  being  balanced  for  dead  load 
and  for  full  live  load.  Length  1000  ft.,  width  GO  ft.  with  40  ft. 
roadway,  cost  about  $4.50,000  or  $3.75  per  sq  ft.  An  arch 
of  ISO-ft.  span  and  consisting  of  three  ribs,  forms  the  main 
portion  of  the  Park  Avenue  viaduct.  The  approaches  are  of 
column,  beam  and  slab  types  with  spans  of  25  ft. 

Mr.  Raschig  concluded  his  paper  by  stating  that  Cincinnati 
is  planning  to  replace  a  certain  number  of  wooden  and  steel 
structures  each  yoar  so  as  to  have  finally  none  but  concrete 
bridges 

John  T.  Faio, 

Section    Secretary. 


DETROIT,  JANUARY  3 

The  first  meeting  of  the  Detroit  Section  was  held  on  January 
3,  at  the  Board  of  Commerce,  after  a  dinner  given  in  honor  of 
President  Ira  N.  Hollis.  at  which  over  seventy  engineers  were 
present.  Members  of  the  local  sections  of  the  other  national  engi- 
neering societies  and  of  the  Detroit  Engineering  Society  were  in- 
vited to  be  present  to  greet  Dr.  Hollis  and  to  hear  him  speak  on 
the  scope,  purpose  and  opportunities  of  the  local  section. 

Dean  Mortimer  E.  Cooley,  of  the  engineering  department  of  the 
University  of  Michigan  and  president  of  the  Section,  presided. 
Before  the  address  of  Dr.  Hollis,  Dean  Cooley  called  on  several 
Detroit  engineers  for  short  talks.  Those  who  spoke  were  Theo- 
dore A.  Leisen,  president  of  the  local  section  of  the  American  So- 
ciety of  Civil  Engineers ;  A.  A.  Meyer,  president  of  the  local  sec- 
tion of  the  American  Institute  of  Electrical  Engineers ;  Horace 
Lane,  president  of  the  Detroit  Engineering  Society ;  Clarence  W. 
Hubbell,  City  Engineer,  and  Walter  S.  Russel  of  the  Russel 
Wheel  and  Foundry  Company. 

Dr.  Hollis  took  for  the  topic  of  his  address  the  opening  sentence 
of  H.  G.  Wells'  novel.  The  World  Set  Free — "  The  history  of  man- 
kind is  the  history  of  the  attainment  of  external  power."  He 
traced  the  development  of  machinery  from  the  crude  club  wielded 
by  the  savage  through  the  wheelbarrow,  plow,  steam  engine,  down 
to  our  present  day  complex  machinery  ;  and  emphasized  the  fact 
that  the  progress  made  has  always  been  toward  the  betterment  of 
the  condition  of  humanity.  He  stated  that  the  engineer  in  his 
work  sees  not  only  the  material  outline  of  his  machine  as  he  works 
upon  it,  hut  sees  back  of  his  machine  the  relation  it  shares  in  the 
elimination  of  drudgery ;  and  that  the  engineer  in  building  his 
machine  is  like  the  painter  in  painting  his  picture  who  puts  upon 
his  canvas  something  besides  a  mere  picture.  "  When  I  look  at 
a  copy  of  Millet's  painting,  the  Angelus,"  said  Dr.  Hollis,  "  I  see 
portrayed  in  the  picture  something  of  the  struggle  of  humanity 
against  nature  and  adverse  conditions,  something  of  the  apparent 
futility  of  life  in  the  face  of  eternity. 

"  Realizing  the  importance  of  their  profession  to  all  humanity, 
the  engineers  should  make  more  of  the  esthetic  aspects  it  presents. 
They  should  ever  be  willing  in  the  public  service.  In  their  own 
ranks  they  should  have  complete  organization  for  mutual  benefit 
and  to  .advance  the  condition  of  humanity  by  the  efficiency  among 
engineering  men  such  organization  should  increase." 

J.  W.  Parker, 

Section  Secretary. 
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INDIANAPOLIS,    JANUARY    19 

A  joint  meeting  of  the  Indianapolis  Section  was  held  at 
Lafayette  on  Friday  afternoon,  January  19,  in  connection  with 
the  annual  meeting  of  the  Indianapolis  Engineering  Society 
and  the  Indianapolis-Lafayette  section  of  the  American  Insti- 
tute   of    Electrical    Engineers. 

The  speaker  provided  by  the  Indianapolis  Section  of  our 
Society  was  Harrington  Emerson,  Mem.Am.Soc.M.E.,  of  New 
York,  whose  subject  was  Flow  Values  Through  a  Manufac- 
turing Plant.  This  paper  was  illustrated  by  slides  and  cov- 
ered Mr.  P^merson's  conception  of  the  organization  of  a  typi- 
cal manufacturing  industry  in  its  financial  aspect  from  the 
time  of  the  assembly  of  the  capital  investment  to  the  dis- 
tribution. 

The  discussion  of  this  topic  by  Mr.  Emerson  was  as  thor- 
ough and  informing  as  would  be  expected  by  those  who  are 
more  or  less  famUiar  with  his  expert  services  in  the  efBcient 
organization    of    industries. 

W.  H.  Insley, 
Section    Chairman. 

MILWAUKEE,  JANUARY  9 

Dr.  Ira  N.  HoUis,  President  Am.Soc.M.E.,  addressed  the  Mil- 
waukee Section  at  their  meeting,  January  6,  1917,  his  subject 
being  The  Place  of  the  Engineer  and  the  Engineering  Society  In 
Modern  Life. 

Fbed.  H.  Dobnee, 
Section  Secretary. 


NEW    YORK,    JANUARY   9 

In  line  with  the  previous  meetings  of  the  season,  the  subject 
for  the  January  9,  1917,  meeting  was  Industrial  Preparedness  in 
its  Relation  to  Navy  Yard  Administration.  The  speaker,  Com- 
mander E.  P.  Jessop,  U.  S.  N.,  pointed  out  that  provision  has 
heon  made  for  those  engineers  beyond  military  age  or  otherwise 
disqualified  to  take  up  arms,  to  enroll  for  service  at  the  navy 
yaids  in  time  of  emergency  and  thereby  release  for  sea  duty 
the  regular  naval  oflBcers. 

Departing  somewhat  from  the  announced  topic.  Commander 
Jessop  proceeded  to  point  out  the  citizen's  obligations  to  his 
country  and  the  vital  necessity  of  every  individual  having  his 
work  mapped  out  beforehand  because  when  trouble  comes  it 
usually  comes  at  short  notice.  Scouting  the  idea  that  prepared- 
ness leads  to  militarism,  he  gave  France  as  an  example  of 
democracy  where  individual  liberty  has  not  been  marred  by  mili- 
tary training.  England,  who  before  the  war  was  very  much 
like  ourselves,  has  taken  two  years  to  awaken  to  a  realization  of 
the  situation  and  the  British  citizen  is  now  fully  alive  to  his 
obligations. 

By  way  of  showing  some  of  the  activities  of  the  Navy,  Com- 
mander Jessop  gave  a  most  interesting  account,  illustrated  with 
slides,  of  the  trip  of  the  U.  S.  .S.  Tennessee  to  Europe  at  the 
outbreak  of  the  war  for  the  purpose  of  succoring  refugees.  He 
followed  with  views  of  the  same  ship  when  on  a  voyage  to  South 
American  ports  and  showed  finally  the  destruction  of  the  ship 
in  the  harbor  of  Santo  Domingo. 

An  informal  discussion  in  which  attention  was  directed  to  the 
need  of  more  men  to  handle  the  new  ships  of  the  Navy,  closed 
the  meeting. 

Alfked  D.  Blake, 

Section    Secretary. 

PHILADELPHIA,    DECEMBER    14 

A  joint  meeting  of  the  Philadelphia  Section  and  The  Franklin 
Institute  was  held  December  14,  1916.  Prof.  Carl  C.  Thomas, 
Mem.Am.Soc.M.E.,  of  Johns  Hopkins  University  delivered  an 
illustrated  lecture  on  The  Cooling  of  Water  for  Power  Plant 
Purposes.  He  briefly  reviewed  the  methods  of  cooling  water, 
making  special  reference  to  efficiencies  obtained  by  spray  ponds. 
He  described  a  new  form  of  spray  head  and  reported  upon  tests 
made  under  widely  varied  conditions.  An  interesting  discussion 
followed  which  dealt  with  factors  affecting  the  efficiencies  of  spray 
ponds. 

W.    R.   .Tones, 

Si'clitin    .^rcrrtanj. 


PROVIDENCE,  DECEMBER  27 

At  the  meeting  of  the  Providence  Engineering  Society,  Prof. 
Frederick  H.  Newell,  Mem.Am.Soc.M.E.,  addressed  the  society 
on  the  work  of  the  United  States  reclamation  service  in  the 
far  West.  He  illustrated  bis  address  by  colored  slides,  explain- 
ing the  engineering  features  of  the  Roosevelt,  Elephant  Butte  and 
Arrowrock  dams,  their  tunnels  and  the  Gunnison  River  tunnel. 
T)ie  pictures  also  showed  views  of  the  new  homes  built  on  the 
irrigated  land  and,  tor  comparison,  the  same  country  when  it 
was  the  home  of  the  Indian  and  the  cowboy. 

Albert  E.  Thobnlet, 

Corresponding    Secretary. 

ST.    LOUIS,   DECEMBER   3 

At  a  dinner  given  on  December  3  by  the  St.  Louis  Section,  Prof. 
Franklin  Gephart  gave  a  very  interesting  talk  on  Some  Economic 
Aspects  in  Relation  to  the  High  Cost  of  Living.  His  talk  waa 
followed  by  discussions  from  a  number  of  the  members. 

L.  A.  Day, 
Section  Secretary. 

STUDENT   BRANCHES 

ARMOUR    INSTITUTE    OP   TECHNOLOGY 

At  the  meeting  of  the  Student  Branch  of  Armour  Institute- 
of  Technology  held  December  6,  1916,  interesting  and  instructive 
talks  were  given  by  several  members  of  the  Branch.  The  first 
subject  presented  was  The  Different  Types  of  Automobile  Engine 
Lubrication  by  L.  A.  King,  followed  by  an  explanation  of  the 
lubrication  of  the  spring  shackles  on  the  new  model  of  the 
Marmon  automobile.  R.  A.  Morse  spoke  next  on  the  Manu- 
facture of  Water  Gas,  explaining  the  steps  in  the  manufacture^ 
of  the  gas  in  a  modern  plant.  The  last  speaker  was  Mr.  Bretting: 
whose  subject  was  The  Construction  of  Stacks. 

B.  W.  Haines, 

Branch  Secretary. 

BUCKNELL  UNIVERSITY 

The  first  meeting  of  the  present  school  year  of  the  Student 
Branch  of  Bucknell  University  was  open  to  all  who  would  at- 
tend. The  purpose  and  workings  of  the  branch  were  explained^ 
and  all  who  were  not  members  were  urged  to  ally  themselves, 
with  it  as  early  in  their  course  as  possible. 

F.    E.    BUBPEE, 

Branch  Correspondent. 

BUCKNELL    UNIVERSITY 

The  regular  meeting  of  the  Bucknell  University  Student  Branch 
was  held  December  11.  1916,  when  C.  M.  Kriner  gave  a  talk, 
on  Jigs  and  their  Application  in  Modern  Machine  Shops,  il- 
lustrative of  the  simple  type  of  jig  as  used  for  plain  drilling  and 
reaming,  and  the  more  complex  type  used  in  performing  a  num- 
ber of  operations  on  the  work  it  holds.  Mr.  Weaver  joined  in 
the  <liscuf;sion. 

During  Tlianlcspiv'iig  ^acation  ten  members  of  the  Stndi'nt 
Branch,  accompanied  by  Prof.  Frank  E.  Burpee,  Mem.Am.Soc 
M.E.  and  Prof.  Taylor,  made  a  six-day  inspection  tour  to  York,. 
Lancaster,  Philadelphia,  Trenton  and  Wilkes-Barre.  visiting  vari- 
ous factories  of  mechanical  interest.  It  was  the  most  successful 
trip  th"  Branch  has  taken  during  its  history,  and  plans  are  on 
foot  for  conducting  several  of  these  tours  each  year. 

J.  A.  Case  addressed  the  Student  Branch  of  Bucknell  University 
at  their  meeting  on  .Tanuary  8.  1917,  on  the  Reservoir  and  Fil- 
tration Plant  for  the  Jersey  City  Water  Supply.  He  furnished 
some  views  of  the  reservoir  and  explained,  by  means  of  a  black- 
board sketch,  the  method  of  filtering  and  testing  water  for  the 
percentages  of  the  various  kinds  of  bacteria. 

C.  M.    Krineb, 
Branch   Secrctnrn. 

CARNEGIE  INSTITUTE  OF  TECHNOLOGY 

The  Student  Branch  of  the  Carnegie  Institute  of  Technology 
held  its  regular  meeting  November  15,  1916.  Mr.  Frederick  Parke. 
Mem.Am.Soc.M.E.,  gave  an  interesting  illustrated  lecture  on  Brak- 
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ing,  showing  the  development  of  brakes  from  their  primitive  type  to 
the  latest  Westinghouse  air  bralie  used  on  the  railroads  of  the 
country  today.  He  also  showed  the  tabulated  results  of  many 
tests  made  on  various  railroads  throughout  the  United  States  and 
pointed  out  that  the  development  of  the  railroads  followed  very 
closely  the  development  of  the  air  brake,  since  the  capacity  of  the 
brake  determines  to  a  large  extent  the  permissible  speed  and  weight 
•of  the  equipment. 

On  December  13,  1916,  the  Branch  heard  a  most  interesting  ad- 
dress by  Lieut.  J.  B.  Oldendorf,  U.S.N.,  on  Mechanical  Engineer- 
ing in  the  Navy.  The  speaker  explained  the  considerations 
determining  the  design  of  various  types  of  naval  vessels  and 
described  in  detail  the  installation  of  power  plants  abroad,  battle- 
ships, cruisers,  torpedo  boats,  destroyers  and  colliers.  He  indi- 
cated the  design  and  arrangement  of  boilers,  engines,  turbines, 
pumps,  etc.,  on  naval  vessels  and  gave  his  opinion  that  the  in- 
fernal-combustion engine  of  the  oil-burning  type  is  the  marine 
engine  of  the  future.  He  cited  the  successes  experienced  with 
this  type  of  engine   in   submarines. 

More  than  an  hour  of  inquiries,  questions  and  remarks  on  the 
part  of  the  students  evidenced  the  interest  of  the  members  of 
the  Branch  in  the  discussion  which  followed.  The  meeting 
closed  with  Lieutenant  Oldendorfs  recounting,  on  request,  many 
interesting  and  amusing  incidents  experienced  during  his  first 
cruise. 

J.  H.  Davis, 
Branch  Secretary. 

C.\SE  SCHOOL  OF  APPLIED  SCIENCE 

The  Value  of  the  Engineer  to  the  Community  was  the  subject 
of  the  address  of  C.  E.  Drayer,  Secretary  Cleveland  Engineering 
Society,  before  the  Student  Branch  of  the  Case  School  of  Applied 
Science  on  January  10,  1917.  He  emphasized  the  present-day 
need  of  engineers  in  the  management  of  municipal  affairs,  citing 
■the  fire  and  building  laws,  street  railways,  water  plants  and 
power  stations  as  instances  where  the  skill  and  knowledge  of 
the  engineer  should  lie  employed.  He  showed  by  lantern  slides 
a  few  newspaper  columns  on  the  value  of  the  engineer  to  the 
community,  explaining  that  the  newspaper  was  the  medium  used 
by  the  Cleveland  Engineering  Society  for  bringing  the  relation 
of  science  and  public  affairs  before  the  people. 

Alex.   Treuhaft, 

Brunch   Hcrretary. 

COLOR-iDO  AGRICULTURAL  COLLEGE 

At  a  meeting  of  the  University  of  Colorado  Student  Branch, 
held  November  27,  1916,  Mr.  Gorton  gave  a  comprehensive 
talk  regarding  the  measurement  of  steam  by  means  of  the  orifice, 
U-tube  and  Ledoux  bell  type  of  meters. 

E.  C.  Johnson. 

Branch  Secretary. 

COLUMBIA  UNIVERSITY 

The  Student  Branch  of  Columbia  University  reports  the  suc- 
cessful carrying  out  of  its  project  of  uniting  the  Chemical,  Civil, 
Electrical  and  Mechanical  engineers  under  a  joint  governing  board. 
The  officers  of  the  Branch  are  John  L.  Kretzmer,  president ;  Will- 
iam M.  Henry,  vice-president ;  R.  W.  Thompson,  secretary  and  B. 
H.  Shea,  treasurer. 

John  L.  Kretzmeb, 

Branch  Fresident. 

CORNELL  UNIVERSITY 

'1  he  Cornell  University  Student  Branch  began  the  new  year 
"with  a  very  interesting  meeting  on  January  13,  1917.  The 
spet'ker  of  the  evening  was  Prof.  Dexter  S.  Kimball.  Mem. Am. 
Soc.M.E.,  who  gave  an  instructive  address  on  the  problems  of  the 
practicing  engineer.  He  described  some  of  the  difficulties  and 
stumbling  blocks  of  young  engineers,  giving  his  personal  experiences 
as   a   designer   and   consulting  engineer. 

S.  M.  Babb, 
Branch    Secrcturu- 

COLUMBIA   UNIVERSITY 

The  various  engineering  societies  on  the  campus  of  Columbia 
University    have    been    consolidated    into    an    organization    called 


the  United  Engineering  Societies,  which  is  controlled  by  a  gov- 
erning board  composed  of  two  delegates  of  each  branch  society. 
This  consolidation  was  the  outcome  of  a  conference  between 
the  chairman  and  honorary  chairman  of  the  Student  Branch  of 
the  Am. Soc.M.E.  The  Chemical  Society  was  formed  as  a  re- 
sult of  this  consolidation  and  the  Mining  Society  is  expected  to 
enter  the  organization  shortly.  The  chairman  of  the  Mechanical 
Society  was  elected  chairman  of  the  governing  board. 

The  first  meeting  of  the  newly  organized  society  took  place 
December  14,  1916,  and  was  in  the  form  of  a  smoker  which 
proved  most  successful.  The  speakers  were  Calvin  W.  Rice, 
Secretary  Am.Soc.M.E.,  H.  H.  Norris,  Charles  Butters  and 
Herman  A.  Metz. 

John  L.  Kretzmeb, 

Branch    Chairman. 


LEHIGH    UNIVERSITY 

On  December  14,  1916,  an  interesting  meeting  was  held  by  the 
Student  Branch  of  Lehigh  University,  which  the  Civil  Engineers 
also  attended. 

Prof.  Frank  P.  McKibben,  head  of  the  Civil  Engineering  Depart- 
ment of  the  University,  spoke  on  the  Hill-to-HiU  Bridge  to  be 
erected  between  the  Bethlehems.  He  covered  the  history  of  the 
means  of  transportation  across  the  river  and  outlined  the  way 
in  which  the  subject  of  a  new  bridge  was  taken  up.  He 
told  how  he  had  planned  this  new  bridge  and  exhibited  several 
of  the  first  plans  as  well  as  the  plans  for  the  finished  structure 
which,  when  completed,  will  be  over  a  mile  in  length  and  will 
be  Y-shaped,  allowing  for  all  trafiic  on  both  sides  of  the  river. 
He  estimated  the  cost  to  be  about  $1,000,000,  most  of  which 
has  already  been  pledged,  so  that  the  construction  of  the  bridge 
is   practically  assured. 

F.  L.  Benscote  gave  a  comprehensive  talk  on  Mechanical 
Refrigeration.  He  described  the  two  types  of  refrigerating  plants, 
the  absorption  and  compression  types,  the  latter  of  which  is  in 
more  common  use.  By  means  of  numerous  blackboard  sketches, 
he  explained  in  detail  the  operation  of  the  two  types  and  the 
manufacture   of  artificial   ice. 

F.   M.   Porter. 

Branch   Secretary. 


POLYTECHNIC  INSTITUTE  OF  BROOKLYN 

The  Polytechnic  Institute  of  Brooklyn  held  a  meeting  January  6, 
1917  when  The  Development  of  Poppet  Valve  Uniflow  Engines  and 
their  Status  in  the  United  States  was  discussed  by  Siegfried 
Kosenzweig,  Mem.Am.Soc.M.E.  He  traced  the  development  of 
the  poppet  valve  uniflow  engine  from  its  origin  to  the  present- 
day  engines  of  Lenz  and  Stumpf.  He  gave  as  the  reason  for 
its  great  success,  its  non-destructibility  under  high  pressure  and 
high  temperature,  in  which  two  phases  it  approaches  in  efficiency 
the  explosion  engine.  Mr.  Rosenzweig  further  favors  it  because 
there  is  no  wear  or  rubbing  and  hence  very  little  lubrication.  He 
has  endeavored  to  have  locomotive  manufacturers  introduce  these 
engines  in  their  locomotives,  but  due  to  the  fact  that  the  concerns 
are  busy  manufacturing  war  implements,  he  has  received  very 
little  encouragement. 

The  Institute'  has  elected  two  men  to  represent  the  Society  in 
editing   the    Engineer,    their   technical    publication. 

George   Cherb, 

Branch    Sturc'uru. 


PURDUE   UNIVERSITY 

The  Student  Branch  of  Purdue  University,  at  its  meeting  on 
December  10,  1916,  was  addressed  by  Dean  C.  H.  Benjamin, 
Vice-President  Am.Soc.M.E.,  of  the  Engineering  School  of  the 
University,  on  the  Thirty-Seventh  Annual  Meeting  of  the  So- 
ciety. His  talk  was  general,  giving  a  description  of  the  En- 
gineering Societies  Building,  the  program  which  was  carried 
out  at  the  meeting  and  the  method  of  presenting  and  discussing 
papers.  He  emphasized,  as  the  great  advantage  of  attending 
these  conventions,  the  opportunity  of  meeting  men,  exchanging 
experiences    and    gathering    pointers. 

Geo.    a.    Ruess, 
Branch   Corresponding   Secretary. 
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PURDUE   UNIVERSITY 


Dr.  Ira  N.  HoUis,  President  Am.Soc.M.E.,  addressed  the  Student 
Branch  of  Purdue  University  on  January  8,  1917.  The  basis  o£ 
Dr.  HoIIis'  talk  was  the  title  of  H.  G.  Wells'  book  A  World  Set 
Free  and  he  defined  the  engineer's  responsibility  for  the  "  setting 
free."  He  especially  emphasized  the  part  played  by  James  Watt  in 
his  improvement  of  the  steam  engine.  Dr.  Hollis  ridiculed  the 
idea  of  narrowness  associated  by  many  with  the  engineer  and  took 
issue  with  the  writer  of  the  statement  that  there  is  no  romance 
connected  with  a  machine.  He  claimed  that  the  beauty  of  an 
engine  is  as  real  as  the  beauty  of  a  picture  for  it  is  the  "  picture 
behind  the  picture  "  that  makes  a  picture  either  famous  or  com- 
monplace. Referring  to  Millet's  Angelus,  Dr.  Hollis  said  that 
the  human  strife  presented  there  would  undoubtedly  be  present  if 
the  figures  were  replaced  by  broken  machinery. 

G.  A.  Reuss, 
Branch   Secretary. 

THROOP  COLLEGE  OF  TECHNOLOGY 

On  November  20,  191G,  the  Student  Branch  of  Throop  Col- 
lege of  Technology  conducted  a  meeting  of  the  student  body 
and  faculty  of  the  college,  at  which  Charles  V.  Knight,  in- 
ventor of  the  sleeve-valve  motor,  gave  an  instructive  talk  on  the 
early  development  and  mechanical  features  of  his  invention.  Mr. 
Knight  u&ed  a  cut-away  Stearns  motor  to  illustrate  the  mechanism 
and   operation   of   his   motor. 

Reginald  Coles, 

Branch   Secretary. 

UNIVERSITY    OF    ILLINOIS 

Dr.  Iva  N.  Hollis,  President  Am.Soc.M.E..  spent  a  part  of 
Tuesday  and  Wednesday,  January  9  and  10,  at  the  University  of 
Illinois,  where  he  was  the  guest  of  Past-President  W.  F.  M.  Goss. 
Dr.  Hollis  was  the  guest  of  honor  at  a  dinner  tendered  him  by 
the  Dean  and  heads  of  departments  of  the  College  of  Engineering, 
where  the  president,  vice-president  and  members  of  the  council 
oc  the  university,  the  local  members  and  the  president  of  the 
Student  Branch  of  the  Am.Soc.M.E.,  were  also  guests. 

In  Dr.  Hollis'  address  before  the  Student  Branch,  he  aimed 
to  impress  upon  the  young  men  the  dignity  of  their  calling 
and  the  significance  of  the  engineer  as  a  factor  in  the  social, 
political  and  economic  progress  of  the  nation. 

W.  F.  M.  Goss. 
Branch  Corrrsiniinl'  iit. 

UNIVERSITY  OF  NEBRASKA 

At  the  November,  1916,  meeting  of  the  Student  Branch  of  the 
University  of  Nebraska,  M.  F.  Clark  gave  an  address  on  the 
Relation  of  the  Engineer  to  National  Preparedness,  presenting 
the  questions  involved  and  some  of  the  views  expressed  by  the 
most  prominent  engineers  on  this  subject.  Foundry  Practice 
was  discussed  by  Mr.  Smith,  instructor  at  the  University  in 
that  branch  of  work.  He  was  followed  by  Prof.  J.  D.  Hoffman, 
Mem. Am.Soc.M.E.,  who  spoke  on  the  Chicago  Edison  Plant,  re- 
viewing Mr.  Insull's  paper  in  The  Journal,  November,  1916, 
on  that  plant  and  adding  his  own  observations  from  a  personal 
inspection   of   the   plant. 

Oslo  A.  Powell, 

Branch   Secretary. 

UNIVERSITY  OF  MISSOURI 

The  Relations  of  the  Student  Branch  to  the  Society  and  the  ad- 
vantages realized  by  taking  an  active  part  in  the  Society,  were 
discussed  by  Prof.  H.  W.  Hibbard,  Mem. Am.Soc.M.E.,  at  the  first 
regular  meeting  of  the  Student  Branch  of  the  University  of  Mis- 
souri, held  October  26.  followed  by  an  illustrated  lecture  by  D.  E. 
Foster,  Associate  Professor  in  Mechanical  Engineering,  on  Air 
Compressors  and  their  various  uses. 

Louis  Seuter  was  elected  chairman  for  the  year  1916-1917 ;  B. 
W.  Coots  was  elected  treasurer  and  recording  secretary,  and  C.  N. 
.Tohns  was  elected  corresi  onding  secretary. 


At  the  second  meeting  of  the  Branch,  held  November  9,  M.  H. 
Brigham,  Assistant  in  Manual  Arts,  gave  an  interesting  talk  oa 
Shop  Practice,  laying  special  stress  on  the  production  of  machin- 
ery. 

C.  N.  Johns, 

Branch  Secretary. 

VIRGINIA  POLYTECHNIC  INSTITUTE 

On  December  S,  191G,  the  Student  Branch  of  Virginia  Poly- 
technic Institute  held  an  interesting  meeting,  at  which  Frank 
B.  Gilbreth,  Mem. Am.Soc.M.E.,  gave  a  talk  on  Motion  Study  aa. 
a  means  of  increasing  the  efficiency  of  operators  and  workmen  in 
various  occupations.  Mr.  Gilbreth  cited  several  instructive  in- 
stances of  his  observations  for  practical  application  of  his  method 
of  corrected  motions. 

The  method  by  which  Sir.  GUbreth's  observations  are  made 
is  that  of  taking  moving  pictures  of  the  operator  at  his  work. 
In  the  background  of  the  picture,  a  screen  resembling  a  sheet 
of  coordinate  paper  is  placed ;  a  light  attached  to  the  operator's 
hand  traces  a  line  across  the  screen ;  the  graph  thus  obtained 
is  studied  and  a  wire  model  of  the  curve  is  made.  By  means 
of  this  model  the  shortest  distance  in  which  the  space  may  be 
traversed  is  determined,  and  by  instructing  the  operator  to 
adopt  motions  in  accordance  with  the  corrected  motions,  his 
efficiency  is  many  times  increased. 

By  following  Mr.  Gilbreth's  methods,  three  typists  won  the 
first  and  second  international,  and  the  first  national  speed  prizes, 
and  the  golfers  Nichols  and  Ouimet  derived  considerable  benefit 
in  their  work. 

G.   E.   PabivER, 

Branch   Secretary. 

WORCESTER  POLYTECHNIC  INSTITUTE 

On  January  5  1917,  the  Worcester  Polytechnic  Student  Branch 
held  a  joint  meeting  with  the  student  branches  of  the  American; 
Institute  of  Electrical  Engineers  and  the  Civil  Engineers  Society. 
The  subject  of  the  day  was  From  Ore  to  Finished  Pipe,  by  H.  T. 
Sliller,  of  Boston,  who  illustrated  his  lecture  with  motion  pictures. 

H.  P.  Fairfield, 

Hr'iiich    Sccrclii;  :i. 


Am.Soc.M.E.  Year  Book,  1917 

The  new  Year  Book  of  the  Am.Soc.M.E.  is  off  the  press; 
and  will  be  issued  early  in  February.  The  volume  contains 
general  information  regarding  the  Society,  its  objects  and 
activities,  calendar  of  events  for  1917,  the  personnel  of  the 
Officers,  Council  and  Committees  for  the  year,  together  with 
the  alphabetical  and  geographical  lists  of  members  of  th& 
Society,  corrected  to  January  1,  1917.  A  list  of  past  officers 
and  a  calendar  of  all  general  meetings  since  the  first  meeting 
in  1880,  a  list  of  depositories  for  Transactions,  also  the  Char- 
ter and  By-Laws  of  the  Society  are  included  in  addition  for 
reference. 

The  alphabetical  list  of  members  occupies  302  pages  and 
contains  7,704  names.  This  is  an  increase  of  773  over  last 
year.     The  geographical  list  extends  over  170  pages. 

Attention  is  called  to  the  scheme  of  the  alphabetical  and 
geographical  hsta.  In  the  alphabetical  list  are  given  the  grade 
of  membership  in  the  Society,  the  title  and  business  connec- 
tions, the  business  and  residence  addresses.  In  the  geographi- 
cal list  are  given  under  each  city  or  town,  the  names  and  busi- 
ness connections  of  members;  experience  has  shown  that  this 
is  the  information  most  likely  to  be  required  from  this  list. 

Every  member  of  the  Society  receives  a  copy  of  this  Year 
Book,  bound  in  cloth.  The  geographical  list  of  members  is  also 
issued  as  a  separate  publication,  hound  in  paper. 


EMPLOYMENT  BULLETIN 

rHE  SECRET  IRY'  ronsulrrs  it  a  special  obligation  and  pleasant  dnty  to  make  the  office  of  the 
Society  the  meclium  for  assisting  members  to  secure  positions,  by  putting  them  in  touch  tvith 
special  opportunities  for  tvhich  their  training  and  experience  qualify  them,  and  for  helping  any- 
one  desiring  engineering  services.      The   Society  acts   only   as   a   clearing   house    in   these   matters. 


POSITIONS    AVAILABLE 

In  forwarding  applications,  stamps  should  he  enclosed  for  Inms- 
mittal  to  advertisers;  applications  from  non-inemhers  should  be 
accompanied  by  a  letter  of  reference  or  introduction  from  a  mem- 
ber, such  reference  letter  to  be  filed  tcith  the  Society.  Copy  for 
notices  must  be  in  hand  bv  the  15th  of  the  month. 


ASSISTANT  CHIEF  ENGINEER.  Young  man  who  has  had  experi- 
ence in  or  made  special  study  of  power  plant  operation,  to  assist  In 
running  woodworking  factory  of  1000  hp.  Knowledge  of  design  of 
exhaust  steam-heating  on  large  scale  desirable.  Answer,  stating  age, 
past  positions  and  salary  expected.      83 

DRAFTSMAN  experienced  in  design  of  heavy  machinery,  rolling 
mills,     etc.     Location  Connecticut.     98 

YOUNG  ENGINEER  DESIGNER  with  technical  education  and  spe- 
cial training  in  the  design  of  automatic  machinery  for  the  manufacture 
of  small  interchangeable  parts  ;  excellent  chance  for  advancement  to 
one  who  displays  ability  and  application.     Location  Chicago.     139 

RECENT  GRADUATES  in  mechanical  engineering  from  schools  of 
recognized  standing  desired  for  testing  work  in  large  steam-operated 
electric  power  plants.  Preference  will  be  given  to  applicants  with 
experience  in  testing  work  and  those  now  located  in  and  around  Now 
York.  Answer  stating  particulars  of  education,  experience  and  salary 
desired.     167 

TOOL  DESIGNER  who  is  resourceful  and  can  follow  work  through 
to  completion.  Technical  man  with  practical  shop  experience.  Salary 
$25  to  $35  per  week  according  to  ability.     Location  Connecticut.     185 

SALES  ENGINEERS,  young  men,  between  ages  of  25  and  30  years, 
of  good  appearance,  graduates  of  some  approved  engineering  college, 
preferably  M.E.  degree.  .Applicant  would  be  expected  to  undergo  a 
period  of  probation  and  training  in  the  various  offices  of  company 
before  being  given  more  responsible  and  higher  positions  in  sales  work. 
Apply  by  letter  in  own  handwriting,  stating  age,  education,  previous 
business  training,  if  any,  salary  desired,  etc.     Location  New  York.     205 

DESIGNER  for  special  machinery  and  labor-saving  devices,  capable 
of  following  work  through  shop  to  completion.  Location  New  York 
State.     248 

SALES  ENGINEERS  or  .\GENCY  on  commission  for  one  who  is 
handling  other  lines,  desired  for  the  following  territories  :  Tennessee, 
North  Carolina,  Minnesota,  North  and  South  Dakota.  Past  record 
must  show  familiarity  with  boiler  plant  practice.     433. 

WORKS  M.\NAGER,  unusual  opportunity  for  right  man.  35-15  ;  must 
be  graduate  engineer  and  have  thoroughly  demonstrated  ability  as 
machine  designer  and  production  man.  Good  organizer  and  hustler, 
preferably  with  ability  to  invest  $5,000  at  the  end  of  3  months  if  satis- 
factory. State  fully  education,  experience,  age,  etc.  Correspondence 
strictly  confidential.     642 

DR.\FTSMEN.  Experienced  mechanical  draftsmen,  preferably  not 
over  30  years  of  age.  Permanent  employment  and  advancement  to 
capable  men.     Location  New  York  State.     751 

POWER  ENGINEER  for  large  industrial  corporation  operating  its 
own  steam  and  electrical  power  plants  ;  young  man  with  executive 
ability,  mechanical  or  electrical  engineering  graduate,  experienced  in 
power  plant  and  power  distribution,  design  and  operation.  State  age, 
school,  year  of  graduation,  detailed  experience  and  salary  expected. 
Location   Michigan.      763 

ENGINEER,  experienced  in  manufacture  of  interchangeable  parts, 
with  thorough  knowledge  of  die  and  tool  design.  Location  New  York. 
764 

DRAFTSMAN,  familiar  with  power  house  work,  such  as  the  installa- 
tion of  Its  equipment,  piping,  etc.,  competent  to  work  out  the  different 
problems  involved.  Salary  $25  to  $28  per  week.  Location  New  York. 
769 


SHOP  INSPECTOR,  over  30  years  of  age,  competent  to  take  charge 
of  factory  of  500  men,  manufacturing  large  quantities  of  varied  equip- 
ment ;  to  represent  New  York  oflice.  Salary  according  to  man.  Loca- 
tion Massillon,  Ohio.     770 

ENGINEER  skilled  in  handling  of  materials,  to  study  the  handling 
of  materials  at  plants  of  large  industrial  corporation  ;  experience  with 
conveying  machinery  and  other  mechanical  means  of  handling  trans- 
porting materials.     7S2 

HEATING  AND  VENTILATING  ENGINEER  to  study  heating  and 
ventilation  and  various  similar  problems  at  plant  of  large  industrial 
corporation.     783 

CONSTRUCTION  SUPERINTENDENT  for  contracting  company 
engaged  principally  in  municipal  contracting.  Applicant  must  be  capa- 
ble of  handling  men  In  water  works  and  sewer  construction  and  able 
to  take  a  financial  interest  in  the  company.  Location  Middle  West. 
784 

YOUNG  ENGINEER  to  keep  up  machinery  and  design  Improvements 
and  attachments  for  machines  now  running  and  design  new  machines  as 
thought  desirable.  First  work  will  be  to  assist  in  giving  lines  and  posi- 
tions of  building  construction  now  under  way.  Position  will  pay  $40 
per  week  to  start,  and  as  soon  as  results  are  obtained  a  responsible 
position  with  adequate  compensation  will  be  established.  Location  New 
York  State.     780. 

MECHANICAL  ENGINEER  wlio  would  be  interested  in  partnership 
in  established  business  dealing  largely  in  apparatus  pertaining  to 
economical  prodni'tion  of  steam,  as  recording  instruments,  steam 
meters,  water  nu'ters,  calorimeters  for  fuels  and  gases,  etc.  Locatioa 
New  York.     736 

SALES  ENGINEER  with  experience,  for  Chicago  Branch  Office  of 
concern  manufacturing  power-plant  specialties,  high-grade  valves,  jet 
apparatus,  condensers,  sprays,  heat-transmission  apparatus,  oil-firing 
equipment,  etc.     Give  full  particulars  and  references.     793 

DESIGNER  on  fittings  and  valves.  Good  draftsman  with  executive 
ability,  capatde  of  taking  charge,  but  willing  to  work.  Answer  stating 
age.  education,  salary  expected,  previous  positions  and  references. 
Location  New  York  State.     794 

EN()1NEER  familiar  with  application  of  handling  equipment  in  gen-- 
cral  factory  work.      795 


DR.\P1'SM.\N  on  boiler  and  stoker  work, 
rience.     Location  New  York.      797 


Two  or  three  years'  expe- 


.\SSISTANT  PROFESSOR  OF  MECI1.\NICAL  ENGINEERING,  with 
five  or  more  years'  practice  in  gas  or  steam  engineering  design  or  con- 
struction and  teaching  experience,  for  technical  Institution.  Position 
open  uow  or  in  September,  1917.     Location  Pennsylvania.     798 

STAFF  ENGINEERS,  experienced  in  manufacturing  eflSciency  work, 
especially  in  routing,  motion-study,  time-study,  rate-setting  and  intro- 
duction of  bniius  systems.  Salarj'  $150  per  month.  Location  Chicago. 
790. 

YOUNG  ENGINEER  to  assist  in  installing  Gantt  system  in  light 
industry  employing  both  men  and  women.  Prefer  man  who  has  had 
experience  along  this  line.     Location  Georgia.     800 

DRAFTSMEN  familiar  with  power-plant  design,  piping  layouts, 
foundation  work,  light  structural-steel  work  and  timber-platform  con- 
struction, especially  with  experience  in  the  design,  of  chemical  plant 
equipment.     Location   Brooklyn.     803 

MACHINERY  DESIGNER  to  take  charge  of  drafting  force.  Must 
have  good  and  extensive  experience  in  building  machines  fur  working 
sheet  metals,  as  presses,  shears,  etc.  Salary  $22.j  to  $250  per  month. 
Location,  Buffalo,  New  York.     804 

DESIGNER  on  heavy  machine  tools  and  similar  machinery.  Good 
opportunity  for  high-grade  designer  with  chiefly  drawing-office  expe- 
rience.    Location  Pennsylvania.     40 

ASSISTANTS  TO  CONSULTING  ENGINEER,  recent  graduates  from 
high-grade  engineering  school.     Personality  and  correct  use  of  English  aa 
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ossential  as  technical  training.  Moderate  salary  with  advancement. 
.\nbwer  in  own  handwriting  with  complete  record  of  training.  Loca- 
tion Ohio.     805 


MEN    AVAILABLE 

Only  members  of  the  Society  are  listed  in  the  published  notices 
in  this  section.  Copy  for  notices  should  be  in  hand  by  the  15th 
of  the  month,  and  the  form  of  the  notice  should  be  such  that  the 
initial  iiords  indicate  the  classification.  Notices  are  not  repeated 
in  consecutive  issues. 

RECENT  TECHNICAL  GRADUATE,  now  employed,  desires  to 
change  position  to  one  In  which  there  is  good  opportunity  for  ad- 
vancement.    B-49 

TECHNICAL  GRADUATE,  in  charge  of  erecHon  and  design  of 
plant  and  equipment  for  large  chemical  concern,  wishes  to  change. 
Energetic ;  can  purchase  equipment  to  good  advantage  and  install 
it  to  most  economical  utilization  of  floor  space.  Familiar  with 
mechanical  methods  of  storing  and  handling  material.  Available  on 
reasonable   notice.      Salary    $2100.     B-50 

MANAGER  or  SUPERINTENDENT  where  ability  can  be  demon- 
strated and  where  there  is  an  opportunity  for  advancement.  Associate- 
Member  ;  graduate  mechanical  engineer.  Three  years  mechanical  en- 
gineer of  large  steel  company  ;  two  and  one-half  years  chief  engineer 
of  electric  company  ;  two  years  In  consulting  engineering  profession. 
Best  references  furnished.     B-51 

MECHANICAL  ENGINEER  with  extensive  acquaintance  in  Eastern 
territory  would  like  to  represent  manufacturers  who  desire  to  increase 
their  sales  in  the  East  on  purely  commission  basis,  or  would  form 
partnership  with  established  firm  of  manufacturers'  agents.  At  pres- 
ent employed.     Salary  $5000  to  $10,000.     B-52 

ENGINEER-SALESMAN  for  concern  desiring  new  business  or  devel- 
opment of  special  department.  Capable  of  approaching  with  confidence 
architects  and  engineers  or  owners  on  larger  construction  operations  in 
New  York  or  New  England  and  nearby  states.     B-53 

NEW  YORK  SALES  MANAGER,  age  33,  wants  position  with  com- 
pany capable  of  turning  out  special  machinery,  principally  sugar 
machinery.     Long  experience  and  large  clientele.     B-54 

WESTERN  REPRESENTATIVE.  Member,  practical  machinist, 
Stevens  graduate.  Age  36,  married.  Easterner  with  residence  of  ten 
years  in  the  West.  Engineering  business  and  buying  experience.  Now 
employed  by  mechanical  engineering  contracting  concern.  Desires 
change  and  solicits  position  as  Pacific  Coast  representative  of  Eastern 
miinufacturer.  Salary  and  commission  basis.  Would  consider  two 
non-conflicting  lines.     References.     B-55 

INSTRUCTOR  or  DIRECTOR.  Member.  Technical  education  and 
over  twenty  years'  practical  experience.  At  present  superintendent  of 
Industrial  school.  Desires  position  in  vocational  or  industrial  school, 
eastern  part  of  United  States  preferred.     Salary  $1800.     B-56 

SUPERINTENDENT  or  ASSISTANT  MANAGER.  Twenty  years' 
experience  on  large  variety  of  machine  works.  At  present  superin- 
tendent in  a  large  plant.  Desires  position  with  machinery  manufac- 
turing concern.     New  England  preferred.     B-57 

SALES  ENGINEER.  Mechanical  engineer  opening  sales  office  in 
Detroit  in  near  future  wishes  to  handle  complete  line  of  power-plant 
machinery  and  specialties  on  salary  or  commission  basis.  Must  have 
liberal  commissions.  Will  push  a  good  line  and  secure  results.  Ref- 
erences.    B-58 

ENGINEER  desires  position  as  assistant  manager  or  superintend- 
ent. Will  consider  position  as  chief  engineer  or  resident  engineer. 
Location  immaterial.     B-59 

MECHANICAL  ENGINEER  who  has  done  considerable  consulting, 
general  plant  layout  and  supervision  desires  to  make  new  connections 
with  responsible  concern  or  established  office.     B-60 

ASSISTANT  to  PRODUCTION  or  EFFICIENCY  EXECUTIVE. 
Technical  graduate,  age  27.  Five  years'  experience  in  machine  shop, 
drafting,  and  designing.  Familiar  with  modern  production  methods 
and  possesses  originality,  integrity,  and  accuracy.  Desires  permanent 
position  with  progressive  company.     Location  immaterial.     B-61 

PROFESSOR  OF  MECHANICAL  ENGINEERING,  technical  grad- 
uate, age  40,  M.E.,  with  17  years'  experience  in  teaching,  engineering 
and  consulting  work.  Practical  experience  In  commercial  engineering ; 
specialized  in  steam  power  plants.  For  a  number  of  years  head  of 
department  of  mechanical  engineering  in  leading  university.  At 
present  head  of  departments  of  mechanical  and  electrical  engineering 
in  university  of  good  standing.  Location  abroad,  China  preferred. 
B-62 


CHIEF  ENGINEER,  EXECUTIVE  or  MASTER  MECHANIC.  Amer- 
ican, age  38.  Held  positions  of  chief  engineer  for  two  large  chemical 
works.  Fifteen  years'  experience  handling  men  and  production  In 
large  plants.  Thorough  shop  and  foundry  man ;  also  power-house 
engineer,  competent  to  assume  full  charge  of  all  mechanical  work  In 
a  large  plant.  Desires  position  with  a  large  Industrial  plant  or  other 
responsible  position.     Highest  references  ;  can  prove  ability.     B-63 

SUPERINTENDENT.  Member,  graduate  In  mechanical  engineering. 
Thoroughly  familiar  with  current  practice  affecting  superintendency  of 
medium-sized  plant.  Would  consider  change  from  present  position, 
providing  a  small  Investment  in  the  business  would  be  considered. 
Location   desired,  Chicago.     B-64 

MECHANICAL  ENGINEER  or  ASSISTANT  MANAGER.  Associate 
member,  age  38.  Twenty  years'  experience  as  shop  foreman,  chief 
draftsman,  master  mechanic  and  engineer.  Has  designed,  constructed 
and  operated  machine  shops,  car  shops,  power  and  sub-stations,  pump- 
ing plants,  air-compressing  plants,  flre-protection  systems,  etc.  Several 
years'  experience  designing  and  building  conveyors,  electric  locomo- 
tives, cars,  trucks,  hoisting  machinery,  foundations,  structural-steel 
work,  and  buildings.  Competent  to  assume  responsibility  and  produce 
results.  Plant  now  erecting  about  completed.  Available  in  thirty 
days.     Salary  $3000  per  annum.     B-G5 

EFFICIENCY  ENGINEER.  Technical  graduate,  age  32.  Eleven 
years'  experience,  covering  construction  and  operation  of  power  plants 
and  central  stations.  Specialty,  boiler  economy  ;  can  furnish  excellent 
references  on  this  point.  Now  seeks  engagement  with  firm  desiring 
results  that  a  capable  engineer — not  a  magician — can  produce.  Mini- 
mum salary  $250  per  month  In  United  States  and  $300  and  expenses 
elsewhere.     B-66 

SUPERINTENDENT  or  ASSISTANT  GENERAL  MANAGER.  Me- 
chanical engineering  graduate,  age  27.  Technical  apprenticeship  with 
motor-truck  company.  Successful  experience  In  designing,  handling 
men,  increasing  production,  reducing  costs  and  installing  modern 
methods.  Some  purchasing  and  selling  experience.  Now  employed 
as  superintendent  by  well-known  concern  manufacturing  large  and 
small  interchangeable-part  machines.  Desires  better  opportunity  for 
future.     B-67 

MECHANICAL  ENGINEER.  Graduate  University  of  Illinois,  age 
35.  married.  Five  years'  practical  experience  in  shops,  engineering 
and  sales  offices.  Five  years'  outside  erection,  inspection,  trouble 
work,  and  testing  of  power-plant  equipment  and  accessories,  Including 
boilers,  Corliss,  oil  and  gas  pumping  engines,  steam  turbines,  con- 
densers, electrical  equipment.  Thorough,  capable  and  aggressive,  pos- 
sessing executive  ability  and  eager  for  responsibility  where  results 
are  desired.  Prefers  position  with  consulting  engineers  or  firm  requir- 
ing traveling  constructor,  Inspector,  tester  or  sales  engineer.  Best  of 
references  from  past  and  present  employers  as  to  integrity,  honesty 
and  ability.     B-68 

SUPERINTENDENT,  MASTER  MECHANIC  or  EQUIPMENT  EN- 
GINEER. Age  33.  Fourteen  years'  experience  in  drawing  and  stamp- 
ing of  sheet  metal.  At  present  assistant  equipment  engineer  In  plant 
having  10,000  employees.     B-69 

COMBUSTION  ENGINEER.  Technical  graduate  about  to  end 
four-year  term  as  head  of  smoke-Inspection  department  of  large  city, 
desires  to  connect  with  some  concern  to  whom  his  experience  would 
be  of  value.     Prominent  in  national  smoke-abatement  movement.     B-70 

PUBLICITY  ENGINEER.  Mechanical  graduate,  age  33,  married, 
excellent  health.  Thoroughly  experienced  in  the  advertising  of  me- 
chanical equipment.  Expert  In  the  preparation  of  sales  literature, 
trade  paper  advertising,  and  sales  correspondence.  Minimum  salary 
$200  per  month.  Available  for  interview  any  time  in  New  York  City 
or  vicinity.     B-71 

MECHANICAL  ENGINEER.  Associate-Member,  age  30,  technical 
training.  Three  years  on  civil  engineering  work:  foundaticn,  concrete, 
steel,  building  and  power-bouse  erection.  Four  years'  mechanical  en- 
gineering experience,  on  boilers,  engines,  special  apparatus,  hydraulic 
machinery,  shop  work,  producer-gas  engines  and  generators,  industrial 
plant  work.  Two  .years  In  electrical  work,  on  a.c.  and  d.c.  generation, 
transmission  and  distribution.  Good  executive,  desires  to  specialize. 
B-72 

EXECUTIVE  ENGINEER,  ASSISTANT  TO  EXECUTIVE  OFFI- 
CER or  CONSULTING  ENGINEER.  Graduate  of  leading  technical 
school.  Twelve  years'  experience  as  special  engineer  In  shop,  factory, 
sales  and  general  office  administration  work.  Good  organizer  and 
experienced  In  directing  men.     B-73 

JUNIOR  MEMBER.  Stevens  graduate,  with  varied  experience  In 
the  development  of  machinery  and  scientific  Inventions,  wishes  to 
connect  with  aeroplane  or  automobile  manufacturer.  At  present 
engineer  for  a  large  electrical  manufacturing  company.  Available  on 
reasonable  notice.     B-74. 
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SUBJECTS  OF   ABSTRACTS 

Arranged   in  the  Order  of  Tueir  Appearance   in   the   Slrvev. 


Problems  in  Aeroplane  Constboction. 

Sand-Lime  Brick. 

Identification  of  Light-Gkat  Inclu- 
sions  IN   Steel, 

Heat  Treatment  of  High-Speed-Steel 
Tools. 

Specifications  for  Treatable  Timber. 

Emulsification   of   Oil. 

Measuring  Density  of  Smoke. 

Sawdust  Firing. 

Theory  of  Fli'id  Friction. 

Sudden  Enlargement  and  Flow  of 
Water  in  PirE.s. 

Modified  Borda  Formula. 

Williams'  Attachment  for  Setting 
A  PiTOT  Tube. 


Measurement   of   Flow    of   Water   bv 

PiTOT  Tube. 
Flow  of  Water  in  Wood-Stave  Pipe. 
MoRiTZ  Formula  for  Flow   of   Water 

in  Pipe. 
Oil  Engine. 

Diesel-Enqine  Construction   in   U.   S. 
Diesel-Engine   Licenses   in   U.    S. 
MoTORSHip    Tanker,    the    New    York 

Shipboilding  Co. 
Motive     Power    of     Submarine 

•'  Deutschland." 
Oil   Engines    in   Iowa   Power   Plants. 
Lubrication   in   Diesel  Engines. 
Vulcanization  of  Lubric.iting  Oils. 
Heat  Balance  of  Automobile  Engines. 
Calibration  of  Viscometers. 


Measurement  of  Flow  of  Unpurified 
Gases  at  High  Temperatures. 

Pitot  Tube  for  Measuring  Flow  of 
Gases  at  High  Temperatures. 

Dynamics  of  the  Automobile, 

Locomotive-Axle  Failure. 

Erosion  of  Turbine  Blades  by  Steam. 

Geared  Curtis  Turbines  on  Cargo 
Ships. 

Alquist  Reduction  Gear  on  Cargo 
Ships. 

Reciprocating  -  Engine  -  and  Turbine- 
Propelled  Ships,  Compared. 

Moore  Steam  Turbine. 

Willans  Line  for  Steam  Turbines. 

SO(?iETY  of  Automotive  Engineers. 

American  Association  for  tub  Ad- 
vancement op  Science. 


Particular  attention  in  this  issue  is  called  to  the  section 
Internal-Combustion  Engineering,  especially  the  abstracts 
of  articles  on  the  development  of  the  use  of  Diesel  engines  in 
shipping,  both  in  America  and  in  Europe.  It  is  unfortunate 
in  this  connection  that  the  data  of  the  article  in  Motorship  de- 
scribing the  motive  power  of  the  M.  S.  Detitschland  are  so  ob- 
scure. With  all  this,  however,  the  article  represents  a  good 
example  of  enterprising  work  in  the  field  of  engineering  jour- 
nalism and  contains  data  which  are  not  otherwise  available. 

THIS  MONTH'S  ARTICLES 

In  a  paper  before  the  Annual  Meeting  of  the  Society  of 
Automobile  Engineers,  now  transformed  into  Society  of  Auto- 
motive Engineers,  Capt.  V.  E.  Clark  and  his  associates  in 
the  Signal  Corps  present  a  brief  discussion  of  some  problems 
in  aeroplane  construction.  This  paper  is  in  line  with  the 
policy  inaugurated  by  Col.  George  O.  Squier  (compare  his 
paper  presented  in  the  Engineering  Survey  for  .January,  1917) 
of  inviting  the  collaboration  of  the  engineering  profession  at 
large  in  tlie  working  out  of  technical  problems  by  the  Aviation 
Branch  of  the  War  Department. 

In  the  section  Engineering  Materials  attention  is  called  to 
an  advance  notice  of  a  technological  paper  of  the  Bureau  of 
Standards  on  the  manufacture  and  properties  of  sand-lime 
brick. 

In  the  same  section  will  be  found  an  abstract  of  a  paper  on 
Heat  Treatment  of  High-Speed-Steel  Tools,  the  authors  of 
which  show  how  important  it  is  to  carefully  control  the  hard- 
ening temperature  and  to  apply  to  each  particular  steel  the 
proper  heat  treatment. 

The  Resistance  of  Lubricating  Oils  to  Emulsification  is  dis- 
cussed in  another  advance  abstract  of  a  technological  paper 
of  the  Bureau  of  Standards,  where  it  is  stated  that  the  major- 
ity of  the  oils  on  the  market  are  either  very  good  or  very 
poor.  A  stirring  test  is  suggested  as  being  more  sensitive 
than  chemical  tests  only. 

Sawdust  Firing  on  a  large  scale  as  practiced  at  the  Singer 
plant  at  South  Bend,  Indiana,  is  described  in  an  abstract  from 
an  article  in  Power. 


From  the  American  Gas  Engineering  Journal  are  abstracted 
data  of  interesting  experiments  on  the  measurement  of  flow 
of  unpurified  gases  at  high  temperature  by  means  of  pitot 
tubes,  which  show  that  the  flow  of  hot  gas  can  be  measured 
in  this  way  and  that  tlie  temperature  of  the  gas  does  not  ap- 
parently affect  the  tube  or  interfere  with  the  indications  of  the 
gage,  at  least  when  the  measurement  is  canned  on  for  a 
limited  period  of  time. 

In  the  section  Hydraulics  are  described  experiments  on  the 
effect  of  sudden  enlargement  upon  the  flow  of  water  in  pipes, 
likewise  conducted  by  means  of  jiitot  tubes.  In  this  case  a 
special  attachment  described  in  the  abstract  was  used  for 
facilitating  the  set  of  the  tube.  A  modified  Borda  formula 
is  suggested  for  expressing  the  loss  of  head  in  feet  due  to 
sudden  enlargement. 

In  the  same  section  is  presented  an  abstract  of  a  paper  on 
the  Determination  of  Capacity  and  Design  of  Wood-Stave 
Pipe. 

A  novel  two-cycle  two-cylinder  oil  engine  developed  in  this 
country  is  described;  it  is  characterized  by  tlie  euii)loyment  of 
a  cylinder  in  which  operate  two  working  pistons  ojsposite  to 
each  other.  A  special  arrangement  for  uncovering  the  exhaust 
ports  is  used. 

Several  abstracts  are  pi'esented  on  Diesel  engines.  From  a 
Bulletin  of  the  Iowa  State  College  are  abstracted  data  ob- 
tained from  a  study  of  oil  engines  in  Iowa  power  plants. 

Another  abstract  describes  in  detail  the  matter  of  piston 
and  small-end  lubrication  in  Diesel  engines.  This  discussion 
covers  the  subjects  of  selection  of  lubricating  oil  and  design 
of  lubricating  system. 

A  paper  read  at  the  Annual  Meeting  of  the  S.A.E.  by 
Prof.  Walter  T.  Fishleigh  and  W.  E.  Lay  presents  data  of  a 
very  interesting  investigation  of  the  heat-balance  perform- 
ances of  automobile  engines,  including  a  complete  heat  balance 
for  certain  runs. 

Locomotive-axle  failures  due  to  improper  manufacture  are 
discussed  in  an  abstract .  from  the  report  of  an  engineer  of 
the  Interstate  Commerce  Commission. 

The  erosive  effect  of  steam  on  turbine-blading  material 
formed    the    subject    nf   an    investigation    cariicd    out    in    the 
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post-graduate  department  of  the  Naval  Academy.  While  the 
investigation  -was  only  of  a  preliminary  nature,  the  data  ob- 
tained are  already  of  considerable  interest. 

Another  article  in  the  same  section,  Steam  Engineering, 
describes  the  use  of  Curtis  steam  turbines  and  Alquist  reduc- 
tion gears  in  the  propulsion  of  cargo  ships.  From  an  article 
abstracted  from  the  General  Electric  Review  it  appears  that 
the  abnormal  conditions  of  American  freight  shipbuilding  are 
now  all  favorable  to  the  development  of  standardized  produc- 
tion and  to  the  use  of  the  class  of  machinery  here  described. 
Data  are  presented  on  the  comparative  economy  of  recipro- 
cating-engine- and  turbine-propelled  cargo  ships,  showing 
considerable  economy  in  favor  of  the  latter  class. 

The  Moore  steam  turbine,  a  newcomer  in  this  line  of  pro- 
duction, is  described  from  an  article  in  Power. 

From  an  article  in  Engineering  is  abstracted  a  discussion 
of  the  WiUans  Line  for  Steam  Turbines,  where  it  is  shown 
how  to  obtain  a  corrected  Willans  line,  and  what  a  corrected 
line  represents. 

Aeronautics 

Some  Problems  in  Aeroplane  Construction,  Capt.  V.  E. 
Clark,  Capt.  T.  F.  Dodd,  and  0.  E.  Strahlmann 

Enumeration  with  brief  remarks  of  some  important  prob- 
lems connected  with  the  construction  of  aeroplanes  intended 
for  military  use  in  the  United  States,  some  of  these  problems 
also  applying,  however,  to  aeroplanes  built  for  commercial 
and  sporting  purposes. 

The  paper  gives  definitions  of  the  main  classes  of  military 
aeroplanes,  viz.,  strategical-reconnaissance  machines,  tactical- 
reconnaissance  machines,  field-artillery  fire-control,  long- 
range  bombers,  pursuit  machines  and  over-sea  reconnaissance 
machines. 

As  to  problems  in  construction,  the  question  of  two  pro- 
pellers is  discussed  in  some  detail.  Methods  of  reducing  the 
vibration  are  touched  on  somewhat  cursorily.  Gasoline-supply 
systems,  on  the  contrary,  are  discussed  in  considerable  detail 
and  illustrated  by  drawings. 

Of  the  other  subjects,  the  following  are  touched  on  more  or 
less:  Metal  construction  for  aeroplanes;  flexible  piping; 
mufBer  requirements ;  shock  absorbers  for  landing  gear ;  brakes 
required  when  landing;  floating  landing  gear;  gasoline-supply 
gage;  fire  safety  devices;  altitude  adjustment  for  carburetor; 
firing  machine  gun  by  engine  shaft  through  the  disk  of  the 
propeller;   variable  radiators;   ignition  and  cooling  systems. 

The  paper  discusses  in  particular  detail  the  tw6  important 
problems  of  variable-camber  wing  and  propellers  with  varia- 
ble pitch  angle. 

The  question  of  propeller  stresses  is  also  discussed  in  de- 
tail and  illustrated  by  several  curves  indicating  the  various 
stresses  at  various  points  of  the  propeller.  (S.  A.  E.  Bulletin, 
vol.  11,  no.  3,  December  1916,  pp.  213-236,  15  figs.,  g) 


Engineering    Materials 

The  ]\Ianupactube  and   Properties  op   Sand-Lime  Brick, 
Warren  E.  Emley 

Sand-lime  bricks  are  made  of  sand  and  lime,  hardened  by 
exposure  to  the  action  of  steam  at  high  pressure.  They  com- 
pete in  numerous  localities  with  common  building  bricks  made 
of  clay.  There  is  a  widespread  demand  for  information  as  to 
just  what  sand-lime  bricks  are,  how  they  are  made,  and  what 


properties  one  may  expect  them  to  have.  In  this  paper  an 
attempt  has  been  made  to  compile  this  information  and  make 
it  accessible.  A  short  theoretical  discussion  leads  to  certain 
conclusions  as  to  the  desired  properties  of  the  raw  materials 
— sand  and  lime.  The  different  steps  of  the  process  of  manu- 
facture are  then  taken  up  in  detail,  and  comparisons  made  of 
the  different  mixing,  pressing,  and  hardening  operations  a» 
carried  on  in  various  factories.  The  testing  methods  gen- 
erally employed  for  the  examination  of  common  building 
bricks  are  described  in  detail,  and  a  summary  is  given  of  the 
results  obtained  when  sand-lime  bricks  are  subjected  to  these 
tests.  An  appendix  contains  detailed  descriptions  of  the 
equipment  of  seven  tyisical  factories.  (Abstract  of  Technologic 
Paper  no.  85,  Bureau  of  Standards) 

Identification    op    Light-Gray     Inclusions,     George    F^ 
Comstock 

There  seems  to  be  a  common  opinion  among  metallograph- 
ists  that  all  light-gray  inclusions  seen  with  the  microscope 
in  polished  sections  of  steel  are  manganese  sulphide.  Slate- 
colored  inclusions  are  considered  to  be  silicates,  and  dove-gray 
inclusions  manganese  sulphide.  This,  however,  is  not  correct, 
and  scale  which  is  apt  to  accumulate  along  the  edge  of  any 
piece  of  steel  if  it  be  well  polished  and  preferably  unetched, 
will  show  light-gray  in  appearance.  As  a  matter  of  fact^ 
however,  it  is  not  manganese  sulphide  at  all  but  chiefly  iron 
oxide,  and  contains  sulphur  only  as  an  impurity. 

It  therefore  becomes  important  to  find  a  method  of  dis- 
tinguishing oxides  from  sulphides.  It  has  been  found  that 
this  can  be  done  by  the  use  as  etching  material  of  boiling- 
alkaline  sodium  picrate,  which  produces  blackening  of  the 
sulphides.  This  action  seems  to  be  due  to  an  actual  solution 
of  the  manganese  sulphide  by  the  etching  liquid,  so  that 
instead  of  a  smooth,  polished  surface  we  now  have  a  surface 
full  of  pits  or  hollows  where  the  sulphides  were,  and  as  these 
hollows  do  not  reflect  any  light  back  into  the  microscope  with 
vertical  illumination,  they  appear  black  in  the  field  of  vision.^ 

At  the  same  time  this  liquid  does  not  attack  oxide  inclusions 
at  all.  A  further  advantage  of  the  use  of  this  solution  for 
the  described  purpose  is  that  it  is  already  used  for  etching 
eementite  in  high-carbon  steel  and  is,  therefore,  famihar  to- 
metaUographists. 

The  article  contains  numerous  microphotographs  showing 
the  application  of  the  described  method,  {The  Iron  Trade 
Review,  vol.  59,  no.  24,  December  14,  1916,  pp.  1195-1197,  17 
figs.,  eA) 

Notes  on  the  Heat  Treatment  op  High-Speed-Steel  Tools,  . 
A.  E.  Bellis  and  T.  W.  Hardy 

The  problem  of  heat  treatment  of  high-speed  steel  becomes 
increasingly  important  as  the  design  of  cutters  becomes  more 
and  more  complicated  with  the  growth  of  efficiency  of  me- 
chanical operations.  While  hundreds  of  dollars  are  spent 
in  the  design  and  manufacture  of  milling  cutters  of  special 
form  for  rapid  production  of  duplicate  or  interchangeable 
parts,  the  final  efficiency  of  the  operation  depends  on  the 
ability  of  the  tool  to  perform  the  work,  and  this  in  its  turn 
depends  on  the  heat  treatment  given  it.  In  order  to  be  on 
the  safe  side,  the  average  tool  hardener  uses  a  temperature 
much  too  low  to  give  the  best  results  with  the  high-speed  steel 
he  uses.  In  the  case  of  cutters  which  are  finished  to  a  given 
diameter  before  hardening,  it  is  impossible  to  grind  the  tool 
after  hardening,  so  that  it  is  essential  that  the  surface   be 
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protected  from  oxidizing  or  decarbonizing.  In  this  paper  are 
described  some  experiments  on  hardening  high-speed  steel  in 
which  metallographic  means  were  used  to  determine  the  cor- 
rect  hardening  temperature. 

Six  specimens  from  the  same  bar  of  each  kind  of  steel  (5 
kinds  were  taken)  were  hardened  from  different  temperatures 
and  photomicrographs  made.  The  temperature  from  which 
the  piece  was  hardened  is  given  under  the  photomicrograph 
in  each  case  (cp.  Fig.  1).  Photographs  were  made  of  the 
longitudinal  section,  care  being  taken  to  grind  off  the  outer 
surface.  The  specimens  li  in.  square  in  section  were  first 
preheated  at  1500  deg.  fahr.  and  then  quickly  placed  in  the 
high-speed  furnace  already  heated  to  the  desired  tempera- 
ture, left  at  this  temperature  for  one  minute,  and  quenched  in 
oil. 

In  interpreting  the  micrographs  the  author  regards  that  at 


temperature  and  to  apply  for  each  particular  steel  the  proper 
temperature.  The  custom  of  using  only  one  "  high-speed 
temperature "   for  all  steels  is  very   poor  practice. 

A  good  deal  of  trouble  is  experienced  in  hardening  through 
oxidation  at  high  temperatures.  The  use  of  a  barium  chloride 
bath  to  eliminate  this  difficulty  has  the  disadvantage  that  the 
surface  of  the  tool  becomes  decarbonized.  A  method  that  has 
proved  satisfactory  is  to  place  the  tools,  after  preheating,  in 
tlie  reducing  temperature  of  a  carbon-resistance  electric  fur- 
nace already  heated  to  the  required  temperature.  The  very 
short  time  necessary  to  get  the  tool  to  the  temperature  of  the 
furnace  eliminates  injurious  surface  effects. 

The  increased  efficiency  and  cutting  power  of  tools  that 
have  received  the  proper  heat  treatment  are  out  of  all  pro- 
portion to  the  time  given  to  the  study  of  the  particular  steel 
involved  and  to  the  care  given  the  work.     (Bulletin  of  Amer- 
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FlO.    1      MlCROPHOTOGRAPHS    OF    SPECIMENS    OF    IIlOlI-SPEED    Toot,     STEEL   TREATED    AT    VaBIOUS    TEMPERATURES 
Upper  Row  (from  Irft  to  right)  :  2050,  2100,  2200  deg.  f.ihr.     IvO.ver  Row  (left  to  riglit  i  :  2250,  23U0.    2350  deg.  fahr. 


2100  deg.  fahr.  as  a  dark  matrix  showing  a  large  excess  of 
free  carbide;  as  the  temperature  is  raised,  more  and  more 
of  the  carbide  dissolves  and  the  network  structure  of  austenite 
is  more  noticeable. 

In  general,  the  steels  that  show  some  excess  carbide  even  at 
the  maximum  hardening  heat  are  the  most  efficient.  These  as  a 
rule  are  the  steels  with  high  tungsten  content ;  they  harden 
from  a  higher  temperature  and  over  a  wider  range  than  the 
lower-tungsten  steels,  and  for  this  reason  do  not  require 
as  careful  treatment  as  the  latter.  On  the  other  hand,  the 
steels  with  lower  tungsten  and  higher  vanadium  give  better 
results  when  hardened  at  the  lower-tungsten  temperatures 
than  do  higher-tungsten  steels  when  these  are  hardened  at  the 
same  low  temperatures.  The  comparison  is  not  so  advan- 
tageous to  the  lower-tungsten  steels  when  the  steel  with  higher 
tungsten  is  given  the  proper  hardening  heat. 

It  is  highly  important  to  carefully  control   the   hardening 


lean  Institute  of  Mining  Engineers,  no.  121,  January  1917, 
\i\>.  61-68,  5  plates.     epA) 

Report  op  Committee  on  Specification.s  for  the  Purchase 
AND  Preservation  of  Treatable  Timber 

Only  parts  of  this  report  are  here  abstracted. 

As  regards  the  selection  of  preservatives,  the  report  states 
that  from  the  standpoint  of  pennanent  protection  of  wood 
against  decay  and  marine  borers,  coal-tar  creosote  is  the  best 
available  preservative  for  general  purposes.  It  possesses  the 
necessary  theoretical  requirements  and  has  stood  all  practical 
tests  through  many  years'*  use  under  varying  conditions  of 
service  and  in  many  different  kinds  of  materials. 

Zinc  chloride  is  of  great  importance  as  a  preservative  and 
deserves  full  consideration  in  regions  of  low  precipitation,  in 
dry  sections,  and  where  general  low  cost  is  essential.     While 
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the  life  of  zinc-treated  material  is  usually  less  than  that  of 
creosoted,  the  expense  is  also  less. 

Factors  to  be  considered  in  comparing  preservatives: 

1  The  toxicity  of  the  preservative,  namely,  its  ability  to  pre- 

vent decay. 

2  The  ability  of  the  preservative  to  penetrate  the  wood. 

3  The  permanency  of  the  preservative  in  the  wood. 

4  The  effect  of  the  preservative  on  the  strength  of  the  wood. 

5  The  effect  of  the  preservative  on  the  corrosion  of  spikes  and 

plates,  and  the  operation  of  block  signals. 

6  The  cost  of  the  preservative. 

7  The  uniformity  in  composition  of  the  preservative  and  the 

ease  of  securing  it. 

8  The  combustibility  of  the  preservative. 

9  The  ease  of  handling  the  preservative  and  wood  treated  with 

it. 

10  The  ease  with  which  the  penetration  of  the  preservative  can 

be  determined. 

In  treating  with  creosote  it  is  recommended  that  a  maxi- 
mum injection  of  creosote  sufficient  to  insure  the  penetration 
of  all  treatable  wood  be  required.  All  the  sapwood  and  as 
much  of  the  heartwood  as  is  possible  for  the  particular  spe- 
cies shall  be  thoroughly  impregnated.  This  applies  equally  to 
full-cell  and  empty-cell  treatments. 

In  treating  with  zinc  chloride  it  is  essential  that  all  timber 
be  treated  to  refusal. 

As  to  selection  of  treatable  timber,  the  fundamental  require- 
ments of  straetural  timbers  for  treatment  are  strength  and 
capacit5'  for  treatment  to  an  extent  which  will  insure  pro- 
tection against  decay  on  all  exposed  surfaces.  A  penetration 
of  one-half  inch  on  the  heart  faces  may  be  recommended  as  a 
safe  minimum  on  structures  above  ground. 

The  report  covers  also  the  subjects  of  restrictions  on  knots, 
shakes,  checks,  cross-grain,  sapwood,  etc.;  track  ties;  piles; 
preparation  of  timber  for  treatment,  and  treatment  proper. 
(Abstracted  from  advance  copy  of  report  to  be  made  at  the 
Annual  Meeting  of  the  American  Wood  Preservers'  Associa- 
tion in  New  York,  Januarj'  23-25,  1917.) 

The  Resistance  op  an  Oil  to  Emulsipication,  Winslow  H. 
Herschel 

In  forced-feed  lubrication,  such  as  is  used  with  high-speed 
engines  and  turbines,  there  is  often  trouble  due  to  the  emul- 
sification  of  the  oil.  Service  tests  are  not  practicable,  on  ac- 
count of  the  time  and  trouble  involved,  so  that  there  is  great 
need  of  a  laboratory  test.  Moreover,  it  is  highly  desirable 
that  the  test  should  make  it  possible  to  express  the  resistance 
of  an  oil  to  emulsification  by  a  single  numerical  value,  as  ex- 
perience has  proved  that  it  is  almost  impossible  to  enforce  in 
a  contract  any  less  definite  specification. 

A  study  of  the  literature  showed  that  though  several  emul- 
sification tests  were  described,  they  were  all  more  or  less  in- 
definite, and  no  one  of  them  was  in  general  use.  It  was  there- 
fore necessary  to  devise  an  entirely  new  test,  which  may  be 
briefly  described  as  follows : 

Twenty  cubic  centimeters  of  the  oil  to  be  tested,  and 
double  that  volume  of  distilled  water,  are  heated  to  55  deg. 
cent.  (130  deg.  fahr.)  in  a  100-cc.  cylinder  of  26  mm.  (1  in.) 
inside  diameter,  and  stirred  for  five  minutes  at  a  speed  of  1500 
r.p.m.  The  paddle  is  simply  a  plate  of  metal,  89  x  20  x  1.5 
mm.  (31A  X  13/16  x  1/16  in.),  approximately.  Since  the 
test  is  not  sensitive  to  slight  changes  of  paddle  dimensions, 


they  need  not  be  exact,  and  no  calibration  is  required.  The 
cylinder  and  contents  are  allowed  to  stand  at  the  same  tem- 
perature, and  readings  are  taken  at  more  or  less  frequent  in- 
ten'als  (according  to  the  type  of  oil)  of  the  volume  of  oil 
settled  out  from  the  water.  From  these  readings  a  maximum 
rate  of  settling,  called  the  "  demulsibility,"  is  easily  taken  from 
a  table. 

A  German  test,  used  for  steam-engine  cylinder  oils,  would 
appear  at  first  sight  to  discriminate  against  the  good  oils  con- 
taining compounding  in  the  attempt  to  eliminate  the  poor  oils 
which  contain  soap.  Examination  of  the  experience  with  the 
test,  however,  shows  that  the  method  of  agitation  is  not  very 
effective,  so  that  only  oils  which  contain  soap  will  emulsify. 
Good  oils,  even  if  they  are  compounded,  will  not  emulsify. 
The  test  here  described  might  be  so  modified  as  to  make  it 
applicable  to  steam-engine  cylinder  oils,  but  this  has  not  yet 
been  attempted,  and  in  considering  the  results  obtained  with 
the  test  for  demulsibility,  compounded  oils  have  been  omitted, 
except  where  noted. 

It  has  been  found  that  the  majority  of  oUs  on  the  market 
are  either  very  good  or  very  poor.  The  best  transformer, 
dynamo  and  turbine  oils  settle  out  in  a  minute  or  less,  thus 
showing  a  demulsibility  of  1200  cc.  per  hour,  which  is  the 
highest  value  on  the  arbitrary  scale  adopted.  On  the  other 
hand,  when  an  emulsifying  marine-engine  or  crank-case  oil  is 
tested,  no  oil  will  settle  out  of  the  emulsion  up  to  the  end  of 
the  hour  that  the  test  is  continued,  and  the  demulsibility  is 
recorded  as  zero. 

Comparison  with  chemical  tests  shows  that  the  stirring  tests 
are  the  more  sensitive,  and  this  is  in  agreement  with  the  ex- 
perience of  others.  This  explains  why  it  has  been  such  a 
troublesome  problem  to  chemists,  why  one  oil  would  emulsify 
and  the  other  would  not,  when  according  to  their  tests,  both 
oUs  were  equally  pure.  The  stirring  test  shows  that  a  minute 
amount  of  impurity,  which  cannot  be  detected  by  chemical 
means,  will  cause  a  marked  increase  in  emulsification. 

Oils  which  have  a  suitable  demulsibility  will  not  emulsify 
in  use,  but  there  is  still  the  trouble  that,  after  a  considerable 
length  of  time,  they  may  disintegrate  and  deposit  sediment, 
due  to  oxidation,  polymerization,  or  some  other  similar  chem- 
ical change.  On  this  account  an  investigation  of  used  oils 
was  undertaken,  and  it  was  found  that  there  was  a  marked 
decrease  in  demulsibility  with  continued  use.  The  conditions 
of  operation  are  so  different  in  different  power  plants  that 
exact  values  can  not  be  given  for  the  rate  of  deterioration  to 
be  expected,  but  it  is  beheved  that  the  test  should  prove  of 
great  assistance  to  power-house  engineers  in  keeping  track  of 
the  deterioration  of  the  oil  in  their  plants.  (Abstract  of  Tech- 
nologic Paper  no.  88,  Bureau  of  Standards) 


Fuels   and   Firing 

New  Method  op  Indicating  Density  op  Smoke,  as  Installed 

on  the  U.  S.  S.  Conynglmm,  Eear-Admiral  R.  T.  Hall, 

U.  S.  N. 

The  system  installed  on  the  after  stack  of  the  ship  consists 
of  a  light  transmitter  installed  on  one  side  of  the  stack,  a  light 
receiver  installed  on  the  opposite  side,  and  an  indicating 
meter  with  suitable  control  appliances  installed  in  the  boiler 
room. 

The  basic  principle  of  operation  of  the  system  is  dependent 
on  the  peculiar  property  of  selenium,  namely,  that  its  electric 
resistance  is  inversely  dependent  on  its  illumination. 
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In  tliis  case  a  beam  of  light  is  projected  across  the  stack, 
{ind  its  intensity  when  it  reaches  the  selenium  varies  with  the 
density  of  the  smoke.  Hence,  if  a  plate  of  selenium  of  suit- 
able structure  is  placed  opposite  to  the  source  of  projected 
light,  its  electrical  resistance  will  vary  with  the  density  of  the 
smoke,  and  by  connecting  the  selenium  plates  in  series  with 
I  a  suitable  indicating  meter  to  the  source  of  electric-current 
supply,  variations  of  smoke  density  will  be  made  manifest  by 
variations  in  the  current  flowing  through  the  meter. 

On  a  metal  plate  in  the  boiler  room  are  installed  the  smoke- 
indicating  meter  and  a  potentiometer,  the  latter  being  pro- 
vided with  a  slidable  brush  for  adjusting  the  potential  on  the 
selenium  plate  and  serving  as  a  simple  and  effective  means  for 
setting  the  indicator  on  the  "clear"  indication,  as  when  no 
smoke  is  issuing  from  the  stack.  The  system  is  connected 
with  the  ship's  lighting  main  at  125  volts.  (Paper  before  the 
Annual  Meeting  of  the  Society  of  Naval  Architects  and 
Marine  Engineers,  November,  1916,  from  an  abstract  in  the 
International  Marine  Engineering,  vol.  21,  no.  12,  December 
1916,  ]).  5.39.    d) 

Sawdust   Firing   at  the   Singer   Plant   at   South   Bend, 
Thomas  Wilson 

One  of  the  large  branch  factories  of  the  Singer  Manufac- 
turing Co.  is  located  at  South  Bend,  Ind.  Here  all  cabinet 
work  and  stand-part  operations  are  performed,  from  the  raw 
material  to  the  finished  product.  A  large  plant  was  required 
to  supply  these  works  with  steam  for  heating,  factory  use  and 
power  purposes.  There  are  three  boiler  plants  with  a  total  of 
3016  boiler  horsepower  in  18  units,  consisting  mostly  of  small 
water-tube  boilers  provided  with  plain  grates  and  arranged 
for  burning  coal  and  sawdust. 

The  most  interesting  feature  of  the  plant  is  the  system  for 
burning  the  sawdust. 

The  sawdust  is  fed  to  the  boiler  furnaces  independently  of 
the  coarser  material.  The  collector  system  (Fig.  2)  consists 
of  four  steel  towers  outside  the  machinery  building.  All  the 
various  trunk  duets  are  carried  into  these  main  towers,  the 
suction  being  furnished  by  eight  large  motor-driven  fans,  two 
for  each  tower  (the  fans  are  driven  by  four  180-h.p.  syn- 
chronous motors).  Four  small  fan  equipments  in  series,  each 
somewhat  larger  than  its  predecessor,  remove  the  sawdust 
which  drops  into  the  collectors  and  deliver  it  successfully  from 
tower  to  tower  until  it  is  finally  discharged  into  the  collector 
located  above  the  boiler  room. 

Upon  leaving  this  latter  collector  the  sawdust  drops  through 
chutes  into  a  horizontal  scraper  or  flight  conveyor.  Through 
gates  in  the  conveyor  bottom  the  sawdust  drops  into  six  steel 
tanks,  one  for  each  boiler.  As  soon  as  the  first  tank  is  flUed, 
the  gate  may  be  closed  or  in  any  event  the  sawdust  will  auto- 
matically pass  on  and  drop  into  the  next  opening.  These 
tanks  are  on  a  level  with  the  firing  floor.  They  are  oval  at 
the  top  and  flare  out  at  the  bottom  so  that  there  will  be  no 
difficulty  from  the  sawdust  arching  and  lodging  in  the  upper 
part. 

At  the  bottom  of  each  tank  are  two  friction-disk-driven 
screw  conveyors  which  carry  the  sawdust  over  and  drop  it  into 
the  chutes  on  top  of  the  boiler  furnaces.  Means  are  provided 
for  individual  adjustment  of  the  rate  of  feed  of  each  furnace. 

The  method  here  described  obviates  the  danger  of  uneven- 
ness  of  the  fuel  supply  and  excess  of  either  air  or  fuel  and 
permits  of  accurately  controlling  both  fuel  and  air. 

Since  the  power  plant  has  been  installed,  general  conditions 
forced  certain  changes.    It  had  been  the  plan  to  store  the  ex- 


cess of  sawdust  in  the  summer  months  when  the  demand  for 
fuel  is  low,  and  use  the  surplus  to  supplement  the  supply  dur- 
ing the  heating  season.  Various  conditions  have  greatly  re- 
duced the  output  of  waste  available  for  use  as  fuel,  and  coal 
has  to  be  used  at  times.  When  so  used  it  is  burned  exclu- 
sively at  night  for  supplying  steam  for  the  dry-kilns,  pumps 
and  lighting. 

The  original  article  reports  data  of  tests  of  the  boilers  with 
sawdust  fuel.  It  is  of  interest  to  note  that  with  this  fuel  a 
superheat  of  560  deg.  fahr.  is  attained,  an  evaporation  of 
4.33  lb.  of  water  per  pound  of  fuel  as  fired,  and  an  equiva- 
lent evaporation  per  pound  of  fuel  from  and  at  212  deg.  fahr. 
of  5.09  lb.  of  water.  The  efficiency  of  boiler  and  furnace  com- 
bined, based  on  dry  fuel,  was  found  to  be  64.9  per  cent. 
(Power,  vol.  44,  no.  25,  December  19,  1916,  pp.  838-844,  d) 

A  unique  scheme  is  used  in  the  design  of  the  apparatus 
for  controlling  the  high-duty  elevator  pumping  engines  at  this 
plant,  described  in  Power,  vol.  44,  no.  26,  December  26,  1916, 
p.  874. 

Hydraulics 

A  Theory  of  Fluid  Friction,  William  Gatewood 

An  attempt  to  correlate  the  laws  of  fluid  motion  having  a 
bearing  on  the  subject  of  frictional  resistance,  and  to  formu- 
late a  theory. 

This  theory  may  be  summarized  as  follows : 

1  Frictional  resistance  per  unit  of  surface  varies  as  the 
square  of  the  equivalent  rubbing  velocity  deteiToined  by  con- 
sidering the  flow  to  be  laminar. 

2  Friction  between  adjacent  laminee  of  the  fluid  varies 
as  the  rate  of  change  of  velocity  occumng  at  their  boundary. 

3  In  the  case  of  a  fixed  body  and  a  moving  fluid,  the 
frictional  resistance  experienced  up  to  a  given  distance  abaft 
the  cutwater  must  be  balanced  by  the  loss  of  head  in  the  wake 
at  the  same  distance  abaft  the  cutwater. 

4  The  width  of  the  wake  at  a  given  distance  abaft  the 
cutwater  and  the  reduction  of  velocity  in  the  wake  at  various 
distances  from  the  fixed  body  may  be  determined  by  the  con- 
sideration that  the  loss  of  head  outboard  of  any  lamina  is 
equal  to  the  frictional  resistance  experienced  by  the  lamina 
before  reaching  the  given  distance  from  the  cutwater. 

5  The  determination  of  the  loss  of  head  in  the  wake  is 
complicated  by  the  condition  that  the  volume  of  the  fluid 
passing  the  fixed  body  is  not  altered,  although  the  velocity  in 
the  wake  is  decreased.  The  consequent  elevation  of  the  sur- 
face of  the  fluid  becomes  of  considerable  importance  when  the 
velocity  is  relatively  small  or  the  reduction  in  velocity  occurs 
quickly  on  account  of  roughness  of  surface. 

6  The  energy  and  action  of  the  eddies  may  be  assumed 
to  be  such  that  the  loss  of  head  may  be  determined  as  though 
the  flow  was  entirely  laminar.  (Paper  read  before  the  Annual 
Meeting  of  the  Society  of  Naval  Architects  and  Marine  En- 
gineers, November  1916,  abstracted  from  International  Marine 
Engineering,  vol.  21,  no.  12,  December  1916,  pp.  543-544.    t) 

The  Effect  of  Sudden  Enlargement  upon  the  Flow  of 
Water  in  Pipes,  T.  J.  Rodhouse 

Paper  describing  experiments  conducted  for  the  purpose  of 
determining  the  effect  of  sudden  enlargement  of  section  upon 
the  flow  of  water  in  pipes.  Coincidentally  the  action  of  the 
pitot  tube  has  been  studied  under  disturbed  conditions  of  flow, 
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with  a  view  to  determining  the  conditions  under  which  the 
tube  may  be  relied  upon  to  give  accurate  indications. 

The  paper  describes  the  apparatus  used.  The  investigations 
were  limited  to  the  two  eases  of  the  effect  of  sudden  enlarge- 
ment from  pipes  of  1  in.  and  IVa  in.  in  diameter  to  one  whose 
diameter  is  2.096  in.  The  pipes  were  straight,  smooth,  seam- 
less drawn  brass  tubing. 

The  pitot  tube  consisted  of  a  straight  cylindrical  german- 
silver  tube  ^V  in.  in  diameter  and  projecting  about  g^  in. 
from  the  end  of  a  larger  brass  tube  of  j\  in.  external  diam- 
eter by  i/j  in.  internal  diameter  having  hose  connections  and 
a  setting  arm  or  pointer  for  indicating  correctly  the  position 
of  the  impact  opening  when  p'.aced  in  the  pipe.  Tlie  tub? 
had  only  a  ?ingle  impact  opening  gV-  in.  in  diameter  local e.l 


passes  through  a  thumbnut  set  in  the  upper  end  of  the  frame. 
By  turning  the  thumbnut  the  tube  can  be  quickly  and  accu- 
rately set  and  firmly  held  at  any  desired  position  in  the  trav- 
erse. The  author  attributes  the  uniformity  of  readings  in 
practically  all  of  these  traverses  largely  to  this  accurate  means 
of  controlling  the  position  of  the  impact  point.  The  impact 
opening  was  circular,  ^V  in.  in  diameter,  and  in  making  a 
traverse  the  opening  was  kept  pointing  directly  upstream,  its 
axis  always  parallel  to  the  axis  of  the  pipe. 

The  writer  suggests  the  following  expression   for  the  loss 
of  liead  in  feet  due  to  suMen  enlargement: 
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Fig.  2     Sawdust-Fibing  Plant  of  the  Singeb  Manufacturing    Co.,  South  Bbmd,  Ind. 


0.04  in.  from  the  end,  with  its  axis  intersecting  at  right  an- 
gles the  axis  of  the  tube.  The  static  pressure  was  taken  at 
the  piezometer  at  the  wall  of  the  pipe  in  the  same  plane  with 
the  tube.  The  pressures  from  the  impact  opening  and  the 
static  piezometer  were  conducted  to  the  triple  differential  gage 
through   %-in.   heavy  cotton-insertion   rubber  tubing. 

An  attachment  invented  by  Prof.  G.  S.  Williams  for  facil- 
itating the  setting  of  the  tube  was  used.  It  consists  of  a  brass 
frame  whose  base  fits  snugly  over  the  stuffing  box  and  is  se- 
curely clamped  there  by  tliree  set  screws.  The  frame  is  slotted 
on  each  side  for  guiding  the  central  tube  which  receives  the 
main  stem  of  the  pitot  tube,  holding  it  in  place  by  a  large 
thumbscrew.    This  central  tube  is  threaded  its  full  length  and 


which  is  a  constant,  times  the  theoretical  loss  by  Borda's  form- 
ula. In  this  equation,  A,  and  A^  are  the  areas  of  the  larger 
and  smaller  pipes.  F,  is  the  mean  velocity  in  feet  per  second 
in  the  larger  pipe  (in  the  formula  on  p.  59,  apparently  by 
typographical  error,  T*  is  used.- — Ed.)  and  g  =  32.2;  K  is  a 
coefficient.  Two  tables  are  given  in  the  article  in  which  values 
of  K  are  given.  These  tables  show  a  slightly  smaller  loss  of 
head  as  observed  than  the  computed  theoretical  loss  due  to  en- 
largement as  expressed  by  Borda's  formula.  In  the  opinion  of 
the  writer,  this  discrepancy  may  be  due  to  one  or  two  causes, 
or  perhaps  to  both.  Either  the  frictional  loss  which  enters  into 
this  equation  is  less  than  that  which  occurs  in  the  case  of  the 
straight  pipe  with  undisturbed  flow,  due  perhaps  to  the  cen- 
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ter  of  velocity  of  the  jet  as  it  enters  the  larger  pipe  and  con- 
tinues in  this  condition  for  some  distance  before  spreading 
out  and  obtaining  its  full  pressure  and  frictional  effect  on.  the 
wall  of  the  pipe,  or  else  the  loss  in  the  impact  of  the  particles 
in  the  expanding  jet  due  to  the  enlargement  of  the  pipe  sec- 
tion does  not  follow  exactly  the  law  for  sudden  enlargement 
as  expressed  in  Borda's  formula,  failing  to  obey  this  law,  per- 
haps, on  account  of  conditions  which  might  be  considered  as 
producing  a  water  cone  of  gradual  instead  of  sudden  enlarge- 
ment. The  author  prefers  the  latter  theory  as  a  possible  ex- 
planation rather  than  the  former,  for  it  is  difficult  to  imagine 
any  reduction  in  frictional  resistance  less  than  that  for  straight 
pipe  in  the  region  of  these  greatly  disturbed  conditions. 

As  regards  the  pitot  tube,  the  final  results  obtained  in  this 
investigation  are  summarized  by  the  author  in  the  following 
words : 

1  The  pitot  tube  measures  with  a  fair  degree  of  accuracy, 
always  within  two  or  three  per  cent  and  more  frequently 
within  one  per  cent,  the  velocities  of  flow  in  a  pipe  where  the 
resultant  motion  of  the  water  throughout  the  entire  cross-sec- 
tion at  the  point  where  the  tube  is  inserted  is  a  forward  mo- 
tion, and  where  the  distribution  of  velocities  is  symmetrical 
about  the  axis  of  the  pipe. 

2  The  pitot  tube  is  a  means  by  which  eddies  or  whirls 
•caused  by  obstructions  in  the  pipe  may  be  detected,  but  it 
win  not  measure  with  any  degree  of  accuracy  the  discharge 
•of  a  pipe  when  inserted  in  the  immediate  region  of  such  eddies. 

3  The  rating  coefficient  of  discharge  of  the  pitot  tube  for 
normal  conditions  cannot  be  applied  in  the  case  of  abnormal 
■conditions  produced  by  sudden  enlargement  where  eddies  exist, 
but  immediately  below  the  region  of  eddies  the  rating  coeffi- 
cient of  discharge  may  be  applied  with  a  fair  degi-ee  of  accu- 
racy. 

4  Tlie  eddies  produced  by  sudden  enlargement  of  section 
extend  for  the  short  distance  of  only  about  two  or  three 
diameters  below  the  enlargement. 

5  The  disturbance  caused  by  sudden  enlargement  of  sec- 
tion produces  abnormal  conditions  in  the  distribution  of  ve- 
locities which  continue  down  the  pipe  for  a  distance  of  about 
35  diameters. 

6  The  ratio  of  the  mean  velocity  to  the  velocity  at  the 

center,  — H ,  increases  in  value,  in  the  ease  of  sudden  enlarge- 
ment, from  a  minimum  near  the  point  of  enlargement  to  a 
maximum  at  a  point  about  11  diameters  downstream,  after 
which  it  begins  to  gradually  decrease,  approaching  the  value  of 
the  ratio  for  flow  in  straight  pipe  at  a  distance  of  35  diameters 
below  enlargement. 

7  The  pitot  tube  reversed,  i.  e.,  the  impact  point  turned 
downstream,  gives  a  negative  pressure  head,  which  reduced  to 
velocity,  negative,  gives  a  value  whose  ratio  with  the  velocity 
in  the  upstream  direction  is  fairly  constant  for  any  given 
form  of  tube.  But  the  relative  values  of  the  downstream  read- 
ings to  the  upstream  readings  for  different  forms  of  tubes 
vary  greatly.  The  maximum  negative  pressure  or  suction  ac- 
tion at  the  impact  point  of  the  pitot  tube  occurs  when  the  di- 
rection of  the  axis  of  the  opening  is  approximately  perpen- 
dicular to  the  direction  of  flow.  {The  Cornell  Civil  Engineer, 
vol.  25,  no.  2,  November  1916,  pp.  49-61,  2  figs,    et) 

The  Flow  op  Water  in  Wood-Stave  Pipe,  Fred  C.  Scobey 

A  paper  on  the  determination  of  capacity  and  on  the  design 
of  wood-stave  pipe,  based  both  on  the  theoretical  investiga- 
tions and  field  tests. 


The  author  offers  a  new  set  of  formulae  based  on  experi- 
ments on  round  wood-stave  pipe  described  in  engineering  lit- 
erature and  supplemented  by  an  extensive  set  of  experiments 
in  which  he  was  aided  by  Ernest  C.  Portier.  These  formulaa 
are  as  follows : 

7.68  7'-"       0.419  7- •" 
^=^^=T^ ^'^ 

V  =  1.62  !)"■"  if°-"' [2] 

Q  =  1.272  D'"  ir-'" [3] 

where  H  is  the  head  of  elevation  lost  in  overcoming  internal 
resistances  within  a  fairly  straight  pipe  of  uniform  size  per 
1000  linear  feet  of  pipe;  V  the  mean  velocity  of  the  water 
during  test  in  feet  per  second;  D  the  mean  inside  diameter 
of  the  pipe  in  feet ;  d  the  mean  inside  diameter  of  the  pipe  in 
inches;  and  Q  the  mean  discharge  of  the  pipe  during  the  test 
in  second-feet. 

The  exponents  of  V  and  H  in  these  formulae  are  the  same 
as  those  in  the  corresponding  formula  proposed  by  E.  A. 
Moritz  (Engineering  Record,  vol.  68,  no.  24,  p.  667).  The 
difference  in  the  formula  is  caused  by  the  divergence  in  the  in- 
tercept curves  in  the  logarithmic  diameter  shown  in  the  orig- 
inal article.  As  indicated  in  these  curves,  the  difference  be- 
comes greater  as  the  larger  pipes  are  approached,  for  the 
reason  that  all  data  for  large  pipes  in  the  Moritz  formula 
came  from  his  tests  on  the  55%-in.  Mabton  pressure  pipe. 

The  writer  comes  to  the  following  conclusions : 

1  That  the  new  formula  herein  offered  is  the  best  now 
available  for  use  in  the  design  of  wood-stave  pipes,  as  its  ap- 
plication meets  (within  one  per  cent)  the  mean  of  all  observa- 
tions and  the  mean  capacity  of  all  wood  pipes  upon  which  ex- 
periments have  been  made. 

2  That  a  very  conservative  factor  of  safety  should  be  used 
where  a  guaranteed  capacity  is  to  be  attained. 

3  That  the  Kutter  modification  of  the  Chezy  formula  is 
not  well  adapted  to  the  design  of  wood-stave  pipes. 

4  That  the  data  now  existing  do  not  show  that  the 
capacity  of  wood-stave  pipe  either  increases  or  decreases  with 
age.  This  statement  of  course  does  not  consider  sedimentation, 
a  purely  mechanical  process. 

5  That  if  silted  waters  are  to  be  conveyed,  the  pipe  should 
be  designed  for  a  working  velocity  of  from  five  to  ten  feet 
per  second. 

6  That  if  sand  is  present  in  the  water,  the  design  should 
be  for  a  velocity  of  about  five  feet  per  second,  which  will  be 
high  enough  to  carry  out  a  large  part  of  the  sand  and  at  the 
same  time  not  so  high  as  to  seriously  erode  the  pipe.  The 
better  method,  of  course,  is  to  remove  the  sand  by  sumps  or 
other  means. 

7  That  air  should  be  removed  from  the  intake  end  of  every 
pipe  line,  especially  when  the  capacity  load  is  approached. 

8  That  wood  pipe  will  convey  about  15  per  cent  more 
water  than  a  ten-year-old  cast-iron  pipe  or  a  new  riveted  pipe, 
and  about  25  per  cent  more  than  a  cast-iron  pipe  20  years  old 
or  a  riveted  pipe  ten  years  old.  (United  States  Department 
of  Ayrieulture,  Bulletin  No.  376,  96  pp.,  7  figs,  and  several 
large  plates,  etA) 

Internal-Combustion    Engineering 

An  American  Oil  Engine,  Frank  C.  Perkins 

Description  of  a  novel  two-cycle  two-cylinder  oil  engine 
developed  at  Milwaukee,  Wis. 

This  oil   engine   works  on  the  two-cycle   Diesel  principle, 
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and  is  characterized  by  the  employment  of  a  cylinder  in  which 
operate  two  working  pistons  opposite  to  each  other,  as  shown 
in  Fig.  3.  Shortly  before  the  upper  working  piston  has 
reached  its  uppennost  position,  it  uncovers  the  exhaust  ports 
arranged  along  the  whole  circumference  of  the  cylinder,  at 
which  time  the  burned  gases  from  the  previous  working  cycle 
pass  through  an  exhaust  manifold  into  the  surrounding 
atmospliere. 

Iramediately  after  this  the  lower  working  piston  uncovers 
its  scavenging  ports  likewise  arranged  along  the  whole  circum- 
ference of  the  cylinder,  through  which  the  scavenging  air 
rushes  in,  driving  out  the  remaining  products  of  combustion 
and  charging  the  eyUnders  with  fresh  cold  air.  The  placing 
of  the  ports  for  the  admission  of  scavenging  air  at  the  cool 
lower  end  of  the  cylinder  allows  cold  air  to  be  admitted  and 
insures  a  more  effective  charge.  During  the  following  com- 
pression stroke  of  the  two  working  pistons  the  charge  is  com- 
pressed to  a  temperature  well  above  the  ignition  point  of  the 
fuel  employed. 


Fig.  3     Opposed 


Pistons,     Two-Cycle,     Two-Cylixdeb 
Engine 


On- 


The  engine  built  produces  60  b.hp.  when  operating  at  the 
speed  of  400  r.p.m.  The  cylinders  have  a  bore  of  6  in.  and 
stroke  of  14  in.  It  is  stated  that  the  forces  developed  by  the 
combustion  of  the  fuel  are  entirely  taken  up  by  the  two 
working  pistons  with  their  connecting  rods  and  cranks. 

It  is  claimed  that  the  air  receiver  is  separated  from  the 
crank  case,  so  that  the  dampness  of  the  lubricating  oil  from 
the  crank  case  cannot  contaminate  the  scavenging  air.  The 
working  output  of  the  scavenging  pump  is  small  because  it 
delivere  the  scavenging  air  to  the  receiver  under  a  pressure 
of  only  2  lb.  per  sq.  in.,  which  is  entirely  sufficient  to  clean  the 
working  cylinders  of  the  burned  gases.  The  compressed  air 
for  fuel  injection  is  produced  by  a  single-acting  two-stage  air 
compressor  mounted  in  tandem  over  the  scavenging  pump, 
whose  stepped  piston  is  the  extension  of  the  piston  from  the 
scavenging  pump.  The  air  pressure  in  the  injecting-air  bottle 
delivered  from  the  high-pressure  stage  should  remain  constant 
at  about  1,000  lb.  per  sq.  in.  under  the  varying  load  of  the 
engine.  The  compressor  delivers  a  little  more  air  than  is 
required  for  fuel  ignition,  and  this  surplus,  passing  through 
a  by-pass  valve  connected  with  the  low-pressure  stage  of  the 


compressor,  is  stored  in  the  starting  tank  under  a  pressure  of 
about  150  lb.  per  sq.  in. 

The  valves  on  the  compressor  are  of  the  automatic  type. 
Special  relief  valves  are  fitted  after  every  stage  of  the  com- 
pressor to  prevent  excessive  pressure  in  the  air  mains.  The 
fuel  pump  is  driven  by  means  of  helical  gears  direct  from 
the  crankshaft,  and  a  separate  plunger  is  provided  for  each 
working  cylinder  of  the  engine.  The  governor  actuates  the 
suction  valve  of  the  fuel  pump  in  such  a  manner  that  the 
amount  of  fuel  delivered  to  the  working  cylinders  is  in  accord- 
ance with  the  load  carried  by  the  engine. 

It  is  claimed  that  the  combustion  space  between  the  two 
pistons,  being  a  circular  chamber  without  projections  or 
recesses,  constitutes  the  most  efficient  form  of  combustion 
chamber.  The  period  of  injection  of  the  fuel  into  the  working 
cylinder  is  variable  in  such  a  manner  that  the  needle  of  the 
fuel-injecting  valve  remains  open  for  a  longer  period  when 
operating  under  a  full  load,  and  closes  earlier  when  under  a 
light  load.  This  arrangement  prevents  the  disturbance  of 
combustion  because  the  quantity  of  air  needed  for  breaking 
up  the  fuel  and  injecting  it  into  the  combustion  chamber  is  in 
accordance  with  the  vaiying  load  of  the  engine.  It  reduces 
further  the  power  output  of  the  air  compre^or  and  gives  the 
engine  a  high  degree  of  speed  variation. 

The  engine  is  started  by  means  of  compressed  air  at  low 
pressure.  By  turning  the  starting  lever  the  compressed  air  is 
admitted  tlirough  a  distributing  valve  to  both  sides  of  the 
piston  of  the  scavenging  pump,  which  now  acts  as  an  air 
motor  and  sets  the  engine  in  motion.  It  is  stated  that  this 
engine  can  be  started  at  a  low  air  pressure  of  150  lb.  per 
sq.  in.,  but  the  starting  continues  to  be  effective  even  should 
the  pressure  drop  to  60  lb.  per  sq.  in.  The  article  also  de- 
scribes the  forced-feed  lubricator  used  on  this  engine.  No 
data  of  tests  are  reported.  (The  Isolated  Plant,  vol.  8,  no.  12, 
pp.  1.3-14,  2  figs.,  December  1916.     d) 


Diesel-Engine  Construction  in  the  United  States 

Up  to  a  couple  of  years  ago  it  cannot  be  said  that  there  was 
any  extensive  production  of  Diesel  engines  in  the  United 
States,  even  though  arrangements  for  it  were  being  made. 
Since  then,  however,  mainly  because  of  the  impetus  given  by 
the  abnormal  conditions  in  shipping,  extensive  developments 
have  taken  place.  About  a  year  ago  three  of  the  most  impor- 
tant shipbuilding  companies  in  the  United  States,  having 
recognized  that  the  large  merchant  motorship  had  come  to 
stay,  laid  plans  for  the  immediate  and  near  future  by  secur- 
ing constructional  licenses'  from  prominent  European  firms 
who  had  obtained  practical  success  with  high-powered  marine 
Diesel-type  oil  engines. 

Although  Germany  is  the  original  home  of  the  Diesel  en- 
gine, they  went  for  their  designs  not  to  that  country  but  to 
Denmark  and  Holland,  where  greater  strides  have  been  made 
with  the  marine  development.  The  William  Cramp  Ship  and 
Engine  Building  Company  secured  a  license  from  Burmeister 
&  Wain,  of  Denmark;  The  New  York  Shipbuilding  Com- 
pany and  the  Newport  News  Shipbuilding  &  Dry  Dock  Co. 
licenses  from  the  Werkspoor  Company   (Holland). 

It  is  stated  that  no  sooner  had  these  firms  concluded  nego- 
tiations than  they  were  overwhelmed  with  orders  for  steam- 
ships, which  has  somewhat  delayed  motorship  building. 

It  is  also  stated  that  the  shipbuilding  yards  controlled  by 
interests  connected  with  the  Bethlehem  Steel  Company  are 
now  developing  a  Diesel-engine  type  under  the  supervision! 
of  engineers  of  that  corporation. 
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In  this  connection,  of  considerable  interest  are  data  refer- 
ring- to  a  Diesel  motorsliip  designed  by  The  New  York  Ship- 
building Company  at  Camden,  N.  J.,  to  the  order  of  an  im- 
portant American  oil  company. 

She  is  a  single-sei-ew  ship  designed  to  carry  oil  in  bulk,  and 
is  of  the  single-deck  class  with  poop  bridge  and  forecastle. 
Length  overall.  260  ft. ;  breadth,  42.5  ft. ;  draft,  20  ft. ;  dead- 
v/cight  capacity,  3000  tons;  indicated  horsepower,  1360;  speed 
loaded,  10  knots. 

The  engine  is  to  be  a  six-cylinder,  single-acting,  four-cj'cle 
model  of  the  Werkspoor  pure-Diesel  design.  Cylinders,  22 
in.  bore  by  39%  in.  stroke;  the  total  of  1360  i.hp.  to  be  de- 
veloped at  125  r.p.m. ;  mean  effective  pressure,  about  100  lb. 
per  sq.  in. 

The  length  of  the  engine  overall  will  be  27  ft.  3  in.,  and 
height  above  shaft  center,  IG  ft.  9  in. ;  the  net  weight  will  be 
about  122  tons,  wliile  the  total  machinery  weights  are  expected 
to  be  in  the  neighborhood  of  220  tons.  Auxiliaries  will  be 
steam-driven,  and  probably  the  exhaust  gases  from  the  main 
engine  will  partially  be  used  for  firing  the  donkey  boiler,  so 
as  to  economize  on  fuel. 

An  oil-fired  or  coal-burning  steamer  of  the  same  dimen- 
sions and  speed  could  not  carry  this  amount  of  cargo  and 
would,  therefore,  have  a  much  lower  earning  power.  In  ad- 
dition to  this,  the  fuel  bill  of  the  motorship  will  be  about  one- 
fourth  that  of  a  steamer.  Her  tonnage  bill  will  be  less  in 
proportion  to  cargo,  and  there  will  be  no  wages  or  food  bill 
for  stokers.  Her  oil-fuel  bill  for  a  17-day  voyage  will  be  under 
$1000,  this  with  oil  at  $1.50  per  bbl.;  but  as  she  will  take  oil 
in  Texas  or  Mexico,  this  cost  will  actually  be  reduced  by  50  per 
cent.  Hence  it  is  expected  that,  as  compared  with  a  steamer 
of  the  same  size,  she  will  show  high  economic  advantages. 
(Motorship,  vol.  1,  no.  8,  December  1916,  p  10,  1  fig.  dc) 

The  Motive  Powkr  op  the  M.  S.  Deutschland,  Russell 
Palmer 

Description  of  the  motive  )30wer  of  the  merchant  submarine 
Deutschland  from  data  obtained  from  the  officials  of  the  com- 
pany operating  the  vessel.  The  article  is  based  upon  a  per- 
sonal interview  with  Chief  Engineer  H.  Kleis  of  the  Deutsch- 
land, at  New  London,  Conn.,  on  November  6. 

From  data  published  in  the  article  it  appears  that  the  en- 
gines are  of  the  Krupp  type  and  are  built  on  the  four-stroke 
cycle.  Further,  the  well-known  Krupp  bronze  construction 
is  not  used  in  this  instance  (it  is  stated  that  it  has  been  re- 
tained only  in  the  two-stroke-cycle  motors  which  continue  to 
be  built),  and  steel  and  cast  iron  are  employed  instead. 

According  to  the  statement  of  the  Chief  Engineer,  the  sub- 
marine is  fitted  with  two  six-cylinder  engines  somewhat 
smaller  than  the  regular  Krupp  submarine  engine  and  some- 
what simpler  in  construction. 

As  to  dimensions,  Mr.  Kleis,  in  the  first  interview,  stated 
that  the  cylinders  have  a  bore  of  45  cm.  (17.35  in.)  and  a 
stroke  of  60  cm.  (23.4  in.).  Subsequently,  however,  Mr.  Kleis 
changed  these  dimensions  to  40  cm.  X  50  cm.  He  also  stated 
that  while  these  engines  have  a  range  of  speed  from  200  to 
400  r.p.m.,  the  ordinary  operating  speed  is  380  r.p.m.,  i.  e., 
not  far  from  the  maximum.  Assuming  that  this  maximum 
speed  is  correct,  that  would  mean  a  piston  speed  of  nearly 
1600  ft.  per  min.  and  an  output  of  almost  1300  b.hp.,  which, 
if  true,  is  certainly  remarkable.  It  seems,  however,  more  likely 
that  the  ordinary  operating  speed  is  not  380,  but  280  r.p.m. 
A  stroke  of  60  cm.  would  mean  that  the  engine  is  9  ft.  high, 
wliich  is,  however,  not  impossible,  as  the  submarine  has  a  gen- 


erous beam  to  give  her  the  cargo-carrying  capacitj'  so  essen- 
tial in  her  work. 

It  is  stated  that  a  special  adjustment  to  the  fuel-injection 
valve  permits  it  to  be  adjusted,  when  the  engine  is  at  a  stand- 
still, for  each  general  range  of  speed,  either  high  or  low.  Pres- 
sure in  the  cylinders  at  the  moment  of  fuel  injection  is  from 
42  to  45  atmospheres.  No  trouble  from  cracked  pistons  or 
cylinders  was  experienced,  even  though,  on  the  first  round 
trip,  the  engines  are  stated  to  ha\e  turned  over  more  than 
11.000,000  times. 

An  illustration  in  the  original  article  reproduces  the  only 
photograph  ever  made  of  the  engine  room  of  the  submarine. 
That  the  engines  are  Krupp  is  shown  by  the  beveled  cylinder 
heads  with  fucl-injeetion  valves  set  in  on  angle.  This  is  a 
unique  feature  of  the  Krupp  motor.  It  is  also  apparent  from 
the  double  valve  mechanism  that  these  are  four-cycle  engines. 
As  this  photograph  could  not  be  reproduced  for  technical  rea- 
sons, another  illustration  (Fig.4)  is  given,  which  the  editor  has 


Fig.  4     Central  Coktrol  Roo.m  of  the  Submarine  ''  Deutsch- 
land," Depth  Rudder  to  the  Left 

been  able  to  secure  through  the  courtesy  of  Mr.  Chas.  H.  Be- 
dell, Electrical  Engineer,  Electric  Boat  Company,  Groton,  Conn: 
{Motorship,  vol.  1,  no.  8,  December  1916,  pp.  3-4,  1  fig.     d) 

A  Study  of  Oil  Engines  in  Iowa  Power  Plants,  H.  W. 

Wagner 

Bulletin  of  the  Iowa  State  College  of  Agriculture  and 
Mechanic  Arts. 

The  bulk  of  this  Bulletin  was  written  in  the  early  part  of 
1915  and  was  based  on  data  gathered  before  that  time.  Dur- 
ing the  interval  between  the  writing  and  publication,  many 
industrial  and  commercial  changes  have  occurred,  and  in  par- 
ticular the  price  of  fuels  has  changed  and  the  cost  of  many 
materials  of  construction  has  become  abnormal.  The  Bul- 
letin, however,  retains  a  considerable  amount  of  interest.  It 
covers  the  use  in  Iowa  of  oil  engines,  carburetion,  semi-Diesel 
and  pure-Diesel  types,  and  presents  a  large  amount  of  valu- 
able statistical  material. 

It  was  planned  by  the  Iowa  Engineering  Experiment  Sta- 
tion to  secure  a  list  of  oil  engines  in  the  State,  to  visit  them, 
and  to  test  some  of  them,  the  primary  object  of  the  tests  being 
to  secure  fuel-consumption  figures  at  various  loads.  For  this 
reason  only  electric-light  and  power  plants  were  chosen,  as  the 
current  from  the  electric  generator  offered  the  most  convenient 
reliable  medium  for  meai^uring  the  power  developed.  Other 
related  measurements  were  taken,  however,  such  as  quantity 
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of   cooling   water   used,   temperatures,    indicator   cards,   and 
data  necessary  to  calculate  a  fuel  heat  balance. 

In  general  it  was  found  that  a  high-compression  or  Diesel 
engine  has  better  fuel  economy  than  the  medium-compression 
or  semi-Diesel  engine,  which  in  its  turn  has  better  fuel  econ- 
omy than  the  low-compression  or  carburetion  engine.  The 
engine  with  higher  compression  not  only  consumes  less  fuel 
for  a  given  output  of  power,  but  also  burns  a  fuel  which 
costs  less  per  gallon;  but  its  first  cost  is  higher  than  that  of 
a  low-compression  engine. 

Tests  on  twelve  engines  of  various  makes  and  types  showed 
a  fuel  consumption  per  estimated  b.hp-hr.  ranging  from 
2.95  to  0.55  pints.  Reports  of  monthly  operating  records 
from  seven  of  the  most  efficient  oil-engine  plants  in  the  state 
show  a  range  of  from  2.60  to  1.03  pints  of  fuel  oil  per  kw-hr. 
generated.  Corresponding  fuel  costs  ranged  from  1.30  to  0.39 
cents  per  kw-hr.  The  high  figure  is  taken  from  a  plant  con- 
taining three  carburetion  engines  with  a  total  rating  of  330 
hp.,  burning  distillate  figured  at  4  cents  per  gal.  The  low 
cost  is  from  a  plant  containing  a  225-hp.  Diesel  engine  burn- 
ing fuel  oil  figured  at  3  cents  per  gal. 

i'uel  combustions  during  tests  did  not  always  average  as 
good  as  guarantees  submitted  by  manufacturers  and  agents 
for  the  same  engines  at  the  same  loads.  Most  of  these  tests 
were  made  without  any  special  preliminary  adjustments. 

Attendance  labor  is  less  in  small  plants  when  an  oil  engine 
instead  of  a  steam  engine  is  employed,  and  such  is  also  likely 
to  be  the  ease  for  larger  plants  when  coal  is  fired  by  hand, 
lighting  plants  in  many  towns  of  about  500  or  600  popula- 
tion are  operated  by  oil  engines,  and  seem  to  be  holding  their 
own  in  a  financial  way.  The  cost  of  generating  by  steam  un- 
der the  same  conditions  might  be  almost  prohibitive.  For  en- 
gines of  over  225  hp.  capacity,  additional  experience  is  neces- 
sary to  determine  whether  best  final  economy  is  to  be  reached 
by  Diesel  or  steam  power. 

As  to  reliability,  it  is  stated  that  the  present  oil  engine  of 
any  type  is  inherently  less  reliable  than  the  steam  engine  or 
turbine,  and  more  skill  is  required  to  keep  the  oil  engine  run- 
ning smoothly.  Recent  installations  indicate,  however,  that 
power  engineers  are  gaining  confidence  in  the  reliability  and 
general  advantage  of  semi-Diesel  and  Diesel  engines  for  small 
and  medium-sized  power  plants. 

Oil-engine  lubrication  has  presented  a  perplexing  problem 
in  numerous  cases.  Proper  characteristics  required  by  indi- 
vidual engines  and  possessed  by  particular  lubricants  are  not 
well  enough  known.  Some  oil  engines  are  cooled  by  raw  well 
water,  which  is  then  run  into  the  waste.  Other  plants  have 
installed  a  cooling  tower  or  basin  and  use  the  same  water  over 
and  over. 

Practically  all  oil  engines  possess  a  tendency  to  knock  or 
pound  at  times. 

Difference  of  final  costs  with  carburetion  and  semi-Diesel 
engines  is  less  than  might  be  expected.  A  lower  price  per 
gallon  of  fuel  oil  and  a  lower  fuel  consumption  with  the  semi- 
Diesel  are  partly  offset  by  the  lower  first  cost  of  the  carbure- 
tion engine  and  lower  assumed  rates  of  depreciation  and  re- 
pairs. These  rates  have  been  assumed  on  the  basis  of  past 
performance.  It  seems  likely  that,  in  the  future,  such  rates 
will  be  more  nearly  equal.  Broader  experience  at  both  the 
manufacturing  and  operating  ends  is  leading  to  better  reliabil- 
ity and  fuel  economy  in  the  semi-Diesel  engine.  Also  in- 
creased production  is  likely  to  lower  the  first  cost  of  the  latter 
type.  In  the  above  calculations  the  price  of  fuel  oil  for  the 
carburetion  engine  is  assumed  at  four  cents  per  gallon  and 
that  for  the  semi-Diesel  at  three  cents.    The  difference  is  only 


one  cent,  but  when  it  is  more,  as  often  occurs,  the  advantage 
in  favor  of  the  semi-Diesel  will  be  increased  accordingly. 

The  Bulletin  contains  cost  figures  of  operation  of  various 
types  of  oil  engines  based  upon  prices  existing  during  1914 
and  1915.  A  summary  of  these  calculations  is  given  in  the 
following  table : 

, Engine v 

Unit  of  Energy                                 Carburetion  Semi-Diesel     Diesel 

50  bp.  50  hp.       120  Up. 

Brake  hp*r 2.91  2.75               1.72 

Kw-hr.  generated 6-60  f).2S               ;i.50 

Kw-hr.  delivered  to  line 9.79  9.39               3.50 

Kw-hr.  delivered  to  consumers 14.83  14.34               5.78 

Consideration  of  general  operating  factors,  and  the  actions 
of  manufacturers,  then,  point  to  greater  future  advantages  of 
the  semi-Diesel  over  the  carburetion  engine  than  would  be  in- 
dicated by  figures  in  the  above  tabulation. 

In  noting  the  lower  energy  costs  with  the  Diesel  engine,  it 
should  be  understood  that  they  are  due  not  only  to  better  fuel 
economy  but  also  to  a  larger  unit  and  to  a  greater  service  de- 
mand which  eliminates  the  necessity  of  a  storage  battery. 
{Official  Publication  of  Iowa  State  College  of  Agriculture 
and  Mechanic  Arts,  vol.  15,  no.  10,  August  20,  1916,  Bulletin 
42,  Engineering  Experiment  Station,  159  pp.,  55  figs,  ecs) 


Piston  and   Small-End  Lubrication   in  Diesel  Engines, 
George  B.  Vickers 

Discussion  of  lubricating  troubles  in  Diesel  engines,  which 
the  speaker  ascribed  either  to  the  use  of  unsuitable  lubricating 
oil  or  to  faulty  design. 

For  Diesel-engine  lubrication,  pure  mineral  or  hydrocarbon 
oils  are  the  best,  as  they  contain  a  much  smaller  percentage 
of  acid  than  animal  or  vegetable  oils.  Many  compound  oils 
are  good,  but,  although  they  may  be  carefully  blended  orig- 
inally, there  is  sometimes  evidence  of  disintegration  under 
repeated  use.  They  are  also  liable  to  give  a  gummy  deposit. 
The  best  test  of  lubricating  oil  is  on  the  air  compressor.  If 
the  oil  causes  pitting  on  the  compressor  valves  and  shows  an 
acid  scouring  action  on  the  valves  in  the  air-bottle  beds,  one 
may  expect  the  main-cylinder-liner  wear  to  be  excessive.  As 
to  the  amount  of  the  latter,  figures  taken  from  a  number  of 
engines  give  a  mean  wear  of  0.010  in.  to  0.012  in.  per  1000 
hours  run  when  the  engine  is  heavily  taxed.  The  lubrication 
requirements  of  the  small  ends  and  the  pistons  are  contradic- 
tory. For  pistons,  an  oil  with  a  moderate  viscosity  of  say  130 
to  180  at  140  deg.  fahr.  gives  good  results,  while  an  oil  with 
a  good  viscosity  of  say  400  to  500  at  140  deg.  fahr.  is  best  for 
small-end  lubrication. 

For  enclosed-type  engines  thicker  oil  is  required  than  with 
the  open  type,  as  the  temperature  inside  the  crank  case  is 
much  higher  than  on  open-type  engines. 

In  the  works  of  Hick,  Hargreaves  &  Co.,  Ltd.,  a  number 
of  naval  high-speed  engines  were  constructed  and  tested  under 
load.  With  thin  oil  which  had  a  viscosity  of  110  at  140  deg. 
fahr.,  difficulty  was  experienced  and  the  fuel  consumption  was 
high.  Thicker  oil  having  a  viscosity  of  140  at  140  deg.  fahr. 
was  then  used,  reducing  the  consumption  from  the  minimum 
of  0.45  lb.  per  b.hp-hr.  to  0.419  lb. 

A  lubricating  oil  used  for  pistons  or  small  ends  should  not 
emulsify,  so  that  if  any  water  drops  in  the  crank  pit  it  can 
afterward  be  separated.  When  a  different  oil  is  used  for  top- 
end  lubrication  than  is  used  for  the  piston,  care  should  be 
taken  that  the  oils  will  blend. 

Filtered  oil  should  not  be  used  too  often  on  the  pistons,  as 
its  viscosity  gets  too  low  for  this  work. 


February 
1917 


ENGINEERING  SURVEY 


175 


The  customary  method  of  piston  lubrication  is  through  four 
■or  six  stems  or  quills  leading  through  the  water  jacket  to  the 
liner.  Many  engineers  now  insist  on  having  a  separate  feed 
to  each  quill,  that  is,  they  have  a  six-  or  eight-feed  lubricator 
fitted  for  each  cylinder.  It  is  costly  but  a  good  plan.  Piston 
seizures  have  been  caused  by  faulty  arrangement  of  lubricat- 
ing pipe  and  leaky  back-pressure  valves. 

Trouble  resulted  also  from  improper  arrangements  of 
lubricating  pumps.  In  the  majority  of  cases  they  are  driven 
from  the  crankshaft  and  so  are  placed  much  higher  than  the 
■quill  line.  The  result  is  after  a  short  stoppage  the  feed  pipe 
has  been  drained  and  the  piston  fails  to  receive  any  lubrica- 
tion for  a  few  minutes  after  starting.  A  good  plan  now 
adopted  by  one  or  two  firms  is  to  have  the  lubricators  fixed 
■well  below  the  lubricating  belt  line  and  work  off  the  indicator 
gear  on  the  vertical  shaft,  thus  insuring  that  the  pipes  are 
always  charged.  The  pump  should  be  fitted  with  a  flushing 
arrangement  in  case  of  necessity,  and  preferably  sight  feeds 
with  regulating  valves.  The  check  valve  on  the  lubricator  pipe 
should  be  well  designed  and  periodically  examined  to  make 
sure  that  there  is  no  bituminous  matter  holding  the  valve  up 
and  interfering  with  the  supply. 

Trouble  has  been  avoided  (Mr.  Lyle)  by  altering  the  piping 
so  that  the  check  valve  was  vertical  and  therefore  assisted  by 
gravity  in  keeping  on  its  setting. 

The  method  of  securing  the  quills  is  sometimes  a  cause  of 
trouble.  Some  makers  prefer  a  tapered  hole  in  the  liner  and 
provide  the  quill  with  a  rounded  nose :  the  quill  is  then  screwed 
home  tight  over  a  tapped  hole  on  the  water  jacket.  When  the 
parts  get  warm  and  expand,  these  quUls  have  been  found  to 
a,ct  as  struts  and  have  caused  piston  seizures  immediately  op- 
posite to  the  lubricating  holes.  An  improved  method  is  to  have 
the  quUl  screwed  into  the  liner,  a  plain  hole  in  the  water 
jacket,  and  an  external  joint  made.  In  England  a  telescopic 
quill  is  used. 

Some  makers  have  adopted  instead  of  the  quill  method  of 
lubrication  one  termed  "  splash  system."  With  this  system 
the  pistons  have  skirts  which  protrude  well  beyond  the  lower 
edge  of  the  liner  at  the  bottom  of  the  stroke.  The  piston 
relies  on  the  splash  from  the  bottom  end  of  the  connecting 
rod  for  its  lubrication.  It  was  found  that  this  system  is 
■effective  on  pistons  up  to  14  or  15  in.  in  diameter,  but  quite 
unreliable  on  larger-type  engines.  Its  chief  trouble  is  that 
lubrication  cannot  be  regulated,  is  very  uncertain,  and  there 
is  a  tendency  to  wastage. 

Top-End  Lubrication.  Phosphor-bronze  bearings  are 
usually  adopted  for  the  top-end  bearings,  and  attempts  to 
use  white  metal  proved  unsatisfactory.  The  wear  on  phosphor- 
bronze  bearings  is  seldom  more  than  0.001  in.  per  year,  while 
white-metal  bearings  may  show  more  wear  than  this  in  one 
week.  When  a  phosphor-bronze  split  bush  is  used,  the  aver- 
age clearance  is  0.003  in.  vertically  and  0.006  in.  at  each  side. 
More  clearance  is  required  if  the  bush  is  solid,  say  0.006  to 
■0.008  in.  vertically  and  0.008  in.  at  the  sides. 

The  gudgeon  pins  should  be  fully  case-hardened  at  the  ends 
as  well  as  on  the  bearing  surface.  A  case  occurred  recently 
where  the  pin  was  left  soft  at  the  ends,  and  when  tapping 
the  pin  into  the  piston  the  end  of  the  pin  was  bulged,  and 
when  forced  into  the  piston  it  split  the  boss  in  two  places. 

The  position  of  the  gudgeon  pin  in  the  piston  is  very  im- 
portant. If  the  pin  is  located  too  low,  the  piston  will  tend 
to  heel  over  at  the  top  when  maximum  compression  pressure 
occurs;  similarly,  if  the  point  is  located  too  high,  the  piston 
will  tend  to  heel  over  when  the  maximum  working  thrust 
occurs.     A  good  long  skirt  is  advisable  to  act  as  a  guide  and 


to  reduce  the  pressure  per  unit  area  due  to  thrust.  The  length 
of  guiding  surface  on  the  piston  should  be  1.4  to  1.6  times 
the  diameter  for  slow-speed  engines,  but  may  be  reduced  to 
1.2  times  the  diameter  for  high-speed  engines. 

The  writer  proceeds  to  describe  the  methods  for  lubricating 
the  top-end  bearings :  viz.,  the  scraper  system,  the  banjo  sys- 
tem, and  the  one  using  one  or  two  slots  in  the  piston  which 
pass  over  the  leads  from  the  oil-supply  pipes  and  hose  leading 
from  the  bottom  of  the  slots  through  the  piston  to  the  center 
hole  in  the  gudgeon  pin.  If  this  latter  method  is  used,  it  is 
preferable  to  have  two  slots  in  the  piston,  one  midway  be- 
tween crankshaft  center  line  and  cross  center  line  on  the  front 
side  of  the  piston,  and  one  directly  opposite,  so  that  whichever 
side  of  the  liner  the  piston  is  thrust  against,  one  of  the  slots 
is  able  to  scrape  the  maximum  quantity  of  oil  from  the  Hner. 
The  slot  is  best  when  V-shaped  in  section,  and  the  top  and 
bottom  should  be  undercut  at  about  45  deg.,  the  scraping 
edges  being  left  moderately  sharp.  A  sluice  should  also  be 
cut  to  connect  the  top  of  the  slot  and  a  circular  scraper  groove 
cut  in  the  piston  to  take  advantage  of  the  oil  scraped  off  the 
walls  by  this  groove.  The  slot  should  be  fairly  long,  but  a 
moderate  head  of  oil  should  be  allowed  between  the  bottom  of 
the  slot  and  the  top  of  the  gudgeon  pin.  The  oil  hole  should 
have  a  large  countersink  both  in  the  piston  and  also  where  it 
enters  the  pin.  The  hole  in  the  center  of  the  pin  should  be 
at  least  1^  in.  in  diameter  for  a  6-in.  pin,  as  it  acts  as  a 
reservoir  for  the  oil.  Two  holes  at  least  should  be  drilled 
from  the  top  of  the  pin  to  the  center,  one  close  to  each  end 
of  the  bearing  surface:  these  holes  may  be  drilled  at  30  deg. 
to  vertical  center  line.  Both  these  holes  should  lead  into  a 
longitudinal  groove  on  the  top  surface  of  the  pin.  These 
grooves  should  have  well-rounded  edges  to  assist  the  oil  to 
escape. 

A  system  of  forced  lubrication  on  all  of  the  bearings 
effectively  solves  the  problem  of  top-end  piston  lubrication, 
but  has  its  disadvantages,  as  it  is  thought  likely  that  the  piston 
will  receive  too  much  lubrication.  The  oil  is  thrown  from  the 
bottom-end  bearings  on  to  the  liner  walls,  and  when  the 
piston  is  on  its  suction  stroke  the  slight  pressure  in  the  crank 
chamber  tends  to  force  the  oil  past  the  relaxed  rings,  the 
result  being  that  the  lubricating  oil  is  burned,  and  very  peaky 
indicator  cards  are  obtained,  showing  a  maximum  pressure 
frequently  of  from  100  lb.  to  150  lb.  above  compression 
pressure.  The  high  consumption  of  lubricating  oil  has  re- 
tarded the  progress  of  the  enclosed  type  of  engine.  These 
difficulties  have  been  overcome,  first,  by  guarding  the  bottom- 
end  bearings  to  avoid  splash  on  to  liners;  second,  by  pre- 
venting the  oil  from  creeping  from  top-end  bearings  along 
the  gudgeon-pin  keyway  on  to  piston  surface;  third,  by  pro- 
viding scraper  grooves  on  pistons  with  return  ducts  to  inside; 
fourth,  by  dissipating  the  vapor  in  crank  chamber,  this  vapor 
tending  to  pass  the  rings  on  the  suction  stroke. 

The  speaker  objected  to  the  common  method  of  withdraw- 
ing the  oil  vapor  in  the  crank  chamber,  which  is  to  take  the 
air-compressor  suction  or  the  main-cylinder  suction  from  the 
chamber.  He  believes  that  this  causes  dirty  valves,  is  waste- 
ful, and  in  a  few  cases  has  proved  dangerous.  He  found 
that  the  vapor  is  most  effectually  withdrawn  by  a  belt-driven 
extraction  fan;  the  gases  are  led  to  a  baffle  box,  where  they 
are  condensed,  thus  recovering  the  oil  which  by  other  methods 
is  burned. 

In  the  discussion  which  followed,  it  was  pointed  out  that 
when  the  sulphur  content  of  the  fuel  oil  reaches  a  certain 
limit,  the  sulphur  reacts  on  the  lubricating  oil,  especially  if 
compounded  with  vegetable  oils,  and  causes  a  sticky  deposit 
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analogous  to  vulcanized  bitumen,  which  destroys  the  lubricat- 
ing properties  of  the  oil.  (Paper  read  before  the  Diesel 
Engine  Users'  Association ;  abstracted  from  The  Mechanical 
Engineer,  vol.  38,  no.  985,  December  8,  1916,  pp.  439-441. 
SP) 

Heat-Balance  Tests  op  Automobile  Engines,  Prof.  Walter 
T.  Fishleigh  and  W.  E.  Lay 

The  authors  show  how  a  demand  for  better  performance 
and  economy  and  the  ever-increasing  cost  of  volatile  fuels 
have  emphasized  the  necessity  for  thorough  engineering  work 
in  the  successful  automobile  manufacturing  plant. 

The  paper  is  based  on  a  comprehensive  test  of  an  automo- 
bile engine  enclosed  in  a  hood  similar  to  that  used  on  the  ear 
in  normal  service,  an  air  blast  being  directed  through  this 
hood  of  speeds  approximating  those  at  which  the  engine  would 
drive  a  car  with  a  given  gear  ratio. 

The  results  from  the  heat-balance  tests  at  the  three  operat- 
ing speeds  of  640  r.p.m.,  1000  r.p.m.  and  1.350  r.p.m  are 
shown  in  Fig.  5.  These  cur\'es  show  that  the  heat  that  goes 
into  brake  horsepower  ranges  from  8.6  to  19  per  cent,  and  in- 
creases at  any  one  speed  as  the  load  is  increased.  The  highest 
value  is  found  for  the  greatest  load  taken  at  the  lowest  speed. 
At  6.25  hp.  output,  which  is  about  necessary  on  a  good  level 
road  for  propelling  the  car  at  18  m.p.h.,  the  thermal  efficiency 
of  the  engine  based  upon  brake  horsepower  is  10  per  cent. 
This  means  that  when  an  owner  uses  in  his  engine  $1.00 
worth  of  gasoline,  he  develops  at  the  flywheel  and  delivers  to 
the  transmission  box  just  ten  cents'  worth  of  power.  Where 
the  other  ninety  cents  go  is  indicated  by  the  relatively  long 
ordinates  of  the  other  curves. 

Heat  loss  to  the  cooling  water  was  practically  constant  at 
600  r.p.m.  and  was  about  40  per  cent.  At  the  two  higher 
speeds  it  decreased  with  increased  output. 

The  percentage  of  heat  dissipated  to  the  cooling  air  ap- 
peared variable  at  the  low  speed,  while  at  1000  and  1350  r.p.m. 
there  was  evident  a  slight  decrease  with  increased  output.  The 
heat  loss  in  the  exhaust  at  640  r.p.m.  varied  regularly  from 
26.6  per  cent  at  low  output  to  18.6  per  cent  at  20  hp.  At 
the  two  higher  speeds  it  was  relativelj'  much  larger  with  slight 
increase  in  output.  It  appears,  therefore,  that  the  trend  of 
eshaust-gas  losses  is  contrary  to  that  of  losses  to  the  cooling 
water. 

The  fuel  consumption  per  unit  horsepower  per  unit  of  time 
at  any  speed  was  high  at  low  horsepower  output  and  de- 
creased steadily  as  maximum  output  at  any  speed  was  ap- 
proached. Thermal  elHciency  correspondingly  increased  at 
any  speed  as  the  output  increased.  Under  maximum  output 
conditions,  which  constitute  an  infrequent  and  unimportant 
automobile  operating  range,  fuel  consumption  is  relatively 
low  and  thermal  efficiency  relatively  high. 

Mechanical  efficiency  at  any  speed  improves  with  increased 
load. 

The  complete  heat  balance  for  one  run  was  found  to  be  as 
follows : 


B.t.u. 

Input    368,000 

Output     (b.hp.) 50,560 

Cooling    water 113,750 

Cooling    air 60,600 

Exhaust     139,632 

Total 364,542 

Heat   unaccounted   for 


Per  Cent 
100.00 
13.74 
30.90 
16.47 
37.94 


99.05 
0.95 


As  regards  the  fields  for  future  developments,  the  writer 
believes  that  probably  overcooling  at  low  speed  and  output, 
where  ample  capacity  is  provided  for  all  extreme  demands,  has 
already  received  some  attention,  but  important  improvements 
can  be  brought  about  from  an  entirely  different  direction.  Al- 
loy metals  can  be  developed  that  will  stand  a  far  higher  aver- 
age operating  temperature.  The  present  metal  construction 
can  be  entirely  replaced  by  a  built-up  alloy-metal  construction 
that  will  need  no  cooling  system,  or,  at  best,  only  an  air  draft. 
Porcelain  or  other  heat-resisting  substances  can  be  utilized  for 
part  or  all  of  the  combustion  chamber,  and  better  lubricants 
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Fig.  5     Results    of     Heat-Balance    Tests     of 
Engines   at    Various    Speeds 


Automobile 


The  paper  describes  in  detail  the  methods  and  apparatus 
used. 


are  possible.  But  a  fascinating  ideal  is  always  a  type  of  en- 
gine in  which  the  same  wall  does  not  serve  as  a  part  of  a  high- 
temperature  combustion  chamber  and  at  the  same  time  as  a 
lubricated  surface  upon  which  the  most  important  high-speed 
reciprocating  mass  must  prevail  and  have  its  bearing.  Under 
present  limitations  higher  thermal  efficiency  might  be  had  by 
the  use  of  a  cooUng  liquid  whose  boiling  point  is  higher  than 
that  of  the  conventional  water. 

The  reduced  efficiency  and  increased  fuel  consumption 
under  normal  light  loads  at  any  speed  are  deserving  of  the 
most  serious  attention.     The  internal-combustion  engine  op- 
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erating  upon  the  present  Otto  cycle  is  not  well  adapted  to 
efficient  operation  upon  partly  opened  throttle,  and  the  author 
suggests  as  promising  fields  of  research  larger  valves  or  ports 
and  more  of  them,  variable  timing  of  the  valves  so  as  to  insure 
fairly  uniform  compression,  higher  compressions  with  direct 
fuel  injection  as  in  the  Diesel  or  semi-Diesel  engine,  and  the 
constant-pressure  cycle.  (S.  A.  E.  BnUetin,  vol.  11,  no.  3. 
Deeeiubei-  191(>.  iip.  271-287,  8  figs.,  eJ  ) 

Measuring    Apparatus    and    Measurements 

Standard  Substances  for  the  Calibration  of  Viscometers, 
Eugene  C.  Bingham  and  Richard  F.  Jackson 

For  the  purpose  of  the  calibration  of  viscometers  there  is 
a  need  for  one  or  more  licjuids  of  viscosity  greater  than  water 
which  can  be  easily  obtained  in  pure  condition  and  whose 
viscosity  is  known  with  a  considerable  degree  of  certainty. 
The  substances  selected,  besides  water,  were  mixtures  of  ethyl 
alcohol  and  water,  and  sucrose  and  water.  Previous  work 
upon  water  and  alcohol  was  adequate  and  consequently  the 
experiments  were  confined  to  the  sucrose  and  water.  The  suc- 
rose was  purified  by  repeated  recrystallization  from  water 
solution  and  contained  residual  impurities  of  the  order  of  one- 
thousandth  of  a  per  cent.  The  solutions  used  in  the  measure- 
ment were  analyzed  by  determination  of  density  and  by 
polariscopic  test. 

The  viscometer  used  in  the  investigation  consisted  essen- 
tially of  a  U-tube  fitted  with  a  capillary  on  one  limb  sur- 
mounted by  a  bulb  with  constrictions  which  could  be  used  to 
measure  the  volume  of  liquid.  A  bulb  of  similar  size  and 
shape  was  sealed  on  the  other  limb.  The  viscometer  was  con- 
nected to  a  manometer  and  pressure  apparatus  for  the  appli- 
cation of  pressure.  From  the  observations  the  viscosity  was 
calculated  by  the  usual  formula 

7)  =  Cpt~C'  g/l 

by  measuring  the  time  of  flow  of  pure  water  at  20  deg.  cent, 
and  substituting  its  viscosity  0.01005. 

The  viscosity  was  measured  at  a  varietj'  of  applied  pres- 
sures. To  obtain  the  true  effective  pressure,  the  height  of 
liquid  in  the  manometer  is  corrected  for  air  buoyancy,  column 
of  connecting  air,  and  hydrostatic  head  of  the  liquid  under- 
going measurement.  In  order  to  be  certain  that  the  drainage 
of  solution  was  complete,  the  time  of  flow  required  to  dis- 
charge and  to  fill  the  bulb  was  measured.  Furthermore, 
viscosity  was  found  to  be  independent  of  applied  pressure. 
To  test  calculations  and  corrections  the  viscosities  of  water 
were  measured,  using  a  considerable  range  of  pressures.  The 
value  was  found  to  be  constant. 

In  order  to  avoid  the  arbitrary  scales  of  commercial  visco- 
meters and  the  inconvenient  magnitudes  of  the  absolute  units, 
we  suggest  the  use  of  the  ''  centipoise  "  as  a  unit  of  viscosity. 
This  is  one-hundredth  pait  of  the  C.G.S.  absolute  unit. 
The  centipoise  is  almost  exactly  the  viscosity  of  water  at  20 
deg.  cent.  (1.005),  and  hence  is  at  the  same  time  the  specific 
viscosity  of  any  substance  referred  to  water  at  very  nearly 
20  deg.  cent. 

The  viscosities  of  water  have  been  determined  by  several 
investigators.  The  existing  data  have  been  reviewed  in  order 
to  correct  them  so  far  as  possible  according  to  our  present 
knowledge.  The  mean  values  expressed  as  fluidities  may  be 
expressed  by  the  formula 

9  =  2.1482  {  ((  —  8.435)  +  \/8078:4+(i!  — 8.43.5=)  }  —  120 

in  which  9  is  fluidity  and  t  centigrade  temperature. 


Mixtures  of  ethyl  alcohol  and  water  may  be  used  as  stand- 
ards. Their  fluidities  expressed  as  functions  of  temperature 
and  weight  and  volume  percentage  of  alcohol  accompany  the 
complete  article. 

The  viscosities  of  a  39.99  per  cent  sucrose  solution  were 
measured  at  temperatures  varying  from  0  deg.  cent,  to  95 
deg.   cent.     The  observed  values  correspond  to  the  formula 


f  =  0.597  (cp  + 20) 


1438.6 


+  38.24 


9  4-20 

Inasmuch  as  some  discrepancy  was  found  to  exist  between 
this  and  former  values,  the  experiment  was  repeated  and  prac- 
tically the  same  values  were  obtained. 

The  measurements  were  then  made  on  20.007  per  cent  and 
59.96  per  cent  sucrose  solutions.  The  fluidities  at  the  latter 
concentration  corresponded  to  the  formula 


t  =  1.472  (9  +  5) 


323.2 

■9  +  5 


+  58.62 


The  values  found  in  the  present  investigation  indicated  a 
higher  viscosity  than  those  of  previous  investigators.  (Ab- 
stract of  Scientific  Paper  no.  298,  Bureau  of  Standards) 

Measurement  of  Flow  of  Unpurified  Gases  at  High  Tem- 
peratures BY  Means  of  Pitot  Tubes,  J.  M.  Spitzglass 

During  the  past  year  experiments  were  conducted  at  the 
Pitney  Court  Station  of  the  People's  Gas  Light  &  Coke  Com- 
pany of  Chicago,  on  measuring  the  volume  of  gas  flowing  from 
an  individual  generator.  The  device  employed,  shown  in  Fig. 
6,  consisted  of  a  special  pitot  tube  inserted  in  the  flow  of  gas, 
connected  to  a  differential  gage  indicating  the  pressure  dif- 
ference created  by  the  flow. 

As  can  be  seen  from  the  flgure,  there  are  here  two  points 
available  for  measuring  the  flow  of  gas  from  the  superheater 
before  the  gas  enters  a  common  main.  One  is  at  the  outlet 
from  the  superheater  before  the  gas  enters  the  washbox,  where 
the  average  temjierature  of  the  flowing  gas  is  about  1200  deg. 
fahr.,  and  the  otlier  is  at  the  outlet  from  the  washbox,  where 
the  temperature  varies  between  180  and  190  deg.  fahr.,  but 
where  there  is  a  possibihty  of  excessive  moisture  to  be  en- 
trained from  the  washbox,  the  distance  from  the  latter  being 
very  short  in  this  case. 

As  a  rule  there  is  now  little  difficulty  in  determining  the 
\  olumes  of  flowing  gases  from  the  velocity  pressure  developed 
by  the  impact  of  the  flow;  and  the  relation  between  the  two 
physical  quantities,  velocity  and  pressure,  is  well  known  for 
ordinary  temperatures.  But  where  gases  are  flowing  at  high 
temperatures  this  relation  becomes  more  or  less  complicated, 
as  the  impact  of  the  flowing  mass  creating  the  pressure  dif- 
ference is  a  complex  quantity  equivalent  to  the  weight  of  the 
flowing  mass  times  the  square  of  the  velocity,  and  the  change 
in  the  force  of  the  impact  may  be  due  to  a  change  in  the 
velocity  of  the  flowing  mass  or  a  change  in  the  density  of  the 
gas,  or  to  both. 

The  installations  as  made  proved  that  the  flow  of  hot  gas 
could  be  measured  in  this  way  and  that  the  high  temperature 
of  the  gas  did  not  apparently  affect  the  tube  or  interfere  with 
the  indications  of  the  gage.  It  was  found,  however,  that  the 
tube  could  not  be  operated  continuously  on  account  of  the  car- 
bon accumulating  and  covering  the  small  openings  through 
which  the  differential  pressure  is  transmitted  to  the  velocity 
gage.  This  carbon  deposit  was  found  to  consist  of  a  layer 
of  lampblack  mainly  on  the  side  from  the  flow. 

An  attempt  was  made  to  blow  out  the  tubes  with  steam  with- 
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out  removing  them  from  the  gas  main,  but  in  many  eases  it 
was  found  necessary  to  remove  them  and  clean  them  out 
mechanically. 

Various  arrangements  of  tubes  were  used  with  somewhat 
different  results  in  the  flow  tests.  The  one  which  worked  ap- 
parently better  than  other  shapes  had  the  ends  cut  off  to  a  60- 
deg.  angle  from  the  horizontal. 

The  results  of  the  tests  are  presented  in  charts  and  tables. 
One  table  appended  to  the  article  gives  the  general  properties 
of  dry  air  from  0  to  212  deg.  fahr.  and  also  the  pressure  and 
density  of  saturated  water  vapor.  A  second  table  gives  the 
properties  and  con-eetion  factor  of  saturated  gases.  This  cor- 
rection factor  is  independent  of  the  specific  gravity  of  the 
gas  and  can  be  used  directly  for  correcting  the  volumes  of 
saturated  gases  at  the  given  temperatures  between  0  and  212 
deg.  fahr.  at  30  in.  absolute  pressure.  Other  tables  give  the 
factors  prepared  for  determining  the  ratio  of  the  density  of 
atmospheric  air  at  the  given  temperatures  and  of  gases  from 
0.75  to  0.40  specific  gravity  to  the  density  of  dry  air  at  60 


Mechanics 

Remarks  on  Dynamics  op  the  Automobile,  N.  W.  Akimoff 

Discussion  of  the  fundamental  principles  of  a  theory  of 
spring  suspension,  with  a  brief  consideration  of  the  dynamica 
of  spring  damping,  kinematic  features  of  harmonic  motion^ 
energy  consumption,  and  shock  absorbers. 

The  oscillation  of  a  spring  will  necessarily  be  a  damped 
one  and  will  have  a  tendency  to  die  out  after  a  certain  interval 
of  time.  This  damping  is  due  partly  to  external  friction, 
but  also  to  a  considerable  extent  to  some  sort  of  internal, 
molecular  action.  Certain  properties  of  damping  oscillations 
are,  however,  often  lost  sight  of.  If  the  friction  is  constant 
the  amplitude  of  motion  decreases  but  the  period  remains  un- 
changed. If  the  damping  is  proportional  to  velocity  then  the 
period  is  only  slightly  increased,  but  so  little  that  here,  too,  it 
can  be  considered  unaffected  while  the  amplitude  decreased. 

This  refers  to  so-called  free  vibration  of  a  spring,  but  a 
spring  subject  to  any  periodic  action,  for  example,  actuated 
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Fig.  6     Installation  fob  Measuring  the  Flow  of  Unpurified    Gases  at  High  Temperatures  by  Means  of  Pitot  Tubes 


deg.  fahr.  temperature  and  30  in.  absolute  pressure.  This 
"  specific  ratio  "  is  substituted  for  the  specific  gravity  of  the 
gas  in  computing  the  volume  of  the  flow. 

For  the  purpose  of  computing  the  flow  of  saturated  gases, 
the  writer  gives  the  following  equation : 

j     TT 

Q  =  21.7Cd\   — 
\  S 

where  Q  is  the  quantity  of  gas  in  cubic  feet  per  minute  flow- 
ing through  the  pipe  at  the  given  temperature  and  pressure ; 
d  =  diameter  of  the  pipe  in  inches;  C  =  a  numerical  coeffi- 
cient depending  upon  the  shape  of  the  pitot  tube  used; 
H  =  differential  head  in  inches  of  water;  and  S  =  specific 
gravity  of  the  gas  as  referred  to  air.  A  numerical  example  of 
the  application  of  the  formula  is  given. 

The  article  recommends  a  method  of  procedure  for  the 
computation  of  the  flow  of  gases.  Among  other  things  is 
fully  covered  the  question  of  the  use  of  the  correction  factor. 
The  tables  may  be  utilized  also  for  other  purposes,  such  as 
determination  of  the  carrying  capacity  of  pipes  for  saturated 
gases  and  of  conditions  of  partial  saturation.  (American  Gas 
Engineering  Journal,  vol.  106,  no.  1  (whole  no.  3069),  Janu- 
ary 1,  1917,  pj).  .5-1(1.  3  figs.,  et) 


by  some  sort  of  a  connection  with  an  unbalanced  engine,  will 
vibrate  precisely  at  the  rate  of  the  latter.  This  constitutes 
what  is  known  as  forced  vibration,  which  the  spring  quickly 
converts  into  a  free  vibration  of  its  own  natural  period  as 
soon  as  it  is  freed  from  the  influence  of  the  periodic  forces. 
All  this,  however,  holds  good  only  for  such  cases  as  that  of  a 
spring  arranged  vertically  and  supporting  a  weight,  but  this 
formula  can  under  no  circumstances  be  applied  to  a  case  of  a 
body  rocking  about  one  end  and  spring-supported  on  the  other. 
This  might  induce  an  error  as  great  as  100  per  cent  or  more, 
and  an  entirely  new  formula  would  have  to  be  derived. 

The  writer  vigorously  objects  to  applying  the  plain  pendu- 
lum formula  to  eases  of  automobile  suspension  invoh  ing  roll- 
ing or  pitching. 

From  the  kinematics  of  vibrating  motion  can  be  found  under 
.  what  conditions  the  passenger  will  be  thrown  from  a  seat 
vibrating  according  to  a  plain  pendulum  law. 

From  this  the  author  proceeds  to  a  statement  of  his  objec- 
tion to  frietional  shock  absorbers.  The  objection  appears  to 
be  that  in  climbing  up  a  bump,  the  action  of  the  spring  is 
retarded,  thus  throwing  a  certain  amount  of  extra  load  on  the 
tire  and  spring,  already  overloaded  owing  to  the  upward  im- 
pulse due  to  the  obstacle.    In  allowing  the  compressed  spring 
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to  come  gently  to  its  normal  position,  the  absorber  performs 
its  useful  work  provided  the  action  is  not  delayed  too  much. 
When  the  wheel  drops  into  a  pocket  or  depression,  the  re- 
verse conditions  are  present.  The  absorber  retards  the  descent 
of  the  wheel  and  does  its  best  work  in  restoring  the  wheel  to 
its  normal  position,  although  here,  too,  the  action  should  not 
be  delayed  too  much.  It  is  evident  that  these  actions  are  con- 
tradictory. What  one  would  like  to  have  is  an  absorber  that  is 
inert  when  the  wheel  goes  over  a  bump  and  active  in  coming 
down,  also  inert  when  the  wheel  goes  down  into  a  hole  and 
active  in  restoring  it  to  its  normal  position;  but  it  does  not 
appear  possible  for  any  absorber  to  answer  these  require- 
ments. 

The  author  believes  that  the  fight  between  the  champions 
and  the  antagonists  of  absorbers  is  progressing  on  altogether 
wrong  grounds. 

The  analysis  of  the  elemental  suspension  system  is  carried 
out  by  means  of  an  imaginary  elemental  car  consisting  of  one 
wheel  provided  with  a  pneumatic  tire,  a  platform  represent- 
ing the  unsprung  weight,  a  spring  above  it  and  over  the 
spring  another  platform,  which  is  the  sprung  weight.  In  such 
a  system  there  will  be  two  independent  modes  of  vibration. 
One  mode  will  comprise  simultaneous  oscillations  of  both 
weights  possessing  the  same  period,  both  moving  up  or  down 
at  the  same  time.  The  second  natural  mode  will  be  such  that 
both  weights  move  in  opposite  directions  although  with  the 
same  period,  but  through  a  much  shorter  amplitude  than  be- 
fore. Neither  the  short  nor  the  long  period  is  the  same  as  it 
would  be  if  the  sprung  weight  alone  vibrated  on  its  spring. 
This  shows  the  inadequacy  of  the  pendulum  formula  if 
directly  applied  to  the  problem  of  natural  oscillations  of  the 
car  even  when  simplified  in  the  above  way. 

The  automobile  can  vibrate  in  a  number  of  different  ways, 
the  main  modes  of  oscillation  being  plunging,  rolling  and 
pitching.  The  problems  of  vibrations  in  automobiles  can  be 
solved  by  Lagrange's  equations  and,  for  example,  for  pitch- 
ing the  author  proposes  the  following  formula : 


Period  =  Tp  =  2  It  (VS/i?  V^kyi') 

where  S  is  the  initial  (static)  deflection  of  each  spring  under 
its  load;  g  -—  32.2;  k  is  the  radius  of  gyration  about  tlie  center 
of  oscillation;  and  I  the  wheelbase.  From  this  formula  the 
author  comes  to  the  conclusion  that  the  wheelbase  should  be 
kept  as  short  as  possible  because  the  period  is  inversely  pro- 
portional to  its  length.  From  this  point  of  view,  the  writer 
believes  that  if  the  cantilever  arrangement  of  springs  gives 
better  riding  qualities,  the  reason  lies  in  the  fact  that  the 
spiing  is  fastened  more  closely  to  the  center  of  the  body,  thus 
giving  the  same  effect  as  would  reduce  wheel  base,  i.e.,  a  slower 
period  of  pitching. 

The  distribution  of  the  weight  appears  to  be  of  importance, 
as  is  evidenced  by  the  radius  of  gyration  k,  to  which  the  period 
is  directly  proportional.  In  other  words,  to  secure  easy  riding 
(slow  period  of  pitching)  the  loads  should  be  placed  as  far 
as  possible  from  the  center  of  the  car.  The  mere  fact  that 
they  give  the  same  deflection  does  not  in  itself  preclude  the 
possibility  of  entirely  different  effects  due  to  load  distribution. 
(S.  A.  E.  Bulletin,  vol.  11,  no.  3,  December  1916,  pp.  '.'62-270, 
5  figs,  t) 

Railroad    Engineering 

Locomotive-Axle  Failure  and  Its  Causes 

Abstract  from  the  report  of  the  Chief  of  the  Division  of 
Safety,    Interstate    Commerce    Commission,    covering    the    in- 


vestigation of  an  accident  which  occurred  near  Hoffman,  111., 
when  an  axle  failed  under  a  freight  engine  of  the  Southern 
Railroad. 

The  investigation  showed  the  presence  of  an  area  of  metal 
at  the  surface  of  the  journal  which  contained  chatter  marks 
and  short  incipient  cracks  made  by  the  roughing  cut  in  the 
machining  of  the  forging  from  which  the  axle  was  made. 

It  was  further  found  that  the  axle  was  made  from  an  un- 
treated solid-steel  forging  and  was  finished  turned  through- 
out its  length. 

In  addition  to  the  discussion  of  this  particular  instance,  the 
report  touches  on  some  matters  of  general  interest. 

Heavy  machine-tool  cuts  tear  the  metal  and  also  introduce 
internal  strains.  There  is  a  close  resemblance  in  the  effect  of 
such  heavy  tool  cuts  to  shearing  and  punching  effects  if,  in- 
deed, they  are  not  of  the  same  order.  Shearing  and  punch- 
ing of  steel  are  very  properly  prohibited  in  certain  specifica- 
tions, and  it  is  also  important  that  equivalent  effects  be  avoided. 

A  further  possibility  of  incipient  fractures  is  introduced  by 
the  operation  of  quenching,  with  spontaneous  rupture  taking 
place.  In  fact,  certain  specifications  with  this  in  view  require 
a  shock  test  to  be  made  of  heat-treated  axles  to  detect  whether 
interior  fractures  liave  not  been  made  by  this  process.  The 
final  state  of  internal  strain  in  quenched  axles  which  have 
had  their  temper  drawn  will  be  of  lesser  magnitude  than  the 
temporary  state  of  strain  which  prevailed  at  the  time  of 
quenching. 

The  report  emphasizes  the  necessity  of  securing  workman- 
ship of  a  high  order  in  the  machine  finishing  and  fitting  of 
material  which  is  exposed  to  such  situations  as  those  which  are 
occupied  by  axles,  that  is,  repeated  alternate  stresses  of  ten- 
sion and  compression.  W^hile  the  magnitude  of  the  stresses 
in  the  service  of  axles  is  somewhat  indeterminate,  there  is  no 
doubt  that  on  some  occasions  very  high  fiber  stresses  are 
reached.  Under  these  circumstances  stresses  which  are  inci- 
dent to  surface  conditions  should  not  be  augmented  by  inter- 
nal strains  of  fabrication,  if  they  are  found  to  be  detrimental. 

It  has  been  customary  apparently  to  consider  only  those 
stresses  in  axles  which  were  due  to  the  external  loads  coming 
from  the  weight  of  the  engine  or  cars,  as  the  case  may  be. 
But  internal  strains  at  the  time  of  quenching — those  which 
result  from  heavy  machine  cuts  in  rough  turning  and  those 
which  accompany  the  operation  of  cold  rolling  on  journals  for 
finishing  purposes — appear  to  attain  a  magnitude  comparable 
to  the  direct  stresses  which  are  caused  by  the  wheel  loads.  It 
is  true  that  such  internal  strains  are  mostly  those  having  a 
tangential  direction,  while  the  failures  of  axles  commonly  oc- 
cur by  tension  in  a  longitudinal  direction,  but  coincident  sur- 
face strains  of  compression  have  been  found  to  exist  in  the 
quenched  metal  in  both  tangential  and  longitudinal  directions. 
(Iron  Trade  Review,  vol.  59,  no.  26,  December  28,  1916,  pp. 
1309-1312,  7  figs,    dp) 


Steam   Engineering 

Erosive  Effect  op  Steam  on  Turbine-Blading  Material, 
Lieut.  (J.  G.)  T.  J.  Keleher,  U.  S.  N. 

In  the  summer  course  of  the  Post-Graduate  Department  of 
the  Naval  Academy  an  investigation  of  the  erosive  effect  of 
steam  on  turbine-blading  material  was  taken  up  as  a  research 
problem. 

The  apparatus  used  was  a  brass  box  9  in.  x  9  in  x  7  in., 
wliich  acted  as  exhaust  chamber  and  contained  the  brass  blad- 
ing holders  and  blades,  which  were  stationary  and  placed  at 
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an  angle  of  10  deg.  to  the  nozzles  in  order  to  avoid  the  spat- 
•  tering  effect.  On  the  front  of  the  box  was  a  steam  chest  con- 
taining expanding  nozzles  designed  for  100  lb.  gage  pressure 
and  27  in.  vacuum. 

Extruded  brass,  rolled  brass,  rolled  eupro-nickel,  monel 
metal.  Parsons  metal,  and  drop-forged  steel  were  tested.  The 
tests  were  preliminary  in  their  nature  and  will  be  followed 
next  summer  by  tests  at  different  steam  velocities  and  with 
varying  qualities  of  steam  and  degrees  of  superheat. 

The  results  are  shown  in  the  form  of  photographs  and  a 
table  of  weight  losses.  From  this  table  it  appears  that  ex- 
truded brass  stood  up  best  in  the  3400-ft.-per-sec.  velocity 
with  steam  quality  of  about  87  per  cent.  Here  the  loss  was 
0.121.    Monel  metal  followed  with  0.273  and  steel  with  0.386. 

Because  of  difficulty  in  obtaining  the  blading  material  there 
were  dissimilarities  in  the  dimensions  of  the  pieces  tested, 
particularly  in  the  case  of  the  steel  specimens.  These  dis- 
crepancies in  blading  width  and  thickness  vitiate  weight  losses 
when  determined  as  percentages  of  the  original  weights  of  the 
specimens.  In  the  case  of  steel,  its  width  was  less,  and  its 
thickness  considerably  less,  than  that  of  the  other  materials. 

Rolled  brass,  cupro-niekel  and  Parsons  metal  did  not  com- 
pare at  all  favorably  with  the  others.  In  general,  there  ap- 
pears to  have  been  no  particular  uniformity  in  the  amount 
of  erosion  during  the  different  periods. 

On  the  photographs  (which  were  taken  at  about  2  diameters 
after  3V^  hours)  can  be  seen  the  saw  edges  of  the  rolled  brass 
and  monel  metal,  and  in  particular  the  long  points  of  the 
cupro-niekel  which,  it  would  appear,  are  the  results  of  lack 
of  uniformity  in  the  structure  of  the  metal.  Steel  appears 
also  to  begin  to  develop  a  similar  edge.  (Joiirnal  of  the 
American  Society  of  Naval  Eng-ineers,  vol.  28,  no.  4,  pp.  836- 
838,  and  2  pp.  of  photographs,  e) 

Oper.vtion  of  Curtis  Steaji  Turbixes  and  Alquist  Reduc- 
tion Gears  in  the  Propulsion  of  Caego  Ships, 
W.  J.  Davis,  Jr. 

The  first  commercially  successful  steam-turbine-driven 
freighter,  the  S.  S.  Vespasian,  built  in  England  and  equipped 
with  a  1000-hp.  Parsons  turbine  with  reduction  gear,  was 
placed  in  service  in  1909,  but  it  was  not  until  November, 
1915,  that  the  first  American-built  turbine  freighter  was 
commissioned. 

The  first  cargo  ship  built  in  the  United  States  and  equipped 
with  the  new  drive  was  the  S.  S.  Pacific.  This  ship  was  built 
by  the  Union  Iron  Works  Company  at  San  Francisco,  and 
propelled  by  a  2400-hp.  Curtis  turbine  with  Alquist  flexible 
gears  manufactured  at  the  Schenectady  works  of  the  General 
Electric  Company. 

The  use  of  the  steam  turbine  in  stationary  plants  resulted 
in  extraordinary  reductions  in  cost  of  power  generation.  The 
writer  is  familiar  with  a  case  where  eight  1500-kw.  recipro- 
cating engines  were  replaced  by  a  12,000-kw.  turbo-generator. 
Whereas  it  required  twenty-four  boilers  to  sujjply  steam  for 
the  engines,  eleven  of  these  boilers  were  sufficient  to  enable  the 
turbine  to  carry  the  same  load. 

It  has  been  well  knovra  for  a  long  time  that  any  attempt 
to  drive  a  ship  propeller  directly  from  a  steam  turbine  must 
result  in  a  compromise  in  which  the  efficiency  of  both  turbine 
and  propeller  must  be  sacrificed.  In  the  case  of  very-high- 
speed ships,  such  as  destroyers  and  certain  classes  of  pas- 
senger vessels,  where  certain  advantages  in  the  way  of  in- 
creased SDeed,  reduction  in  vibration  and  saving  in  weight 
overbalance  the  failure  to  give  the  best  attainable  economy  in 


fuel,  it  has  been  possible  to  make  such  a  comi^romise.  But 
this  would  not  apply  to  slow-speed  freight-carrjdng  vessels 
because  of  limitations  of  propeller  speed. 

Take,  for  example,  a  freighter  or  tanker  of  8000  to  10,000 
tons  capacity,  with  a  speed,  loaded,  of  11  knots.  Such  a  ship 
will  require  about  2500  hp.  to  drive  it.  The  most  economical 
speed  for  the  propeller  would  be  about  90  r.p.m.,  while  that 
for  the  turbine  would  be  not  less  than  3000  r.p.m.  The  differ- 
ence is  here  so  great  that  any  attempt  to  drive  the  propeller 
direct  would  result  in  an  arrangement  so  greatly  inferior  in 
economy  to  a  reciprocating-engine  drive  as  to  outweigh  any 
other  possible  advantage.  The  use  of  speed-reducing  means 
between  the  turbine  and  propeller  becomes,  therefore,  impera- 
tive if  turbine  drive  is  to  be  employed  at  all.  The  Alquist 
flexible  gear  as  manufactured  by  the  General  Electric  Com- 
pany is  one  of  the  means  of  high-speed  reduction.  The 
wheels  for  this  type  of  gear  are  made  up  of  rolled-steel  plates 
or  disks  rigidly  bolted  together  near  the  center  and  keyed  to 
the  shaft.  Each  disk  is  reduced  in  thickness  between  the  hub 
and  rim  sufficiently  to  give  a  small  amount  of  flexibility  in  an 


Fig.  7  Top  Cut:  Upper  Half  of  the  Ah^uist  Gear  with 
Geah  Casing  Removed  ;  Bottom  Cut  :  Intekmediatei 
Shaft  of  Reduction  Gear 


axial  direction,  and  to  permit  this  movement  a  clearance  of 
about  ten  thousandths  of  an  inch  is  provided  between  the 
disks  at  their  rims.  As  the  gears  are  of  the  double-helical 
type,  this  construction  insures  equal  distribution  of  pressure 
along  the  face  of  the  teeth.  If  the  pressure  applied  by  a  pin- 
ion tooth  at  any  point  should  exceed  the  normal  pressure,  the 
axial  component  will  cause  a  slight  axial  flexure  of  the  disk. 
Experience  has  shown  that  changes  in  alignment  or  slight 
inaccuracies  in  tooth  cutting  or  assembling  of  the  gears,  which 
would  cause  objectionable  noise,  loss  in  efficiency,  high  tem- 
perature, and  excessive  wear  on  the  teeth  of  solid  geai-s,  have 
little  effect  on  the  operation  of  the  flexible-disk  type. 

Accurate  measurements  of  the  teeth  of  the  Alquist  reduction 
gears  on  the  S.  S.  Pacific  show  the  wear  of  the  flexible-gear 
teeth  to  be  almost  negligible. 

An  interesting  commercial  feature  of  the  present  abnormal 
production  of  steel  cargo  vessels  in  this  country  is  the  uni- 
formity in  capacity,  speed,  and  power  requirements.  Fully 
90  per  cent  of  the  turbine  ships  com))leted  or  under  construc- 
tion  by  the   Pacific   Coast   vnrds  are   jirovided   with   turbines 
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of  the  same  type  and  practically  of  tlie  same  size,  viz.,  2400 
to  2600  hp. 

In  practically  all  eases  the  ahead  turbine  is  designed  to  run 
at  3380  r.p.m.  It  is  of  the  Curtis  type  of  impulse  turbine 
and  consists  of  five  stages,  the  first  having  two  rows  of  buckets 
mounted  on  a  single  wheel,  and  each  of  the  succeeding  stages 
a  sina-le  row  of  buckets.  The  speed  of  the  turbine  is  con- 
trolled by  means  of  a  lever-operated  balanced  throttle  valve 
in  the  main  steam  line,  but  in  order  to  overcome  the  loss  of 
«flSciency  due  to  throttling  when  running  at  reduced  speed, 
two  hand  valves  are  provided  which  block  off  a  number  of 
the  first-stage  nozzle  sections.  By  this  means  it  is  possible 
to  obtain  58,  75,  83  and  100  per  cent  of  full  power  with 
full-speed  pressure  at  the  nozzles,  resulting  in  a  net  saving 
of  3  per  cent  to  5  per  cent  in  fuel  when  it  is  necessary  to  run 
the  ship  at  reduced  speed  in  a  rough  sea. 

The  astern  turbine  has  two  stages  of  similar  construction 
but  of  smaller  diameter,  and   is  mounted  on   the  same  shaft 


ings  are  used  throughout  for  the  gears  and  pinions.  Fig.  7 
shows  the  intermediate  shaft  of  the  reduction  gear,  while  Fig. 
2  shows  the  gears  with  the  top  half  of  gear  casing  removed. 

On  the  score  of  simplicity  it  is  highly  desirable  to  be  able 
to  use  the  same  grade  of  oil  for  both  the  turbine  bearings 
and  the  reduction  gear,  thus  preventing  the  duplication  of  oil 
pumps,  strainers,  coolers,  storage  tanks,  settling  tanks,  etc. 
It  has  been  possible  to  accomplish  this  by  the  use  of  a  mud- 
erate  tooth  angle  and  by  reason  of  the  flexible-disk  construc- 
tion of  the  gears.  Several  grades  of  oil  were  tried  out  on  the 
S.  S.  Bavanger,  the  best  results  being  obtained  with  a  mediiiin- 
heavy  oil  having  a  viscosity  of  260  (Saybolt)  at  100  deg. 
fahr.,  which  proved  to  be  right  for  the  dual  purpose  for  which 
it  was  used. 

The  article  gives  detailed  data  as  to  dimensions  and  fuel 
consumption  of  tank  steamers  ios  Angeles  and  La  Brea. 
These  ships  differ  from  each  other  only  in  the  character  of 
the    propelling   machinery    and    the   cargo-pumping    systems. 


Turbine  Casing 


.  Diaphragm 
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and  in  the  same  casing  as  the  ahead  turbine,  both  having  a 
common  exhaust.  When  the  ship  is  running  forward,  the 
wheels  of  the  astern  turbine  revolve  in  a  vacuum  and  there- 
fore consume  but  little  power. 

The  speed  of  the  propeller  being  90  r.p.m.  and  that  of  the 
turbine  3380  r.p.m.,  it  is  necessary  to  obtain  a  gear  reduction 
of  37.5.  This  is  accomplished  by  means  of  a  double  reduction, 
the  high-speed  gear  having  a  ratio  of  7.36  and  the  low-speed, 
5.10.  The  reduction  gear  is  of  the  "one-plane"  type,  i.e., 
axes  of  the  high-  and  low-speed  pinion  and  gear  shafts  lie  in 
the  same  horizontal  plane.  This  arrangement  reduces  the 
head  room,  simplifies  lubrication,  and  facilitates  inspection 
and  accessibility  of  all  parts. 

Power  is  transmitted  through  the  high-speed  or  driving 
pinion  to  two  gears,  one  on  each  side,  and  thence  through 
the  two  low-speed  pinions  to  the  low-speed  gear.    Rigid  bear- 


The  Los  Angeles  is  driven  by  a  triple-expansion  engine  with 
a  propeller  speed  of  65  r.p.m.,  and  has  the  usual  type  of 
centralized  steam  pumping  plant  for  discharging  her  cargo 
of  oil.  The  propelling  machinery  of  La  Brea  consists  of  a 
2600-b.hp.  Curtis  turbine  with  Alquist  reduction  gear  giving 
90  revolutions  at  the  propeller.  She  is  fitted  with  a  imique 
cargo-pumping  system  originated  by  0.  B.  Kibele,  Superin- 
tendent of  Transportation  of  the  Union  Oil  Company,  in 
which  a  separate  electric-motor-driven  pump  is  provided  for 
each  compartment,  power  being  supplied  to  the  motors  from 
a  300-kw.  60-cycle  alternating-current  Curtis  turbo-generator 
located  in  the  engine  room. 

Although  the  average  speed  of  La  Brea  is  %  knot  better 
than  that  of  the  reciprocating-engine-propelled  Los  Angeles, 
it  has  been  found  that  the  increase  in  fuel  consumption  of 
the  latter  over  that  of  the  steam-turbine  ship  under  operating 
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conditions  is 

Wliilf  straniiiif: 17.9  per  eent 

While  stcaniini;  iiml  in  )i(irt 21.1   per  cent 

With  further  improvements  in  the  wny  of  increased  steam 
pressures,  higher  sui)erheats,  and  i)Ower-plant  design  and 
eqnipmeut,  there  are  still  furtiier  possiliilities  in  reduciu'j  oper- 
ating costs  of  steamships  driven  h\  geared  turhines.  ideiieral 
Electric  Kevietc,  vol.  20,  no.  ],  .lannary  1917,  ))p.  57-(i2,  4 
figs,     drj 

The  Moore  Steam  Turbines 

Descri|ition  of  st-eam  turbines  manufactured  by  the  Moore 
Steam  Turbine  Corporation,  of  W^ellsville,  New  York,  a  new- 
comer in  this  line  of  production. 

The  company  will  manufacture  a  single-stage  machine  and 
a  multi-stage  turbine.  The  single-stage  machine  consists  of  a 
single-velocity  stage  made  up  of  a  set  of  diverging  expanding 
nozzles  and  a  wheel  carrying  two  rows  of  moving  blades  with 
a  set  of  stationary  reversing  blades  following  the  first  row 
of  moving  blades.  The  builders  will  limit  the  speed  of  tlie 
larger  machines  to  3600  r.p.m.  and  of  the  smaller  ones  to  5000 
r.p.m.  as  a  maximum. 

The  multi-stage  turbine  consists  of  the  same  single-velocity 
stage  followed  l)y  two  or  more  single-pressure  stages,  each  of 
the  stages  consisting  of  a  set  of  nozzles  and  a  wheel. 

In  both  types  of  turbine  the  casings  are  divided  both  ver- 
tically' and  horizontally,  which  allows  of  lifting  the  casing 
without  breaking  the  steam  or  exhaust  connections. 

The  diaphragms  (Fig.  8A)  are  halved  and  are  held  in  the 
casing  by  a  set  of  special  tapered  screwed  plugs  inserted  in 
the  vertical  joints  while  the  diaphragm  and  casings  are  held 
in  a  fixture  (as  a  rule  in  turbine  constniction  dowel  pins  are 
used  instead  of  screwed  plugs). 

The  wheels  and  shaft  are  of  steel  and  the  first-stage  wheel 
is  of  built-up  or  solid-forged  construction.  The  wheels  of  the 
single  stage  are  machined  from  solid  steel  plates.  The  buckets 
are  of  drawn  steel  and  dovetailed  into  the  periphery  of  the 
wheel  as  shown  in  Fig.  8B.  The  clearance  over  the  bucket  is 
about  one-half  inch  and  the  endwise  clearance  is  liberal,  with 
the  furtiier  provision  that  the  side  of  the  wheel  and  not  the 
bucket  will  rub  should  the  rotor  become  displaced  in  an  end- 
wise direction.  {Power,  vol.  44,  no.  25,  December  10,  1916, 
pp.  848-849,  7  figs,  d) 

WiLLANS  Line  for  Steam  Turbines 

AVith  throttle-governed  steam  turbines.  Willans'  law  that 
the  total  steam  consumption  plotted  against  output  gives 
nearly  a  straight  line  is  followed  with  very  considerable 
accuracy. 

'i"iie  writer  has  drawn  the  AVillans  line  for  the  .')00i|-k«. 
Rateau  turbine  at  the  London  County  Council  Power  Station 
from  data  taken  from  the  paper  read  by  K.  Baumann  before 
the  Institution  of  Electrical  Engineers  in  1911,  but  used  in 
.plotting  brake  kilowatts  and  not  the  power  developed  at  the 
sw'itclilioard.  Tlie  four  points  ])lotted  in  the  diagram.  Fig.  9, 
lie  very  fairly  in  a  straight  line  which,  if  prolonged,  cuts  the 
horizontal  axis  at  B.  It  has  frequently  been  assumed  that 
the  distance  OB  measured  on  the  kilowatt  scale  represents  the 
power  required  to  drive  the  turbine  light,  and  that  the  slope 
of  the  line  BA  is  proportional  to  the  blading  efficiency  of  the 
turbine.     The  author  shows  that  neither  of  these  suppositions 


is  coiTcct  and  states  further  some  interesting  deductions  made 
from  a  study  of  the  Willans  line  of  a  turbine. 

A  turbine  differs  from  a  reciprocating  engine  in  that  by 
far  the  larger  proportion  of  its  wastes  of  energy,  which  are 
due  mainly  to  windage,  leakage  losses  and  fluid  friction,  are 
[)roi)ortional  to  the  load.  The  resistance  and  losses  which  are 
indejiendent  of  the  load  are  only  those  due  to  the  bearings, 
thrust  block,  the  oil  [jump  and  governor  drive,  and  to  the 
glands.  If  water  glands  are  used,  as  in  the  turbine  under 
consideration,  the  gland  losses  are  represented  by  the  power 
absorbed  by  these  glands,  while  if  steam-packed  glands  are 
used,  the  loss  is  represented  by  the  supj)ly  of  steam  necessary 
to  prevent  the  entrance  of  air  through  the  glands  into  the 
i-ondenser. 

The  writer  calculates  these  constant  losses  and  shows  that 
this  can  be  done  with  fair  accuracy. 

Adding  together  all  of  the  resistance,  he  gets  a  total  of 
89  hp.  or,  say,  66  kw.,  which  is  only  about  one-sixth  of  the 
distance  re])resented  by  OB  in  the  diagram,  which  scales  450 
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kw.  This  wide  discrepancy  is  due  to  the  fact  that  the  Willans 
line  BA  is  not  a  line  of  constant  indicated  elficiency.  The 
indicated  elfieiency  of  a  turbine  varies  with  the  ratio  of  ex- 
pansion, and,  in  many  cases,  particularly  with  reaction  tur- 
bines which  (for  commercial  reasons)  have  hitherto  been  run 
much  below  the  most  economical  speed,  the  indicated  efficiency 
at  first  increases  as  the  load  is  reduced,  afterwards  diminishing 
again  somewhat  rapidly.  It  is  however  possible,  to  a  fair 
degree  of  accuracy,  to  deduce  from  the  actual  Willans  line  a 
line  corresponding  to  a  constant  indicated  efficiency  by  making 
use  of  the  proposition,  which  is  very  approximately  true,  that 
when  a  turbine  is  throttle-governed  the  indicated  efficiency 
depends  solely  on  the  ratio  of  initial  and  final  pressures. 
This  propo-sition  is  necessarily  true  with  a  perfect  gas,  and 
even  tliough  steam  is  not  a  perfect  gas,  the  rule  holds  with 
(oiisiderable  accuracy  throughout  a  large  range  of  output. 

The    data    from    which    the    diagram    was    plotted    are    as 
follows : 


Output 

Total  Steam 

of  Tuibine, 

per  Hour, 

Kiitiu  of  luitial 

B.kw. 

I.l>. 

to  I'inal  Pressure 

5347 

73.fl30 

228 

4000 

"iii.OTO 

185 

28Sli 

42.030 

123 

1440 

25,070 

74 

Of  the  total  resistances  of  the  turbine  those  due  to  fan 
action,  leakage  and  the  like  are  substantially  proportional  to 
the  load.     The  fixed  resistances  have  been  estimated  above  as 
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66  kw.,  so  that  the  i;niss  (lutput  ourrespoiiding  to  the  total 
toi'i|iie  (h'velo))ed  at  full  load  will  be  5347  +  U(i  i=  5413  kw. 
C'allitifj;  this  the  gross  kilowatts  the  steam  ennsuiiiptioii  per 
gross  kilowatt  is  13.06  11).  By  the  foregoing  rule  the  eon- 
suiii|:itioii  per  gross  kilowatt  will  be  the  same  at  all  powers, 
provided  the  ratio  of  the  initial  and  final  j)ressures  is  the 
same.  At  the  lowest  load  tabulated  above,  the  initial  i)ressure 
was  56  lb.  absolute  and  the  back  pressure  1.55  in.  of  mercury. 
To   get    the   same   gross   efficiency   this   back    pressure   shoidd 

74 

liave   been    ajipriLxinuitely  —    -1.55  =  0.()1S  in.  ol   iiicirury,  and 

25,070 
in  that  case  the  output  would  have  been  ■       ,  ,     =  1836  gro.-s 

13.66 

kilowatts,  or  1836  —  66  =  1770  b.kw. 

This  value  has  been  plotted  as  a  round  dot  in  the  diagram, 
and  the  other  observations  have  been  similarly  reduced.  The 
corrected  Willans  line  thus  obtained  cuts  the  axis  at  a  point 
scaling  about  70  kw.,  and  thus  passes  very  approximately 
through  the  estimated  value  of  the  bearing,  gland,  and  other 
tixed  losses. 

Thus,  with  the  Willans  line  as  ordinarily  jjlotted,  the  heat 
available  per  pound  of  steam  passed  falls  off  as  the  load  dimin- 
ishes. Hence  less  work  is  done  per  pound  of  steam  and  the  line 
al  low  loads  is  raised  accordingly.  The  Willans  line  adjusted  as 
above  can  be  used  to  estimate  approximately  the  increase  in 
consumption  at  full  load  due  to  reduction  in  vacuum,  and 
the  writer  sliows  that  a  diminution  of  vacuum  from  28.51  in. 
to  27.23  in.  would  reduce  the  gross  output  from  5413  to  5100 
gross  kw.,  or  to  5034  b.kw.  Hence  such  a  decrease  of  vacuum 
would  increase  the  steam  consumption  per  b.kw. -hour  by 
about  6  per  cent.  (Engineering,  vol.  102,  no.  2657,  December 
1.  1916.  p.  521,  1  fig.  t) 


SOC'IKTV   (IF   AUTD.MOTIVK    Ex(iIN"KEI!S 

The  Society  of  Autmnotive  Eiigiiiecis  is  our  youuge>t  national 
technical  society.  Into  it  are  fused  the  varied  and  yet  similar 
and  sym])athetic  interests  of  the  automobile  engineer,  the  aero- 
nautic engineer,  the  motor-boat  engineeer  and  the  agricultural- 
tractor  engineeer.  The  jiarent  of  this  organization  is  the 
Society  of  Automobile  Engineers,  which  has  been  in  existence 
since  1905.  Because  of  the  fact  that  its  membei-s  are  engaged 
ill  making  very  similar  prodit<'ts,  and  because  of  the  tre- 
mendous wealth  of  this  one  industry,  the  society  has  found 
itself  in  a  unique  position  to  practically  enforce  coo|ieration 
in  a  te('hnical  sense  amongst  its  members. 

The  outstanding  feature  that  differentiates  the  .S.A.E.  from 
other  societies  is  the  stress  laid  upon  standardization.  Under 
the  initial  guidance  of  Howard  E.  Cottin,  great  progress  has 
been  made  in  the  elimination  t>f  unnecessary  and  wasteful 
variations  in   unimiiortant   design. 

The  work  that  had  already  been  done  in  the  standardization 
of  screw  threads  was  not  allowed  to  stop,  but  has  lieen 
carried  to  a  jioint  where  lock  washers,  sizes  of  steel  tubing, 
steel  specifications,  fine-thread  bolts  and  nuts,  spark  plugs, 
tire  bases,  magneto  fastenings,  and  so  on,  have  had  their 
important  dimensions  standardized.  This  information  has 
been  disseminated  to  all  automobile  manufacturers  and  en- 
gineers, with  the  result  that  considerable  labor,  time  and 
expense  are  saved  in  design  by  the  ability  to  use  what  might 
be  called  stajile  dimensions. 

The  AVinter  Meeting  of  the  Society  of  Automobile  Engineers, 
at  which  the  change  was  made  to  the  Society  of  Automotive 
iMigiiieers.   was   held    in    tlie    F>iiginecring    Societies    Building. 


.laiuuiry  '.',  10  and  11,  and  the  following  additional  standards 
were  discussed,  and  in   tli<'  majority  of  cases  approved: 

Direction  of  engine  rolalioii  for  aeronautic  engines 

Thrust   bearings 

Mounting   of   starting   and    ligliling   e(iuij>meiit 

Size  of  storage-battery  jars 

Hand   starting   cranks 

Size  of  jjoppet  valves 

\"-belts  for  fans 

Steering- wheel-hub  dimensions 

Xomeucdature 

Car  jierforiiiauce  test 

Spring-rebound-clip    dimensions 

Pneumatic-tire   rims 

A  sum  of  $14,000  has  been  appropriated  for  the  coming 
year  for  the  work  of  the  Standards  Committees,  and  jiro- 
vided  the  committees  do  not  run  away  too  strongly  with  the 
standards  idea,  this  money  will  be  well  spent.  There  is  a 
tendency  to  standardize  many  things  wliich  are  yet  in  a  tran- 
sition state,  but  this  is  an  evil  which  can  easily  be  overcome, 
iipd  is  indeed  usually  overcome  in  itself. 

The  Standards  Committees  are  usually  formed  of  the  chief 
engineers  of  the  leading  companies  interested,  and  one  of  the 
features,  not  the  least  important,  is  the  opportunity  of  dis- 
cussing in  an  informal  way  the  various  problems  coimnon  to 
all.  This  is  of  material  help  in  advancing  the  industry  and 
has  tended  to  promote  a  wonderful  feeling  of  esprit  de  corps 
and  cooperation   amongst   automobile  engineers. 

The  professional  session  of  the  meeting  occurred  on  the 
afternoon  of  January  11,  at  which  the  following  pajiers  were 
scheduled  to  be  read : 

Some  Problems  iu  Airplane  Construction,  Capt.  V.  E.  Clark, 

Capt.  T.  r.  Dodd,  and  0.  E.  Strahlmann 
Tlie  Ultimate  Type  of  Tractor  Engine,  H.  L.  Horning, 
Dynamic  Balancing  of  Rotating  Parts,  F.  Hymans 
Remarks  on  Dynamics  of  the  Automobile,  N.  W.  Akimofi' 
Some  Essential  Features  of  High-Speed  Engines,  A.  F.  Mil- 

brath 
Heat-Balance  Tests  of  Automobile  Engines,  Walter  T.  Fisli- 

leigh  and  Walter  E.  Lay 
Aerial  Navigation  over  Water,  Elmer  A.  Sperry. 

This  session  was  opened  by  the  presentation  of  a  series  of 
unusual  stereojiticon  and  motion  pictures  taken  on  the  various 
w-ar  fronts  in  Russia,  with  brief  explanations  by  Capt.  V.  E. 
Clark,  U.S.A.  Aeroplanes,  hydro-aeroplanes  and  ea|)tive 
balloons  were  illustrated.  An  interesting  feature  of  the  aero- 
planes was  that,  contrary  to  the  general  belief  in  this  country, 
rotary-type  motors  seem  to  be  very  widely  used.  One  of 
the  slides  bore  the  significant  statement  that  20,000  aeroplanes 
are  used  on  the  French  front. 

t'ajitain  Clark  made  a  statement  that  the  War  Department 
welcomes  and  seeks  the  collabcn'ation  of  the  engineers  in  the 
development  of  its  technical  ])roblenis  in  general  and  those 
<-oneerning  aeronautics  in  particular. 

Mr.  Horning  presented  orally  a  general  survey  of  the  tractor 
engine  situation.  He  emphasized  very  strongly  the  fact  that 
a  tractor  engine  must  be  primarily  built  so  that  it  will  run, 
and  those  parts  which  may  require  renewal  or  replacement 
should  be  designed  in  such  a  manner  that  whenever  ])ossible 
they  can  be  re[)laced  by  sonic  makeshift  available  on  a 
farm. 

As  a  rule  the  tractor  is  used  in  places  away  from  wcll- 
eqiiipiied    machine   shops   and    has   to   do   work   which   cannot 
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be  delayed.  Hence  the  design  of  a  part  may  often  be  in- 
fluenced (juite  as  much  by  the  possibility  of  replacement  as 
by  considerations  of  efficiency.  As  an  example  of  selection 
on  such  grounds  of  expediency  rather  than  engineering  effi- 
ciency, the  speaker  mentioned  the  ease  of  a  V-belt  to  drive  a 
fan.  It  is  more  efficient  than  the  flat  belt,  but  the  farmer 
may  be  unable  to  find  it  in  the  local  store  when  needed  in  a 
hurry.  The  flat  belt  can  be  easily  manufactured  out  of  an  old 
piece  of  harness,  and  is  therefore  used  in  preference. 

The  solution  of  the  kerosene-engine  problem,  in  the  opinion 
of  the  speaker,  lay  in  the  better-heated  intake  manifold,  and 
such  an  arrangement  that  the  heat  be  increased  as  much  as 
possible  at  low  speed  and  reduced  at  high  speed. 

Because  of  lack  of  time  some  of  the  papers  were  read  by 
title  only. 

American  Association  kor  Advancement  op  Science 

At  the  meeting  of  the  American  Association  for  the  Advance- 
ment of  Science  and  the  affiliated  national  seientiiic  societies 
held  in  New  York  City  during  the  last  week  of  the  past  year, 
there  was  a  registration  in  the  neighborhood  of  2100.  The 
Association  met  in  twelve  sections.  There  were  fifty-six  sepa- 
rate societies  in  session,  including  the  four  national  engi- 
neering societies,  which  held  one  general  meeting  with  the 
Association  at  the  Engineering  Societies  Building.  Dr.  Henry 
M.  Howe  of  Columbia  University,  chairman  of  the  section, 
presided,  and  Dr.  Bion  J.  Arnold,  the  retiring  Vice-President 
and  Past-President  of  the  American  Institute  of  Electrical 
Engineers,  gave  an  address,  which  was  followed  by  addresses 
by  Mr.  Clemens  Herschel,  President  of  the  American  Institute 
of  Civil  Engineers,  and  Dr.  Ira  N.  Hollis,  President  of  The 
American  Society  of  Mechanical  Engineers. 

The  fundamental  idea  which  was  apparently  in  the  minds 
of  the  speakers  at  the  meeting  of  the  Association  for  the  Ad- 
vancement of  Science  in  the  Engineering  Building,  was  to 
properly  express  the  relation  of  what  is  commonly  known  as 
pure  science  to  engineering  as  an  expression  of  the  so-eaUed 
applied  science. 

Dr.  Ira  N.  Hollis,  President  of  the  American  Society  of 


Mechanical  Engineers,  expressed  on  behalf  of  the  engineering 
profession  the  most  hearty  wishes  for  the  continued  influence 
and  success  of  the  American  Association  for  the  Advance- 
ment of  Science. 

He  stated  that  he  had  been  associated  intimately  with 
teachers  of  science  for  many  years  and  had  never  seen  one  of 
them  engaged  in  research  through  which  he  did  not  hope  to 
render  sei-vice  either  by  actually  discovering  something  useful 
to  man  or  by  giving  him  a  true  reverence  for  the  Almighty's 
works,  and  the  last  was  sorely  needed  in  the  present  times. 
Indeed,  the  si^eaker  stated  that  if  he  had  to  choose  he  would 
prefer  the  rush  light  with  the  love  of  God  and  his  neighbor 
to  the  iinest  electric  light  with  materialism.  "  We  men  of 
science  have  made  the  external  world  what  it  is,  and  now  we 
have  a  most  imperative  duty  not  in  one  or  two  societies  but 
on  the  part  of  all  of  us,  teachers,  leaders  in  science  and  en- 
gineering, to  exorcise  the  Erankenstein  that  is  now  trampling 
the  life  out  of  Europe. 

■'  There  is  no  pure  science  because  no  man  knows  the  whole 
truth.  .  .  .  We  can  classify  and  group  related  phenomena 
and  we  can  devise  formula  to  express  a  great  range  of  ob- 
servation, but  they  are  imperfect  and  must  always  remain  so. 
The  great  function  of  this  Association  is  something  more  than 
a  clearing  house  for  science.  It  must  break  down  the  fences 
that  divide  science  into  town  lots,  and  should  be  freely  sup- 
ported by  every  engineer  and  every  engineering  society. 

"  It  has  been  proposed  that  the  National  Academy  and  the 
engineers  form  some  kind  of  an  alliance  for  research.  That 
would  be  good,  but  is  not  this  Association  the  natural  meeting 
ground  for  all  scientists,  and  ought  not  national  research  to- 
be  conducted  under  the  advice  of  all  that  the  Association  can 
supply  ?  " 

The  speaker  carefully  emphasized  that  there  was  no  distinc- 
tion between  what  was  called  pure  science  and  what  was  some- 
times called  applied  science.  When  Theodore  Richards  was- 
devoting  his  life  to  weighing  the  elements  he  was  accomplish- 
ing more  for  the  world  than  could  be  found  by  all  the  com- 
binations of  aniline  dyes.  In  enlarging  man's  conception  of 
the  universe  and  in  supplying  him  with  tools  to  study  it  the 
better,  his  work  was  preeminent. 


SELECTED    TITLES   OF    LMPORTANT  ENGINEERING    ARTICLES 


AERONAUTICS 

POSSIBLE    iMPnOVEMEXTS     IN    CaRRIING    CAPACITY    AND    SPEED    OF    BiGID 

Airships,  C.  Dornier,  Count  von.  Zeppelin's  Engineer.  Aviation 
and  Aeronautical  Engineering,  vol.  1,  no.  10,  December  15,  1916, 
4  pp,,  4  figs. 

Enemy  Aircraft  Engines.  The  Automobile  Engineer,  vol.  C  no.  97 
December  191G,  pp.  350-357,  19  flgs. 

t  Some  Problems  in  Airplane  Construction,  Capt.  V.  E.  Clark,  Capt 
T.  F,  Dodd,  and  O.  E,  Strahlmann,  S,A,E.  Bulletin,  vol.  11  no  S 
December  1916,  pp.  213-236,  15  ags. 

Method  of  Obtaining  True  Angles  of  Wiring  Plates  for  .\ebo- 
planes.  Seaplanes  and  Airships,  Aeronautics,  vol,  11,  no  165 
December  13,  1916,  pp.  386-3S8,  11  flgs. 

How  Steel  is  Used  in  Aeroplanes,  W.  S.  Doxsey.  The  Iron  Trade 
Review,  vol.  60,  no.  1,  January  4,  1917,  pp.  97-100,  illustrated. 

The  Stubtevant  Model  5A,  140  HP.  Aeronautical  Engine  Aerial 
Age,  vol.  4,  no.  17,  January  S,  1917,  pp.  434-435.  illustrated. 

A  Method  of  Aligning  Single  Engined  Tractor  Biplanes,  Byron  Q, 
Jones.  Aviation  and  Aeronautical  Engineering,  vol.  1,  no.  2,  Jan- 
uary 1,  1917,  pp.  358-359,  1  lig. 

Les  Biplans  allemands,  L.  V.  G.     Jean  Lagorgette.     L'A^rophile,  vol. 
24,  nos.  21-22,  November  1,  15,  1916,  pp,  326-340,  45  flgs. 
German  L.  V.  G.  biplanes. 

L"  "  AviATiK,"  Jean  Lagorgette.  L'.4i^rophile,  vol.  24,  nos.  19-20. 
October  1,  15,  1916,  15  pp..  50  figs. 


t  Abstracted  in  the  Engineering  Survey  in  this  issue. 


AIR  MACHINERY 

A  Machineless  Air  Compressor.  Power,  vol.  44,  no,  26,  December 
26,  1916,  3  pp.,  5  flgs. 

AUTOMOBILES  AND  TRACTORS 

Suggests  a  New  Testing  Method,  Daniel  Roesch.  The  Automobile,- 
vol.  35,  no.  25,  December  21,  1916,  4  pp.,  9  figs. 

Russian  Motor  Car  Requirements.  Railway  Gazette,  vol.  25,  no.  23, 
December  8,  1916,  2  pp. 

The  Modern  Farm  Tractor,  Joseph  Jandasek.     The  Gas  Engine,  vol, 
19,  no.  1,  January  1917,  pp.  1-8,  9  flgs. 
See  also  Internal-Combustion  Engineering ;  Mechanics. 

ENGINEERING    MATERIALS 

The  Heat  Treatment  of  Steel,  D.  K.  Bullon.<i,  Technology  Club  of 
Philadelphia.  Proceedings  of  the  Engineers'  Club  of  Philadelphia, 
vol.  33-,  no.  145,  December,  1916,  1  p. 

tiDENTiPYiNG  Light-Gray  INCLUSIONS,  Gco.  F.  Conistock.  The  Iron 
Trade  Review,  vol.  59,  no.  24,  December  14,  1916,  3  pp.,  17  flgs. 

Practic.il  Handling  op  Iowa  Clays,  with  Application  of  Ceramic 
Principles,  Homer  P,  Stalev  and  Milton  P.  Beecher.  Official  Pub- 
lication of  Iowa  State  College  of  Agriculture  and  Mechanic  Arts, 
Bulletin  43,  Engineering  Experiment  Station,  vol.  15,  no.  15,  48  pp. 

Failure  of  Brass  2. — Effect  of  Corrosion  on  the  Ductility  and 
Strength  of  Brass,  Paul  D.  Merica.  Department  of  Commerce 
Technologic  Papers  of  the  Bureau  ot  Standards,  no.  S3  November 
14,  1916,  6  pp.,  3  figs. 
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Failuee  of  Brass  3. — Initial  Stress  Produced  by  the  Burning  in  fit 
Manganese  Bronze.  Paul  D.  Merica.  Department  of  Commerce. 
Technologic  Papers  of  tbe  Bureau  of  Standards,  no.  84,  November 
17.  19HJ.  8  pp.,  5  tigs. 

The  Plastic  Elongation  of  Wire.  A.  V.  DeForest.  The  Iron  Trade 
Review,  vol.  59,  no.  26,  December  2S.  191G,  pp.  1305-1307,  4  figs. 

tNOTES  on  tue  Heat  Treatment  of  Hk:h-Speed  Steel  Tools,  A.  E. 
Bellis  and  T.  W.  Hardy.  Bulletin  of  tbe  American  Institute  of 
Mining  Engineers,  no.  121,  January,  1917,  pp.  61-68,  illustrated. 

Modifications    de   la   Dilatabilitic    de    l'invau   i'ar   des    Actions 

Mechanujues    od    Thermiqltes,    Ch.    Ed.    Guillaume.      Comptes 

Rendus  des  Stances  de  I'Academie  des  Sciences,  vol.   165,  no.  22, 

November  27,  1916,  pp.  654-658. 

Changes  in  the  coefficient  of  expansion  of  invar  due  to  mechanical 

working  or  heat  treatment. 

Cast  Iron  :  With  Special  Reference  to  Engine  Cylinders.  J.  Ed- 
gar Hurst.  The  Mechanical  Engineer,  vol.  38,  no.  9S7,  December 
22,  1916,  pp.  475-478. 

Timber  Protection   Methods  on   the   Santa  Fe.     Railway   Age  Ga- 
zette, vol.  62,  no.  1.  January  5.  1917,  pp.  7-11,  illustrated. 
A  description  of  the  methods  by  which  the  tie  requirements  of  this 
line  have  been  reduced  650,000. 

Aluminum-Bronze  Tests  and  Their  Significance,  W.  M.  Corse  and 
G.  F.  Comstock.  The  Foundry,  vol.  45,  no.  293,  January,  1917, 
pp.  21-28,   25  figs. 

Selecting  Abrasives  for  Specific  Uses.  R.  G.  Williams.  Industrial 
Management,   vol.   52,   no.   4,    January,    1917,   pp.   461-468,   6   figs. 

Cast  Iron  for  Engine  Cylinders.  The  Engineer,  vol.  122,  no.  3182, 
December  22,  1916,  pp.  549-550. 

Report  of  the  Hardness  Tests  Research  Committee.  The  Mechan- 
ical Engineer,  vol.  38,   no.  988,  December  29,   1916,  pp.   497-501, 

7  tigs. 


EVAPORATORS 

The  Prache  and  Bouillon  Evaporating  Plants.     Engineering,  vol 
102.  no.  2661,  p.  637-640,  8  figs. 


FIRING 

Essential  Characteristics  of  Mechanical  Stokers,  C.  F.  Hering- 
ton.     Steam,  vol.  18,  no.  6,  December,  1916,  3  pp.,  3  figs. 

Mechanical  Firing  of  Locomotives,  W.  S,  Bartholomew.     St.  Louis 
Railway  Club,  vol.  21,  no.  7.  November  10,  1916,  49  pp.,  illustrated. 


HYDRAULICS 

Effect  of  Channel  on  Stream  Flow,  Nathan  C.  Grover,     Journal  of 
the   Boston   Society  of  Civil   Engineers,  vol.   3,   no.   9,   November. 
1916,    12    pp.,    6    figs. 
See  also  Pipes  and  Piping. 

tTHE  Effect  of  Sudden  Enlargement  Upon  the  Flow  of  Water 
IN  Pipes,  T.  J.  Rodhouse.  The  Cornell  Civil  Engineer,  vol.  25, 
no.  2,  November,  1916,  pp.,  49-61,  3  figs. 

Freezing  of  Water  in  Subacjueous  Mains  Laid  in  Salt  Water  and 
IN  Mains  and  Services  Laid  on  Land,  William  Whitlock  Brush. 
.Journal  of  the  American  Water  Works  Association,  vol.  3,  no.  4. 
December,   1916,   pp.   962-980, 

tTHE  Flow  of  Water  in  Wood-Stave  Pipe.  Fred  C.  Scobey.  United 
States  Department  of  Agriculture.  Bulletin  376.  Novemliir  25, 
1916,  pp.  1-96,  illustrated. 


tTHE  Motive  Powkr  of  the  M.  S.  "  Deutschland,"  Russell  Palmer. 
Motorship,  vol,  1,  no.  8,  December,  1916,  pp.  3-4,  Illustrated. 

Ai  thoritative  Comparison  Between  Steam  and  Motor  Vessels, 
T.  Orchard  Lisle.     Motorship,  vol.  1,  no.  8,  December,  1916,  p.  15. 

Spark  Ignition.  J.  D.  Morgan,  Engineering,  vol.  102,  no.  2653,  No- 
vember 3,  1016,  1  p. 

Wnv  Not  a  Water-Cooled  Plug?  Gas  Energy,  vol.  10,  no.  12,  De- 
cember,   1916,   p.   23,   1   fig. 

The  Gas  Engineer  of  the  Last  Century,  Harry  E,  Jones,  The 
Journal  of  the  Institution  of  Mechanical  Engineers,  no,  9,  De- 
cember, 1916,  pp.  631-674,  5  figs. 


LUBRICATION  _ 

.\utomatic  Lubricating  Apparatus.     The  Mechanical   Engineer,   vol. 
38,  no.  985,  December  8,  1916,  2  pp.,  2  figs. 

Graphite  Cylinder  Lubrication.   E.  W.   Johnston.     The  Mechanical 
Engineer,  vol.  38,  no,  987,  December  22,  1916,  pp,  479-480, 
See  also  Machine  Shop. 


MACHINE     PARTS 

tFRicTioN  Clutches,  William  G.  Gass.  The  Mechanii-al  Engineer, 
vol.  38,  no.  980,  November  3,  1916,  3'A  pp. 

SYSTibME    NOUVEAU   DE    TRANSMISSION    PAR   JOINT   A    BiLLES.    M.    B,    Gull- 

lery,      Comtes    Rendus   des   Sfences   de   I'Academie   des   Sciences, 
vol,  12,  no.  20,  November  13,  1916,  562-564,  5  figs. 
New  system  of  transmission  by  universal  joint. 

Notes  on  the  Design  of  Elliptic  Gears,  Machinery,  vol,  9,  no,  220, 
December  14.  1916,  2  pp.  269-270,  8  figs. 

Internal  Spur  Gearing.  Reginald  Trautschold,  Machinery,  vol,  23, 
no,  5,  January,  1917,  pp.  405-409,  7  figs. 

Theory  of  Enlarged  Herringbone  Pinions,  E,  W.  Miller.  Machinery, 
vol,  23,  no,  5,  January,  1917,  pp.  401-403.  8  figs. 

Variable  Speed  Ge.\rs  for  Motor  Road  Vehicles,  Robert  B,  Phillips. 
The  Engineer,  vol.  122,  no.  3182,  December  22,  1916,  pp.  560-563, 
1    fig. 

Worm  Gears — II,  F.  W.  Lanchester.  Machinery,  vol.  9,  no.  222,  De- 
cember 28,   1916,  pp.  337-340,   13  figs. 


MACHINE   SHOP 

The   Heating   of   Machine    Shops.      Cassier's   Engineering   Monthly, 
vol.  50,  no.  6,  December,  1916,  pp.  391-397,  8  figs. 


Lubrication   of  Cutting  Tools,   Edward  K.   Hammond 
vol,  23,  no,  5.  January  1917.  pp,  373-391,  42  figs. 

Electric  Steam  Welding,  Douglas  T,  Hamilton, 
i!0,  5,  January  1917,  pp,  ■J15-419,  1  1  figs. 


Machinery, 
Machinery,  vol.  23, 


MACHINE    TOOLS 

Standardization  op  Machine  Tools,  Carl  G.  Earth.     Tbe  Iron  Trade 
Review,  vol,  59,  no,  24,  December  14,  1916,  3  pp,,  9  figs. 

Some   Notes  on   Hardening   Screw   Gauges,  J,    H,    Lavender,     Engi- 
neering, vol,  102,  no,  2i;61,  December  29,  1916,  pp,  631,  2  figs. 


MEASUREMENTS    AND   MEASURING    APPARATUS 


INTERNAL-COMBUSTION  ENGINEElUNii 

tHEAT-BALANCE  TESTS  OF  AUTOMOBILE  ENGINES.  Prof,  Walter  T,  Fish- 
leigh  and  W.  E,  Lav.  S,A.E.  Bulletin,  vol,  11,  no,  3,  December, 
1916,  pp,  271-287,  8  figs. 

Tests  of  a  Modern  Touring-Car  Engine.  G,  L,  Guillet.  Mechanical 
Engineer,  vol,  38,  no.  985,  December  8,  1916,  2  pp,,  2  figs. 

Vapors  for  He.\t  Engines,  William  D.  Ennis.  Stevens  Indicator, 
vol.  33,  no.  4,  October,  1916,  pp.  318-331,  2  figs. 

Trial  of  a  600-B,  Hp,  Two-Stroke  Direct-Reversible  Nobel  Diesel 
Engine,  Baron  G.  Steinheil,  Petrograd,  Engineering,  vol.  102, 
no.  2660.  December  22,  1916.  pp,  608-612,  7  figs. 

Trials  on  a  Diesel  Engine,  and  Application  of  Energy-Diagram 
TO  Obtain  Heat  Balance,  F,  Trevor  Wilkins,  The  Institution  of 
Mechanical  Engineers,  Advance  Paper  read  at  meeting  on  October 
20,  1916,  26  pp.,  10  figs. 

tA  Study  op  Oil  Engines  in  Iowa  Power  Plants,  H.  G.  Wagner. 
Official  Publication  of  Iowa  State  College  of  Agriculture  and 
Mechanic  Arts.  Bulletin  42.  Engineering  Experiment  Station,  vol. 
15,  no.  10,  157  pp.,  illustrated. 

Diesel  Engine  Trials  (completion).  The  Journal  nf  the  Institution 
of  Mechanical  Engineers,  no.  9,  December.  I',il6,  pp.  613-630, 
14  figs, 

Diesel  Engine  Construction  in  Philadelphia,  Motorship,  vol,  1. 
no,  8,  December,  1916.  pp.  su.  illustrated. 


Determinazione    dei.l'ai.tezze     per    mezzo    dell'alti  .metro,    Mario 
Tenani,     Rivista  di  Aeronautica,  vol,  11,  nos.  3,  4,  Mav  to  July, 
1916,  334   pp,,  1  fig. 
Determination  of  altitudes  by  means  of  an  altimeter, 

FoRMOLA  PER  IL  Calcolo  delle  Altitudini,  Lulgl  Hina,     Rivista  di 
.\eronautica.  vol.  11.  no.  3-4,  May  to  July  1916,  3%  pp. 
Formula  for  determining  altitudes. 

I'LANi meter  Theory,  G.  B.  Upton.  The  Sibley  Journal  of  Engineering, 
vol.  31.  no.  3,  December  1916,  4  pp.,  2  figs, 

A  New  Thermometer  Scale,  Alexander  McAdie.  Proceedings  of  the 
National  -Academy  of  Sciences,  vol.  2,  no,  12,  December  1!116. 
pp.   670-672. 

Measuring  Gases  by  a  Standard  Orifice,  Thos.  G.  Estcp,  Jr.  The 
Blast  Furnace  and  Steel  Plant,  vol.  5,  no.  1,  January  1917.  i>p, 
16-18,  2  figs. 

tPoiNTS  Out  Advantages  to  be  Derived  in  Regulating  Operations 

OP  Water  Gas   Sets  by  Measuring  Flow  of  Gases  at   Super- 

HE.4TER  Outlet,     American  Gas  Engineering  Journal,  vol,  106,  no 

1,  January  1.  1917,  pp,  5-10,  illustrated, 

J,  M.  Spitzglass  describes  tests  made  with  pilot  tubes  in  measuring 

(low  of  unpurifled  .gases  at  high  temperatures  at  Pitney  Court  Station 

iif  People's  Gas  Light  and  Coke  Company, 


MECHANICS 

rHEMARKS   ON   DYNAMICS   OF  THE  AUTOMOBILE,  N,   W,   Akimoff,      S,A,E. 
Bulletin,  vol.  11,  no.  3,  December  1916.  pp.  262-270,  5  figs. 


186 


ENGINEERING  .SUR\KV 


The  Journal 
AmSocME. 


tDV.NA.MIl-    liAI.ANCINO    OF    KOTATINC    I'AUr.s.    1'.     UjlliaHS.        S.A  K,     IMH.- 

tin.  vol.  11,  no.  3.  Decenibci-  IIUU,  pp.  2:i7-2til,  I'.l  lit'''. 

XIOr>0     I>K     EVITAR     LA.S     VlBKAClONE.S     PRODICIDAS     TOR     LAS     Ma>J11\.\S. 

.Uiiilis  (li-  In^'i-iiicria.   vol.  T.:.  iios.  2.U,  2,s<),  May  and  .luiir    1'.Mi.. 

-  li:    pp..    1    liK- 
Mi'aus  lur  eliminating  vibrations  produced  by  engines. 

The  Uesii;.n  ok  Continuous  Bea.ms,  Kwart  S.  Andrews.     The  SmiHty 
or  Engineers,  vol.  7,  no.  10,  October  I'JIU,  liT  pp.,  17  figs. 

SLR     I  NE     ilETHODE     DE     CALCUL     PES     PERTURBATIONS     D'US     MOVEMENT 

t'ONNU,  M.  H.  Vergne.     Comptes  Reudus  des  Seances  de  TAcademie 
des  Sciences,   vol.  12,  no.  21.  IJecember  20,  1910,  pp.  000-OO.S. 
.Method  for  calculating  the  perturbations  of  a   known   movement. 

VARHTION     SlSTfiMATlyUE    DE    LA    VALEUR    HE     LA    FORCE    ViVE     KAN.S     LE 

Choc  Elaktique   de.s  Corp.s,  M.  L.  Hartmann.     Comptes   Hendus 
de.s  Seances  de  I'Academie  des  Sciences,  vol.  12,  no.  2ti,  November 
i;!.  lillO,  pp.  5.')9-oi;2. 
Systematic  variation  of  kinetic  energy  in  tbe  elastic  impact  of  Imdics. 


Mr.NlTXONS 

.SHELL  Makini;  in  MONTREAL.  Moutlily  Bulletin  of  the  Canadian 
.Mining  Institute,  no.  .'>o.  Uecember  lUlO,  7  pp.,  '■'•  tigs. 

HU!H  E.xPLOsivE  Shell  Manuf.mture.  Canadian  Machinery  and 
Manufacturing  News,  vol.  10.  no.  21.  December  14,  1910,  S  pp., 
10   tigs. 

JrEriEKATiON  liEguiREMENTs  Of  MUNITIONS  MATERIAL.  Canadian 
Machinerv  and  Manufacturing  News,  vol.  17.  no.  1,  January  4. 
1917,  pp.'  1-2.  illustrated. 

ilAKiNi;  THE  13-1'ouNDER  MARK  IV  SHRAfNEL  SHELL.  Machinery,  vol. 
9,    no.   222,   December   28,    1910,    pp.    321-^25,    14    tigs. 

AlACHiNE  IJUNS  BY  THE  THOUSANDS,  Austin  C.  Lescarboura.  Scientific 
American,  vol.  110,  no.  2,  .January  lo,  1917,  pp.  02-03,  illustrated. 


I'U'IOS    .V.NM    I'lPINi; 

Experience  with  Leadite  in  .Iointinu  Ce.ment  Lined  W.^tek  1'U'K, 
W.  H.  Buck.  Journal  of  tbe  American  Water  Wiprks  Association, 
vol.  3.  no.  4.  December.  1910,  pp.  9.S1-9,S0. 

La  Fabrication  des  Tuvaux  de  Fonte.     Le  GSuie  Civil,  vol.  09,  no.  20. 
December  23.   1910,   pp.   417-42tt,   0  tigs. 
Manufacture  of  cast  iron  pipe  by  centrifugation. 

Piping    Materials.      Practical    Engineer,    vol.    21.    w.    1.    January    1. 
1917,  pp.  2  0,  4  tables. 
Short  historic  sketch  ;  materials  used  and  tlieir  characteristics  :  pipe 
dimensions. 

Lbaka<;e    fro.m    Pipe    Joints,    F.    A.    Barbour.      Journal    of    the    New 
England  Water  Works  Association,   vol.  ."ii.  no.  4.  December  1910, 
pp.    439-452. 
See  also  llvdrauli.-..^. 


I'OWEK     I'LANTS 

Power  Plant  at  I'ort  Sill.  Irving  L).  Montgomery.  Practical  En- 
gineer, vol.  2u,  no.  24,  Det ember  lo,  1910.  5  pp.,  9  tigs. 

Performance  of  a  S.mall  .Municipal  Non-Condensinu  Light  and 
Water  Plant.  K.  L.  Mossiuan.  Southern  Engineer,  vol.  26,  no.  ."i, 
.hinn.uv    1917.   pp.    01-02.   :!   taldes. 


riMPS    A.NI>   Pr.MPI.NU   ENGINES 

Motor-Drive    of    IIidrailic  IOlevator    Pump.s.    Charles    J.     Carlscn. 
Electric  Keview,  vol.  09,  no.  25,  December  16,  1916,  4  pp.,  4  figs. 

HiGii-LiPT    Centrifugal    I'u.mp.      Tlie    Engineer,    vol.    122.    no.    31.S2, 
December  22.    1910,    1    p. 

Davey's   Compound  Condensini;   I'umping   Engine.     The  Mechanical 
Engineer,  vol.  3S,  no.  9SS,  December  29,  1916,  pp.  495-496.  3  tigs. 


KAlLUOAl)    EXGINEEIU.N'C 

The  Baldwin  Locomotive  Works.  Proceedings  of  The  Engineers' 
Club  of  Philadclpliia.  vol.  K:;-7.  no.  144.  November  1910.  12i.j  p|i., 
illustrated. 

New  York  Central  I'assenger  and  Freic:ht  Terminal  at  Buffalo. 
Kailwav  Age  Gazette,  vol.  01.  no.  25.  December  22,  1910,  3  pp.. 
4  figs.  ■ 

Wagon  for  Carrvim^  Whales  on  the  South  African  Kailway.s. 
Engineering,  vol.  Iii2.  no.  2059.  December  15,  1910,  1  p.,  1  tig. 

The   Yard  EN(?.ine   Question.      Railway  and  Locomotive  Engineering, 
vol.  30.  LO.   1.  Ja'aiary   1917,   pp.  12-14. 
Tests  of  two  engines  in  switching  service:  superheated  vs.  saturated 
steam  :  three  classes  of  switching  work  included  in  the  test ;  carefully 
collected  data  ;  conclusions  favoring  the  superheater  engine. 

I'AsSENGER  Locomotive  for  the  St.   Louis  Southwestern.      Hallway 
and    Locomotive   Engineering.    voL    30,   no.    1,   January    1917.    1    p. 
illustrated. 
Ciimparison    with    types    formerly    usee]  ;    traffic    conditions    influence 
design  ;    new   devices   for  economical    opci;itiim. 


Heavv  I'REiiaiT  Loi  oMOTivEs  FOR  THE  D.,  .M.  i  .N.  Railway  Age 
Gazette,  vol.  01,  no.  25.  December  22.  1910,   3  pp.,  4  tigs. 

De   Economie   E.N   Het   Vermogen   van   Moderne   Sneltrein   Locomo- 
TiEVEN  ;   door    bet   lid   Prof.    ir.    I.    Franco.      Tijdschritt,    van  het 
Kcininklijk   Instituut   van   Ingenieurs,   November  24,    1910,   47   pp., 
37   figs. 
ICconoiny  in  the  operation  of  modern  express  locomotives. 

Express  Tank  Loco.motive,  4  0-4  Type — London,  Brighton  and 
South  Coast  Railway.  Railwav  Gazette,  vol.  25,  no.  23,  De- 
cember s.   1910,   li  pp.,  illustrated. 

.New  Top  1''eed  Aruan<;emen'i'  for  Lo(-o.viotive  Boilers — London, 
Hkighton  and  Sot  th  Coast  Railway.  Railway  (lazette,  vol.  25, 
no.  24,  December  15,  1910.  p.  055.  1   tig 

+  H0UGHING  Cut  Cause.s  Axle  Failcue.  The  Iron  Trade  Review,  vol. 
59,  no.  20.  December  28.  1910.  4  pp..  8  figs. 

()M        El.EKTUISK        .I.VRXV.VGSDRIIT        1        Ku.MBINATIUN        .VIED       ANi;URlFr. 

Frith loP  Holmgren.     Teknisk  Fkeblad,  vol.  03,  no.  50,  December 
_  15.    1916.    6    pp.,    S   tigs. 
Electric  traction  on  railroads  combined  with  steam  traction. 

Tests  of  CORRuiiATED  Culverts,  Geo.  L.  Fowler.  Railway  Gaaette, 
vol.  25.  no.  24,  December  13.  1910,  4  pp.,  illustrated. 


STEAM    ENGINEERIN( ; 

Steam  Station  of  Ohio  .State  I'oweu  Company.  Electrical  World, 
vol.  68,  no.  27,  December  30.   1910,  4  pp.,  6  figs. 

O.vi    KoxTROLLERiNG    AF    MoLLiERDi.iGRAM.    Tore    Lindnuirk.      Teknisk- 
Tidsknrt.  vol.  JO.  no.   111.  December  1910.  4  pp.,  3  tigs, 
il oilier  diagram  control. 

Deighton's  Steam  Boiler.  Tbe  Mechanical  Engineer,  vol.  38.  no. 
9,86,   December  15,   1910,  1  p..  3  figs. 

Sulla    Vaporizzazione    della    Caldaia    ordinauh    per    I.ocomotiva. 
Prof.    E.    Grismayer.      L'Ingegneria    Ferroviaria,    vol.    13.    no.    22. 
November  30.   1916.   6  pp. 
Vaporization    in    an    ordinary    locomotive    boiler. 

Fuel    Economy    .vnd    Boiler    Design,    J.    T.    Antbonv.      .New    Englaml 
Railroad   Club.    October   10,    1910,   4114    pp.,    12    figs. 

Relationship  of  Boiler  Heating  Surf.4cb  to  Economizer,  M,  C. 
Sherman.     Power,  vol.  44,  no.  26,  December  20.  1910.  2  pp.,  1  tig. 

TlIEORETlSCHE    GRUNDLAGEX     FUR    DIE    MiTTELBARE    ErZEUGUNG    KfNST- 

J.iciii-N  Saugzuges,  M.  Pfotenbauer.     Dampfkessel  uml  Maschinen- 
betrieb.  vol.  39.  no.  45,  November  10.  1910.  4  pp. 
Theoretical    bases    for    the    production    of    mechanical    draft    (con- 
tinuation). 

Action  of  Boiler  Water  Tubes  in  Service,  John  C.  McCabe.  Jour- 
nal of  tbe  Ohio  Society  of  Mechanical,  Electrical  and  Steam  En- 
gineers, vol.  9,  no.  1,  Noveniber  10.  1910,  414  pp.,  3  tigs. 

jTHE  WiLLANS  Line  for  Steam  Tt  rbines.  Engiucering,  vol.  102, 
no.  2657,  December  1,  1910.  1  p. 

tOPERATION  OF  CURTIS  StEA.M  TURBINES  AND  Al.yUIST  REDUCTION 
(iEARS     IN     THE     PROPULSION     OF    CARGO     SHIPS.     W.     J.     Davis.     Jr. 

lieneral    Electric     Review,    vol.    20,    no.    1.    January    1917.    0    pp., 
5    figs. 

Water  Rates  of  Auxiliaries.  R.  von  Fabrice.  Power,  vol.  44.  no.  26. 
December  26,  1916,  3  pp. 

Power  Equipment  for  Steam  Plants,  HoluTt  L.  Streeter.     Industrial 
Manogcmient.  vol.  52,  no.  4,  Jainiur\    I'.ili.  17  pp..  15  figs. 
Part  V.      Superheaters. 


CHARTS 

Chart  thai  Facilitates  Making  CALcuL.vriOx.s  for  Checking  Up 
Rawhide  Pinions  Substituted  for  Cast-Iron  Pinions.  Ma- 
chinery, vol.  9,  no.  220,  December  14,  1910,  1  p. 

Diagram  for  Finding  Specific  Speeds  of  Turbines.  Canadian  En- 
gineer. v(d.  31,  no.  25,  December  21.  1910.  1  p. 

Feed  Lines.  Practical  Engineer,  vol.  21.  no.  1.  January  1.  1917. 
pp.   33-38.   8  figs. 

Pipe  Covering.  Practical  Engineer,  vol.  21.  ncp.  1.  January  1.  1917. 
3  pp..  4  figs. 

Expansion  in  Piping.  Practical  Engineer,  vol.  21,  no.  1.  January  1. 
1917.    7   pp..   14   figs. 

CLASSIFICATION  OF  ARTICLES 

Articles  appearing  in  tlie  Survey  are  classified  as  c  compara- 
tive; d  descriptive;  e  e.xperimental ;  g  general;  h  historical; 
m  mathematical;  p  practical;  s  statistical;  t  theoretical.  Ar- 
ticles of  especial  merit  are  rated  A  by  the  reviewer.  Opinions 
expressed  are  those  of  the  reviewer,  not  of  the  Society.  The 
Editor  will  be  pleased  to  receive  inquiries  for  further  informa- 
tion in  connection  with  articles  reported  in  the  Survey. 
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From    the    Library    of    the    United  Engineering  Society,   Engineering    Societies  Building,   New 
York.    Includes  Accessions  to  the  Libraries  of  the  Four  Founder  Societies 


Annual  Report  of  Library  Board 

Tilt'  Library  Board  adiiiinistei'iiifi'  the  Ijibriuii-s  <il'  tlic 
American  Society  of  Civil  Engineers.  The  Anicri<Mn  Society 
of  Mechanical  Engineers,  tlie  American  Institute  (if  I<;iectric;il 
Engineers  and  the  American  Institute  of  Mining  Engineei's, 
maintained  as  the  Joint  Liljrary  of  the  United  Engineering 
Society,  lias  just  issued  its  annual  report    lor  1111(1. 


On  August  J(),  191(5,  when  the  American  Society  of  Civil 
Kiigineers  became  a  Founder  Society,  it  entered  into  tlie  same 
library  agreement  as  the  other  Founder  Societies.  Its  col- 
lection of  books,  which  was  started  more  than  forty  year.s  ago 
:iiul  contains  nearly  il(J,0()()  accessions,  has  therefore  been 
added  automatically  to  the  Lilirary  of  the  United  Engineering 
Society.  This  collection  has  for  many  years  been  a  working 
civil-cnginccriiig  libiary  and  all  of  the  books  (with  the  exce))- 


I'noiosTAT   KooM    I.N    I,ii!n.\icv  oi'   I'mtki)  Kkcineering  Society 


The  Hoard  ior  If'Ki  (Minsistcd  of 


Edward  I).   Adams 
W.  P.  Cutter 
J.  V.  Davies 
Karl  Eilers 
Alfred  D.  Fliun 
George  A.  Harwood 
Alex.  C.  Humjihreys 
Charles  Warren  Hunt 
F.  L.  Hutchinson 
.lolin  \V.  Licb 


\V.  M.  McFarland 
Harold  Pender 
Calvin  W.  Rice 
Lewis  D.  Rights 
E.  F.  Roeber 
Samuel  Sheldon 
AV.  I.  Slichter 
Jesse  M.  Smith 
E.  Gibbon  Spilsbury 
I'.radlev  Stoughton 
Leonard  Waldo 
Messrs.    Davies,    Fliiin,    Harwood,    Hunt    and    Rights    were 
added   to   the   Board   on   October    13,   WUi,   to   represent   the 
American    Society  of   Civil    Engineers,   which   became   one   of 
the  Founder  Societies  of  the   United   Engineering  Society  on 
August  16,  1916. 

Accessions  to  tln'  Library  during  the  year  amounted  to  'Jild-! 
pieces,  and  the  collection  totaled,  on  December  31,  l(tl6, 
(iS.inS)  volumes. 


lion  of  periodicals)  have  been  thoroughly  analyze<l  and  in- 
dexed. This  library  is  particularly  rich  in  engineering  works 
of  historic  interest.  It  will  be  most  \ahiable  to  the  engineer- 
ing profession  when  merged  into  the  Library  of  the  United 
Engineering  Society,  since  it  will  furnish  67,000  entirely  new 
accessions.  The  books  are  still  in  the  house  of  the  American 
Society  of  Civil  Engineers,  but  will  be  moved  to  the  Engi- 
neering Societies  Building  within  a  short  time. 

The  Librai-y  has  received  many  notable  gifts  of  books  dur- 
ing the  year.  In  addition  to  this.  Dr.  James  Douglas  gen- 
erously donated  tlie  sum  of  .$100,000,  the  income  of  which 
will  be  used  for  library  purposes  as  mentioned  in  the  last 
issue  of  The  Journal. 

(^>uite  a  large  section  of  the  report  is  devoted  to  the  suliject 
of  recataloguing,  which  the  rejiort  states  must  be  undertaken 
in  the  near  future.  The  necessity  for  this  arises  from  the 
fact  that  when  the  libraries  of  the  original  three  Founder  So- 
cieties were  united,  their  catalogues  were  assembled  so  as  to 
form  a  catalogue  of  the  united  collection.  The  Dewey  system 
liad  been  employed   in   making  ea<-li   set,  luit   many  entries   in 
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the  catalogue,  requiriug  judgment,  had  been  determined  by 
At  least  three  difEerent  minds  from  different  points  of  view. 
The  resultant  catalogue  therefore  lacks  consistency.  The  re- 
port further  states  that  it  would  not  be  wise  to  undertake  this 
recataloguing  before  a  satisfactory  classification  has  been 
made  of  sufficiently  broad  scope  to  comprehend  the  library 
collection  of  the  future.  The  report  contains  a  time  study  of 
the  processes  of  cataloguing  and  the  determination  of  the  cost 
to  the  Library  of  cataloguing  various  Idnds  of  books. 

Installation   of  Photo.stat  Machine 

Photographic  processes  for  reproducing  maps,  plates,  dia- 
grams, manuscripts  and  material  from  printed  books,  have 
been  in  use  by  engineers  and  other  workers  for  many  years. 
These  processes  have  been  slow  and  expensive.  A  few  years 
ago,  however,  there  was  develojjed  a  machine  which  makes 
possible  the  quick  reproduction  of  such  material  at  a  slight 
■expense.  Photographs  are  produced  on  bromide  paper  with- 
out the  intervention  of  a  glass  plate. 

As  will  be  seen  from  the  illustration,  the  machine  consists  of 
a  device  for  holding  the  object  to  be  photographed,  an  ap- 
paratus for  illuminating  the  object,  and  an  optical  combina- 
tion of  a  lens  and  revei-sing  prism.  In  addition,  a  camera 
capable  of  adjustment  for  focusing  contains  a  roll  of  sensi- 
tized paper.  The  camera  box  is  also  provided  with  a  mechan- 
ism to  rotate  the  roll  of  paper,  and  a  cutting  knife  to  be  used 
in  separating  a  sheet  of  the  paper  after  unrolling  and  ex- 
posure, as  well  as  a  manually-operated  mechanism  for  trans- 
ferring the  severed  sheet  into  the  developing  and  fixing  pans. 
The  whole  apparatus  forms  one  unit.  The  lighting  units  are 
200-watt  Mazda  C  lamps,  supported  as  shown  on  special 
stands. 

The  book  or  other  object  is  placed  as  shown,  the  camera 
focused,  an  exposure  of  several  seconds  is  made,  the  sheet 
rolled  off  and  cut,  and  withdrawn  into  the  developer;  it  re- 
mains there  for  the  requisite  number  of  seconds,  and  then  is 
withdrawn  through  rinsing  water  into  the  hyposulphite  fixing 
bath.  The  whole  operation  from  the  time  of  exposure  to  the 
time  of  fixing  is  not  more  than  a  few  minutes. 

The  Library  Board  of  the  United  Engineering  Society  in- 
stalled in  April,  1916,  such  an  apparatus,  with  proper  wash- 
ing and  drying  auxiliaries,  and  has  made  prints  for  the  clients 
of  the  Library  Service  Bureau  during  the  last  nine  months 
of  1916. 

This  apparatus  makes  it  possible  to  furnish  anyone  at 
a  distance  with  an  exact  copy  of  any  article  in  a  technical 
periodical,  including  text  illustrations,  maps  and  diagrams, 
and  thus  renders,  in  connection  with  reference  lists,  the  re- 
sources of  the  Library  available  to  anyone  within  reach  of  the 
world's  mails. 

A  charge  is  made  to  cover  cost  of  labor,  materials  and  cur- 
rent, which  is  figured  at  twenty-five  cents  per  exposure. 

W.  P.  C. 


Am.  Soc.  M.  E.  Accessions 

American  Ceramic  Socieiv.  '  Transactions,  vol.  XVIII.  Culumbus, 
1916.     Gift  of  Society. 

Colorado  Industrial  Plan,  John  D.  Koeketeller,  Jr.  Including  a  copy 
of  the  plan  of  representation  and  agreement  adopted  at  tbe  coal 
iron  mines  of  the  Colorado  Fuel  and  Iron  Company.  1916.  n.  p. 
Gift  of  author. 

Cost  Accocntino  and  Burden  Application,  Clinton  H.  Scovell.     A'ew 

York,  D.  Appleton  c6  Co.,  1916.     Gift  of  publisher. 

Treats  the  subject   in   the  following  order  ;    Material   Cost :   Labor 

Cost ;  Burden  Cost,  Manufacturing  Cost ;  Selling  Price.     The  last  few 

chapters  are  devoted  to  special  kinds  of  manufacturing  :  Foundry  :  Te.x- 

tiles ;  Paper  and  Candy.  W.  P.  C. 


The  Factory — The  Master  Tool,  by  Ma.x  Toltz  and  W.  E.  King.  St. 
Paul,  1316.     Gift  of  Max  Toltz. 

Institute  of  Accountants  in  the  United  States  on  America.  Year 
Book,  1016.     New  York,  1916.     Gift  of  Institute. 

International  Kailway  General  Foremen's  .Vssociation.  I'roceed- 
ings  of  12th  Annual  Convention.     1916.     Gift  of  Association. 

Lock  Gates,  Chain  Fenders  and  Lock  Entrance  Caisso.n  of  the 
Panama  Canal,  by  Henry  Goldmark.  Paper  presented  at  the  In- 
ternational Engineering  Congress  at  San  Francisco,  1915.  New 
York,  u.d.     Gift  of  author. 

Mediation,  Investigation  and  Arbitration  in  Industrial  Displtes, 

By  G.  B.  Harnett  and  D.  A.  McCabe.     .Veic  York,  U.  Apii4eton  d 

Co.,  1916.     Gift  of  publishers. 

This  study   is  based   on   a   report   submitted   in   June,   1915,   by   the 

authors  to  tlie  Commission  on  Industrial  Kelations.     It  is  based  on  a 

survey  of  the  agencies  for  mediation  in  Massachusetts,  New  York  and 

Ohio.  w.  P.  C. 

U.  S.  Bureau  of  Lichthouse.s.  Annual  Report  of  the  Commissioner, 
1916.     Washington,  1916.     Gift  of  Bureau  of  Lighthouses. 

U.  S.  Interstate  Commerce  Commission'.  Annual  Report  of  the  Chief 
Inspector  of  Locomotive  Boilers.  V/asliington.  IHW.  Gift  of 
Interstate  Commerce  Commission. 

U.  S.  Navy  Department.  Annual  Report  of  the  Paymaster  General  of 
the  Navy,  1916.     Washington,  1916. 

Annual  Report  of  the  Secretary,  1916.    Washinglon,  1916.     Gift 

of  .\m.Soc.M.E. 

Statement   of    Hon.   Josephus    Daniels,   accompanied   by   Lieut. 

Byron  McCandless.     December  11,  1916.     Gift  of  U.  S.  Navy  De- 
partment. 

Water  Supply  Svste.m,  1916.  City  of  New  York  Department  of  Water 
Supply,  Gas  and  Electricity.  Gift  of  Municipal  Engineers  of  the 
City  of  New  York. 

When  is  the  Drilling  of  Offset  Wells  for  Natural  Gas  Justifi- 
able?    Samuel  S.  Wyer.     Uolumius,  1916.    Gift  of  author. 

Wisconsin  Gas  Assochtion.  Journal  of  Proceedings  13th  and  14tli 
annual  convention.     Milwaukee,  l91i-191S. 


U.  E.  S.  Accessions  ' 

American  Railway  Association.  Car  Shortage  Statistics.  .Veto  York, 
1916.     Gift  of  Association. 

American  Society  for  Testing  M.\terials.  Proceedings  of  the  An- 
nual Meeting.     19th,  191(!.     2  pts.     Philadelphia,  1916. 

Armour  Engineer.  General  lude-x.  vols.  I  to  VIII,  1909  to  1916. 
Chicago,  1916. 

Atlanta.  Birihingham  and  Atlantic  Railroad  Co.  Valuation  of  the 
property  of,  before  the  Interstate  Commerce  Commission.  Gift  of 
Clemens  Herschel. 

Bibliography  of  Australian  Mineralogy,  New  South  Walks,  L>e- 
part.ment  of  Mines.     Mineral  Resources  no  22.     Sydney,  J9i6. 

Boiler  Code  of  the  American  Society  of  Mechanical  Engineers, 
S.  F.  Jeter.  Address  before  the  National  .\ssociation  of  Cotton 
Manufacturers,  April  26,  1916.     tJift  of  Frederick  K.  Hutton. 

Boiler  Safety  Orders.  Issued  by  the  Industrial  Accident  Commissimi 
of  the  S>tate  of  California.  Effective  Januarv  1,  1917.  California, 
1916.     Gift  of  Frederick   R.   Hutton. 

Colorado  Springs,  Colo.  U.  S.  Geological  Survey,  Folio  203.  Waxh- 
ington,  1916. 

Cotton  Production  and  Distribution  Season  of  1915-1916.  U.  S. 
Census  Bureau.     Bulletin  134.      Washington,  1916. 

Descripcion  de  Algunas  Plantas  Liasicas  de  Huat.wocotla.  Ver. 
Boletin  no.  34.     Instituto  Gcologico  de  Mexico.     Mexico,  1916. 

Elementary  First  Aid  fob  the  Miner.  U.  S.  Bureau  of  Mines. 
Miners'  Circular  23.     Washingt07i,  1916. 

Exploitation  of  Minerals  in  Mysore.  Department  of  Mines  and 
Geology.     Gen.  Ser.  Bulletin  no.  S.     Bangalore,  1916. 

Federal  Valuatio.n  of  the  Railroads  in  the  United  States.  Circu- 
lar communication  to  chairmen  of  valuation  committees.  Decem- 
ber 15,  1916.     Gift  of  Clemens  Herschel. 

Federal  Valuation  of  the  Railroads  in  the  United  States.  State- 
ment prepared  by  Thomas  W.  Hulme.  of  the  developments  in  con- 
nection with  Federal  valuation  as  of  December  30,  1916.  Gift  of 
Clemens  Herschel. 

Field  Geology,  F.  H.  Lahee.     New  York,  1916. 

Galena-Elizabeth,  Illinois-Iowa.  U.  S.  Geological  Survey.  Folio 
200.     Washington.  1316. 

Geology  of  Cincinnati  and  Vicinity.  Ohio  Geological  Survey,  Bul- 
letin no.  19.     Columbus,  1916. 

Gold  Mining  in  Korea,  Edwin  W.  Mills.     Royal  Asiatic  Society,  Trans. 
.   vol.  VII.  pt.  I.     1'.  p  1916.     Gift  of  Edwin  W.  Mills. 

Handbook  of  Westinghouse  Watthour  Meters.  Publication  no. 
5150.     Gift  of  Westinghouse  Electric  &  Manufacturing  Co. 

Institution  of  Automobile  Engineers.  Proceedings,  vol.  X.  Wett- 
minster,  1316. 

Ironmonger  Diary.  1917.     London.  1917. 
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Kansas  City  Southern   Railway  Company.     Tentative  Valuation  by 
Interstate  Commerce  Commission,  November  20.  1916. 

Report  ot  tbe  cost  of  reproduction  new  and  cost  of  reproduc- 
tion less  depreciation.    Engineering. 

Summary  and   explanatory  text  of  the  land   report.     Gift  of 


Clemens  Herschel. 

Legislation  to  Govern  Construction  of  Boilers.  Editorial  from 
Dallas  News,  June  22,  1916.     Gift  of  FredericU  R.  Huttou. 

Lives  of  Alchemystical  Philosophers,  A.  E,  Walte.     London,  1S8S. 

Manufacture  of  Carbide  of  Calcium.  Charles  Bingham.  London, 
1916. 

Mineral  Resources  of  Mysore.  Department  of  Mines  and  Geology. 
General  Ser.  Bulletin  no,  7.    Bangalore,  1916. 

Mineralogical  Society.  By-Laws  and  List  of  Mcmljers,  November, 
1916.    London,  1916. 

Modern  Theory  of  Solution,  H.  C.  .lones.    New  York,  n.  d. 

Napiee,  David  Engineer,  1790-1S69.  .\n  autobiographical  slietch  witb 
notes.     Olasf/oiv,  191^. 

New  Pearl  of  Great  Price.     A.  E.  Waite.    -London,  lf.9ii. 
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Kffect  of  Electrolysis  on  Engineering  Structures.  Paper  read  at  meet- 
ing International  Engineering  Congress,   1915. 

Electrolytic  Corrosion  of  Iron  by  Direct  Current  in  Street  Soil.  Paper 
presented  at  29th  annual  .convention,  American  Institute  Electrical 
Engineers,  June  25,  1912. 

Electrolysis  from  Stray  Electric  Currents.  Before  American  Water 
Works  Association,  June  6,  1912;  and  New  England  Associatiou 
ot  Gas  Engineers.  February  19.  191.5. 

Report,  Investigation  tor  stray  electric  currents  in  the  City  of  Winni- 
peg and  in  adjoining  municipalities,  by  H.  A.  Robson.     19/5. 

Report  on  Electrolysis  Conditions  in  Springfield,  Ohio.     1911/. 

Report  on  Insulated  Return  Feeder  System  tor  Mitigating  Electrolysis 
installed  by  the  United  Railways  Company  ot  St.  Louis,  Mo.,  in 
the  Ann  Ave.  substation  district.     May  191',. 


GIFT  OF  INTERNATIONAL  ENGINEERING   CONGRESS 

International  Engineering  Congress.     Transactions  vols.    1-11   and   In 
dex.     Sail  Francisco,  19/5. 


PERSONALS 


/N  these  columns  are  inserted  items  concerning  members  of  the  Society  and  their  professional 
activities.  Members  are  always  interested  in  the  doings  of  their  fellow-members,  and  the 
Society  welcomes  notes  from  members  and  concerning  members  for  insertion  in  this  section.  All 
communications  of  personal  notes  should  be  addressed  to  the  Secretary  and  items  should  be  re- 
ceived by  February  16  in  order  to  appear  in  the  March  issue. 


CHANGES    OF    POSITION 

David  B.  Clark,  until  recently  with  the  Providence  Engineering 
Works,  Providence,  R.  I.,  has  become  superintendent  of  the  Ameri- 
can Shoe  and  Foundry  Company,  Erie,   Pa. 

John  W.  Clark,  until  recently  associated  witli  Hodenpyl,  Hardy 
&  Company,  Inc.,  Jackson,  Mich.,  has  accepted  a  position  with  the 
Central   Illinois  Light  Company,   Peoria,   III. 

Frank  E.  Bardrof  has  resigned  his  position  with  the  Pennsylvania 
RaUroad,  and  is  now  connected  with  the  Corning  Glass  Works,  Corn- 
ing, N.  Y.,  in  the  capacity  of  machine  designer. 

Grandon   D.   Gates   has  become  affiliated   with  The  Celluloid   Com- 


pany  of  Newark,   N.   J.     He   was  formerly   connected  with   the  A.  Y. 
McDonald  Manufacturing  Company,   Dubuque,  la. 

P.  P.  Henshall  has  accepted  a  position  with  the  Stokes  &  Smith 
Company.  Philadelphia,  Pa.  He  was  formerly  instructor  ot  machine 
shop  practice  at  Pennsylvania  State  College,  State  College,  Pa. 

Edward  W.  Norhis,  recently  connected  with  the  Southwark  Foun- 
dry and  Machine  Company,  Philadelphia,  Pa.,  has  accepted  a  position 
as  sales  engineer  in  the  New  York  office  ot  the  Mead-Morrison  Manu- 
facturing Company. 

F.  V.  McMcLLiN,  formerly  affiliated  with  the  Peuusylvania  Forge 
Co.,   Brldesburg.   Pa.,   has  assumed  the  duties  ot  secretary  and  treas- 
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iircr    of     till-     UiclitiT     Maobinc    L'oiniiauy.     Ptiiladi'lplii:i.     I'a..    which 
lias  succeeded   the  Domestic  Machinery  Worlis. 

John  O.  IIeinzk,  who  about  a  year  and  a  half  ago  formed  the  John 
O.  Heiuze  Company  in  Sprinpfleld.  O..  to  make  electric  starting  sys- 
tems, has  severed  bis  connection  with  the  icimpauy  and  has  joined  the 
Simms  Magneto  Company.  East  Orange  and  Bloomtield,  N.  J.  He  has 
been  appointed  engineer  and  production   manager. 

Thos.  J!.  II.  MtRPiiY.  formerly  member  of  John  H.  Wallace  and 
Company.  New  York,  and  recently  engineer  of  the  Mattagami  Pulp  and 
Paper  Company  of  Toronto,  has  become  chief  engineer  for  the  I'ort 
Arthur  Pulp  and  Paper  Company.  Ltd..  Toronto.  Mr.  Murphy  will 
be  in  iharge  of  building  the  company's  l,"i(i-lrm  sulphite  mill  and  100 
ton  paper  mill  at  Port  Arthur.  Ontario. 

James  U.  Xoiiuis  has  assuniLKl  the  diuii-s  of  first  assistant  supei-in- 
tendent  of  the  Presbyterian  Hospital.  Xew  York.  He  was  formerly 
connected  with  the  New  York  Polyclinic  Hospital,  in  the  capacity  of 
superintendent. 

Robert  Shihi-ey,  formerly  mechanical  engineer  for  the  Pratt  and 
Cady  Company  of  Hartford,  Conn.,  and  works  manager  and  engineer 
for  The  Chapman  Valve  Manufacturing  Company.  Springfield,  Mass  . 
for  the  past  seven  years,  has  severed  his  connection  with  the  latter 
company.  Mr.  Shirley  expects  to  take  an  extended  vacation  before 
.igain  assuming  manufacturing  responsibilities. 

ANNOUNCEMENTS 

II.  (i.  BiuNCKEHHOFF  has  been  placed  in  charge  of  the  Boston  office 
of  The  Engineer  Company. 

Miss  Kate  Gleason  of  the  (Jleason  Iron  Works,  Rochester,  N.  Y.. 
has  been  elected  vice-president  of  the  Trailer  Manufacturers'  Associa- 
tion, recently  formed  at  Detroit. 

Chaki.es  li.  liEABiCK,  w ho  has  been  acting  as  manager  ot  sales  for 
the  Covington  Machine  Company  for  the  past  two  years,  is  now 
located  in  Covington,  Va.,  as  vice-president  and  manager  of  the  com- 
pany. 

High  M.  Wilson,  first  vice-president  of  the  McGraw  PuhlisliinL- 
Company,  Inc.,  has  tendered  his  resignation  and  will  devote  himself 
to  bis  personal  interests.  Mr.  Wilson  has  been  vice-president  of  the 
company  for  the  last  six  years. 

Fueheicick  W.  Gay  of  San  Francisco.  Cal..  announces  that  he  has 
opened  offices  as  consulting  engineer,  and  will  make  reports,  investiga- 
tions, appraisals,  and  design,  construct  and  operate  power  plants  for 
public  utilities  and  industrial  plants. 

Fred  OPHtiLS,  Halbert  P.  Hill  and  J.  Harold  McCbeeby,  have  in- 
corporated under  the  firm  name  of  Ophiils,  Hill  &  McCreery,  consulting 
engineers.  They  will  specialize  on  the  design  and  construction  of 
power  plants.  Ice  and  refrigerating  plants  and  mechanical  and  elec- 
trical engineering. 

<:eoh(;e  C.  Hicks,  Jr.,  vice-president  and  engineer  of  the  P.  H.  and 
1'.  M.  Roots  Company,  of  Connersville,  Ind.,  for  the  past  15  years, 
announces  his  retirement  from  the  company  on  January  1,  1917.  Mr. 
Hicks  will  act  as  consulting  engineer  for  the  company  for  a  short 
time.  Before  taking  up  work  again,  he  expects  to  take  a  six  months' 
vacation. 

Charles  R.  CotJBTENAY,  formerly  superintendent  and  chief  drafts- 
man with  the  Watertown  Engine  Company  and  late  with  the  New 
York  Engine  Company,  and  Robert  E.  Cahill  have  formed  a  partner- 
ship and  will  conduct  business  under  the  name  of  the  Watertown 
Engine  and  Machine  Company.  The  company  will  make  a  specialty 
of  repairs  and  replacements  to  Watertown  engines  and  boilers  and, 
in  addition,  will  do  engineering  work  along  the  line  of  testing  and 
adjusting  power  plant   apparatus. 

A.  W.  K.  Billings  has  returned  from  Barcelona.  Spain,  where  he 
has  been  for  the  past  five  years  as  manager  of  construction,  man- 
aging director  and  vice-president  of  the  Ebro  Irrigation  and  Power 
Company,  Ltd..  and  allied  interests,  in  responsible  charge  of  exten- 
sive hydroelectric  construction  and  other  work.  Previous  to  his  work 
in  Spain  and  elsewhere  for  the  Pearson  interests.  Mr.  Billings  spent 
two  years  in  Pittsburgh  and  ten  years  in  Cuba,  principally  on  electric 
railway  and  power  plant  construction,  and  two  years  in  New  York 
as  engineering  manager  of  J.  G.  White  and  Company,  Inc.  He  has 
opened  an  office  as  consulting  engineer  in  New  York,  and  will  devote 
considerable  atlnniion    lo   work   In   Europe  and   in  Latin  America. 

APPOINTMENTS 
Henry  L.  Bahton   lias  been  made  president  of  the  Northway  Motor 
and   Manufacturing   Company.      Mr.   Barton   has   been   an   executive  of 
the  (.'eneral  Motors  t^ompany  for  several  years. 


.loii.N  II.  SUTEB^  formerly  with  the  Snow  Steam  Pump  Works,  Buf- 
falo. .\.  Y..  the  St.  Joseph  and  Doe  Run  Lead  Companies  in  southeast 
Missouri,  and  for  the  last  two  years  with  the  Western  Gas  Engine 
Corporation.  Los  Angeles,  Cal.,  as  shop  superintendent,  has  been  ap- 
pointed chief  engineer  and  general  superintendent  of  the  Western  Gas 
Engine  Corporation. 

Max  E.  Cutler,  chief  engineer  of  works  of  the  Whiting  Manufactur- 
ing Company.  Bridgeport,  Conn.,  has  been  appointed  supervising  engi- 
neer for  Hamilton,  DeLoss,  Inc.,  who  will  erect  a  new  factory  imme- 
diately, with  the  intention  of  manufacturing  metal  goods  and  stamping 
in  various  kinds  of  metals.  Mr.  Cutler  will  still  retain  his  position 
with  the  Whiting  Manufacturing  Company. 

AUTHORS 

F.  De  R.  Flrman  is  the  author  of  a  treatise  on  Elementary  Cams. 

REGINALD  Trautschold  is  the  author  of  an  article  on  Internal  Spur 
Gearing,  which  appears  in  the  January  issue  of  Machinery. 

J.  C.  Bertsch  has  contributed  a  paper  on  The  Steam  Jet  Refrig- 
erating Machine  to  the  January  number  of  The  Electric  Journal. 

Gano  Dttnn  has  contributed  an  article  entitled  Professional  Unity 
.\mong  Engineers  to  the  January  6  issue  of  Engineering  Record. 

Robert  E.  Cranston  is  the  author  of  Gold  Dredging  in  1916,  which 
appears  in  the  January  0  issue  of  the  Enyincering  and  Mininq  Journal. 

Advantages  and  Future  of  Electric  Ship  Propulsion,  by  W.  L.  R. 
Emmet,  appears  in  the  January  6  number  of  the  Electrical  World. 

The  Treatment  of  Export  Inquiries,  by  Sterling  H.  Binxkll,  is 
published  in  the  January  4  number  of  The  Iron  Age. 

Frederick  C.  Moore  is  the  author  of  X  Cost  System  for  a  Small 
Malleable   Foundry,   which    Is  published  in   The  Foundry   for  January. 

An  article  on  the  Design  of  Oil-Ring  Bearings  by  William  Kxight 
is  published  in  the  January  9  number  of  Power. 

J.  E.  Johnson,  Jr.  is  the  author  of  Technical  Advances  in  Iron  and 
Steel,  in  the  January  4  number  of  The  Iron  Age. 

W.  F.  Duuand  has  contributed  an  article  to  the  January  6  number 
of  the  Electrical  World  on  Progress  and  Outlook  in  Prime  Movers. 

B.  S.  Nelson  of  New  Orleans.  La.,  is  the  author  of  an  article  on 
Flow  of  Air  Through  Orifices  Against  Back  Pressure,  which  is  pub- 
lished in  the  January  4  Issue  of  Engineering  News. 

Artihk  J.  Slade  has  contributed  a  paper  e.itltled.  What  Motor 
Trucks  Offer  to  Contractors,  to  the  Janiary  6  issue  -Tii  Engineering 
Record. 

Charles    E.    KxoErpEL    has    contributed    an    article    entitled    How 

Profit-Sharing  has  Worked  in   Foundries,    to  the  January  issue  of   The 
Foundry. 

B.  A.  Behrend  is  the  author  of  The  Signs  of  the  Times  in  Generat- 
ing Apparatus,  which  appears  in  the  January  6  number  ot  the  BJec- 
Irictil  World. 

Charles  A.  Stone  is  the  author  of  an  article  entitled  Engineer's 
Relation  to  Foreign  Expansion,  which  is  published  in  the  January  6 
issue  of  the  Engineering  Record. 

Harry  L.  Horning  presented  a  paper  on  Seeking  the  Ultimate  Trac- 
tor Engine,  at  the  New  York  convention  of  the  Society  of  Automobile 
Engineers,   January  9  to  11. 

Lawrence  Addicks  is  the  author  of  Metallurgy  of  Copper  in  191IJ, 
which  appears  in  the  January  6  issue  of  the  Engineerinei  and  Mining 
Journal. 

Frederick  IIvmans  presented  a  paper  on  Dynamic  Balance  of  Rotat- 
ing Parts  and  Dynamic  Balancing  Machines,  at  the  convention  of  the 
Society  of  Automobile  Engineers,  held  in  New  York,  January  9  to  11, 

Peter  Junkersfeld,  president  of  the  Association  of  Edison  Illumi- 
nating Companies,  has  contributed  an  article  entitled,  The  Sale  of 
Electric  Service  in  Larger  Quantities,  to  the  January  li  number  of  the 
Electrical  World. 

G.  R.  Ti.SKA  presented  a  paper  on  Recent  Dsvelopments  in  Design  of 
Municipal  Waste  Disposal  Plants,  at  the  convention  of  the  American 
.\ssociation   for   the  Advancement  of   Science,   held   in   New  York,   De- 
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HEAT  TREATMENT  OF  WROUGHT  IRON  CHAIN  CABLE 

An  Original  Investigation  of  the  Causes  of  the  Comparative  Weakness  of  Power-Forged  Wrought- 
Iron  Chain,  with   Results  of  Experiments  Leading  to  a  Method  of  Heat 

Treatment  for  Their  Removal 


By  W.  W.  WEBSTER'  and   E.  L.  PATCH- 

With  Foreword  bij  F.  G.  Coburn,  A'aval  Constructor,   U.  S.  A^ 


THE  following  paper  on  the  thermal  treatment  of  wrought 
iron  is  a  restatement  of  the  graduation  thesis  on  that 
subject  prepared  by  W.  W.  Webster  and  E.  L.  Patch,  As- 
sistant Naval  Constructors,  U.  S.  Navy,  at  The  Massachusetts 
Institute  of  Technology. 

The  subject  was  suggested  by  the  writer,  as  a  result  of  ex- 
perience at  the  U.  S.  Navy  Yard,  Boston,  Mass.,  in  the  manu- 


Experiments  had  been  under  way  for  several  years,  looking 
toward  a  steam-hammer  process,  and  such  a  process  had,  at 
that  time,  been  developed ;  satisfactory  to  the  extent  that  it 
effectively  and  cheaply  welded  the  chain,  but  unsatisfactory 
in  that  the  chain,  apparently  perfect,  would  not  meet  the 
breaking-strength  requirements. 

It  became  suddenly  necessary,  in  July,  1914,  to  make  the 


Fig.    1     Heavy    Pearlitk    Stri-cture — fkom    riRAVU.v-SuAUEn    .\reas 

IN  Fig.  5 


Fig.  2     Pl'ee  Iuox  STRUCTruE — krosi  I,i(iHTEST  -\UEAS  IN  Fig. 


Fig.  3     Ferrite  Structore  with  Trace.s  of  1'earlite.^fro.m  Light        Fig.  4     .\djacent  .\reas  of  Up  i.        i     i.nv  Carbon   (50  Diameters) 
ly-Shaded  Areas  in  Fig.  5 

Figs.  1  to  4    Characterlstic  Miceophotographs  FROii  Burden  Wrought  Iron 


facture  of  chain  cables  for  naval  vessels.  Prior  to  July  1, 
1914,  all  chain  cables  for  the  Navy  were  manufactured  at  that 
yard,  by  hand,  after  the  fashion  of  the  old  English  chain- 
makers,  still  followed  in  other  chain  shops  in  this  country. 


'  Poget  Sound  Navy  Yard. 

'  Portsmouth  Navy  Yard. 

Presented  at  the  Annual  Meetini;  of  The  American  Society  of 
Mechanical  Engineers,  New  York,  December  191G.  The  paper  Is 
here  printed  In  abstraet  form.  Pamphlet  copies  without  discussion  may 
be  obtained  ;  price  15  cents  to  members,  30  cents  to  non-members. 


process  work  in  order  to  supplant  hand  manufacture.  The 
writer,  just  at  that  time,  came  into  direct  charge  of  the  work. 
The  process  seemed  to  be  good,  but  it  was  mystifying,  indeed, 
to  see  apparently  i)erfect  chain  snap  off  under  test  like  cast 
iron.  It  seemed  as  if  an  addition  to  the  process  was  needed, 
rather  than  a  change;  and  heat  treatment  suggested  itself. 
There  was  no  literature  available  on  the  heat  treatment  of 
either  iron  or  low-carbon  steel.    In  fact,  this  thesis  appears  to 
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bi'  tlu'  Hrst  work  of  its  kind.  A  number  of  engineers  familiar 
with  the  art  of  heat  treatment  were  consulted  by  the  writer, 
but  none  of  them  knew  of  any  work  having  been  done  which 
would  be  of  assistance. 

It  was  peculiar  that  /.(/H(7-welded  chain  was  successful  under 
test;  yet  we  knew  that  it  was  not  so  thoroughly  welded  as  the 
/lammcr-welded  chain.  The  latter  was  very  thoroughly  ham- 
mered, too,  and  kneaded,  so  that  it  should  be  stiff  and  strong. 
In  this  very  stiffness  the  trouble  finally  was  found. 

The  distribution  of  stresses  in  a  studded  link  under  tension 
is  such  that  there  are  maxima  of  bending  moment  at  the  ends 
of  the  axes  of  the  Ihik  and  maxima  of  shear  at  tlie  quartere. 
It  is  well  known  that  iron  is  w-eaker  in  shear  than  in  tension. 
It  was  obser\'ed  that  the  hammer-welded  links  always  failed  in 
the  quarters ;  that  while  the  hand-welded  links  stretched  freely, 
the  power-welded  links  would  not  stretch  much  prior  to  break- 
ing. 


Fig.  3     Sei'tion  of  Burdex  Iron   Etcheii  M)  Minutes 

The  following  hypothesis  was  then  formulated  by  the  writer, 
to  ex))lain  tlie  above  ])henomena ;  That  the  hannner-welded  link 
was  so  stiff  that  the  shearing  stress  could  build  up  in  the 
<|uarters  to  such  a  degree  that  tlie  link  would  fail  l)y  shearing, 
whereas  the  hand-welded  link  was  soft  and  ductile  enough  to 
deform  under  the  shearing  stress,  failure  occurring  later  due  to 
a  combination  of  shear  and  tension  when  a  higher  applied 
tensile  load  was  reached. 

There  was  no  pyrometric  e(|uipment  available ;  so  in  the  first 
experiments,  which  were  necessarily  crude,  the  writer  gaged 
temperatures  by  eye.  Test  doublets  were  heated  to  a  tempera- 
ture believed  to  be  above  the  upper  critical  point,  cooled  in  air, 
and  pulled,  giving  satisfactory  results  as  regards  stretch,  char- 
acter of  fracture,  and  ultimate  tensile  strength.  Heat  treat- 
ment was  plainly  the  answer  to  the  problem. 

The  writer  therefore  proceeded  to  equip  a  laboratory  and 
to  e<|uip  the  shop  for  temperature  measurement.     After  some 


experimenting,  a  method  of  heat  treatment  was  evolved  which 
gave  fairly  good  results.  But  these  results  were  not  always 
consistent,  and  while  the  jjlant  was  put  on  a  manufacturing 
basis,  still  there  were  very  puzzling  questions  arising.  It  was 
considered  very  desirable,  indeed,  to  find  out  really  why  heat 
treatment  was  required  for  power-forged  chain  and  not  for 
hand-welded  chain,  what  the  very  best  heat  treatment  should 
•  be,  how  much  heat  treatment  wrought  iron  would  respond  to, 
and,  in  general,  to  develop  working  standards  for  shop  prac- 
tice. 

Messrs.  Webster  and  Patch  took  up  the  task  as  their  gradu- 
ation thesis,  being  assisted  in  the  work  later  by  J.  J.  Crowe, 
Physical  Metallurgist,  who  came  to  the  work  from  the  Bureau 
of  Standards  by  courtesy  of  the  Director,  Dr.  S.  W.  Stratton, 
and  of  Dr.  G.  K.  Burgess. 

F.    G.    COBURN. 
MANUF.\CTURE  OF  POWEIt-FOKGED  CHAIN 

The  various  operations  involved  in  the  process  of  power- 
forging  chain  are  briefly  as  follows : 

Shearing.  The  bar  of  round  stock  is  rolled  from  the  storage 
skids  on  to  rollers  which  guide  it  through  the  shears  and 
against  the  stop  which  gages  the  length  of  the  "  bolts."'  After 
cutting  off,  the  bolts  are  packed  in  special  baskets  for  transfer 
by  crane  to  the  scarfing  furnace. 

Scarfing.  One  end  of  the  bolt  is  heated  in  a  special  oil 
furnace  for  a  distance  of  about  a  foot  and  the  end  is  then 
bent  and  upset  by  a  single  operation  in  the  upsetting  machine. 
During  the  same  heat  the  bolt  is  scarfed  under  a  2500-lb.  steam 
drop  hammer,  using  special  steel  dies.  The  "  flash  "  or  web  is 
then  removed  by  a  trimming  press.  The  operation  is  repeated 
for  the  other  end  and  the  bars  are  packed  in  baskets  for 
transport  to  the  bending-machine  furnace. 

Bending.  The  scarfed  link  is  heated  throughout  to  about 
1100  deg.  cent,  in  a  special  oil  furnace,  from  which  it  is  swung 
by  a  special  jib  crane  to  the  hydraulic  bending  press.  Here 
it  is  bent  by  wiping  it  around  a  mandrel  having  the  shape  of 
the  inside  of  the  chain  link.  This  operation  leaves  the  links 
practically  closed  and  it  is  necessary  to  pry  apart  the  scarfs 
with  a  crowbar  in  order  to  thread  the  links  in  the  chain. 

Welding.  The  link  is  first  preheated,  threaded  into  the  end 
of  the  growing  chain,  and  the  scarfs  closed  under  a  heavy 
hammer.  It  is  then  brought  to  a  welding  heat  of  about  1350 
deg.  cent,  in  a  si)ecial  oil-burning  chain  forge  and  welded  on 
special  "dolly  dies"  under  a  light  hammer  (250-350-lb.).  To 
give  the  hnk  the  proper  shape  it  is  brought  to  welding  heat  a 
second  time  and  finished  in  the  dies  of  the  heavy  hammer 
(1800-3000-lb.). 

Trimming.  The  last  welding  process  leaves  a  "  drop-forge 
Hash  ''  inside  and  outside  on  the  welded  end  of  the  link,  which 
is  trimmed  off  by  hand. 

Studding.  The  drop-forged  chain  stud,  which  is  inserted  to 
preserve  the  shape  of  the  link,  increase  the  strength,  and  pre- 
vent kinking  of  the  chain,  is  held  in  place  with  the  link  on  its 
side  under  the  steam  hammer  and  pinched  in  place  by  a  light 
blow  of  the  hammer. 

Heat  Treatment.  This  is  accomplished  by  loading  the  chain 
on  to  a  steel  Hat  car,  which  is  run  into  a  long  annealing  fur- 
nace fired  by  oil  burners.  The  temperature  is  brought  evenly 
to  about  950  deg.  cent.,  well  above  the  upper  critical  point, 
as  determined  by  the  indications  of  nine  base-metal  thermo- 
couples distributed  about  the  furnace,  one  couple  being  placed 
in  a  bolt  of  iron  under  the  pile  of  chain  on  the  car.    After  the 
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desired  temperature  has  been  maintained  for  10  minutes  the 
car  is  liauled  out  of  the  furnace  and  the  chain  aUowed  to  <'ool 
in  the  air  before  proofing. 

Proofing.  Each  shot  of  chain  is  given  a  "  proof  test "  with 
the  hydraulic  testing  machine  up  to  values  given  in  the  chain 
tables.  After  proofing,  each  link  of  the  shot  is  examined  for 
(lefects,  ami  if  unsatisfactury  links  are  found  they  are  cut  out 
and  replaced  by  the  repair  crews.  In  addition  to  the  proof 
test,  a  breaking  test  is  made  on  a  "  doublet  "  taken  at  random 
during  the  making  of  each  shot.  If  this  does  not  e(|ual  the 
tabulated  .standard  others  are  tried  on  each  side,  and  if  they 
fail  the  whole  shot  is  condemned.  The  proofing  load  is  ap- 
proximately 60  per  cent  of  the  breaking  load.  The  tables  of 
stresses  are  standard  with  the  Navy  Department,  being  based 
on  both  foreign  and  domestic  practice. 

Painting.  Shots  which  have  been  proofed  and  found  satis- 
factory are  coated  by  hauling  through  a  hot  bath  of  asphalt 
paint,  and  are  then  stowed  ready  for  shipment. 

I'HOI'EKTIES  OF   STOCK   MATE1!I.\L 

At  ])resent  the  iron  used  for  the  most  important  sizes  of 
chain  is  made  by  the  Burden  Iron  Company,  of  Troy,  N.  Y. 
The  Government  requires^  grade  "  A  "  American  reiined  iron, 
pudilled  from  all-ore  pig  ii'on,  free  from  admixture  of  steel  or 
scrap;  phosphorus  not  to  exceed  0.10  per  cent  and  sulphur 
not  to  exceed  0.015  per  cent. 

Chemical  analysis  of  Burden  iron,  made  by  the  chemical 
laboratory  of  the  Boston  Navy  Yard  from  borings  taken  from 
several  stock  bars,  gave  the  following  average  resulls: 

Carbon 0.10  per  cent 

.Silicon   0.10  per  cont 

Plio.'ipiiorns    0.0S5  per  cent 

.Sulpliur    O.OOS  pi'r  cent 

Twelve  tensile  s]iecimens  cut  from  a  3% -in.  bar  gave  the 
results  summarized  bek)W,  which  are  compared  with  the  Gov- 
ernment specification  re(|uirements: 

Test  results.  Spedticatimi. 

Yield  point,  lb.  per  sq.  in 26.100  24,000 

Tensile  strength,  lb.  per  sq.  in 49.000  4S.O00 

Elongation,   per  cent 3.^..^  2fi 

Contraction  of  area,  per  cent 50  40 

('harpy  impact  tests  of  eight  specimens  averaged  as  fol- 
lows, atid  indicate  the  difference  of  resistance  to  shock  due  to 
the  direction  of  the  slag  fibers: 

r.ojigitutlinal.  1,50  ft-lb.   per  sq.   in. 
Transverse,  39  ft-lb.  per  sq.  in. 

The  appearance  of  the  transverse  and  longitudinal  sections 
of  a  stock  bar,  when  polished  and  etched,  is  shown  in  Fig.  1, 
which  brings  out  clearly  the  outlines  of  the  different  bars  and 
slabs,  known  as  grade  "  B  "  bars,  which  were  jiiled  together 
to  make  up  the  finished  grade  "  A "  bar.  Also  each  grade 
■'  B  "  bar  is  seen  to  he  made  up  of  well-defined  areas  of  dif- 
ferent shades  or  depths  of  color,  representing  the  muck  bars 
from  which  it  was  rolled. 

Under  the  microscope  the  heavily  shaded  areas  have  a  jjearl- 
ite  and  ferrite  structure,  with  numerous  slag  s])ots  (Fig.  5), 
showing  them  to  be  wrought  iron  with  about  0,20  per  cent 
carbon.  The  more  lightly  shaded  areas  indicate  less  pearlite 
(Fig,  2),  fy])ical  of  about  0,0.5  per  cent  carbon,  and  tlie  un- 
shaded areas  a  pure  wrought-iron  structure  (J^ig,  !i).  Metal- 
lographic  examination  was  made  of  specimens  cut  from  three 
stock  bars  all  of  which  displayed  the  same  characteristics  of 
segregated  carbon;  the  line  between  adjacent  areas  of  high 
carbon  content  and  of  low  carbon  is  frequently  very  sharp, 
as  in  Fisr.  4. 


IIBAT   TKEATMENT   OB'    BURDEN    CHAIN    IISON 

The  thermal  analysis  of  the  iron,  or  the  determination  of 
its  "  critical  "  points,  is  quite  necessary  for  an  intelligent  study 
of  its  heat  treatment.  In  Fig.  6  are  typical  heating  and  cool- 
ing curves  for  Burden  iron,  which  indicate  the  positions  of  the 
critical  points.  These  are  commonly  designated  as,  A,  (re- 
calescence  point)  ;  A^  (lower  temperature  point  of  thermal 
retardation  and  cooling)  on  heating  and  cooling;  and  A, 
(upper  temperature  point  of  thermal  retardation  and  cool- 
ing)- 

Table  1  gives  the  critical  points  as  determined  by  the  curves. 
For  purpose  of  comparison,  average  points  are  given  for  pure 
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inui  and  for  iron  of  0,10   per  cent  carbon  and  0.20  per  cent 
carbon,  taken  from  Sauveur's  diagram  of  iron-carbon  alloys. 

T.MILE    1        CRITIC.VI.    I'Ol.NTS    FROM    HEATING    AND    COOLlN(5 
CCliNKS  1-OR   KUIfDEN  IRON 

-\verage  of  Heating  and 
, — Burden  stock. — ^     Cooling,  from  Equilibrium  Diagram. 
Ciitl<al  Heating.        Cooling,      Pure  Iron,       0.1%  C,  0,2%  C. 

I'oint.  deg.  cent,     deg,  cent,      deg,  cent,     deg,  cent,     deg,  cent, 

A" 9l.'5  875  900  850  800 

.\2 768  7tiS  768  768  768 

A' 73S  700  690  690  690 

111  the  heating  curve,  which  is  the  important  curve  in  cou- 
iiectiou  with  lieat  treating,  the  indication  of  the  upper  critical 
point,  A,,  is  indistinct  and,  at  first  glance,  apparently  inde- 
terminate. 

But  the  small  point  shown  at  915  deg.  cent,  was  duplicated 
in  size,  shape,  and  position  on  all  of  the  curves  taken ;  as  were 
also  the  indications  of  changes  shown  by  irregularities  of  the 
curve  from  about  825  deg.  cent,  up  to  915  deg.  cent.  It  may 
therefore  be  concluded  that  the  u])per  critical  point  is  not 
sharp  but  extends  over  the  range  indicated,  with  a  well-defined 
end  at  915  deg.  cent.  I'his  phenomenon  is  explained  by  the 
unequal  distribution  of  the  carbon  in  the  iron,  different  parts 
of  which   vary  in  composition   from  pure  wrought  iron  to  0.2 
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per  cent  carbon,  as  was  determined  by  metallographic  exam- 
ination. The  second  and  lower  critical  points  are  well  defined 
at  the  temperature  indicated. 

Effect-  o-f   Rca+-e     of    Cooling 
Haximum  Temp  900  Deg. Cent.      MaximumTempl060  DegCenf, 
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Effkcts  of  Different  Rates  of  Coolin! 


Specimens  heated  to  900  deg.  cent,  and  1060  deg.  cent,  cooled  in 
furnace,  cooled  in  air.  quenched  in  oil  and  quenched  in  water. 
Results  on  untreated  material  shown  vertically  at  the  left  and 
in  the  center.  It  may  be  readily  seen:  (1)  that  furnace  cool- 
ing reduces  the  Charpy  and  tensile  strength  and  increases  the 
elongation  and  reduction  of  area:  (2)  that  air  cooling  gives 
greater  strength  than  the  original  material  with  less  elonga- 
tion and  reduction  of  area:  (3)  that  oil  and  water  quenching 
increase  the  strength  considerably.  In  the  case  of  heat  treat- 
ment No.  25  in  which  the  specimens  were  heated  to  900  deg. 
cent,  and  quenched  in  water,  the  tensile  breaking  stress  was 
increased  from  the  49,000  average  to  68.700.  which  is  an  in- 
crease of  40  per  cent,  and  the  longitudinal  impact  resistance 
was  increased  from  150  average  to  406,  which  is  an  increase 
of  165  per  cent.  The  effect  of  the  rate  of  cooling  on  series 
(6),  in  which  the  specimens  were  heated  to  lOilO  deg.  cent., 
was  generally  less  than  in  series  (c),  in  which  the  heating 
was  carried  only  to  900  deg.  cent. 


The  practical  conclusion  from  the  location  of  the  upper  end 
of  the  upper  critical  range  on  the  heating  curve  at  915  deg. 
cent,  is  that  to  anneal  or  air-quench  the  chain  from  above  the 
critical  range  it  should  be  heated  to  about  950  deg.  cent.,  or 
about  56  millivolts  (mv.)  on  the  furnace  thermo-couples,  in- 
stead of  52  millivolts,  or  890  deg.  cent.,  as  has  previously  been 
the  practice  in  the  manufacture  of  wrought-iron  chain  at  the 
Navy  Yard. 

I>.\BORATOKV  E.XPERIMENTS  IN  HEAT  TREATMEXT 

A  preliminary  study  of  heat  treatment  was  made  in  the 
laboratory  for  the  purpose  of  securing  an  indication  of  the 
best  treatment  to  be  used  in  the  actual  manufacture  of  the 


chain  cable,  and  the  effects  of  the  following  variables  were 
studied : 

1  Maximum  temjjerature  of  annealing. 

2  Rate  of  cooling,  or  quenching. 

3  Drawing  to  different  temperatures  after  heating  to  maxi- 

mum temperatures,  or  after  different  rates  of  cooling. 

4  Time  of  annealing,  or  time  material   is   held  at   maximum 

temperature. 

The  list  of  heat  treatments  developed  is  given  in  Table  2. 
Each  charge  consisted  of  three  tensile  specimens  and  two 
blocks  from  which  four  longitudinal  and  four  transverse 
Charpy  specimens  were  machined.  The  furnace  was  heated 
to  about  75'J  deg.  cent,  before  specimens  were  introduced.  The 
temperature  was  then  raised,  rapidly  at  first  and  slower  as 
the  upper  limit  was  approaelied,  to  the  point  where  the  in- 
crease was  about  5  deg.  in  15  min. 


TABLE   2. 


TABIL.^TION    OF   HE.\T   TREATMENTS   OF   BURDEN 
IRON    STOCK 

Series  (a);  ttote  of  Cooling. 

1  Heat  to  900  deg.  cent,  and  cool  in  furnace. 

2  Heat  to  900  cleg.  cent,  and  cool  in  air. 

3  Heat  to  900  deg.  cent,  and  quench  in  oil. 

4  Heat  to  900  deg.  cent,  and  quench  in  water. 

Series  (b) :  Rate  of  Cooling. 

5  Heat  to  1060  deg.  cent,  and  cool  in  furnace. 

6  Heat  to  1060  deg.  cent,  and  cool  in  air. 

7  Heat  to   lOiJO  Jes.   cent,  and  quench  in  oil. 

8  Heat  to  1060  deg.  cent,  and  quench  in  water. 

Series   (c):  Rate  of  Cooling  before  Draicing. 

9  Heat  to  1000  deg.  cent.,  cool  in  furnace,  reheat  to  900  deg., 

quench  in  oil  and  draw  to  650  deg. 

10  Same  as  (9)   but  quenched  in  water. 

Series   (di;  Maximum  Temperature  before  Cooling. 

11  Heat  to     800  deg.   cent,  and  quench  in  water. 

12  Heat  to     850  deg.   cent,   and  quench   in  water. 
1:^      Heat  to     900  deg.   cent,  and  quench   in  water. 

14  Heat   to     950  deg.   cent,  and  quench  in  water. 

15  Heat  to  1000  deg.  cent,  and  quench  in  water 

16  Heat  to  1050  deg.  cent,  and  quench  in  water. 

Scries  (el;  Temi'crature  of  Drawing. 

17  Heat  to  1000  deg.  cent.,  quench  in  water,  draw  to  550  deg. 
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Heat  to  1000  deg.  cent.,  quench  in  water,  draw  to  650  deg. 
Heat  to  1000  deg.  cent.,  quench  in  water,  draw  to  750  deg. 


Series  if):  Rate  of  Cooling. 

20  Heat  to  1000  deg.   cent.,  quench  in  oil. 

21  Heat  to  1000  deg.   cent.,  cool  in  air. 

22  1 

23  I  Series  (a)  Repeated. 

24  f 

25  1 

26)   5  and  6  of  Series  (6)    Repeated. 

aeries  (g) :  Time  of  .Annealing. 

28  Heat  to  970  deg..  hold  1  min.,  cool  in  air. 

29  Heat  to  970  deg..  hold  15  min.,  cool  in  air. 

30  Heat  to  970  deg.,  hold  ,30  min.,  cool  in  air. 

31  Heat  to  970  deg.,  hoM  120  nun.,  cool  in  air. 

After  the  specimens  bad  received  their  heat  treatments  as 
outlined  in  Table  2,  the  following  tensile  and  impact  tests 
were  made  upon  the  heat-treated  specimens: 

1  Tensile  tests  giving 

a  Yield  point 

b  Breaking  stress 

c  Per  cent  elongation  in  2  in. 

d  Per  cent  reduction  in  area  from  0.20  sq.  in. 

2  Impact  tests  giving 

Resistance  to  shock  in  ft-Ib.  per  sq.  in.  of  an  area  of  about 

0.0785  sq.  in.  in  a  bar  10  mm.  square  by  55  mm.  long, 

with  40  mm.  between  supports. 

All  tensile  results  were  within  10  per  cent  of  the  average 

results  from  the  three  tensile  specimens  previously  mentioned 

as  having  been   subjected  to   heat  treatments  in   each   series. 

The  averages  are  used  in  all  plots. 
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The  Charpy  impact  results  varied  greatly;  in  certain  in- 
stances as  much  as  80  per  cent  from  the  average.  For  ex- 
amiile,  one  specimen  showed  a  fine,  silky  fibrous  fracture  with 
321  ft-lb.  per  sq.  in.  resistance,  and  the  next  specimen,  sup- 
posedly from  the  same  bar,  a  coarse  crystalline  and  dirty  frac- 
ture with  only  39  ft-lb.  per  sq.  in.  resistance  (heat  treatment 
No.  11). 

These  variations  are  probably  due  to  variations  in  the  char- 
acter of  the  metal  in  different  sections  of  the  bar,  as  shown 
by  the  metallographic  examination.  It  would  be  possible  even 
for  adjacent  specimens  to  have  widely  different  characteristics, 
and  the  probability  of  this  is  enhanced  by  the  fact  that  the 
breaking  sectional  area  of  a  Charpy  specimen  is  only  about 
0.0785  sq.  in. 

The  most  important  I'esults  of  the  tests  are  plotted  in  Figs. 
7,  8  and  9. 

As  a  general  conclusion  from  the  results  of  the  physical 
tests,  it  may  be  stated  that  the  iron  is  affected  by  heat  treat- 
ment in  a  manner  very  similar  to  low-carbon  steel,  giving  an 
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increase  of  40  per  cent  in  the  tensile  strength  and  125  per 
cent  in  the  longitudinal  impact  strength  when  heated  to  950 
deg.   cent,   and   quenched   in   water.      This   was   confirmed   by 
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Fin.    9     Effect   of   Maxijiuii    TE.\iPER.iTURE.s   op   Heatixc 
WITH   Water  Quenching 

This  comprises  beat  treatments  Nos.  11  to  16,  inclusive,  in  which 
the  material  was  raised  to  different  temperatures  and  quenched 
in  water;  and  in  addition  heat  treatments  Nos.  8,  13  and  25. 
The  two  latter  are  the  same  and  the  difference  in  the  results 
may  be  due  either  to  the  nature  of  the  material,  or  to  a 
slight  variation  in  the  heat  treatment,  as  apparently  there  is 
considerable  change  near  900  deg.  cent.  It  appears  from 
these  results  that  a  temperature  of  about  950  deg.  cent, 
would  give  the  best  results  with  water  quenching,  and  any 
increase  beyond  1000  deg.  cent,  gives  less  strength,  although 
the  Charpy  longitudinal  specimens  gave  best  results  at  900 
deg.  cent,  and  1060  deg.  cent.  The  data  of  the  oil-quenched 
and  air-  and  furnace-cooled  speeimeus  were  not  suttiiienlly 
complete  to  warrant  plotting. 


Fig.    8     Effects   of   Hardening   and   Drawing 

On  the  left  is  shown  series  (c>.  the  effect  of  drawing  to  650  deg. 
cent,  of  specimens  heated  to  900  deg.  cent,  and  quenching  in 
oil  and  water  respectively.  It  is  seen  that  the  drawing 
brought  the  tensile  breaking  stress  and  elongation  nearly  down 
to  the  average  untreated  results,  as  shown  in  the  left  center 
of  the  sheet,  while  the  per  cent,  reduction  of  area  was  greatly 
increased  over  the  average  stock  results,  and  the  reduction  in 
the  Charpy  longitudinal  strength  was  very  small.  On  the 
right  is  shown  series  (e)  all  heated  to  1000  deg.  and  water 
quenched,  the  abscissa  being  the  drawing  temperatures,  with 
the  results  of  the  undrawn  given  at  the  extreme  right  for 
comparison.  The  general  effect  of  increasing  the  drawing 
temperature  is  to  reduce  the  strength  and  increase  the  elonga- 
tion. There  is  little  change  in  the  impact  strength  and  re- 
duction of  area,  which  remain  considerably  greater  than  in  the 
untreated  stock  results. 


microphotographs  showing  sorbitie  and  martensitie  structure 
typical  of  the  hardening  structure  of  mild  steel. 

It  is  therefore  recommended  that  a  farther  investigation  be 
made  of  the  effect  of  this  heat  treatment  of  chain  cable,  and 
the  practicability  of  its  application  to  the  manufacture  of  chain 
cable. 

It  was  suspected  that  the  length  of  time  during  which  the 
specimens  remained  at  maximum  temperature  in  the  furnace 
might  have  some  effect  on  the  results,  so  a  special  series  (g) 
was  added  of  heat  treatments  Nos.  28  to  31,  which  were  all 
heated  to  970  deg.  cent,  and  maintained  at  that  temperature, 
for  intervals  of  1  min.,  15  min.,  30  min.  and  2  hr.  The  results 
indicated  that  on  specimens  of  that  size  the  duration  of  the 
time  of  annealing  has  no  appreciable  effect. 
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PRELIMINARY   EXPERIMENTS   WITH    CHAIN   LINKS 

Two  preliminary  experiments  were  performed  with  full-size 
chain,  (1)  to  confirm  the  results  of  the  laboratory  experiments 
as  to  the  best  temperature  to  which  the  chain  should  be  heated 
for  annealing  by  air  cooling,  and  (2)  to  determine  the  best 
sequence  of  annealing  and  proofing. 

It  was  concluded  both  from  the  investigation  of  the  stock 
material  and  the  laboratory  experiments  on  this  subject  that 
the  chain  should  be  annealed  from  about  950  deg.  cent.  (56 
mv.)  instead  of  890  deg.  cent.  (52  mv.)  as  hitherto  had  been 
the  practice.  To  confirm  this  conclusion,  2%-in.  Burden  iron 
doublets  were  heated  to  temperatures  corresponding  to  48,  52, 
56  and  60  mv.  The  tensile  results  from  the  specimens  heated 
to  52,  56  and  60  mv.  were  not  conclusive,  but  the  fractures  of 
the  56-  and  60-mv.  links,  however,  were,  as  a  whole,  very  clean, 
fine  and  silky,  and  much  better  looking  than  those  of  the  other 
links,   and   the   practice   has   therefore   been    followed   in    the 


Fig.  1(1    Location  of  Test  Specijiens  in  Link 
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manufacture  of  the  chain,  of  annealing  from  approximately 
950  deg.  cent.  (56  mv.),  with  the  result  that  stronger  chain 
has  been  produced,  as  determined  by  the  routine  test  doublets 
referred  to  in  the  second  paragraph  on  p.  193. 

The  second  series  of  tests,  to  determine  the  best  order  to 
follow  in  annealing  and  proofing,  was  conducted  with  25s-in. 
Burden-iron  doublets.  Chain  may  be  (1)  annealed  before 
proofing,  which  is  the  regular  practice,  (2)  annealed  after 
proofing,  or  (3)  annealed  before  and  after. 

When  chain  is  proofed,  it  is  strained  well  over  the  elastic 
limit  of  the  link  as  a  whole.  For  example,  3 14 -in.  test  links 
are  proofed  to  367,000  lb.,  which  leaves  a  permanent  set  of 
about  %  in.  The  ratio  of  proof  to  pulling  load  is  367,000: 
620,000  =  0.59,  while  the  ratio  of  elastic  limit  to  ultimate 
stress  of  the  material  is  27,000  :49,000  =  0.55. 

Proofing  therefore  strains  certain  parts  of  the  link  above 
the  elastic  limit  and  leaves  it  in  an  internally  strained  condi- 


tion. If  method  (1)  is  used  the  chain  leaves  the  shop  for 
service  with  internal  strains,  but  if  method  (2)  is  used  the 
internal  strains  of  proofing  are  relieved  by  annealing,  and 
from  this  consideration  alone  each  link  should  be  stronger. 

Method  (2)  ap])eared  to  produce  the  stronger  link.  On  the 
other  hand,  it  must  be  noted  that  four  of  the  six  test  doublets 
of  method  (2)  broke  by  failure  of  the  weld  before  they  were 
strained  to  their  breaking  stress.  One  of  the  best  men  in  the 
shop  forged  all  of  the  links  for  this  experiment,  knowing  that 
they  were  for  experimental  purposes.  This,  combined  with 
the  fact  that  there  was  only  one  failure  of  tlie  weld  in  the 
tests  made  for  each  of  the  other  methods,  indicates  that  the 
failure  of  these  four  welds  was  due  to  the  sequence  of  opera- 
tions. 

The  logical  explanation  is  that  when  a  link  is  proofed  before 
it  is  annealed  there  is  a  tendency  to  start  an  opening  in  the 
weld  due  to  local  strains  which  may  have  been  jjroduced  by 
forging.  Then  when  the  link  is  subjected  to  an  apjjlied  load 
it  will  break  through  the  weld  before  the  breaking  stress  of  the 
material  is  reached.  If  the  link  is  annealed  before  proofing, 
this  condition  will  be  relieved. 

After  four  of  the  six  doublets  for  method  (2)  broke  through 
the  weld,  it  was  decided  to  run  another  series  of  tests  on  this 
method,  for  which  purpose  eight  234-in.  doublets  were  used. 
Of  these,  two  broke  low  with  a  dull,  lusterless  fracture,  indi- 
cating overheating.  The  average  of  the  other  six  was  504,000 
lb.,  failing  generally  across  the  welded  quarter  with  a  fibrous 
fracture.  In  spite  of  the  careful  welding,  the  point  of  the 
scarf  in  one  link  was  found  not  welded  when  pulled  to  de- 
struction. 

These  results  were  compared  with  results  from  tests  on  2%- 
in.  doublets  annealed  and  pulled  in  the  course  of  regular  shop 
manufacture.  These  doublets  were  treated  by  method  (1)  by 
first  annealing  and  then  ])roofing. 

The  average  pulling  strength  of  six  of  these  links  was 
482,000  lb.,  which,  compared  with  the  504,000  of  the  links 
treated  by  method  (2),  shows  that  the  latter  process  produces 
the  stronger  hnks,  provided  there  is  no  injury  to  the  weld  due 
to  the  action  of  proofing  on  local  strains. 

Because  this  tendency  to  injure  the  weld  does  exist  where 
method  (2)  is  used,  the  conclusion  was  reached  that  method 
(1)  of  annealing  before  proofing  should  be  followed  and  not 
method  (2).  Theoretically,  method  (3)  would  seem  to  be  much 
preferable  to  both  (1)  and  (2),  since  it  combined  the  advan- 
tages of  each,  but  the  average  breaking  load  was  the  same 
as  for  method  (1).  The  fractures,  however,  were  remarkably 
clean,  pure,  and  silky.  There  would  probably  be  a  small  ad- 
vantage in  using  method  (3),  but  it  is  not  practical  to  go  to 
the  great  additional  trouble  and  expense  of  two  annealing 
jirocesses  for  the  slight  advantage  to  be  gained. 


DISCUSSIONS    OF    WELDING    AND    ANNEALlNi: 

In  order  to  explain  the  failure  of  these  power-forged,  un- 
annealed links  and  the  way  in  which  annealing  restored  their 
strength,  it  is  important  to  understand  the  essential  differ- 
ences between  hand  and  power  forging. 

The  use  of  the  steam  hammer  in  forging  enables  a  much 
greater  reduction  in  area  to  be  made  at  the  weld,  and  hence 
produces  a  much  greater  amount  of  internal  work.  It  also 
permits  the  use  of  a  longer  scarf,  which  necessitates  a  welding 
heat  further  around  on  the  quarter  of  the  link.  In  power 
forging,  therefore,  the  link  is  brought  up  to  a  white  heat 
around  on  the  quarter,  and  then  shades  off  through  light 
orange,  dark  orange,  and  bright  red,  to  a  dull  red  at  the  bent 
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end.  In  hand  forging  tlie  white  heat  does  not  cover  so  large 
an  area  and  shades  down  to  a  dull  red  on  the  side  of  the  link, 
and  to  blafk  on  the  bent  quarters  and  end. 

It  would  be  expected  that  these  conditions  would  permit 
a  greater  crystal  growth  of  the  power-forged  chain,  except 
under  the  hammer  at  the  welded  end.  Since  the  welded  end 
of  the  i)owcr-forged  link  receives  a  much  greater  amount  of 
work  from  liammering,  it  should  have  a  much  smaller  grain 
size  than  the  hand-welded  link  at  the  finishing  temperature. 
On  the  other  hand,  the  power-forged  link  has  a  greater  cooling 
range  during  which  the  crj'stals  may  grow,  since  its  finishing 
temperature  is  higher;  but  most  probably  this  effect  is  small 
in  comparison  with  that  of  hammering.  The  net  results 
should  be  an  appreciably  smaller  grain  size  at  the  weld  of  the 
power-forged  link. 

In  com]>arison  with  the  other  jjarts  of  the  same  link,  the 
grain  size  at  the  weld  should  increase  from  the  middle  to  the 
end  of  the  weld  as  the  hammering  effect  decreases,  and  then 
should  decrease  from  the  weld  around  to  the  bend  and  in  [iro- 
portion  to  the  maximum  temperature  to  -which  the  part  was 
heated. 

HamuKTiug  also  deforms  tlie  crystals  at  tlic  weld,  but  this 
effect  should  be  obliterated  by  the  crystal  growth  during  cool- 
ing from  1200  deg.  cent,  down  through  the  critical  range, 
after  hammering  has  ceased,  and  there  should  be  no  resultant 
"  strain  hardening." 

The  effect  of  the  carbon  content  should  further  be  con- 
sidered. Above  the  critical  range,  carbon  is  present  in  the 
solid  solution  of  iron,  or  austenite.  As  the  metal  after  forging 
cools  slowly  in  air  through  the  critical  range,  all  the  carbon 
should  separate  freely  from  the  austenite  crystals  in  the  form 
of  pearlite.  Therefore,  carbon  should  have  little  hardening 
effect  in  either  hand-  or  power-forged  chains;  and,  since  there 
is  no  practical  difference  between  the  cooling  conditions  of  the 
two,  it  should  cause  no  difference  between  them  in  hardening. 

Tlie  only  remaining  difference  between  the  structures  of  the 
hand-forged  and  jjower-forged  links  which  could  cause  the 
greater  stiffness  of  the  latter,  is  in  the  grain  size.  In  the 
side  of  the  link  where  most  of  the  stretching  takes  place,  the 
grain  size  is  probably  somewhat  greater  in  the  power-forged 
link,  while  in  the  welded  quarter,  where  the  first  power-forged 
links  broke,  the  difference  is  probably  not  appreciable.  Ac- 
cording to  Rosenhain,  coarse  structure  generally  does  not  affect 
tensile  strength  or  ductility  to  a  marked  degree,  although  it 
does  greatly  decrease  resistance  to  shock. 

Therefore,  from  a  theoretical  considei'ation  of  the  material 
as  an  alloy  of  iron  and  carbon  only,  we  can  find  no  apparent 
cause  for  stiffness  in  the  power-forging  process.  In  the  tests 
which  are  hereafter  described,  however,  it  developed  that  in 
the  ])ower-forged  link  there  was  an  overlieated,  distorted 
structure,  which  was  relieved  by  the  recrystallization  in  an- 
nealing. The  stiffness  of  the  link  was  undoubtedly  removed 
primarily  by  relieving  this  condition,  but  also  to  some  extent 
by  the  lessened  hardening  effect  of  carbon  and  the  refinement 
of  grain  size  caused  by  annealing. 

TKSTS   OF   FLLL-SIZE   LINKS   I'.KIOItE   .\ND   .\FTEU  .\  NNE.U.INI  I 

For  the  purpose  of  testing,  a  shot  of  five  Sy^-in.  Burden 
iron  links  was  forged  in  the  regular  manner  and  four  of  these 
were  annealed.  Specimens  were  cut  from  the  unannealed 
link  (designated  as  No.  1)  and  from  one  of  the  annealed  links 
(designated  as  No.  2).  The  remaining  three  links  were 
pulled.  Ten  sections  were  located  around  links  Nos.  1  and  2, 
as  shown  in  Fig.  10.     Piece  7-8  was  used  for  tensile  specimens 


and  Charpy  specimens  were  cut  from  the  straight  section  2-3 
and  from  the  curved  section  0-1. 

A  slice  %  in.  thick  was  cut  from  each  of  sections  0  to  6, 
and  from  9,  for  metallographic  examination.  Eight  speci- 
mens -^  by  %  by  1/2  in.  were  cut  from  each  of  these  slices, 
numbered  from  1  to  8,  and  their  faces  polished  as  required. 

At  the  time  the  tests  were  started  it  was  the  practice  to 
heat  the  chain  to  about  890  deg.  cent.  (52  mv.)  and  this  value 
was  used  tijroughout.  The  present  practice,  as  previously 
stated,  is  to  heat  to  950  deg.  (56  m\. ).  The  effect  which  this 
change  might  be  expected  to  have  on  the  results  will  be  dis- 
cussed later. 

It  should  be  noted  that  the  tensile  specimens,  cut  as  they 
were  from  the  side  of  the  link,  give  a  test  of  the  material  in 
that  place  only,  and  not  of  the  material  in  other  parts,  nor  of 
the  strength  of  the  link  as  a  whole.  It  was  impracticable  to 
cut  tensile  specimens  from  the  curved  ends  of  the  link,  where 
the  characteristics  of  the  metal  are  modified  by  forging  and 
where,  also,  the  links  usually  fail. 

Of  the  three  links  which  were  pulled,  one  broke  across  the 
welded  quarter  at  a  stress  of  68.3,000  lb.  Tlie  requirements 
for  these  links  are:  proof  test,  376,000  lb.;  and  breaking  load, 
620,000  lb. 

The  results  of  the  physical  tests  of  the  specimens  are  given 
in  Table  3.  In  the  third  column  are  entered  for  comparison 
the  results  of  tests  on  untreated  stock  material  previously 
given.  However,  only  a  rough  comparison  can  be  made  be- 
tween these  results  and  those  from  link  1,  for  the  reason  that 
in  the  link  specimens  there  is  a  curvature  of  the  slag  grain 
with  respect  to  the  axes  of  the  specimens,  due  to  the  curva- 
ture of  the  link.  This  curvature  probably  renders  of  no  sig- 
nificance any  difference  under  10  per  cent.  The  only  marked 
difference  is  in  the  longitudinal  Cliarpy  tests,  which  gave  re- 
sults i')  ]ier  cent  lower  in  the  case  of  those  cut  irom  the  side 
of  the  link,  due  to  a  combination  of  the  effects  of  carbon  and 

T.\BLE   3      TEST   OK    INANXEALED   AND   ANXEAI.EU   LINKS 

/ .A-verage  Results. ■, 

Stock 
Link  No.  1.      Link  No.  2.     Material. 

Yield  point,  lb.  per  sq.  in 27. WOO  26,000  26.100 

Tensile  strengtU.  lb,  per  sq.  in 4i,G0H  45,500  49,00(1 

Elongation,  per  cent .  .  - .37  38  .36 

Reduction  of  area,  per  cent 51  55  50 

Charp.v  tests,  ft-lb.  per  sq.  in.  ; 

lAingitudinal.     quarter ."^S  122 )  j^^q 

Longit'idinal.    side 00  176  J 

Transverse,   quarter -JS  41  I  gg 

Transverse,   side 41  52J 

overheating  in  addition  to  curvature.  The  longitudinal  speci- 
mens from  the  iiuarter  gave  somewhat  lower  results  than  those 
from  the  side,  due  to  the  effects  of  greater  overheating,  greater 
grain  curvature,  and  larger  grain  size.  The  results  of  trans- 
verse specimens,  as  shown  by  the  laboratory  heat  treatments, 
are  generally  contradictory  and  unreliable,  and  are  therefore 
neglected. 

In  comparing  the  results  of  links  No.  1  and  No.  2,  the  ques- 
tion of  curvature  is  of  course  eliminated,  as  the  specimens 
from  both  links  were  in  the  same  condition.  _  Link  No.  2  gives 
a  small  decrease  in  yield  point  and  strength,  and  a  small  in- 
crease in  ductility,  which  shows  that  annealing  in  air  has  les- 
sened the  hardening  effects  of  carbon.  Although  annealing 
has  also  relieved  the  overheated  condition  and  refined  the  grain 
size,  these  conditions  do  not  have  an  appreciable  effect  in  in- 
creasing the  strength  as  shown  by  static  tests. 

In  link  No.  2  the  longitudinal  Charjiy  tests,  side  and  quar- 
ter, were  increased  respectively  Iroiii  90  to  176  ft-lb.  jier  sq. 
111.  (practically  100  per  cent),  and  from  85  to  122  (almost  45 
per  cent),  showing  that  annealing  has  greatly  increased  the 
resistance  of  llic   metal   to  shock,  due   iiiosllv  to   relieving  the 
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overheated  condition  and  refining  the  grain  size,  which  have  a 
decided  effect  on  ability  to  resist  shock. 

Comparing  the  results  of  link  No.  2  to  those  of  the  labora- 
tory experiment  on  Burden  iron,  which  received  the  same  heat 
treatment  (No.  23),  it  is  seen  that  the  yield  point,  tensile 
strength,  and  Charpy  results  are  smaller,  and  the  ductility 
greater  in  the  case  of  the  link  specimens.  This  indicates  that 
a  heat  treatment  applied  to  actual  chain  will  not  have  as  great 
an  effect  in  changing  the  physical  properties  of  the  metal  as 
it  does  when  applied  to  laboratory  specimens,  on  account  of 
the  much  greater  cross-section  of  the  link,  and  of  the  mechan- 
ical treatment  which  it  has  received. 


size  which  was  described  and  recommended  by  Jeffries,  ICline 
and  Zimmer.'    The  results  from  links  1  and  2  are  as  follows: 


Section                                   Link  No.  1.  Link  No.  2. 

0 280  gi-.  per  sq.  mm.  ."ilO  gr.  per  sq.  mm. 

1 lOOgr.  per  sq.  mm.  453  gr.  per  sq  mm. 

2 1 69  gr.  par  sq.  mm.  3S8  gr.  per  sq.  mm. 

(; 359  gr.  per  sq.  mm.  365  gr.  per  sq.  mm. 

It  is  not  contended  that  these  results  are  exact.  In  fact, 
they  are  probably  not  good  to  within  10  per  cent,  but  it  is 
stated  with  confidence  that  they  give  a  very  good  rough  com- 
parison of  the  grain  size  of  the  various  sections. 

In  Fig.  11  are  sketches  of  links  Nos.  1  and  2,  showing  the 
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Fig.  12    Link  1,  Welded  End.     Fereite  with  Trace.s  op      Fig.  14    Link  1,  Welded  Quarter.    Ferrite  and  Pearlite. 
Pearlite,  Large  Grain  Size,  Slight  Distortion  Medium  Grain   Size,  Marked  Distortion 
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Fig.  13    Link  1,  Welded  End.     Ferkite  and  Pe.\rlite  (0.1 
Per  Cent  C).    Medium  Grain  Size,  Slight  Distortion 

The  foregoing  tests  lead  to  the  conclusion  that  the  present 
heat  treatment  of  cooling  in  air  slightly  decreases  the  yield 
point  and  tensile  strength,  increases  the  ductility,  and  greatly 
increases  the  resistance  to  shock  of  the  metal  of  the  forged 
link. 

GR.\IN   SIZE  OF  ANNEALED  AND  UNANNEALED   LINKS 

It  was  desired  further  to  study  the  effect  of  the  heating 
and  hammering  processes  and  of  annealing  upon  the  grain 
size  of  different  sections  of  the  links. 

The  average  grain  size  for  four  of  the  metallographic  sec- 
tions of  the  link  was  estimated  by  the  method  of  counting  grain 


Fig.  15     Link  1.  Welded  Quarter.     Ferrite  and  Pearlite 
(0.15  Per  Cent  C).    Medium  Grain  Size,  Marked  Dis- 
tortion WITH  Elongated  Ferrite  and  Pearlite  Bands 

grain  size  at  the  various  sections.  The  determinations  in  the 
preceding  table  are  indicated  to  the  closest  ten,  without  paren- 
theses. The  other  figures,  in  parentheses,  were  obtained  by 
induction  as  follows: 

Since  both  sides  of  the  link  are  in  the  same  condition  by 
similarity,  section  No.  9  should  be  the  same  as  section  No.  1, 
No.  8  the  same  as  No.  2,  and  No.  4  the  same  as  No.  6,  and  they 
are  so  indicated.  The  middle  of  the  side  of  the  link  should 
have  a  grain  size  about  half  way  between  that  of  the  welded 
and  bent  quarters,  or  about  250  gr.  per  sq.  mm.  for  link  No.  1, 
and  370  gr.  per  sq.  mm.  for  link  No.  2.    From  the  decrease  in 
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grain  size  toward  tlie  bent  end  of  link  No.  1,  its  grain  size  at 
the  bent  end  is  probably  about  400  gr.  per  sq.  mm.  Since 
there  is  practically  no  variation  in  grain  size  away  from  tiie 
welded  end  of  link  No.  2,  the  grain  size  at  its  bent  end  is 
probably  about  the  same  as  at  the  quarters,  or  360  gr.  per 
sq.  mm. 

In  link  No.  1  the  grain  size  is  fairly  small  right  at  the 
middle  of  the  weld,  but  increases  rapidly  toward  the  quarter, 
since  the  effect  of  hammering  on  crystal  growtii  tiien  decreases 
faster  than  the  effect  of  heating.  But  from  the  welded  quar- 
ter to  the  bent  end  the  grain  size  decreases  again ;  since  there 
has  been  no  hammering  and  the  temperature  resulting  from 
heating  the  link  decreases  as  the  distance  from  the  weld. 


geneously;  it  appears  in  segregated  areas,  except  that  near 
the  boundaries  of  such  areas  the  carbon  has  become  somewhat 
diffused  into  the  ncigiiboring  ferrite  areas  due  to  the  various 
heats  which  the  link  had  received  during  manufacture.  The 
proportion  of  pearlite  areas  containing  greater  than  0.05  per 
cent  carbon  in  different  specimens  varies  from  about  15  per 
cent  to  about  50  ))er  cent,  tlie  averaue  being-  about  3(1  per 
cent. 

Typical  areas  from  the  welded  end  containing  varying  per- 
centages of  carbon  are  shown  by  Tigs.  12-15.  The  notable 
feature  is  the  distortion  of  the  ferrite  grains  into  elongated 
bands  with  angular  bands  of  pearlite  between  them.  This  dis- 
tortion is  proportionate  to  the  amount  of  pearlite  in  the  area. 


T^^.  *  I 
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Fk;.  10     Link  2,  Welded  Quarter.     Ferrite  and  Pearlite      Fig.    18     Link   2,    W  elded   End.     Ferrite   and    Traces   of 


(0.1  Per  Cent  C.)     Very  Small  Grain   Size 


Pearlite.     Small  Grain  Size 


:'■                »     *-i         ■               J»-           / 

^  ■  '»■•* 

,.'-'v-   'V     •"       r    ;^ 

V:.-   ...    ,      '  •    * 

--.    >-''■■} 

'-.  '  '    *-.X'  .' 

Fig.    Iv       Link    2,    Welded    End.      Ferrite    Structure. 
Mediuji    Grain    Size 

Comparing  link  No.  1  with  link  No.  2,  it  is  seen  that  an- 
nealing has  the  effect  of  refining  the  grain  size  of  the  link, 
especially  at  the  welded  end.  This  gradation  to  a  smaller 
grain  size  at  the  welded  end  shows  that  some  effect  from  the 
smaller  grains  in  that  part  before  annealing  still  remains  to 
produce  a  somewhat  smaller  grain  after  annealing,  in  spite  of 
recrystallizatioii. 

character  of  structure  of  UNANNEALED  link    (NO.   1) 

A  microscopic  study  was  made  of  the  structure  of  the  metal 
and  its  variation  in  different  sections,  and  for  this  purpose 
both  transverse  and  longitudinal  faces  of  specimens  from  all 
parts  of  each  link  were  examined. 

In  no  section  of  link  No.  1  is  the  carbon  distributed  homo- 
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Fig.   19     Link   2,   Welded   Quarter.     Ferrite   Structure. 
Very   Larije  Grain  Size 

It  does  not,  however,  extend  through  all  parts  of  the  welded 
end.  A  large  number  of  the  specimens  at  this  end  show  a 
normal  or  only  slightly  distorted  structure,  and  in  certain  of 
them  signs  of  slight  burning  were  observed  in  the  vicinity  of 
the  weld. 

In  the  other  sections  of  the  link,  away  from  tlie  weld,  there 
•were  no  signs  of  distortion  of  the  grains,  and  the  pearlite  had 
separated  from  the  ferrite  crystals  in  a  perfectly  normal  man- 
ner. The  smaller  average  grain  size  in  the  bent  end  of  the 
link  w-as  clearly  brought  out  by  this  examination. 

CHARACTER  OF  STRICTURE  OF  ANNEALED  LINK  (NO.  21 

In  the  annealed  link  the  same  unhomogeneous  distribution 
of  carbon   was   found,  as  would   be  expected.     Around   the 
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welded  end,  however,  pearlite  areas  were  relatively  fewer  tlian 
in  link  No.  1;  other  parts  of  the  link  were  about  the  same  as 
link  No.  ].  The  possibility  of  this  non-uniformity  between  the 
two  links  should  have  been  avoided  by  insuring  that  both  links 
were  made  out  of  the  same  bar,  but  the  difference  was  not  ap- 
preciable enough  to  affect  any  of  the  general  conclusions  which 
might  be  drawn  from  the  experiment. 

Tyjiioal  areas  from  this  link,  with  varying  percentages  of 
carl)on,  are  shown  by  Figs.  16  to  19.  The  important  point 
brought  out  is  that  there  are  no  signs  of  distorted  structure  in 
any  ])art  of  the  link.  The  jiearlite  has  separated  and  segre- 
gated around  equi-axed  grains  in  the  normal  manner.  The 
average  grain  size  is  fairly  uniform  but  is  smaller  in  pearlite 
than  in  pure  ferrite  areas.  Near  the  weld  itself  the  structure 
was  often  very  fine,  as  in  Fig.  18,  but  away  from  the  weld  it 
would  grow  rapidly  coarser,  often  to  a  grain  size  as  large  as 
that  shown  in  Fig.  19. 

El'TECT  OF  HE.\T  TREATMENT 

From  the  foregoing  examination,  the  conclusion  is  reached 
that  the  stiffness  of  the  unannealed  link  is  largely  due  to  the 
overheated  distorted  structure  in  the  welded  end. 

The  fact  that  the  metal  of  the  forged  link  does  not  return  to 
its  normal  condition  during  slow  cooling  after  forging,  even  if 
it  has  been  "  overheated  ''  to  1350  deg.  cent.^  is  probably  to  a 
large  extent  due  to  the  effects  of  slag  and  other  impurities. 
Annealing  relieves  this  condition  by  the  process  of  recrystal- 
lization,  which  practically  wipes  out  all  former  structure  and 
gives  a  liner  and  more  normal  grain  size. 

In  regard  to  this  overheating,  Rosenhain  says:'  "...  We 
find  that  by  '  overheating  '  steel,  i.e.,  by  exposing  it  to  unduly 
high  temperatures,  or  for  too  long  a  time  at  any  temperature 
above  Ac^,  the  growth  of  a  very  coarse  iron  structure  results, 
and  this,  on  cooling  down,  gives  rise  to  a  corresponding  coarse 
ferrite-pearlite  structure.  Not  only  this,  but  the  arrangement 
and  forms  assumed  by  the  pearlite  which  is  formed  from  such 
steel  is  characteristic;  there  is  a  strong  tendency  for  the  ferrite 
to  take  the  form  of  straight  bands  with  elongated  and  angular 
patches  of  pearlite  between  them,  the  ferrite  bands  frequently 
crossing  one  another,  at  angles  of  60  deg.  Such  a  coarse, 
sharply  angular  structure  is,  of  course,  extremely  undesirable; 
there  is  a  minimum  of  interlocking  between  ferrite  and 
pearlite,  and  the  straightness  of  the  arrangement  facilitates  the 
propagation  of  slip  or  cleavage  through  the  crystals.  Such 
structures  are,  in  fact,  frequently  met  with  in  steel  objects 
which  have  failed  in  .service.  Under  test  they  generally  ex- 
hibit some  degree  of  weakness  as  regards  shock  and  alternating 
stresses,  but  their  tensile  strength  and  elongation  are  fre- 
quently (juite  satisfactory.  The  most  typical  feature,  how- 
ever, is  a  decided  drop  in  the  yield  point  as  compared  with 
that  of  the  same  material  in  a  more  normal  condition." 

The  above  description  fits  exactly  the  structure  which  has 
been  found  in  the  carbon  areas  of  the  welded  end  of  the  un- 
annealed link.  In  the  results  of  the  jihysical  tests,  it  was  seen 
that  the  shock-resisting  quality  of  this  link  was  actually  low. 
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but  it  appears  that  the  tensile  strength  and  elongation  are  not 
"  quite  satisfaetorj-  "  as  indicated  in  the  foregoing  quotation. 

('•IXCWSIONS 

For  heat  treating.  Burden  iron  should  be  heated  to  about 
950  deg.  cent.  (56  mv.)  instead  of  890  deg.  cent.  (52  mv.). 
which  was  the  former  jiractice. 

There  is  no  apparent  relation  between  character  of  fracture 
and  character  of  structure. 

Heating  to  950  deg.  cent.  (56  mv.)  for  cooling  in  air  gives 
stronger  and  better  chain  than  heating  to  lower  temperatures, 
and    heating    to   higher   teiniieratures   gives   no    improvement. 

The  present  procedure  of  annealing  before  proofing  should 
be  continued. 

Stiffness  of  the  unannealed  link  compared  with  the  annealed 
link  is  mainly  caused  by  overheated  distorted  structure  at  the 
weld. 

Annealing  removes  stiffness  of  the  forged  link  by  relieving 
overheated  distorted  structure.  It  decreases  the  tensile 
strength  and  yield  point,  and  increases  the  ductility  and  re- 
sistance to  shock,  of  the  metal ;  but  it  increases  the  strength, 
as  well  as  the  ductility  and  resistance  to  shock,  nf  the  link  as 
a  whole. 

The  laboratory  exiieriments  indicate  the  following  conclu- 
sions : 

1 1 )    Rate  of  Cooling.  ' 
C'ooling  in  furnace : 

Reduces  tensile  strength  from  49,0(10  to  47.000. 
Reduces  impact  resistance  from  150  to  90. 
Increases  elongation  and  reduction  of  area. 

Cooling  in  air: 

Increases  tensile  strength  finm  49.00(1  to  5((,50(). 
Increases  impact  resistance  from  150  to  240. 
Reduces  elongation  and  reduction  of  area. 

Quenching  in  oil : 

Increases  tensile  strength  from  49,000  to  57,000. 
Increases  impact  resistance  from  150  to  ;!40. 
Reduces  elongation  from  36  to  31  i)er  cent. 

(Quenching  in  water: 

Increases  strength  from  49,000  to  67,000. 
Increases  impact  resistance  from  150  to  400. 
Reduces  elongation  from  36  to  25  per  cent. 

(2)  Tenipenitiire  from  Which  Cooled  or  Quenched.  Increase 
of  temperature  above  950  deg.  cent,  slightly  decreases 
tensile  strength,  increases  elongation  and  reduction  of 
area,  and  does  not  appreciably  affect  impact  resistance. 
Temperature  of  950  deg.  cent,  gives  best  results. 

(3)  Dratrin;/  Effect.  The  higher  the  drawing  temperature, 
the  greater  the  decrease  in  tensile  strength  and  increase 
in  elongation.  Drawing  has  little  effect  on  ini|)act  re- 
sistance. 

(4)  Increased  Time  of  A>ineulitig  slightly  decreases  tensile 
strength,  and  slightly  increases  elongation,  reduction  of 
area,  and  impact  resistance. 


SIX   YEARS'  DEVELOPMENT  OF  THE  WERKSPOOR   MARINE 
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Tills  coiuiiaiiy  has  comiik'tcil  -i?  pi(j|)elliiig  engines  for  24 
sea-g'oing  mercantile  ships,  representing  about  lili.OOd 
hp.  Werkspoor  was  one  of  the  first  tinns  to  build  Diesel-tyiie 
engines  on  an  extensive  scale.  Oni'  Hist  attcinpt  at  l)uikling 
the  machinery  of  motorships  was  most  modest.  It  was  recog- 
nized that  problems  woulil  arise  which  no  ship  tests  or  sta- 
tionary-engine experience  could  foresee.  Throughout  we  have 
remained  steadfast  adherents. to  the  four-stroke  cycle  and  have 
no  reason  to  regret  it.  We  also  decided  tliat  unless  an  engine 
can  be  repaired  in  any  port  where  steam  engines  can  be  re- 
paired, it  is  of  no  use  for  ocean-going  ships;  consequently  there 
is  nothing  fantastical  about  our  designs,  they  are  e.xactly  simi- 
lar to  an  ordinary  steam  engine. 


Fiii.  1     Iiii^ROVED  Method  of  Rejiovixg  axd  Riopi.acixi:;  Pis- 
ton (Patented) 

Jt  was  the  \'idca)iiis  that  'ja\i'  us  tlie  I'cal  e.\|)erience,  as  this 
was  the  tirst  .sea-going  full-powered  slii]).  and  her  engine  was 
the  tirst  Diesel  to  have  short  |iistons,  crossiieads  and  guides. 
She  is  a  ship  of  2080  tons  disphtcenicnt  and  1235  tons  dead- 
weight capacity  fitteil  with  a  six-cylinder  direct-reversil)le 
Werksjioor  crosshead  eimiiie  of  450  h.hii.  at  1(J0  r.p.ui.  Her 
fuel  consumption  did  not  exceed  two  tons  per  day,  or  one-tifth 
of  the  coal  consumjition  of  a  steamer  of  similar  carsjo  capacity. 
She  was  placed  in  service  in  lOll).  At  the  bcuiiniing,  troiil)le 
was  experienced  partly  through  lack  of  experience  of  tlie  ship's 
engineers  and  partly  through  her  air  compressors,  but  the 
engines  ga\e  very  little  trouble  indeed,  w'ear  and  tear  of  the 
moving  parts  being  very  slight,  and  less  than  is  usually  found 
with  marine  steam  engines.  After  two  years'  wear  the  cylin- 
ders were  opened  uji  and  gaged  as  sliown  in  Table  1. 

On  one  occasion  a  high-])ressure  air  reservoir  burst  while 
the  engines  were  being  overhauled  at  Amsterdam.  Had  wehl- 
ing  had  left  a  fracture  and  the  top  part  of  the  compressed-air 
bottle  blew  off.  The  indirect  cause  was  the  accumulation  of 
water  in  the  air  retainer,  whicli  had  not  drained  owing  to  a 
cracked   internal    pipe.      This   mislia]i   taualit    us    to   dispense 


with  the  welded-type  air  bottles,  also  to  suspend  high-pressure 
bottles  with  covers  and  valves  downward,  thus  effectually  pre- 
venting an\'  unknown  accumulation  of  water. 


TAl',1.1':     I      (JAGING     OF     MAIN     MOTOR     CYLINDERS     01'     THE 

•VULCANUS"   AFTER   TWO   YEARS'   -WEAR 

Original  Size  400  mm.   (15%  in.) 

Cylinder  No.                                   Top  Micldlo.  I'.nttoni. 

1 4ni(,.",  mm.  400.4  mm.  400.1     nun. 

li 4uo,il  mm.  400.4  mm.  400.1    non. 

X 400. s  mm.  40l>.6  mm.  400.f.    mm. 

4 , .  400.7  mm.  400.4  mm.  4i)0..5    mm. 

5 400.G  mm.  400.4  mm.  400.2    mm. 

fl 400.4  mm.  400.3  mm.  400.15  ram. 


?'or  several  years  we  have  not  tested  our  high-power  engines 
HI  the  shops,  but  since  the  war  the  engines  of  new  ships  have 
had  about  three  hours'  running  at  the  wharf  and  about  four 
hours'  at  sea.  This  may  surprise  some  Jiiesel  engineers  and 
prnl),il)ly  many  will  hardly  agree  with  me  that  a  fictitious  value 
has  grown  round  the  tests  made  on  the  floors  of  builders'  works. 
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Fiii.    2     Skction    ok    Cylinder.      Illustkating    How    the 
W.vpEK  Cools  Hottest  Part  op  Combustion  Chajiber 

Certainl\',  some  of  the  faults  of  a  new  design  can  be  made  to 
ajipear  by  shop  trials,  but  when  the  design  has  been  standard- 
ized, the  tests  are  but  little  more  than  a  check  upon  the  ((uality 
of  the  machine  and  (ittiiig  work. 

For  years  the  detachalile-cylinder-head  design  has  been  the 
standard  practice  with  virtually  every  make  of  Diesel  engine 
both  marine  and  stationary,  and  still  is  the  recognized  standard 
practice.  At  tiie  cylinder  head,  just  level  with  the  combustion, 
that  is  to  say,  where  cooling  is  most  needed,  there  are  few  or 
no  cooling  water  pa.ssages.  In  the  design  adopted  after  the 
Vulcnnns.  there  is  therefore  a  complete  water  passage  round 
the  sides  as  well  as  on  top  of  tlie  combustion  (diamber.     Kxjte- 
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rienee  with  the  Vulcanus  also  showed  that  when  using  a  very 
heavy  oil  the  rings  are  apt  to  become  gummetl  and  then  stick. 
So  in  our  next  engine,  overhauling  tiie  )-.istons  was  greatly 
facilitated  by  the  introduction  of  a  patented  device  by  which  a 
piston  can  be  dismounted  from  below  in  about  30  minutes, 
piston  rings  replaced,  and  the  pistons  remounted  in  about  iy2 
hours  without  disturbing  any  pipes  or  operating  mechanism. 

Radical  changes  in  design  were  made  with  the  engine  in  the 
tanker  Juno  in  1912.  The  frames  for  supporting  the  cylinders 
were  entirely  dispensed  with,  and  forged-steel  columns  sub- 


The  open-column  construction  has  been  so  successful  that 
all  our  stationary  engines  are  now  designed  in  this  manner. 

With  the  later  models  the  fuel-injection  valve  is  offset  from 
the  center,  and  there  is  at  least  a  space  of  4  in.  for  cooling 
water  everywhere  in  the  cylinder  head.  Offsetting  this  valve, 
in  contradiction  to  all  theories,  is  proving  entirely  successful 
in  actual  practice.  As  the  supporting  webs  of  the  cylinders 
occasionally  cracked,  our  designers  dispensed  with  them  en- 
tirely in  later  designs  and  also  improved  the  shape  of  the 
cylinder  head.     Since  these  various  alterations  in  cylinder  de- 


Fiii  3     Exgixe  of  thf.  Emaxuel  Xobel.    This  is  the  Type  Before  the  L.\test  Ijiproveiiexts,  as  Stated  ix  the  Text, 

Were  Made 


stituted,  stiffening  being  obtained  with  and  lateral  stresses 
absorbed  by  diagonal  steel  rods.  The  load  of  tension  that 
these  rods  have  to  take  is  over  130  tons  per  cylinder,  or  about 
780  tons  for  the  sixteen  rods  of  the  whole  engine.-  Although 
there  are  cast-iron  columns  at  the  back  of  the  engine,  they  are 
not  secured  to  the  cylinders,  but  have  a  sliding-surface  fit  and 
carry  the  crosshead  guides ;  also,  being  hollow,  they  are  utilized 
as  intercoolers  for  the  air  compressors.  They  allow  an  up-and- 
down  movement  of  the  cylinders,  but  side  pieces  prevent  lateral 
motion. 


sign  have  taken  place,  absolutely  no  cracks  have  occurred. 
This  engineers  will  be  glad  to  learn,  and  it  will  do  much  to 
allay  the  prejudice  that  still  exists  in  some  quarters  against 
the  marine  Diesel. 

With  regard  to  piston  cooling,  all  our  ships  now  use  sea 
water  for  cooling  the  cylinders,  pistons  and  bearings,  there  not 
being  sufficient  troubles  to  necessitate  a  change  to  fresh-water 
cooling.  With  sea  water  below  100  deg.  fahr.  practically  no 
scale  is  deposited.  When  it  is  below  70  deg.  fahr.  it  is  as  good 
as  fresh  water.    But  pistons  and  cylinders  must  allow  of  no 
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pockets;  once  scale  or  dirt  starts  to  deposit,  it  quickly  accumu- 
lates and  so  causes  local  temperatures. 

Our  present  system  consists  of  a  jet  of  water  forced  up 
through  clearance  tubes,  having  no  rubbing  parts,  but  moving 
up  and  down  with  the  piston  to  prevent  splashing.  The  piston 
is  never  more  than  about  half-full  of  water,  the  broken  surface 
of  the  water  being  far  better  for  the  cooling  than  a  solid  mass. 
By  means  of  a  simple  sight  system  a  chokage  of  water  supply 
at  any  point  can  be  detected  instantly. 

So  far  as  our  company  is  concerned,  the  trouble  with  air 
compressors  is  absolutely  a  matter  of  past  history.  In  the 
air-compressor  system  that  has  replaced  the  type  recognized, 
tlie  link-and-beam-operation  motion  is  still  retained,  as  this 
has  proved  efficient  with  all  the  ships.  The  liigh  and  middle 
stages  are  arranged  side  by  side,  each  having  its  own  piston 
lod,  while  the  fii'st  stage  is  directly  below  and  also  has  its 
own  piston  rod ;  thus  every  piston  can  be  separately  dis- 
mounted.   All  valves  are  interchangeable. 

In  the  earlier  ships  some  crankshaft  failures  have  occurred, 
and  crankshafts  constructed  by  the  same  makers  and  installed 
in  other  ships  gave  out  in  the  same  manner.     As  a  precau- 
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Fig.  4    Fuel-Oil  Controlijnc  and  Distributing  System 

tionary  measure  we  have  lately  increased  the  size  of  bearings 
and  have  installed  forced  lubrication  for  the  main  bearings. 
For  some  vessels  now  building,  built-up  crankshafts  are  being 
adopted. 

A  smart  ship's  engineer  can  reverse  in  5  seconds  a  1000-hp. 
engine  from  full  ahead  to  astern,  but  7  to  10  seconds  is  the 
usual  time  occupied.  For  the  purj^ose  of  obtaining  the  reverse 
motion  there  are  two  camshafts,  one  for  the  ahead  running  and 
one  for  the  astern  movement,  and  the  astern  camshaft  is  driven 
by  means  of  a  spur  gearing  from  the  ahead  camshaft.  These 
two  shafts  are  mounted  on  sliding  brackets  or  saddles.  When 
maneuvring,  these  brackets,  by  sliding  to  and  fro,  bring  the 
ahead  or  astern  cams  under  the  rolls  of  the  valve  rockers.  By 
making  the  rockers  unusually  large,  the  angle  of  the  face  of 
each  roller,  where  it  meets  its  cam,  is  never  steep,  and  this  pro- 
duces smooth  and  silent  running.  Thus  reversings  are  rapidly 
and  quietly  carried  out.  The  cams  and  cam  rollers  are  of  cast 
iron,  and  never  have  I  seen  the  slightest  sign  of  wear  in  them, 
even  with  a  foui--year-old  ship.  The  steel  tubes  have  a  saw 
cut  down  through  the  center,  the  two  halves  being  held  apart 
by  cross-struts  to  eliminate  vibration. 

Most  Diesel  engines  have  a  separate  fuel  pump  to  each  cylin- 


der. This  method  requires  too  delicate  adjustment  to  supply 
exactly  the  quantity  of  fuel  to  each  cylinder.  So  a  single 
pump  is  fitted  which  supplies  two  distributing  boxes,  each  box 
having  feeds  to  three  cylinders  and  every  feed  its  own  adjuster. 
To  the  exhaust  branch  of  each  cylinder  is  fitted  a  thermometer 
by  which  the  engineer  can  instantly  see  if  any  one  cylinder  is 
recei\  ing  more  or  less  fuel  than  the  others.  As  a  stand-by,  an 
extra  pump  with  a  single  change-over  device  is  fitted.  The 
fuel  pump  feeds  a  reservoir  in  which  an  air  pressure  is  main- 
tained, thence  the  oil  passes  through  a  governor-controlled 
throttle,  a  hand  throttle,  and  through  master  valves,  and  finally 
into  the  distributors.  The  receiver  holds  enough  fuel  to  run 
the  engine  for  15  min.,  so  that  in  case  of  a  breakdown  of  the 
fuel  pump  the  spare  pump  can  be  connected  up  before  the 
engine  stops.  The  distributing  boxes  are  quite  close  to  the 
indicator  cocks,  so  that  adjustment  can  be  made  by  the 
engineer   in   charge   while   he   is   reading  the   cards  and  ther- 
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Fig.  5    Piston-Cooling  System    ■ 

mometers.  The  plunger  fuel  pump  is  made  from  a  solid  steel 
forging;  the  valves  are  simply  steel  balls,  and  the  gland  inns 
in  an  oil  bath.  This  system  was  adopted  with  the  earliest 
ships  and  has  been  retained  with  all  since  built. 

At  sea  the  waste  exhaust  gases  of  the  main  engines  are 
utilized  to  fire  a  donkey  boiler  for  the  ship's  auxiliary  ma- 
chinery. This  has  been  most  successful  and  we  have  since 
been  followed  by  other  shipbuilders.  Specially  large  heating 
surfaces  must  be  given  to  the  boilers,  the  temperature  being 
700  to  800  deg.  falir.  compared  with  2000  deg.  fahr.  in  the 
furnace  flues  of  an  ordinary  oil-fired  steam  boiler.  On  the 
Emmiuel  Xobel  and  Elbrus,  sister  ships  of  6500  tons  d.w.c, 
on  a  displacement  of  9000  tons  and  with  cargo  capacity  of  two 
million  gallons  of  oil,  the  auxiliaries  are  a  steam-driven 
dynamo,  a  steam-driven  spare  compressor  set,  a  7-hp.  semi- 
Diesel,  Brons  type  oil-engine-driven  dynamo,  and  the  usual 
steam-operated  pumps.  The  donkey  boiler  has  two  furnaces 
and   the   exhaust   gases   from   the   two    main   engines   are   led 
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throusjli  one  furnace  and  supply  suHicient  steam  for  operating 
the  auxiliaries,  including;  the  steam  year.  The  other  furnace 
is  used  at  night  for  oil-tired  hurners  as,  more  work  being  re- 
quired of  the  dynamo,  not  so  mueh  steam  is  available  for  steer- 
ing. In  the  daytime  at  sea  no  oil  tiring  is  required,  for  as 
mueh  as  120  lb.  i)ressure  can  be  maintained  with  the  exhaust 
srases  alone,  but  usually  about  100  lb.  is  the  average  pressure 
maintained.  With  the  Emanuel  Nobel  the  recorded  fuel  con- 
sumption for  all  purposes  per  24-hr.  day  is  9  tons  of  gas  oil — 
SVi  tons  for  the  main  motors  and  %  ton  for  the  lioiler.  This 
gives  0.29  lb.  per  indicated  horsejjower  per  hour  under  average 
running-  conditions.  The  total  consumption,  including  auxil- 
iaries at  night,  works  out  at  0.32  lb.,  per  indicated  horsepower 


has   resulted   in    being   among   the   nu>st   successful   of   all   our 
installations. 

The  reversing  propeller  has  been  developed  and  used  with 
four  recent  full-i)owered  ships,  including  the  Poseidon.  Sev- 
eral objections  may  be  raised  but  they  will  be  founded  mostly 
on  the  prejudice  formed  by  the  inilitferent  services  given  by 
reversible  propellers,  cheaply  built  and  poorly  constructed, 
for  the  operation  of  small  motorboats.  Our  mechanism  is  en- 
tirely different.  Power  to  reverse  and  actuate  the  mechanism 
is  furnished  by  the  engine  itself.  By  interconnecting  the 
throttle  directly  with  the  jiropeller  mechanism,  the  strokes  of 
the  fuel  pimips  are  automatically  reduced  and  increased  by  the 
mere  act  of  throwing  the  blades  into  the  central  position,  or  by 


Fig.  6     Four-Cycle-Type  Reversible  Marine  Diesel  Engine  (1020  b.hp.,  1360  i.hp.  at  120  r.p.ji.).    Weight  122  Tons. 

Fuel  Cox.sumptiox  Under  4%  Tons  per  24-Hour  Day 


per  hour.  An  oil-tired  steamship  of  the  same  ])ower  would 
have  a  consumption  nearly  four  times  as  great,  while  an  oil- 
fired  steamship  of  the  same  cargo  capacity  and  of  the  same 
speed  (11%  knots)  would  have  a  total  fuel  consuinption  five 
times  as  great,  because  her  engines  would  have  to  be  of  greater 
power,  owing  to  the  re(]uired  disiilacement  being  about  800 
tons  greater.  Under  present  abnormal  shipping  conditions,  by 
the  way,  the  greater  carrying  capacity  of  a  motorsliip  on  a 
given  dis|)lacement  is  even  of  greater  imjxn'tance  than  its  fuel 
economy. 

With  slow-speed,  heavy-duty  crosshead  engines  of  200  to 
500  hp.  at  160  to  200  r.p.m.  we  have  taken  a  bold  step  that 
may  make  many  marine  steam  and  oil  engineers  shake  their 
heads:  but  the  machinery  with  which  this  step  has  been  taken 


reversing  them  resi)ectively.  One  important  advantage  is  that 
the  ship  can  go  ahead  and  astern  a  hundred  times  in  an  hour 
without  the  use  of  compressed  air,  so  that  the  engine  will  not 
be  stalled  at  the  critical  moment  owing  to  lack  of  starting  air. 
How  important  this  is  with  a  harbor  tug  can  be  easily  under- 
stood. Besides,  tiie  navigator  on  the  bridge  is  given  complete 
control  of  the  siiip's  movements  by  a  small  handwheel  installed 
on  the  bridge.  The  reasons  for  such  a  radical  step  may  be 
enumerated  as  follows: 

1  SimpliHcatioM  of  main  engine  due  to  absence  of  reversing 

features 

2  Reduction  in  power  and  quantity  of  auxiliary  machinery 
li     Ra]ii(l  an<l  independent  maneuvring 

4     Reduction  in  Hrst  cost  of  niacliincrv. 


March 
liUT 


WERKSPOOR  MARINE  DIESEL  ENGINE,  THOS.  ORCUIARU  lAULK 


205 


Because  of  the  strain  thrown  on  the  machinery  hy  reversing 
tiie  direction  of  a  hirge  shij),  the  tackling  ot  the  reversible 
propeller  is  hy  no  means  a  simple  matter;  but  every  part, 
being  massive,  has  ]>r(ivetl  inore  than  capable  of  handling  the 
power,  without  showing  noticeable  wear.  The  fact  that  the 
owners  of  the  Poseidon  ordered  other  similar  ships  after  it 
had  been  in  service  for  some  time,  is  evidence  that  the  reversi- 
ble ))ro])eller  is  satisfactory  in  practice. 

Since   this   paper  was   written    I    liave   received   cableil    pcr- 


other  substituted  in  about  two  hours,  wliile  a  piston  can  be 
taken  out  and  inspected  in  about  15  miii.  It  has  very  few 
cast  parts,  the  only  eastings  of  note  being  the  cylinder  bo.xes, 
the  cylinders,  the  pistons  and  the  air-compressor  cylinders. 
Instead  of  cylinders  of  the  ordinary  type  there  is  a  long  cast- 
iron  box  running  the  length  of  the  engine  into  which  the 
cylinders  are  placed  from  below  and  held  in  position  by  a 
tlange,  the  cylinder  and  cylinder  head  being  in  one,  which  gives 
a  very  large  water-cooling  space  over  and  around  the  conihus- 


FiG.  7    Rever,sing-Blade  Propeller 


Fig.  8    Mechanism    akd  Thrust  Block  for  Operating  Reversing-Blade  Pkopellek 


mission  to  give  drawings  and  details  of  our  new  submarine 
engine.  The  motor  shows  a  remarkable  advance  in  design 
and  construction  and  is  perhaps  the  most  simple  Diesel  engine 
ever  built.  On  the  test  bed  at  Amsterdam  there  is  now  a  six- 
cylinder  set  designed  to  operate  at  400  to  450  r.p.m.  on  the 
four-cycle  principle.  It  can  develop  500  b.lip.  wlien  running  at 
400  r.p.m.,  and  is  capable  of  a  considerable  overload.  It  only 
weighs  about  12  tons  without  flywheel,  which,  I  believe,  is 
lighter  than  any  existing  two-cycle  Diesel  submarine  engine  of 
similar  power.     An  entire  cylinder  may  be  removed  and  an- 


tion  chamber.  Tliis  cylinder  box  is  connected  to  the  bed|)late 
by  steel  rods  .i  in.  lu  diameter,  thus  taking  all  strains  from 
the  bedplate,  and  coiise(|uently  each  bearing  is  suspended  di- 
rectly from  the  cylinder,  which  enables  the  bedplate  to  be  made 
Irom  light  (ast-steel  bearing  blocks  connected  by  cast-steel 
girder  beams  along  (he  engine,  thus  dispensing  entirely  with 
cast-steel,  ii'on  or  bronze  bed])latc.  To  collect  the  oil  from 
the  working  parts,  the  bottom  of  the  engine  is  enclosed  by  a 
steel  plate  1%  in.  thick.  The  running  gear  is  entirely  enclosed 
by   steel   plates   wliicli   are   easily   detachable.      Each   working 
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cylinder  is  made  in  two  parts,  the  upper  part  being  east  in  one 
piece  with  the  cylinder  head,  while  the  lower  part  is  detachable 
and  enables  the  pistons  to  be  removed  very  quickly.  This  ex- 
tension also  is  water-cooled,  a  sheet-metal  band  being  placed 
entirely  around  it.  An  innovation  is  to  be  seen  in  the  blade 
steel  springs  for  closing  the  valves,  which  give  less  vibration 
and  take  less  height :  and  onlj'  three  spiings  are  required  for 
two  cylinders.  It  is  not  necessary  to  water-eool  the  pistons 
with  this  size  of  engine;  but  some  sort  of  cooling  device  is  ad- 
visable, so  the  air  aspired  by  the  down  stroke  of  the  main  pis- 
ton is  drawn  by  suction  through  the  cylinder  box  from  the 
upper  part  of  the  crank  case  and  is  replaced  by  cool  air 
blowing  through  the  bent  pipes.  In  order  to  overcome  the 
valve  difficulty  sometimes  experienced  with  air  compressors, 
we  designed  a  special  valveless  three-stage  compressor,  and  this 
is  situated  at  the  forward  end  of  the  engine.  The  three  stages 
are  driven  by  three  cranks  having  angles  of  120  deg.  to  each 
other.  Each  cylinder  has  inlet  ports  at  the  bottom,  and  the 
low-pressure  and  middle-pressure  cylinders  have  an  outlet  hole 
at  the  end,  while  the  high-pressure  cylinder  has  an  outlet  valve 
at  the  top  where  it  can  easily  be  taken  out  if  neeessarj*.  Thus 
there  is  only  one  valve  in  the  entire  compressor. 

My  personal  opinion  is  that  in  six  or  seven  years  every 
new  cargo  ship  of  under  10,000  tons  displacement  will  be 
equipped  with  internal-combustion  engines  of  the  crude-oil 
type,  except  in  a  few  rare  instances  where  special  circum- 
stances of  service  will  cause  steam  engines  to  be  the  only  suit- 
able machinery.  The  advantage  of  the  Diesel-type  engine  will 
be  appreciated  most  during  normal  times.  When  low  freight 
rates  return,  it  will  not  be  possible  for  steamers  to  compete 
with  motorships  on  many  routes,  particularly  where  long  dis- 
tances have  to  be  covered,  and  especially  where  tramps  are  con- 


cerned. In  hard  times  shipowners  will  be  forced  to  use  the 
most  economical  propulsion.  Other  methods  of  steam  power 
cannot  he  made  as  etlicient  and  as  economical  as  the  crude-oil 
engine,  unless  the  price  of  oil  should  rise  to  phenomenal  figures. 

DISCUSSION 

A.  J.  Wood  said  that  with  regard  to  the  author's  remark 
that  one  particular  type  of  four-cycle  Diesel  engine  was  lighter 
per  hoi-sepower  than  the  same  capacity  unit  of  a  two-cycle,  he 
would  like  to  ask  whether  there  was  any  particular  design  fol- 
lowed to  effect  the  result,  and  whether  there  were  other  types 
of  engines  that  had  effected  the  same  results.  Mr.  Lisle  replied 
that  in  marine  work  the  four-cycle  engine  was  lighter,  owing 
to  the  additional  parts  necessary  for  the  two-cycle,  particularly 
the  scavenging  pumps.  Theoretically  the  two-cycle  should  be 
much  lighter,  but  on  those  put  to  sen'ice  the  two-cycle  engines 
liad  been  heavier  than  the  four-cycle.  That  included  the  com- 
pressor of  the  engine.  There  were  no  scavenger  pumps  with 
the  four-cycle  engine,  and  that  saved  an  immense  amount  of 
weight. 

.Jl'lius  KiTTXEE,  with  reference  to  reversible  jiropellers, 
aske  1  about  the  fact  that  the  blades  on  solid  propellers  fre- 
quently broke,  and  separate  solid  blades  were  always  carried 
on  the  deck  of  the  ship.  If  the  solid  one  broke  off,  were  not 
the  chances  of  breaking  in  the  reversible  propeller  much 
greater?  Mr.  Lisle  replied  that  he  did  not  see  why  it  should 
be  so.  They  might  break  off  if  they  hit  anything,  of  course, 
but  they  could  be  replaced  just  as  easily,  and  it  was  possible 
to  make  them  just  as  strong,  this  being  a  question  of  design 
more  than  anything  else. 


Fig.  9     Submakine  Diesel-Type  Ekgine.    There  is  also  a  Desigx  op  Smaller  Power  ix  Which  the  Weight  Has  Beex 

Reduced  to  31.5  lb.  per  b.hp. 


THE  DOWNFLOW  TYPE  OF   STEAM  BOILER 

By  JOHN  CLINTON  PARKER,  PHILADKLPHIA,  PA. 
Member  of  the  Society 


THE  downflow  principle  is  shown  diagraminatifally  in 
Fig.  1.  The  reservoir  has  separate  compartments  for 
water  and  for  steam,  with  a  swinging  valve  between,  whicli 
automatically  forces  water  into  the  tubes  to  replace  that 
which  is  discharged  by  each  drop  in  pressure.  The  straight 
water  tubes  are  arranged  in  the  form  of  flattened-eoil  ele- 
ments leading  downward  from  the  water  compartment  witli 
direct  connections  from  the  bottom  ends  to  the  steam  com- 
partment. A  check-valve  at  the  water-inlet  end  of  each 
element  prevents  reversal  of  the  flo\\-. 

The  water  is  maintained  at  a  given  level  in  the  lower  com- 
partment of  the  reservoir  through  a  feed  connection  in  the 
regular  way.  It  flows  downward  by  gravity  into  the  elements 
and  seeks  the  same  level  in  the  upcast.  When  heat  is  applied, 
the  water  in  the  upcast  is  soon  discharged  into  the  reservoir 
by  the  expansion  of  the  steam  formed  in  the  lower  tubes.  The 
water  then  runs  down  from  the  reservoir  to  regain  its  level 
in  the  upcast.  This  is  frustrated  by  continuous  evaporation, 
mainly  in  the  lower  tubes.  The  more  the  fire  is  forced,  the 
greater  is  the  proportion  of  steam  in  the  upcasts,  the  larger 
is  the  unbalanced  head  of  water,  and  the  more  rapid  is  the 
flow  through  the  tubes. 

A  20-hp.  down  How  lioiler  enclosed  in  a  steel  casing  was 
built  in  1899  at  Roach's  shipyard  in  Chester,  Pa.  There  were 
thTee  drums  10  in.  outside  diameter,  3  ft.  long,  160  tubes  1  ft. 
outside  diameter  by  .3  ft.  long,  and  36  firebox  tubes  1%  and 
1%  in.  The  headers  consisted  of  a  pair  of  cored  tube  sheets 
with  cored  cover  plates  which  when  bolted  to  the  tube  sheets 
formed  return  bends,  the  idea  being  that  the  "one  large  outside 
joint  would  obviate  a  lot  of  inside  ones,  a  steam-tight  joint 
not  being  essential  between  the  inside  ribs.  Experience  with 
this  boiler,  however,  led  to  the  development  of  the  two-tube 
junction  box  and  the  use  of  larger  tubes. 

ST.wriAiai  nowM'i.dw  rtcni.EU 

Fig.  2  shows  a  standard  design.  The  drums  are  constructed 
in  accordance  with  the  best  practice,  using  high-class  material 
and  workmanship.  The  longitudinal  seams  are  butt-strapped 
and  triple-riveted,  giving  very"'high  efficiency. 

The  diaphragm  of  ^i-iu-  steel  plate  is  riveted  to  the  shell 
and  arranged  to  form  a  pocket  at  the  front  to  collect  the  scale 
discharged  from  the  tubes.  The  anti-priming  valve  is  hinged 
to  the  diaphragm  head  and  serves  as  a  manhole  for  the  lower 
chamber.  The  bottom  of  the  drum  below  the  level  of  the 
nipples  leading  to  the  elements  forms  the  sediment  pan  or 
mud  drum.  An  inverted  angle  with  closed  ends  is  placed  over 
the  blow-off  opening,  making  the  blow-off  effective  over  con- 
siderable area. 

The  elements  are  formed  by  expanding  the  tubes  into  the 
junction  boxes  which  hold  two  tube  ends,  with  a  handhole 
opening  opposite  each. 

The  tubes  in  the  upper  pass  form  the  feed  element  or  econ- 
omizer, which  in  this  unit  is  16  tubes  wide  and  three  tubes 
high.    The  top  end  is  connected  to  the  drum  with  an  expanded 
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nipple,  and  the  feed  connection  is  in  the  junction  box  at  the 
front  end  of  the  first  tube  in  the  element.  At  the  rear  end 
of  the  tube  is  placed  a  non-return  valve,  which  prevents  the 
feed  going  the  wrong  way  and  entering  the  drum  through  the 
inlet  connection. 

The  fiow  in  the  economizer  element  is  forward  and  back 
alternately  through  each  tube  in  the  top  row,  then  down  to 
the  next  row,  and  so  on,  finally  discharging  through  a  vertical 
upcast  into  the  rear  drumhead  above  the  diaphragm.  When 
the  feed  is  shut  off,  the  drum  connection  furnishes  the  econ- 
omizer element  with  a  circulation. 

The  lower  or  evaporating  elements  are  two  tubes  wide,  pass- 
ing the  water  twice  across  the  furnace  at  each  level.  The  con- 
nection from  the  drum  to  the  upper  or  induction  end  is  made 
by  an  exjianded  tube  entering  an  "  inlet  "  box  which  supplies 
twii  elements.     Each  element  has  a  non-return  valve,  located 
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Fig.    1     EvAPOR.vTioN    Diagram    Illustrating 
Principle 


Downflow 


in  the  inlet  box.  The  valve  fits  into  the  tube  end  and  is  held 
in  place  by  a  loose  pin,  which  forms  a  positive  stop  when  the 
handhole  is  closed.  The  valve  is  loosely  hinged  with  plenty 
of  clearance,  and  is  easily  removed  through  the  handhole  for 
cleaning.  The  lower  end  of  each  element  is  connected  to  the 
steam  chamber  by  an  independent  upcast.  The  arrangement 
of  the  tubes  permits  the  free  and  independent  expansion  of 
every  tube  without  strain  on  any  joint. 

The  large  swinging  valve  at  one  end  of  the  water  compart- 
ment closes  as  often  as  steam  is  withdrawn  through  the  steam 
opening  with  sufficient  rapidity  to  lower  the  pressure.  In 
practical  service,  pressure  changes  are  more  or  less  frequent, 
sudden  and  pronounced,  according  to  the  irregularity  of  the 
service  and  the  severity  of  the  demands  for  steam.  In  such 
service  as  supplying  steam  hammers,  rolling-mill  engines,  elec- 
tric-power plants,  subject  to  sudden  heavy  peak  loads,  or 
warships  which  may  require  full  speed  on  a  moment's  notice, 
the  steam  pressure  may  be  suddenly  lowered  10  or  15  lb.,  or 
even  more,  in  a  very  short  space  of  time.  In  every  such  case 
a  quantity  of  water,  proportionate  to  the  drop  in  pressure 
and  the  speed  with  which  it  takes  place,  is  discharged  from 
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the  tubes  of  any  type  of  water-tube  boiler  by  tlie  sudden 
evaporation  due  to  the  lowering  of  the  boiling  point  along 
with  the  pressure. 

Under  conditions  of  a  droj)  in  pressure  causing  displace- 
ment of  water  from  the  tubes,  a  bypass  controlled  by  a  float- 
oiierated  double-beat  valve  equalizes  the  pressure. 

The  double  valve  just  refen-ed  to  may  be  seen  in  Fig.  2 
over  the  swinging  valve.  It  is  balanced  and  operates  without 
touching  the  sides  of  the  bypass  openings  through  which  the 
disks  move.  Sufficient  clearance  is  provided  as  a  vent  to  allow 
the  water  compartment  to  fill  to  the  water  level  under  normal 
conditions.  When  a  pressure  drop  occurs  with  sufficient  sud- 
denness to  affect  tlie  circulation,  the  anti-priming  valve  closes, 
The  excess  pressure  forces  water  into  the  tubes  until  the  float 
opens  the  bypass.     This  releases  the  pressure  and  allows  the 


can  be  moved  2  in.  sidew-ise  at  either  end  when  necessary 
to  remove  and  replace  a  junction  box,  or  when  access  to 
the  handholes,  entirely  clear  of  the  inlet  or  upcast  tubes, 
is  desired  for  cleaning  or  replacing  tubes.  It  is  not  neces- 
sary to  move  the  tubes  to  insert  a  tube  cutter,  expander 
or  cleaner,  but  it  may  snmetimes  add  to  the  conven- 
ience. 

The  bottom  row  of  tubes  go  through  a  crossbar  at  the 
rear  end  which  supports  the  tubes  above  it.  The  whole 
bottom  row  can  be  moved  2  in.  sidewise  to  bring  the  up- 
casts entirely  clear  of  the  junction  boxes  or  handholes 
when  desired.  The  bar  is  carried  on  %-in.  rollers,  It  is 
made  in  box  shape  to  form  an  air  trap  to  prevent  leakage 
of  hot  gases  from  the  combustion  chamber  into  the  rear 
casing.     This  box  has  small  holes  to  admit  sufficient  air 


Fid.    2       SiNGLE-EXDED    DOWNPLOW    BOILER,    STANDARD    DeSIGX 


water  compartment  to  fill,  and  the  operation  is  repeated  in- 
termittently as  long  as  the  pressure  continues  to  fall.  The 
prompt  replacement  of  the  desirable  quantity  of  water  in  the 
tubes  after  each  jiressure  drop  can  be  provided  for  in  the 
design  by  proportioning  the  water  compartment  to  hold  be- 
tween the  upper  and  lower  levels  at  which  the  anti-priming 
valve  closes  and  opens,  the  ijuantity  of  water  required  to  meet 
the  severest  conditions. 

Following  are  some  of  the  new  ideas  embodied  in  the  latest 
cross-drum   design   of  down  flow   boiler. 

a  The  diaphragm  is  omitted.  The  front  drum  serves  as  the 
water  compartment.  The  steam  drum  drains  into  the 
water  drum  through  a  three-tube  connection  controlled 
l)y  the  anti-priming  valve.  One  4-in.  tube  connection 
serves  as  a  bypass.  The  cross  drums  are  more  convenient 
for  inlet  and  upcast  ccmnections.  The  drums  are  free 
from  unequal  strains,  and  are  more  accessible, 

h  The   feedwater-heafina   i-oiled   element   is  swung  so   that   it 


to  direct  any  leakage  into  the  combustion  chamber  in 
place  of  the  reverse  direction.  This  keeps  the  bar  and 
rear  casing  cool  and  prevents  gradual  deterioration  from 
excessive  heat.  The  movable  box  joints  and  openings 
where  the  tubes  pass  through  are  made  fairly  tight  so  that 
the  leakage  is  small.  What  does  get  through  aids  com- 
bustion. 

d  In  the  new  downflow  design,  the  entire  bottom  row  of  lubes 
operates  on  the  inclined-tube  principle.  The  flow 
through  the  two  bottom  tubes  of  each  element  is  now 
parallel  in  place  of  serial.  These  two  tubes  now  dis- 
charge directly  into  one  4-in,  upcast  like  the  two  staggered 
bottom  tubes  of  a  Babcoek  &  Wilcox  section.  None  of 
the  other  tubes  above  the  bottom  row  discharge  into  this 
upcast.  The  steam  is  discharged  above  the  water  level. 
It  does  not  have  to  pass  through  water  and  is  entirely  free 
to  escape  into  the  steam  compartment  without  interfer- 
ence under  all  conditions  of  operation. 
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BELOW  are  the  remaining  written  discussions  of  the 
papers  presented  at  the  Thirty-Seventh  Annual  Meeting 
ol*  The  American  Society  of  Mechanical  Engineers,  held  in 
New  York  City,  December  5  to  8,  1916.  One  half  of  these 
discussions  were  published  in  the  last  issue  of  The  Journal, 
supplementing  the  full  account  of  the  tneeting  which  appeared 
in  the  January  issue. 

The  discussions  are  printed  substantially  in  full,  and  will 
be  found  to  contain  a  large  amount  of  valuable  material  sup- 
l)lementing  the  subject-matter  of  the  papers.  Following  the 
discussions  are  given  the  authors'  closures,  which  refer  also  to 
tiie  oral  discussion  alsstracted  in  the  January  number. 

W.\TER  FOR  STEAM  BOILERS— ITS  SIGNIFICANCE  AND  TREAT 
MENT,  ARTHUR  C.   SCOTT  AND  J.   R.   BAILEY 

M.  F.  Newman.  The  authors  seem  to  be  unaware  of  the 
fact  that  the  most  highly  efficient  water  purification  is  carried 
on  without  dependence  upon  heat.  The  main  factors  in  boiler- 
water  purification  are  not  heat,  soda  ash  and  blowing  off, 
with  possible  filtration,  but  accurate  softening  and  purifica- 
tion carried  out  independently  of  the  variables  encountered  in 
the  irregular  flow  of  water  through  the  heater  and  the  uncer- 
tain degree  of  precipitation  within  the  heater. 

The  causes  assigned  for  corrosion  include  the  presence  of 
sodium  chloride  (evidently  the  authors  have  confused  mag- 
nesium chloride  with  sodium  chloride,  since  it  is  a  well-known 
fact  that  sodium  chloride  within  the  boiler  is  a  neutral  salt). 
If  sodium  chloride  were  an  active  corroding  substance,  then 
the  majority  of  the  boilers  in  operation  in  this  country  would 
be  constantly  showing  evidence  of  corrosion. 

The  authors  assign  as  cause  of  foaming  and  priming  a  con- 
centration of  alkali  salts,  giving  secondary  place  to  silt,  organic 
matter,  loosened  scale,  lubricating  oil,  etc.  This  belief  is  com- 
monly held,  but  it  has  been  found  that  in  the  absence  of  sub- 
stances in  solution  which  form  precipitates  upon  concentra- 
tion, water  containing  alkali  salts  can  be  concentrated  to  a 
very  great  degree  without  any  appreciable  effect  on  the  steam- 
ing quality  of  the  water.  The  foaming  is  not  due  primarily 
to  the  alkali  salts  but  to  the  accumulation  of  lime,  magnesia, 
iron,  etc.,  that  are  forced  out  of  solution,  thus  befouling  the 
water  in  the  boilers  with  suspended  matter,  which,  by  ebulli- 
tion, is  carried  to  the  surface  of  the  water,  interfering  with 
the  liberation  of  steam. 

The  authors'  classification  of  water  containing  less  than  8 
grains  per  U.  S.  gallon  of  scale-forming  matter  as  very  good, 
water  of  from  8  to  15  grains  as  good,  and  water  with  15  to  20 
grains  as  fair,  is  altogether  fallacious,  because  no  distinction 
is  drawn  between  temporary  hardness  and  permanent  hard- 
ness. In  any  water  supply  where  permanent  hardness  is 
|)resent  all  of  the  hardening  substances  become  scale-forming 
substances  due  to  the  cementing  action  of  the  salts  of  per- 
manent hardness.  Under  present-day  practice  of  boiler  oper- 
ation, where  the  rate  of  evajioration  is  carried  as  high  as  300 
per  cent  of  rating,  any  water  containing  permanent  hardness 
rapidly  concentrates  to  the  point  where  scale  formation  re- 
sults, and  under  such  high  evajioration  any  scale  formation 
is  quickly  followed  by  tube  failure. 


The  authors'  statement  that  all  water  softening  consists  of 
lime  alone,  or  lime  and  soda  ash,  and  that  no  chemicals  other 
than  lime  and  soda  ash  are  ever  used  under  conditions  of 
water  softening,  is  erroneous,  there  being  few  water  supplies 
where  the  precipitation  of  lime  and  magnesia  can  be  carried 
to  the  proper  minimum  with  these  two  reagents  alone.  The 
adherence  to  theoretical  calculations  of  the  laboratory  for  re- 
quirements of  lime  and  soda  ash  to  precipitate  hardening  sub- 
stances is  responsible  for  many  failures  to  obtain  from  water 
treatment  the  results  anticipated.  There  are  more  factors 
than  the  calcium  and  magnesium  salts  to  be  taken  into  con- 
sideration, and  each  water  supply  presents  a  separate  prob- 
lem in  itself. 

The  authors'  statement  that,  after  a  water-softening  plant 
is  in  proper  working  order,  the  adjustment  of  chemical  feed 
to  raw  water,  as  a  rule,  will  not  necessitate  any  considerable 
change  in  the  amount  of  lime  and  soda  ash  to  be  used,  can 
scarcely  be  reconciled  with  the  facts,  when  it  is  known  that 
many  of  the  river-water  supplies  pass  through  a  seasonal 
range  of  from  500  to  700  per  cent  variation.  It  is  scarcely  to 
be  expected  that  such  variations  could  be  met  with  "  a  prac- 
tically constant  feed  of  reagents." 

It  is  quite  true  that  it  is  not  necessary  nor  desirable  to  re- 
move all  of  the  calcium  from  boiler  feedwater,  but  the  result 
obtained  in  reducing  the  hardness  with  different  water  sup- 
plies should  and  must  be  brought  to  a  definite  standard  so 
that  the  softened  and  purified  water  will  contain  approxi- 
mately the  same  amount  of  lime  and  magnesia  under  all  con- 
ditions, regardless  of  the  varying  quantities  of  sodium  salts 
or  other  impurities.  The  reduction  of  hardness  to  entirely 
eliminate  jiermanent  hardness  and  keep  the  remaining  lime 
and  magnesia  compounds  within  a  total  of  two  grains  per 
gallon,  is  the  result  obtained  in  conrectly  softening  a  water 
supply  from  any  source.  This  degree  of  softening  must  be 
constantly  maintained,  and  on  such  uniform  softness  depends 
the  success  of  water  purification  for  boiler  feed. 

The  statement  that  large  amounts  of  sodium  chloride  tend 
to  make  water  corrosive  is  erroneous.  It  is  the  various  sub- 
stances in  solution,  notably  magnesium  chloride,  which,  under 
boiler  conditions,  produce  the  corrosive  effects.  Waters  con- 
taining large  amounts  of  alkali  salts,  especially  sodium  car- 
bonate and  sodium  chloride,  have  a  tendency  to  foam,  not  be- 
cause of  the  presence  of  these  salts  alone,  but  because  with 
these  salts  present,  much  lime  or  magnesia  is  precipitated,  due 
to  concentration  and  heat,  and  the  suspended  matter  thus 
formed  produces  a  foaming  tendency. 

The  foaming  resulting  from  the  use  of  soda  ash  is  mostly 
due  to  forcing  calcium  and  magnesium  out  of  solution,  or  to 
tlie  soap-producing  effect  from  grease  and  oil. 

The  relative  terms  high  and  low  as  applied  to  alkali  salts 
do  not  determine  the  suitability  of  water  for  softening  and 
))urifying  for  boiler  feed,  for  with  the  reduction  of  calcium  and 
magnesium  to  a  minimum  and  with  an  elimination  of  oil  and 
grease,  waters  containing  as  high  as  200  grains  per  gallon  of 
sodium  salts  are  frequently  used  for  boiler  feed  without  any 
difficulty  being  experienced  with  foaming  and  priming,  and 
when  using  such  water  the  controlling  factor  is  to  avoid  too 
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g^eat  concentration  of  tlie  residual  calcium  and  magnesium 
salts. 

The  dependence  placed  upon  the  empirical  soap  test  for 
determining  hardness,  and  the  reliance  on  lime  and  soda  asli, 
or  upon  heat  and  soda  ash  alone,  give  a  false  impression  of 
the  true  procedure  required  to  soften  and  purify  boiler  feed- 
water  from  any  source.  Neither  heat  and  soda  ash  alone,  nor 
lime  and  soda  ash  treatment  alone,  will  meet  all  conditions  so 
generally  as  to  permit  of  the  statement  that  such  procedure 
includes  all  of  the  requisites  for  [lurifying  boiler  feedwater. 

F.  F.  Vater.  I  would  like  to  ask  why  the  hot  process  of 
water  softening  is  classed  in  the  paper  with  such  devices  as 
live-steam  purifiers  and  boiler  compounds.  The  cold  process 
would  be  more  appropriately  classified  with  these  than  the  hot 
process. 

Any  chemical  reaction  will  be  more  thorough  and  quicker 
with  heat  applied  than  without.  This  being  true,  the  treat- 
ment of  water  hot  offers  possibilities  of  efficiency  not  at- 
tainable in  a  cold  process.  Treating  water  at  200  deg.  fahr. 
will  enable  one  to  begin  with  a  water  containing  25.59  grains 
of  iucrusting  matter  per  gallon  and  deliver  it  into  boilers  with 
a  hardness  of  2  grains  per  gallon  with  a  causticity  of  from 
0.4  to  0.5  of  a  grain  per  gallon  and  an  alkalinity  of  3%  to  4 
grains  per  gallon,  not  occasionally,  but  constantly. 

Again,  treating  water  at  200  deg.  fahr.  will  enable  one  to 
begin  with  a  water  containing  17.97  grains  of  incrusting  mat- 
ter per  gallon  and  deliver  it  into  boilers  having  zero  hardness 
as  determined  by  soap  solution,  causticity  1.8  and  alkalinity 
6.7  grains  per  gallon. 

A  gravimetric  analysis  of  the  treated  water  sliows  but 
85/100  of  a  grain  of  incrusting  matter  per  gallon. 

I  would  suggest  that  the  authors  compare  labor  cost  of  o[)- 
erating  a  cold  process,  either  intermittent  or  continuous,  with 
the  records  made  by  the  hot  process,  which  is  $35.00  per  month 
for  a  plant  handling  80,000  gallons  of  water  an  hour,  operat- 
ing 24  hours  a  day.  Plants  of  this  size  are  in  continual  oper- 
ation, and  there  is  no  reason  why  one  cannot  be  built  to 
handle  any  quantity  of  water. 

Tliere  are  advantages  in  plant  operation  obtained  by  treat- 
ing water  hot  other  than  chemical  and  labor  costs,  but  space 
will  not  permit  bringing  these  out  here.  Only  one  plausible 
criticism  of  the  hot  process  is  in  existence,  and  that  is  the 
possibility  of  heat  losses.  Hot-i)rocess  machines  can,  how- 
ever, be  placed  in  open  air,  10  deg.  below  zero,  and  covered, 
so  that  the  loss  in  temperature  between  the  heated  water  and 
the  water  as  it  comes  from  the  machine  will  not  exceed  0.5  deg. 
fahr. 

Geo.  H.  Gibsox,  whose  discussion  of  -this  paper  was  pub- 
Isihed  in  full  last  month,  appended  to  this  discussion  the  de- 
scription of  an  apparatus  by  means  of  which  the  softening 
reagents  used  in  hot-process  systems  are  fed  with  great  accu- 
racy and  sensitiveness.     The  description  follows : 

This  flow  proportioner  is  of  the  type  in  which  the  secondary 
flow,  the  chemical  reagent  in  this  case,  is  discharged  through 
an  orifice  under  a  pressure  proportional  to  the  velocity  head 
of  the  raw  water  entering  the  softener.  Referring  to  Fig.  1, 
il  is  a  perforated  diapliragni  inserted  in  the  raw-water  supi)Iy 
pipe.  From  each  side  of  the  diaphragm  small  pipes  lead  to 
the  sides  of  the  differential  piston  in  cylinder  B.  The  piston 
rod  exten  Is  through  both  ends  of  the  cylinder,  to  avoid  unbal- 
anced areas,  and  its  lower  end  carries  a  flat  valve  disk  covering 
an  opening  through  which  chemical  solution  is  pumped  con- 


stantly by  the  circulating  pump  C.  The  differential  pressure 
forces  the  valve  disk  against  the  escaping  fluid,  and  a  pressure 
is  therefore  maintained  upon  the  latter  proportional  to  the 
differential  head  due  to  the  flow  of  raw  water  past  the  orifice 
at  ^4.  The  bulk  of  the  chemical  escapes  under  the  edges  of  the 
\al\e  and  returns  to  the  chemical  tank,  but  a  portion  discharges 
through  a  small  orifice  into  the  open  funnel  D.  Due  to  the 
proportionality  of  pressures  tliis  flow  is  at  all  times  propor- 
tional to  the  flow  through  the  raw-water  orifice.  The  chemi- 
cal-proportioning orifice,  not  being  in  contact  with  the  atmos- 
phere, does  not  accumulate  scale  or  sediment.  From  the  fun- 
nel the  measured  portion  of  the  chemical  descends  to  the 
chemical  feed  pump  E,  by  which  it  is  lifted  to  the  top  of  the 
sedimentation  tank,  there  encountering  the  heated  raw  water 
from  the  open  feedwater  heater. 

It  is  found  that  in  actual  practice  the  accuracy  of  feeding 
of  reagent  is  within  2  per  cent:  in  fact,  a  pressure  gage  com- 


In  lit  "^^f 
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Fiii.  1     Chemical-Feeding  Apparatus  for  Use  with  Hot- 
Process  Water  Softeners 

nuniicating  with  the  solution  pressure  chamber  makes  a  very 
good  flow  meter  for  the  raw  water,  and  the  total  amount  of 
raw  water  used  can  also  be  determined  from  the  amount  of 
chemical  removed  from  the  chemical  tank. 

The  main  supply  of  the  chemical  reagent  is  kept  in  constant 
agitation  in  the  tank  F  by  paddles  driven  by  the  same  motor 
which  operates  the  two  pumps.  This  tank  is  located  on  the 
ground,  avoiding  the  lifting  or  hoisting  of  chemicals,  and  the 
wliole  chemical  feed  apjiaratus  is  in  the  open  and  readily  in- 
spected. The  positive  feed  of  the  reagent  renders  the  action 
of  the  apparatus  entirely  independent  of  any  back  pressure 
carried  in  the  softener. 

The  combined  softener  and  feedwater  heater,  because  of  its 
small  size,  due  to  the  more  rapid  reaction  and  sedimentation. 
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can  ordinarily  be  placed  within  the  boiler  room,  without  re- 
quiring special  housing  or  foundations.  There  is  also  usually 
a  considerable  saving  in  piping  and  other  installation  costs. 

CLOSUUK   r.V    MR.    B.MLKY 

J.  K.  Bailey.  Mr.  Fowler  deplores  the  skipping  over,  in 
the  paper,  of  "  the  ingredient  which  occurs  in  almost  all  boiler 
waters — organic  matter,"  but  the  following  extracts  from  the 
paper  indicate  that  this  criticism  is  not  justified :  "  Waters 
low  in  mineral  content  but  high  in  organic  matter,  tliough 
perfectly  clear,  may  be  troublesome,  because  a  part  of  the 
organic  matter  precipitates.  Peaty  wateis  are  harmful  to 
boilers  by  reason  of  the  vegetable  acids  they  contain.  The  had 
effect  of  mineral  or  vegetable  oils  finding  their  way  into  the 
boiler-feed  water  is  well  understood." 

Mr.  Newman  takes  exception  to  our  belief  that  "  large 
amounts  of  sodium  chloride  also  tend  to  make  waters  cor- 
rosive," overlooking  the  fact  that,  where  the  hypothetical  com- 
binations in  a  water  analysis  show  magnesium  chloride,  all 
the  sodium  is  reported  as  chloride.  Under  such  conditions  it 
would  be  exijected  that  a  heavy  concentration  of  chlorine  ions, 
reportetl  in  the  main  as  sodium  chloride,  would  necessarily  in- 
crease the  corrosive  action.  He  further  objects  to  the  classi- 
fication of  a  water  as  good  that  contains  less  than  8  gr.  per 
gal.  of  sealing  salts,  because  "  no  distinction  is  drawn  between 
temporary  and  permanent  hardness;"  on  the  contrary,  this 
distinction  is  emphasized  in  the  jiaper  with  utmost  clearness. 

Mr.  Newman  also  points  out  that  "  the  adherence  to  the 
theoretical  calculations  of  tlie  laboratory  for  requirements  of 
lime  and  soda  ash  to  precipitate  tiie  hardening  substances  is 
lesponsible  for  many  failures  to  obtain  from  water  treatment 
the  results  anticipated."  My  thorough  accord  with  this  con- 
tention is  attested  by  the  statement  in  the  paper  that  "  the 
best  results  can  be  obtained  in  water  softening  by  controlling 
with  chemical  tests  the  suceessixe  batches  of  water  treated." 
Mr.  Newman's  statement  that  there  are  "  few  water  supplies 
where  the  precipitation  of  lime  and  magnesia  can  be  carried 
to  the  proper  minimum  with  lime  and  soda  ash  alone,"  is 
challenged  by  the  satisfactory  results  the  process  has  given  in 
the  hands  of  thousands  of  operators. 

I  wish  especially  to  take  exception  to  the  comment  by  Mr. 
Newman  that  "the  authors'  statement  that  after  a  water- 
softening  plant  is  in  proper  working  order  the  adjustment  of 
chemical  feed  to  law  water,  as  a  rule,  will  not  necessitate  any 
considerable  change  in  the  amount  of  lime  and  soda  ash  to  be 
used,  can  scarcely  be  reconciled  with  the  facts,  when  it  is 
known  that  many  of  the  river  waters  pass  through  a  seasonal 
range  of  from  500  to  700  per  cent  variation.  It  is  scarcely  to 
be  expected  that  such  variations  could  be  met  with  a  practically 
constant  feed  of  reagents."  It  is  to  be  observed  that  we  say 
that  as  a  rule  no  cmisiderable  change  in  the  chemical  feed  will 
be  necessary.  Why  did  Mr.  Newman  not  quote  this  statement 
in  the  paper:  "It  is  impossible  to  regulate  automatically  the 
feed  of  chemicals  to  compensate  fluctuations  in  the  scaling 
ingTedients  of  wafer"?  If  thei'e  is  any  one  point  that  is 
stressed  in  the  paper,  it  is  that  without  chemical  control  the 
lime-soda-ash  process  will  probably  prove  unsatisfactory.  Mr. 
Newman  asserts  that  a  concentration  of  alkali  salts  cannot  be 
assigned  as  a  cause  of  foaming,  but  that  foaming  is  brought 
about  by  the  accumulation  of  lime,  magnesia,  iron,  etc.  The 
question  arises  why,  if  this  be  the  case,  certain  waters  in 
alkali  countries  cannot  be  used  in  boilers?  It  is  a  very  com- 
mon observation  in  laboi-afory  practice  that  solutions,  after 
attaining  a  certain  viscosity  through  concentration  of  salts  of 


any  nature,  bump  and  foam,  and  such  a  condition  is  certainly 
analogous  to  that  which  may  arise  in  a  boiler,  where  the 
water  used  is  high  in  alkali  content. 

Mr.  Kent  minimizes  tlie  waste  heat  that  is  due  to  boiler 
scale,  but  I  thhik  the  coal  bills  of  many  sfeam  users  will  offer 
mute  protest  to  his  contentions. 

■  What  Mr.  Applebaum  says  about  the  Permutit  process  de- 
mands attention,  but  the  fact  remains  that  Permutit  softeners 
have  not  yet  been  generally  introduced  in  this  section  of  the 
United  States. 

Mr.  Vater  and  Mr.  Gibson  contribute  some  very  interesting 
data  on  the  very  satisfactory  results  obtained  in  the  hot- 
process  softeners,  of  the  efficiency  of  which  there  is  no  ques- 
tion. The  fact  should  not  be  lost  sight  of  that  a  great  many 
operators  of  small  steam  plants  cannot  afford  the  investment 
required  for  the  installation  of  a  patented  water  softener. 
Their  only  hope  lies  in  a  home-made  water  softener,  and  in 
using  the  cold  process  of  treatment  with  lime  and  soda  ash. 
All  large  steam  users  should  install  a  standard  softener  with 
mechanical  features  that  will  demand  a  minimum  of  super- 
vision and  yield  maximum  efificiency. 

THE  IMP.\CT  Tl'BE,  SANFUIMi  A.   MOS!^ 

VicTou  K.  (t.\ge.  Work  done  on  blower  testing  in  the  Sib- 
ley College  laboratories  verifies  some  of  the  conclusions  drawn 
by  Mr.  Moss.  We  have  found  that  the  impact  tube  gave  re- 
liable and  consistent  results,  not  subject  to  error  from  slight 
misalignment  or  from  stream  lines  not  parallel  to  the  pipe 
walls.  Difficulty  has  been  encountered  in  obtaining  a  satis- 
factory method  for  determining  the  pressure  head,  i.e.,  the 
so-called  ''  static  pressure  "  of  moving  fluids. 

It  is  our  custom  to  use  as  small  an  opening  as  is  possible, 
without  rounding  the  corners,  but  with  all  burrs  removed,  and 
with  the  pipe  carefully  smoothed,  for  measuring  ])ressure  head. 
Our  laboratory  experience  has  led  us  to  this.  In  one  case, 
using  a  large  hole,  the  pressure  head  was  of  a  considerably 
different  value  than  when  the  manometer  was  connected  to 
another  and  exactly  similar  hole  about  nine  inches  away.  By 
greatly  reducing  the  size  of  the  holes,  the  values  became 
practically  the  same.  Further  investigations  indicated  the 
existence  of  eddies  and  standing  waves.  The  conclusion  was 
drawn  that  a  large  opening  was  subject  to  more  danger  of 
receiving  some  (positive  or  negative)  impact  from  currents 
of  fluid  not  parallel  to  the  pipe  wall,  and  that  the  skin-fric- 
tion effect  would  protect  a  small  hole  to  some  extent.  The 
smaller  the  hole  the  more  the  protection.  This  conclusion  is 
tentative.  With  ordinary  or  higher  velocities  the  flow  is  al- 
ways turbulent,  and  care  must  be  exercised  in  obtaining 
measurements  of  pressure  head,  both  as  to  the  means  used  and 
the  place  where  the  instruments  are  located. 

With  air  at  very  high  velocities  (about  a  mile  a  minute)  it 
was  once  found  that  the  pressure  head  was  not  constant  across, 
an  8-in.  pipe,  and  was  actually  less  than  atmospheric  pressure 
although  the  blower  was  discharging  into  atmosphere  through 
the  pipe.  The  discharging  steam  was  convergent  after  leaving 
the  pipe. 

For  several  years  the  arrangement  shown  in  Fig.  8  (jf  Mr. 
Moss'  paper  has  been  used  in  place  of  a  pitot  tube,  as  being 
more  satisfactory,  in  the  regular  students'  laboratory  experi- 
ment upon  testing  of  blowers. 

In  regard  to  the  use  of  a  thermometer,  we  have  used  one 
first  bare  and  then  protected,  placed  in  the  jet  of  steam  in  a 
throttling  calorimeter  to  illustrate  the  direction  of  the  changes 
in  the  adiabatic  conversion  of  heat  into  kinetic  energy,  and 


212 


ANNUAL  MEETING  DISCUSSIONS 


The  Journal 
Am.Soc.M.E. 


back  again  to  heat.  The  bare  thermometer  bulb  only  par- 
tially checks  kinetic  energy;  there  is  a  very  perceptible  tem- 
perature rise  upon  furnishing  a  more  complete  checking  of 
the  velocity,  although  the  bare-bulb  indication  is  considerably 
higher  than  the  temperature  corresponding  to  isentropic 
expansion. 

John  L.  Alden.  An  impact  tube  with  properly  made 
static-pressure  holes  in  the  pipe  vpall  will  give  as  accurate  a 
determination  of  velocity  as  the  best  pitot  tube.  In  addition, 
the  tube  itself  is  much  less  delicate  and  is  more  easily  man- 
ipulated because  of  the  absence  of  the  tiny  static-pressure 
orifices.  However,  it  is  extremely  doubtful  whether  the  large 
static  openings  in  the  pipe,  as  described  by  Mr.  Moss,  are  not 
a  source  of  error.  Holes  hi  in.  to  1  in.  in  diameter  are  very 
likely  to  be  influenced  by  the  velocity,  and  wiU  probably  give 
a  combined  reading  of  static  and  velocity  pressure.  If  any- 
thing, the  error  is  greater  by  using  a  large  hole  and  getting 
velocity  influence  than  by  using  a  small  hole  and  having  a 
slight  possibility  of  leakage.  This  leakage  trouble  is  one  not 
ordinarily  encountered,  I  think,  and  it  would  seem  that  a 
lower  static  reading  should  be  attributed  to  the  measurement 
of  the  true  pressure  with  the  small  hole  rather  than  to  leak- 
age. The  tests  by  W.  C.  Rowse  at  the  University  of  Wis- 
consin, recorded  in  Vol.  35  of  the  Transactions,  show  pretty 
conclusively  the  effect  of  large  static  holes  in  recording  veloci- 
ties lower  than  the  actual.  The  same  conclusions  apply  in  a 
considerable  degree  to  static  orifices  in  a  pipe  wall.  The 
piezometer  ring  is  unreliable,  for  the  reason  Mr.  Moss  has 
given.  It  does  not  correctly  average  the  static  pressures 
around  the  pipe. 

The  impact-tube  law  as  stated  in  the  paper  is  merely  a  re- 
statement of  the  law  of  conservation  of  energy.  In  other 
words,  the  kinetic  energy  of  the  jet  may  be  transformed  into 
potential  energy  in  the  impact  tube  with  only  the  immeasur- 
able loss  in  the  tube  itself.  Such  a  conclusion  should  be  ex- 
pected, as  the  impact  tube  is  primarily  an  instrument  measur- 
ing energy. 

Testing  a  fan  by  the  use  of  a  single  impact  tube  in  the  dis- 
charge pipe,  as  shown  in  Fig.  10,  does  not  give  a  true  indica- 
tion of  the  output  of  the  fan.  Two  tubes  must  be  used,  or 
the  static  vacuum  at  the  inlet  must  be  measured,  for  other- 
wise the  fan  is  not  credited  with  the  negative  pressure  which 
it  is  producing.  This  suction  is  used  in  creating  flow  through 
the  inlet.  Part  of  it  is  shown  in  the  form  of  velocity  and  the 
rest  is  lost  in  overcoming  the  resistance  of  the  inlet.  Where 
the  inlet  and  outlet  areas  are  equal,  the  pressure  not  credited 
to  the  fan  is  the  entry  loss  referred  to.  The  method  shown  in 
Fig.  11  is  the  correct  one  for  fans  and  blowers  as  well  as  cen- 
trifugal pumps. 

The  writer  believes  that  the  orifices  shown  in  Fig.  18  would 
give  very  doubtful  results  if  the  velocity  of  approach  were  ap- 
preciable. From  the  standpoint  of  smooth  stream  flow  these 
nozzles  are  very  bad.  At  high  entrance  velocities,  3000  feet 
per  minute  or  greater,  the  contraction  of  the  jet  at  tlie  throat 
would  probably  be  great  enough  to  prevent  filling  of  the 
mouth  of  the  orifice.  In  other  words,  the  condition  of  Fig.  12 
would  be  greatly  increased,  and  the  expansion  of  the  jet  to  the 
size  of  the  orifice  would  not  take  place  until  the  end  of  the 
orifice  was  passed.  If  this  condition  actually  occurred,  the 
area  of  the  orifice  could  not  be  used  in  calculating  the  volume. 
Unless  each  orifice  were  calibrated  for  all  high  velocities,  it 
would  seem  unsafe  to  use  this  form.  If  the  approach  were 
more  gradual  and  the  fillets  were  large  to  smooth   out  the 


stream  lines,  an  orifice  might  be  made  which  would  cause  no 
contraction  whatever. 

CLOSUKE  BY  MR.  MOSS 

San  FORD  A.  Moss.  Mr.  Alden  refers  to  Mr.  Rowse's  paper 
in  Vol.  35,  Trans.Am.Soc.M.E.,  as  showing  that  large  static 
holes  give  error  in  static  pressure.  In  all  cases  the  errors  re- 
ported by  Mr.  Rowse  in  measurement  of  static  pressure  were 
in  the  static  pressure  in  a  pitot  tube.  The  reason  they  were  in 
error  is  due  to  the  fact  that  the  flow  was  not  parallel  to  the 
surface.  Mr.  Gage  also  notes  error  due  to  large  static  holes 
when  there  were  eddies.  I  believe,  that  with  proper  length  of 
straight  pipe,  or  other  arrangement  for  insuring  that  flow 
along  the  surface  is  parallel  to  it,  the  size  of  the  static  hole 
is  unimportant.  However,  there  is  no  objection  to  a  small 
hole  if  any  one  prefers  it  and  has  tight  piping. 

Mr.  Alden  has  some  fears  regarding  the  shape  of  the  orifices 
illustrated,  but  actual  experience  with  these  orifices  for  many 
•  years  shows  that  Mr.  Alden's  fears  are  groundless  and  that 
the  mouth  is  filled  in  all  cases,  even  for  extremely  high 
velocities.  The  essential  point  of  an  orifice  is  a  large  fillet  or 
gradual  cui-ve  just  preceding  a  parallel  portion.  A  long 
gradual  approach  is  not  neeessai-j".  In  steam-turbine  nozzles, 
where  very  high  velocities  are  used,  this  has  also  been  found 
to  be  the  case. 

The  errors  in  the  theoretical  adiabatic  perfect-gas  formula 
to  which  Mr.  Buckingham  alludes  are  negligible  for  all  engi- 
neering work.  The  validity  of  the  use  of  the  theoretical 
formulae  has  been  justified  by  a  great  deal  of  experimental 
work. 

In  The  Journal  and  pamphlet  editions  of  the  paper,  owing 
to  an  error,  the  term  down  stream  was  used  instead  of  up 
stream  in  a  number  of  cases. 


THE  PROPORTIONING   OF  SURFACE   CONDENSERS,    GEORGE  A. 

ORROK 

AViLLiAM  D.  Ennis.  In  their  present  forms,  Mr.  Orrok's 
several  papers  would  all  of  them  need  to  be  consulted  to  ob- 
tain a  definite  progiam  for  procedure  in  condenser  design.  The 
following  is  offered  as  a  summary  and  amplification  of  his 
method. 


Let 


W  =  maximum  weight  of  steam  to  be  condensed,  lb. 

per  hr. 
<s  =  temperature  of  steam 
Q  =  weight  of  condensing  water,  lb.  per  hr. 
f„  =  inlet  temperature  of  condensing  water 
t,  =  outlet  temperature  of  condensing  water 
S  =  aggregate  external  surface  of  condenser  tubes, 

sq.  ft. 
V  =  coefficient  of  transmission 
tm  =  mean  temperature  difference 
L  =  latent  heat  of  vaporization  of  steam  at  tempera- 
ture, (. 
X  =  dryness  of  the  steam  at  temperature  fs- 


Then 


WxL  =Q  (t,  —  t,)  =  SUt^ [1] 

The  following  rules  will  fix  values  to  be  taken  in  the  above : 
If  H'  denotes  the  B.t.u.  in  1  lb.  of  steam  at  throttle  condi- 
tions, hg  the  heat  of  liquid  corresponding  with  the  temperature 
^,  and  B  the  steam  rate  of  the  engine,  lb.  per  i.hp-hr.,  then 

2545 
xL  =  H'  —  h.  —  — — [2] 
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This  rule  is  on  the  safe  side,  since  it  assumes  all  heat  not  con- 
verted into  work  to  be  still  present  in  the  exhaust. 

For  <,  use  a  value  5  deg.  to  10  deg.  below  that  of  t^. 

The  steam  temperature  t,  is  that  coiTesponding  with  the  ab- 
solute steam  jiressure  p,  at  the  exhaust  nozzle.  If  v  denotes 
the  vacuum  at  the  condenser,  in.  of  mercury,  and  r„  the  loss  of 
viu-uuMi  between  condenser  and  exhaust  nozzle  (also  in.  ot 
mercury),  tlieii,  ignoring  the  influence  of  any  air  present, 

p,  =  14.696  —  0.493   (u  —  v„) [3] 

For  good  design,  Orrok  uses  i;„  =  0.2. 

The  value  of  U  that  is  now  recommended  by  Mr.  Orrok  is 
325  F"V...*,  where  V  =  water  velocity  in  tubes,  ft.  per  sec, 
which  water  velocity  varies  from  7  to  10.  In  usual  practice, 
this  is  equivalent  to  a  value  of  U  around  800,  or  about  four 
times  the  value  once  employed.  The  expression  given  for  V 
is  sufficiently  applicable  for  any  standard  material  in  a  new- 
tube.  (Fonl  tubes  may  decrease  U  50  per  cent.)  The  effect 
of  the  steam-richness  ratio  is  now  thought  to  be  represented 
l>y  iP'/PiV  rather  than  by  (p./ptV  as  in  Vol.  32,  Page  1162. 
With  tight  condensers  and  good  vacuum  pumps,  (p^/pt)  may 
be  expected,  according  to  Mr.  Ori'ok,  to  lie  between  0.95  and 
0.97.  The  constant  in  the  expression  for  the  value  of  U  has 
been  made  to  contemplate  such  values.  Safe  values  of  U  for 
commercial  design  are  further  considered  below. 

The  mean  temperature  difference,  assuming  that  the  expo- 
nential law  holds  (see  Trans.  Am.Soc.M.E.,  Vol.  32,  Page 
1211),  is 


By  Equation  [3],  p.  =  14.696  -  0.493  (27.68  +  0.2)  =  1.0, 
whence  t,  (from  the  steam  table)  is  102  deg.  Then  by  Equa- 
tion [4]  the  mean  temperature  difference  is 


^/^/^tf=  16.64  deg. 


(Note  that  tlie  arithmetical  mean  is  19.5  deg.  and — by  Equa- 
tion [4a] — the  logarithmic  mean  is  16.5  deg.) 

At   226   lb.   throttle   pressure,  W  =  1200.      Since   h.  =  70, 

Equation  [2]  gives 

2545 

xL=    1200-70—     =  930B.t.u. 

12.725 

Then   by    Equation    [1],    WxL  =  12.725  X  2000  X  930  =  23,- 
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(See  Trans.  Am.Soc.M.E.,  Vol.  32,  Page  1211.)     This  gives 
a  value  close  to  („,. 

The  expanded  equation  for  design  is  then 

Q  C.-W  =  ^^^  w.  '^  •  (m  =  325  V"&  t^'' 


15         ZO        25 
Val ues  of  n 


30 


35       40 


0 


.°''^  =  i5ll^4^'--«"*-^'--''^""} 


[5] 


40.63  V 

Let  d  =  outside  diameter  of  tubes,  in. 
t   =  thickness  of  tubes,  in. 

n  =  number  of  tubes  in  each  pass  of  condenser 
I   =  aggregate  length  of  passes,  ft. 

0.7854  (d  -  2t)' 


Pig.  2    Graph  fob  Evaluation  of  Equations   [4]  and  [5] 

668,500  B.t.u.  per  hr.     Setting  this  equal  to  Q   {t,  —  t^),  the 
weight  of  circulating  water  per  hour  is 

23,668,500 
e  =  -i^3^  =  946,740  lb. 

Equation  [5]  now  gives  the  surface  directly: 
946,740 


S  = 


Then  area  per  tube  for  passage  of  water  = 


144 


p|  (102  -70)'/'- (102- 95)"''' I 
=  1780  sq.  ft. 


40.63  X  8' 

946,740  X  0.2669 


=  0.00547    {d  —  2ty-   sq.    ft.      Water   velocity  =  cu.    ft.    per 
sec.  H-  aggregate  area  per  pass 

Q  Q 


=  V 


Also,  S 


62  X  3600  X  0.00547  n  (d  — 2<)'      1220  n  (d  —  2t)\ 
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or,  n  = 


nl,   whence  I 


1220  V  {d-2ty' 
3.83  5 
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[61 

17) 


40.63  X  3.485 

If  1-in.  No.  18  B.W.G.  tubes  are  used.  Equation  [6]  gives 
946,740 
"  1220X8(0.902)'  ""  ■'■■'■^ 
as  the  number  of  tubes  per  pass.     From  Equation  [7] 
3.83  X  1780 
1  X^19 


I  = 


57.3  ft. 


As  an  example,  assume  a  unit  of  2000  maximum  i.hp.  at 
226  lb.  throttle  pressure  and  27.68  in.  vacuum,  using  12.725 
lb.  of  dry  steam  per  i.hp-hr.  Take  the  inlet  water  at  70  deg., 
outlet  water  at  95  deg.  and  water  velocity  at  8  ft.  per  sec. 


This  is  the  aggregate  length  of  all  passes.  In  the  absence  of 
certainty  as  to  values  of  U  and  t,„,  no  effort  is  here  made  to 
choose  a  best  ratio  of  I  to  d.  Usual  ratios  are  between  30  and 
50,  indicating  that  two  passes  will  be  desirable  in  this  eon- 
denser. 
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(The  value  of  U  for  these  coiulitious  works  out  325X8"° 
H- 16.64^  =796.) 

It  is  perhaps  unreasonable  to  expect  that  definite  and  gen- 
erally satisfactory  values  of  U  will  ever  be  established.  The 
tia-ismissiou  will  inevitably  decrease  in  service,  the  air-rich- 
ness influence  is  doubtful  and  the  question  of  steam  circula- 
tion has  not  been  (perhaps  cannot  be)  included.  The  rate  of 
heat  transmission  in  a  surface  condenser  is  a  variable  (luan- 
tity,  like  the  rate  of  transfer  in  a  steam  boiler.  For  safe  de- 
sign to  meet  anticipated  operating  conditions  U  should  prob- 
ably be  taken  at  about  400,  with  due  allowance  for  factors 
known  to  influence  its  value.  Perhaps  Weir's  relation,  ['  r= 
250  T^*,  may  be  found  safe  if  divided  by  a  hedging  factor  of  2. 

The  mean  temperature  difference,  which  is  only  a  slight 
factor  in  the  determination  of  U,  is  itself  a  nearly  linear  fac- 
tor in  the  total  transfer.  Accurate  knowledge  of  its  value  is 
therefore  of  first  importance.  The  weight  of  evidence  points 
toward  an  exponential  law  for  the  rise  of  water  temperature 
in  the  tube,  but  the  logarithmic  mean  given  by  Equation  [4a] 
represents  very  closely  the  result  of  such  law  for  any  ordinary 
conditions.  Moreover,  in  Equation  [4],  exact  values  of  the 
exponents  are  not  fully  settled. 

A  quick  method  for  evaluation  of  Equations  [4]  and  [5]  is 
afforded  by  Fig.  2. 

CLOSURE  BY  JIK.  OliKOK 

George  A.  OrrOK.  I  am  greatly  pleased  r.ith  tlie  form 
which  the  discussion  of  the  paper  has  taken.  Professor 
Ennis  has  amplifle;l  the  suggested  method  given  in  the  paper 
by  introducing  factors  wliicii  are  usually  slurred  over.  In 
the  actual  tests  N  was  always  known  by  tlie  weight  of  circu- 
lating water  times  its  temperature  rise,  and  the  steam  was 
rarely  wet,  as  it  nearly  always  is  in  an  actual  condenser. 

Mr.  Stuart's  discussion  emphasizes  some  points  which  per- 
haps have  not  been  brought  out  in  sufficient  detail.  Mr. 
Kothny  referred  to  my  paper  on  Air  in  Surface  Condensation 
(Trans.Am.Soc.M.E.,  vol.  34,  p.  713)  for  data  on  air  leakage, 
and  I  wish  to  reiterate  again  my  statement  tliat  eternal 
vigilance  is  the  price  of  freedom  from  air  leakage.  From 
1  to  3  cu.  ft.  of  free  air  per  min,  is  very  good  practice  with 
any  commercial  condenser,  and  this  result  can  be  obtained 
with  condensers  of  the  largest  sizes. 

Mr.  Gibson  mistakes  K  for  U,  and  U  is  the  coefficient  of 
heat  transmission  in  the  fundamental  formula  N  =  5F6, 
while    K    is    the    reduced    coefficient    as    given    in    Par.    10 


ith    a    further    reduction    for    air    richness. 


A  reference  to  Trans.  Am.Soc.M.E.,  vol.  32,  p.  1210,  where 
the  •'  three-dimensional ''  diagrams  are  shown,  should  make 
this  distinction  clear  as  well  as  Professor  Ennis'  question 
about  the  exponent   (%). 

Mr.  McBride  brought  up  the  very  interesting  point  that 
frequently  it  is  necessary  to  assume  primarily  the  tube  length 
and  diameter  in  some  commercial  designs.  I  have  met  this 
ease  in  my  own  practice  a  number  of  times,  but  have  always 
solved  it  by  trial  and  error  instead  of  using  the  arithmetical 
mean. 

Mr.  Bancel  has  again  brought  up  the  question  of  the  depth 
of  the  tube  bank,  and  incidentally  the  velocity  of  the  steam 
among  the  tubes.  This  is  a  very  complicated  subject,  being 
mixed  up  with  the  prevalence  of  the  water  film  on  the  steam 
side  of  the  tubes.  There  has  been  some  little  mathematical 
work   along  these   lines,   but   in    our   experiments   the   results 


were  negative,  as  was  also  the  ease  with  the  observed  results 
on  connuercial  condensers.  At  the  present  time,  however, 
there  seems  to  be  no  reason  to  doubt  the  statements  regarding 
this  subject  in  Trans.Am.Soc.M.E.,  vol.  32,  p.  1160.  Since 
writing  the  pajier  Jolm  E.  Bell  has  read  a  paper  on  this 
subject  hel'dre  the  Engineers'  Society  of  Western  Pennsyl- 
vania, in  which  he  shows  that  a  definite  relation  exists  between 
the  transfer  rate  and  the  cube  root  of  the  water  condensed 
per  iiour  per  square  foot  divided  by  a  function  of  the  film 
temperature.  More  work  is  being  done  along  these  lines,  but 
all  I  can  say  at  present  is  that  it  is  probable  that  we  may 
lie  able  to  show  a  jihysical  basis  for  the  exponential  formula 
of  tenijieraturc  rise. 

.V  I'ltorosED  r-L.^N  fok  the  activities  of  the  machine 

SHOP  PHACTICE  SUBCOMMITTEE  OF  THE  AMERICAN 

SOCIETY    OF    MECHANICAL    ENGINEERS, 

H.   K.    H.VTHAWAY 

L.  C.  Brooks.  While  heartily  indorsing  Mr.  Hathaway's 
attitude,  I  would  point  out  that  the  electrical  problem  received 
no  mention  except  in  the  fourth  paragraph,  where  Mr.  Hatha- 
way advised  a  certain  condition  where  the  motor  was  over- 
loaded. The  policy  of  electric  drive  is  becoming  more  and 
more  prominent  and  is  considered  as  a  part  of  the  installa- 
tion. With  proper  investigation  the  following  subjects  would 
give  valuable  information  to  the  public:  The  question  of  belt 
vs.  electric  drive,  the  advantages  and  limitations  of  individual 
drive  or  group  drive,  the  horsepower  required  to  drive,  the 
relative  advantages  of  individual  drive  for  special  machines,  as 
planers,  car-wheel  lathes,  etc. ;  in  connection  with  electric 
drive,  drum-type  manual  control  vs.  automatic  control,  dynamic 
brake  as  applied  to  electric  control  for  certain  machines, 
safety-first  protection  to  the  operator.  In  connection  with  Mr. 
Hathaway's  tentative  classification  provision  should  be  made 
for  the  question  of  operation,  which  is  of  vital  importance. 

CLOSURE   BY    MR.    HATHAWAY 

H.  K.  Hathavpay.  It  is  very  gratifying  that  my  suggested 
plan  should  have  aroused  so  much  interest,  and  that  it  should 
have  been  received  so  favorably.  The  Sub-Committee  on 
Machine  Shop  Practice  should,  I  believe,  give  careful  thought 
to  the  utilization  of  existing  committees,  and  in  fact  should 
take  into  account  any  existing  agencies,  either  within  or  with- 
out the  Society. 

]Mr.  Pigott  is  right  in  pointing  out  that  to  accomplish  results 
the  committee  must  be  handled  more  like  an  operating  company 
than  a  council  of  advisers.  To  make  this  practical  necessitates, 
as  stated  in  my  paper,  a  secretary  who  can  devote  his  entire 
time  and  attention  to  the  aft'airs  of  the  committee,  seeing  that 
the  program  is  carried  out. 

AVhile  it  is  desirable  that  ultimately  the  codified  data  on 
machine-shop  practice  should  cover  not  only  current  practice 
but  its  development,  it  would,  as  Mr.  Eberhardt  suggests,  be 
wise  not  to  spend  too  much  time  in  the  beginning  on  the  col- 
lection of  data  from  papers  and  articles  that  have  been  pub- 
lished in  the  past,  but  to  give  particular  attention  to  new 
material  as  it  appears. 

I  regret  that  there  should  have  been  so  much  discussion  as 
to  the  form  of  classification  adopted,  as  while  it  is  no  doubt 
important  that  the  best  method  of  classifying  be  used,  it  is 
not  nearly  so  important  as  that  some  form  of  classification  be 
adopted,  and  it  is  still  more  important  thai  some  action  be 
taken  toward  the  carrying  out  of  a  definite  plan  leading  to 
the  further  development  of  machine-shop  practice  as  a 
science. 
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HKI.ATIOJI     BETWEEN     PEKPETlIAL-IN\ENTORY     VALUE     AND 
APPRAISAL  VALT.E.  CIIAIiLES  PlEZ 

Harry  Barker.'  The  fundamental  term  "  depreciation " 
has  become  so  involved  in  a  maze  of  differing  definitions  that 
even  when  engineers  endeavor  to  use  it  quite  technically  it 
conveys  different  ideas  to  different  persons.  If  we  could  agree 
on  an  accejitable  vocabulary  which  we  would  employ  in  our 
discussions,  a  great  gain  would  be  made.  Fallacies  would  be 
more  quickly  exposed  and  truths  better  comprehended. 

I  tirst  endeavored  about  a  year  ago  (in  the  [proceedings  of 
the  Philadelphia  Valuation  Conference,  held  under  the  aus- 
pices of  the  Utilities  Bureau)  to  harmonize  some  of  these  dif- 
ferences, and  I  desire  here  to  draw  attention  to  much  the  same 
ideas  as  then  advanced. 

The  meanings  which  have  been  given  to  the  term  "  deprecia- 
tion "  are  seen  to  fall  into  two  general  classes:  (a)  losses  in 
value  of  physical  property,  and  (6)  sums  secured  from  earn- 
ings to  offset  loss  in  value  of  property. 

The  first  group  of  definitions  of  "  depreciation "  can  be 
further  divided  into:  (1)  aggregate  actual  or  estimated  loss 
in  value  from  all  causes;  (2)  the  loss  in  value  due  to  wear- 
and  age-deterioration  as  distinguished  from  the  loss  of  value 
from  liability  of  obsoletion  or  inadequacy;  and  (3)  the  loss 
in  value  due  to  loss  of  ability  to  render  full  service  or  to 
decreased  efficiency. 

The  second  group  is  seen  to  be  split  into:  (4)  an  annual 
accounting  figure  representing  the  depreciation  for  the  year, 
or  any  other  given  period,  deducted  from  gross  earnings  in 
computing  probable  true  net  earnings;  (5)  an  annual  sum 
used  in  making  up  the  amount  of  necessary  income  to  be 
secured  by  the  rates.  (This  last  is  often  an  annual  amount 
to  be  set  aside  out  of  the  earnings  to  help  create  a  reserve 
which  will  equal  the  cost  of  the  several  items  of  plant  when 
they  are  retired  from  service  and  will  pay  for  the  renewals 
to  tiie  extent  of  the  cost  of  the  items  retired.  It  might  well 
be  a  direct  repayment  out  of  earnings  of  investment,  equal 
to  the  annual  loss  in  value  of  property  due  to  depreciation.) 

There  is  finally  a  sixth  definition  of  depreciation  as :  Vari- 
ous aggregates  of  the  annual  sums  secured  from  time  to  time 
to  compensate  for  loss  in  value  through  deterioration  or 
obsolescence,  or  both. 

The  several  shades  of  meaning  indicated  in  these  defini- 
tions are  sullfieiently  different  to  make  our  discussions  run  on 
diverging  tracks.  They  show  the  need  of  greatly  restricting 
our  use  of  the  word  "  depreciation."  Our  language  is  not  so 
lean  that  we  have  to  use  one  word  in  so  many  senses.  There- 
fore I  have  a  few  propositions  to  adxanee. 

The  first  definition — as  the  aggregate  loss  in  value  from 
wear-deterioration,  inadequacy,  supersession,  antiquation,  di- 
lapidation, etc. — is  probably  the  most  used  and  the  original 
one.  This  can  well  be  adhered  to,  and  a  few  available  terms 
employed  to  carry  tlie  other  meanings  given. 

The  idea  involved  in  the  second  definition  makes  a  most 
useful  distinction,  which  should  be  preserved,  but  it  is  more 
definitely  indicated  by  "  wear-deterioration,"  "  age-deteriora- 
tion "  or  "  wear-and-age  deterioration,"  according  to  the  pre- 
cise shade  of  meaning  needed. 

The  third  definition — loss  in  value  due  to  diminished  power 
to  function  or  to  decreased  efficiency — has  no  real  place  in 
depreciation  discussions,  for  mere  ability  to  render  the  orig- 
inal service  does  not  indicate  lack  of  depreciation,  and  per- 
centage of  service  ability  (which  is  not  the  "serviceability" 
of  the  dictionary)  alone  does  not  measure  value.     (It  indicates 
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relative  value  only  when  the  duration  of  that  percentage  of 
service  ability  is  considered;  if  one  machine  can  yield  certain 
service  for  10  years  and  a  second  machine  can  yield  the  same 
service  for  20  years,  their  real  values  are  not  equal.)  Instead 
of  speaking  of  this  loss  of  service  abihty  as  depreciation,  it 
should  be  called  "  service-ability  drop,"  or  some  equivalent. 

The  fourth  definition  has  sjarung  up  to  give  a  short  expres- 
sion equivalent  to  "  deductions  for  depreciation  expense,"  or 
something  like  that.  If  there  were  not  so  many  definitions 
in  the  field  needing  weeding  out,  its  abbreviation  to  "  de|)reci- 
ation  "  would  be  excusable.  But,  because  ot'  the  confusion 
induced,  the  longer  phrase  should  be  reverted  to. 

Similarly  in  the  case  of  the  fifth  definition,  it  is  advisable 
to  say  "  allowance  for  depreciation  expense,"  or,  more  briefly, 
"  depreciation  allowance,"  and  not  merely  "  depreciation." 
Between  speed  of  speech  and  accuracy  of  expression  there 
should  be  no  question  of  choice.  Depreciation  allowances 
correspond  to  what  some  engineers  call  a  "  theoretical  depreci-  > 
ation  "  in  contrast  with  what  they  designate  as  "  actual  depre- 
ciation "  (meaning  wear-deterioration)  found  by  examination. 

Definition  five  conveniently  reduces  to  "  renewal  allow- 
ance," and  for  further  simplicity  to  the  coined  word  "  renew- 
ance,"  which  the  speaker  has  found  generally  undei'standable. 
The  first  and  the  fifth  definitions  are  perhaps  the  ones  most 
used,  so  that  it  is  a  great  advance  to  agree  to  speak  of  "de- 
preciation "  as  the  actual  lost  Viilue,  and  "  renewanee  "  as  one 
year's  part  of  the  compensation  therefor. 

However,  it  is  little  more  than  a  convenient  fiction  to  speak 
of  building  up  reserves  for  renewals,  since  those  funds  have 
no  relation  to  the  amounts  spent  for  the  new  equipments. 
Electric  railways  have  been  known  to  scrap  generating  sta- 
tions and  purchase  power  from  central-station  companies.  In 
general,  replacements  are  made  with  radically  different  equip- 
ment. What  the  business  must  be  made  to  yield,  in  line  with 
the  Supreme  Court's  dictum,  is  full  compensation  lo  the  util- 
ity concern  for  the  loss  in  value  of  j)roperty  from  all  the  vari- 
ous causes  already  outlined.  That  is  to  say,  the  lates  must 
cover  the  liability  for  retiring  plant  rather  llian  the  cost  of 
renewing  it. 

"  Retirance,"  therefore,  has  been  substituted  for  "  renew- 
anee." Retirance,  then,  is  the  annual  amount  to  be  rei)aid  the 
corporation  to  compensate  it  for  each  year's  depreciation.  Ke- 
tirance  is  a  definite  factor  in  rates,  and  in  its  nature  is  a 
repayment  of  invested  capital.  Unit  retirance  may  be  spoken 
of  as  a  subdivision  of  retirance,  as  it  has  been  apportioned 
over  rates.  Wear-retirance,  age-retirance,  obsoletion-retir- 
ance,  etc.,  become  useful  special  terms  which  can  be  accurately 
employed.     The  place  of  iiggregate  retirance  is  obvious. 

By  such  a  restriction  as  outlined  on  the  employment  of  the 
terms  "  depreciation,"  "  wear-deterioration,"  "  depreciation- 
allowance,"  "  retirance,"  etc.,  discussion  is  not  aijpreciahly 
encumbered  and  a  fundamental  cause  of  exasperating  confu- 
sion IS  removed". 


KoBEHT  .1.  IIkakxe.  The  entire  subject  of  ]iliysical  valua- 
tion is  bound  up  with  proper  cost-keeping  ami  a  perpclual 
inventory,  and  the  greatest  of  these  is  the  last.  Properly  kept, 
a   perpetual  inventory  is  a  time  saver  and  a  daily  corrector 


=  Since  tliis  discussion  was  presented,  tbe  Valuation  Committee  of 
the  American  Society  of  Civil  Engineers  has  made  its  final  report ;  and 
in  this  the  further  useful  distinction  is  drawn  between  "decretion" 
(reduction  of  service  life),  the  ca>ise,  and  depreciation  (reduction  of 
money  value),  the  effect,  .attention  also  should  be  here  directed  to  the 
recent  report  of  the  Valuation  Committee  of  the  .Vmcrican  Electric 
Railway  Association  in  which  a  standardized  list  of  21  valuation  terms, 
comprehensively  defined,  are  recommended  for  use  in  place  of  the  300- 
odd  terms  now  largelv  employed.  (These  terms  were  reprinted  In 
Engineering  News,  Oct.  26,  1916.) — H.  B. 
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of  v;iliR'.s  anil  costs,  iuul  keeps  everything  up  to  date.  It  takes 
some  trouble  to  install  and  some  tliought  to  keep  going,  but 
it  pays. 

T  have  had  experience  for  nearly  15  years  with  a  method 
that  is  adapted  to  almost  any  business.  The  business  to  which 
tlie  method  has  been  applied  was  established  over  25  years 
ago,  and  includes  importing,  manufacturing  small  machinery, 
and  dealing  in  supplies,  so  that  the  problems  were  numerous. 
To  apply  this  method  to  a  new  business  is  very  easy,  and  it 
can  be  applied  to  an  old  business  a  little  at  a  time. 

The  inventory  begins  with  the  receipt  of  goods,  either 
through  purchase  or  manufacture,  and  a  written  invoice  from 
the  factory  should  be  treated  just  as  an  invoice  for  purchases. 
Sales  are  deducted  from  inventory,  of  course,  and  so  should 
be  all  tools  and  equipment  which  are  worn  out  and  junked.  A 
written  invoice  for  all  goods  junked  is  vital. 

The  proper  classification  of  every  article  must  be  decided 
on  in  advance,  and  this  should  be  done,  as  far  as  possible, 
in  such  a  manner  that  each  article  will  fall  naturally  into  its 
class. 

There  are  several  grand  divisions  or  classifications,  namely : 
{a)   Furniture,   Fixtures   and   Machinery.      (Subject   to   dete- 
rioration. ) 
{b)    Work  in  Process.     (A  projier  shop-cost  record  is  required 

to  take  care  of  this.) 
(c)  Merchandise,   Supplies   and   Raw   Material.      (Generally 

figured  at  cost.) 
Each  grand  division  can  be  subdivided  as  often  as  experience 
shows  it  to  be  desirable. 

In  jjractice  it  has  been  found  best  to  number  each  section. 
Symbols  should  be  avoided.  At  first  they  seem  helpful;  in 
the  end  they  are  a  nuisance.  A  numerical  index  is  also  essen- 
tial, and  it  is  easily  kept.  A  number  once  used  should  never 
be  used  for  another  thing.  Numerical  and  alphabetical  index- 
ing answer  all  purposes. 

Physical  control  of  stock  is  essential.  Nothing  should  be 
received  or  given  out  without  a  voucher.  If  one  is  allowed  to 
help  himself  to  stock,  without  control,  it  is  useless  to  attempt 
to  keep  a  perpetual  inventory. 

The  inventory  items  should  all  be  on  cards.  Books  are  not 
practical,  and  a  loose  leaf  is  practically  the  same  as  a  card, 
and  not  so  serviceable. 

A  perpetual  inventory  is  very  heljiful  because  it  shows  how 
goods  move,  and  at  what  dates  they  sell,  and  will  generally  be 
more  accurate  than  an  actual  counting  of  the  goods.  Never- 
theless, a  constant  check  is  kej)t  on  the  inventory  by  the  simple 
method  of  actually  counting  stock  on  hand  and  reporting  in 
writing  on  a  "  Goods  Wanted  Memorandum  "  before  replacing 
any  stock  that  is  lovr.  Any  error  in  the  inventory  is  thus  dis- 
covered. In  practice  we  have  found  that  the  inventoi-y  is  the 
more  reliable. 

Keeping  track  of  merchandise  presents  no  serious  diffi- 
culties, although  most  people  still  rely  on  the  annual  inventory. 
While  it  is  true  that  Machinery,  Fixtures  and  Tools  must  be 
appraised,  yet  an  accurate  description,  accurate  count,  and 
accurate  cost  must  be  furnished  before  an  appraisal  can  be 
made  that  is  anything  more  than  a  guess. 

Proper  classification  is  very  essential  here.  It  is  very  wrong 
to  attempt  to  value  line  shafting,  belts  and  pulleys  as  a  whole. 
Every  pulley  and  belt  belongs  to  some  machine  or  to  a  line 
shaft,  and  should  be  so  described  in  detail,  not  by  guesswork. 
A  separate  inventory  card  should  be  kept  for  each  line  of 
shaft.  The  pulleys  for  driving  machines,  either  directly  or 
through  countershafts,  and  the  belts,  are  part  of  the  driving 
equipment  of  each  machine.    This  method  simplifies  the  shaft- 


ing, pulley  and  belting  problem,  as  each  belt  pulley  should  be 
accurately  described  and  priced  on  the  inventory  card  for  the 
machine  it  belongs  to. 

In  classifying  Machine  Tool  Equipment,  only  such  equip- 
ment should  be  included  with  each  machine  as  can  be  used 
only  on  that  particular  machine.  For  instance,  if  a  number 
of  screw  machines  exactly  alike  are  used,  then  the  spring 
chucks  should  be  classified  separately,  and  not  as  part  of  the 
equipment  of  any  one  machine.  For  the  same  reason  milling 
cutters  are  not  part  of  the  equipment  of  any  one  machine. 

Drills,  taps,  reamers  and  similar  tools  should  always  be 
separately  classified.  The  more  subdividing  there  is  done,  the 
easier  it  is. 

Each  machine  tool  should  be  listed  in  detail  on  a  separate 
card,  with  a  list  of  its  equipment  as  originally  bought,  with 
dates  and  costs.  New  equipment  can  be  added  as  bought  or 
made.  A  proper  addition  is  for  freight,  cartage  and  cost 
of  installing,  and  of  the  pulleys  and  belts. 

If  costs  are  kept,  say,  on  the  right-hand  side  of  the  card, 
they  can  be  totaled  up,  and  the  entire  original  cost  shown  at 
a  glance.  Estimates  of  present  value  can  be  written  down, 
say,  annually  on  the  left  side  of  the  card  in  a  column  headed 
"  Present  Value,"  and  dated. 

Appraisal  of  present  value  can  only  be  made  by  a  com- 
petent, honest  person  who  knows  all  the  facts  and  is  familiar 
with  the  business.  Appraisals  by  outsiders  are  of  little  value. 
Taking  off  a  fixed  percentage  per  annum  is  unreliable.  A 
simple  test  is  to  ask  for  how  much  cash  would  you  be  willing 
to  part  with  the  machine.  Honestly  applied,  this  test  will  give 
an  accurate  value.  If  we  cannot  assume  intelligence  and  hon- 
esty, any  appraisal  is  valueless. 

In  valuing  small  tools,  such  as  reamers,  taps,  cutters,  etc., 
no  hard  and  fast  rule  can  be  laid  down,  but  a  few  general 
principles  will  apply.  In  general,  a  stock  of  reamers  and  cut- 
ters in  a  shop  will  all  be  in  use,  hence  all  will  be  depreciated, 
but  as  worn-out  tools  are  replaced  it  is  a  fair  assumption  that 
all  are  serviceable.  A  flat  depreciation  of,  say,  one-third  would 
probably  cover.  With  taps,  drills  and  files,  however,  there 
would  always  be  a  large  percentage,  possibly  one-third,  which 
were  unused,  therefore  a  depreciation  of,  say,  one-fourth 
would  perhaps  be  correct.  Equipment  such  as  tote  boxes  and 
case-hardening  boxes  is  subject  to  very  great  deterioration, 
and  probably  a  depreciation  of  one-half  would  be  right. 

As  to  count  of  such  items,  it  should  not  be  guessed  at.  The 
rule  should  be  that  no  tool  should  be  junked  until  it  is  reported 
in  writing  to  the  office.  The  actual  throwing  out  of  junked 
tools  should  be  done  periodically,  not  daily,  and  no  new  equip- 
ment should  be  bought  or  made  until  an  accurate  count  of  that 
item  is  reported  in  writing  to  the  oflRce,  for  the  purpose  of 
checking  off  inventory. 

For  instance,  if  some  number-size  drills  are  wanted  to  re- 
place stock,  it  is  a  simple  matter  to  send  a  memorandum  of 
tools  on  hand  to  the  office.  Inventory  is  then  checked  off.  A 
new  lot  is  ordered,  and  when  they  are  received  they  are  added 
to  the  corrected  inventory.  The  worn-out  tools  are  not  gen- 
erally charged  to  expense.  This  is  taken  care  of  by  charging 
the  replacement  to  expense.  If  no  replacement  is  made,  then 
the  junked  tools  are  charged  to  expense. 

It  is  easy  enough  to  keep  track  of  the  cost  of  a  drawing, 
but  the  constant  changes  are  difficult  to  analyze.  It  would 
be  very  wrong  to  keep  all  drawings  and  divide  up  the  total 
cost  among  them.  It  is  impossible  to  appraise  their  value. 
The  best  method  is  to  keep  them  constantly  weeded  out.  The 
inventory  can  be  arranged  numerically,  using  the  same  number 
for  the  drawing  as  for  the  part  or  machine.    The  same  number 
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should  also  be  used  for  patterns  and  special  tools  and  jigs. 
Our  practice  is  to  keep  track  of  original  cost  of  drawing,  and 
add  100  per  cent.  All  drawings  on  inventory  are  priced. 
Drawings  in  actual  use  are  carried  at  full  price  on  inventory. 
Drawings  which  are  not  much  used  are  carried  at  no  value; 
if  revived,  the  full  value  is  restored;  if  obsolete,  they  are  de- 
stroyed. 

Patterns  are  kept  track  of  numerically,  a  separate  card  for 
each.  Patterns  in  general  use  are  carried  at  full  price.  Those 
little  used  at  no  value.  Obsolete  patterns  are  destroyed.  The 
pattern  card  is  also  made  to  serve  as  a  record  of  cost  of  cast- 
ings, and  it  is  also  noted  if  the  pattern  is  in  storage  or  at  the 
foundry.  In  figuring  the  cost  of  patterns  it  is  proper  to  figure 
all  cost  of  making  the  first  patterns.  For  instance,  if  a  metal 
pattern  is  wanted,  the  first  cost  of  the  wooden  pattern  is  fig- 
ured in  the  cost  of  the  final  metal  pattern,  even  though  the 
wooden  pattern  is  no  longer  of  any  use  after  the  metal  pattern 
is  made.  Alterations  in  patterns  to  get  good  castings  are  also 
considered  a  proper  part  of  cost,  but  alterations  in  design 
are  not. 

Work  in  process  is  controlled  by  the  fact  that  work  is  al- 
ways started  in  lots  or  jobs,  and  time,  material  and  overhead 
take  care  of  this.  Every  piece  of  shop  or  repair  work  should 
be  on  a  separate  job  ticket,  unless  very  trivial.  In  this  way 
all  changes  in  equipment  are  kept  track  of. 

Pipe,  fittings  and  wiring  in  buildings  can  be  classified  and 
separated  into  mains  and  branches,  just  as  suggested  for  shaft- 
ing, belting  and  pulleys.  Dead  lines  should  be  so  marked  and 
valued  at  practically  nothing,  but  as  dead  lines  are  sometimes 
revived,  it  is  well  to  keep  track  of  them,  unless  they  are 
actually  abandoned. 

In  conclusion,  it  is  important  to  have  means  of  getting  rid 
of  all  records,  drawings,  tools,  etc.  For  this  purpose  a  slip 
is  used  in  which  all  possible  places  where  there  is  a  record  are 
named,  and  all  obsolete  records  are  thus  systematically  de- 
stroyetl.  This  includes  patterns,  jigs,  drawings,  catalogues, 
etc.  If  anything  is  discarded,  but  there  is  a  possibility  of 
revival,  all  records,  tools,  jigs,  etc.,  are  put  in  one  box,  and 
marked,  for  instance,  "  No.  1364 — Section  13 — obsolete,"  and 
stored  away.     In  time  actual  junking  will  occur. 

CLOSURE   BY  Mli.    PIEZ 

Charles  Piez.  No  schedule  of  depreciation,  no  matter  how 
carefully  and  intelligently  framed,  will  cover  all  possible  con- 
ditions and  provide  for  all  possible  contingencies.  A  fixed 
schedule  is  always  lacking  in  that  elasticity  which  would  ren- 
der it  universally  applicable,  and  must  on  that  account  be  sup- 
plemented in  unusual  eases  by  exceptional  treatment  bom  of 
intelligent  analysis  and  experience. 

In  discussing  allowances  to  be  made  out  of  profits  to  cover 
loss  or  shrinkage  of  value,  it  is  well  to  bear  in  mind  that  rela- 
tively few  manufacturers  regularly  make  such  allowances  for 
depreciation,  and  that  even  these  few  have  never  adopted,  or 
even  discussed  any  standard  set  of  rates. 

That  loss  of  value  from  any  one  or  all  of  the  causes  enum- 
erated by  Mr.  Barker  does  occur  is  universally  acknowledged. 
Academic  definition  of  the  generally  used  term  depreciation 
does  not  stay  its  inroads  on  profits  nor  make  the  method  of 
providing  for  these  inroads  any  clearer.  Why  add  such  new 
terms  as  "  retirance  "  and  "  renewance  "  to  an  already  over- 
burdened industrial  vocabulary? 

What  is  needed  is  a  presentation  of  records  and  experiences, 
so  that  out  of  these  we  may  develop  a  schedule  of  rates  which 
can  be  looked  upon  as  a  standard  for  determining  annual  al- 


lowances against  loss  of  value  due  to  wear-and-age  deteriora- 
tion and  obsolescence. 

The  loss  of  value  is  legitimately  a  part  of  the  cost  of  the 
output,  a  fact  which  is  at  present  overlooked  in  many  busi- 
ness enterprises;  and  to  correct  this  omission  or  oversight,  it 
is  to  my  mind  much  more  effective  to  start  with  a  sane  schedule 
of  rates  of  depreciation  than  to  start  with  a  definition.  I 
realize,  of  course,  that  Mr.  Barker's  discussion  pertains  more 
particularly  to  the  valuation  of  public-utility  properties,  where 
the  allowances  to  be  made  on  individual  units  may  be  so  large 
as  to  justify  division  into  several  classes  or  causes;  but  in  the 
mechanical  industries  the  terms  "  annual  depreciation  "  and 
"  total  depreciation  "  contracted  from  "  annual  depreciation 
allowance  "  and  "  total  depreciation  allowance,"  are  so  widely 
understood  as  to  require  no  further  definition. 

What  is  needed  is  to  have  some  association  of  the  import- 
ance and  i^restige  of  this  Society  investigate  this  subject  and 
recommend  a  schedule  of  rates  of  annual  depreciation  for 
adojttion. 

With  the  administration  proposing  a  further  tax  of  five 
per  cent  on  all  profits  in  excess  of  eight  per  cent  on  the  in- 
vestment, isn't  it  necessary  that  the  engineering  societies  shall 
define  what  so  important  a  factor  in  the  expense  of  production 
as  depreciation  amounts  to  annually  and  how  provision  for  it 
shall  be  made  out  of  profits? 

Mr.  Hearne  has  outlined  very  clearly  a  system  by  means  of 
which  a  perpetual  inventory  of  work  in  process,  as  well  as  of 
the  other  assets  of  a  manufacturing  plant,  can  be  introduced 
and  maintained. 

I  am  a  strong  advocate  of  the  value  of  running  or  perpetual 
inventories  for  work  in  process  and  materials  in  stores,  as  well 
as  for  buildings  and  equipment,  and  Mr.  Hearne's  discussion  is 
valued  because  it  outlines  the  possibilities  in  these  directions. 
In  the  valuation  of  small  tools  I  believe  it  safer  and  nearer 
to  the  truth  to  assume  that  this  equipment  averages  about  half- 
way between  new  and  worn  out,  and  to  charge  off  a  flat  depre- 
ciation of  50  per  cent  instead  of  a  third.  I  believe  his  method 
of  valuing  active  patterns  at  full  cost  is  dangerous,  and  the 
same  must  be  said  of  his  practice  in  respect  to  drawings. 

I  have  never  heard  of  purchasing  drawings  at  anything  more 
than  a  merely  nominal  sum  upon  the  liquidation  of  an  indus- 
try, and  patterns  in  the  average  industry  are  subject  to  such 
marked  deterioration  in  value  through  obsolescence  as  to  jus- 
tify the  flat  rates  of  depreciation  named  in  the  schedule. 

MECHANICAL    DESIGN    OE    ELBCTHIC    LOCOMOTIVES.    A     1. 
BATCHELDER 

George  Gibbs.  I  take  it  that  Mr.  Batchelder's  paper  is  not 
intended  to  be  more  than  a  very  general  statement  of  certain 
features  which  must  be  taken  into  account  in  the  design  of  an 
electric  locomotive,  together  with  certain  conclusions  which  he 
is  led  to  make  from  his  study  of  the  problem.  It  may  there- 
fore be  in  order  for  me  to  give  briefly  some  opinions  of  my 
own,  and  in  so  doing  I  am  sorry  if  I  must  disagree  with  the 
conclusions  in  some  respects. 

A  complete  jiresentation  of  the  subject  of  electric-locomotive 
design  has  yet  to  be  made ;  all  we  can  do  at  present  is  to 
chronicle  experience  With  various  types  and  classes  in  different 
services.  Unfortunately  the  total  number  actually  in  service 
is  quite  limited  and  the  period  over  which  our  experience  runs 
is  also  in  many  cases  short. 

In  the  first  electric  locomotives  built  not  so  many  years  ago 
the  chief  consideration  was  to  get  a  machine  which  would  run 
and  puU  a  train  without  continually  breaking  down  through 
some  electrical  defect;  this  is  the  first  step  in  a  young  art. 
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When  these  conditions  were  satisfied,  it  then  became  a  question 
of  obtaining  the  best  design  from  the  standpoints  of  safety, 
efficiency  and  low  maintenance  cost.  This  second  stage  is  still 
under  way  and  the  end  is  by  no  means  yet  attained,  nor  can 
this  be  expected  any  more  than  has  been  the  case  with  the 
steam  locomotive,  in  which  there  has  been  a  tremendous  im- 
provement during  the  last  ten  years  in  increased  capacity  and 
efficiency. 

Many  years'  experience  in  testing  work  for  railroads  has 
brought  me  into  very  close  touch  not  only  with  the  design  of 
locomotives  but  of  track.  I  early  became  impressed  with  the 
importance  of  high  center  of  gravity  in  steam  locomotives  and 
with  the  importance  of  reducing  the  dead  weight  below  springs 
to  the  lowest  consistent  amount.  The  track  structure  does  not 
jjresent  a  perfect  and  unyielding  plane  surface;  it  has  defects, 
both  in  alignment  and  surface,  and  it  is  elastic.  Its  elasticity 
is  a  saving  characteristic  as  regards  safety  and  the  low  main- 
tenance cost  of  track  and  equipment.  Therefore,  a  locomotive 
in  running  over  the  track  has  set  up  in  it  oscillations  and 
movements,  the  effects  of  which  become  important  not  only  to 
the  locomotive  structure  but  to  track,  as  regards  safety  and 
cost  of  maintenance. 

These  conditions  are  well  understood  in  steam-locomotive 
practice  but,  unless  we  are  careful,  are  likely  to  be  lost  sight 
of  in  designing  electric  locomotives,  where  the  radical  differ- 
ence in  the  application  of  the  motive  power  suggests  or  per- 
mits a  variety  of  wheel  arrangements,  weight  distribution,  etc. 
I  cannot  here  go  into  a  full  discussion  of  this  important  point, 
but  I  can  say  generally  that  the  elimination  of  reciprocating 
parts  from  the  locomotive,  a  result  accomplished  in  electric 
locomotives  but  impossible  with  steam,  does  not  warrant  us 
in  abandoning  some  of  the_  very  important  principles  well 
demonstrated  in  steam  practice,  namely,  that  for  safe  and  suc- 
cessful operation  under  average  track  conditions,  high  center 
of  gravity,  least  dead  weight  below  spring  supports  and  an  un- 
symmetrical  wheel  and  weight  distribution  give  best  results. 
The  above  applies  especially  to  high-speed  operation;  for  low 
speeds  similar  arrangements  are  also  desirable  but  not  so 
essential. 

A  word  more  about  the  height  of  center  of  gravity.  There 
seems  to  be  a  tendency  to  consider  that  the  center  of  gravity 
of  the  machine  as  a  whole  is  the  only  consideration  of  im- 
portance, and  some  electrical  designers  have  been  content  to 
secure  a  fairly  high  center  of  gravity  by  the  combination  of 
heavy  apparatus  in  the  cab  of  the  locomotive  (this  being 
above  the  springs),  with  heavy  weights  carried  on  the  axles  or 
below  the  tops  of  the  wheels.  This  arrangement  does  not  give 
the  equivalent  of  a  given  height  of  center  of  gravity  in  a  steam 
locomotive  (where  the  bulk  of  the  weight  is  above  springs), 
as  regards  the  effect  on  track.  A  steam  locomotive  has  dead 
weight  only  of  the  driving  wheels,  axles  and  boxes;  all  other 
weights  are  spring-borne  and  thus  are  not  only  eased  from 
vertical  shock  on  the  track  but  by  the  rolhng  of  the  mass  on 
the  springs  tend  to  effectively  relieve  lateral  rail  pressures 
and  convert  them  into  vertical,  a  condition  which  conduces 
greatly  to  safety  and  reduction  in  maintenance  both  of  locomo- 
tives and  track  structure. 

The  writer,  a  number  of  years  ago,  in*  taking  up  the  design 
of  electric  locomotives  for  the  Pennsylvania  Terminal  in  New 
York,  suggested  a  method  of  making  an  extensive  series  of  ex- 
periments to  determine  the  riding  qualities  of  different  types 
of  locomotives.  The  procedure  took  the  form  of  tests  on  an 
experimental  stretch  of  track  which  was  made  movable  trans- 
versely by  having  the  rails  mounted  on  rollers  and  the  trans- 
verse motion  restrained  by  stops  consisting  of  hardened-steel 


points  or  halls  set  up  against  steel  strips  which,  by  indentation, 
register  the  tendency  to  displace  the  track  laterally.  It  was 
intended  by  this  means  to  measure  the  tendency  of  certain 
wheel  arrangements  in  locomotives  to  set  up  rhythmic  side 
motion  and  also  to  register  the  throw  sidewise  by  defects  in 
track  surface.  As  the  result  of  these  tests  we  obtained  much 
valuable  information  regarding  design  of  electric  locomotives 
confirmatory  of  the  general  principles  I  have  mentioned 
above,  showing  the  value  of  an  unsv-mmetrical  wheel  base  for 
an  electric  locomotive  with  a  high  spring-borne  center  of 
gravity  and  low  dead-weight  component.  I  believe  a  more 
extensive  series  of  these  tests,  and  an  acquaintance  with  the 
results  by  electric-locomotive  designers,  would  accomplish  a 
valuable  purpose  in  clearing  up  many  existing  differences  of 
opinion. 

]Mr.  Batehelder  speaks  of  wheel  arrangement  and  height  of 
center  of  gravity  as  affecting  locomotive  design ;  I  am  unable 
to  follow  his  reasoning  and,  if  I  understand  him,  I  do  not 
agree  with  his  conclusions.  He  appears  to  be  trying  to  make 
out  the  case  that  high  center  of  gravity  is  unnecessary  if  you 
have  leading  trucks  for  the  locomotive,  and  that  the  presence 
of  leading  trucks  makes  it  immaterial  where  the  motors  are 
mounted;  with  these  conclusions  I  disagree.  Furthermore,  he 
appears  to  conclude  that  a  leading  truck  is  essential  for  high- 
speed operation  by  stating  that  steam  locomotives  cannot  be 
safely  operated  backward  at  high  speed.  It  is  common  in 
steam  practice  abroad,  and  not  unusual  in  suburban  [)ractice 
in  this  country,  to  run  steam  locomotives  backward  without 
leading  trucks,  i.e.,  the  American  type  of  locomotive.  In 
such  service  steam  locomotives  are  frequently  run  at  quite 
high  speeds  on  roads  having  much  curvature.  Abroad,  espe- 
cially in  England,  it  is  not  unusual  practice  to  so  operate  them 
over  long  distances  at  high  speeds.  The  real  objeitions  to  the 
operation  of  steam  locomotives  backward  are,  in  the  first  place, 
that  the  view  of  the  enginemen  is  not  good,  secondly,  that 
the  tender  is  a  short-wheel-base  structure  having  a  variable 
and  shifting  load,  and  thirdly,  that  coal  dust  which  is  thrown 
about  becomes  very  disagreeable  to  the  enginemen.  However, 
I  believe  that  leading  trucks  are  useful  in  locomotive  practice, 
and  favor  them,  but  I  simply  mention  the  above  to  indicate 
that  they  are  not  a  necessity  for  safety. 

Mr.  Batehelder  appears  to  conclude  that  simplicity,  adapt- 
ability, reliability  and  efficiency  require  that  electric  locomo- 
tives must  be  standardized  in  design  in  the  direction  of  plac- 
ing the  motive  power  on  the  trucks,  either  geared  or  gearless 
motors,  and  would  obtain  the  requisite  power  by  coupling 
trucks  with  short  wheel  base  together,  also  that  this  type  of 
locomotive  can  be  used  in  either  high-  or  low-speed  service  by 
simply  changing  the  gear  ratio.  This  procedure  is  doubtless 
desirable  from  the  manufacturer's  and  also  from  the  user's 
standpoint,  if  it  can  be  done,  as  it  results  in  one  type  of  loco- 
motive for  any  service,  but  there  is  no  indication,  from  my  ex- 
perience, that  electric  motive  power  puts  us  any  nearer  this 
desirable  end  than  does  steam  motive  power.  It  certainly 
seems  a  mistake  for  engineers  in  this  early  stage  of  heavy 
electric-railroading  development  to  come  to  the  hasty  conclu- 
sion that  one  standard  type  of  electric  locomotive  must  be  ad- 
vocated for  ev:'ry  servire-,  especially  when  experience  in  the 
operation  of  steam  as  well  as  electric  locomotives  seems  to 
indicate  the  desirability  of  combining  the  elements  as  I  have 
before  indicated  to  obtain  best  tracking  results. 

It  must  be  remembered  that  tr;i'k  maintenance  is  a  very 
large  item  in  the  cost  of  operating  the  railroad,  and  that  track 
on  the  average  railroad  is  not  always  in  the  best  physical  con- 
dition;   therefore    the    locomotive    designer    should    cooperate 
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with  the  traok  department  and  not  proceed  independently  in 
developing  the  best  type  of  locomotive  for  any  ])artifiilar  local 
conditions.  I  should  put  the  prime  considerations  in  deter- 
mining the  serviceability  of  an  electric  locomotive  as  follows: 

It  should  have  capacity  for  the  given  service. 

Electrically  and  mechanically  it  should  be  operative. 

It  should  be  least  destructive  to  track,  especially  when 
track  is  not  usually  kept  in  perfect  surface. 

Simplicity  and  low  cost  of  maintenance. 

Low  first  cost. 
For  high-speed  sen'ice  especially  I  would  reverse  the  order 
which  Mr.   Batchelder  gives  under  the  heading  Power  EflS- 
ciency,  for  the  different  manners  of  mounting  motors  and  con- 
necting them  to  the  driving  axles. 

In  concluding,  Mr.  Batchelder  suggests  that  it  would  be  in- 
teresting to  "  see  a  complete  investigation  of  different  types 
of  locomotives  that  are  now  operating  in  the  same  kind  of 
service  of  different  railway  terminals  in  New  York  City,  etc." 
This  certainly  would  be  interesting  and  should  be  valuable.  I 
have  repeatedly  urged  such  a  comparison  and  suggested  that 
it  include  not  only  a  comparison  of  the  actual  upkeep  of  the 
locomotives  but  should  be  made  to  bring  out  the  relative  over- 
all u|)keop  of  the  railroad.  The  experimental  form  of  track 
I  have  before  alluded  to  could  probably  be  made  available  for 
experiments  by  the  cooperation  of  the  various  railroads  in- 
terested if  we  could  secure  some  concerted  action  looking  to 
the  inauguration  of  a  series  of  tests.  We  know  now,  from 
figures  obtained  over  a  number  of  years,  that  there  is  [irac- 
tically  no  difference  in  the  cost  of  locomotive  upkeep  between 
such  widely  divergent  types,  for  instance,  as  the  New  York 
Central  and  the  Pennsylvania  Terminal  locomotives,  and  it 
would  therefore  be  useful  to  bring  out  clearly  by  test  what 
other  differences,  if  any,  there  are  in  overall  adaptability  to 
influence  the  future  design  of  a  form  of  motive  |)ower  of 
growing  importance. 

C.  H.  QuEREAU.'  In  the  main  I  agree  with  the  conclusions 
reached.  However,  it  seems  to  me  very  unfortunate  that 
this  paper,  as  well  as  others  recently  presented,  is  a  general 
statement  of  the  conclusions  of  the  author  rather  than  a  state- 
ment of  accomplished  results.  There  should  now  be  available 
accurate  figures  based  on  actual  operation,  which  should  not  be 
held  back  because  of  mistaken  ideas  on  the  part  of  those 
who  have  the  facts  or  those  who  have  the  authority  to  make 
them  public.  That  Jlr.  Batchelder  appreciates  this,  is  shown 
by  the  last  paragra))h  of  his  paper. 

In  Mr.  Batchelder's  paper,  in  the  list  of  features  arranged 
in  the  order  of  their  importance,  I  would  add  "  Maintenance  " 
under  Item  4.  It  would  then  read  "  Convenience  of  Arrange- 
ment as  Affecting  Safety,  Effleieucy  of  (Operation  and  Main- 
tenance." It  is  fjuite  probable  that  convenience  of  mainte- 
nance was  in  the  author's  mind,  but  it  seems  to  me  of  sufficient 
importance  to  be  mentioned  specifically. 

In  the  discussion  under  the  heading  ''  Safety  of  Operation," 
I  must  confess  that  I  cannot  quite  follow,  probably  because  L 
do  not  clearly  understand  what  was  written,  or  have  not  the 
information  on  which  the  author  bases  his  discussion.  Tor 
instance,  in  describing  the  action  of  a  locomotive  having  two 
driving  axles  guided  by  a  two-axle  swivel  ti-uek  when  entering 
a  curve  the  statement  is  made  tliat  "  The  flange  of  the  leading 
wheel  gradually  comes  in  contact  with  the  outer  rail,  giving 
the   guiding   truck   an    angular   motion    about    its   outer   rear 
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wheel."  1  have  believed  that  tlie  angular  motion  of  a  four- 
wheeled  truck  was  about  its  inner  rear  wheel,  the  fact  being 
that  when  a  truck  is  on  a  curve  the  outer-forward-wheel  flange 
and  the  inner-rear-wheel  flange  are  against  the  rail,  the  other 
two  llanges  not  touching  the  rail.  I  do  not  see,  however,  that 
this  difference  is  of  particular  moment  and  bring  it  up  only 
that  the  matter  may  be  discussed  and  clearly  understood. 

I  believe  it  will  be  generally  agi'eed  that  the  operating 
advantages  gained  by  having  electric  locomotives  designed 
to  operate  in  either  direction  is  of  so  great  importance  that 
means  must  be  found  to  provide  satisfactory  designs  to  meet 
this  condition,  notwithstanding  the  fact  that  the  effect  of 
the  trailing  engine  truck  contributes  to  unstable  riding  of 
the  engine.  The  paper  proposes  to  prevent  this  oscillation 
by  the  introduction  of  resistance  against  swiveling.  This  is 
practicable  and  has  been  so  demonstrated,  but  results  in  in- 
creased flange  wear,  at  least  when  the  center  of  gravity  is 
low. 

As  to  reliabiUty  in  seivice,  we  have  had  a  number  of  papers 
describing  the  operation  of  electric  locomotives  on  steam  rail- 
roads, the  design  of  the  locomotives  and  the  description  of 
power  plants  and  transmission  lines,  but  reliability  in  service 
usually  has  been  overlooked.  In  eastern  territories,  especially 
around  tlie  large  cities,  a  delay  of  a  very  few  minutes  will 
upset  the  smootli  operation  of  the  railroad  for  hours  and  the 
effect  of  it  reach  back  on  the  line  for  150  miles.  The  pre- 
vention of  such  delays  is  worth  considerable  increase  in  first 
cost,  and  the  maintenance  methods  should  be  such  as  to  pre- 
vent delays  practically  I'egardless  of  cost;  it  is  decidedly  poor 
policy  to  reduce  maintenance  costs  if  by  so  doing  the  result  is 
increased  delays. 

Mr.  Batchelder  vei'y  wisely  considers  the  cost  of  mainte- 
nance of  permanent  way  of  more  importance  than  cost  of 
maintenance  of  locomoti\-es.  It  is  extremely  difficult  to  state 
definitely  what,  if  any,  effect  the  electric  equipment  has  on 
the  cost  of  maintenance  of  permanent  way.  If  the  cost  of 
maintenance  of  way  is  no  greater  under  electric  than  under 
steam  operation,  such  a  condition  would  undoubtedly  not  be 
used  as  an  argument  against  electrification. 

As  to  the  cost  of  maintenance  of  electric  locomotives,  the 
difference  in  cost-of-maintenance  charges  at  the  rate  of  3.5 
cents  a  mile  and  seven  cents  a  mile  may  be  safely  figured 
as  not  less  than  $1000  per  engine  )ier  year.  This  saving, 
capitalized,  represents  a  considerable  sum,  and  would  warrant 
an  aj)preciable  increase  in  first  cost  to  secure  it. 

In  discussing  a  paper  on  the  mechanical  design  of  electric 
locomotives  we  must  recognize  the  fact  that  there  is  no  common 
fund  of  experience  or  knowledge  from  which  to  draw  evidence 
in  reaching  conclusions,  as  there  is  concerning  steam  locomo- 
tives. Opinions  and  theories  are  essential  in  designing  radi- 
cally new  electric  equipment,  but  only  conclusions  based  on 
extended  service  results  are  authoritative.  No  one  has  had 
the  advantage  of  experience  with  more  than  one  type,  there- 
fore, one's  conclusions  as  to  other  types  are  based  on  opinions 
and  theoretical  considerations  rather  than  actual  results  as 
shown  by  seivice  records. 

So  far  as  I  know  the  published  data  on  service  results  are 
very  limited,  either  as  to  first  cost  or  maintenance  or  relia- 
bility in  service  as  shown  by  train-delay  statistics,  and 
therefore  each  person  will  place  the  emphasis  on  some  par- 
ticular feature,  rather  than  considering  results  as  a  whole. 
If  it  were  possible  for  this  Society,  as  a  neutral,  to  obtain 
statistics  covering  the  main  points  as  to  results  in  service, 
extending  over  several  years,  and  make  them  public,  it  would 
be  of  very  decided  value. 
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The  New  York  Central  electric  locomotives  are  aU  equipped 
with  bi-polar,  gearless  motors  mounted  directly  on  the  driving 
axle.  The  operating  results  have  been  completely  satisfactory 
to  the  officials  of  every  operating  department  affected.  This 
statement  does  not  include  the  net  financial  returns  from  the 
investment,  which  must  take  into  account  the  item  of  fixed 
charges.  With  the  usual  maintenance  these  locomotives  ride 
satisfactorily  and  without  undue  effect  on  the  track  structure, 
and  are  perceptibly  more  comfortable  than  steam  locomotives. 
In  order  to  secure  these  results  it  is  necessary  to  keep  the 
total  lateral  motion,  both  in  the  boxes  and  center  pins,  within 
three-quarters  of  the  allowable  lateral  motion  on  steam  loco- 
motives. Table  1  contains  statistics  which  will  permit  a  per- 
sonal conclusion  as  to  the  reliability  of  these  locomotives  in 
service,  which  wUl  probably  be  more  satisfactory  than  any 
expression  of  opinion. 


TABLE  1      TRAIN  DETENTIONS  DUE  TO  DEFECTS  IN  ELECTRIC 
LOCOMOTIVES 

Miles  Per  Detention — All  Locomotives 

Vear                          Mechanical       Electrical  Grand  Total 

1912 4S271                103967  32965 

1913 27S73                  86716  21093 

1914 35625                   57395  219S1 

1915 53720                107440  358]  3 

Type  S  Locomotives 

1915 595S3                187260  45201 

Note  :  .\11  detentions  of  two  minutes  or  more  included.  In  1913  and 
1914  there  was  a  total  of  sixteen  Class  T  locomotives  placed  in  service. 
In  1912  there  were  47  locomotives  in  service.  Since  the  middle  of  1914 
there  have  been  63.  Detentions  due  to  man  failure,  or  delays  to  follow- 
ing trains,  not  included. 

In  this  connection  I  wish  to  enter  a  strong  plea  for  the 
use  of  Miles  per  Detention  instead  of  Miles  per  Minute  De- 
tention as  the  unit  in  the  preparation  of  statistics  by  which 
to  judge  the  reliability  of  equipment  in  service  and  the 
efficiency  of  the  organization  responsible  for  maintaining  it. 
Including  the  time  element  leads  only  to  confusion. 


TABLE  2   INSPECTION  AND  REPAIRS  OF  ELECTRIC 
LOCOMOTIVES 

I Cost,  Cents  per  Mile ^ 

Year  Labor  Material  Total 

1912 1.888  1.460  3.348 

1913 1.982  1.454  3.436 

1914 2.1i55  2.134  4.286 

191.:; 1.901  1.379  3.280 

Note  :  The  above  statistics  were  compiled  in  accordance  with  the  re 
quirements  of  the  Interstate  Commerce  Commission.  In  the  year  1914 
it  was  necessary  to  replace  all  driving-wheel  tires  because  erf  unsuitable 
material,  regardless  of  the  extent  to  which  they  had  been  worn.  Th« 
costs  of  maintenance  have  been  essentially  as  above  since  1907,  omit- 
ting 1914. 


The  figures  in  Table  2  include  the  cost  of  inspection  and 
maintenance  of  all  the  electric  locomotives,  both  road  and 
switch.  In  1912  and  1913  approximately  half  the  total  engine 
mileage  and  in  1914  and  1915  approximately  one-third  was 
that  of  engines  used  in  switching  service.  The  cost  of  main- 
tenance of  engines  in  switching  service  is  about  twice  that  of 
those  used  exclusively  in  road  service.  It  follows  that  the  cost 
of  maintaining  the  road  locomotives  has  been  about  2.5  cents 
per  mile  and  that  of  the  switch  engines  about  4.8  cents  per 
miles.  These  engines  were  not  designed  for  switching  service; 
bearing  this  in  mind,  they  have  given  remarkable  results. 

For  the  first  ten  months  of  1916  the  average  cost  of  main- 
tenance of  all  the  electric  locomotives  has  been  2.73  cents 
per  mile.  This  gives  a  cost  of  approximately  four  cents  per 
mile  for  the  locomotives  in  the  switching  service  and  approxi- 
mately two  cents  per  mile  for  those  in  road  service.  I  expect 
these  costs  wUl  not  be  exceeded  for  the  entire  year  1916,  but 
very  much  doubt  that  we  will  be  able  to  keep  the  maintenance 
costs  permanently  at  this  level. 


CLOSURE  OF  MR.  BATCUELDER 

A.  F.  B.\TCHELDER.  One  point  I  want  to  bring  out  is 
the  desirability  of  having  more  weight  on  the  rail  at  the 
place  of  the  tlirust.  That  place,  by  actual  test,  is  at  the 
rear  truck.  That  is  not  from  guesswork,  or  from  theory,  or 
from  calculation,  but  actual  fact,  tested  and  observed  for 
50,000  miles  of  running,  for  the  particular  purpose  of  finding 
out  the  effect  of  a  double-end  locomotive  on  the  track.  I 
have  witnessed  rails  displaced  three-quarters  of  an  inch  by 
the  rear  truck  when  the  leading  truck  did  not  appear  to 
move  the  rail  at  all.  The  speed  at  this  time  was  in  the 
neighborhood  of  80  m.p.h. 

The  double-end  locomotives  I  have  seen  run  did  not  oscillate 
from  side  to  side  when  rimning  on  curved  track,  but  would 
hug  one  side  or  the  other  and  ride  steady;  on  tangent  track, 
however,  they  would  oscillate  from  side  to  side,  except  when 
the  truck  was  held  from  swiveling  in  the  track,  in  which 
case  the  locomotive  would  run  steady  just  as  it  did  on  the 
curves. 

Regarding  Mr.  Fowler's  tests,  they  seem  to  agree  with 
the  paper,  as  the  steam  locomotive  with  its  rigid  frame 
carried  directly  on  springs  and  with  its  center  of  gravity  the 
same  height  as  the  car  carried  on  low  center  pins,  did  not 
give  as  great  a  thrust.  The  car  would  give  the  effect  of  a 
low  center  of  gravity  because  the  side  thrust  was  taken  first 
against  the  center  pin  which  was  relatively  low,  resulting  in 
less  vertical  pressure,  while  the  locomotive  has  a  greater 
vertical  pressure  due  to  the  side  thrust  being  taken  directly 
and  down  through  the  side  springs  to  the  rail. 

I  have  never  seen  any  trouble  on  a  curve  with  double-end 
locomotives  except  where  too  large  resistance  was  used  against 
the  trucks  curving.  A  double-end  engine,  according  to  my 
experience,  is  absolutely  smooth  and  good  running  on  a 
properly  elevated   curve. 

In  regard  to  Mr.  Quereau's  remarks  as  to  the  pivot  point 
of  a  truck,  I  would  say  that  I  have  not  made  tests  to  deter- 
mine this,  but  as  the  outer  wheels  are  heavier,  due  to  the 
centrifugal  and  curving  forces  applied  at  the  center  pin,  I 
have  assumed  that  it  would  pivot  about  the  heavier  wheel. 

I  am  gratified  to  note  that  Mr.  Quereau  has  furnished 
figures  which  bear  witness  favoring  locomotives  of  the  simple 
and  efficient  design,  and  hope  that  these  figures  and  what 
Mr.  Quereau  has  to  say  about  the  operation  and  maintenance 
of  these  locomotives  will  have  careful  consideration  by  those 
interested.  Mr.  Quereau  has  spoken  about  the  resistance 
tending  to  prevent  the  guiding  trucks  from  oscillating  results 
in  increased  flange  wear,  and  I  believe  that  Mr.  Quereau  is 
right.  With  the  engines  Mr.  Quereau  has  in  mind,  there  is 
a  frietionai  resistance  of  an  amount  that  once  the  truck  has 
taken  a  position  some  external  force  is  required  to  put  it 
into  another  position,  and  it  might  therefore  run  cock-eyed 
on  the  track  and  cause  flange  wear.  In  that  particular  case 
flange  wear  is  much  preferable  to  oscillation. 

Mr.  Katte  has  spoken  of  coil  springs  on  the  journal  boxes, 
and  I  would  add  that  my  experience  with  them  has  been 
gratifying. 

Mr.  Young  has  understood  me  to  say  that  a  locomotive 
will  not  run  backward  safely.  I  would  rather  modify  that 
statement  and  say  that  it  is  not  desirable  to  run  it  back- 
ward. For  that  matter,  I  do  not  know  of  any  locomotives  of 
the  American  type  operating  at  80  m.p.h.  backward. 

Mr.  Eveleth  has  been  associated  with  me  throughout  a 
large  portion  of  his  experience  with  electric  locomotives,  and 
liis  discussion  favors  the  conclusion  of  the  paper. 

Replying   to   Mr.   Gibbs's   written   discussion,   I  would   say 
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that  Mr.  Gibbs  seems  to  agree  with  me  as  to  tbe  importance 
of  the  high  center  of  gravity  in  steam  locomotives;  however, 
it  seems  to  be  an  inherent  condition  in  steam  locomotives, 
and  if  it  were  not  desirable  it  would  be  difficult  and  expensive 
to  reduce  it  any  considerable  amount. 

It  is  also  desirable  to  have  the  dead  weight  below  the 
springs  as  little  as  possible,  especially  in  steam  locomotives 
where  the  unbalancing,  due  to  reciprocating  parts,  adds  rela- 
tively large  values  to  the  vertical  impact.  It  is  not  un- 
common in  well-designed  high-speed  steam  locomotives  to 
have  the  dead  weight  on  some  axles  13,000  or  14,000  lb.,  and 
to  this  is  added  the  effect  of  the  unbalancing,  due  to  the 
reciprocating  parts.  A  careful  analysis  of  this  will  show  that 
these  values  are  considerably  in  excess  of  the  dead-weight 
values  on  high-speed  electric  locomotives  of  the  design  sug- 
gested in  the  paper  as  best  adapted  for  this  service,  wliich 
has  been  built  up  to  the  present  time.  The  last  locomotives 
of  this  type  built  for  the  New  York  Central  K.R.  to  handle 
1200-ton  trains  at  60  m.p.h.  has  a  maximum  of  6.310  lb.  dead 
weight  per  axle. 

Again  Mr.  Gibbs  agrees  with  me  in  that  we  should  not 
abandon  any  of  the  important  jirinciples  that  have  been 
found  good  in  steam  practice.  I  would  add,  however,  pro- 
viding it  is  possible  to  retain  the  principle  in  its  desirable 
form.  I  believe  the  paper  has  made  it  clear  that  the  high 
center  of  gravity  cannot  be  used  to  the  same  advantage  in 
double-end-operating  locomotives  with  trailing  trucks  as  with 
a  single-end  steam  locomotive,  unless  special  provision  is 
made  in  the  design  of  the  truck,  in  which  case  it  matters  not 
whether  the  center  of  gravity  is  high  or  low. 

Relative  to  the  unsymmetrical  wheel  and  weight  distribu- 
tion in  double-end-operating  locomotives,  I  am  unprepared 
to  agree  or  disagree  with  Mr.  Gibbs,  but,  offhand,  I  would 
say  that  within  the  possibilities  of  locating  the  weights, 
the  effect  would  be  slight  and  could  be  easily  overcome  by 
the  design  of  the  guiding  trucks. 

As  to  Mr.  Gibbs's  "  A  word  more  about  the  high  center  of 
gravity,"  and  how  electrical  designers  secure  I  he  high  center 
of  gravity.  I  wish  to  repeat  tliat  it  does  not  make  any  differ- 
ence whether  the  center  of  gravity  be  high  or  low,  or  how 
it  is  obtained,  if  the  locomotive  is  provided  with  guiding 
trucks  at  each  end  (the  locomotive  is  guided  at  its  ends  and 
not  in  (he  middle),  and,  as  stated  in  the  paper,  the  trucks 
can  be  designed  to  obtain   the  results  required. 

The  testing  device  that  Mr.  Gibbs  describes  is  extremely 
interesting  and  very  valuable  in  determining  certain  charac- 
teristics, such  as  the  transverse  movement  required  in  the 
trucks  and  measuring  the  transverse  pressures  tending  to 
displace  the  rail,  but  it  does  not  determine  whether  or  no 
the  locomotive  is  destructive  to  the  track  or  safe  to  operate, 
as  it  makes  no  record  of  the  vertical  pressure  which  affects 
the  adhesion  between  the  rail  and  tie,  which  Mr.  Gibbs 
apparently  deems  important  and  which  I  believe  is  one  of 
the  most  important  features  to  be  obtained. 

It  is  not  the  intention  of  the  paper  to  convey  the  idea 
that  it  is  necessary  to  have  leading  trucks  for  the  successful 
high-speed  locomotive,  but  to  say  that  with  leading  trucks 
the  desired  results  can  be  obtained. 

Relative  to  the  desirability  of  operating  single-end  loco- 
motives backward,  I  am  quite  content  to  leave  this  with 
those  who  have  had  experience  in  operating. 

Relative  to  gearing  locomotives  to  obtain  satisfactory  results 
for  high-  or  low-s])eed  service,  I  would  say  that  this  is  done 
very  effectively  on  several  roads,  and  the  results  indicate 
that  it  is  very  good  practice. 


THE  FLOW  OF  STEAM  AND  AIR  THUOUGU  ORIFICES,  HERBERT 
B.    REYNOLDS 

G.  B.  Upton.  Inspection  of  the  paper  as  to  conditions  of 
measurement  shows  (1)  that  pressures  were  taken  in  the  dead 
eddies  close  to  the  orifice  plate,  above  and  below;  (2)  that 
orifices  were  small  compared  to  pipe  diameter,  the  largest  ratio 
being  with  a  i/n-in. -diameter  orifice  in  a  2-in.  pipe;  (3)  and 
that  pressure  drops  were  large,  generally  all  or  nearly  all  of 
the  excess  of  pressure  P,  above  atmosphere  being  used  to 
cause  flow.  The  author  did  not  touch,  nor  intend  to  touch,  on 
the  experimental  ease  of  a  thin-plate  orifice,  large  compared  to 
pipe  and  pressure  drop  small  compared  to  initial  pressure,  that 
is,  the  conditions  which  would  make  the  tliin-plate  orifice  a 
competitor  of  the  venturi  tube  as  a  measuring  device. 

The  usual  formula  for  flow  of  gases  or  vapors  through  a 
venturi  is 


[1] 


w    rrl:;   '""'''  y/y  p.  U(i-x)^/^--(i-.)'^+'>/ny 

In  this  equation  the  units  are  in  the  foot-pound-second  system. 
TF  is  the  flow  in  pounds  per  second;  C  the  "  coefficient"  of  the 
venturi;  F,  the  area  of  the  throat  of  the  venturi;  S  the  den- 
sity in  pounds  per  cubic  foot;  y  the  ratio  of  specific  heats  at 
constant  pressure  and  constant  volume  for  the  gas  or  vapor; 
X  the  ratio  of  the  "  venturi  head  "  (or  drop  in  pressure  from 
entrance  to  throat  of  the  venturi)  to  the  driving  pressure  at 
entrance,  or  x  =AjP/-P,  =  (^i— ■Pj)/^?!;  and  a  the  square  of 
the  area  ratio  FJF^.  Subscripts  0  refer  to  standard  conditions 
for  the  gas;  subscripts  1  and  2  to  entrance  and  throat  of  the 
venturi,  respectively. 

In  an  article  by  the  discusser  in  the  Sibley  Journal  of  Engi- 
neering for  December,  1914,  pp.  90-95,  it  was  shown  that  the 
venturi  formula  [1]  could  be  replaced  by 
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Tlie  accuracy  of  this  simplified  formula  was  shown  to  be  within 
one  per  cent,  even  for  the  largest  values  of  A  P/P,)  if  we  re- 
member the  "  critical "  value  of  P,  with  regard  to  P,  for  gas 
expansion,  and  the  variation  of  nozzle  coefficients  with  flow 
when  AP  is  large  compared  with  P,. 

To  compares  equation  [3]  with  that  of  Reynolds,  we  must 
change  to  the  same  units.  TT'  of  [3]  changes  to  Q  of  Reynolds' 
formula  by  multiplication  by  60/S„.  P  and  AP  values  of  [3] 
change  to  corresponding  values  of  Reynolds'  formula  by  multi- 
plication by  144.  P,  of  [3]  must  be  multiplied  by  144  to  re- 
duce to  inches.  C  may  be  taken  as  unity.  8„  for  air  =  0.0807; 
T^  =  492  deg.  fahr.;  P„  =  14.7,  and  V  {2g)  =  8.02.  Hence 
the  reduced  formula  obtained  from   [3]  is 
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The  orifices  used  by  Reynolds  ranged  from  %  in.  to  V2  i"- 
in  diameter,  in  lV2-in.  or  2-in.  pipes.  Taking  a  3/16-in.  ori- 
fice in  2-in.  pipe  as  typical,  the  ratio  of  orifice  area  to  pipe 
area  is  (3/32)".  There  is  a  contraction  of  area  of  the  flow  be- 
yond the  tliin-plate  orifice,  on  the  low-pressure  side,  with  a 
"contraction  coefficient"  (K)  which  most  probably  lies  near 
0.60,  and  must  be  between  0.60  and  1.00.  The  reason  that  we 
cannot  take  A"  as  0.60  is  that  when  the  pressures  are  measured. 
as  Reynolds  did,  close  up  to  the  orifice  plate,  the  pressure  drop 
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is  slightly  less  thau  if  it  were  taken  exactly  at  the  section  of 
mininnnn  area  of  ilow  below  the  oritice.  This  smaller  pressure 
drop  we  compensate  for  in  our  calculations  by  using  a  value 
•of  K  larger  than  its  true  value,  which  is  somewhere  near  0.60. 
The  effective  value  of  K  may  be  0.70  or  0.80. 

It  is  the  contracted  How  beyond  the  thin-iilate  orirtee  which 
really  corresponds  to  the  tlu'oat  of  a  venturi.  The  area  ratio 
from  pipe  size  to  throat  size  is  ir(3/32)";  and  assuming 
K  =  0.75,  the  factor  a  in  the  venturi  formula  is  0.75°  (3/32)' 
=  0.000043.  This  is  so  near  to  zero  as  to  be  negligible.  The 
value  of  y  for  air  is  1.40,  under  ordinary  pressures  and  tem- 
peratures. On  account  of  the  contraction  of  How^  beyond  the 
orifice  the  value  of  F.  in  the  venturi  formida  is  KA,  A  being 
the  area  of  the  orifice.  With  these  values  inserted  in  formula 
[4]  it  becomes 
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the  contraction  coetficient  of  the  orifice  is  a  function  of  P, 
and  (P,  —  PJ,  it  will  be  evident  that  the  e.xpression  0.655 
[P^ — P.")""  may  be  a  very  good  fit  to  experimental  values 
of  flow  throughout  the  entire  range  of  pressure  and  pressure- 
diop  \alues. 

Putting  the  expression  0.655  (Pj'  —  P/)'"*'  in  place  of 
{  {P,  —  P.^  (— 0.072  P^  + 1.072  K)  }  %"  in  equation  [5], 
there  results 
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Fig.  1     Comparison  of  Reynolds  and  Venturi  Formulae 


The  expression  {  (P,  —  P,)  (— 0.072  P,  +  1.072  PJ  }'/' 
is  obviously  not  convertible  by  algebraic  transformation  into 
anything  much  like  Reynolds'  expression  {V^  —  P,)°^!  which 
may  be  written  for  comparison  as  I  (Pj  —  P,)  (P^-^P,)  |'/t- 
Dropping  the  attempt  to  make  a  direct  conversion  of  one  for- 
mula into  the  other,  we  may  test  to  see  whether  there  is  some 
constant  ratio  between  the  two  expressions  {  (^1  —  P') 
(  —  0.072  P,  +  1.072  P,)  }  %  and  (P;  —  P;)'-".  Table  1  and 
Fig.  1  show  the  comparison  and  its  results. 

The  figures  in  Table  1  are  plotted  in  Fig.  1.  The  line  AB 
has  the  equation  0.655  (P,'  — P/)°"".  Up  to  the  point  C  it 
fits  nicely  the  values  calculated  from  the  modified  venturi 
equation.  The  venturi  values  then  go  down  CDE;  but  the 
venturi  equation  is  here  wrong  because  the  values  of  P,  are 
below  the  critical.  The  actual  values  would  follow  out  the  gen- 
eral direction  CDF  rather  than  CDE.     If  we  remember  that 
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Reynolds'  expression  makes  the  coefiicient  of  -1  to  be  405. 
For  this  to  be  so,  it  is  necessary  that  K  have  the  value 
405/534  =  0.758,  which,  as  has  been  pointed  out  above,  is  both 
possible  and  reasonable.  The  conclusion  is  that  Reynolds' 
empirical  formula  agrees  as  well  as  can  be  expected  with  the 
mathematical  calculations  of  the  flow  of  air  under  the  cir- 
cumstances of  his  measurements. 
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DRAKES    rol;    HEAVY    PASSENGER    EQUIPMENT    CM: 
T.    L.    liUItTON 


O.  C.  Cromwell.  In  about  1912  the  Baltimore  &  Ohio 
Railroad,  along  with  other  railroads,  began  to  replace  wooden 
passenger-equipment  cars  with  all-steel  cars  of  greater  length 
and  heavier  weight,  and  with  these  cars  more  or  less  difficulty 
was  experienced  in  the  proper  controlling  of  the  speed  and 
braking  of  the  trains,  necessitating  very  close  and  frequent 
adjustment  of  the  brake  apparatus  on  the  trucks. 

In  1914  the  Baltimore  &  Ohio  Railroad  again  purchased  a 
number  of  passenger-equipment  cars,  including  60-ft.  steel 
smokers  with  4-wheel  cast-steel  trucks,  steel  coaches,  passenger 
and  baggage,  baggage  and  mail  and  baggage  cars  with  fi-wheel 
cast-steel  trucks  and  weighing  about  135,000  lb.,  and  73-ft. 
dining  cars  weigliing  about  157,000  lb.  Clasp  brakes  were 
applied,  and  the  clasp  brake  is  now  considered  the  standard 
brake  for  this  class  of  equipment. 

As  passenger  equipment  cars  become  larger,  the  question 
of  increasing  the  size  of  cylinders  and  the  brake  apparatus 
has  become  quite  a  serious  one.  Relief  has  been  found  in 
the  use  of  clasp  brake,  in  that  while  an  18-in.  diameter  cylinder 
may  be  used  on  cars  with  maximum  weight  of  143,000  lb.  with 
single-shoe  brake-beam  type  of  truck,  however,  with  clasp 
brakes  a  maximum  weight  of  153,000  lb.  is  allowed. 

The  clasp  brake  prevents  the  rapid  accumulation  of  piston 
travel  and  consequently  enables  a  larger-diameter  cylinder  to 
be  used.  The  old-style  brake  with  a  standing  piston  travel  of 
6  in.  has  a  running  travel  of  714  in.,  a  difference  of  11/2  in., 
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while  the  clasp  brake  with  a  standing  travel  of  U  in.  lias  a 
running  travel  of  6%  in.,  a  dili'erence  of  ^4.  in. 

The  location  of  the  shoe  of  the  clasp  brake  in  rehition  to 
the  wheel,  namely  on  the  horizontal  center  line,  prevents  the 
rapid  accumulation  of  slack,  and  consequently  piston  travel, 
while  the  old-style  brake  beam  with  the  single  shoe  located 
some  distance  below  the  center  line  caused  rapid  wear  and  ac- 
cumulation of  slack  which  was  reflected  in  the  piston  travel. 

With  the  single-shoe  brake  beams  on  the  heavier  trains  on 
long  grades,  when  the  brake  shoes  were  wearing  thin,  the 
shoes  have  been  found  fused  to  the  heads  due  to  the  heat 
generated  by  the  long  application  of  brakes.  This  condition 
does  not  obtain  with  the  clasp  brake. 

With  the  clasp  brake  journal  bearings  wear  more  uni- 
formly and  do  not  crowd  to  the  side,  as  in  tlie  case  of  single- 
shoo  brakes.  It  lias  also  been  found  with  the  clasp  brake  that 
there  is  less  wear  on  the  pedestal  jaws  and  the  journal  boxes 
and  the  shoes,  and  when  starting  out  from  a  terminal  shoes  can 
be  permitted  to  go  on  a  run  worn  as  much  as  i/4  "i-  thinner 
than  in  the  case  of  the  single-shoe  application.  We  feel 
that  on  the  heavier-passenger-equipment  cars  the  clasjj  brake 
will  shortly  be  found  in  almost  universal  use. 

The  reduction  in  the  number  of  hot  boxes  on  passenger-train 
cars  which  has  taken  place  since  the  application  of  clasp 
brakes  is  not  claimed  to  lie  due  wholly  to  the  clasp  brake,  but 
it  has  contributed  its  share  to  the  improvement. 

B.  P.  Flory.  The  conclusions  which  are  arrived  at  in  the 
paper  are  borne  out  by  practical  experience  of  roads  which 
have  cars  equipped  with  clasp  brakes  in  service.  On  the  New 
York,  Ontario  &  Western  Railway  we  have  12  all-steel  cars 
weighing  106,000  lb.  with  four-wheel  trucks  equipped  with 
clasp  brakes  since  May,  1914.  There  has  been  no  trouble  ex- 
perienced in  the  operation  of  the  brakes  on  these  cars  and  we 
have  noticed  all  of  the  things  to  which  Mr.  Burton  calls  atten- 
tion. These  cars  run  in  train  with  other  cars  wlrich  have  the 
single  brake,  and  the  difference  in  riding  of  the  cars  when 
stopped  is  very  noticeable. 

As  to  hot  boxes,  we  find  that  for  a  period  of  30  months, 
the  cars  making  in  that  time  a  mileage  of  1,873,500,  there  have 
been  10  hot  boxes,  mostly  due  to  new  wheels  and  axles.  Dur- 
ing the  same  period  the  balance  of  our  jsassenger  cars  had  88 
hot  boxes  with  a  mileage  of  11,507,200,  or  an  average  of 
130,760  miles  per  hot  box  against  an  average  of  187,350  miles 
i'uc  tne  cars  equipped  with  clasp  brakes. 

Ml.  Burton's  conclusion  concerning  the  use  of  clasp  brakes 
in  order  to  stop  trains  in  a  short  distance  should  be  m  the  mind 
of  every  railroad  official  when  the  question  of  new  equipment 
is  raised.  This  is  recognized,  for  in  1915  the  Master  Car  Build- 
ers' Association  adopted  as  recommended  practice,  the  rule 
that  all  passenger  ears  with  four-wheel  trucks  weighing  96,000 
lb.  and  o\'er.  and  all  passenger  cars  with  six-wheel  trucks 
weighing  136,00(1  lb.  and  over  should  be  equipped  with  clasp 
brakes. 

C.  B.  Sjiith'.  The  subject  has  been  so  thoroughly  covered 
by  the  author,  who  is  the  ''  father  of  clasp  brakes,"  as  to  leave 
little  either  to  criticize  or  add.  To  the  advantages  which  the 
author  has  stated  it  might  be  added  that  the  clasp  brake  has  ac- 
complished more  successfully  that  which  was  previously  sought 
for  by  the  adoption  of  the  brake-slack  adjuster,  i.e.,  taking 
up  slack  due  to  shoe  wear  as  well  as  other  lost  motion  in  the 


brake  rigging  and  trucks.  The  slack  adjuster  now  becomes  a 
necessary  adjunct  to  the  clasp  brake  and  will  perform  its  func- 
tions as  intended. 

Our  limited  experience  with  the  clasp  brake  confirms  all 
that  the  author  claims.  No  new  passenger  equipment  will  be 
constructed  without  this  valuable  improvement.  Moreover, 
witli  its  adoption  upon  important  train  equipments  the  way  is 
opened  for  one  of  the  next  desirable  improvements  in  brake 
meo'ianisms,  i.e.,  that  which  will  justify  producing  simultane- 
ous application  as  well  as  release  of  brakes  on  all  cars  of  the 
train,  whicli  can  be  done  with  the  electric-control  device.  The 
use  of  the  clasp  brake  on  all  the  cars  in  an  entire  train  will  not 
completely  ehminate  jjossible  rough  handling  because  of  the 
time  interval  between  head-  and  rear-end  ap]ilication. 

THE   T.M.IiOT    BOILER.    lAIT,   .\.    TAh'-.O'V 

D.  K.  Warner'.  I  should  like  to  ask  Mr.  Talbot  if  any 
experiments  have  been  made  since  those  conducted  by  the 
U.  S.  Geological  Survey  on  the  temperature  of  the  tube  metal 
in  a  boiler  of  natural  gravity  circulation.  Those  tests  showed 
that  the  tube  temperature  remained  practically  that  of  the 
water  in  the  tubes.  As  the  capacity  for  receiving  heat  de- 
pends only  on  the  temperature  difference  between  the  tube 
and  the  gases,  and  the  velocity  of  the  gases,  I  would  take  ex- 
ception to  Mr.  Talbot's  statement  that  "  the  high  rate  of  evap- 
oration is  obtained  because  of  the  high  velocity  of  water  in 
the  tubes."  Inasmuch  as  with  ordinary  circulation  the  tubes 
keep  as  cool  as  the  water,  it  would  seem  that  the  high  capacity 
of  this  boiler  is  due  more  to  the  high  furnace  temperature,  the 
absence  of  baffles  and  other  special  features.  I  would  also 
like  to  ask  if  the  periodic  temperature  variations  mentioned 
would  be  great  enough  to  injure  a  turbine. 

Because  of  its  freedom  of  expansion  this  boiler  seems  ad- 
mirably suited  for  very  high  capacities.  May  I  ask  the  author 
then  why  he  limits  himself  to  a  draft  of  two  inches  of  water. 
Using  20  lb.  of  air  per  lb.  of  oil,  a  draft  of  24  inches  of  water 
requires  by  theory  less  than  IV2  per  cent  of  the  power  de- 
veloped in  the  turbo-generator.  Electric  fans  are  built  of  50 
per  cent  efficiency,  so  that  it  would  actually  require  but  3  per 
cent  of  the  power.  High  capacities  will  be  essential  on  the 
new  ships  of  such  great  power  and  the  flue  temperatures  can 
be  kept  down  by  adding  a  few  layers  of  tubes. 


A  Norwegian  shipbuilding  concern,  according  to  The  Times 
Engineering  Supplement  (Jan.  26,  1917),  is  about  to  con- 
struct a  reinforced-conerete  ship  of  3000  tons  dead-weight 
capacity  which  is  to  be  fitted  with  Diesel  engines  for  pro- 
pulsive purposes.  Hitherto  the  use  of  this  material  has  been 
restricted  to  small  vessels. 


The  coefficient  of  friction  of  bronze  on  bronze  has  been 
the  subject  of  some  recent  experiments  by  the  U.  S.  Reclama- 
tion Service.  The  tests  were  conducted  on  the  slide-gates  at 
the  Pathfinder,  Arrowrock,  and  Elephant  Butte  dams.  The 
head  on  the  center  of  the  gates  varied  between  50  ft.  and  125 
ft.  The  average  coetlicient  of  friction  of  the  opening  stroke 
ranged  between  0.31  and  0.42  for  the  different  dams.  The 
maximum  ranged  between  0.383  and  0.44.  The  average  for 
the  closing  stroke  ranged  between  0.254  and  0.29  and  the  maxi- 
mum between  0.2G8  and  0.34.  (Weittern  Engineering,  vol.  8, 
no.  2,  February  1917,  ji.  51). 
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LARGE  RECLAMATION  PUMPING  PLANT 

Discussion  by  Louisiana  Engineers  of  the  Details  of  Design  of  the   Largest   Drainage   Pump- 
ing Plant  in  California 


A  JOINT  meeting  of  the  Louisiana  Society  of  Members  of 
the  American  Society  of  Civil  Engineers  and  of  the 
New  Orleans  Section  of  The  American  Society  of  Mechanical 
Engineers,  held  on  October  2,  1916,  was  devoted  to  the  dis- 
cussion of  a  paper  entitled  The  Design  and  Test  of  a  Large 
Reclamation  Pumping  Plant,'  by  G.  C.  Noble,  of  San  Tran- 
eisco.  This  discussion  is  published  below,  preceded  by  a  brief 
abstract  of  the  paper,  which  is 
given  here  for  the  purpose  of 
reference. 


ABSTRACT  OF  PAPER 

During  the  last  few  years 
there  has  been  a  very  rapid 
development  in  reclamation 
work  along  the  rivers  of  Cali- 
fornia, with  a  decided  tendency 
towards  the  formation  of  very 
large  districts.  To  accomplish 
true  reclamation  it  is  neces- 
sary not  only  to  exclude  the 
flood  or  overflow  waters,  but 
also  to  provide  a  drainage  and 
pumping  system  which  will  in- 
sure the  removal  of  aU  surface 
water,  whether  from  rainfall 
or  seepage,  as  fast  as  it  ac- 
cumulates. Failure  to  do  so 
will  result  in  a  very  great  loss, 
and  it  is  therefore  imperative 
that  the  system  be  designed  in 
accordance  with  the  best  engi- 
neering practice. 

In  this  paper  the  author  outlines  the  problems  involved  in 
the  ease  of  Reclamation  District  1500,  commonly  called  Sutter 
Basin,  one  of  the  largest  in  the  state  of  California,  the  solution 
of  which  has  resulted  in  the  construction  of  the  largest  rec- 
lamation pumping  plant  in  this  country,  having  six  800-hp. 
units.  The  District  has  an  area  of  about  66,000  acres,  and  to 
reclaim  the  tract  it  was  necessary  to  surround  it  with  some  70 
miles  of  levees. 

The  author  first  describes  the  methods  employed  in  determin- 
ing the  amount  of  drainage  water  due  to  run-off  from  rainfall 
and  to  seepage  through  levee  banks,  to  be  handled  by  the 
pumping  plant,  and  after  a  study  of  data  dealing  with  the 
maximum  pumping  head,  concludes  that  the  plant  capacity 
should  consist  of  pumps  that  can  lift  1000  sec-ft.  against  a 
29-ft.  head. 

As  the  plant  was  accessible  to  three  electric-pow£r  com- 
panies, it  was  decided  to  use  motor-driven  centrifugal  pumps; 
six  units,  each  a  50-in.  pump  having  a  normal  capacity  of  175 
sec-ft.  against  a  discharge  head  of  29  ft.  and  driven  by  an 
800-hp.  motor,  being  decided  on  as  offering  the  most  satisfac- 
tory arrangement  and  best  economical  design.    Power  is  deliv- 


The  paper  by  G.  C.  Noble,  purchasing  en- 
gineer of  the  Shell  Company  of  California,  en- 
titled The  Design  and  Test  of  a  Large  Reclama- 
tion Pumping  Plant,  originally  presented  at  a 
meeting  of  the  San  Francisco  Section  of  The 
American  Society  of  Mechanical  Engineers,  pub- 
lished in  the  May  1916  issue  of  The  Journal  and 
later  presented  at  the  Thirty-Seventh  Annual 
Meeting  of  The  Society  in  December  1916,  was 
also  discussed  at  a  joint  meeting  of  the  New 
Orleans  local  association  of  the  American  So- 
ciety of  Civil  Engineers  and  the  New  Orleans 
Section  of  The  American  Society  of  Mechanical 
Engineers  on  October  2,  1916. 

Mr.  Noble's  paper  dealt  with  drainage  prob- 
lems involved  in  Reclamation  District  1500,  one 
of  the  largest  in  the  state  of  California,  the  solu- 
tion of  which  problems  resulted  in  the  construc- 
tion of  the  largest  reclamation  plant  in  this 
country;  and  ivhat  the  New  Orleans  engineers 
had  to  say  regarding  the  California  project 
makes  interesting  reading.  Also,  the  discussion 
here  presented  brings  out  incidentally  a  number 
of  valuable  points  in  connection  rvith  present 
drainage  practice  in  Louisiana. 


ered   at   2200   volts   from   three   1500-kva.   outdoor-type   oil- 
cooled  transformers  receiving  energy  at  60,000  volts. 

Inasmuch  as  the  district  would  be  flooded  the  first  year  after 
installing  the  plant  on  account  of  non-completion  of  the  levees, 
and  also  as  a  protection  against  damage  to  pumps  from  flood- 
ing due  to  possible  breaking  of  levee  at  high  water,  it  was  nec- 
essary to  design  the  walls  of  the  (reinforeed-concrete)  pump- 

ing-plant  building  to  withstand 
a  depth  of  water  on  the  outside 
of  18.  ft.  above  floor  level, 
which  resulted  in  the  use  of 
walls  4  ft.  6  in.  thick  at  the 
base  of  the  floor  line.  The 
uplift  pressure  on  the  bottom 
of  the  building  amounted  to 
nearly  5000  tons. 

Results  of  preliminary  tests 
on  one  unit  are  embodied  in 
the  paper  in  a  chart,  which 
shows  a  combined  motor  and 
pump  eflSciency  of  very  nearly 
60  per  cent  at  a  discharge  of 
165  see-ft.  and  29  ft.  head. 


ME.  OKBY  DISCUSSES  THE 
DETERMINATION  OF  THE 
PROPER  CAPACITY  OF  A 
PUMPING   PDANT 


Charles  W.  Okey.'  The  de- 
termination of  the  proper  ca- 
pacity of  a  pumping  plant  to 
remove  the  drainage  water 
from  a  given  district  is  the  most 
important  step  in  its  design, 
for  the  main  purpose  of  the  drainage  district  is  agriculture 
and  not  pumping  water.  A  pumping  plant  might  be  cor- 
rectly designed  as  to  economy  and  reliability  of  operation,  yet 
might  be  too  small  to  give  the  district  adequate  drainage. 
The  loss  of  even  a  portion  of  one  crop  on  the  district  might 
easily  exceed  the  entire  cost  of  a  plant  of  sufficient  capacity 
to  insure  drainage  at  all  times.  This  fact  has  been  recognized 
in  a  number  of  places  where  drainage  is  secured  by  pump- 
ing, and  the  present  tendency  is  towards  larger  relative  capac- 
ity. This  additional  money  spent  in  a  pumping  plant  is 
looked  upon  by  the  owners  of  the  land  as  an  insurance  policy 
against  loss  by  floods.  In  addition,  the  greater  feeling  of 
security  given  by  a  pumping  plant  much  larger  than  those 
around  it  has  resulted  in  a  rise  in  land  values  in  districts 
served  by  extra-large  pumping  plants  over  those  not  so  well 
protected. 

The  method  Mr.  Noble  has  used  in  arriving  at  the  proper 
capacity  of  pumping  plant  looks  reasonable,  except  that  his 
assumption  of  25  per  cent  as  the  proportion  of  the  rainfall 
that  will  run  off  is  apparently  too  small.    The  heaviest  rainfall 


'  The  Journal,  May  1916,  page  371. 


'  Senior    Drainage    Engineer,    U.    S.    Dept.    of    Agriculture,.    Tulane 
Univ.,  New  Orleans,  La. 
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comes  during  the  winter  season  when  the  evaporation  is  at  a  rial.     This  may  be  accomplished  by  placing  the  suction  and 

minimum.    At  similar  times  the  percentage  of  rainfall  appear-  discharge  basins  a  sufficient  distance  apart  for  the  friction 

ing  as  run-o££  has  been  as  high  as  75  or  80  per  cent  on  the  thi-ough  the  porous  material  at  a  safe  rate  of  percolation  to 

districts  in  Louisiana.    The  plant  capacity  as  he  has  designed  equal  the  maximum  head.    The  cheapest  way  to  connect  these 

it  is  about  0.40  in.  per  24  hours.    The  main  drainage  channel  suction  and  discharge  basins  is  usually  by  metal  pipes,  and 

has  a  storage  capacity  slightly  over  0.20  in.    During  the  storm  there  is  an  added  element  of  safety  by  having  the  pipes  go 

period  of  January  12  to  15,  1911,  when  5.16  in.  of  rain  fell,  over  the  levee. 

the  pumping  plant  and  reservoir  canals  would  have  been  able  As  has  been  pointed  out  several  times  in  articles  on  dams, 

to  take  care  of  a  depth  of  1.80  in.  over  the  entire  watershed,  a  perfectly  safe  dam  may  be  built  on  sand  or  other  porous 

provided  the  canals  were  empty  when  the  rain  started.     This  material,  provided  proper  coefficients  are  used  in  figuring  the 

would  have  been  about  35  per  cent  of  the  total  rainfall.     If  length  of  travel  for  the  water  through  the  porous  material. 

the  land  were  saturated  when  this  storm  started,  from  com-  Mr.  W.  G.  Bligh  has  given  the  following : 

parison  with  results  in  Louisiana,  this  capacity  appears  to  be  j  _  prr 

rather  small.     However,  most  of  the  studies  on  the  districts  ,         ttiii?!           j-cc             ■     t      ^    i>       t.       u 

'  where  H  =  head  or  water  or  ditterence  m  level  oi  water  above 

m  Louisiana  have  been  made  on  much  smaller  ones  than  that  ,  ,    ,        , 

and  below  dam 

mentioned  bv  Mr.  Noble.    As  a  result,  two,  or  possibly  three,  t       ,       ii       i.    /.        i    ^            j.          i  i               i  i- 

,,   ,         ,           .    ,    '          ,.  ,              .  L  =  length    of    travel    for    water    while    percolating 

days  should  be  added  to  the  period  over  which  pumping  oc-  ,,          ,    ,,                       *    •  i 

•'     ,       ,          .             ,      -,.1    ,         ,                  .             ,          ,,  through  the  porous  material, 
curred.     Assuming  as  he  did  that  the  reservoir  canal  would 

be  empty  on  January  13,  and  would  be  empty  again  on  Janu-      '^'"'  "'''^  ^^^^  ^^""^  ''''^  «i'* ^  =  ^? 

ary  17,  the  total  amount  pumped  would  be  about  2.00  in.,  or      ^"^  ^"^^  ^^"^^ C  -  lo 

nearly  40  per  cent  of  the  total.  ^"^  '^o^'^^*^  ^^""^ ^  =  ^^ 

Even  if  it  were  considered  that  only  60  per  cent  of  the  total  °  '    \ ^         ,      n 

.„,,,,,,,      J,  j-c       A  I.    f  T  For  boulders  and  gravel 6  =    4  to  b. 

rainfall  had  to  be  handled  in  five  days,  starting  on  January  " 

13,  the  capacity  of  the  pump  would  have  had  to  be  0.60  in.  If  there  is  a  line  of  sheet  piling  or  a  cut-off  wall  extending 

per  24  hours.     Looking  at  the  question  from  the  side  of  the  into  the  porous  material,  L  may  be  measured  along  the  course 

investor  or  actual  cultivator  of  the  land,  this  additional  safe-  which  the  seepage  would  take,  namely,  horizontally  through 

guard  might  be  justified.  the  porous  strata  until  it  strikes  the  obstruction,  then  down 

Present  practice  in  Louisiana  is  to  install  a  capacity  of  one  side  and  up  the  other,  the  water  following  the  surfaces 

about  1.50  in.  on  districts  of  about  4000  or  5000  acres,  where  of  the  solid  material. 

the  resei-\oir  capacity  is  perhaps  0.50  in.    Of  course  the  rain-  By  this  use  of  sheet  piling  the  horizontal  distance  between 

fall  is  much  heavier,  but  this  would  provide  for  a  much  larger  suction  and  discharge  basins  may  be  reduced.     An  apron  of 

percentage  of  run-off  than  provided  by  Mr.  Noble.     It  is  to  impervious  material  on  the  discharge  side  of  the  plant  may 

be  hoped  that  records  of  operation  of  this  plant  will  be  kept,  also  be  used  to  cut  down  the  length  of  discharge  pipe  neces- 

so  that  future  districts  will  have  some  actual  data  on  which  sary.    A  row  of  sheet  piling  on  the  outer  edge  of  this  apron 

to  base  the  design  of  capacity.  is  also  helpful.     On  the  other  hand,  there  is  no  advantage  in 

having  the  intake   paved  with   a  watertight   pavement  over 

„   „ ^^„ c,T„„^»,   «„   ^ro^r,  .  r.^^  uslug  rip-tap  mcrcly  to  prevent  scour.    If  the  pavement  were 

MR.    HDTSON    DISCUSSES    THE    DISPOSITION    OF    DISCH.VRGE  .    ,          ,                    ,,           ,     ,,       ,             ,/,i.                 ,                     , 

PIPES  FOR  V.\RI0US  SUBSOIL  CONDITIONS  watertight,  there  would  probably  be  upliit  enough  to  crack 

the  pavement. 
H.  L.  HvTSON.    We  should  not,  in  my  opinion,  compare  this 

plant,  with  its  high  lift,  with  our  local  drainage  projects.    Mr. 

XT  ui   I             ui          •                             1           ™       ..   v,i„   „i-u    „,-    •,  .„„  MR    DUSENBUKY  COMMENTS  ON  THE  HIGH  NOZZLE  VELOCITY 

Noble's  problem  is  more  nearly  comparable  with  our  irnga-  ^                             ^^  ,^^^  pumps 

tion  plants  of  Western  Louisiana  and  Texas  than  with  our 

low-lift  drainage  plants  of  the  coast  country.     It  is  also  sim-  Allen  T.  Dusenbury."     Pump  manufacturers  have  urged 

ilar  to  the  drainage  projects  of  Iowa  and  Illinois,  but  with  that  nozzle  velocities  should  not  exceed  6  or  8  ft.  per  sec.    The 

somewhat  higher  lift.                .  nozzle  velocity  in  Mr.  Noble's  pump,  at  175  cu.  ft.  per  sec. 

Whether  or  not  it  is  the  best  practice  to  have  the  discharge  discharge,  is  about  13  ff.  per  sec.     I  wondered  why  that  was 

pipes  pass  through  or  over  the  levee  is,  to  my  mind,  a  question  so,  and  why  they  did  not  enlarge  the  nozzles  on  the  pumps, 

to  be  decided  with  a  full  knowledge  of  the  strata  beneath  the  The  paper  states  Uttle  or  nothing  about  the  type  of  soil  and 

plant.     If  the  plant  rests  on  impervious  strata,  there  is  no  its    reservoir   capacity   throughout   the   district,   so    that   the 

reason  whv  it  should  not  be  set  in  the  levee  and  the  pipes  pass  amount  of  run-off  cannot  be  judged.    If  the  soil  is  like  some 

through  the  latter,  for  with  a  plant  of  this  size  acting  as  a  of  the  Sacramento  Valley  land,  where  the  peat  bogs  are  50 

core  wall,  there  would  be  no  danger  of  leakage  along  the  pipes,  ft.  thick,  then  the  matter  of  building  levees  is  a  continuous 

endangering  the  levee.     In  fact,  the  plant  itself  may  act  as  a  one.    If  that  is  the  character  of  soil,  it  does  not  require  much 

dam,  just  as  do  most  of  the  city  drainage   plants  in  New  pumping  capacity  to  handle  the  water,  because  the  soil  will 

Orleans,  and  as  in  the  case  of  some  of  the  irrigation  plants  take  care  of  so  much  with  the  small  rainfalls  in  the  district, 

in  Texas  The  paper  states  nothing  about  the  character  of  the  soil 

If  there  is  only  a  thin  stratum  of  porous  material  beneath  ""^er  the  pumping  plant,  and  does  not  show  how  the  danger 

the  plant,  this  may  be  cut  ofl:  by  a  tight  bulkhead  of  sheet  f'-o"^  ^^^V^S^  flow  under  the  plant  is  overcome.     With  a  dif- 

piling  and  the  plant  designed  as  if  on  an  impervious  founda-  f^'^n^'e  of  head  of  sometimes  29  ft.,  there  would  be  a  very 

tion,  but  care  should  be  taken  that  the  bulkhead  is  long  enough  g^eat  tendency  for  leakage  to  occur.    I  presume  possibly  that, 

to  prevent  flow  around  the  ends.  for  such  high  heads,  the  manufacturers  did  not  advocate  the 

If  the  plant  rests  on  a  porous  foundation,  we  must  then  so  lesser  nozzle  velocity  so  much  as  they  do  in  the  low-lift  pumps. 

design  that  the  seepage  through  the  porous  material  will  be 

,    ,         ^              ,     ,                                 i     J!  ii                            i  '  Vice-President  and   Chief  Engineer,   Louisiana   Meadows   Co.,   New 

SO  retarded  as  to  preclude  any  movement  ot  the  porous  mate-  Orleans,  La. 
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Mr.  Hutson  replied  to  Mr.  Dusenbury  that  the  pump  manu- 
facturers do  change  the  rating  of  the  pump  with  the  increase 
of  head.  He  did  not  know  just  what  was  the  rule  employed, 
but  the  higher  the  head  pumped  against,  the  greater  capacity 
would  the  manufacturers  rate  their  pump  at,  because  a  high 
velocity  was  necessary  in  the  impeller  to  pump  against  that 
head. 


MR. 


SHAW   DESCRIBES   DITCHING    AND   CANAL   SYSTEM   USED 
ON    A    LOUISIANA    PLANTATION 


A.  M.  Shaw.^  In  connection  with  the  question  raised  by 
Mr.  Dusenbury  in  regard  to  the  soil  formation,  we  know  that 
the  Sacramento  River  is  a  silt-bearing  stream.  I  am  not  posi- 
tive with  regard  to  the  Feather  River,  but  the  contour  lines 
given  on  the  map  in  the  paper  would  indicate  that  this  river 
has  also  built  up  a  set  of  natui-al  levees  along  its  banks,  and 
for  that  reason  one  would  feel  almost  certain  that  at  the  con- 
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fluence  of  these  two  rivers,  at  which  point  the  pumping  plant 
has  been  constructed,  a  silt  formation  rather  than  a  peaty  bog 
would  be  found,  typical  of  certain  other  portions  of  the  Sacra- 
mento River  Valley. 

A  point  to  be  stressed  is  the  division  of  the  tract  being  re- 
claimed into  zones,  with  the  idea  of  bringing  the  water  to 
the  pumping  plant  in  such  a  manner  that  it  can  work  to  best 
serve  the  entire  area.  That  is  a  method  of  arrangement  of 
ditches  which  has  not  been  given  sufficient  attention  in  this 
section.  It  does  not  enter  into  the  jjroblem,  particularly,  of 
the  reclamation  of  the  typical  flat  prairie  lands  of  the  Delta 
country,  but  does  enter  very  markedly  into  the  reclamation 
or  the  drainage  of  the  river-front  lands.  We  have  in  the 
vicinity  of  New  Orleans  a  number  of  tracts  which  are  drained 
artificially,  which  are  the  result  of  evolution  from  the  river- 
front lands.  These  were  drained  by  gravity,  but  finding  the 
back  lands  more  fertile,  the  owners  have  pushed  back  their 
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rear  levee  and  gi-adually  taken  in  additional  land.  This 
new  land  was  too  low  to  drain  by  gi-avity,  so  they  have 
jjut  in  pumps  on  the  back  levee  and  drained  the  entire 
tract  artificially,  the  result  being  that  the  original  system  of 
ditches  is  incorporated  in  the  final  system;  and  on  account 
of  the  original  system  having  been  designed  with  the  idea  of 
getting  rid  of  the  water  as  quickly  as  possible,  it  usually 
dumps  the  water  from  the  front  lands  (which  are  more  or 
less  impen-ious  and  have  a  considerable  slope)  back  to  the 
pumping  plant,  a  mile  or  more  away,  at  about  the  same  time 
that  the  nearer  water  reaches  the  pumps. 

The  plan  of  the  author  was  to  divide  this  into  zones,  so 
that  the  supply  of  water  to  be  pumped  out  will  reach  the 
plant  in  a  manner  which  will  enable  it  to  serve  the  entire 
tract  as  nearly  as  possible  at  an  equal  rate.  It  is  doubtful 
if  any  system  of  ditches  could  be  designed  to  serve  a  tract 
of  this  nature  in  an  ideal  manner  under  all  conditions  of  rain- 
fall. As  the  author  states,  the  elevation  of  the  lowest  point 
in  the  basin  is  19  ft.  above  datum,  and  the  maximum  elevation 
is  30  ft.  above  datum.  Undoubtedly,  therefore,  a  great  deal 
of  benefit  is  derived  by  designing  the  ditches  as  the  paper 
describes. 

It  occurs  to  one  reading  the  paper  that  a  tract  of  the  size 
of  the  District  and  a  project  of  such  importance  would  justify 
at  least  a  consideration  of  two  separate  drainage  systems. 
That  is  something  which  should  be  considered  in  a  number 
of  the  reclamation  projects  along  the  river  front  in  the  local- 
ity of  New  Orleans,  and  which  has  been  worked  out  already 
on  a  very  small  scale  in  a  few  instances.  With  the  data  fur- 
nished in  regard  to  the  project  under  discussion,  it  is  impos- 
sible to  judge  whether  a  separate  system  of  drainage  would 
be  justified  in  that  particular  instance,  but  it  is  interesting  to 
note  what  might  be  worked  out  provided  things  are  as  we 
assume. 

A  gravity  drainage  system  might  be  installed  following  ap- 
proximately the  '24-ft.  contour  (starting  a  little  above  that, 
so  as  to  get  fall  for  the  ditch),  and  diverting  all  of  the  water 
from  the  area  above  that  contour  to  some  point  which  would 
be  reasonably  near,  if  not  at,  a  point  which  would  be  suitable 
also  for  the  main  pumping  plant  of  the  district.  If  it  could 
be  brought  to  the  same  point,  all  the  works  could  be  controlled 
by  the  same  crew  of  men  that  would  operate  the  pumping 
plant.  Such  a  system  would  not  be  operative  at  times  of  ex- 
treme high  water  in  the  Sacramento  River,  but  it  is  reasonable 
to  suppose  that  a  large  proportion  of  the  flood  water  during 
a  considerable  portion  of  the  year  could  be  discharged  by 
gravity,  or,  if  not  by  gravity,  by  an  independent  low-lift 
pump,  at  a  very  much  lesser  cost  per  acre  of  drainage  than 
by  allowing  the  entire  flood  to  drop  into  the  sump,  making 
necessary  the  maximum  lift  for  the  entire  drainage. 

The  two  points  discussed  should  be  given  more  attention 
in  the  Louisiana  drainage  projects  along  the  Mississippi 
River,  where  we  have  somewhat  similar  conditions  to  contend 
with. 

At  Willswood  we  have  a  situation  about  as  shown  in  Fig.  1. 
The  entire  tract  contains  about  2500  acres.  The  original 
plantation  ran  a  little  over  one-third  of  the  distance  back  from 
the  ri\'er. 

I  believe  that  the  original  tract  was  drained  entirely  by 
gravity.  As  the  demand  for  more  land  was  felt,  a  levee  was 
constructed  as  shown  in  the  figure,  which  enclosed  a  consid- 
erably greater  area.  This  new  land  was  too  low  to  drain  by 
gravity  and  a  drainage  wheel  was  constructed.  All  the  drain- 
age from  the  older  as  well  as  from  the  new  lands  was  brought 
to  this  point  and  j^umped  out  on  the  prairies  to  the  rear.     The 
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ditching  system  was  on  the  regular  "  checkerboard "  system 
common  to  the  front  lands,  and  this  system  was  extended  to 
the  entire  final  project,  which  was  installed  fifteen  or  twenty 
years  ago. 

As  will  be  noted,  the  entire  ditching  and  canal  system  is  of 
snch  a  design  that  drainage  water  will  be  rushed  to  the  pumps 
as  quickly  as  practicable  from  even  the  most  distant  points 
of  the  plantation.  As  the  land  farthest  from  the  pumps  is 
practically  impervious  and  has  a  slope  of  from  2  to  4  ft.  per 
1000  ft.,  the  effect  is  to  flood  the  lower  lands  before  the  water 
from  even  ordinarily  heavy  storms  can  be  removed — this  in 
spite  of  the  fact  that  the  Willswood  plantation  has  an  excep- 
tionally large  pumping  capacity  per  acre  of  area  served.  The 
damage  from  such  flooding  in  the  past  has  not  been  serious, 
as  the  rear  lands  have  usually  been  planted  in  cane,  and  cane 
will  stand  flooding  for  several  hours,  but  the  an-angement  is 
not  ideal. 

An  element  which  we  find  common  in  the  multiple-unit 
plants  in  Louisiana,  which  does  not  seem  to  have  been  taken 
advantage  of  in  the  plant  under  discussion,  is  the  variation 
in  the  type  of  pumps  and  power  units.  These,  apparently,  are 
exact  duplicates  throughout  the  entire  plant.  It  is  probable 
that  in  the  case  at  hand,  as  well  as  in  those  that  we  have  in 
this  section,  a  very  large  proportion  of  the  pumping  could  be 
done  by  one  or  two  units,  and  in  a  project  of  that  size  it 
would  seem  reasonable  to  suppose  that  those  one  or  two  units 
might  be  designed  for  a  maximum  efficiency.  The  sacrifice  of 
efficiency  for  financial  reasons  is  considered,  and  probably 
wisely  so,  but  in  the  multiple-unit  plants  in  this  section  we 
find  that  we  can  put  in  one  pump  of  a  sort  of  constant-duty 
type  which  will  handle  a  great  deal  of  water  over  a  long  period 
of  time  with  greater  economy  than  the  pum])s  which  are  put 
in  as  purely  flood-protection  equipment. 


MR.    NELSON    DESCRIBES    AN    .ARRANGEMENT    OF    PUMP    AND 
DISCHARGE  PIPE  HAVING   SEVERAL  ADVANTAGES 

B.  S.  Nelson.'  With  reference  to  the  question  of  bringing 
the  discharge  pipes  over  the  levee,  Mr.  Noble  said  that  there 
would  be  considerable  trouble  in  priming  the  pumps  without 
the  gate  valves,  due  to  the  long  line  of  discharge  pipe. 


It  might  he  of  interest  to  show.  Fig.  2,  a  somewhat  similar 
installation  near  Pharr,  Texas,  where  we  had  very  much  the 
same  conditions,  although  the  plant  in  question  is  an  irrigation 
plant.  The  pump  in  this  installation  is  about  400  ft.  away 
from  the  concrete  bulkhead  of  the  canal.  The  discharge 
pipe  is  a  wooden-stave  pipe  about  7  ft.  in  diameter.  One  end 
of  this  pipe  connects  to  this  concrete  bulkhead;  the  other 
end  runs  back  to  within  a  short  distance  of  the  pump.  On  the 
discharge  of  the  pump  we  used  an  ordinary  sheet-iron  in- 
creaser,  with  an  inexpensive  flap  valve  on  the  end,  to  recover 
the  velocitv   head.     This  valve  was   about  5   ft.   in   diameter. 
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Fi!i.  2    Arrangement  op  Pump  and  Discharge  Pipe  Used  in 
Installation  at  Pharr,  Tex. 

On  the  o'utside  of  the  increaser  was  riveted  a  larger  cone,  one 
end  fastened  to  the  increaser  and  the  other  to  the  wooden 
pipe. 

The  advantages  of  this  arrangement  were  that  we  recovered 
the  velocity  head  by  using  an  increaser;  we  substituted  an  in- 
expensive flap  valve  for  an  expensive  gate  valve,  and  we  could 
prime  the  pump  without  priming  the  long  discharge  pipe. 

There  is  no  trouble  about  getting  at  the  flap  valve,  because 
a  sort  of  wooden  sluice  gate  was  arranged  which  could  be  let 
down  over  the  bulkhead  end  of  the  wooden  pipe  and  this  pipe 
then  drained  back  through  the  pump  so  that  workmen  could 
get  into  it. 
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Underfeed-Stoker    Furnace    Action 

To  THE  Editor: 

In  the  course  of  the  discussion  of  Mr.  Victor  J.  Azbe's 
paper  on  Power-Plant  Efficiency,  presented  at  the  recent  An- 
nual Meeting  of  the  Society,  the  statement  was  made  that  the 
process  of  combustion  in  an  underfeed-stuker  furnace  is  iden- 
tical with  the  surface-combustion  process.  It  was  claimed  that 
the  short,  flame  resulting  from  this  process  of  firing  was  due 
to  an  accelerated  chemical  reaction  brought  about  by  the  com- 
bined presence  of  the  combustible  gases  with  air  and  the  solid 
fuel  bed,  interacting  with  surface-combusti<in  effect. 


The  real  reason  for  the  comparatively  short  flame  (especially 
with  our  Eastern  bituminous  coals)  from  the  bed  of  fuel  op- 
erated by  the  underfeed  principle  is  that  the  combustible  gases 
liberated  from  the  coal  are  subjected  to  a  blowpipe  action 
during  their  travel  through  the  upper  part  of  the  fuel  bed. 

Owing  to  file  separated  positions  of  the  retorts  in  the  under- 
feed stoker,  the  greater  part  of  the  distilling-off  of  the  volatile 
gases  occurs  only  in  isolated  strips  running  from  front  to  rear 
of  the  furnace  and  not  evenly  over  the  entire  area  of  the  fire 
bed. 

Air  is  required  to  consume  this  gas  rapidly,  and  in  order  to 
penetrate  the  part  of  the  fuel  bed  found  above  the  grate  sur- 
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face  and  lying  above  the  retorts,  where  the  rapid  gas  distilla- 
tion is  taking  place,  the  air  is  blasted  into  the  fire  bed  through 
restricted  openings  or  tuyeres  under  more  or  less  pressure; 
and  it  will  be  noted  that  these  air  openings,  instead  of  being 
evenly  distributed  under  the  entire  bed  of  fuel,  are  located  in 
separated  longitudinal  lines,  from  front  to  back  of  the  fur- 
nace, underlying  only  a  small  percentage  of  the  grate  area. 

The  quantity  of  air  thus  delivered  is  therefore  very  many 
times  the  volume  needed  to  complete  the  combustion  of  the  fuel 
located  directly  above  the  air  openings  (as  the  fuel  lying  over 
other  portions  of  the  grate  area  must  also  receive  its  needed 
air  supply) . 

Tliis  projected  air  traveling  at  a  considerable  velocity  is 
forced  through  the  various  cracks  and  interstices  found  in  the 
compact  fuel  bed,  which  coal  has  been  delivered  into  the  fur- 
nace by  the  ramming  action  of  the  feeding  plungers  (or 
screws). 

We  nest  find  this  air  mixing  with  the  rising  and  very  re- 
cently liberated  gases,  and  both  air  and  gases  are  hurled  to- 
gether against  the  heated  masses  of  fuel  (or  coke)  which  in- 
tercept their  paths  of  escape  to  the  combustion  chamber  above. 

Thus  we  have  the  blast  of  cool  air  meeting  the  combustible 
gases  (heated  in  this  ease  to  a  degree  appro.ximately  their  ig- 
nition temperature)  and  being  projected  with  them  against 
the  highly  heated  baffle  (or  block)  which  acts  with  regenerative 
effect  with  just  the  same  conditions  and  effect  that  we  find  in 
blowpipe  practice  in  our  shops  or  laboratories. 

Such  handling  of  the  air  and  gas  within  the  fuel  bed  tends 
to  support  a  temperature  within  the  burning  mass  which  raises 
their  mixture  above  the  temperature  of  ignition  of  the  gas, 
and  this  temperature  is  further  maintained  by  the  burning  of 
the  coke  resulting  from  the  coal  after  its  gas  has  been  distilled 
off. 

The  coke,  which  is,  practically  speaking,  carbon,  when 
raised  to  temperatures  of  from  1500  deg.  to  1850  deg.  fahr. 
would  normally,  under  a  quiescent  state,  bum  to  carbon  mon- 
oxide, but  with  a  large  excess  of  air  present  which  is  made 
to  sweep  over  its  surface  at  high  velocity,  experiment  has 
shown  that  carbon  dioxide  is  produced. 

These  two  actions  of  the  gas  and  air  within  the  fire  bed  have 
a  tendency  to  complete  the  combustion  of  the  combustible  mat- 
ter within  the  fuel  mass,  but  only  at  such  positions  as  the  air 
and  gas  can  find  sufficiently  free  paths  of  passage  to  travel 
with  sufficient  velocity. 

Owing  to  the  compressed  condition  of  the  fuel  bed,  due  to 
the  ramming  action  of  the  feeding  devices,  the  fire  bed  of  the 
underfeed-stoker  furnace  is  never  open  and  spongy  and  of 
equal  density  over  its  entire  surface,  but  it  loosens  up  over  the 
grate  surface  in  lumps  (especially  with  the  caking  coals)  and 
opens  in  cracks  and  fissures,  tlu'ough  which  separated  openings 
the  air  and  newly  generated  gas  are  hurried  at  too  high  a  ve- 
locity to  produce  a  thoroughly  even  burning  effect  throughout 
any  cross-section  of  the  fuel  bed. 

It  is  due  to  the  compactness  of  the  fire  bed  and  the  small 
area  of  air-admission  openings  of  the  underfeed  stoker  that 
the  (comparatively  speaking)  high  air-blast  pressures  are  re- 
quired to  force  sufficient  air  into  the  furnace  to  complete  the 
combustion  of  the  entire  fuel. 

The  underfeed  method  of  stoking  unquestionably  produces 
a  certain  amount  of  gas  combustion  within  its  more  or  less 
deep  fuel  beds  and  this  results  in  the  production  of  a  shorter 
flame  above  the  fire  surface,  but  does  it  always  go  far  enough 
in  this  direction  to  eliminate  all  smoke? 

At  one  time  I  was  called  upon  to  investigate  a  form 
of  down-draft  furnace  which  the  inventor  claimed  embodied 


the  principle  of  surface  combustion,  and  I  believe  that  he  had 
a  much  better  right  to  make  such  a  claim  than  those  trying  to 
apply  this  theory  to  the  action  taking  place  in  the  fire  beds  of 
underfeed  stokers,  notwithstanding  the  fact  that  I  could  not 
wholly  support  the  claim  of  the  down-draft-furnace  inventor. 

The  so-called  surface  combustion  is  produced  by  bringing  a 
mixture  of  combustible  gas  with  but  slight  excess  of  its  re- 
quired amount  of  air  into  intimate  or  penetrative  contact  with 
some  solid  body  of  a  more  or  less  porous,  open,  or  granular 
structure  heated  to  a  high  temperature,  which  form  of  solid 
bi)dy  is  known  as  a  catalyzer.  The  tendency  of  the  resulting 
chemical  action  (or  catalytic  action)  taking  place  at  the  sur- 
face of  these  catalytic  agents  is  to  increase  the  velocity  of  the 
chemical  combination,  while  the  agents,  in  themselves,  are  left 
unchanged  at  the  end  of  the  reaction. 

Every  heated  solid  substance  exerts  some  accelerating  action 
on  gaseous  reactions,  notably  the  metals  of  the  platinum  group 
in  some  of  their  subdivided  forms,  nickel,  iron  oxide,  firebrick 
or  other  refractories,  but  it  does  not  stand  to  reason  that  all 
other  solids  beside  those  named  are  equally  effective  cata- 
lyzers. 

Reactions  always  occur  most  slowly  in  free-gas  space,  but 
there  is  the  greatest  difference  in  the  catalytic  activity  of  the 
various  solids. 

Catalytic  action  may  take  place  on  the  surface  of  a  lump 
of  glowing  coal  during  the  time  its  occluded  or  liberated  gases 
are  given  off  by  the  action  of  the  heat,  but  it  does  not  follow 
that  lumps  of  coal  brought  in  contact  with  other  surrounding 
gas  act  to  very  materially  accelerate,  in  a  similar  manner,  their 
reaction  (necessary  to  effect  the  final  product  of  combustion). 

There  are  two  ways  in  which  the  complete  combustion  of 
gases  takes  place.  The  first  is  a  homogeneous  combustion  in 
which  the  velocity  of  the  chemical  change  is  dependent  upon 
the  order  of  the  reaction,  and  combustion  or  reactions  occur 
equally  Ihroughout  the  entire  mass;  in  the  second  a  heteroge- 
neous combustion  occurs  in  layers  immediately  in  contact  with 
a  hot  surface,  and  for  this  reason  the  term  surface  combus- 
tion has  been  given  to  this  form  of  combustion. 

But  it  must  be  noted  that  in  order  to  obtain  an  effective- 
surface  combustion  a  refractory  material  is  best  adapted,  and 
the  activity  of  the  surface  presented  is  governed  by  the  tex- 
ture of  the  surface,  the  condition  of  the  surface  as  related  to 
the  kind  of  gas  consumed,  and  its  retarding  effect  upon  the 
films  of  gas  formed. 

Surface  combustion  is  effected  by  forcing  an  explosive  mix- 
ture of  air  and  gas  through  refractory  porous  diaphragms, 
and  in  such  cases  the  combustion  seems  to  be  concentrated 
within  the  interstices  of  the  fireclay  body,  being  always  the 
most  intense  on  the  outer  surface,  where  no  flame  is  visible. 

Surface  combustion  is  also  obtained  by  a  somewhat  less  ef- 
fective means  by  which  the  air  and  gas  are  forced  through  a 
porous  bed  of  incandescent  granular  refractory  material  under 
pressure,  and  under  favorable  conditions  the  flame  disappears 
and  a  high  temperature  results  at  the  surface  of  the  catalyzer. 

With  a  proper  underetanding  of  what  the  term  surface  com- 
bustion is  intended  to  convey,  there  can  be  but  little  reason  for 
making  a  claim  that  the  action  in  the  fuel  bed  of  an  underfeed 
furnace  is  one  of  surface  combustion. 

In  the  underfeed  furnace  we  find  a  great  number  of  rever- 
beratory  actions  taking  place  throughout  the  fuel  bed,  which 
rapidly  raise  the  temperature  of  the  air  and  gases;  and  by  thus 
increasing  their  temperature  we  hasten  the  rate  of  combus- 
tion and  this  tends  to  produce  a  higher  temperature,  the  same 
as  is  produced  in  ordinary  blowpipe  practice,  where  the  flame 
is  projected  against  a  block  having  the  ability  to  maintain  a 
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high  temperature;  but  it  is  not  reasonable  to  call  such  an  ac- 
tion one  of  surface  combustion. 

Albert  A.  Gary. 
New  York,  N.  Y., 


Systematic  Committee  Work 
Technical  Societies 


in 


To  THE  Editor: 

Referring'  to  the  letter  on  systematic  committee  work  in 
technical  societies,  submitted  by  Mr.  Hess,  I  must  take  ex- 
ception to  Mr.  Hess's  strictures  on  the  Research  Committee. 
It  is  evident  that  he  is  imperfectly  informed  about  the  Com- 
mittee's activity  and  methods,  in  undertaking  a  somewhat 
sweeping  criticism.  It  is  true  that  so  far  as  actual  research 
is  concerned  the  Committee  has,  until  last  year,  never  been  able 
to  produce  final  results.  No  research  can  be  handled  without 
money.  The  Committee  has  been  the  means  of  getting  some 
research  work  done,  the  results  being  published  in  papers.  It 
is  certainly  very  far  from  true  that  the  Committee  is  not  active. 
It  is  also  not  true  that  they  have  not  asked  for  funds.  I  have 
upon  several  occasions  applied  to  the  Secretary  for  funds  for 
the  research  work,  but  up  to  the  present  none  have  been  al- 
lotted. The  $300  mentioned  by  Mr.  Hess  is  intended  only  for 
clerical  work,  and  is  entirely  used  up  for  that  purpose. 

The  report  of  the  Finance  Committee  to  wliich  Mr.  Hess 
refers  certainly  shows  some  signs  of  life  on  the  part  of  the 
Committee,  so  that  at  least  it  may  be  attested  as  something  not 


quite  ornamental.  However,  as  regards  the  coordination  of 
effort,  I  am  in  agreement  with  Mr.  Hess,  and  the  efforts  of 
the  Research  Committee  have  been  intended  to  aid  in  securing 
it.  The  writer  has  several  times  pointed  out  the  need  for 
eliminating  duplicate  committees  in  the  various  societies  with 
a  view  to  avoiding  duplicate  work;  there  should  be  some 
general  plan  adopted  for  correlating  the  work  of  aU  societies. 
The  latest  movement  for  the  accomplishment  of  this  end  has 
been  by  way  of  the  National  Academy  of  Sciences,  but  there 
appears  to  be  no  more  difficult  task  than  trying  to  get  people 
together  on  the  subject  of  research.  We  have  many  dif- 
ferent research  bodies  in  this  country,  all  more  or  less  en- 
dowed, employed  upon  scattering  research.  These  would 
produce  their  results  much  more  efficiently  if  they  were 
coiTelated  so  that  no  overlapping  work  was  undertaken.  It 
would  appear  to  be  the  duty  of  the  new  secretary  of  the 
National  Research  Council  to  be  the  center  through  whom  all 
of  these  various  research  activities  would  be  cleared.  I  agree 
with  Mr.  Hess  that  the  absence  of  funds  is  a  handicap  in  get- 
ting results,  but  it  is  not  at  all  impossible  to  obtain  funds. 

With  regard  to  the  suggested  plan  of  Mi-.  Hess,  perhaps 
he  is  not  aware  that  the  Research  Committee  is  already  work- 
ing along  these  lines,  except  that  the  stib-committees  have  as 
yet  never  had  any  funds  allotted  to  them,  but  have  procured 
what  funds  they  could  from  outside  sources.  There  is  all  the 
more  credit  due,  I  think,  in  this  case  to  those  sub-committees 
that  have  accomplished  definite  results. 

R.  J.  S.  Pigott, 
Bridgeport,  Conn.  Chairman  Research  Committee. 
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rHE  Boiler  Code  Committee  meets  monthly  for  the  purpose 
of  considering  communications  relative  to  the  Boiler  Code. 
Any  one  desiring  information  as  to  the  application  of  the  Code  is 
requested  to  communicate  with  the  Secretary  of  the  Committee, 
Mr.  C.  W.  Ohert,  29  West  39th  St.,  New  York  City. 

The  procedure  of  the  Committee  in  handling  the  cases  is 
as  follows :  All  inquiries  must  be  in  written  form  before  they 
are  accepted  for  consideration.  Copies  are  sent  by  the  Secre- 
tary of  the  Committee  to  aU  of  the  members  of  the  Committee. 
The  interpretation,  in  the  form  of  a  reply,  is  then  prepared 
by  the  Committee  and  passed  upon  at  a  regular  meeting  of 
the  Committee.  This  interpretation  is  later  submitted  to  the 
Council  of  the  Society  for  approval,  after  which  it  is  issued 
to  the  inquirer  and  simultaneously  published  in  The  Journal, 
in  order  that  anyone  interested  may  readily  secure  the  latest 
information  concerning  the  interpretation. 

Below  are  given  the  interpretations  of  the  Committee  as 
approved  by  the  Council  on  February  16,  1917,  in  Cases  Nos. 
76,  116,  and  124  to  135  inclusive.  In  this  report,  as  previously, 
the  names  of  inquirers  have  been  omitted. 

Case  No.  76  (Reopened) 

Inquiry :  What  net  area  should  be  considered  in  calculating 
staybolts  with  tell-tale  holes  drilled  in  their  ends?  Also  an 
opinion  is  requested  whether  in  determining  the  load  on  a  bolt, 
the  full  pitch  dimensions  of  the  area  stayed  should  be  used,  or 
whether  the  area  occupied  by  the  bolt  itself  should  be  deducted. 


Reply:  The  question  as  to  the  area  of  a  drilled  staybolt  is 
answered  by  Par.  220,  which  specifies  clearly  the  net  cross 
sectional  area  of  the  stay.  The  full  pitch  dimensions  of  the 
stays  should  be  employed  in  determining  the  total  area  and 
the  area  occupied  by  the  bolt  itself  may  be  deducted  to  de- 
termine the  net  area  to  be  supported  by  the  stays  and  the  load 
carried  by  the  stays. 


Case  No.  116 

Inquiry:  In  the  case  of  safety  valves  does  the  second  sen- 
tence of  Par.  286  require  the  raised  face  specified  as  a  detail 
in  Tables  15  and  16  of  the  Appendix?  Would  it  not  be  better 
practice  to  make  the  boiler  flanges  of  all  safety  valves  flat- 
faced? 

Reply:  It  is  the  opinion  of  the  Committee  that  flanged  east 
iron  pipe  fittings  used  for  boiler  parts,  for  pressures  up  to  and 
including  160  lb.  per  sq.  in.  shall  conform  to  the  American 
Standards  given  in  Tables  15  and  16  of  the  Appendix,  except 
that  the  face  of  the  fiange  of  a  safety  valve  as  well  as  that  of 
a  safety  valve  nozzle,  shall  be  flat  and  without  the  raised  face. 
The  face  of  the  flange  of  a  safety  valve,  as  well  as  that  of  a 
safety  valve  nozzle,  shall  have  a  flat  face  for  pressures  up  to 
and  including  250  lb.  per  sq.  in.  and  shall  have  a  raised  face 
at  higher  pressures. 


Case  No.  124 

Inquiry:  a  Where  reinforcing  of  heads  is  provided  for  as 
in  locomotive  type  boilers,  the  heads  being  braced  by  separate 
plates,  what  material  may  be  used  for  this  reinforcing  plate, 
as  well  as  also  for  the  gusset  plates  ? 
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6  Does  Par.  269  allow  tlie  use  of  two  safety  valves  whose 
combined  area  is  equal  to  the  3-in.  valve'? 

c  Is  it  allowable  under  Pars.  182  and  183  to  insert  a  row 
of  staj'bolts  through  the  center  of  a  joint,  the  spacing  to  be 
the  same  as  the  outer  row  of  rivets  in  the  joint? 

lieply :  a  It  is  the  opinion  of  the  Committee  that  tliis 
question  is  answered  by  Pars.  2  and  5  of  the  Boiler  Code, 
flange  steel  being  acceptable  where  not  exposed  to  the  fire  or 
products  of  combustion. 

b  The  intent  of  Par.  269  will  be  expressed  by  adding  the 
following  words  to  the  paragraph :  "  In  which  case  one  or 
more  safety  valves  may  be  used." 

c  A  row  of  staybolts  is  allowable  through  the  center  of  a 
joint  provided  the  requirements  in  the  Code  as  to  back  pitch 
of  rivets  and  dimensions  of  ligaments  are  met,  by  considering 
a  staybolt  or  other  hole  in  the  same  way  as  a  rivet  hole.  Where 
the  plates  at  the  two  ends  of  a  stay  are  of  different  thick- 
nesses, the  pitch  must  be  that  corresponding  to  the  thinnest 
plate. 


Case  No.  125 

Inquiry :     Is  the  method  of  fastening  the  crown  sheet  of  the 
boiler  shown  in  Fig.  6  by  using  staybolts  that  pass  through 


AAA'-g   Screw  Stays  fhreaded 
info  Bars  and  Shell  Plates 
9ars=  ^x  ^'  Wrought  Steel 


Fig.  6    Proposed  Method  of  Reinforcing  Neutral  Sheet 
UNDER  DosiE  for  Support  of  Crown  Sheet 


the  reinforced  neutral  sheet  underneath  the  dome  strong  en- 
ough to  withstand  100  lb.  working  pressure? 

Beply:  The  construction  illustrated  is  unusual  and  is  not 
directly  covered  in  the  Boiler  Code.  The  stresses  in  the  rein- 
forcing bars  which  come  beneath  the  dome  are  similar  to  those 
which  exist  in  crown  bars  and  the  required  section  of  the 
bars  may  be  computed  by  the  rules  given  in  Par.  230  of  the 
( Jode. 


Case  No.  126  (Annulled) 


Case  No.  127 

Inquiry:  An  interpretation  is  requested  of  Pars.  323,  324, 
and  32.5  in  their  application  to  different  types  of  boilers.  If 
Par.  32.5  is  to  be  used  in  conjunction  with  Pars.  323  and  324 
and  refers  to  return  tubular  boilers  only,  should  this  not  be  so 
stated  ? 

Beply:  It  is  the  opinion  of  the  Committee  that  Par.  325 
refers  to  any  type  of  boiler. 


Case  No.  128 

Inquiry:  An  explanation  is  desired  of  the  conflict  that  ap- 
pears to  exist  between  Pars.  12  and  268  of  the  Boiler  Code  in 
their  application  to  the  use  of  cast  iron  nozzles  for  boilers. 


Beply:  It  is  the  intent  of  the  rules  in  the  Boiler  Code  not 
to  allow  the  use  of  cast  iron  nozzles  riveted  to  the  shell  of  a 
steam  boiler  for  any  temperature  or  jaressure. 


Case  No.  129 

Inquiry:  In  view  of  the  diflSculty  at  the  present  time  of 
securing  iron  boiler  tubes  to  meet  the  Code  specifications,  per- 
mission is  requested  to  use  wrought  iron  tubes  which  on  ac- 
count of  their  small  diameter,  cannot  meet  the  flanging  test. 

Beply:  The  requirements  of  the  flanging  test  for  wrought 
iron  tubes  will  be  changed  in  the  forthcoming  revision  of  the 
Code.  They  will  be  so  modified  as  to  make  it  possible  for 
acceptable  wrought  iron  tubes  of  small  diameter  to  meet  them. 


Case  No.  130 

Inquiry:  A  ruling  is  recjuested  covering  the  staying  of 
crown  sheets  of  furnaces  of  locomotive  type  boilers  by  means 
of  a  special  form  of  arch  bars  which  are  attached  to  the  crown 
sheet  by  stays  spaced  at  regular  intervals. 

Beply:  Tliere  are  no  rules  in  the  Boiler  Code  for  arch  bars 
of  the  special  type  referred  to.  There  are  rules  given  in  Par. 
230  for  straight  crown  bars  and  girder  stays  which  would 
have  to  be  modified  in  order  to  apply  them  to  these  special 
arch  bars. 

Where  furnaces  require  stajdng  Par.  212  of  the  Code  speci- 
fies that  they  shall  be  stayed  as  flat  surfaces.  The  rule  for 
staying  as  flat  surfaces  is  given  in  Par.  199  and  the  maximum 
pitch  of  staybolts  at  diffei-ent  working  pressures  and  for  dif- 
ferent thicknesses  of  plate  is  given  in  Table  3.  These  rules 
and  the  values  in  the  table  would  apply  in  the  ease  of  the 
stays  used  between  the  top  of  the  furnace  and  the  arch  bars, 
the  pitch  to  be  used  being  the  maximum,  measured  either  be- 
tween the  rows  of  stays  in  the  arch  bars  or  between  the  stays 
in  a  given  arch  bar.  By  applying  the  rules  for  stays  the  al- 
lowable working  pressure  can  be  determined  if  the  crown  bars 
are  made  strong  enough  and  are  properly  supported  at  their 
ends. 


Case  Xo.  131 

Inquiry:  Will  a  li^-i'i-  brass  body  safety  valve  be  accept- 
able oil  the  outlet  from  a  superheater  provided  it  confonns  to 
aU  other  requirements  of  the  Boiler  Code? 

Beply:  It  is  the  opinion  of  the  Committee  that  under  Par. 
289  the  use  of  brass  body  safety  valves  is  not  permissible  with 
superheated  steam. 


Case  No.  132 

Inquiry:  Is  Par.  321  intended  to  apply  to  the  fittings  on 
water  columns  as  well  as  to  the  pipe  connections?  In  other 
words  can  extra  heavy  cast  iron  crosses  be  used  for  the  fittings 
instead  of  brass  crosses? 

Beply:  It  is  the  opinion  of  the  Committee  that  Par.  321 
applies  to  the  fittings  as  well  as  the  pipe  connections.  There- 
fore cast  iron  crosses  or  other  fittings  will  not  be  permissible. 


Case  No.  133  (Annulled) 
Case  No.  134  (AnnuUed) 

Case  No.  135 

Inquiry:  Is  it  permissible  to  make  use  of  patch  bolts  in- 
stead of  rivets  in  fastening  the  flanged  edges  of  the  sheets  in 
a  door  hole  of  a  locomotive  type  boiler,  where  accessibility  to 
the  work  for  riveting  is  impossible? 

Beply:  Where  tliere  is  insufficient  room  to  use  rivets  such 
as  in  the  specific  case  mentioned  the  Boiler  Code  does  not 
prohibit  the  use  of  patch  bolts. 


SOCIETY  AFFAIRS 

A  Record  of  the  Current  Activities  of  the  Society,  its  Members,  Council,  Committees, 

Sections  and  Student  Branches;  and  an  Account  of  Professional 

Affairs  of  Interest  to  the  Membership 


THE  most  far-reaehiiig-  step,  not  only  recently  but  iu  the 
progress  of  the  engineering  profession,  has  been  taken 
duiiiig-  the  past  month.  Upon  a  fonndation  laid  by  others. 
President  Hollis,  with  characteristic  energy,  has  actually  ac- 
complished the  preliminary  work  toward  the  organization  of 
a  clearing  house  for  the  engineering  profession,  whereby  ques- 
tions of  general  interest  may  be  properly  considered  and  a 
means  provided  for  united  action  upon  matters  of  concern 
common  to  engineers  and  the  public.  All  societies,  participat- 
ing by  representatives,  like  the  states  in  our  Union,  preserve 
in  all  respects  their  prerogatives,  entities  and  freedom  for 
individual  action.  Tliis  organization  is  to  be  known  as  the 
Engineering  C'ouncil.  It  will  be  a  department  of  the  United 
Engineering  Society  and  participated  in  by  not  only  the 
Founder  Societies  of  the  United  Engineering  Society  but  all 
the  other  leading  societies. 

Each  of  the  societies  will  be  represented  by  one  or  more 
delegates  according  to  its  size  and,  unless  objection  is  made 
by  some  of  the  member  societies,  the  Council  shall  speak  for 
the  societies  collectively  on  public  questions.  When  there  is 
objection  the  matter  shall  be  referred  to  the  governing  bodies 
of  the  societies  whose   representatives  protested. 

The  Council  will  meet  in  various  places  and  in  this  way 
establish  a  national  atmosphere,  and  in  every  way  develop  a 
rei)resentative    but    nevertheless    democratic    organization. 

Ill  the  past  month  Dr.  Hollis  has  also  secured  the  coopera- 
tion of  the  other  societies  in  a  joint  telegram  to  the  Pi-esident 
of  the  United  States,  as  follows : 
To  the  President, 

Executive  Mansion,    Wasliington,  D.   C. 


We,  the  presidents  of  the  National  Societies  of 
Civil,  Mining,  Mechanical,  and  Electrical  Engineers, 
and  of  United  Engineering  Society,  with  a  member- 
ship of  thirty  thousand,  cordially  unite  in  supporting 
Congress  and  the  Administration  in  the  stand  for 
freedom  and  safety  on  the  seas,  and  we  are  confident 
that  we  represent  the  membership  of  the  four  societies 
in  offering  to  assist  toward  the  organization  of 
engineers  for  service  to  our  country  in  case  of  war. 

(Signed)  George  H.  Pegram,  President, 

American  Society  of  Civil  Engineers. 
L.  D.  RiCKETTS,  President, 

American  Institute  of  Mining  Engineers. 
Ira  N.  Hollis,  President, 
American  Society  of  Mechanical  Engineers. 

H.  W.  Buck,  President, 
American  Institute  of  Electrical  Engineers. 
Charles  F.  Ra\d,  President, 
United   Engineering   Society. 

The  President  of  our  Society  and  myself  have  received 
a  number  of  communications  and  oral  inquiries  in  regai'd  to 
enrollment  in  an  officers'  reserve  corps,  and  it  is  the  expec- 
tation within  the  near  future  to  take  up  comprehensively  the 
whole  subject  and  to  prepare  a  digest  of  all  the  acts  of 
Congress  and  authorizations  pertaining  to  this  matter  both 
for  the  Army  and  for  the  Navy,  and  to  instruct  tlie  mem- 
Ijership  in  general  tei'ms  as  to  how  engineers  may  secure 
assionment  to  positions  for  wliicli  they  are  especially  fitted. 

Calvin  W.  Rice,  Secretary. 


THE  SPRING   MEETING   AT  CINCINNATI 


PLANS  for  the  Spring  Meeting  of  The  American  Society 
of  Mechanical  Engineers,  the  semi-annual  general  meet- 
ing of  the  Society,  to  be  lield  in  Cincinnati,  Ohio,  May  21  to 
24,  are  sufficiently  under  way  to  enable  the  following  an- 
nouncements regarding  the  professional  and  social  events  of 
the  meeting  to  be  made. 

There  will  be  a  Joint  Session  with  the  Machine  Tool  Build- 
ers' Association,  as  previously  announced  in  The  Journal. 
A  session  has  been  planned  l)y  the  Sub-Committee  on  Gas 
Power  on  the  subject  of  High-Speed  Gasoline  Engines.  Recent 
developments  in  connection  with  high-speed  engines  for  auto- 
mobile and  aviation  service,  based  on  a  clearer  understanding 
of  the  processes  of  combustion  and  the  mechanical  problems 
involved,  have  led  to  increase  of  mean  effective  pressure  and 
improvement  in  combustion -chamber  design,  valve  arrange- 
ments, balancing,   and  the   use   of  aluminum   alloys,   etc. 

There  will  be  a  Macliine-Shop  Session  in  charge  of  the 
Sub-Committee  on  Machine  Shop  Practice,  at  which  will  be 
discussed  questions  relating  to  the  design  and  construction 
of  machine  tools,  and  other  problems  of  interest,  particularly 


to  those  engineers  connected  with  the  machine-tool  industry. 

A  session  on  some  of  the  economic  principles  im-olved  in 
the  manufacture  of  munitions,  such  as  questions  relating  to 
financing,  specifications,  inspection,  design  of  parts  for  quan- 
tity manufacture,  principles  of  organization  which  have  been 
found  successful,  etc.,  will  also  be  held.     - 

The  proposed  entertainment  features  include  an  informal 
gathering  on  the  first  evening,  with  addresses  of  welcome, 
followed  by  dancing. 

On  Tuesday  morning  there  will  be  a  trolley  ride  to  Fort 
Thomas,  a  beautiful  site  overlooking  the  Ohio  River,  and  of 
particular  interest  at  this  time.  Dui'ing  the  afternoon  tlie 
ladies  will  be  invited  to  visit  Rookwood  Pottery  and  the  Art 
Museum.  For  the  evening  there  is  planned  a  sym])hony 
concert   or  a   dinner   followed   by   dancing   at   the   Zoo. 

On  Wednesday  morning  a  trip  will  be  arranged  for  the 
ladies  through  the  leading  stores  of  Cincinnati,  some  of 
which  are  very  handsome,  and  a  trip  through  one  of  the 
city's  skyscrajiers  in  order  to  get  a  view  of  the  city  and  the 
Ohio   Valley.      On    Wednesday   afternoon   a   trip   will   be   ar- 
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ranged  to  tlie  Zoo  in  special  cars;  this  is  a  very  beautiful 
place  in  May  and  one  of  great  interest. 

On  Thursday  morning  a  special  ladies'  program,  the  details 
of  which  have  not  yet  been  arranged,  will  be  given.  In  the 
afternoon  a  motor-car  ride  is  planned  to  prominent  places  in 
Cincinnati,  including  Mt.  Storm  Park,  University  of  Cincin- 
nati, Observatory,  and  Ault  Park. 

On  Friday  morning  trips  wiU  be  arranged  at  additional 
expense  to  members  to  such  places  as  Fort  Ancient,  Mam- 
moth Cave,  in  Kentucky,  and  Lexington,  Kentucky.  It  is 
believed  that  cards  can  be  provided  for  all  guests  to  one  of 
the  golf  clubs  here. 

The  Society  has  already  held  two  general  meetings  at 
Cincinnati,  one  in  May  1890  and  the  other  in  May  1900. 

Nothing  can  furnish  a  more  potent  testimony  of  the  growth 
of  the  Society  than  a  reperusal  of  the  minutes  of  the  1890 
Cincinnati  Meeting.  In  it  we  find  that  "  the  Council  has 
made  arrangements  by  which  the  Society  will  enter  upon 
the  occupancy  of  part  of  the  house  No.  12  West  Thirty-first 
Street,  New  York  City."  The  seating  capacity  of  the  audi- 
torium is  given  as  "  over  two  himdred,"  the  top  floor  and 
basement  were  leased  to  other  parties  to  meet  the  financial 
burden  imposed  during  the  first  year  of  occupancy  of  the 
House.  The  American  Institute  of  Electrical  Engineers  were 
also  tenants,  etc.  Comparison  with  present  facilities  of  the 
Society  in  the  Engineering  Societies'  Building — and  the 
present  accommodation  is  becoming  increasingly  inadequate — 
affords  sufificient  evidence  that  each  of  the  twenty-six  years 
passed  has  contributed  its  share  to  the  general  and  unmis- 
takable progress  of  the  Society  and  ipso  facto  of  the  Engineer. 

The  1890  Cincinnati  Meeting  is  memorable  for  the  report 
of  a  "  Special  Committee  appointed  by  the  Council  to  memo- 
rialize the  Congress  of  the  United  States  in  the  matter  of  a 
suitable  recognition  by  the  Nation  of  the  work  of  Capt.  John 
Ericsson,  late  member  of  this  Society."  It  will  perhaps  be 
recalled  that  in  The  Journal  for  May  1916  are  reported  the 
speeches  of  members  representing  the  Society  at  the  Hear- 
ing of  the  BiU  before  Congress  for  the  erection  of  a  monu- 
ment to  the  memory  of  Ericsson,  which,  it  is  to  be  hoped,  will 
lead  to  the  speedy  consummation  of  the  projected  memorial. 

The  1900  Cincinnati  Meeting  was  also  a  memorable  one, 
for  on  that  occasion  was  read  the  first  paper  on  motor  vehicles, 
"The  Automobile  Wagon  for  Heavy  Duty,"  by  Arthur 
Hersehmann.  "  I  believe,"  said  the  author  in  his  conclusion, 
"  that  if  the  motor  wagon  is  given  an  unobstructed  field  and 
fair  play,  it  will  hold  its  own  and  oust  the  horse-drawn  truck 
m  short  order.  The  change  must  come,  and  with  perhaps  the 
exception  of  the  harness  maker,  everybody  will  benefit  by  it." 
The  investigations  described  in  that  paper  were  made  in  the 
interest  of  the  Adams  Express  Co.,  and,  judging  by  their 
ubiquitous  delivery  wagons  alone,  have  borne  ample  fruit. 

We  have  every  reason  therefore  to  look  forward  to  the 
third  Cincinnati  Meeting,  and  do  not  doubt  that  it  will  be 
instrumental  in  furthering  the  general  interests  of  the  Society 
and  the  profession. 

Cincinnati  is  a  convenient  city  for  conventions,  being 
within  a  night's  ride  of  the  principal  cities  of  the  central 
states  and  many  southern  and  eastern  cities;  also  within 
twenty  hours  of  the  Atlantic  seaboard  and  the  western  prairies. 
It  is  the  terminal  for  200,000  miles  of  first-class  railways; 
to  the  east  there  are  six  trunk  lines,  the  Big  Four  Division  of 
the  New  York  Central,  connecting  New  York  and  Boston, 
the  Erie  and  Pennsylvania  from  New  York,  Baltimore  and 
Ohio  from  New  York  and  Baltimore,  Chesapeake  and  Ohio 
from  New  York  and  Newport  News,  and  the  Norfolk  and 


Western  from  Norfolk,  Va.  From  the  west  come  the  trunk 
lines  of  the  Big  Four,  and  Baltimore  and  Ohio. 

The  city  has  a  great  many  points  of  interest.  There  is 
the  Rookwood  Pottery,  located  on  the  brow  of  Mt.  Adams, 
overlooking  the  downtown  section  of  the  city.  Here  the 
beautiful  Rookwood  ware  is  produced;  every  piece  is  a  sepa- 
rate and  distinct  creation  of  the  artist  and  is  given  a  finish 
by  a  secret  process  which  has  never  been  successfully  imi- 
tated. Nothing  is  more  interesting  than  to  watch  the  potter 
take  a  piece  of  wet  clay  and  before  the  eyes  of  the  visitor 
make  it  into  a  vase  which,  after  it  has  been  burned  in  the 
great  furnaces  for  many  days,  receives  a  finishing  touch 
causing  it  to  become  a  thing  of  great  beauty  and  high  value. 

Then  there  is  the  Fembank  Dam  in  the  Ohio  River  at  the 
western  city  limits,  said  to  be  the  largest  movable  dam  in  the 
world.  It  is  one  of  the  series  of  fifty-four  locks  and  dams 
being  built  by  the  United  States  Government  in  the  Ohio 
River,  at  a  cost  of  about  sixty  million  dollars,  to  make  it 
navigable,  with  a  depth  of  not  less  than  nine  feet,  aU  the 
way  from  Pittsburgh  to  the  river's  mouth  at  Cairo. 

The  Cincinnati  University  in  Burnet  Woods  comprises 
MeMieken,  Cunningham,  and  Hanna  Halls,  the  Van  Wormer 
Librai-y,  Engineering  Hall,  Chemistry  Building,  Gymnasium, 
Power  Plant  and  Observatory,  which  latter  is  on  Mount 
Lookout,  six  miles  from  the  center  of  the  city.  It  is  the 
only  municipal  university  in  the  United  States.  The  entire 
group  of  buildings  cost  nearly  $2,000,000.  The  Ohio 
Mechanics'  Institute  is  another  great  educational  institution. 
It  is  now  housed  in  a  magnificent  new  structure  at  Walnut, 
Canal  and  Clay  Streets,  which  accommodates  4000  students, 
and  is  a  big  factor  among  scientific  and  industrial  training 
schools.  Cincinnati  has  a  city  hall  which  cost  $2,000,000,  and 
three  new  high  schools  which  in  architecture  and  appoint- 
ments are  not  excelled  in  any  city  in  the  United  States.  The 
government  building  and  custom  house  on  Fifth  Avenue  cost 
over  $6,000,000.     A  new  municipal  hospital  cost  $4,000,000. 

Other  points  meriting  the  attention  of  the  visitor  are:  the 
water-tower,  a  stone  structure  120  ft.  high,  surrounded  by  a 
beautiful  residence  district;  from  the  Fort  may  be  had  what 
is  said  to  be  the  finest  river  view  in  the  United  States.  The 
Tyler  Davidson  Fountain,  given  to  the  city  by  Henry 
Probasco  as  a  memorial  to  Tyler  Davidson,  a  public-spirited 
citizen  of  the  old  days  in  Cincinnati  (this  was  cast  at  the 
Royal  Bronze  Foundry  in  Bavaria  and  is  made  of  old  cannon 
from  numerous  battlefields  of  Europe);  the  Old  St.  Peter's 
Cathedral;  the  hall  where  Robert  G.  IngersoU  made  his 
famous  "plumed  knight"  speech  in  nominating  James  G. 
Blaine  for  President;  the  inclined  planes  wliich  lift  cars 
from  the  downtown  levels  to  the  top  of  the  surroimding  hills; 
and  the  Music  HaU  on  Ebn  Street,  opposite  Washington  Park. 

Cincinnati  has  a  system  of  public  parks  and  boulevards 
which  covers  about  2500  acres,  and  is  now  undergoing  ex- 
tensions and  improvements.  The  oldest  is  Eden  Park,  located 
on  the  crest  of  Mt.  Adams.  It  was  once  the  vineyard  of 
Nicholas  Longworth,  great-grandfather  of  Congressman 
Longworth.  When  the  late  King  Edward  VII  of  England 
visited  Cincinnati,  wliile  Prince  of  Wales,  he  pronounced 
Eden  Park  the  most  beautiful  natural  park  of  any  he  had 
seen  in  his  travels.  Others  have  testified  to  the  beauty  of 
this  park  and  especially  to  the  splendor  of  the  river  scenery. 
Other  beautiful  parks  in  Cincinnati  are  Burnet  Woods,  in 
which  is  located  the  University  of  Cincinnati;  Lincoln  Park 
and  Washington  Park,  the  latter  being  located  in  the  down- 
town district,  where  thousands  tarry  for  a  few  minutes  each 
bright  day. 
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Members  attending  this  meeting  will  have  an  opportunity 
of  making  tours  in  various  directions,  besides  the  parties 
already  arranged,  as  stated  at  the  beginning.  Among  the 
points  most  easily  reached  from  Cincinnati  may  be  men- 
tioned: Chattanooga,  Tenn.,  where  the  battlefields  of  Lookout 
Mountain,  Signal  Mountain  and  Missionary  Ridge  offer 
sentiment,  history  and  beauty;  Boonesborough,  Ky.,  which  is 
the  oldest  settlement  established  by  English-speaking  people 
in  the  Mississippi  Valley,  and  which  lies  on  the  west  bank 
of  Kentucky  River,  about  150  miles  from  Cincinnati.  Lin- 
coln's birthplace,  near  HodgenviUe,  Ky.,  is  another  place  of 
historical  interest  in  Kentucky,  easily  reached  from  Cincin- 
nati; Mammoth  Cave  and  Colossal  Cavern  are  200  miles 
distant  from  Cincinnati,  being  about  eight  miles  from  Glas- 
gow Jmiction,  Ky. ;  the  tomb  of  President  Harrison  is  situated 
at  North  Bend,  fifteen  miles  from  Cincinnati;  Point  Pleasant, 
Ohio,  the  home  and  birthplace  of  Ulysses  S.  Grant,  is  only 
about  twenty  miles  from  Cincinnati,  while  Georgetown,  where 
the  great  General  spent  his  boyhood,  is  but  forty  miles 
distant. 

Cincinnati  has  quite  a  German  element  in  its  population 
and  its  view  of  life  has  been  much  influenced  by  the  German 
idea  of  hard  work  when  work  is  on  the  program  and  whole- 
some recreation  when  there  is  time  to  play.  Back  of  it  all 
there  is  a  people  whose  hospitality  has  always  been  of  the 
most  open-hearted  kind,  a  people  ready  to  give  the  Society  a 
hearty  welcome  at  its  forthcoming  meeting  there. 


Nominations  for  Officers  of  the 
Am.Soc.M.E. 

For  Election  in  December  1917 

The  Constitution  of  the  Society  in  C  47  provides  among  the 
Annual  Committees: 

"  A   Nominating   Committee   appointed   by   the   Presi- 
dent." 

It  further  provides  in  C  48 
A  "  Special  Nominating  Committee :    Twenty  or  more  per- 
sons  entitled   to   vote    may   constitute   themselves   a    Special 
Nominating  Committee,  with  the  same  powers  as  the  Annual 
Nominating  Committee." 

The  procedure  in  the  nominations  for  office  is  provided  in 
the  following  By-Laws : 

B-27  A  Nominating  Committee  of  five  members,  not  mem- 
bers of  the  Council,  shall  be  appointed  before  February  first  of 
each  year  by  the  President.  The  Secretary  shall  publish  the 
names  of  this  Committee  in  the  March  issue  of  The  Journal  to- 
gether with  a  request  to  the  voting  membership  of  the  Society 
that  they  recommend  to  the  Committee  the  names  of  eligible 
persons  for  the  elective  offices  to  be  filled  at  the  next  election. 
This  Committee  shall  deliver  to  the  Secretary  in  writing  be- 
tween the  first  and  the  fifteenth  of  June  the  names  of  its 
nominees  for  the  various  effective  offices  next  falling  vacant 
under  the  Constitution,  together  with  the  written  consent  of 
each  nominee.  The  names  of  the  nominees  for  the  various 
offices  proposed  by  this  Committee  shall  be  published  by  the 
Secretary  under  the  names  of  the  Committee  in  the  July  issue 
of  The  Journal. 

B-28  A  special  Nominating  Committee,  if  organized,  shall 
on  or  before  October  fifteenth,  present  to  the  Secretary  the 
names  of  its  nominees  for  the  elective  offices  next  falling  vacant 
imder  the  Constitution,  together  with  the  written  consent  of 
each  nominee.  The  names  of  the  nominees  for  the  various 
offices  proposed  by  this  Committee  shall  be  published  by  the 
Secretary  under  the  names  of  this  Committee  in  the  November 
issue  of  The  Journal. 


There  are  to  be  elected  in  December  next 
A  President  to  hold  office  for  one  year 
Three  Vice-Presidents  to  hold  office  for  two  years 
Three  Managers  to  hold  office  for  three  years 
A  Treasurer  to  hold  office  for  one  year 
The  President,  Ira  N.  Hollis,  has  ai^pointed  the  following 
Nominating  Committee  for  these  officers : 
Willis  H.  Carrier,  of  Buffalo 
Fredk.  W.  Gay,  of  San  Francisco 
A.  M.  Lockett,  of  New  Orleans 
Paul  B.  Morgan,  of  Worcester 
Louis  E.  Strothman,  of  Milwaukee 
The.se  names  were  selected  by  the  following  Sections,  grouped . 
geographically,  and  accepted  by  the  President: 
Group  1     San  Francisco  and  Los  Angeles 
Group  2     Atlanta,  Birmingham,  Cincinnati,  New  Orleans  and 

St.  Louis 
Group  3     Chicago,  Detroit,  Indianapolis,  Milwaukee  and  Min- 
nesota 
Group  4    Boston,  New  Haven  and  Worcester 
Group  5     Baltimore,  Buffalo,  Erie,  New  York  and  Philadel- 
phia 
This  Nominating  Committee  is  to  meet  at  the  Spring  Meet- 
ing of  the  Society  in  Cincinnati,  Ohio,  May  21-24,  and  would 
be  pleased  to  receive  suggestions  from  the  membership. 

Under  the  terms  of  By-Laws  B-27  and  B-28  the  voting  mem- 
bership are  requested  to  send  the  Nominating  Committee  or 
Committees,  in  care  of  the  Secretary,  29  West  39th  Street, 
New  York,  N.  Y.,  their  recommendations  of  names  for  any 
or  all  of  the  elective  offices  to  be  filled  at  the  next  election. 

These  recommendations  should  he  sent  in  early  and  not  later 
than  June  1st. 

Sir  William  H.   White  Memorial 

It  will  be  remembered  that  shortly  after  the  death  of  Sir 
William  White,  on  Feb.  27,  1913,  a  movement  was  initiated 
to  establish  a  suitable  memorial  in  his  honor. 

The  members  of  many  engineering  and  scientific  societies 
of  several  nations  were  given  an  opportunity  to  subscribe 
and  a  committee  of  notable  engineers  was  formed  in  England 
to  take  charge  of  the  movement. 

A  considerable  number  of  the  members  of  The  American 
Society  of  Mechanical  Engineers  responded  to  the  invitation 
and  a  goodly  sum  was  sent  to  the  committee  in  the  name  of 
our  Society,  of  which  Sir  William  was  an  Honorary  Member. 

The  work  has  been  consummated  and  the  Committee  has 
made  its  final  report. 

The  memorial  funds,  resulting  from  private  subscription, 
amounted  to  over  -$16,000. 

The  memorial  has  taken  three  forms: 

1  The    "Sir   William    White    Research    Scholarship 

in  Naval  Architecture,"  which  is  to  be  adminis- 
tered by  the  Council  of  the  Institution  of  Naval 
Architects  with  a  fund  of  nearly  $14,000. 

2  A  donation  to  Westminster  Hospital  of  $500. 

3  A  portrait  panel  in  marble  of  Sir  William  erected 

in  the  Entrance  Hall  of  the  Institution  of  Civil 
Engineers  in  London,  in  which  about  $1500  is 
invested. 

A  reproduction  of  this  latter  memorial  is  shown  in  this 
number  of  The  Journal. 

A  larger  reproduction  will  be  suitably  inscribed  and  framed 

and  placed  on  the  wall  of  the  Society's  home. 
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Thus  has  l)een  accoinplishefl  the  desire  of  many  engineers 
of  many  nations  to  do  honor  to  an  engineer  of  great  dis- 
tinction and  a  man  of  most  lovely  character. 

Tiie  Committee  of  the  Am.Soc.M.E.  was  Jesse  M.  Smith, 
chairman;  Alexander  C.  Hnmijlireys,  Frederick  R.  Hutton. 

The  Americanization  Movement 

The  Chamher  of  Commerce  of  the  United  States,  whose  Im- 
migration Committee  is  displaying  special  activities  in  the 
direction  of  ahsorhing  foreign  elements  into  our  national  stock, 
is  to  he  congratulated  on  its  recent  efforts  to  enlist  the  coopera- 
tion of  the  engineering  i^rofession  in  the  furtherance  of  Ameri- 


nuich  empliasis  had  been  put  on  militanj  at  the  expense  of 
service  to  our  nation.  He  had  never  believed  that  the  for- 
eigners in  this  country,  Russian,  German,  English,  French  or 
any  other,  were  against  America,  nor  that  we  have  any  German 
population  opposed  to  American  institutions. 

He  favored  some  definite  constructive  suggestion  rather  than 
discussion,  and  thought  the  best  thing  to  do  with  regard  to 
foreigners  coming  to  America  was  to  organize  for  after-work 
education  and  scholarships,  and  a  general  education,  especially 
in  American  institutions.  In  conclusion  he  said  he  felt  very 
strongly  that  the  Engineer  would  back  up  anything  the  Cham- 
ber of  Commerce  might  propose  towards  the  betterment  of  citi- 
zenship in  America  and  of  Americanization. 

Mr.  Howard  E.  Collin  spoke  on  the  constitution  of  the  Com- 
mittee on  Industrial  Preparedness,  and  the  work  it  had  already 
accomplished  in  connection  with  the  industrial  inventory  of  the 
country,  the  data  of  which  will  form  the  basis  of  the  whole 
structure  toward  our  national  military  and  naval  defence. 

With  regard  to  Americanization,  he  favored  employment 
cards  in  every  employment  agency,  which  would  give  partic- 
ulars as  to  naturalization,  when  first  papers  were  taken  out, 
etc.,  followed  in  due  course  by  a  definite  declaration  that  no 
employee  will  be  raised  to  a  position  of  responsibility  or  trust 
unless  he  is  an  American  citizen. 

Transactions  Errata 

From  time  to  time  the  attention  of  the  Society  has  been 
called  to  slight  en-ata  in  the  volumes  of  Transactions,  and 
tliese  errata  have  been  kept  on  file  and  will  be  compiled  and 
published  at  an  early  date. 

Mr.  F.  W.  Dean  furnishes  the  following  corrected  Table  1 
of  his  paper  on  Damages  for  Loss  of  Water  Power,  which  was 
presented  at  the  December,  1915,  meeting  of  the  Society  and 
piiblisiied  in  Volume  l!6  of  the  Transactions; 

T.^r.i.i-;  1    (.K.\Ei!.\L  COSTS  OF  i'n\vi:i;  r.v  stkam  and  watei: 


.\nnuiil  Costs  of  Power  liy  a  Steam  Plant. 


POItTRAIT     PaNKL    of    SiR    WiLLIAlI     HeXRV     WllXTE 
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canizatnin.  A  dinner  was  given  on  .January  19,  followed  l)y  a 
discussion  on  The  Engineer  in  Americanization,  in  which  (|uite 
a  number  of  speakers  took  part. 

Dr.  Hollis,  President  Am.Soc.M.E.,  touching  on  the  question 
under  discussion,  said  tliat  the  underlying  aspect  of  the  Euro- 
pean War  related  to  the  attitude  of  the  individual  toward 
government;  whether  he  believed  in  the  government  and  heart 
and  soul  obeyed  the  orders  of  a  government,  or  whether  the 
government  was  a  mere  machine  through  which  the  individual 
was  permitted  to  develop  as  high  as  possible  in  the  service  of 
mankind.  He  could  not  help  feel  that  tliis  was  the  most  im- 
portant  side  of   preparedness   in    this   country,   and   that   too 


Naval  Consulting  Board 

.\  special  meeting  of  the  Naval  Consulting  Board  of  the 
United  States,  called  at  the  request  of  Secretary  of  the  Navy- 
Daniels,  was  recently  held  in  the  Engineering  Societies  Build- 
ing for  the  purpose  of  considering  certain  matters  which  are 
vital  to  the  projjer  defense  of  the  Ignited  States  in  the  event 
of  war. 

William  L.  Saunders,  vice-chairman  of  the  board,  presided, 
and  some  of  the  matters  discussed  were  the  ])roduction  and 
organization  of  the  industries  whose  outputs  would  be  national 
necessities   in   the   event   of   war,   aeronautics,   transportation, 
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submarines,  mines  and  toi-pedoes,  and  (irilnanr-t'  and  explo- 
sives. 

Among'  those  at  the  meeting  were  Bion  .1.  Arnohl,  Frank  J. 
Sprague,  Peter  Cooper  Hewitt,  Howard  E.  Collin,  Hudson 
Maxim,  Elmer  A.  Sperry,  and  Lawrence  Addicks,  who  are 
members  of  the  board,  and  Rear  Admiral  G.  E.  Burd,  Indus- 
trial Manager  of  the  New  York  Navy  Yard;  Captain  W.  S. 
Smith,  U.  S.  N.,  representing  the  Navy  Department  in  Wash- 
ington, and  Lieutenant  Commander  Charles  S.  MeWhorter, 
one  of  the  submarine  experts  of  the  service. 

It  was  voted  to  notify  the  Secretary  of  the  Navy  that  the 

■  "  board  holds  itself  at  the  service  of  the  Department  of  War 

or  of  tlie  National  Council  of  Defense,  to  act  as  a  board  of 

inventions,  or  in  any  other  capacity  which  may  be  of  use  to 

the  Government  in  the  present  emergency." 

The  board  adjourned  to  meet  at  the  call  of  the  President, 


who  is  Thomas  A.  Edison,  wlio  was  reelected.  William  L. 
Saunders,  Peter  Cooper  Hewitt,  and  Thomas  Hobbins  were  the 
(itlier  executive  oHicers  elected. 


F^rics.son  Monument 

The  advisory  committee,  to  l)e  known  as  the  John  Ericsson 
Monument  Commission,  appointed  by  the  United  States  Gov- 
ernment to  handle  cel'tain  details  with  regard  to  the  erection 
and  unveiling  of  the  monument  to  Captain  John  Ericsson  at 
Washington,  includes  the  following  members  of  The  American 
Society  of  Mechanical  Engineers :  John  E.  Ericsson,  Ciiicago, 
III;  John  G.  Bergquist,  Glenhead,  L.  L;  F.  0.  Hoagland, 
Hartford,  Conn.;  C.  von  Phili),  Bethlehem,  Pa.;  Erik  Oberg, 
New  York  City. 

The  commission  will  meet  in  the  spring  in  Chicago. 


CANDIDATES  FOR  MEMBERSHIP 

TO   BE   VOTED   ON   AFTER  APRIL   10,    1917 


THE  American  Society  of  Mechanical  Engineers  is  an  or- 
ganization for  mutual  service  of  over  7700  engineers  and 
associates  cooperating  with  engineers.  The  membership  of 
the  Society  comprises  Honorary  Members,  Members,  Asso- 
ciates, Associate-Members  and  Juniors,  all  elected  by  ballot  of 
the  Council.  Application  for  membership  is  made  on  a  regu- 
lar form  furnished  by  the  Secretary  which  provides  for  a  state- 
ment of  the  standing  and  professional  experience  of  the  ap- 
plicant and  requires  references  from  voting  members  person- 
ally acc[uainted  with  the  applicant.  The  requirements  for 
admission  to  the  various  g-rades  will  be  furnished  upon  request. 
Below  is  the  list  of  candidates  who  have  filed  applications 
for  membership  since  the  date  of  the  last  issue  of  The  Journal. 
These  are  classified  according  to  the   grades  for  which  their 


ages  qualify,  and  not  with  regard  to  jirofessional  qualifica- 
tions, i.e.,  the  ages  of  those  under  the  first  heading  place  them 
under  either  Member,  Associate  or  Associate-Member,  those  in 
the  next  class  under  Associate-Member  or  Junior,  and  those  in 
the  third  class  under  Junior  grade  only.  A]iplieations  for 
change  of  grading  are  also  posted. 

'The  MenihcrsJtijj  Committee,  and  in  turn  the  Council,  urge 
the  members  to  scrutinize  this  list  with  care  and  advise  the^ 
Secretary  promptly  of  any  objections  to  the  candidates  posted. 
All  correspondence  in  this  regard  is  strictly  confidential.  Un- 
less objection  is  made  to  any  of  the  candidates  by  April  10, 
1917,  and  providing  satisfactory  replies  have  been  received 
frinu  the  required  numl)er  of  references,  they  will  be  balloted 
upon  by  the  Council.  Those  elected  will  be  notified  about  May  20. 


NEW    .\PPLIC.iTIONS 

FOR    CONSIDERATION    AS     MEJIRERj    ASSOCI.\TE    OR    ASSOCIATE-MEMBER 


Alabama 

GABOrKY,  JOHN  D..  Si 

Woodward  Iron  Co., 
L.\NDGREBE.  Karl  L. 


IM'i-iiitfndent  of  Powfi". 

Woodward 
Assistant  General   Superintendent. 


Tenn.  Coal,  Iron  &  R.  R.  Co.,  Ensley 

LIXD,  Edward  W.,  Draftsman, 

Tenn.  Coal,  Iron  &  R.  R.  Co.,  Fairfleld 

LOWE.  James  R.,  Vice-Pres., 

McCIeary  Jemison  Mchy.  Co..  Ensley 

M.VIIONEY,  JOHN  C,  Turbine  Engineer, 

.Vtlanta  Dist.,  General  Electric  Co..  .\tlanta 

MOFFETT,  Charles  A.,  Vice-President, 

Gulf  States  Steel  Co.,  Birmingham 

TAYLOR,  B'LBMEN  C,  General  Gas  Foreman, 

Tenn.  Coal,  Iron  &  R.  R.  Co.,  Ensley 

WILCOX,  WiLLUM   F.,  Superintendent  Water  Supply. 

Tenn.  Coal.   Iron  &  It.   R.  Co.,  Ensley 

California 

.VLLEX,  .Vrthir  p..  Chief  Draftsman,  Engineering  Department, 

Union  Iron  Worljs  Co.,  San  Francisco 

P.ENXETT,  Frederick,  formerly  manai;.'r    if  Jlchy.  Dept., 

Parrott  &  Co.,  San  Francisco 

DEMAREST,  D.  C,  Manager. 

.\ngc'ls  Iron  Worlts,  .\ngels  Camp 

FIELD,  Robert  N.,  Mechanical  Engineer. 

Mamnicith  Copper  Mining  Co.,  Kennett 

KIBELI-:,  O.  B.,  General  Superintendent  Transportation, 

Union  Co.,  Los  Angeles 

SCM.Mtl'ENBERG,  Charles  C,  Efficiency  Engineer, 

Standard  Oil  Co.,  Bakersfield 

STODD.\RD,  Charles  II.,  Engineer, 

Moore  &  Srott  Ijon  Works,  San  Francisco 


Colorado 

CARSON.  Louis  T.,  Assistant  Chief  Engineer, 

Great  Western  Sugar  Co., 
DEWEY,  Louis  C,  Mechanical  Engineer, 

Jackson  Compressor  Co., 
JONES.  -Vrtiiur  L.,  District  Engineer, 

General  Electric  Co., 


Denver 
Denver 
Denver 


Connecticut 

ABBOTT,  Roy  J..  Section  Leader, 

Pratt  &  Whitney  Co..  Hartford 

.\LLGRUNN,  Frederick  S.,  Mechanical  Engineer, 

Remington  .\rms  &  Ammunition  Co.,  Bridgeport 

FK.\Y',  Georue  II.,  Assistant  to  Mechanical  Engineer, 

Bridgeport  Bra.ss  Co.,  Bridgeport 

GORDON,   William  A.,   General    Superintemlcnt. 

Birmingham    Iron   Fdy.,  Derby 

HULME,   Percy   A.,   .Assistant   .Superintendent. 

New   Britain  Mch.   Co.,  New   Britain 

JOHNSON,  Eugene  A.,  Equipment  Engineer, 

Hi'iniiigton  .\nns  Union  Metallic  Cartridge  Co..  Bridgeport 

i..\TTIN.  .Vi.iiERT  N.,  Mechanical  Superintendent, 

New  lieparture  Mfg.  Co.,  I'.ristol 

LOOMER,   Lewis  L„  Testing  and  Investigating  Engineer, 

American   Brass  Co..  Waterbury 

MctiR.A.TH,  William  C,  Superintendent, 

Stamford  Rolling  Mills  Co.,  Sprlngdale 

.MUNSON,  John  G.,  Construction  Engineer, 

J.  G.  White  Engineering  Corp.,  New   Haven 

OTTERSON,  John  E.,  Vice-President. 

Winchester  Repeating  .\rms  Co.,  New  Haven 

i'll'KLES,  John  F., 

Wilh  W.  F.  Pickles.  Alannfactiiring  .Viilomatic-  Drying  Regu- 
lator for  Paper  .Making  Machines.  Bnckland 
liODNEY'.  Keith  R..  I'Inginceiing, 

Bullard  Maihiic  'I'ool  Co.,  Bridgeport 
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Piv..   Engineer- 

Wilmiugton 

Wilmington 

Wilmington 

Delaware  Div.. 

Wilmington 

Wilmington 

Edge  Moor 
Wilmington 
Wilmington 


ROMER,  Albert  J..  Sales  Engineer, 

The  New  Departure  Mfg.  Co.,  Bristol 

SIMPSON,  Geokge  p..  Superintendent, 

Oven  Equipment  &  Mfg.  Co.,  New  Haven 

UNGER,  G.  A.,  Technical  Manager  and  Chief  Engineer, 

S.  K.  F.  Ball  Bearin.g  Co..  Hartford 

WILLIAMS,  Chables  E.,  General  Manager, 

William  L.  Gilbert  Clock  Co..  Winsted 

Delaware 

BRENTLINGEIl,  John  M.,  Operative  Engineering 

ing  Department, 

E.  I.  du  Pont  de  Nemours  &  Co., 
DERR,   Ralph,  Engineer,  Mech.   Experimental   Div. 

E.  I.  du  Pont  de  Nemours  &  Co., 
FOSTER,   William   B.,  Assistant  Chief  Engineer, 

E.  I.  duPont  de  Nemours  &  Co., 
MEREDITH,  Harri  P.,  Master  Mech.,  Maryland  & 

Baltimore  &  Washington   R.   R., 
SCHULZ,  Lou  E.,  Construction  Engineer. 

E.  I.  du  Pont  de  Nemours  v<c  Co.. 
SELLERS,   William   F.,   Prcndent. 

Edge  Moor  Iron  Co.. 
STONE,  Roy  L..  Operative  Engineer, 

E.  I.  du  Pont  de  Nemours  &  Co., 
WARNER,  Jacob  L.,  Assistant  Engineer, 

E.  I.  du  Pont  de  Nemours  &  Co., 

District  of  Columbia 

JOHNSON,  Elmeu,  Assistant  Mechanical  Engineer. 

U.  S.  Office  of  Public  Roads  &  Rural  Engrg.,  Washington 

SMITH.  Thomas  W.,  Mechanical  Engineer.  Transportation  Div., 

Quartermaster  Corps.  U.  S.  .\rmy,  Washington 

Geori:ia 

•     G  REAGAN,  John  J.,   Sales  Engineer, 

Allis  Chalmers _Mfg.  Co.,  of  Wis..  Atlanta 

Dlinois 

.\KERS.  Axel,  Engineer  in  Charge  Mech.  Section. 

Department  of  Public  Works,  Bureau  of  Engineering,  Chicago 
ALLAN.   Charles   D.,   Consulting  Engineer,  Chicago 

BABCOCK.  Fked  R..  Proprietor, 

Electrical  &  Power  Equipment  Co,,  Chicago 

CROSBY,  William   F..  Service  Manager. 

Intern;itional  Motor  Co..  Chicago 

HANNIFIN,  A.  V.,  Treasurer  and  Works  Engineer, 

Hannifin   Mfg.   Co.,  Chicago 

HENLEY,  Rot  A.,  General  Superintendent, 

The  American  Cement  Plaster  Co.,  Chicago 

HENNING,  Charles  F..   Manager, 

Gypsum  Fireproofing  Co.,  Chicago 

KYLE.  Samuel  C,  Consulting  Engineer. 

Engineering  &  Sales  Corp..  Chicago 

MONTAGUE,   Edward,    Superintendent, 

Amalgamated  Mchy.  Corp.,  Chicago 

SEIDLE,  Norman  R.,  Manager  Plate  Construction  Dept.. 

Joseph  T.  R.verson  &  Son,  Chicago 

WILDER,  Thomas  E.,  President, 

Wilder  &  Co..  Chicago 

WILSON,  George  L.,  Counsel  Serviie. 

Efficiency  Engineering  Lines.  Chicago 

Indiana 

EVANS,  Bernard  C,  Die  Designing. 

General  Electric  Co., 
HAYDON,  George  F.,  Chief  Engineer. 

Prudential  Casualty  Co., 
WILLIAMS,  Lewis  M.,  Sales  Engineer. 

Fort  Wayne  Oil  &  Supply  Co.. 


Fort  Wayne 
Indianapolis 
Fort  Wayne 

Owensboro 


Kentuclcy 

TREFZ,  Julius  J.,  General  Superintendent. 
The  Anglo-American  Mill  Co., 

Louisiana 

ANDERSON,  James,  Jr.,   Superintendent,  Pipe  Line  Dept., 

Standard   Oil   Co.   of  La.,  Shreveport 

SPENCER.  Orrie  G.,  Chief  and  Consulting  Engineer. 

Lyon  Lumber  Co..  Garyville 

Maine 

GOLDSMITH,  William  H.,  Jr.,  Chief  Draftsman. 

Biddeford  Plant,  Saco-Lowell  Shops,  BIddeford 

SAWYER,  Harry  B.,  Treasurer, 

The  Kelley  Spear  Co.,  Bath 

Maryland 

BRIDGES,  John  S.,  President  and  General  Manager, 

Coale  Muffler  &  Safety  Valve  Co.,  Baltimore 

SCHMEISSER,  Ernest  G.,  Secretary  and  Treasurer, 

Bjiltimore  Oil  Engine  Co.,  Baltimore 


Massachusetts 

C'LRRY,  Malcolm,  General  Engineer, 

American  Thread  Co.,  Holyoke 

LOFTUS,  James  J.,  Sales  Engineer, 

Recd-I'rentice  Co..  Worcester 

MacKiVY,  Simon.  Works  Manager, 

The  L.  S.  Starrett  Co.,  Athol 

NKWTON,  Albert  E.. 

With  Reed-Prentice  Co.,  Worcester 

NOUTII.   Fred  K..   Superintendent. 

American  Steam  Gauge  &  Valve  Mfg.  Co..  Boston 

ROBINSON,   Charles   A.,  Mechanical   Superintendent, 

Merrimack  Mfg.  Co.,  Lowell 

SOPER,  Cleveland  C,  Instructor  Machine  Drawing  and  Design, 

Wentworth  Institute,  Boston 

TENNEY,  Arthur  A.,   Purchasing   Agent. 

Fitchburg  Steam  Engine  Co.,  Fitchburg 

W.VIiREN,  Ralph  L..  General  Manager. 

Warren  Brothers  Co.,  Boston 

WIDDERBERG.   Oscar  A..   Machine  and  Mill   Designer, 

American  Steel  &  Wire  Co.,  Worcester 

Micliigran 

DE  VISSER,  John  H.,  Treasurer, 

The  Coon-De  Visser  Co.,  Detroit 

HEAVENRICH,  Osmond  D.,  Chief  Engineer, 

Detroit  Pressed  Steel  Co.,  Detroit 

KNTJDSON,  William   S.,  Mechanical  Engineer, 

Ford  Motor  Co.,  Detroit 

PARKS,   Burritt  a..  Consulting  Engineer, 

Byron  E.  Parks  &  Son,  Grand  Rapids 

RIX,  Milton  H.,  General  Superintendent, 

Shelfiold  Car  Co..  Three  Rivers 

TOWER,   Glenn  L.,  Mechanical  Engineering, 

With   The  Detroit  Edison  Co..  Detroit 


Minnesota 

LILY'GREEN,  Frank  G.,  General   Shop   Superintendent. 

American  Hoist  &  Derrick  Co., 
MOYER,  Malcolm  B.,  President, 


St.  Paul 


Meyer  Manufacturing  Co., 


Montevideo 


Missouri 

ROSENOW,  Henry  F.,  Chief  Engineer  Power  Plants, 

Brown  Shoe  Co.,  St.  Louis 

STOMSERG.  Emil  C,  Assistant  Engineer.  Improvement  Dept., 
American  Car  &  Foundry  Co..  '  St.  Louis 


Nebraska 

SOUTH,  John  H.,  Superintendent, 
Nebraska  Culvert  &  Mfg.  Co.. 


Wahoo 


WYGODSKY,  Leon,  Vice-President  and  General  Manager. 


Baltimore  Oil  Engine  Co., 


Baltimore 


New  Jersey 

CARNEY,  Edward  B..  Mechanical  Engineer, 

Safety  Insulated  Wire  &  Cable  Co..  Bayonne 

C.iVE,  Henry,  Director  Technical  Research. 

Davis-Bournonville  Co.,  Jersey  City 

IIANNL'M.  John  P..  Meclianical  .\ssistant  Superintendent, 

E.  I.  du  Pont  de  Nemours  &  Co.,  Carney's  Point 

LOVEKIN,  Luther  D.,  Engineer. 

New  York  Shipliuilding  Co..  Camden 

ROUSE,   Richard.  Jr..  Manager  Manufacturing   Dept., 

Boynton  Furnace  Co.,  Jersey  City 

VAIL.  Thomas  C,  Superintendent, 

Spicer  Mfg.  Co..  South  Plainfield 

WELDON.  John  M..  Power  Engineer. 

E.  I.  du  Pont  de  Nemours  Co.,  Carney  Point 

New  York 

ALLEN,  Oliver  F.,  Power  and  Mining  Department. 

General  Electric  Co.,  New  York 

AY'R,  Samuel.  Factory  Manager. 

Automatic  Transportation  Co..  Buffalo 

BENSEL,  John  A.,  Consulting  Engineer.  New  York 

BUSSEY.  Charles  C.  President. 

Coal  Products  Corporation  of  America.  New  York 

COLDWELL.  Arthur  J..  Superintendent. 

Coldwcll  Lawn  Mower  Co..  Newburgh 

COLE.  Forrest  W.,  Mechanical  Engineer. 

The  Solvay  Process  Co..  Syracuse 

COLEMAN,  Charles  P.,  Vice-President, 

Worthington  Pump  &  Mchy.  Corp.,  New  York 

DECKER,  RUDOLPH  J.,  M.  E.. 

Kaolin  Prod.  Corp.,  New  Y'ork 

DEVINE,  Joseph  P.,  President. 

J.  P.  Devlne  Co.,  Buffalo 

DRAKE,  Wakren  C,  Mechanical  Engineer, 

Westinghouse  Elec.  &  Mfg.  Co..  New  York 

DYGERT,  Charles  B..   Equipment  Engineer. 

Remington  Arms  U.  ^I.  ('.  Co..  Ilion 

EVERETT.  Chester  M..  Member  of  Firm. 

Hazen,  Whipple  &  Fuller,  Cons.  Civil  Engrs.,  New  Y'ork 
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GOODSPEED,   Charles   A.,   Machine   Tool    Salesman, 

Henry  Prentiss  Co.,  New  Yorlc 

GREIST,  Alva  O.,  Consulting  Engineer,  New  York 

HAYDEN,  Thomas  J.,  Instructor,  Practical  and  Applied  Elec- 
tricity, Department  of  Education,  New  York 
HEQUEMBOURG,  Walter  J.,  Assistant  General  Manager, 

New  Y'ork  Dock  Co.,  Brooklyn 

HIRSCHBERG,  Charles  A.,  Advertising  Manager, 

IngersoU-Rand  Co.,  New  York 

HUDSON,  Albert  H,,  General  Purcbasing  Agent. 

Wright-Martin  .\ircraft  Corp.,  New  York 

IN(;LES,  Robert  N.,  Chief  Engineer. 

JI.  \V.  Kellogg  Co.,  New  York 

ISKOLS,  Anatol  D.,  Mechanical  Designer. 

Switchboard  Dept.,  General  Electric  Co.,  Schenectady 

JOHNSTON,  Robert  B.,  Supervisor  of  General  Machining, 

Remington  Arms  &  Ammunition  Co.,  Ilion 

KING.  Noii.MAN  M..  Engineer  in  charge. 

The  Singer  Building  Power  Plant,  New  York 

LINDENKOHL,  Henry,  Engineer  of  Construction, 

American  Locomotive  Co.,  Schenectady 

McCLEARY,  William^  Superintendent, 

New  York  &  Richmond  Gas  Co.,  New  Y'ork 

MYERS,  Charles  T..  Production  Engineer, 

Savage  Arms  Co.,  Utica 

PECK,  Ross  S.,  Engineer, 

Westinghouso.  Church,  Kerr  &  Co.,  New  York 

PEEBLES,  Ekford  .T.;  Factory  Engineer, 

Divine  Brothers  Co..  Utica 

SACCHI.  Gl'STAVO  a.,  Engineer,  Power  Div., 

Westinghouse  Elec.  &  Mfg.  Co.,  New  York 

SHAW.  Hubert  A.,  Metallurgist. 

American  Can  Co.,  Geneva 

SITNEY,  Massey,  Mechanical  Engineer, 

New  York  Navy  Y'ard,  New  York 

STALEY',  Fkedericic  W.,  Fuel  Engineer, 

The  Texas  Co.,  New  York 

STEWART,  .Li.MES  T..  Resident  Inspector. 

The  Hartford  Steam  Boiler  Inspection  &  Insurance  Co..  Utica 
TAYLOR,  James  D.,  Advisory  and  Operating  Engineer,  New  Y'ork 
TUCKER,  Joseph  H..  Construction  Superintendent. 

Grant  Contracting  Co..  New   York 

WILFERT,   George.  Assistant   Chief  Inspector, 

Remington  Arms  Union  Metallic  Cartridge  Co.,  Ilion 

WORTH,  B.  G.,  Vice-President, 

Walter  Kidde  &  Co.,  Inc.,  New  Y'ork 

WRIGHT,  Donald  C,  Production  Supervisor. 

Remington  U.  M.  C.  Co..  Ilion 


Ohio 


Sandusky 

Dayton 

Willoughby 

Delphos 

Cleveland 

Cleveland 


AICHBERGER,  Carl,  Mechanical  Engineer, 

The  Sandusky  Foundry  &  Machine  Co.. 
BICKFORD,  Frank,  Engineer, 

The  Recording  &  Computing  Mclis.  Co.. 
BLANCHARD,  Charles  M.,  Chief  Engineer. 

The  Standard  Fuel  Oil  Engine  Co.. 
BURGER,  Frederick  W..  Superintendent. 

Delphos  Mfg.  Co., 
C.\RMAN,  Edwin  S.,  Secretary  and  Chief  Engineer, 

The  Osborn  Mfg.  Co., 
CASE.   George   S.,  Factory  Manager. 

The  Lamson  &  Sessions  Co., 
FULTON.  William  B.,  Supervising  Engineer, 

The  Colin  Gardner  Paper  Co.,  Middletown 

FRYER.  William   II..  Chief  Engineer. 

The  National   Cash   Register  Co.,  Dayton 

GEOGHEGAN,   John   T.,   Mechanical   Engineer, 

C.  N.  O.  &  T.  P.  Rwy.,  Cincinnati 

GIBBONS,  Michael  J.,  Jr.,  Secretary, 

M.   J.   GilAons   Supply  Co.,  Dayton 

LOHMANN,  .\LFRED  P..  Engineer  in  Charge,  Engineering  Dept., 

The  B.  F.  Goodrich  Co.,  Akron 

MOORE.  Charles  C,  Chief  Enginci'r  Power  Sta., 

The  National   Cash   Register  Co..  Dayton 

MUELLER,  Oscar  W..  President. 

The  Mueller  Machine  Tool  Co..  Cincinnati 

PERKINS,  J.  B.,  President, 

The  Hill  Clutch  Co..  Cleveland 

PATTERSON,  A.  Hugo,  Contracting  Engineer, 

The  Mt.  Vernon  Bridge  Co.,  Mt.  Vernon 

PELTZ,  Arthur  C,  General  Manager, 

The  Morris  Machine  Tool  Co.,  Cincinnati 

RA  STALL,  Walter  II..  Engineer, 

Worthington   Pump  &  Machinery  Corp.,     -  Cincinnati 

RICH.\RDS,  Arthur,  Consulting  Engineer, 

Richards  Engineering  Co.,  Columbus 

ROLLMAN.  Bruce  B.,  Experimental  Engineer. 

New  Idea  Spreader  Co.,  Coldwater 

SAFBERG,  B.  F.,  Superintendent,  Barberton  Works, 

The  Balicock  &  Wilcox  Co.,  Barberton 


SIIUTT,  MiLO, 

Witli  Alliance  Machine  Co..  Alliance 

TREADWAY,  Lyman  H.,  President, 

The  Peck,  Stow  &  Wilcox  Co.,  Cleveland 

Oregon 

MEANY,   James   M..    Western   Representative, 

Clyde  Iron  Works  of  Duluth,  Minn.,  Portland 

Pennsylvania 

AD.\MS,  Louis  W.,   Superintendent  of  Plant, 

Bethlehem  Steel  Co.,  South  Bethlehem 

BELL,    Clinton    W.,    1st    Assistant    Chief    Engineer,    Ilauto 
Power  Sta., 

Lehigh  Navigation  Electric  Co.,  Hauto 

CARTER,  J.  Wallace,  Superintendent, 

Penn.  Barrel  Co.,  Philadelphia 

CARTER,  Oscar  S.,  Assistant  to  Combustion  Engr., 

United  Gas  Improvement  Co.,  Philadelphia 

CKISFIELD,  James  A.  P..  Engineer, 

The  United   Gas   Improvement  Co..  Philadelphia 

DALE,  E.  Burdette,  Chief  Engineer, 

Erie  City  Iron  Works,  Erie 

EATON,  George  M.,  Division  Engineer,  Rwy.  Div.  Bng.  Dept., 

Westinghouse  Elec.  &  Mfg.  Co.,  E.  Pittsburgh 

FISCHER,  Valdemar  B.,   Toolroom  Foreman. 

Midvale  Steel  Co.,  Philadelphia 

HAY'ES,  Lawrence  W..  Salesman, 

Worthington  Pump  &  Machinery  Corp.,  Pittsburgh 

HINKENS,  Edward  H.,  Shop  Engineer, 

Westinghouse  Elec.  &  Mfg.  Co.,  Pittsburgh 

HOUGH,  Robert  H,  Consulting  and  Developing  Engineer, 

Clarke  Thomson  Research,  Philadelphia 

JOHNSON,  Leon  H.,  Works  Engineer, 

Struthers  Wells  Co.,  Warren 

MARVIN.  Howard,  General  JIanager, 

Boyts-Porter  &  Co..  Connollsville 

ROGERS,  Frank  H..  Assistant  Hydraulic  ICngineer. 

I.  P.  Morris  Co.,  Philadelphia 

SCHREIBER,  Hermann  V..  Research  Engineer. 

E.  W.  Clark  &  Co.,  Philadelphia 

SHIMER,   Abraham,  Assistant  Chief  Engineer, 

The  New  Jersey  Zinc  Co..  Palmerton 

SODERSTROM,  Karl  A.,  Designing  Engineer, 

The  Midvale   Steel  Co.,  Philadelphia 

SPEER.  J.   Ramsey,  President. 

Pittsburgh  Iron  &  Steel  Foundries  Co..  Pittsburgh 

SPRINGER,  Leslie  W.,  Civilian  Superintendent,  Hull  Div., 

Philadelphia  Navy  Yard,  Philadelphia 

Rhode  Island 

HATCH,  WiLLARD  T.,  Engineer  Power  and  Construction, 

Brown  &  Sharpe  Mfg.  Co..  Providence 

West  Virginia 

F.\IRCHILD.  Albert  R..  Assistant  Superintendent, 

Appalachian  Power  Co.,  Bluefield 

Wisconsin 

BOYER.  George  II..  Assistant   Engineer  Power  Plant. 

Milwaukee  Electric  Rwy.  &  Lt.  Co..  Milwaukee 

BULL.\RD,  Earl  J.,  Manager,  Field  Production  Service,   . 

Gisholt  Mch.  Co.,  Madison 

MACKLEM,  George  A..  Engineer, 

Beloit  Iron  Works,  Beloit 

MESSENGER,  C.  R.,  Vice-Presid.'iit, 

Chain  Belt  Co.,  .Milwaukee 

WILSON,  John  C,  Manager,  Thomas  Metur  r>i'pt.. 

The  Cutler-Hamnier  Mfg.  Co..  Jlilwaukee 

South  America 

OLDITCH,  Frederick  W:,  Construction  and  Designing  Engineer, 
and  Partner, 

Buxton.  Olditch  &  Cia,  Buenos  Aires,  Argentine 

Canada 

CAMERON,  N.  C,  Chief  Engineer, 

Imperial  Tobacco  Co.  of  Canada,  Ltd..  Montreal 

DRl'ER,  Reginald  P.,  Assistant  General  Sales  Manager, 

Canadian  .\llis-Chalmers,  Ltd.,  Toronto 

LEE,  George  E.,  Asst.  to  Vice-President,  and  General  Manager. 

Canadian  Locomotive  Co.,  Kingston 

LINCOLN,  Ellis  S.,  Assistant  Superintendent, 

Nova  Scotia  Steel  &  Coal  Co.,  Ltd.,  New  Glasgow 

WARD,  Fred  B.,  Chief  Engineer  and  Asst.  to  General  Manager. 

John  Inglis  Co.,  Toronto 

for   consideration   as   associate-member   or  .iunior 

California 

H.\LLORAN,  Lewis  P.,  Partner, 

Halloran  &  Goleher,  San  Francisco 

SL.\UGHTER,  William  B.,  Mechanical  Engr.  and  Superintendent, 

Marine  Mechanical  Works,  San  Pedro 
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Connecticut 

BALL,  Charles  P.,  Jr.,   Demonstrator, 

Bullard   Machine  Tool   Co.,  Bridgeport 

BASMA.TIAX,  .Skrovp  P.. 

\vit)i  Wincliestor  Kepoating  Anns  Co.,  New  Haven 

KURRILL,  Albert  S.,  .\ssistant  Cbief  Draftsman, 

Pratt  &  Wliitne.v  Co.,  Hartford 

M.^LONE,   George  B.,  Assistant   Equipment   Engineer,  Gun   Dept., 
Winchester  Repeating  .Vrms   Co.,  New   Haven 

Delaware 

MINER,   H.1R0LD  L.,   Fire   Protection  Engineer, 

E.   I.   du    Pont   (ie  Nemours  &  Co.,  Wilmington 

District  of  Columbia 

1>.\VID8.  Robert  I...  Meclianical  Draftsman, 

(IHice  of  the  Chief  of  (irdnance,  Washington 

Illinois 

BEITM.\N,  .Arthlu  H.,  Engineer  and  Manager,  Qulncy  Branch, 

Edmund  T.   Perkins  Engineering  Co..  Chicago 

BENNETT,  ARTHUR   R.,   Furnace   Man, 

American   Steel  Foundries  E.   St.   Louis 

SCOTT,  I-;ii\viN  M..  Meter  Engineer.  Testing  Department, 

Conimomvealth  Edison  Co.,  .  Chicago 

WILSON,  Lerov  a.,  Assistant.  Engineering  Experiment   Sta., 
University  of  Illinois,  Urbana 

Indiana' 

M.\RTI.\,  D.  ST.1XLEV,  Assistant  Superintendent  of  Services, 

Citizens  Gas  Co.,  Indianapolis 

SAUERS,  .loHN  A.,  Instructor  Mechanical  Engineering. 

Purdue  Vniversit.v,  \V.  Lafa.vette 

Maine 

NEWCOMBE,   (;.iRFiELn  M.,   Mechanical   Designer, 

Eastern  Mfg.   Co.,  Bangor 

Maryland 

STUMP,  John,  Jr.,  C.,nstruction  Iicpariinent. 

General  Electric  Co.,  Philadelphia 

Massachusetts 

ANDREWS,  BERNARD  n..   New  England  Manager, 

Buffalo  Forge  Co.,   Buffalo   Steam    Pump   Co.,  Boston 

IIORTON,  LuciEN  B.,  Superintendent  Loading  Plant, 

United  States  Cartridge  Co.,  Lowell 

PIIlLLll'S,  EuMi  XD  M.,  Draftsman, 

General  Electric  Co.,  Lynn 

Michigan 

BROCKBANK,  Victor,  Chief  Draftsman, 

Superior  Machliie  &  Engineering  Co.,  Detroit 

FIELD,   Lawre.vce  N.,   Assistant   I'r.ifisjor  MeihanUal    Engi- 
neering, 
MichlKan  .Agricultural  College.  E.  Lansing 

GANDIII,  Jaswaxt  Rai,  Mechanical  Draftsman,  Power  Dept., 
Ford  Motor  Co.,  Detroit 

Minnesota 

KHHEL,  W.  C,  Assistant   Superintendent,   Gas  Power  Sta., 

Minn.    Steel   Co.,  Duluth 

Missouri 

C-IRNKOIE,  James,  Assistant  Engineer  to  Chief  Engineer, 

Union  Electric  Light  &  Power  Co.,  St.  Louis 

HUFF,  Lyman  C,  Chief  Draftsman. 

Union  Electric  Light  &  I'ower  Co.,  St.  Louis 

New  Jersey 

JACKSON,   Robert  E.,  Assistant  Superintendent, 

Edison  Laboratory.  West  Orange 

LACEY,  Lester  K.,  Cost  Accountant, 

.Vmerican    Smelting  &  Refining  Co.,  Matirer 

TOMPKINS,   Harold  D.,  Engineer, 

Smooth-On  Mfg.  Co.,  Jersey  City 

WHITE,  J.   W.   HuTLER,   First   Assistant   Chief  Engineer, 

The  .\merlcan   Sugar  Refining  Co..  Jersey  City 

New  York 

EV.\?."S,   Herbert  W.,  District   Manager. 

Reeves  Pulley  Co.,  of  Columlnis,  Ind.,  New  York 

PINKEL,   J.   J.,   Inspection   Engineer, 

New  England  Westlnghouse  Co.,  New  York 

FRAYNB,  William  D.,  Sales  Engineer, 

Ridgway  Dynamo  &  Engine  Co.,  New  York 

GE.4RY',  Robert  J.,  Engineering  Department, 

Semet-Solvay  Co.,  Syracuse 

GOALWIN,  Harry  A.,  Student  at  Columbia  Inlversity  and  occa- 
sional work  for  Moses,  Pope  &  Messer,  Cons.  Engrs.,  New  York 
GOLDRICH,   Phillip,   Draftsman. 

Guarantee  Construction  Co.,  New  i'ork 

GOODSEI.L,  Charles  D.,  Master  McchauH. 

Columbian  Rope  Co.,  .  Auburn 

HATCH,  Frederick  N.,  EnKinei-r. 

Westlnghouse,  Church,  Kerr  &  Co.,  New  York 

MORSE,  Albert  W.,  Vice-President, 

The  Anthony  Co.,  Long  Island  City 


NEESON,  Ciiari.es  R.,  Assistant  to  Supt.  of  Manufacture, 

I<:e  Manufacturing  Co.,  Ni  w   York 

POTTER,   Erford   M,,    Supervising   Engineer, 

Douglas  Robinson,  Charles  S.   Brown   Co.,  New   York 

l!Y.A.\,  William  F.,  Construction  Superintendent, 

Interborough  Rapid  Transit  Co.,  New   York 

SKINNER,  Howard  A.,  Cadet, 

Westchester  Lighting  Co.,  Gas  Department,  Mount   Vernon 

SdXDERMAN,  llEliMAN  C 

With  Brooklyn  Rapid  Transit  System,  Brooklyn 

STUBER,   -Adolph,    Efficiency   Engineer,    Camera    Works, 

Eastman    Kodak   Co.,  Rochester 

THOMPSON,  DwiNEL  B.,  MechanUal  Inspector, 

New  York  Central  R.R.,  New  York 

TOKNBERG,  IsinoR,  Designer, 

R.  Hoe  &  Co.,  New  York 

V.VNDE  .M.VRK,  EioEXE  S.,  Manager  Technical  Department, 

National  Employment  E.xchange.  New   York 

W.\nL.   James    H.,    Machinery   Inspector, 

Transit    Development   Co.,  Brooklyn 

WORTHEN,    Charles    B.,    Chief    Inspector,    .\eroplanes    and 

Aeromotors,    Signal   Corps.,   United    States   .\rmy.    College   I'olnt 
Ohio 

I'.KODEKICK,  George  II.,  Factory  Manager, 

Corrugated  Container  Corp.,  Cohiiubus 

McL.M'GHLIN,  (iLEXx  D.,  Maintenance  Engineer, 

itecordlng  &  Computing  Machines  Co.,  Dayton 

.M()1!NINGST.\R,  B.  Franklin,  Engineer  Main  Power  Station, 

The  River  Furnace  Co..  Cleveland 

SCHIKMER.  Carl  E.,  Chief  Draftsman, 

Schafter  Engineering  &  Equipment  Co.,  Tiffin 

T.VGGART,  Arthur  B.,  Secretary, 

.\dvance  Machinery  Co.,  Toledo 

WIGHT,  Harry  C,  .Superintendent  Div.  of  Water, 

Dayton  Water  Works,  Dayton 

Pennsylvania 

BENNY.  IKWIN  H..  Superintendent  Mfg., 

Penn  Barrel  Co.,  Philadelphia 

BRYANS,  Henry  B..  Engineer  Schuylkill  District, 

r'ounties  t.ias  &  Elec.  Co.,  Norristown 

cm  KCIIILL,  Harold  W.,  Executive  Engineer,  Motor  Drill  Dept., 

Burke  Electric  Co.,  Erie 

IxiWELL,    Henry    L.,   Instructor  in   Mech.   Engrg., 

University   of  Penn.,  Philadelphia 

UORTON,  Ernest  J.,  Mechanical  Engineer, 

Ruud  Manufacturing  Co.,  Pittsburgh 

MacLE.\N,  Archibald,  Jr.,  Marine  Engineering  Dept., 

Westlnghouse  Machine  Co.,  East  Pittsburgh 

(HIR,  Harold  S.,  Assistant  to  Superintendent  of  Inspection, 

Remington  Arms  Co.,  Eddystone 

SCHI'LZ,   GusTAV  E.,  Factory   Organizer,   Instructor  of   Scientific 
Management, 

Tabor  Mfg.  Co.,  Philadelphia 

SL.VYM.VKER,  William  W.,  .Assistant  Mechanical  Engineer, 

Bureau  of  .Surveys,  Philadelphia 

South  Carolina 

LE  TELLIER,  Louts  S.,  Professor, 

The  CTtadel,  The  Military  College  of  South  Carcdlna,     Charleston 
Texas 

GUNTHER,  Ernest,  Sheet  Metal  Mfg., 

II.  Welsh  Co.,  El   Paso 

A'irginia 

WILLl.AMS,  Sasiuel  S.,  Chief  Engineer  of  Power  Stations, 

Roanoke  Rwy.  &  Elec,  Co.,  Roanoke 

West  Virginia 

BALLARD,  A.  M.,  Chief  Engineer, 

Wayland  Oil  &  Gas  Co.,  Charleston 

Wisconsin 

WEGNER,  Arnold  .v..  Engineer.  Elevating  &  Conveying  Dept., 

Chain  Belt  Co.,  Milwaukee 

Canada 

SMOCK,  Harold  E.,  Chief  Draftsman, 

Page-Hersey  Iron  Tube  &  Lead  Co.,  •  Welland 


for  consideratiox  as  .tunior 


.\labania 

GLIMM,  William  F,  Jr.,  Engineer, 

Barrett  Co., 
SPEARMAN,  Gcv  M.,  Draftsman, 
-\merlcan  Cast  Iron  Pipe  Co., 
Colorado 

ROUSE.   John    E., 

With  The  United  Oil  Co., 
Connecticut 

CLARK,  Russell  (;..  Draftsman, 
The  American  Thread  Co., 


Fairfield 
Birmingham 

Florence 

Wllllmantlc 


March 
1917 
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HILL  Ci.AiiK  U., 

with  Terry  Steam  Tiirliiiie  (.'d.,  Hartford 

HIHSCH,   ROBEHT  1!..   Technical   Writer.  AdvertisiiiR   lie|it., 

S.  K.  F.  Ball  Bearing  Cik.  llartl'.inl 
HOLMS,  TURY  B.,  Designing  Draftsman. 

Terry  Steam  Turbine  Co.,  I  la  rl  ford 
.TOY,  .losErH,  Mechanical  I'lngini'i'r, 

Peter  A.  Frasse  &  Co.,  Hartford 
LEES,   Kkn.neth  F.,  Chief  Engineer, 

Greist  Mfg.  Co.,  Xew    Haven 

M.\GZOCCO.  I>.\N'TE  v..  Assistant  Floor  Foreman, 

.\shcroft    Mfg.    Co.,  r.ridgeport 

Delaware 

TAYLOI!,  Hk.xry  M.,  .Tu., 

with  Harlan  &  Hollingsw<o'tli  Corii..  WtlBiiiiglou 

WISE,  Ai>LEN   S.,  Drafting, 

Remington  Arms  Co.,  Wilmington 

niinoig 

EDE,  Ai.iiEKT  B.,  Engineer. 

Cobden  Machine  Works,  Cohden 

FLIEGNEI!.  C.\RI.  G.,  Section  Cldef,  Manufacturing  Layouts  Dept., 

Western   Elec.   Co.,    Inc.,  Cicsro 

KXIESE.  ILiROLD  G..  Engineer, 

Central  Illinois  Light  Co..  Peoria 


Louisiana 

HATFIELD,  Edward  R.,  Draflsnian, 
Slidell  Shipbuilding  Co.. 

Maryland 

WEST,  G.  Alvin,  Draftsman  I  lesigncr, 
P.  B.  &  W.  R.  R.  Co., 


Slidell 


Wiluungtiui 


Ma«sacliusetts 

EDWARDS,   Harold  H.,   Engineer, 

Swift  &  Co.,  Boston 

GFROERER,  Herbert  G.,  Mechanical  Engineer, 

Carver  Cotton  Gin  Co..  E.  Bridgewater 

IRWIN,  KiLSHAW  M.,  Engineer,   Station   Betterment   Dept., 

Stone  &  Webster  Engrg.   Corp.,  Boston 

WESTERVELT,  Xelson  H., 

with  Norton  Co.,  Worcester 

New  Jersey 

CLARKSON,  Robert  C,  .Tr..  Consti'uction  Engineer, 

.1.  E.  Campbell  Co.,  Camden 

EV-VNS,  James  M..  ElHciency  Engineer, 

Hyatt  Roller  Bearing  Co.,  Harrison 

HALAMA,   Frederick   D.   H.,   Draftsman. 

Babcock  &  Wilco.N  Co..  P.ayonne 

MANDEL,  ARTHrR  C. 

witli  Simplex  Automobile  Co.,  New  Brunswick 

SCHLITZ,  Bernard  P.,  Chief  Tool  Designer. 

Simplex  Automobile  Co..  New  Brunswick 

TALBOT,  John  A.,  Superintiuub-nt  I'.utler  Factory, 

Bloomingdale  Rubber  Co..  Bloomingdale 

New  York 

CASABLANCA,  Franic  .T..  <Miief  nraftsman.  Marine  Hcpt,. 

Kerr  Turbine  Co.,  Wcllsville 

GAISBR,  J.  H.,  Secretary, 

Booth    Felt    Co..    Inc.,  Brooklyn 

GODSON.  John  A.,  Draftsnum,  Williamsburg  Power  Station, 

Brooklyn  Rapid  Transit  Co..  Hi klyn 

GREENE,  George  F.,  Draftsman, 

M.    II.  Treadwell  Co.,  New   York 

HASELTON.  Phii^ip  IL.  Assistant  Manager, 

Newman  Clock  Co.,  New   Y'ork 

KELLY,  WiLi.iA.M.  Assistant  in  M.  E.  Dept  . 

Rensscdaer  Pol.A'technic    Institute.  Troy 

M.-VGILL,  Frankmn  R.,  Engineer,  Charge  Reduction  Gears  Design, 

Kerr   Turbine   Co.,  Wellsville 

M.\RTIN.  Edward,  Efficiency  Engineering, 

American  La   France  Engine  Co.,  Elmira 

MOZEEN,  Herbert  D.. 

with  Muiliner-Enlund  Tool  Co.,  Syracusi' 

QUACKENBUSH,  Eucene  S.,  Engineer, 

Friedmann,   Robertson  &  Keeler,  New   York 

SIPE,  Chari.es  a..  Time  Study  Work. 

Remington  Typi-writer  Co..  Syracuse 

TREWIN.    Frank    H.,    Lul)ricating    Engineer, 

Vacuum   Oil  Co.,  New   York 

WALKP:r,  Georue  G., 

with  Vacuum  Oil  Co.,  New  York 

WEBER,   Hcgh   H.,   Sales   Engineer, 

The  Texas  Co.,  New  York 

North  Carolina 

SANDERS,  Walter  C.,  Mechanical   Draftsman, 

Atlantic  Coast  Line  I!.  R.  <'o..  Wilmington 


Ohio 

P.KETT,   Rov  C,   Instructur  in   Mechanical   I<]ngineering, 

Case  School  of  Applied   Science,  Cleveland 

GALLUP,   Alden    W..   Mechanical    Engineer, 

The  Hinde  &  Daucli    Paper  Co.,  Sandusky 

.MITCHELL,  Mlllci.\   .\.. 

with  The  National  Vactiuni  Machinery  Co.,  Dayton 

TERIUBERRY,  (J.  Gilson,  Production  Engineer, 

Niles-Bement-Pond  Co.,  Hamilton 

W.VRD.  J.  Carlton,  .)r.,  Mechanical  Engineer. 

Niles-Bement-Pond  Co.,  Hamilton 

Olilalinnia 

LICHTY,  Lester  C,  Assistant  Professor  Mechanical  Engrg., 

University  of  Oklahoma,  Norman 

Pennsylvania 

.\ICllElt.  Aleked  L.,  Chief  Draftsman. 

F.  J.  Stokes  Machine  Co.,  I'lnladelphia 

DISin:KKS.  .\ldeht  R.,  Elflcieucy  Engineer, 

The  Emerson  Co..  Pittsburgh 

G.\NTS.  Elwyn  T.,  Assistant  Test  Engineer, 

Pittsburgh  Crucible  Steel  Co.,  Midland 

GIBSON,  Julian   B.,   Special  Apprentice, 

Niles-Bement-Pond   Co.,  Philadelphia 

GUING,  Wn.niR  D.,  Superintendent  Motive  Powi'r. 

Newport  &  Shermans -Valley  R.  R.  Co.,  Newport 

IHCNDERSON,   Douglas,  Instructor,  Mechanical  Engineering, 

The   Drexel    Institute,  Philadelphia 

M.VBREY,   Nelson   L..  Assistant  Engineer, 

Standard  Car  Construction  Co.,  Sharon 

1'(.)WELL,  W1LLL4M   W.,  .\ssistant   Sales  Manager, 

Mesta   Machine   Co.,  Pittsburgh 

SANDER.  Malvin  G.  F., 

With  National  Tube  Co.,  Pittslmrgb 

STROUD,   William  T.,  Mechanical  Engineer, 

The  Atlantic  Refining  Co.,  Philadelphia 

Rliode  Island 

McDEVITT.  John  N..  Vice-President  and  .Assistant  TiTasurcr, 

Dover-McDcvitt  Co.,  Providence 

M.VNDEVILLE.    Theodore    C,    Mechanical    and    Construction 
Engrg., 

Sayles  Finishing  Plants,  Saylesvilie 

Texas 

CAPEN,  Frederick  B.,  Mechanical  Engineer, 

The  Texas  Co.,  Port  .Vrthur 

EDGAR,   Osmer  N.,   Engineer-in-Charge  Industrial   Dept.. 

Houston    Chamber  of   Commerce,  Houston 

Wisconsin 

COVELL.  Clifford  C..  -Vssistant  Draftsman.  Car  Dept., 

Chicago,  St.  Paul,  Minneapolis  &  Omaha  Ry..  Hudson 

L.\ABS,  Eric  II.,  Mechanical  Engmeer, 

Cutler-IIaminer  Mfg.  Co..  Milwaukee 

LEWIS,  Dejii'Ster  C,  Student  Apprentice, 

.VUis-Chalmers  Mtg.  Co.,  Milwaukee 

WIIYTE,  Tessel  S.,   Secretary, 

Macomber   &    Whyte   Rope   Co.,  Kenosha 


APPLICATIONS     FOR    CHANGE    OF     GRADING 

promotion  from  associate 
[> 
GRIESS.  Justin,  Second  Vice-President, 

The  ilcMyler  Interstate  Co.,  Bedford 


I'ROMOTION    FROM    ASSOCIATE-ME.MlU'Ut 

Georgia 

E.AGER.  William  G.,  Second  Vice-President, 

Valdosta  Lighting  Co.,  Valdosta 

Massachusetts 

GRUNWELL,  Paul  C,  Mechanical  Engineer, 

New  Bedford  Westinghouse  Co.,  Springfield 

New  York 

KETCHUM,   Samuel,  Mechanical   Engineer, 

M.  H.  Treadwell  Co.,  New  York 

PAUSIN.  Hugo  R..  Superintendent  Torpedo  Dept., 

E.  W.  Bliss  Co.,  Brooklyn 


I'ROMOTION     FROM    JUNIOR 

Connecticut 

TREDWELL,  KENNETH  I.,  Production  Engineer's  Staff, 

Winchester  Repeating  Arms  Co.,  New   Haven 

Illinois 

DOWSON,  Harry  R.,  F..\periraental  Engineer, 

F.  W.  Matthiessen,  La   Salle 
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Michigan 

IDDLES,  Alfred,  Instructor  Eng.  Divisioa, 

Michigan  Agricultural  College.  East  Lansing 

Minnesota 

FULLEK,  Floid  M.,  Consulting  Mechanical  and  Electrical  Engr., 

Duluth 
STAUDE,  Edwin  G.,  Pres.. 

E.  G.  Staude  Mfg.  Co.,  St.  Paul 

Kew  Yorli 

FARRELL,  Morgan  G.,  Vice-President, 

Willard  Case  &  Co.,  New  York 

LIBBEY,  Richard  H.,  Engineer. 

Otis  Elevator  Co.,  New  York 

SHOUDY'.  William  A.,  Assistant  Mechanical  Engineer, 

J.    G.    White    Engineering    Corp.,  New  York 

PennBylTania 

MEHARG,  Lacrenxe,  .\ssistant  to  Superintendent  of  Power, 
Hazel-Atlas  Glass  Co..  Washington 

West  Virgrinia 

MORGAN,  John  T.,  District   Sales  Agent, 

The  Ohio  Brass  Co.,  Charlestown 


SUMMARY 

New    applications 324 

Applications  tor  change  of  grading ; 

Promotion  from  Associate 1 

Promotion   from   Associate-Member 4 

Promotion  from  Junior 10 

Total :VSl> 


NECROLOGY 

J.  LINWOOD  BROWN 

J.  Linwood  Brown  was  born  in  England  in  1846.  His  expe- 
rience as  an  engineer  began  in  railway  service,  in  which  he 
progressed  to  responsible  work  in  mechanical  and  construction 
engineering.  He  built  and  operated  the  Southern  and  West 
Wisconsin  Railroad;  held  the  position  of  Engineer  of  Con- 
struction with  the  Mexican  Central,  the  Veronej  and  Rosstoff 
Railroad  and  the  Panama  Railroad,  and  was  subsequently 
Superintendent  of  Motive  Power  and  Maintenance  of  the  Ohio 
Southern  and  Pittsburg  &  Western  Railroads.  His  later  work 
was  as  Superintendent  of  the  Bureau  of  Water  Supply  and 
Distribution  of  the  city  of  Allegheny,  Pa.  He  died  September 
11, 1916.    His  membership  in  the  Society  dates  from  1902. 

EDWARD  THOMAS  HENDEE 

Edward  Thomas  Hendee,  who  was  born  at  Claremont,  N.  H., 
Tebruary  22,  1880,  died  at  Minneapolis,  Minn.,  November  12, 
1916.  Upon  graduation  from  New  York  University  in  1900, 
he  received  the  degree  of  B.S.,  and  immediately  assumed  the 
duties  of  instructor  and  assistant  professor  of  chemical  and 
mechanical  engineering  at  New  York  University,  receiving 
the  degrees  of  M.E.  and  M.S.  during  that  time.  In  1901  he 
also  received  the  degree  of  Sc.D.  at  Columbia  University. 

In  1902  he  associated  himself  with  the  firm  of  Joseph  T. 
Ryei-son  &  Son,  Chicago,  lU.,  as  mechanical  engineer,  and 
in  1906  became  manager  of  the  machinery  department.  Be- 
tween the  years  1909  and  191.3  he  acted  in  the  capacity  of 
assistant  to  the  president  of  the  company  and  in  1913  became 
secretary,  continuing  so  until  his  death.  Under  Mr.  Hendee's 
management  both  the  domestic  and  foreign  machine  business 
and  the  railway-supply  business  of  the  company  were  very 
widely  extended. 

Besides  his  affiliation  with  Joseph  T.  Ryerson  &  Son,  Mr. 
Hendee  was  vice-president  and  director  of  the  Lennox  Ma- 
chine Co.  and  director  of  the  American  Glyco  Metal  Co.  He 
was  a  member  of  the  University  Club,  of  the  Alumni  Board 
of  Trustees  of  New  York   Universitv,   and   of  a  number  of 


athletic  clubs  m  Chicago.     In  1908  he  was  elected  an  Asso- 
ciate of  this  Society  and  in  1915  became  a  Member. 

WILLIAM  KNOX  MILLHOLLAND 

William  Kjqox  Millholland,  president  of  the  W.  K.  Mill- 
holland  Co.,  Indianapolis,  lud.,  and  for  many  years  dis- 
tinquished  as  a  machine-tool  designer,  died  October  9,  1916. 
He  was  born  iu  Baltimore,  Md.,  in  1856  and  educated  in  the 
public  schools.  In  1874  he  started  his  mechanical  training  as 
apprentice  with  Flynn  &  Emerick,  of  Baltimore,  Md.,  iu 
their  drafting  room  and  machine  department.  He  remained 
in  their  employ  five  years,  during  which  time  he  completed 
an  evening  course  in  the  Marj'land  School  of  Arts  and 
Design.  In  1881  he  became  superintendent  of  the  Falls 
Rivet  and  Machine  Co.,  Cuyahoga  Falls,  0.,  where  he  designed 
and  built  special  machine  tools  and  brought  out  several  in- 
ventions. In  1887  he  moved  to  Chicago,  111.,  and  entered 
the  employ  of  the  M.  C.  BuUock  Mfg.  Co.,  as  tool  maker  and 
designer.  He  continued  with  this  company  until  1893,  when 
he  became  superintendent  for  the  Geo.  D.  Whitcomb  Co., 
designing  and  building  coal-cutting  machinery,  knitting  ma- 
chinery, etc.  In  1898  he  became  sales  manager  for  the  Gis- 
holt  Machine  Co.,  Madison,  Wis.,  in  which  work  he 
continued  until  1906,  when  he  organized  the  International 
Machine  Tool  Co.,  Indianapolis,  Ind.,  and  became  its  secre- 
tary. In  1909  he  established  and  became  president  of  the 
W.  K.  Millholland  Machine  Co.,  in  which  he  was  actively 
interested  until  the  time  of  his  death.  Four  of  his  seven  sons 
are  continuing  the  business. 

Mr.  Millholland  was  among  the  first  members  of  the  Society, 
being  elected  in  1883. 

FRANK  L.  STRONG 

Frank  L.  Strong,  who  was  born  in  Amherst,  Mass.,  in 
1845,  was  educated  in  the  public  schools  of  Andover,  Mass., 
and  later  in  Phillips  Academy.  After  leaving  school,  he 
decided  to  become  a  machinist  and  accordingly  apprenticed 
himself  to  the  Davis  &  Furber  Machine  Shop,  at  North 
Andover  Depot,  where  be  remained  two  years.  During  the 
Civil  War  he  resigned  to  enlist,  and  worked  his  way  to  third 
assistant  engineer  in  the  Navy,  receiving  his  honorable  dis- 
charge at  its  close.  He  returned  to  Chicago  in  1867  and 
finally  settled  there,  having  been  in  charge  of  various  large 
manufacturing  plants  before  he  became  superintendent  and 
part  owner  of  the  Hercules  Refrigerating  and  Ice  Machinery 
Co. 

In  June,  1898,  at  the  outbreak  of  the  Spanish-American 
War,  he  again  enlisted  as  engineer,  this  time  becoming  chief 
engineer  of  the  Illinois  Naval  Resenes.  He  returned  to  • 
Chicago  in  1899,-  entering  the  field  of  consulting  mechanical 
engineering,  and  in  1900  was  retained  by  the  Quartermaster- 
General  of  the  Army  as  consulting  engineer  and  superintendent 
of  erection  of  the  refrigerating  and  ice-making  plant  at 
Manila.  When  this  work  was  completed,  he  opened  an  office 
for  himself  under  the  name  of  the  Frank  L.  Strong  Machin- 
ery Co.  (1902)  and  engaged  in  private  practice,  also  repre- 
senting a  number  of  home  manufacturers. 

Besides  being  a  Member  of  the  Society,  to  which  he  was 
elected  in  1912,  he  was  a  member  of  the  Business  Men's 
Association  in  Manila,  a  member  of  the  Loyal  Legion,  the 
Sons  of  the  American  Revolution  and  a  number  of  local 
clubs  in  Manila.  He  was  a  prominent  worker  in  the  Masonic 
Order,  and  was  blaster  of  the  first  lodge  in  Manila. 


AMONG  THE  SECTIONS 


AT  the  leeent  conference  of  Sections'  delegates  a  com- 
mittee was  appointed  to  draft  a  report  embodying  sug- 
gestions as  to  activities  which  may  be  properly  undertaken 
by  the  Sections  of  the  Society.  Messrs.  Hans  R.  Setz,  Chair- 
man of  the  St.  Louis  Section,  and  William  G.  Starkweather, 
Secretary  of  the  Boston  Section,  prepared  the  report  which 
was  adopted  by  the  conference.  It  contains  so  many  sugges- 
tions of  value  that  the  Committee  on  Sections  have  recom- 
mended its  reproduction  in  full.    The  report  follows : 


SUGGESTIONS   REGARDING   LOCAL   SECTION 
ACTIVITIES 

Irrespective  of  local  conditions  there  are  certain  points  whicli 
may  well  be  generalized  as  applying  to  all  the  Section  meetings. 
The  two  principal  ones  are  that  the  meeting  shall  attract  as  large 
an  attendance  as  possible,  and  that  each  member  shall  leave  each 
meeting  with  the  feeling  that  the  hours  devoted  to  it  wore  well 
spent. 

In  these  days  of  engineering  and  trade  journals  and  excellent 
technical  books,  it  hardly  seems  possible  to  attain  the  above  ends 
by  the  presentation  of  lectures  or  discussions  on  highly  technical 
subjects.  Exceptions,  of  course,  occur  where  for  instance  some 
new  or  very  important  development  in  connection  with  local 
industries  is  taking  place.  Generally  speaking,  however,  such 
papers  seldom  interest  more  than  just  those  who  are  closely  con- 
nected with  the  particular  subject,  which  could  hardly  be  other- 
wise since  we  have  to  accept  the  condition  which  calls  for  special- 
ization in   our  professional   work. 

The  important  thing  then  is  to  find  the  subject  for  our  meetings 
■on  other  fields  than  the  strictly  technical,  and  of  such  there  is 
indeed  a  great  number.  We  are  all  aware  of  the  fact  that  indi- 
vidually, and  especially  as  a  professional  unit,  engineers  are  finding 
practically  no  recognition  in  the  community,  and  it  is  quite  certain 
that  this  condition  will  continue  to  exist  as  long  as  we  are  satis- 
fied to  let  all  our  interest  he  centered  on  the  study  and  pursuance 
of  our  professional  work.  It  is  here  we  see  the  principal  mission 
of  our  Sections  at  the  present  time  and  for  some  time  to  come. 

This  brings  us  at  once  face  to  face  with  the  question  of  speakers, 
and  we  believe  there  is  no  better  way  of  manifesting  and  culti- 
vating the  spirit  of  interest  and  cooperation  in  the  happenings  of 
the  community  than  by  securing  local  speakers.  In  every  town 
where  the  existence  of  a  local  section  of  mechanical  engineers  is 
warranted,  there  is  enough  industrial  activity  to  bring  forth 
problems  in  which  the  human  side  is  of  predominating  importance. 
Such  problems  are  the  question  of  unemployment,  insurance 
against  accidents  and  disability  from  old  age,  education  and  recrea- 
tion of  workmen  and  their  children,  supply  of  food  and  commodi- 
ties, hygienic  problems,  etc.,  which  are  all  brought  about  by  the 
concentration  of  comparatively  great  masses  of  people  on  small 
areas,  in  other  words,  by  the  industries  for  which  we  engineers 
are  responsible.  Much  work  along  such  lines  has  already  been 
done  by  liberal  church  societies  and  philanthropic  organizations, 
although  very  much  lacking  in  concerted  and  harmonious  effort 
to  bring  about  a  maximum  of  good.  There  should  be  no  diffi- 
culty to  procure  speakers  on  the  above  subjects  who  are  familiar 
with  the  particular  local  conditions.  Securing  local  speakers  on 
such  problems  will  probably  at  first  not  look  very  attractive,  but 
as  such  a  plan  is  carried  on,  the  increasing  knowledge  of  the 
human  side  of  our  work  is  bound  to  awaken  an  interest  and 
produce  results  which  cannot  fail  to  be  ultimately  of  the  utmost 
importance  to  our  profession. 

Another  series  of  meetings  may  be  arranged  to  cover  questions 
that  will  eventually  lead  to  standardization  in  the  determination 
of  cost  of  manufactured  articles.  This  will  become  of  utmost 
importance  in  trying  to  clearly  understand  and  arrive  at  a  fair 
method  of  establi.shing  tariff  rates,  in  which  it  is  to  be  hoped 
engineers  may  have  a  word  to  say. 

Many  other  similar  questions  of  local  as  well  as  national  ini 
portance  could  be  cited  here  which  will  all  help  to  broaden  the 
interest  of  engineers  and  put  them  on  an  equal  footing  witii 
doctors  and  lawyers  who.  on  account  of  the  strong  human  element 


in    their    professional    work,    are    today    exerting    such    a    strong 
influence  in  the  activities  of  the  community. 

The  routine  of  meetings  must  he  adjusted  to  local  requirements, 
for  which  no  general  rules  can  be  laid  down. 

In  the  general  plan  of  the  meetings  there  are  many  who  believe 
a  luncheon  very  desirable  either  before  or  after  the  meeting ;  this 
promotes  acquaintance,  assists  in  securing  pleasant  remembrances, 
helps  membership  and  provides  diversion.  A  supper  precediag 
the  meeting  seems  preferable,  since  this  helps  to  bring  the  mem- 
bers together  promptly  and  permits  an  early  closing.  This  supper 
need  only  be  of  the  simplest  kind,  and  in  the  arrangements  it 
would  seem  desirable  to  provide  individual  tables  seating  not  more 
than  from  four  to  six  people. 

In  deciding  on  the  number  of  meetings  per  year,  it  seems  prefer- 
able to  have  a  few  well-attended  interesting  affairs  rather  than 
frequent  forced  evenings.  Invitations  to  these  meetings  are 
preferably  sent  out  by  return  postal  cards  which  should  reach  the 
members  not  less  than  three  days,  and  preferably  about  seven 
days,   ahead  of  the  meeting. 

Where  there  are  no  other  engineering  societies  in  the  com- 
munity, the  maUing  list  for  invitations  to  the  meetings  of  the 
local  section  should  include  every  man  in  any  way  actively  inter- 
ested in  manufacturing,  consulting  or  directing  of  industries. 
Where  other  engineering  societies  exist,  these  mailing  lists  must, 
of  course,  be  arranged  so  as  not  to  interfere  with  the  activities 
of  these  sister  societies.  Frequent  revisions  of  these  mailing 
lists  should  be  made  so  as  to  keep  them  up  to  date ;  the  names 
of  visitors  who  are  too  persistent  in  availing  themselves  of  our 
hospitality  without  response  to  occasional  gentle  hints  to  join 
the  Society  should  be  removed  from  the  list  after  one  year. 

In  conducting  the  meetings,  papers  should  start  early,  say  7  :30 
or  7  :4.5  p.  m.  ;  the  time  allotted  for  the  presentation  of  a  paper 
should  not  exceed  three-quarters  of  an  hour.  It  is  advisable  to 
notify  those  most  interested  in  the  subject  of  the  evening  that 
they  may  be  called  upon  to  participate  in  the  discussion ;  this 
should  be  done  sufliciently  in  advance  to  enable  them  to  prepare 
themselves.  This  will  lead  to  a  short,  snappy  session  which  can 
be  closed  early  and  will  leave  a  good  impression. 

Particular  attention  should  be  paid  to  the  publicity  of  local 
Sections'  activities.  Advance  notice  should  be  sent  the  news- 
papers, reporters  invited,  and  abstracts  furnished,  if  desired,  by 
the  secretary.  Publicity  for  the  engineer  has  long  been  neglected 
and  is  partly  to  blame  for  the  lack  of  coijperation  in,  and  dis- 
organized condition   of   the   profession. 

Respectfully   submitted, 

Wm.  .T.  Starkweather. 
Hans   R.   Setz. 


BIRMINGHAM.  JANUARY  24 

The  Birmingham  Section  met  on  the  evening  of  January  24 
when  J.  T.  Anthony,  a  combustion  expert  of  New  York,  gave  an 
illustrated  lecture  on  The  Locomotive  Firebox  and  Combustion 
Chnuiber. 

The  author  considered  that  future  operating  conditions  of  rail- 
roads are  problematical  but  the  indications  are  that  in  addition  to 
present  demands  for  high-hauling  capacity  there  will  be  a  demand 
for  higher  speeds.  The  controlling  factor  will  then  be  the  firebox 
and  its  ability  to  burn  the  coal  properly  and  liberate  the  heat 
required  over  long  periods  of  time.  He  presented  arguments  re- 
garding the  effect  of  heat  radiation  from  the  fuel  bed,  flameways 
and  brick  work  and  the  necessity  of  large  firebox  volume  and 
long  flameway.  He  showed  a  number  of  illustrations  of  furnace 
layouts  of  locomotives  in  actual  operation  and  the  results  obtained 
in  fuel  economy,  boiler  capacity  and  cost  of  maintenance. 

Paul  Wbight. 

Section  Secrrlary. 


BALTIMORE,   FEBRUARY  9 

Harrington  Emerson,  Mem.Am.Soc.M.E.,  of  New  York,  ad- 
dressed the  Baltimore  Section  at  their  meeting  on  February  9. 
ou    The    Flow    of    Values    Through    an    Industrial    Plant.      He 
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emphasized  the  fact  lliat  the  important  factors  in  an  organiza- 
tion are  the  men  connecled  with  it.  This  consideration  led  Jlr. 
Emerson  to  study  the  means  of  analyzing  men  before  taking  them 
into  his  organization  and  he  developed  a  system  of  character 
analysis.  A  series  of  examples  of  the  application  of  this  metliul 
was  shown  by  means  of  lantern  slides. 

Turning  next  to  the  organization  itself,  Mr.  Emerson  threw  a 
diagram  on  the  screen  which  illustrated  in  an  exceptionally  clear 
manner  how  values  entered  the  business  in  the  form  of  cash,  from 
the  sale  of  its  securities  and  finished  products,  and  how  this 
money  appeared  as  values  throughout  the  process  until  the  goods 
finally  reached  the  customers.  The  diagram  also  illustrated  the 
relative  potential  values  of  each  step  in  the  process,  and  the 
functions  of  the  organization  and  the  accounting  department 
were  very  forcibly  brought  out  by  the  stop-cocks  and  returns  on 
the  diagram.  Jlr.  Emerson  further  compared  the  former 
view  of  accounting  that  simply  insisted  on  authority,  allot- 
ment and  accuracy,  and  the  modern  view  that  demauded  real  facts 
regarding  ijroduction.     An  interesting  discussion  followed. 

A.  (;.  Christie, 

Section    Secretary. 

BI'FFALO.    JAXT'AIiV    ,31 

Non-Ferrous  Metallurgy  was  the  sulyect  of  W.  M.  Corse's 
paper  read  before  The  Engineering  Society  of  Buffalo  at  their 
meeting  on  January  31.  Mr.  Corse  dwelt  particularly  upon  the 
separate  types  of  brass  and  bronze  when  alloyed  with  phosphorus, 
manganese,  aluminum  and  silicon.  Slides  illustrated  many  of  the 
findings  presented  in  his  paper  and  proved  the  rapid  advances 
made    in   non-ferrous   metallurgy. 

There  was  a  general  discussicui  of  Mr.  Corse's  paper,  following 
which  A.  L.  Johnson  briefiy  explained  the  activities  of  the  Amer- 
ican   Society   for   Testing    Materials. 

The  pjUgineering  Society  of  Buffalo,  which  is  an  outgrowth  of 
the  Buffalo  Section  of  the  Am.Soc.JI.E.,  held  a  meeting  on 
February  1.5,  at  which  the  formation  of  a  General  Technical 
Society  was  discussed.  The  project  includes  provision  for  all 
branches  of  the  engineering  profession,  chemists,  electro-chemists, 
etc.  Preceding  this  discussion.  Henry  A.  Brown  gave  a  brief 
description  of  The  Design  of  the  Latest  Development  of  Milling 
Cutter,  illustrated  by  slides,  showing  the  attainments  of  the 
fofil   in  actual  operation. 

Loris  J.  FoLEV, 

Assistant  to  Secretari/. 

BOSTON,  FEBRUARY  7 

Slore  than  .500  engineers  attended  the  annual  banquet  at  the 
Boston  City  Club  on  the  evening  of  February  7,  representing  The 
American  Society  of  Mechanical  Engineers,  the  American  Institute 
of  Electrical  Engineers  and  the  Boston  Society  of  Civil  Engineers. 
They  unanimously  pledged  their  support  to  President  Wilson  in 
the  present  crisis  and  formally  voted  to  send  a  copy  of  the  fol- 
lowing resolution,  presented  b.v  I>r.  Ira  X.  Hollis.  Pres..  Am. 
Soc.M.E.,  to  President  Wilson  : 

"  In  view  of  the  grave  crisis  which  our  country  is  facing, 
and  in  recognition  of  the  slaud  recently  taken  by  the  Presi- 
dent of  the  United  States  for  the  i)rotection  of  American  rights 
and  American  lives  on  the  sea. 

"BE  IT  RESOLVED  that  we,  the  members  of  the  Con- 
vention of  the  Societies  of  Electrical,  Civil  and  Mechanical 
Engineers,  held  jointly  in  Boston,  Wednesday,  February  7. 
1917.  first  do  pledge  ourselves  to  the  support  of  the  President 
and  Congress  in  their  hope  that  our  rights  may  be  main- 
tained by  peaceful  means,  and.  sceonil.  we  pledge  ourselves 
likewise  to  the  utmost  of  our  powers  and  our  service,  in  case 
our  country  is  forced  into  war  as  the  only  means  of  maintain- 
ing all  our  rights,  freedom  and  safety  the  world  over. 

■•  BE    IT    FURTHER    RESOLVED    that    a    copy    of    this 

resolution   be   sent   to   the   President   at    the   White   House   at 

Washington   and    to   every    Senator   and    Representative   from 

Xew  England." 

Dr.   Hollis   in   his   subsetpient   speech   declared :    "  We   engineers 

can   take  only  one  attitude,   it  is   that   every  citizen  is  permitted. 

even  expected,  to  develop  himself  to  the  highest  degree  of  service 

for  his  nation   and  mankind.     There  is  only  one   way   to   do   this, 

and  it  is  for  us  to  unite  in  the  kind  of  goodwill  and  good-fellowship 

that   will    enable   us    to    work   together   towards   the   glory   of   our 


country — in     peace,    we    hope,    but    in     war    if    it     is    absolutely 
necessary." 

Other  speakers  of  the  evening  were  I'rof.  Elihu  Thomson,  who 
stated  in  part :  "  We  want  a  definite  program  laid  out  by  intel- 
ligent men.  by  engineers,  and  followed  without  delay.  What  we 
need  in  this  country  is  recognition  of  the  fact  that  we  are  in  an 
(Mgineering  age,  that  encouragement  of  research  in  scientific 
niatters  cannot  be  carried  to  excess.  Our  Government  should  be 
willing  to  spend  large  sums  in  putting  forward  the  sciences  and 
their  applications."  Dr.  Hugh  Cabot,  chief  of  the  Harvard 
Surgical  I'nit,  who  related  some  of  his  experiences  at  the  front; 
Mr.  Richard  A.  Hale,  President  of  the  Boston  Society  of  Civil 
ICngineers,  who  laid  stress  upon  the  importance  of  the  engineers' 
work  in  case  the  country  should  be  brought  into  the  war  and 
strongly  advocated  a  central  conference  of  all  engineers  to  fix  and 
distribute  their  services :  and  E.  W.  Ewartz.  who  spoke  on 
Submarines  and  illustrated  his  subject  throughout  with  many 
interesting   slides. 

W.    (i.    ST.\KK\VEArilEI!. 

Sei-tion    Seciftfmj. 


CHICAGO.    JAXUARY.  1!) 

Col.  Henry  .\.  Allen,  Consulting  Engineer,  (iarbage  Disposal 
I'lant,  City  of  Chicago,  gave  an  illustrated  lecture  on  Problems 
in  Waste  Disposal  before  the  Chicago  Section  at  their  meeting 
on  January  19.  He  based  his  remarks  on  the  information  ob- 
tained in  bis  study  of  Chicago's  .$7,000,000  project.  He  gave 
a  description  of  the  important  disposal  systems  and  told  of  the 
new  plant  being  constructed  for  the  city,  together  with  what  by- 
products may  be  obtained  from  the  plant.  By  means  of  stereop- 
ticon  views  he  showed  the  methods  of  construction  and  interesting 
details  in  apparatus  and  etiuipmeut  used  in  the  plant. 

Robert  E.  Thayer, 

Section    Secretory. 


CIXCIXNATI,    JAXUARY    IS 

At  a  joint  meeting  of  the  Ciuciunati  Section  ami  the  Engineers' 
t^lub  of  Cincinnati  on  .Tauuary  18.  J.  H.  Hunt,  Research  Engineer 
for  the  Dayton  Engineering  Laboratories  Co.,  gave  an  interesting 
paper  on  Modern  Internal-Combustion-Engine  Ignition.  The  paper 
considered  the  rei]uirements  of  the  two  general  types  of  electrical 
ignition :  the  so-called  wipe-spark  and  the  jump-spark  ignition. 
The  point  was  emphasized  that  the  condenser  is  merely  a  part  of 
the  breaker  mechanism  and  has  no  useful  purpose  other  than 
that  of  enabling   the   latter  to  act  properly. 

Oscillograph  records  were  shown  of  the  oscillation  occurring  in 
the  primary  circuit  at  the  break  when  the  secondary  is  discon- 
nected, of  the  primary  current  and  the  voltage  of  the  primary 
coil  during  normal  operation  together  with  the  secondary  current, 
and  of  the  reduction  in  the  final  value  of  the  current  caused  by 
chatter.  Records  were  also  shown  of  apparatus  operated  at 
speeds  equivalent  to  4000  r.p.m.  of  the  engine,  the  spark  obtained 
with  the  magneto  at  low  speed,  and  the  prolonged  flame  or  arc 
persisting  after  the  first  spark  in  the  magneto  runs  at  very  high 
speed. 

The  oscillograms  illustrated  some  of  the  interesting  relations 
in    magneto    design    which    are    not    generally    known. 

The  paper  concluded  with  a  discussion  of  the  effect  of  ignition 
upon  power,  and  in  this  connection  it  was  shown  that  the  only 
thing  ignition  can  do  is  to  ignite,  and  that  when  properly  timed 
any  absolutely  certain  ignition  will  give  all  the  power  the  motor 
is  capable  of  developing  at  a  given  speed  and  carburetor  ad- 
justment. 

.TOHN  T.   Faio. 

Section    Secretary. 


CIXCIXX.VTI.   FEBRTiARY  15 

The  February  meeting  of  the  Cincinnati  Section  was  held 
jointly  with  the  Engineers'  Club  on  February  1.5.  A.  Lewis 
Jenkins,  Mem. Am. Soc.M.E..  Associate  Professor  of  Mechanical 
Engineering  at  the  University  of  Cincinnati,  read  an  interesting 
paper  on  Combined  Stresses.  Abner  Doble.  of  the  General  Electric 
Co.,  Detroit,  Mich.,  followed  Professor  Jenkins  with  a  paper  on 
the  Doble  Steam  Car.  of  which  he  is  the  inventor  and  which  is  a 
new   development.     This  car   uses   kerosene   as   fuel,   has   a    water- 
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tube    boiler    and    iiniflow    engine.      Stereoptioon    sliib's    illustrated 
its  many  novel  and  interesting  features. 

JOUN  T.  Faig, 

Section   Secrcturij. 

ERIE,  FEBRIARY  13 

At  the  meeting  of  the  Engineers  Soeiet.v  of  Northwestern 
Pennsylvania,  held  February  3:{,  to  which  the  members  of  the 
Erie  Section  of  the  Am.Soc.M.E.  were  invited,  a  resolution  was 
passed  to  affiliate  with  the  Erie  Section,  to  work  for  the  better 
interests    of    both    societies    and    of    the    engineering    profession. 

The  Erie  Section  will  hold  a  liig  meeting  before  the  summer 
recess. 

J.   F.  Wadsworth. 

Sectioti  Secretary. 

LOS  ANGELES.  .TANHARY  24 

The  Los  Angeles  Section  met  on  January  24  to  discuss  How 
Cities  in  the  United  States  Are  Disposing  of  Their  Sewage. 
The  speakers  of  the  evening  were  T.  D.  Allin,  Commissioner  for 
the  cit.v  of  Pasadena,  and  1!.  \.  Orbison,  City  Engineer  of  Pasa- 
dena. Both  Mr.  Allin  and  Jlr.  Orbison  took  an  extended  trip 
through  the  Cnited  States  for  the  purpose  of  investigating  this 
subject  and  their  remarks  were  founded  on  iiersonal  observations. 

FoRii  W.  Harris. 

Section    Secret nnj. 

MINNESOTA,    .lAXUARY    2.5 

On  January  2.'5,  the  Minnesota  Section  and  the  American  In- 
stitute of  Electrical  Engineers  held  a  joint  meeting  at  the  Uni- 
versity of  Minnesota.  The  early  part  of  the  evening  was  de- 
voted to  a  discussion  by  Charles  L.  Pillsbury,  Mem. Am.Soc.M.E.. 
on  What  is  Valuation.  Mr.  Pillbsury  has  just  recently  perfected 
for  the  United  Slates  (iovernment  a  complete  physical  valuation 
of  all  the  public  utilities  within  the  jurisdiction  of  the  district 
of  Columbia.  E.  IT.  Smith  followed  Mr.  Pillsbury  with  a  talk 
on  Ox.v-Acetylene  Welding  and  Cutting,  illustrating  it  throuah- 
out  with  practical  demonstrations.  General  discussion  followed 
each   of  these  subjects. 

D.    M.    FOKFAR. 

Section   Secretarii. 


NEW   ORLEA.XS.   .lAXI  AltV   22 

Oil  Fuel  was  the  subject  of  the  main  paper.  ]U-esentecl  at  the 
January  22  meeting  of  the  New  Orleans  Section  by  B.  S.  Nelson. 
Mem.Am..Soe.M.E.  Written  and  verbal  discussions  by  a  number 
■of   engineers   followed. 

.    H.    L.    HUTSON. 

Section    Secrctdry. 


PHILADELPHIA,    FEBRUARY    1 

The  Philadelphia  .Section  and  The  Franklin  Institute  held  a 
■  joint  meeting  February  1,  when  the  By-Product  Coking  Industry 
was  discussed  by  C.  J.  Ramsberg.  \'ice-president  of  the  H.  Koppers 
Co..  Pittsburgh,  Pa.  He  treated  of  the  design,  construction  and 
operation  of  the  modern  by-product  plant,  coal  used  in  by-product 
coking,  coke  structures  as  affected  by  coal,  conditions  affecting 
the  efficiency  of  operation  and  recovery,  and  the  future  of  the 
industry,  illustrating  his  lecture  throughout  by  means  of  slides 
and  moving  pictures.  Special  attention  was  devoted  to  benzol 
and  benzol  recovery. 

.lOHN    P.    MtTDD. 

ficction-  CorrrS]KHitlriif. 


NEW    YORK,    FEBRUARY    18 

Thi»  New  Y'ork  Section  was  well  represented  at  the  February  13 
meeting  when  Dr.  Ira  N.  Hollis,  Pres.Am.Soc.M.E..  discussed  The 
Engineer  and  Organization,  and  C.  W.  Hunt.  Mem.,\m.Soc.]\I.E., 
read  a  paper  on  Narrow  Gauge  Motor  Cars. 

Following  the  lines  of  his  well-received  addresses  before  some 
■of  the  other  Sections.  Dr.  Hollis  drew  a  picture  of  the  progre.<^s 
.of  mankind  a«  dependent  in  a  very  large  degree  upon  engineering. 


"  Engineering."  he  said.  "  by  eliminating  drudgery,  has  done  much 
for  the  betterment  of  humanity."  He  c-oiu'luded  his  remarks  with 
a  plea  that  engineers,  through  their  organization,  take  a  more 
active  part  in  public  affairs  and  announc'ed  a  plan  for  closer 
cooperation  between  tlie  national  engiiiiM^ring  societies  in  matters 
of  common  nterest. 

Mr.  Hunt's  paper  reviewed  the  growing  field  for  narrow  gage 
motor  cars,  the  several  designs  intended  to  meet  certain  condi- 
tions of  service,  trucks,  transmission  and  loading,  and  the  most 
economical  sizes  of  car  to  employ.  He  also  touched  upon  cable 
railways  and  gave  data  for  the  solution  of  problems  connected 
therewith. 

A.  D.  Blake, 

Section   Secretary. 


PROVIDENCE,    JANUARY    24 

Some  Jlechanical  Analogies  in  Electricty  was  the  subject  of 
Prof.  William  S.  Franklin's  talk  before  the  Providence  Engineer- 
ing Soc'iety  at  their  meeting  on  January  24.  By  means  of  some 
very  ingenious  mechanical  pieces,  he  illustrated  the  analogies 
between  mass  and  inductance,  elasticity  and  capacity,  and  the  ef- 
fects of  these  characteristics  on  both  mechanical  and  electrical 
systems.  He  pointed  out  that  there  were  between  twenty  and 
thirty  mathematical  eciuations  applying  to  mechanics  which  take 
exactly  the  same  form  when  applied  to  electricity.  President 
Faunce  of  Brown  I'niversity  followed  Professor  Franklin  with 
an  expression  of  gratification  at  the  coiiperation  of  the  members 
of  the  engineering  profession  of  Rhode  Island  and  Brown  Uni- 
versity. 

Albert  E.  Tiiornley. 

VorrcspomliiKi   S(  crctary. 


ST.   LOUIS,   JANUARY   31 

On  January  31.  the  vSt.  Louis  Section  and  the  Associated  En- 
gineering Societies  of  St  Louis  held  a  joint  meeting,  when  George 
R.  Wadleigh,  Mem.Am.Soc.M.E.,  read  a  paper  on  Cotton-Mill 
Design.  He  described  the  processes  involved  in  the  manufacture 
of  plain  unbleached  cotton  goods  and  the  major  features  of  cot- 
ton-mill design.  At  the  conclusion  of  the  paper  there  was  general 
discussion  by  the  members  of  the  Section. 

Good-will  and  jollity  reigned  at  the  Annual  Dinner  of  the  En- 
gineering Club  of  St.  Louis  and  the  .Vssociated  Engineering  So- 
cieties, held  at  the  City  Club  on  .January  24. 

L.  A.  Day. 

Section    Secretary. 


ST.    LOUIS.    FEBRUARY     1(1 

Louis  C.  Ncirdmeyer.  Mem.Am.Soc.M.E.,  of  the  firm  of  Tait 
&  Xordmeyer  Engineering  Co..  gave  a  lecture  with  illustrations 
cju  China  at  the  meeting  of  the  St.  Louis  Section  on  February  10. 
Mr.  Nordmeyer  related  some  of  his  interesting  experiences  while 
engaged  in  important  engineering  work  in  Shanghai. 

On  February  14  the  Associated  ICngineering  Societies  of  St. 
Louis  held  a  joint  meeting  with  the  American  Society  of  Engineer- 
ing Contractors,  when  Mr.  xVlroy  S.  Phillips,  Attornc^y,  spoke 
on  The  Workmen's  Compensation  Law.  .Mr.  Phillips  was  chair- 
man of  the  legislative  committee  appointed  under  former  Governor 
Hadley  of  St.  Louis  to  investigate  workmen's  compensation  laws 
throughout  the  country. 

L.   A.  Day. 

Section    Secretary. 


STUDENT  BRANCHES 

The  large  group  of  Student  Branches  was  augmented  by 
the  Council  at  its  meeting  on  February  16  by  the  approval 
of  petitions  received  from  the  engineering  students  at  Johns 
Hopkins  University,  the  University  of  Pittsburgh,  and  ^Vash- 
ington  University.  This  brings  the  total  number  of  Student 
P>rancbes  up  to  forty-three. 

Plans  for  a  .Joint  Meeting  of  Stuilciit-Hranch  members  are 
being  perfected.  This  meeting  will  occur  on  Friday  after- 
iicjoii    and    evenins,    IMarob    liO,   at    the    Engineering'   Societies 
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The  JouRNAi. 
Am.Soc.M.E. 


Buildiug,  29  West  39th  Street,  New  York.  In  addition  to 
the  four  Metropolitan  Student  Branches — Columbia  Univer- 
sity, New  York  University,  Polytechnic  Institute  of  Brooklyn 
and  Stevens  Institute  of  Technology — who  have  charge  of 
the  arrangements,  it  is  expected  that  the  Student  Members  at 
Pennsylvania  State  College  and  Yale  University  will  also 
participate.  Other  Student  Branches  are  ui-ged  to  arrange 
to  participate  and  individual  student  members  and  graduate 
student  members  will  also  be  welcome. 

BUCKNELL    UNIVERSITY 

At  the  meeting  of  the  Bucknell  University  Student  Branch 
on  February  5,  H.  C.  Liebensberger  gave  a  very  comprehensive 
talk  on  The  Manufacture  of  Coke  in  Southern  Virginia.  He 
described  the  methods  employed  in  taking  coal  from  the  mine, 
giving  his  hearers  an  insight  into  the  various  operations  in  coal 
handling  before  it  is  finally  taken  from  the  beehive  ovens  and 
loaded  on  cars.  Professors  Kepple  and  Burpee,  Mem. Am.Soc.M.E., 
took  part  in  the  discussion  which  followed. 

On  February  7,  Professor  Burpee  gave  an  instructive  il- 
lustrated lecture  before  the  students  on  The  Combustion  of  Fuel, 
and  Heat  Transmission  with  Special  Reference  to  Steam  Boilers. 

C.  M.  Kriner, 

Branch  Secretary. 

COLORADO  STATE  AGRICULTURAL  COLLEGE 

The  meeting  of  the  Student  Branch  of  the  State  Agricultural 
College  on  January  15  was  devoted  to  an  inspection  of  the  new 
heating  plant  of  the  college.  Prof.  L.  D.  Grain.  Mem. Am.Soc.M.E., 
discussed  in  detail  the  workings  of  the  plant.  He  called  attention 
to  the  two  Stirling  boilers,  each  of  234  hp.  and  equipped  with 
automatic  stokers,  the  steel  bunkers  with  capacity  of  250  tons, 
the  pumps  and  receivers,  which  are  to  take  the  return  water  from 
the  steam-heating  system  and  pump  it  back  to  the  boilers,  the  two 
tunnels  leading  off  to  all  the  buildings  on  the  campus,  and  the 
hopper  under  the  railroad  track,  where  coal  will  be  received  and 
conveyed  by  machinery  to  the  bunkers  in  the  boiler  room.  He 
further  explained  that  the  boilers,  coal-handling  machinery,  pumps 
and  other  equipment  were  designed  so  that  tests  of  each  part  of 
the  plant  or  the  plant  as  a  whole  may  easily  be  made  by  the 
students   of   mechanical   and   electrical   engineering. 

E.  C.  Johnson, 

Branch  Chairman. 

COLUMBIA  UNIVERSITY 

The  United  Engineering  Society  held  a  joint  meeting  with  the 
Mining  Society  on  January  17,  when  the  speakers  of  the  evening 
were  Charles  Piez,  Mem. Am.Soc.M.E.,  on  The  Art  of  Conveying 
Materials,  J.  P.  Chanuing  on  Human  Engineering,  and  Fred  H. 
Rindge  on  The  Industrial  Service  Movement  of  the  Y.  M.  C.  A. 

J.  L.  Kretzmer, 

Branch  Chairman. 


JOHNS    HOPKINS    UNIVERSITY 

The  first  meeting  of  the  Johns  Hopkins  University  Student 
Branch  was  held  December  15.  1916,  and  the  following  officers 
elected :  President,  Edward  Stewart ;  vice-president,  A.  McWolte ; 
treasurer.  N.  Owings ;  and  secretary,  B.  A.  SuUivan. 

On  January  17  the  Branch  was  addressed  by  J.  O.  Martin, 
of  the  Chesapeake  &  Potomac  Telephone  Co.,  of  Baltimore,  Md. 
His  subject.  The  Romance  of  the  Telephone,  was  exhaustively 
treated,  and  the  many  interesting  slides  shown  gave  the  students 
a  good  insight  into  past  and  present  telephone  work. 

B.  A.   Sullivan. 

Branch  Secretary. 

KANSAS   STATE   AGRICULTURAL   COLLEGE 

Walter  W.  Carlson.  Mem. Am.Soc.M.E.,  professor  of  mechani- 
cal engineering  and  shop  practice  at  the  Kansas  State  Agricultural 
College,  gave  an  illustrated  lecture  on  The  Future  Incomes  of 
College  Engineers,  before  the  Student  Branch  of  that  college 
on  January  18.     The  curves  on  the  charts  displayed,  were  drawn 


from  data  taken  from  several  of  the  most  representative  col- 
leges in  America,  and  formulae  were  derived  whereby  a  student 
may  roughly  foretell  his  income  at  any  year  after  graduation. 
The  following  table  shows  the  formulie  for  the  average  .student; 
(iV  equals  number  of  years  after  graduation). 

All  Colleges 750 -]- 170.V    Salary    (year)    Max.    in  20  years 


K.  S.  A.  C 

Trade    School .  . . 
Shop  Training.  . 
Laborer   


600  +  200Y 
150  -f  125A 
150  +  90V 
200  +  lOOV 


"       "    20      " 

10      " 

"     8     " 
"       "      5      " 
W.   N.   Caton, 

Branch  Secretary. 


MASSACHUSETTS    INSTITUTE    OF    TECHNOLOGY 

The  Massachusetts  Institute  of  Technology  held  their  first 
smoker  of  the  new  term  on  the  evening  of  February  9.  The 
first  speaker  was  R.  H.  Sawyer,  '17.  He  briefly  outlined  the 
process  of  paper  manufacture  and  described  some  of  the  im- 
portant machinery  used  in  the  work.  The  second  speaker  was- 
T.  K.  Corey,  of  the  Wm.  Filene  Sons  Co.,  Boston,  who  is  in 
charge  of  the  2500  employees  of  the  company  and  was  therefore 
in  position  to  ably  handle  the  subject  of  Human  Engineering.  He 
particularly  emphasized  the  necessity  of  cooperation  between  the 
employer  and  employee  in  order  to  assure  satisfaction  and  con- 
tentment on  both  sides.  Mr.  Corey  kindly  extended  to  the 
students  an  invitation  to  visit  the  plant  to  view  a  few  of  its 
mechanical  features,  which  include  a  complete  power  station 
and  boiler  house,  located  six  floors  below  the  street,  a  refrigerating 
plant   and  a  large  wireless  station. 

Edw.  W.  Rounds, 

Branch  Secretary. 


NEW    YORK    UNIVERSITY 

An  interesting  talk  on  Water  Power  Plant  Design  v,as  given 
at  the  February  9  meeting  of  the  Student  Branch  of  New  York 
University  by  H.  M.  Garson.   An  hour  of  lively  discussion  followed. 

Joseph  Oilman, 

Branch  Secretary. 


POLYTECHNIC   INSTITUTE   OF   BROOKLYN 

At  the  February  13  meeting  of  the  Student  Branch  of  the 
Brooklyn  Polytechnic  Institute  the  two  speakers  were  Bronson 
L.  Huestis,  Mem. Am.Soc.M.E..  and  Samuel  Stern  of  the  class 
of  '17. 

Mr.  Huestis'  subject  was  Materials  and  Manufacture  of  Mixed 
Paints.  He  described  in  detail  the  various  kinds  of  pigments  and 
solvents,  enumerating  their  advantages  and  disadvantages.  He 
said  paints  containing  adulterants,  such  as  clay,  whiting,  barium 
sulphate,  etc.,  in  their  proper  proportions,  make  better  paints  than 
the  pure  substances  alone. 

A  discussion  on  The  Development  of  the  Phonograph  was  given 
next  by  Mr.  Stern.  He  explained  the  operation  of  the  diaphragm, 
the  construction  of  the  sound-box.  the  speed  regulation  of  the 
motor  and  the  different  types  of  motor  used. 

President  Hollis  delivered  an  interesting  lecture  before  300 
students  of  the  Institute  oh  February  14.  on  the  subject  of  Service 
to  Our  Country.  He  stated  that  we  all  ought  to  be  ready  to  give 
our  service  to  our  country  whenever  needed.  Although  there  had 
been  no  definite  call  for  service,  he  sincerely  believed  that  if  the 
test  should  come  no  man  in  the  United  States  would  be  found 
wanting.  Dr.  Hollis  emphasized  the  word  Service,  bringing  out 
the  fact  that  Congress,  in  discussing  compulsory  military  service 
laws,  laid  too  much  stress  on  the  word  military,  rather  than  service. 
If  our  country  should  be  involved  in  war,  fully  one-third  of  the 
men  would  do  more  useful  service  in  the  factories  than  in  the 
Army  or  Navy. 

He  stated  that  in  his  opinion  war  would  never  cease,  unless 
some  substitute  were  found  where  men  could  sacrifice  themselves 
for  their  country,  with  the  same  spirit  that  they  do  on  the  batUe- 
field.  He  really  believed  that  that  incentive  existed,  if  we  woul* 
only  look  for  it.  He  pointed  out  the  difference  between  democracy, 
autocracy  and  nationalism,  defining  a  democracy  as  a  place  where- 
man  has  permission  to  develop  himself  to  a  maximum  efficiency. 
Democracy   was   bound   to   fail    unless   men   could    develop    them- 
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selves  to  that  efBciency  to  which  they  are  forced  uudei'  nationalism. 
There  is  much  room  for  better  efficiency  in  this  country,  since  iu 
no  country  in  the  world  is  there  as  much  waste  as  in  the  United 
States. 

In  reporting  the  January  6  meeting  it  was  neglected  to  state 
that  Jlr.  Rosenzweig's  tails  was  accompanied  Ijy  a  number  of 
slides  showing  the  poppet-valve  engine  of  his  own  design.  He 
also  gave  a  description  of  his  return  iJow  and  unifiow  types  as 
built  by  the  York  Mfg.  Co.,  York,  Pa. 

Geobge  Cherb, 

Branch  Secretary. 

PURDUE    UNIVERSITY 

The  Reasons  Why  Chinese  Industries  Have  Not  Progressed, 
was  the  subject  of  the  talk  T.  S.  Yue,  a  senior  mechanical  student, 
gave  before  the  Student  Branch  of  Purdue  University  at  their 
meeting  on  January  22.  The  reasons  he  gave  were  the  retardation 
of  ethical  teachings,  political  oppression,  and  the  social  and  honn- 
bondage.  As  a  remedy  for  the  first  two  he  suggested  the  republican 
form  of  government  now  existing,  and  as  an  aid  to  the  latter  the 
completion   of   the  railroads   now  contemplated. 

The  meeting  held  by  the  Purdue  Branch  on  February  7  was  of 
an  iuformal  nature.  Professor  Aitkenhead,  of  the  Farm  Mechan- 
ics' department  of  the  School  of  Agriculture,  initiated  those 
present  into  the  mysteries  of  the  square,  the  single  and  double 
bowline,  the  catspaw  and  othel'  useful  knots,  as  well  as  several 
types  of  rope  splicing. 

W.    G.    SCHUTT. 

Branch  Secretary. 


claimed  tliat  the  fundaments  of  scale  operation  are  the  power  of 
ratio,  and  the  perfection  of  the  alignment  of  the  knife  edges,  and 
that  scale  errors  depend  solely  upon  the  distance  between  pivots 
and   not  on   scale   ratio. 

Wayne  S.  Beattie, 

Branch  Secretary. 

UNIVERSITY  OF  ILLINOIS 

On  the  evening  of  February  8  the  Student  Branch  of  the 
University  of  Illinois  met  for  the  election  of  officers  for  the 
coming  semester.  The  new  officers  are :  President,  Ralph  M. 
Overton ;  vice-president,  F.  E.  Evans ;  secretary,  H.  C.  Dieserud, 
and  treasurer,  W.  Minkema.  The  work  of  the  semester  is  quite 
promising,   several   lectures   being   already   scheduled. 

H.  C.  Dieserud, 

Branch  Secretary. 


UNIVERSITY   OF   MAINE 

The  University  of  Maine  Branch  held  their  regular  monthly 
meeting  January  17,  the  subject  for  discussion  being  The  Farm 
Tractor.  Numerous  pictures  of  the  tractor  in  action  were  shown 
by  means  of  a  reflectoscope,  which  testified  to  Its  adaptability 
and  usefulnes.s  to  farmers  all  over  the  country.  Several  inter- 
esting designs  of  the  machine  were  shown,  their  history  given,  and 
salient   points   discussed. 

R.   E.   Fbaseb, 

Branch  Secretary. 


STATE  UNIVERSITY  OF  KENTUCKY 

The  Student  Branch  at  the  State  University  of  Kentucky  has 
held  three  business  meetings  during  the  college  year.  Several 
other  meetings  have  been  held  which  have  been  devoted  entirely 
to  the  study  of  technical  magazines,  each  member  reporting  on 
the  contents  of  the  particular  journal  assigned  to  him.  In  this 
way  !i  large  number  of  the  engineering  problems  confronting  the 
technical  graduate  are  brought  into  discussion. 

At  the  meeting  on  February  S  an  interesting  discussion  of  the 
development  of  the  steel  industry  was  given  by  Governor  A.  O. 
Stanley. 

D.  S.  Springer, 
Branch  Secretary. 


STEVENS  INSTITUTE  OF  TECHNOLOGY 

The  Stevens  Engineering  Society,  which  includes  the  Student 
Branch  of  the  Am.Soc.M.B.,  announces  that  it  will  resume  its 
schedule  of  inspection  trips  on  February  21.  Among  the  trips 
planned  are  those  to  the  Shadyside  Plant  of  the  Barrett  Mfg.  Co., 
Loose  Wiles  Biscuit  Co..  Iloboken  Factory  Terminal  and  the 
Nagel  Packing  House. 

Alvin  G.  Searles, 

Branch  Secretary. 


UNIVERSITY    OF    MICHIGAN 

Ball  Bearings  was  the  subject  of  the  first  lecture  of  the  year, 
given  January  16,  before  the  University  of  Michigan  Student 
Branch  by  F.  M.  Sawin.  Stereopticon  slides  illustrated  the 
modern  improvements  on  ball  bearings  and  the  process  of  manu- 
facture from  the  raw  material  to  the  finished  product. 

The  January  18  meeting  was  devoted  to  the  election  of  the  fol- 
lowing officers :  chairman,  W.  A.  McKinley  ;  vice-chairman,  W.  C. 
Good ;  secretary,  Karl  Bintz ;  treasurer,  E.  F.  Jagodzinski. 

Karl  Bintz, 

Branch  Secretary. 


UNIVERSITY    OF    MINNE.SOTA 

The  Student  Branch  of  the  University  of  Minnesota  held 
a  meeting  on  January  20  when  the  following  officers  were 
elected :  president,  Edwin  F.  Jones,  vice-president,  I.  N.  Eustis ; 
corresponding  secretary,  H.  G.  Fortune ;  recording  secretary,  J. 
Walfred ;  treasurer,  G.  N.  Moffet.  Following  the  election,  Prof. 
J.  J.  Flather,  Mem.Am.Soc.M.E.,  head  of  the  mechanical  engineer- 
ing department  of  the  University,  read  and  discussed  the  Report 
of  the  Boiler  Code   Committee. 

C.   Q.   SWENSON, 

Corresponding  Secretary. 


UNIVERSITY  OF  CALIFORNIA 

The  first  regular  semi-monthly  meeting  of  the  Student  Branch 
of  the  University  of  California  for  the  second  semester  was  held 
on  January  31.  Herman  Greenwood  tendered  his  resignation  as 
chairman  and  W.  Kenneth  Potts  was  elected  to  take  his  place.  At 
its  close,  Leroy  Hill  read  a  paper  discussing  at  length  the  theory. 
tJractice  and  use  of  the  various  types  of  aeroplane-motor  radiators, 
describing  and  illustrating  the  models  and  showing  by  comparison 
the  various  proportions  and  sizes  used  by  different  manufacturers. 

John  H.  Fenton, 

Branch  Secretary. 


UNIVERSITY  OF  COLORADO 

Mr.  Welch  of  the  Strait  Scale  Co..  Boulder.  Colo.,  gave  an  in- 
Ipresting  illustrated  talk  on  The  Construction  and  Operation  of 
Scales  at  the  January  11  meeting  of  the  Student  Branch  of  the 
University  of  Colorado.  A  large  aluminum  model,  which  Mr. 
Welch  brought  with  him.  served  to  show  in  detail  the  fine  points 
of   (•oiistr\iction    a«i<i    tht>   metiioii    of   operation    of    the    scale.      He 


WORCESTER  POLYTECHNIC  INSTITUTE 

On  Friday  evening,  February  2,  the  Worcester  Polytechnic 
Student  Branch  held  their  regular  monthly  meeting,  Charles  M. 
Allen,  Mem.Am.Soc.M.E.,  and  Professor  of  Hydraulic  Engineering 
at  the  Institute,  giving  an  interesting  illustrated  talk  on  The 
Testing  of  Water  Wheels  After  Installation. 

As  a  consulting  engineer.  Professor  Allen  had  occasion  to  test 
many  installations  of  water  wheels  in  hydroelectric  plants,  and 
the  lantern  slides  evidenced  the  work  done  under  the  most  varying 
conditions,  from  that  in  which  the  building  had  been  built  around 
the  machinery  in  some  backwoods  ravine  to  an  installation  of 
the  most  up-to-date  sort,  in  which  the  building  was  provided  with 
spur  tracks,  traveling  cranes  and  other  appliances,  making  the 
installation  of  the  dynamometers  a  comparatively  easy  matter. 
He  emphasized  the  facts  that  water  wheels  shoyld  be  tested  after 
installation  to  show  whether  or  not  they  were^^so  set  as  to  give 
tlu'ir  full  power  and  efficiency  rating;  that  all  power  stations 
should  be  provided  with  the  proper  cranes  and  appliances  for 
installing  heavy  machinery  and  for  future  repair  purposes. 

H.  P.  Fairfield. 

Branch    Secretary. 


EMPLOYMENT  BULLETIN 


'I  ^HE  SECRETARY  considers  it  a  special  obligation  ami  pleasant  duty  to  make  the  office  of  the 


I 


Society  the  medium  for  assisting  members  to  secure  positions,  by  putting  them  in  touch  with 


special  opportunities  for  which  their  training  and  experience  qualify  them,  and  for  helping  any- 
one  desiring  engineering  services.      The  Society  acts   only   as   a   clearing   house   in   these   matters. 


roSITIOXS  AVAILABLE 

In  forwarding  applications,  stamps  should  be  enclosed  for  trans- 
mittal to  advertisers;  applications  from  non.memhers  should  be 
accompanied  by  a  letter  of  reference  or  introduction  from  a  mem- 
ber, such  reference  letter  to  be  filed  with  the  Society.  Copy  for 
notices  must  be  in  hand  by  the  15th  of  the  month. 


iSALE.S  COUHESPUNDENT  and  TUAVELI.NG  SALESMAN,  two 
men  who  know  machiuery,  preferably  equipment  used  either  in  paper 
mills  or  factories  working  on  paper  as  a  raw  material  such  as  printers, 
ijox  makers,  bag,  envelope  or  paper-specialty  manufacturers.  Engin- 
eering degree  not  necessary,  but  character,  ability,  energy  and  clean 
record  are.  Salary  .$1,500  per  .year  after  instruction  period,  increasing 
with  ainlit.v.  Prefer  letter  outlining  record  before  interview.  Location 
Brooklyn,  New  York.     S20-821. 


i'AHT.NEKSHIP.  Present  owner  desires  capable  assistant  in  run- 
ning a  business  which  is  well  established.  Investment  of  $20,0110 
to  $25,000  required,  as  well  as  practical  working  interest  in  business 
near  Philadelphia  engaged  in  operation  on  a  limited  scale  for  making 
silica   brick.     522 

DRAFTSMAN,  capable  of  designing  machines  of  comparatively 
large  size  for  boring  and  milling  purposes,  and  fi.\tures  and  tools 
for  use  on  such  machines.     Location  Providence.     525 

CHEMICAL  ENGINEER  who  is  e.xperienced  in  aniline-dye  manu- 
facturing to  become  department  engineer.  Position  pays  $40-$75  per 
week,  depending  upon  the  man's  ability.  Name  confidential.  Loca- 
tion New  York  State.     530 

DRAFTSMAN  experienced  in  factory  design  and  Installation  of 
elevator  and  conveying  machinery  in  general  cement-plant  work.  Lo- 
cation Pennsylvania.      710. 

I>RAFTSiIAN.  Prefer  man  wilh  one  or  two  years'  experience  out  of 
college.     Location  Vii*ginia.     747 

DESIGNER.  Expert  mechanical  engineer  qualified  to  design  ma- 
chinery for  the  manufacture  of  shaving  brushes.  Location  New  York. 
Name  confidential.      757 

FOREIGN  REPRESENTATIVE.  New  York  firm  desires  a  compe- 
tent man  with  knowledge  of  machinery  to  take  charge  of  machinery 
business  in  France  ;  must  speak  the  French   language   fluently.      758 

ENGINEERS  wanted  to  train  and  develop  in  the  fundamentals  of 
a  firm  primarily  engaged  in  the  distillation  of  coal  tar  witli  the 
resultant  principal  production  of  bituminous  road  and  roofing  ma- 
terials, with  the  ultimate  object  of  filling  operating  positions  in 
various  plants  as  foremen,  head  chemist,  assistant  superintendents. 
or  superintendents.  Chemical  engineering  training  desirable  but 
not  essential.  As  contemplated  work  will  eventually  be  of  an  execu- 
tive nature,  ability  to  handle  men  is  a  desirable  asset.      790. 

DRAFTSMEN,  with  special  experience  in  the  design  of  chemical 
plant  equipment ;  familiar  with  power-plant  design,  piping  layouts, 
foundation  work,  light  structural-steel  work  and  timber-platform  con- 
struction.     Location   Brooklyn.     .S03. 

FOUNDRY'  MANAGER  with  capital  to  invest  in  gray-iron  foundry. 
Location  Northern  Ohio.      SOS. 

DRAFTSMAN  on  elevating  and  conveying  machinery  and  light 
structural  and  plate  work.  Permanent  employment  to  desirable  man. 
with  opportunities  for  advancement.  Salary  $125  per  month  to  an 
experienced  man.      Location  Hudson.   N.    Y.     .son. 

ELECTRICAL  ENGINEER  possessing  extensive  experience  with 
electrolytic  plants  for  producing  oxygen  anil  hydrogen,  wanted  by 
New  York  concern.     811. 

CHIEF  ENGINEER  for  large  central-station  power  house  in  an 
Atlantic  seaboard  city.  Must  be  qualified  to  take  charge  of  an  80.000- 
kw.  plant  and  experienced  in  handling  Curtiss  turbines,  jet  and  sur- 
face condensers.  Taylor  stokers,  and  other  apparatus  found  in  large 
central-statiou  plants.  .State  age.  experience  and  salary  expected.  "If 
employed,  give  name  of  company  and  reason  for  changing.  All  replies 
strictly  confidential.     813. 

.  ASSISTANT  to  the  head  of  engineering  department  of  Boston  con- 
cern. Young  technical  graduate,  mechanical  or  engineering  course. 
Salary  $100  a  month  ;  good  chance  for  advancement.     817. 


OFFICE  INSPECTOR  to  show  how  to  improve  work.  Experienced 
in  foundry  work  and  machine-shop  tool  work.  Salary  according  to 
man,  say  $2,000  to  start.     New  York  location.     822. 

CHIEF  DRAFTSM.W  for  large  malleahle-iron  foundry,  with  pat- 
tern, machine,  and  smith  shops  and  finishing  department.  Output 
consists  principally  of  railway  specialties.  Experience  required  in 
-charge  of  drafting-room  work,  steel  freight  car  construction,  both 
body  and  trucks,  design  of  special  shop  equipment  such  as  molding 
machines,  tools,  jigs  and  fixtures,  the  installation  of  power-transmis- 
sion machinery.  Prefer  a  young  man  who  has  had  experience  either 
with  a  railroad  or  a  car  builder,  who  is  personally  quick,  accurate 
and  of  pleasing  address,  able  to  secure  results  from  the  men  under 
him.  Salar.v.  $150  to  ,$175  per  month  :  prospect  good  for  promotion 
to  the  right  man.     Location  New  York  State.      S23. 

EN<;INEE1!  OF  TESTS.  Young  man  of  more  or  less  technical 
training  in  mechanical  engineering,  to  he  of  assistance  to  the  engineer 
in  general  testing  work  on  boilers,  engines  and  turbines.  Salary  to 
start,  about  $15  per  week.     Location   New  York.      824. 

DESI(;NER  and  ASSISTANT  ENGINEER  on  power-plant  work, 
both  mechanical  and  electrical  side ;  must  have  had  experience  In 
this  line  of  work.     Location  New  York.      825. 


EXECUTIVE    to    take    charge   of 
tural-steel    plant.     845 


?rab-bucket   department    of    struc- 


TWO  SALESMEN  or  SALES  REPRESENTATIVES.  25  to  .30  years 
of  age,  unmarried,  energetic  and  intelligent.  Technical  and  selling 
experience,  with  knowledge  of  accessory  business  required,  although 
would  consider  competent  and  experienced  salesmen  without  technical 
training.  Position  requires  ability  to  sell  to  jobbers  and  develop 
large  territory.  Salary  $45  to  $50  per  week  with  traveling  expenses. 
Territory  ;  Middle  West  and  South,  and  West,  respectively.     863 

SALES  ENGINEERS,  technical  training,  two  or  more  .years'  prac- 
tical experience  in  selling,  to  cooperate  with  salesmen  in  various  dis- 
tricts in  the  U.  S.  to  further  the  sale  of  lineshaft  roller  bearings. 
Salary  $1,200  to  $1,800.      804 

DRAFTSMAN,  technical  graduate,  mechanical  engineer,  one  lU'  two 
years'  experience  in  designing  power-house  installations  ;  water-,  steam- 
and  air-piping  systems,  for  large  manufacturing  concern  near  Phila- 
delphia. State  age.  experience  to  date,  references,  salary  desired,  and 
how  soon  available.      805 

DRAFTSMAN,  familiar  with  nutriue-eugine  and  boihn"  work,  pref- 
erably man  with  some  experience  in.  hull  work.  State  age,  salary, 
experience  and  references.     869 

EXF'EIilENCED  TIME-STUDY  MAN.  familiar  with  the  production 
of  small  interchangeable  parts,  wanted  for  manufacturing  plant  in 
Philadelphia.     Position  will  lead  to  one  of  responsibility.      820. 

CHIEF  DRAFTSMAN  or  ASSISTANT  ENGINEER  to  handle  pri- 
marily steam  piping.     Salary  $175.     Location   New  Y'ork.      S27. 

ASSIST.VNT  E.VGINEER.  with  technical  training  and  a  successful 
record  in  the  operation  and  maintenance  of  power  plants  and  fac- 
tories— also  handling  of  men.  Hours  at  present  7  a.m.  to  5  :30  p.m. 
Salary  to  start.  $200  per  month.  Excellent  opportunity  for  advance- 
ment for  a  man  of  initiative  and  energy.     Location  Brooklyn.     830. 

DRAFTSMAN  on  machine-shop  equipment — jigs,  tool.s,  etc.  State 
experience  and  salary  expected.     Location  Canada.      S3S. 
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Superintendent  and  mechanical  en(;ineeu.  gooj  op- 
portunity for  young  man  to  start  with  a  new,  growing  poncern  ;  one 
who  lias  experience  on  conveyors  and  sawmill  and  pulp-mill  maehiuery. 
State  fully  experience  and  give  references.     Location  Micliigan.     S42.  ^ 

SALES  ENGINEER  for  established  Detroit  concern,  manufacturers 
of  boiler  accessories.  Salary  commensurate  with  experience  and  abil- 
ity. Must  be  thorouglily  acquainted  with  boilers  and  be  able  to  suc- 
cessfully meet  and  impress  technically  trained  executives,  and  capable 
of  closing  contracts  ranging  from  .$300  to  .$10,000,  Write  explicitly, 
giving  experience,  minimum  salary  to  start,  and  references.  Corre- 
spondence confidential.  Address  E.  C.  W.,  SO  First  Street.  Detroit. 
Mich.     S53. 

MECHANICAL  DRAFTSMEN  for  small  machine-tool  works.  Sal- 
ary $lS-$20  and  $20-$25.  Men  that  have  some  "know  how  and  why." 
Location  Newark,  N.  J.     855-856. 


DRAFTSMAN    to  design   transmission    machinery. 
week.     Location   New  York.     857. 


Salary    $30   per 


ENGINEERING  APPRENTICES.  Openings  for  two  recent  techni- 
cal graduates,  with  opportunity  for  experience  in  steam-turbine  manu- 
facture, testing  and  designing.  Salary  $15  per  week  for  first  nine 
months.  Will  also  consider  1917  graduates,  to  begin  work  in  .Tune  or 
July.     Location  Connecticut.     859. 

CHEMICAL  ENGINEER  for  a  permanent  position  in  the  Philip- 
pines. One  who  has  had  considerable  experience  in  extracting  plants 
and  understands  the  extraction  of  oils  from  cake  with  trichlorethylene. 
carbon  tetrachloride,  naphtha,  etc.  Must  be  more  or  less  familiar 
with  the  refining  of  vegetable  oils  and  soap  manufacturing.  Corre- 
spondence will  be  carried  on  through  New  York  office.     .800. 

DR.^FTSMAN  for  machine  design  and  small  tool  work.  Young  man 
with  some  experience.  "  Live  wire."  Salary  depends  on  man.  Loca- 
tion New  York.     861, 

ENGINEER  experienced  in  milling  graphite  by  wet  process,  to  take 
up  construction  of  new  plant.  Salary  depends  on  man.  Location 
Alabama.     812. 

EFFICIENCY  ENGINEER  for  general  efficiency  work  in  car  manu- 
facturing plants.  In  replying  state  age,  experience  and  salary  ex- 
pected.    Probable  location,  Canada.     870 

MECHANICAL  ENGINEERS  of  highest  type — especially  experienced 
in  steel  machinery,  designing  and  building,  wanted  for  newly  organized 
plant ;  must  be  able  to  handle  men.  Give  age.  previous  experience. 
Probable  location  Middle  West.     871 

M.\SSACHUSETTS  concern  wants  technically  trained  man,  about  30 
years  of  age,  married,  who  has  brains,  personality  and  tact.  Write 
stating  full  particulars.     872 

WORKS  ENGINEER.  Highly  experienced  man  to  take  charge  of 
power  and  construction  matters  in  rapidly  growing  plant  employing 
3000.  Must  be  active  and  tactful  and  of  demonstrated  ability.  Prefer- 
ence to  man  with  technical  t-aining.  In  first  letter  give  age,  salary 
and  complete  statement  of  experience.     Location  Middle  West.     877. 

CAPABLE  MAN,  with  experieace  In  motor-truck  operation  and  re- 
pair, for  position  as  traveling  service  inspector.    Location  Wisconsin.    878 


MEN    AVAILABLE 

Only  niemhcrs  of  the  Society  are  listed  in  the  published  notices 
in  this  section.  Copy  lor  notices  should  be  in  hand  by  the  15th 
oj  the  month,  and  the  form  of  the  notice  should  be  such  that  the 
initial  words  indicate  the  classification.  Notices  are  not  repeated 
in  consecutive  issues. 

MECHANICAL  ENGINEER  or  ASSISTANT  SUPERINTENDENT, 
technical  graduate,  age  30,  married.  Seven  years'  experience  in  manu- 
facturing plants  as  draftsman,  mechanical  engineer  and  division 
superintendent  and  in  planning  production  and  time-study  work. 
Ambitious  and  desirous  of  locating  with  Eastern  concern  offering 
good  opportunity.     C-104 

PURCHASING  AGENT,  with  several  years'  experience  with  large 
manufacturing  concern,  where  practical  mechanical  knowledge  was 
applicable.  Familiar  with  stock-room  systems,  a  close  buyer  and 
resourceful.  Available  on  reasonable  notice ;  location  immaterial. 
C-105 

INDUSTRIAL  PLANT  ENGINEER,  graduate  M.  E.,  aged  30,  desires 
position  with  growing   concern   as   engineer  or  assistant  engineer,   de- 


pending upon  size  of  plant.  Nine  years'  practical  experience  in  shops, 
power  plant,  construction  and  maintenance ;  also  some  experience 
in  purchasing.  Successful  in  handling  men  and  a  good  corre- 
spondent.    Location  East  or  South  preferred.     C-lOG 

ENGINEER,  with  twenty-five  years'  experience  in  designing,  manu- 
facturing and  operating  steam,  gas  and  electrical  machinery  with 
some  of  the  largest  builders.  Competent  to  take  charge  of  entire 
manufacturing  plant.  Desires  position  where  new  ideas  and  special 
services  may  lead  to  an  interest  in  firm.  Ohio,  Indiana  or  Western 
Pennsylvania   preferred.     C-107 

MECHANICAL  ENGINKEK  or  ASSISTANT  SUPERINTENDENT. 
M.  E.  graduate,  age  31.  married.  Seven  years'  experience  on  auto- 
mobiles, motor  trucks,  accessories,  production  tools,  small  punch 
and  die  work,  inspection  gages  and  a  large  variety  of  small  and 
medium  special  and  semi-automatic  machinery.  Capable  of  direct- 
ing as  well  as  executing  work..  Would  like  to  join  small  or  medium- 
sized  growing  organization.  At  present  employed  as  assistant  chief 
engineer.      Present   salary   $2100.     C-108 

.EXECUTIVE  or  MECHANICAL  ENGINEER,  experienced  in  fac- 
tory organization  and  design  of  special  elevating  and  conveying  ma- 
chinery, tools  and  jigs.  Technical  graduate  :  desires  opportunity  with 
relialile  lirm.     Location  New  York  or  vicinity.      C-109 

MECHANICAL  ENtilNEEU  desires  position  in  connection  with 
maintenance  or  production  of  railway  rolling  stock  and  equipment 
or  production  of  mechanical  equipment  incident  to  preparedness 
for  national  defense.  At  present  employed.  Twenty  years'  experience 
in  design  and  construction  of  industrial  and  railway  mechanical 
equipment  :  highly  specialized  in  practical  application  of  applied 
science,  locomotives,  cars,  trucks,  boilers,  engines,  turbines,  tanks 
and  special  machinery,  shop  layouts  and  power  plants,  towers  and 
structural  work.     C-110 

MECHANICAL  ENGINEER,  technically  educated,  desires  to  make 
change.  Fifteen  years'  experience  in  the  designing,  estimating  and 
development  of  steam  shovels,  dredges,  hoisting  engines,  derricks 
and  miscellaneous  machinery,  with  some  steel-foundry  and  machine- 
shop  practice.  Location  in  Middle  West  preferred.  At  present  em- 
ployed.    C-111 

ASSISTANT  SUPERINTENDENT.  M.  E.  graduate,  with  eight 
years'  shop  experience.  Familiar  with  modern  methods  in  quantity 
production  and  capable  of  producing  results  and  handling  men. 
C112. 

EMPLOYMENT  MANAGER.  Technical  graduate,  with  the  proper 
training  and  experience,  age  31,  married.  Available  after  May  1. 
C-113 

MECHANICAL  ENGINEER,  age  37,  would  consider  partnership 
or  interest  in  engineering  business  or  position  on  salary  or  salary 
and  commission  basis.  Technical  graduate,  fourteen  years'  foreign 
and  domestic  experience  in  designing,  selling  and  erecting  water 
turbines,  governors,  penstocks  and  accessories  and  in  making  prelimi- 
uary  investigations  and  reports  on  water-power  projects  and  effi- 
ciency tests  on  existing  plants  with  a  view  to  making  Improve- 
ments. Well  grounded  in  steam  and  electrical  engineering ;  several 
months  In  charge  of  gasoline-tractor  design.  Thoroughly  practical, 
with  executive  ability,  and  not  afraid  of  work  or  responsibility. 
At  present  employed  but  desires  change.  Location  preferably  East 
or  South.     Best  references.     C-114 

MECHANICAL  ENGINEER.  Technical  graduate  in  mechanical 
engineering.  Desires  position  with  Industrial  plant  as  plant  or  main- 
tenance engineer.  At  present  employed.  Several  years'  experience  in 
drafting,  structural  work,  and  as  engineer  for  large  explosives  com- 
pany.    Preferable  location.  Middle  West,     C-115. 

RESEARCH  ENGINEER,  PROFESSOR  of  MECHANICAL  ENGI- 
NEERING, EXPERIMENTAL  or  WORKS  ENGINEER.  An  experi- 
enced mechanical  and  civil  engineer,  now  engaged  in  munition 
manufacture,  is  open  for  engagement.  Graduate  of  leading  uni- 
versity, member  S.  A.  E.,  experienced  in  teaching  and  in  engineer- 
ing work  of  all  kinds.  Would  consider  locating  in  England  or  France. 
C-116 

CHIEF  ENGINEER,  who  has  held  the  positions  of  chief  engineer, 
master  mechanic  and  chief  draftsman  in  large  industrial  plants. 
Thorough  technical  and  practical  experience,  covering  construction 
and  operation  and  upkeep  of  steam  and  hydraulic  power  plants. 
Specialty,  steam  and  fuel  economy.  Would  consider  a  change  from 
present  position.      Salary   .$2400  per  year.     C-117 

ASSISTANT  WORKS  ENGINEER,  college  graduate,  6  years'  experi- 
ence ;    3   years   of   arrangement   and   installation   of   turbines,    boilers. 
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coal-Uandliug  eiiuipment,  gas  producers,  heating  and  lighting  systems  ; 
1  year  of  machine  design,  and  1  year  o£  building  construction.  At 
present  employed.  Desires  permanent  location  In  I'hiladelphia  or 
vicinity.     C-75 

POSITION  IN  PUBLICITY  DEPARTMENT  of  large  mechanical  or 
electrical  concern  or  with  a  publicity  engineer  wanted  by  SI.  I.  T. 
graduate  with  broad  newspaper  experience  ;  future  the  primary  con- 
sideration. At  present  employed  in  an  engineering  position.  Best  of 
references.     C-7ii 

MAINTENANCE  EXGINEEK  or  MECHANICAL  ENGINEEK, 
Junior  Member,  Columbia  M.E.,  age  25.  Thorough  shop,  power  plant 
and  construction  experience,  design  of  special  machinery,  supervising 
construction  and  installation.  At  present  employed.  Salary  $1500. 
CT7 

POWER  PLANT  ENGINEER,  practical  in  the  designing,  building 
and  maintenance  of  power  plants  in  detail.  Now  employed.  Avail- 
able at  short  notice.     C-TS 

PARTNER.  Graduate  mechanical  engineer,  age  3."i.  having  several 
years'  broad  and  successful  experience  as  factory  manager,  wishes 
to  correspond  with  view  to  handling  the  factory  end  for  persons 
intending  to  organize  a  manufacturing  business.     C-79 

MECHANICAL  ENGINEER,  age  22,  technical  graduate,  member 
A.  S.  T.  M.,  with  drafting-room  and  some  factory  experience  and 
knowledge  of  accounting,  desires  situation  with  manufacturing  or 
engineering  firm  in  or  near  Boston,  if  possible.  At  present  employed  ; 
good  reasons  for  desiring  to  make  change.     C-80 

WORKS  MANAGER,  CHIEF  ENGINEER  OR  GENERAL  SUPER- 
INTENDENT, desires  to  locate  within  a  radius  of  100  miles  from 
New  York  City.  A-1  systematizer,  organizer  and  production  man  with 
excellent  executive  ability  and  able  to  produce  results.  American, 
44  years  of  age,  with  IS  years'  practical  executive  experience  in  the 
positions  of  chief  draftsman,  general  superintendent  and  works  man- 
ager on  light  and  medium-heavy  interchangeable  parts  as  used  on 
typewriters,  moving-picture  machines,  gasoline  and  electric  auto- 
trucks, water  meters,  linotype  machines,  automatic  machinery  and 
machine  tools,  etc.     C-Sl 

MASTER  MECHANIC  or  CHIEF  DRAFTSMAN,  with  15  years' 
experience  on  automatic  machinery.      Salary  $2600,     C-82. 

ENGINEERING  EXECUTIVE  and  SALES  ENGINEER,  aged  31, 
married.  Have  organized  and  managed  both  machinery  and  retail 
sales  forces.  Shop  experience  in  machine-tool  works.  Started  and 
developed  a  successful  retail  business  which  has  been  recently  bought. 
Location  preferred  New  Y'ork   City  or  New  Jersey.     C-83 

STOREKEEPER  and  PLANNING  DEPARTMENT  MAN,  married, 
tea  years'  experience.      Salary  $35  per  week.     C-S4 

DESIGNING  ENGINEER,  age  30,  married.  Ten  years'  experience. 
English  and  American,  in  commercial  trucks,  tractors  and  motor 
tire  apparatus ;  exceptional  experience  on  front-wheel-drive  trucks. 
Fully  conversant  with  interchangeable  manufacture.  Assoc.  Mem. 
A.S.M.E.,  Inst.  Mech.  Engineers  (London).  Minimum  salary  $2400. 
C-85. 

ASSISTANT  to  EXECUTIVE  or  WORKS  MANAGER,  age  29.  mar- 
ried. Technical  graduate,  six  years'  experience  in  industrial  engineer- 
ing design  and  construction  of  buildings,  installation  of  machinery, 
purchase  of  equipment  and  handling  of  men.  At  present  employed,  but 
wishes  position  in  operating  work.  Best  references.  Immediate 
salary  subordinate  to  future  prospects.     C-86 

MECHANICAL  ENGINEER,  age  32,  now  mechanical  superintendent 
of  one  of  the  largest  cotton  mills,  would  like  opportunity  to  prove 
that  he  is  capable  of  handling  higher  position  in  mill  or  high  class 
consulting  engineer's  office.     Considers  hard  work  a  pleasure.     C-ST. 

STUDENT  MEMBER.  Will  graduate  in  June  in  mechanical 
engineering  course  of  Bucknell  University.  One  year  of  practical 
drafting  and  two  years'  practical  experience  in  general  repair  shop. 
Free  to  go  wherever  there  is  a  chance  for  advancement.  References 
upon  application.     C-SS 

MECHANICAL  SUPERINTENDENT  or  CHIEF  ENGINEER,  gradu- 
ate in  mechanical  engineering,  age  38.  Fifteen  years'  experience, 
ten  of  which  were  in  charge  of  power  generation,  construction  and 
maintenance  in  large  industrial  plant.  Good  references  from  present 
employer.     C-89 

SALES  ENGINEER,  practical  machinist,  age  31,  married.  Tech- 
nical   graduate,    with    experience    in    drafting    room,    plant    operation 


and  selling.  Now  holding  position  wlicrt-  n<it  nniy  hrst  class  sales- 
manship but  also  good  engineering  abilit.v  is  very  essential.  De- 
sires change  and  would  be  available  in  30  days  to  one  who  is  looking 
for  an  aggressive,  capable  man  of  integrity  who  will  push  a  line  witb 
liierit,  preferably  on  salary  and  commission,  or  on  straight  salary 
or  straight  commission  basis.     C-90 

SUPERVISING  ENGINEER,  age  28.  Technical  man,  husUer,  at 
present  with  manufacturing  drug  concern  in  charge  of  construction, 
light,  heat,  power,  sprinklers  and  plumbing.  Desires  change  for 
bigger  opportunity.  Good,  varied  experience  in  labor-saving  methods, 
planning  factory  layouts,  buying  and  niaiutenauce  of  equipinont  and 
poW'Cr   plants.     C-91 

PRODUCTION  or  WORKS  MANAGER,  age  40.  Twenty-one  years' 
experience  in  time  keeping,  costs,  buying,  selling,  piece  w'ork,  plan- 
ning and  production.  Thoroughly  capable  in  both  office  and  factory 
organization  ;  competent  to  assume  responsibility  and  produce  re- 
sults.    Minimum  salary  $2800.     C-92 

TECHNICAL  GRADUATE,  age  23,  desires  position  in  manufactur- 
ing line.  Twenty  months'  practical  experience.  Good  knowledge  in 
design  of  small  electrical  machines.  Study  of  power-plant  operation 
and  design.  Tnorough  knc)wledge  of  internal-eonibustion  motors 
and  automobiles.  Salary  $100  per  month  to  start.  Location  pre- 
ferred New  York.     C-93 

COMPETENT  ASSISTANT  to  EXECUTIVE.  Graduate  of  Mass. 
Institute  of  Technology  (1910),  has  made  good  in  a  large  munition 
plant.  Now  employed  but  wants  a  change.  Can  give  references. 
Salary  .$2500.     C-94 

WORKS  MANAGER,  witb  successful  experience  in  manufacture  of 
interchangeable  parts  and  shrapnel  shells.  Chicago  vicinity  preferred 
though  not  essential.     C-95 

SALES  ENGINEER.  Mechanical  engineer,  opening  sales  offii-e  in 
Chicago  in  near  future,  wishes  to  handle  power-plant  machinery  and 
specialties  on  salary  or  commission  basis.  Familiar  through  experi- 
ence in  plant  engineering  and  management  with  conditions  to  be  met 
in  manufacturing  and  power  plants.     C-96 

PLANT  ENGINEER.  Competent  to  lay  out  electrical  and  me- 
chanical transmission  and  power-plant  work  in  general,  and  to  main- 
tain and  improve  structures  and  grounds.  At  present  employed 
directing  work.     Prefers  large  industrial  concern.     C-97 

WORKS  MANAGER  OR  GENERAL  SUPERINTENDENT.  Pro- 
duction engineer,  successful  executive  ;  experienced  in  revising  plant 
management  and  in  the  introduction  of  modern  systems.  Technical 
graduate,  20  years'  experience  in  positions  from  foreman  to  man- 
ager of  works  employing  several  hundred  men,  covering  manufac- 
ture of  machine  tools,  internal-combustion  and  steam  engines,  elec- 
trical machinery  and  construction  of  works.  Available  in  about 
00  days.      C-9S 

EXECUTIVE  ENGINEER.  Graduate  in  mechanical  engineering, 
1907,  with  exceptional  training  in  mechanical  and  electrical  fields 
as  executive  and  engineer  in  construction,  sales  and  accounting 
work.  A  consequential  thinker,  with  energy,  initiative  and  aggressive- 
ness. Can  consider  a  proposition  where  intelligence  and  ability  to 
"cash  In"  ten  years  of  hard-earned  and  valuable  experience  will  bring 
results.     C-99 

PARTNERSHIP.  Mechanical  engineer  desires  partnership  in  con- 
sulting engineering  or  contracting  firm  doing  business  with  indus- 
trial concerns.  Will  make  investment.  Specialties:  power-plant  de- 
sign, construction  and  operation ;  industrial  plant  layout ;  design  of 
special  machinery.  Familiar  with  brass  and  copper  mill  prac- 
tice.    C-100 

MECHANICAL  EN(;INEER.  Technical  graduate,  witb  six  years" 
experience  in  the  design  and  manufacture  of  and  experimental  work 
on  valves,  lubricators  and  general  brass  goods.  At  present  bead 
draftsman.  Systematic  and  reliable,  possessing  originality  and  initia- 
tive.    Desires  position  with  a  responsible  future.     C-101 

ASSISTANT  SUPEKIXTEXDENT  or  EXECUTIVE,  American, 
age  36.  Technical  education,  twelve  years  in  drafting  room,  includ- 
ing position  as  chief  draftsman  :  six  years'  shop  experience,  one  as 
foreman  of  shop.  Practical  mechanic,  familiar  with  the  design  of 
special  machinery,  tools,  .iigs.  fixtures,  etc.,  for  manufacturing  dupli- 
cate parts  on  the  interchangeable  system.  Salary  $2000  per  an- 
num.    I^tcation  preferred  New  York  or  vicinity.     C-102 

ASSISTANT  to  MANUFACTURING  EXECUTIVE.  technical 
graduate,  age  31.  Familiar  with  manufacturing  practice,  produc- 
tion, construction  and  handling  men.  Good  knowledge  of  purchas- 
ing.     Desires  position   witb   future.     C-103 
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In  the  past  nionth  in  the  Grand  Central  Palace,  New  York 
City,  two  expositions  were  held  which  were  closely  related  in 
many  respects.  The  first  was  the  Motor  Boat  Show  and  the 
second,  the  lirst  Pan-American  Aeronautic  Exposition.  Both 
bore  in  the  first  place  testimony  to  the  triumph  of  internal- 
combustion  engineering  and  in  particular  to  tlie  development 
of  the  explosion  engine.  Both  showed  that  some  of  the  prob- 
lems of  tliis  comparatively  new  branch  of  engineering  may 
be  considered  as  having  been  solved  satisfactorily.  Such  are 
the  problems  of  ignition,  lubrication  and  water  cooling.  The 
question  of  air-cooling  design  appears  to  be  still  under  a 
cloud  of  doubt.  The  problem  of  fuel  is  fully  solved  in  so  far 
as  gasolines  are  concerned,  but  when  we  come  to  kerosenes 
there  is  still  a  wide  field  open  for  further  research  and  inven- 
tion. It  api:>ears,  however,  from  a  paper  read  at  the  last 
annual  meeting  of  the  S.A.E.,  that  even  here  a  large  amount 
of  success  has  been  achieved;  there  are  several  designs  of 
kerosene  carburetors  practically  available  which  can  efficiently 
handle  the  heavier  fuels  (as  compared  with  the  gasolines), 
and  the  most  important  problem  now  before  the  designer  of 
a  kerosene-burning  engine  is  not  the  carburetor  but  the  com- 
bustion chamber. 

As  regards  the  Aeronautic  Show,  the  most  striking  feature 
of  it  to  those  who  have  closely  followed  the  vicissitudes  of  the 
early  days  of  heavier-than-air-machine  building  are  the  truly 
tremendous  strides  made  in  the  last  two  years.  To  the  aero- 
nautical industry  the  war  has  certainly  been  a  big  opportu- 
nity. No  jirecise  data  are  of  course  available  as  to  the  number 
of  machines  used  by  the  belligerent  countries,  but  Captain 
Clarke,  U.S.A.,  at  a  recent  meeting  of  the  S.A.E.,  gave  those 
present  to  understand  that  the  French  alone  have  not  less 
than  20,000  planes.  From  various  sources  one  can  glean 
that  the  number  of  British  machines  is  at  least  as  large,  which 
would  mean  that  the  two  great  allied  nations  alone  have  some- 
thing like  40,000  machines,  representing  an  establishment 
worth,  with  its  shojis  and  auxiliaries,  not  less  than  the  stu- 
pendous sum  of  $500,000,000;  all  of  this  spent  in  something 
like  twenty-four  months.     There  certainly  never  has  been  an 


instance  where  a  new  industry,  less  than  ten  years  old,  has 
been  given  such  an  opportunity.  How  fully  it  has  made  use 
of  it  can  be  determined  only  after  an  investigation  of  what 
has  been  done  in  Euro]io,  which  is  unfortunately  impossible 
at  the  present  time. 

THIS    month's    AKTICLE.-S 

In  the  section  Air  Engineering  is  described  a  fan  capable 
of  separating  water  and  dust  from  the  air  by  a  process  sim- 
ilar to  that  of  centrifugation. 

In  the  same  section  is  abstracted  a  university  thesis  on  the 
flow  of  air  through  nozzles  and  orifices.  Particular  attention 
is  called  to  this  work,  as  it  contains  English  translations  of 
the  most  important  investigations  on  this  subject  for  the  last 
century.  Unfortunately,  some  of  the  formula  are  printed  in 
such  a  manner  as  to  make  their  meaning  doubtful. 

Under  Automobiles  is  described  a  British  farm  tractor  em- 
liloying  broad-treaded  rollers  instead  of  the  usual  driving 
wheels.  In  the  same  section  is  described  a  unique  system  of 
spring  lubrication. 

From  a  British  publication  is  abstracted  the  description  of 
a  belt-conveyor  coal-loading  plant  having  several  unusual  fea- 
tures of  design. 

F.  N.  Speller,  in  a  paper  before  The  American  Society  of 
Heating  and  Ventilating  Engineers,  describes  an  experimental 
plant  installed  for  testing  a  method  of  elimination  of  corro- 
sion in  hof-water-sui)i)ly  pipe  by  fixation  of  oxygen  in  water 
before  the  water  is  admitted  to  the  pipes. 

J.  0.  Ross,  in  a  paper  before  the  same  society,  discusses 
the  fundamental  principles  underlying  the  design  of  driers 
and  the  fields  of  service  of  various  types  of  this  class  of  ma- 
chinery. 

Results  of  an  experimental  investigation  of  the  brittleness 
produced  in  steel  springs  by  electroplating  are  presented  in 
the  section  Engineering  Materials.  While  no  explanation  of 
this  brittleness  has  been  found,  the  results  are  of  a  certain 
practical  interest. 
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Cast  iron  for  engine  cylinders  is  the  subject  of  a  paper  by 
J.  Edgar  Hurst  before  the  Manchester  Association  of  Engi- 
neers. The  paper  presents  interesting  material  on  the  subject 
of  the  growth  of  alloys. 

Formulae  on  measuring  gases  by  a  standard  orifice  are  re- 
ported in  a  composite  abstract  of  papers  by  Prof.  Thomas  G. 
Estep  and  H.  G.  Geissinger. 

The  somewhat  unexpected  fact  that  gas-heated  rivets  re- 
mained hot  longer  than  those  oil-heated  is  brought  forward  in 
the  Bulletin  of  the  Southern  Gas  Association. 

From  The  Engineer  (London)  is  taken  a  description  of  a 
high-lift  centrifugal  pump,  of  interest  particularly  because  of 
the  automatic  hydraulic  balancing  arrangement  used. 

Data  on  comparative  costs  of  steam  and  electric  operation 
of  hydrauhc-elevator  pumps  are  abstracted  from  an  article  in 
the  Electrical  Review  and  Western  Electrician. 

A  description  of  an  experimental  refrigerator  car  of  the 
Pennsylvania  Railroad,  combining  features  of  passenger-  and 
freight-car  construction,  will  be  found  in  the  section  Railroad 
Engineering. 
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Fig.  1    Aero-Hydro  Fan-Separator 

An  illustrated  article  on  the  design  and  construction  of 
high-pressure  steam  stop  valves  is  abstracted  from  a  paper 
read  before  the  (British)  Institute  of  Marine  Engineers. 
From  an  editorial  in  Engineering  are  taken  some  passages  on 
forced  lubrication  for  marine  turbines. 

Brief  reports  of  the  meetings  of  several  engineering  so- 
cieties held  during  the  past  month  will  be  found  at  the  end 
of  the  Survey,  as  well  as  more  complete  accounts  of  the  Motor 
Boat  Show  and  Pan-American  Aeronautic  Exposition. 

Air  Machinery 

Aero-Hydho  Fan-Separator,  Wm.  J.  Baldwin 

Description  of  an  improved  fan  capable  of  separating  water 
or  watery  matter  or  dust  from  the  air.  The  apparatus  dealt 
with  in  the  article  is  designed  for  a  hospital  ship  and  is  lo- 
cated in  a  deadlight.  The  diameter  of  the  hole  in  the  ship's 
side,  which  is  the  inlet,  is  81/2  in.,  and  the  gi-eatest  diameter 
of  the  apparatus  over  its  flanges  is  14  in.  Its  capacity  is 
35,000  eu.  ft.  of  air  per  hour  and  it  permits  of  keeping  the 
portholes  open  even  in  rainy  or  bad  weather. 


In  Fig.  1,  which  is  a  longitudinal  section  through  the  ap- 
paratus, C  and  C'  represent  the  stationary  case  and  F  the  fan 
revolving  within  the  case.  The  motor  M  is  fastened  to  the 
outlet  port  of  the  ease  C,  and  the  shaft  carries  the  fan  F  and 
the  rotor  R  with  the  wings  W.  The  revolving  part  is  made 
of  aliuninum  and  weighs  7  lb.  The  plates  of  the  fan  are 
radial  and  straight  so  that  the  apparatus  can  be  run  in  either 
direction,  any  way  the  current  happens  to  be  applied. 

When  water  or  spray  enters  the  inlet  it  strikes  the  blades 
of  the  fan,  and,  being  heavier  than  the  air,  goes  off  almost 
perpendicularly  to  the  axis  of  rotation,  striking  the  rotor 
and  being  thrown  through  it  about  as  indicated  by  the  straight 
arrows.  In  this  way  the  water  escapes  at  the  pipe  D  and  runs 
outward  through  a  small  piece  of  flexible  hose  to  the  deck 
of  the  ship  or  overboard.  The  air  follows  the  direction  of  the 
feathered  arrows.  It  has  been  found  that  with  the  finest  spray 
nozzles  that  can  be  obtained  the  hygrometric  condition  at  the 
outlet  of  the  cabin  end  of  the  apparatus  is  from  45  to  50  per 
cent  of  saturation,  and  the  peculiarity  of  the  apparatus  is  that 
even  in  fog  the  water  will  seize  on  the  fog  and  carry  it  with 
it  through  the  rotor,  the  air  escaping  into  the  cabin  still  show- 
ing about  50  per  cent  of  saturation. 

The  author  enumerates  many  uses  for  the  apparatus  de- 
scribed, especially  in  the  field  of  dust  separation.  Among 
these  he  describes  experiments  with  high-temperature-furnace 
fumes  in  a  plant  where,  after  the  detinning  process  is  com- 
pleted, the  old  cans  are  made  into  sash  weights.  By  means  of 
the  separator  they  have  succeeded  in  recovering-  the  dust  and 
gases  from  the  top  of  the  cupola,  with  temperatures  probably 
above  1200  deg.,  and  have  taken  the  tin,  lead,  zinc,  etc.,  from 
the  gases  by  the  use  of  the  wet  process,  tlirowing  them  into  a 
tank  as  a  mud.  This  example  is  cited  to  show  that  fumes  from 
gases  and  metals  can  be  treated  at  very  high  temperatures. 
(Journal  of  the  American  Society  of  Heating  and  Ventilating 
Engineers,  vol.  23,  no.  2,  January  1917,  pp.  209-215.  6  figs, 
de) 


The  Flow  ov  Air  Through  Nozzles  and  Orifices,  -T.  Lynn 
Reynolds  and  Homer  J.  Ling 

Historical  review  of  the  development  of  the  theory  of  flow 
of  air  through  orifices,  comprising  a  -number  of  translations 
and  abstractions  of  various  writers  of  the  nineteenth  and 
present  centuries,  beginning  with  Koch,  Buff,  and  Saint 
Venant  and  ending  with  Captain  Morley,  thus  bringing  the 
review  down  to  within  a  year  of  the  present  day. 

The  second  part  of  the  work  is  devoted  to  a  discussion  of 
the  design  of  needle  nozzles. 

As  regards  the  general  theory  of  flow  of  air  through  orifices 
and  nozzles  with  special  regard  to  problems  of  measurement, 
the  writers  believe  that  the  main  reason  why  the  nozzle-and- 
orifice  method  for  measuring  the  discharge  of  air  has  been 
discredited  is  due  to  the  ambiguous  presentation  of  data  by 
different  experimenters,  which  led  to  the  use  of  improper 
coefBeients  with  the  given  orifices  or  nozzles  in  cases  where, 
if  proper  coefficients  were  used,  the  results  would  have  been 
satisfactory.  Further,  the  actual  discharge  of  air  through  a 
given  nozzle  or  orifice  is  less  than  the  theoretical  discharge 
under  identical  conditions  of  pressure  and  temperature.  This 
is  due  to  the  fact  that  as  a  general  rule  the  stream  of  air 
has  a  smaller  cross-section  than  that  of  the  orifice  itself.  Also, 
because  of  internal  and  external  frictions,  the  effective  velocity 
of  flow  is  less  than  the  theoretical  value.  With  the  thin-edge 
orifices  the  coefficient  of  velocity  is  practically  unity,  that  is, 


March 
1917 


ENGINEERING  SURVEY 


251 


the  orifice  is  considered  to  be  frictionless ;  in  which  case  the 
coefficient  of  discharge  may  be  considered  equal  to  the  coeffi- 
cient of  contraction. 

When  these  two  factors,  vena  contracta  and  diminished 
velocity,  are  taken  into  account,  it  necessarily  follows  that  the 
measured  discharge  is  a  smaller  quantity  than  the  value  given 
by  the  theoretical  formula.  The  writers  note  that  if  a  =  coeffi- 
cient of  contraction,  and  b  =  coefficient  of  velocity,  then  ab  = 
coefficient -of  discharge. 

As  to  the  factors  that  influence  the  quantity  of  flow  through 
an  orifice,  the  following  are  listed  as  the  most  important : 

1  Initial  pressure  of  air  supply,  and  in  some  cases  the  ratio 
of  the  back  to  the  initial  pressure. 

2  The  shape  of  the  orifice,  whether  it  is  cylindrical,  conical, 
of  convergent  or  divergent  type,  or  a  combination  of  the  two. 
The  length,  or  rather  the  ratio  of  diameter  to  length,  or  if  an 
orifice  in  a  thin  plate,  whether  it  is  bevel-  or  straight-edged. 

3  The  condition  of  the  interior  surface — smoothness.     And 


P,.  P,,=pressnres  inside  and  outside  orifice  in  lb.  per 
sq.  ft. 
n  =  ratio  of  specific  heats  =  1.404 
T  absolute  temperature  at  P 
V  volume  in  cu.  ft.  at  P 
the   weight  of  gas  discharged   in   unit   time  for  frictionless 
adiabatie  flow  is 

When  r  =  460        60° 
n  =  1.404 
P, 


P  =  pounds  per  square  inch. 


0.07058  d=  P,  «.  Vr'"*^—r '•"' 
nnd  the  liest  values  of  the  dischai'ge  coeflfieients  as  shown  by 
this  review  are  as  follows : 


For  Orifices  in  Thin  Plates  (Straight-Edged)  : 
Low  pressures  (1-12  in.  water) \t. 
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Fig.  2     Comparison  of  Formulae  for  Flow  of  Steam  through  Orifices 


also  whether  the  entrance  is  well  rounded  and  free  from  sharp 
breaks  in  outline  of  the  nozzle  curve. 

It  appears  that  the  eoefifieient  increases  with  the  initial 
pressure  and  also  with  the  ratio  of  back  to  initial  pressure, 
and  that  a  short  orifice  with  well-rounded  approaches  will 
give  a  coeflSeient  of  discharge  of  approximately  0.98. 

Another  important  factor  brought  out  is  that  since  the  time 
of  Zeuner  and  Fliegners  experiments  it  has  been  well  estab- 
lished that  when  the  ratio  of  the  final  pressure  P.,  to  the  initial 
pressure  Pj  has  a  value  of  0.527,  the  discharge  is  a  maximum ; 
and  for  all  values  P,< 0.527  Pj  the  discharge  remains  a  con- 
stant maximum  value.  It  is  well  to  note,  though,  that  in  the 
case  of  orifices  in  thin  plates,  TF  (see  notation  below)  appears 
to  keep  on  increasing  after  the  pressure  becomes  lower  than 
0.527  P„  although  the  increment  of  increase  has  a  decreasing 
value  as  zero  is  approached  and  is  very  much  less  than  the 
increment  from  P^  to  the  critical  pressure. 

Now  if 

TF=weight  of  air  discharged  per  sec. 
^  =  throat  area  of  orifice  in  sq.  ft. 


Medium  pressures  (15-50  lb.) u.  =  0.63 

High  pressures  (50-150  lb.) ja  =  0.65 

For  Nozzles:  ' 

Short  cylindrical  [i  =  0.75 

Short,  well  rounded,  convergent u.  =  0.98 

Convergent  6°-10°    |jl  =  0.90 

As  regards  the  investigation  (m  needle  nozzles,  the  writers 
had  before  them  the  problem  of  designing  a  needle-nozzle 
control  of  air  discharge  from  a  turbo-compressor  set  that 
would  meet  the  following  requirements  : 

1  To  deliver  30  hp.  at  3400  r.p.ra..  that  is,  2500  cu.  ft.  of  air 
at  60  deg.  fahr.  and  14.7  lb.  barometric  pressure,  having  a 
delivery  pressure  of  2  lb. 

2  Of  such  shape  of  needle  that  the  issuing  core  stream 
from  the  nozzle  could  in  any  position  of  the  former  be  ex- 
plored as  to  cross-section,  velocity,  and  pressure  conditions 
existing  in  it. 

Thus  the  problem  resolved  itself  into  two  divisions,  the 
design  of  the  nozzle  proper  and  the  design  of  the  needle.    An 
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aJiabatie  foriuula  tor  t'lictionless  flow  was  adopted  as  the 
basis  of  design. 

The  needle  was  designed  by  using  a  combination  of  curves 
that  wouUl  give  in  outline  one  similar  to  the  present  water- 
nozzle  needles  and  of  such  shape  as  to  offer  small  resistance 
to  flow.  It  soon  ajjpeared,  however,  that  while  this  would 
satisfy  conditions  for  full  load,  in  going  from  this  output  io 
no-output  the  needle  would  be  so  located  that  the  velocity 
from  initial  to  final  point  would  have  a  decreasing  increment 
at  most  positions.  This  was  due  to  the  fact  that  the  area 
between  the  nozzle  and  the  needle  at  the  inlet  was  less  than 
the  net  area  of  the  outlet.  Tiius  it  became  necessary  to  adopt 
a  design  which  in  any  position  of  the  needle  would  give  such 
a  succession  of  areas  between  the  nozzle  and  the  needle  from 
the  entrance  to  the  outlet,  that  t!ie  velocity  would  have  an 
increasing  increment  m  traveling  this  distance  and  that  as 
nearly  as  possible  the  flow  wo\dd  apjtroach  the  frictionless 
adiabatie  as  an  ideal. 

The  following  plan  was  followed:  The  nozzle  w-as  designed 
for  full  load,  and  then  a  series  of  areas  determined  that  would 
give  %,  Yo,  and  I4  loads,  respectively.  The  next  step  was  to 
so  lay  out  the  neeile  that  at  these  different  positions  the  effec- 
tive area — the  difference  between  the  nozzle's  and  the  needle's 
areas — would  be  a  series  that  would  fulfill  the  flow  and  load 
requirements   for  that   position.     This  was  dune   by  shifting 


Fig.  3    The  Rear  Wheels  of  the  Whiting-Standard 
Tractor 

along  a  vertical  axis  the  superimposed  curves  (different 
cui'ves)  and  then  drawing  an  averaging  curve  through  them. 

The  area  to  be  obstructed  by  the  needle  at  different  loads  is 
the  annular  area  Isetween  the  full-load  adiabatie  and  the  adia- 
batie for  the  given  loa  1.  The  needle  difference  curves  are 
plotted  l)y  radii,  which  radii  are  the  radii  of  circles  whose 
areas  are  those  of  the  annular  rings. 

From  the  first  part  of  this  report  one  of  the  main  conclu- 
sions of  the  investigation  in  regard  to  the  flow  of  air  through 
orifices  was  to  the  effect  that  a  well-rounded  short  nozzle  had 
as  the  highest  coefficient  of  discharge  the  value  of  0.98.  There- 
fore a  short  nozzle  designed  by  the  adiabatie  formula,  follow- 
ing this  type  and  using  a  needle  whose  shape  was  determined 
as  previously  stated,  may  be  expected  to  have  a  high  degree 
of  fiow  efficiency.  This  remains  for  experimental  determina- 
tion. 

In  connection  with  the  above  investigaticni,  a  series  of  tests 
was  run  to  determine  l)y  actual  measurement  the  rate  of  dis- 
charge of  steam  through  a  sharjj-edged  orifice  0.203  in.  in 
diameter  and  in  a  0.125-in. -thick  brass  plate. 

In  the  computation  of  the  rate  of  discharge,  the  authors 
used  Grashof's  formula.  The  lesults  of  the  tests  are  shown 
in  Fig.  2,  where  the  curve  obtained  in  the  present  experiments 
is  compared  with  those  of  Napier  and  Katean.      (  Thesis  pre- 


sented to  the  Department  of  Mechanical  Engineering,  Leland 
Stanford  Jr.  University,  1916,  et) 

Automobiles 

Whiting-Standard  Farm  Tractor 

The  essential  feature  of  this  tractor  is  the  employment,  in- 
stead of  the  usual  driving  wheels,  of  two  broad-treaded  rollers 
(3  ft.  9  in.  diameter)  which  together  make  up  considerably 
more  than  4  ft.  There  is  no  differential  on  the  sliaft  to  which 
both  rollers  are  keyed  (Fig.  3)  and  by  which  both  are  driven. 
The  drive  is  eff'ected  through  a  single  strong  chain  from  a 
simple  form  of  gearing,  with  one  speed  forward  and  one  back- 
ward. 

With  such  an  arrangement  it  would  be  very  undesirable  to 
have  one  roller  on  the  land  and  the  other  in  the  fuiTow,  and 
therefore  wlien  plowing  the  plow  is  hitched  on  so  as  to  come 
well  to  the  side. 

The  two  front  wheels  are  cjuite  close  together,  in  the  steer- 
ing gear  a  small  licvcl  pinion  on  the  end  of  the  steei'ing  column 
turns  the  bevel  pinion  mounted  on  a  vertical  shaft.  In  addi- 
tion to  this  another  small  bevel  pinion  mounted  on  the  same 
vertical  shaft  as  the  bevel  wheel  is  in  mesh  with  a  large-radius 
tooth  quadrant  keyed  to  the  central  column  which  forms  the 
pivot  upon  which  the  short  front  axle  turns.  This  multiplies 
the  mechanical  advantage  of  the  bevel  several  times.  With 
this  gear  the  machine  can  be  turned  in  a  circle  of  30  ft. 
diameter;  in  other  words,  on  a  15  ft.  headland.  (Motor  Trac- 
tion, vol.  24,  no.  620,  .Ianuar>-  17,  1917,  pp.  41-42,  4  figs.,  d) 

Truck-Spring  Lubrication 

The  Fageol  truck,  made  by  the  Fageol  Motor  Company  of 
Oakland,  Cal.,  has  a  unique  system  of  spring  lubrication-, 
shown  in  Fig.  4.  The  upper  view  shows  the  support  for  the 
rear  end  of  the  front  spring.  The  frame  bracket  is  hollow 
and  can  be  filled  with  oil.  A  wick  leads  from  the  reservoir  to 
the  center  of  the  upper  shackle  bolt.  This  is  drilled  out  and 
bored  with  a  cross-hole,  allowing  the  oil  to  pass  to  the  left- 
hand  end,  whence  it  goes  down  through  a  hole  in  the  side  of 
the  shackle  to  the  lower  bolt,  which  is  also  drilled  to  carry  the 
lubrication  to  the  middle  of  the  bushings. 

The  lower  view  shows  the  suspension  for  the  front  end  of 
the  rear  springs,  the  section  being  a  projection  on  the  center 
line  of  the  filler  cap.  At  the  bottom  is  the  rear-end  hanger 
for  the  rear  spring,  in  which  the  wick  lifts  the  oil  from  the 
reservoir  to  the  upper  bolt. 

It  is  not  stated  how  often  the  oil  is  to  be  replenished  in  the 
reseivoirs,  but  this  operation  would  not  have  to  be  performed 
except  at  fairly  long  intervals.  {The  Automobile,  vol.  36.  no  3, 
January  18,  1917,  p.  185  illustr.  d) 

Conveying  Machinerii' 

Belt-Conveyor  Coal-Loading  Plant  in  New  South  W.\les. 

Description  of  a  large  belt-conveyor  coal-loading  plant  re- 
cently erected  at  Port  Kembla,  N.  S.  W.,  under  the  direction 
of  the  Department  of  Public  Works  of  New  South  Wales. 

The  port  of  Kembla  was  designed  to  accommodate  ocean- 
going ships.  On  the  completion  of  the  I'ort  the  breakwaters 
will  include  an  area  of  .335  acres,  with  an  entrance  1000  ft. 
wide.  The  depth  of  water  at  the  entrance  will  be  49  ft.  and 
on  the  r-oaling  jetty  25  to  34  ft.  at  low  water.     The  distance 
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from  the  railway  along  which  the  coal  arrives  to  the  25-1't. 
low-water-depth  line  is  355  ft.,  and  it  was  decided  to  build  a 
jetty  at  right  angles  to  the  shore  and  equip  it  with  a  belt- 
conveying  plant. 

Siding  accommodation  is  provided  at  the  siiore  end  of  the 
jetty  for  500  trucks.  The  full  cars  approach  the  shore  end 
of  the  jetty  on  an  incline  of  1  in  120,  and  when  empty  proceed 
via  the  remainder  of  the  loop  to  the  empty  sidings.  Although 
the  feeding  loop  as  it  approaches  the  jetty  is  on  an  incline,  it 
is  found  advisable  to  have  the  trucks  coupled  and  controlled 
by  a  shunting  engine  when  unloading,  as  by  this  method  the 
trucks  are  more  readily  handled  than  if  gi-avitated,  owing  to 
the  time  lost  in  stopping  and  starting.  At  the  point  of  inter- 
section of  the  feeder  lines  and  jetty,  and  under  the  former,  is 


Fig.  4.  Above:  Details  of  Oil-Containing  Spring  Shackles 
AND  Hangers  Used  on  Fageol  Truck 

Below:    Beam    Supporting    Front    End    of    Power 
Plant.    Note  the  Wood  Bushing  Used 

situated  a  steel  bin  of  35  tons  capacity.  Tlie  sides  of  this  bin 
are  sloping  and  are  arranged  so  as  to  reduce  the  fall  of  coal 
from  the  trucks  to  a  minimum.  The  trucks  discharge  on  the 
upper  portion  of  the  sloping  sides  of  the  bin  and  not  in  the 
center,  which  minimizes  the  free  drop  of  the  coal  and  conse- 
quent breakage. 

Because  of  lack  of  space,  only  the  more  unusual  features 
of  the  design  will  be  here  reported. 

The  deck  of  the  jetty  is  8  ft.  above  liiali  watei-  of  spring 
tides.  The  main  -conveyor  belt  is  carried  .'!  ft.  almve  the  deck 
level  of  the  jetty  for  480  ft.  from  the  shore,  and  at  580  ft.  a 
driving  station  is  constructed  and  the  first  section  of  belting 
ends.  From  this  point  the  belt  rises  on  a  gradient  of  1  in  5.5 
on  a  light  structure  for  a  distance  of  105  ft.,  and  is  continued 
on  that  level  22  ft.  above  the  deck  to  the  end  of  the  jetty. 
While  the  jetty  itself  is  of  substantial  construction,  the  frame- 
work carrying  the  main   belts   is   of  far  ligliter  c<instruction 


than  would  be  necessary  if  trucks  and  locomotives  were  to  be 
carried,  and  the  gradients  are  much  steeper  than  would  ha\e 
been  practicable  for  loaded  trucks.  The  fact  that  the  coal  can 
be  Ufted  to  the  necessary  elevation  on  this  comparatively  light 
structure  is  an  important  point  in  favor  of  economy  in  first 
cost  of  the  plant  as  compared  with  an  ordinary  high-level  jetty 
designed  to  carry  trucks  and  locomotives.  The  further  fact 
that  the  shore  end  of  the  jetty  for  a  length  of  534  ft.  is  only 
18  ft.  in  width  is  also  an  economical  feature  in  its  construction, 
as,  were  it  necessary  to  handle  trucks  on  the  jetty,  a  wider 
construction  would  have  been  necessary  throughout.  Each  of 
the  traveling  arms  is  equipped  with  a  conveyor  belt  which 
discharges  the  coal  into  a  rectangular  chute  3  ft.  x  3  ft.  x  34  ft. 
long,  hung  vertically  between  jaw  ends  at  the  end  of  the  arm. 
Through  this  chute  or  loader  the  coal  descends  into  the  ship's 
hold.  The  loader  has  lateral  play,  and  in  addition  can  also  be 
raised  or  lowered  independently  of  the  position  of  the  loader 
arm  by  means  of  side  pulleys  moving  in  guides  and  operated 
by  electric  motor.  The  original  intention  in  the  design  was 
that  in  order  to  minimize  breakage  of  coal  the  loader  should 
be  kept  as  low  as  possible,  indeed,  practically  in  contact  with 
the  coal  in  the  vessel,  and  be  slowly  raised  as  the  loading 
proceeded.  It  was  thought  that  in  this  manner  the  chute 
might  be  kept  practically  full  of  coal  and  actual  dropping  into 
the  ship's  hold  be  obviated.  In  practice,  however,  it  was  found 
impossible  to  regulate  the  operation  of  the  chute  with  such 
nicety. 

The  great  length  (1400  ft.)  from  the  flight-conveyor  pit  to 
the  end  of  the  jetty  precluded  the  use  of  a  single  belt,  and  two 
belts  are  used.  The  short  belt  is  698  ft.  in  length,  and  the 
seaward  belt  722  ft.  between  centers  of  tension  pulleys.  The 
first  belt  discharges  onto  the  second  over  a  gridiron  chute, 
and  each  belt  is  operated  at  the  forward  or  seaward  end,  the 
coal  traveling  toward  the  operating  pulley.  Although  timber 
screens  are  provided  on  each  side  of  the  belt  to  protect  the 
coal,  they  are  not  close  enough  to  the  belt  to  act  as  guides  to 
keep  the  coal  in  place,  nor  are  any  such  guides 
necessary,  the  troughing  of  the  belt  sufficing  for 
that  purpose. 

The  belts  are  36  in.  in  width,  with  four-ply  duck 
canvas  in  the  center  and  seven-ply  at  the  edges.  The  thickness 
of  the  rubber  coating  is  -[\  in.  on  the  back  and  ^g  in.  in  the 
center  of  the  working  face,  the  thickness  of  the  rubber  dimin- 
ishing toward  the  edges  of  the  belt  as  the  number  of  the  plies  of 
duck  increases.  The  canvas  duck  used  in  the  manufacture  of 
the  belt  was  specified  to  withstand  a  tensile  stress  of  400  lb.  on 
the  lineal  inch  after  vulcanizing.  Each  of  the  four  rubber 
belts  at  present  in  use  'was  manufactured  in  a  continuous 
length,  a  course  which  was  thought  advisable  at  the  time 
owing  to  the  great  difficulty  of  providing  a  satisfactory  joint 
in  the  ruliber  belting.  Mr.  de  Burgh,  who  designed  the  works, 
is,  however,  satisfied  that  this  construction  is  not  to  be  recom- 
mended. The  task  of  getting  the  long  belts  into  place,  which 
necessitated  the  unshipping  of  the  idlers  and  pulleys,  was  a 
very  serious  one,  and  the  danger  of  a  complete  and  prolonged 
interruption  of  the  working  of  the  plant  following  an  accident 
to  a  portion  of  the  belt  is  so  great  as  to  make  it  most  desirable 
that  jointed  belts  should  be  used.  However,  one  of  the  loading- 
arm  belts  needing  repairs  has  been  cut  out  and  a  new  belt 
jointed  with  so-called  alligator  steel  clips  has  been  introduced. 
If  it  proves  satisfactory  the  like  can  be  used  in  the  main  belt> 
if  required. 

These  rubber  belts  have  been  in  operation  since  April  1915, 
and  had  up  till  the  beginning  of  September  last  loaded  231.- 
514  tons  of  coal   and  47,035  tons  of  coke,  and  their,  condi- 
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tion  was  then  excellent.  Not  only  were  immense  lumps  of 
coal  delivered  from  the  collieries,  but  pieces  of  broken  ma- 
chmery  and  even  sleepers  with  dog  spikes  protnuling  from 
them  came  through  the  chutes.  No  serious  damage,  however, 
resulted  from  these  causes,  and,  while  small  abrasions  of  the 
surface  of  the  belt  occurred,  it  has  not  yet  been  necessary  to 
cut  out  a  length  of  the  main  belt.  To  make  surface  repairs 
cheaply  and  rapidly,  a  small  portable  vulcanizing  plant  has 
been  provided. 

The  conveyor  belts  are  operated  at  a  speed  of  360  ft.  per 
min.  This  speed  may  be  increased  to  500  ft.  per  min.  by  a 
simple  alteration  of  the  gearing,  but  it  has  been  fomid  that 
the  speed  of  the  plant  was  sufficient,  particularly  as  the  speed 
of  coaling  is  controlled  by  the  trimming  time  of  the  vessels. 
In  the  case  of  one  vessel,  S.  S.  Winfield,  5420  tons  were  loaded 
in  a  total  working  time  of  27  hr.  40  rain.,  giving  a  loading 
speed  of  196  tons  per  hour.  The  actual  working  time  of  the 
conveyor  was,  however,  11  hr.  32  min.,  or  58  per  cent  of  the 
total  time,  and  the  quantity  of  coal  loaded  per  hour  of  running 
time  was  467  tons.  While  loading  this  vessel,  178  cars  contain- 
ing approximately  10  tons  each  were  discharged,  sent  on  to  the 
empty  roads,  and  the  contents  loaded  in  182  min.  running 
time.  Further,  during  an  uninteiTupted  run  of  one  hour  with 
a  single  chute  discharging  into  one  hatch,  500  tons  were  loaded, 
and  in  a  similar  run  of  one  hour  with  two  chutes  working  into 
two  hatches,  647  tons  were  loaded,  which  is  a  very  high  rate 
for  loading. 

The  whole  plant  is  electrically  operated.  The  total  cost  of 
the  Port  Kembla  jetty  coal-loading  machinery  and  power 
house,  including  the  concrete  foundations  of  the  latter,  also 
of  flight-conveyor  pit  and  in  the  belt  subways,  but  excluding 
all  railway  lines  in  approach,  may  be  taken  at  £83,000.  (Paper 
read  by  E.  M.  de  Burgh  before  the  Northern  Engineering 
Society  of  New  South  Wales,  September  13,  1916,  abstracted 
from  a  report  in  The  Engineer,  vol.  123,  no.  3184,  January  5, 
1917,  pp.  5-8,  5  figs,  d) 

Corrosion 

A   Method  foe   Practical   Elimination   of   Corrosion   in 
Hot-Water-Supply  Pipe,  F.  N.  Speller 

Discussion  of  a  method  for  "  fixation  "  of  oxygen  and  carbon 
dioxide  in  water  previous  to  the  latter  entering  the  pipes,  and 
description  of  two  experimental  plants  and  of  results  ob- 
tained. 

Two  methods  may  be  used  for  removing  from  water  gases 
producing  corrosion.  One  is,  reducing  the  pressure  of  the 
heated  water,  and  the  other,  keeping  the  hot  water  in  con- 
tact with  a  large  surface  of  iron  under  pressure  for  a  suf- 
ficient length  of  time  to  remove  and  fix  the  oxygen  and  car- 
bon dioxide.  The  latter  method  has  been  in  use  at  two  plants 
during  the  past  year:  the  research  laboratory  and  hospital 
building  of  the  National  Tube  Company,  McKeesport,  Pa., 
and  the  Irene  Kaufmann  Settlement,  Pittsburgh,  Pa.  It  is 
claimed  that  both  installations  have  demonstrated  that  the  cor- 
rosion of  iron  or  steel  pipe  can  be  arrested  and  practically 
eliminated  by  this  process. 

The  Irene  Kaufmann  Settlement  was  built  in  1910.  using 
wi-ought  iron  and  steel  pipe  for  the  hot-  and  cold-water  lines 
with  storage  tanks  and  gas  heaters.  All  the  hot-water  piping 
was  showing  signs  of  serious  corrosion  by  1915  and  a  number 
of  pieces  had  to  be  replaced  with  brass  pipe.  Every  week  or 
two  replacements  and  repairs  had  to  be  made,  which  consti- 
tuted a  source  of  serious  inconvenience. 


The  experimental  plant  which  was  put  into  use  in  December, 
1915,  consisted  of  a  storage  tank  fiUed  with  alternate  pieces 
of  corrugated  and  plain  steel  sheets  No.  26  gage,  arranged 
radially  around  the  filter.  The  water  was  heated  by  a  heater 
with  a  capacity  of  3  gal.  per  min.,  and  passed  downward  be- 
tween these  plates,  being  thereby  deoxidized  to  a  large  extent. 
The  water  then  fiowed  upwards  through  pipes  to  the  top  of  the 
filter  and  downwards  again  through  the  filter  and  finally  up 
tlu-ough  the  central  pipe  to  the  system. 

It  is  of  course  necessary  before  use  to  filter  the  fine  rust  out 
of  water  so  treated,  and  it  is  also  necessary  that  the  filter  be 
so  designed  in  connection  with  the  heater  as  to  be  kept  hot 
when  no  water  is  being  drawn.  An  illustration  shows  the 
course  of  the  water  circulating  between  the  heater  and  stor- 
age tank,  and  the  aiTangement  by  means  of  which  the  tempera- 
ture of  the  filter  is  maintained  the  same  as  that  of  the  water 
in  the  storage. 

For  use  as  deoxidizers  disks  of  Cambridge  metal  lath  were 
placed.  Strips  of  this  or  other  suitable  form  of  sheet  iron 
may  be  used  provided  they  are  spaced  so  as  to  fill  the  chamber 
and  yet  leave  a  cellular  structure  with  openings  not  over  %  or 
%  in.  through  which  the  water  can  freely  circulate.  Steel 
turnings  cannot  be  used  because  they  get  packed  tight  after 
a  while.  Rust  occupies  a  space  several  times  that  of  metallic 
iron  and  this  must  be  provided  for. 

The  average  oxygen  content  of  the  water  at  the  Irene  Kauf- 
mann Settlement  before  treatment  was  about  8  ec.  per  liter, 
and  after  treatment  0.5  cc.  per  liter.  Since  the  treatment  was 
installed,  for  nearly  a  year  there  has  been  no  trouble  with 
the  old  piping,  even  though  it  was  in  very  bad  shape  at  the 
time  of  the  installation  of  the  new  plant. 

Numerous  corrosion  tests  were  run  by  the  Pittsburgh  Testing 
Laboratory.  Among  other  things  it  was  found  that  there  is  no 
practical  difi'erence  between  the  best  grades  of  so-called  "  gen- 
uine "  wrought-iron  and  steel  pipe  under  the  conditions  of  the 
test.  These  experiments  also  indicated  that  the  water  which 
had  been  in  contact  with  the  plates  in  the  deoxidizer  still 
carried  considerable  gas  in  solution,  but  this  gas  consisted 
mainly  of  hydrogen  and  nitrogen;  in  fact,  the  hydrogen  fre- 
quently ran  as  high  as  20  per  cent. 

From  gas  analyses  and  oxygen  determinations  made  from 
time  to  time,  it  has  been  found  that  the  rate  of  removal  of 
oxygen  has  not  diminished  with  length  of  service.  Plates 
which  were  removed  from  the  McKeesport  plant  after  eight 
months'  service  had  a  thick  layer  of  rust  over  the  surface,  but 
the  efficiency  of  the  tank  was  even  greater  after  use.  {Journal 
of  the  American  Society  of  Heating  and  Ventilating  Engi- 
neers, vol.  23,  no.  9,  January  1917,  pp.  149-160,  6  figs,  e) 

Drying 

Drying  in  Industrial  Plants,  J.  O.  Ross 

Discussion  of  the  fundamental  principles  underlying  the 
design  of  drying  systems. 

It  is  generally  true  that  as  much  drying  out  of  the  water 
should  be  done  mechanically  as  is  possible,  by  such  means  as 
pressing  the  material  or  by  removing  the  water  in  centrifu- 
gals, as  mechanical  drying  is  cheaper  than  drying  by  heat. 
On  material  which  would  not  be  retained  by  the  shell  of  a 
centrifugal,  or  which  is  not  adaptable  to  the  filter  press,  me- 
chanical drying  may  be  done  in  the  settling  tank.  This  system 
is  in  general  use  in  the  starch  industry  in  Europe.  The  solid 
matter  is  allowed  to  settle  to  the  bottom,  and  the  water  re- 
moved from  tlie  tank.    In  this  way  sludge  forms  on  the  bottom 
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containing'  about  50  to  60  per  cent  water,  which  is  afterwards 
completely  dried  out  in  the  heat  driers. 

As  regards  artificial  drying,  the  simplest  type  is  the  one 
using  direct  application  of  heat,  such  as  evaporating  kettles 
to  heat  the  material  and  vaporize  the  water.  The  next  consists 
in  placing  the  material  in  a  heated  room  and  allowing  it  to 
dry  as  best  it  may. 

The  design  of  driers  is  most  essentially  affected  by  the  con- 
sideration of  whether  the  drier  should  handle  the  material 
continuously  or  in  batches.  A  progTessive  drier  in  which 
material  moves  gradually  or  continuously  either  on  trucks  or 
conveyors  offers  many  advantages  in  cost  of  labor  and  econ- 
omy of  heat,  as  is  well'  exemplified  in  the  tunnel  method  of 
drying  bricks.  In  addition  to  its  economy,  however,  this 
method  presents  sevei-al  other  advantages.  The  wet  "  green  " 
brick  encounters  only  air  which  is  comparatively  cool  and 
moist  and  it  does  not  receive  a  harsh,  quick  surface  drying 
which  is  so  injurious.  Another  advantage  is  that  each  cubic 
foot  of  air  is  in  intimate  contact  with  the  material  throughout 
the  entire  length  of  the  tunnel  and  picks  up  much  more  water 
than  if  it  merely  struck  it  and  bounced  off  into  space  as  it 
ordinarily  would  in  a  room  drier. 

There  are,  however,  many  cases  when  a  progressive  drier 
has  drawbacks.     This  happens, 

1  When  the  material  comes  from  the  machine  in  batches ; 

2  When  the  variety  of  the  material  differs  widely  in  drying 

requirements ; 

3  When   the   material   requires    different   treatment   than    a 

gTadual  increase  in  temperature  and  decrease  in  humidity 
of  the  air. 

As  regards  the  third  condition,  its  importance  grows  as 
more  study  is  given  to  the  drying  problem  from  the  standpoint 
of  quality  of  material. 

As  regards  "  apartment "  driers,  one  of  the  main  troubles 
connected  with  their  operation  can  be  overcome  by  decreasing 
the  capacity  of  the  compartments  and  increasing  their  number. 
The  greater  the  number  of  compartments,  the  more  nearly 
does  an  apartment  drier  approach  the  efficiency  of  a  progres- 
sive drier.  In  lumber  mills  making  products  varying  from 
1  in.  thick  to  4  in.  thick,  an  apartment  drier  presents  many 
advantag-es,  even  if  it  is  necessary  to  put  the  different  thick- 
nesses of  material  in  the  same  compartment. 

As  a  general  rule,  material  which  dries  fast  is  more  adapt- 
able to  a  progressive  drier  than  a  material  which  dries  slowly. 
Indeed,  in  extreme  cases  where  the  material  requires  a  long 
'drying,  it  would  be  found  that  a  progressive  system  would 
travel  so  slowly  as  to  be  troublesome. 

The  entire  efficiency  of  the  drier  usually  depends  on  how 
intimate  the  contact  is  between  the  air  and  the  material.  Prom 
this  point  of  view,  a  progressive  drier  is  probably  several 
times  as  efficient  as  drying  in  a  room  by  simply  blowing  in 
warm  air. 

A  very  common  type  of  drier  of  the  simple  order  is  the 
so-called  bed  or  screen  type.  This  usually  consists  of  a  hori- 
zontal screen  on  which  loose  material  is  thrown.  Air  is  appUed 
under  pressure  to  the  under  side  of  the  screen  and  forced  up 
through  the  material,  which  usually  means  a  very  intimate 
contact  and  a  very  high  efficiency.  This  method  is  applied  to 
the  drying  of  grain,  scrap  rubber,  wool,  cotton,  and  similar 
materials. 

The  cylindrical  drier  gives  a  very  intimate  contact  between 
the  drying  medium  and  the  material  to  be  dried.  In  the  more 
common  type  this  consists  of  a  round  cylinder,  usually  on  an 
incline.    The  material  is  fed  in  at  one  end  and  as  the  cylinder 


revolves  the  material  is  thrown  around  in  such  a  way  that  it 
presents  a  large  amount  of  surface  to  the  warm  air  which 
passes  through  the  cylinder.  Baffles  and  paddles  are  placed 
inside  so  as  to  aid  in  this  throwing,  and  the  incline  should  be 
made  such  that  the  material  will  travel  at  a  fixed  rate  of  speed 
through  the  cylinder. 

In  general,  in  designing  a  drying  system,  considerable  study 
should  be  given  to  the  material  and  the  drier  designed  in  such 
a  way  that  the  warm  air  will  come  into  the  most  intimate 
contact  possible  with  the  material.  It  should  be  borne  in  mind 
that  there  is  a  certain  limit  to  the  speed  of  drying  of  all  ma- 
terial, and  this  limit  should  be  determined.  The  writer  has 
known  materials  that  would  dry  in  40  hours  in  a  very  crude 
drier,  but,  even  when  placed  in  a  first-class  drier,  would  not 
dry  in  less  than  3G  hours.  This  is  the  big  problem  that  an 
engineer  encounters  on  a  drying  proposition — as  to  how  long 
he  may  expect  it  to  take  to  dry,  as  this  determines  the  highest 
speed  possible  in  the  movement  of  the  material.  {Journal  of 
the  American  Society  of  Heating  and  Ventilating  Engineers, 
vol.  23,  no.  2,  January  1917,  pp.  201-207,  g) 

Engineering  Materials 

An  Investigation  of  the  Brittleness  Produced  in  Steel 

Springs  by  Electroplating,  M.  DeKay  Thompson 

and  C.  N.  Richardson 

Several  years  ago  Dr.  W.  H.  Whitney  called  attention  to  the 
fact  that  small  steel  springs  become  brittle  when  plated  in  a 
copper-cyanide  bath.  The  wi'iter  undertook  to  find  the  cause 
of  this  deterioration  and  to  establish  under  what  conditions  it 
does  and  does  not  occur. 

While  no  explanation  of  the  brittleness  produced  in  a  spring 
wire  when  used  as  a  cathode  in  a  hot  cyanide  solution  could  be 
found,  results  of  considerable  interest  were,  nevertheless,  ob- 
tained. These  results  are  summarized  by  the  authors  as  fol- 
lows : 

1  Spring  steel  becomes  brittle  when  used  as  cathode  in  a 
hot  cyanide  solution,  either  sodium  cuprocyanide  or  simply 
sodium  cyanide.  The  effect  is  more  pronounced  with  the  sim- 
ple salt.    Brass  and  phosphor  bronze  are  not  affected. 

2  Brittleness  was  not  produced  by  the  liberation  of  hy- 
drogen on  the  steel. 

3  The  carbon  content  is  not  changed  by  electrolysis. 

4  The  crystalline  structure  is  not  changed  by  electrolysis. 
.5     The  brittleness  is  not  produced  in  annealed  wire. 

6  The  brittleness  is  produced  by  use  as  cathode  whether 
the  wire  is  coiled  or  not  bent  in  any  way. 

7  The  brittleness  is  not  produced  when  the  wire  is  used  as 
anode  or  when  it  is  suspended  in  the  solution  without  the 
passage  of  electricity.  (Metallurgical  and  Chemical  Engi- 
neering, vol.  16,  no.  2,  January  15, 1916,  pp.  83-84,  e) 

Cast  Iron  for  Engine  Cylinders,  J.  Edgar  Hurst 

The  paper  was  divided  into  three  sections,  the  first  dealing 
with  the  wearing  of  cast  iron,  its  structure,  hardness  and  ma- 
chining considerations.  Section  2  was  on  growth  and  dealt 
with  heat  treatment  of  gray  cast  iron  and  the  effect  of  heat 
treatment  on  engine  pistons.  Section  3  was  devoted  to  the 
chemical  constitution  of  the  metal. 

Under  a  given  load  and  speed  it  would  appear  that  wear  in 
engine  cylinders  was  proportional  to  the  tensile  strength  of  the 
iron.  Cast  iron  of  the  highest  tensile  strength  at  normal  tem- 
peratures was  that  having  the  closest-grained  structure  and  the 


256 


ENGINEERING  SURVEY 


The  Journal 
Am.Soc.M.E. 


Iree-carbon  constituent  existing  in  a  very  finely  divided  or, 
alternatively,  in  a  rosette  foi-m.  In  so  far  as  pure  surface 
disintegration  was  eoneemed,  the  identity  of  the  micro-con- 
stituents of  cast  iron  is  of  little  moment,  hut  it  becomes  of  im- 
portance in  view  of  the  effect  of  the  action  of  alternating 
stresses  on  the  character  of  the  surface  grains  and  the  effect 
of  the  differential  ]i(ilishing  of  these  grains. 

With  regard  to  hardness  tests,  the  method  of  applying 
Brinell  hardness  numbers  to  cast  iron  in  the  ease  of  enguie 
■cylindei-s  is  far  from  satisfactory.  Cast  irons  giving  the  same 
Jiarduess  numerically  often  wore  at  widely  different  rates,  and, 
furthermore,  the  influence  of  the  presence  of  such  elements  as 
manganese  and  chromium,  which  in  normal  j)ercentages  were 
not  detected  by  the  hardness  numeral,  was  most  important. 

There  is  a  great  amount  of  uncertainty  in  the  definition  of 
hardness  and  it  is  very  doubtful  whether  the  methods  of  de- 
termining hai-dness  actually  do  determine  this  property  in  its 
entirety.  The  author  states  that  in  his  opinion  in  a  homo- 
geneous material  a  true  hardness  property  is  its  resistance  to 
wear.  From  this,  therefore,  the  resistance  to  wear  becomes  a 
function  of  the  cohesion  of  the  particles,  or,  rather,  becomes 
the  resistance  to  deformation,  and  therefore  he  suggests  tenta- 
tively that  the  yield  point  is  a  more  correct  indication  of  the 
true  hardness. 

As  regards  cast  iron,  the  author  said  it  was  extremely  prob- 
able tliat  wear  due  to  surface  disintegration  was  really  a  fune- 
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tion  of  the  brittleness  of  cast  iron.  The  abrasion  or  relief  pol- 
ishing was  the  true  wear,  in  that  it  depended  upon  the  resis- 
tance to  deformation  of  the  individual  component  grains. 

The  temperature  at  which  growth  appeared  to  commence 
was  about  6.50  deg.  cent,  and  it  reached  a  maximum  at  about 
750  deg.  cent.  After  prolonged  heating,  in  addition  to  a  grad- 
ual increase  in  volume  a  gradual  increase  in  weight  was  also 
noted.     The  facts  are  established  that : 

1.  Alloys  not  containing  graphite  do  not  grow. 

2.  Alloys  containing  graphite  are,  under  suitable  conditions, 

capable  of  growing;  and,  further,  the  total  growth  is 
roughly  proportional  to  the  silicon  content. 
In  this  connection  tlie  author  discussed  piston  troubles  with 
Diesel  engines.  He  believes  that  the  ultimate  cracking  of 
Diesel-engine  piston  tops  could  as  a  general  rule  be  traced  to 
the  phosphorus  content  of  the  cast  iron,  and  the  cracking  was 
practically  eliminated  when  this  was  kept  sufficiently  low. 
Specimens  taken  from  the  center  of  a  star  crack  in  a  piston 
showed  liquation  of  the  phosphide  eutectic.  This  would  un- 
doubtedly increase  the  magnitude  of  the  internal  strains  and. 
in  addition,  at  points  in  the  region  of  the  center  this  same 
•eutectic  would  at  these  temperatures  be  dangerously  near  its 
liquation  point.     Both  phosphorus  and  silicon  had  a  jirofound 


influence  on  the  swelling  out  of  the  graphite  plates.  (Paper 
read  before  the  Manchester  Association  of  Engineers,  Decem- 
ber f),  1916,  abstracted  through  The  Engineer,  vol.  122,  no. 
3182,  December  22,  1916,  pp.  549-550,  1  tig.  te) 

Gas  Engineering 

Measuring  Gases  by  a  Standard  Orifice 

Prof.  Thomas  G.  Estep,  Jr.,  of  the  Carnegie  Institute  of 
Technology,  gave  the  following  formula  for  weight  of  gases 
discharged  thi'ough  an  orifice  in  pounds  per  second: 

AP^K 

W  = = 

V'A 

v.here  .1  =  area  of  orifice  in  square  inches ;  P,  =  pressure 
.last  ahead  of  the  orifice,  pounds  per  second  absolute;  K  = 
coefficient  from  curve  for  flow  of  air  through  standard  orifice. 
Fig.  5;  and  Ti  =  initial  temperature  of  gas,  degrees  faiiren- 
heit  absolute. 

For  K  the  paper  gives  a  rather  invohed  formula.  H.  G. 
Geissinger,  in  his  article  in  Blast  Furnace  and  Steel  Plant 
for  February,  1917,  offers  simplified  expressions  for  the 
constant  K.  He  gives  the  following  as  a  general  formula  for 
determining  the  value  of  K  corresponding  to  value  of  d  less 
tlian  the  maximum  from  tlie  characteristics  of  the  gas  ex- 
))resse(l  by  the  values  of  B  and   ii  as 

.1  P'  K 

W  =         

VT 

wiicre  ir  is  discharge  in  pounds  per  second;  ,1  =  net  area 
orifice  in  square  inches;  P'  =  pressure  on  orifice,  pounds  per 
square  inch  absolute;  d,  drop  in  pressure  across  orifice, 
pounds  per  square  inch;  T  =  absolute  temperature  of  enter- 
ing gas  in  degrees  fahrenheit;  ii  =  ratio  of  specific  heats,  con- 
stant pressure  to  constant  volume;  p  =  g.  constant  for  the 
gas  in  question.  As  an  example  of  the  use  of  this  formula, 
H.  G.  Geissinger  offers  the  following: 

Determine  K  for  a  drop  ratio  of  rf  =  0.25  (pressure  ratio 
0.75),  in  natural  gas,  where  «  =  1.27  and  7?  =  4.  From  this 
I'ata  we  find: 

''^  liT 

(1.4  —  1.27) 


0.68;i 


/ 


1-- 


10 


0.01.3  =  0.987 


■  0.565  =  1.115 


0.72 

and  p  =  '1.55  -I =  0.55 

'  ^  1.27 

Therefore. 

A'  =  V  0.675  (0.25—  (I.lloX  0.0625)  =  \/  0.122  =  \}.3o 

(Composite  abstract  of  a  paper  by  Prof.  Thomas  G.  Estep, 

•)]■,.  ill   fllcsl  I'inyiace  and  Steel  Plant,  vol.  5,  no.  1,  January 

1917,  pp.  16-18  and  31,  2  figs;  and  paper  by  H.  G.  Geissinger 

in   /J/ff.«f   Furnace  and  Steel  Plant,  vol.  5,  no.   2,   Februai-y, 

1917.  iq).  .55-56,  et) 

A     ^IeTi'IOD    of    DETERJlININfi    THE    DENSITY    OF    FlUE"   GaSES, 

.Jas.  Ales.  Smith 

It  is  often  ilesirable  to  ascertain  the  density  of  a  gas  with- 
out making  a  chemical  analysis.  In  the  present  paper  the 
writer  descrilies  a  novel  method  for  determining  gas  density  by 
gage  reading. 

The  basic  tlieory  on  which  this  method  is  founded  is  that 
the  densities  of  gases  and  their  pressures  per  unit  of  area 
of  bases  ai'e  directly  proportional  when  the  gas  columns  are 
of  ei|ual  heiaht.     Hence  if  a  column  of  air  in  a  vertical  tube 
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of  known  heiglit  is  displaced  by.  a  given  gas,  the  barometric 
and  thermometric  conditions  remaining  constant,  the  densities 
are  in  the  simple  ratio 

P  ±  f 

where  D  =  density  of  the  gi\en  gas  referred  to  air  taken  as 
unity;  F  =  known  air  pressure  due  to  column  height;  P'  = 
difference    (  ±  )    of  pressure   due   to   gaseous   displacement. 

In  his  apparatus  shown  in  Fis'.  t>,  the  writer  shows  a  two- 
liquid  differential  gage  which  he  has  previously  described  in 
ajiother  article.  The  gas  tube  is  simply  a  piece  of  Vs-in. 
wrought-iron  gas  barrel  A,  100  in.  in  height.  At  the  bottom 
two  stopcocks.  H  and  (  ,  permit  alternate  connection  to  a 
gas  source  or  to  the  gage  E.  To  check  diffusion,  the  passage 
through  the  latter  cock  should  be  reduced  to  a  pinhole.  At 
the  top  a  third  cock,  7),  opening  into  the  air,  permits  the 
tube  to  be  gas-flushed  and  filled,  and  when  the  main  passage 
is  closed,  continues  the  connection  by  a  minute  by-pass  large 
■enough  to  preclude  any  possible  barometric  difference  of 
pressure  between  the  gas  inside  and  the  air  outside  the  tube, 
yet  so  small  that  the  diffusion  is  negligibly  slow.  The  sur- 
face of  the  liquid  in  the  gage  system  and  the  bottom  of  the 
gas  tube  must  be  appro.vimately  at  the  same  level. 

The  writer  describes  the  method  of  calibration  and  tlie 
required  connections.  [The  Mechanical  Eiiiiineer,  vol.  38, 
no.  988.  December  29.  191(;.  pj)  .=i09-510,  1   Ha.,  d) 

Machine  Shop 

Gas-Heated  and  Oil-Furxace-Heated  Rivets,  William  F. 

Croston 

Though  the  fuel  costs  are  greater  and  the  time  (_>f  run  longer, 
the  Newport  News  Shipljuilding  &  Dry  Dock  Company  prefers 
the  gas  furnace  for  heating  rivets  over  the  oil-fired  type  for- 
merlv'  used. 

A  test  was  recently  run  to  flicek  the  cost  of  operating  by 
gas  as  against  the  oil  furnace  formerly  in  use.  Four  hundred 
pounds  of  rivets  were  heated  in  each  furnace.  These  were 
heated  by  the  oil  furnace  in  44  min.  and  by  the  gas  furnace  in 
57  min.  The  cost  of  heating  the  rivets  by  oil,  with  oil  at  6 
cents  jH'v  gal.,  was  52.5  cents.  The  cost  of  heating  a  similar 
amoimt  of  rivets  in  ;i  gas  furnai'C,  with  gas  at  55  cents,  was 
53.6  cents. 

The  rivets  heated  in  the  gas  furnace  were  far  superior  to 
those  heated  in  the  oil  furnace,  as  there  was  practically  no 
scale  on  them,  while  the  oil-heated  rivets  in  same  cases  were 
badly  scaled. 

It  is  claimed  that  the  gas-heated  rivets  stay  hot  enough  to 
drive  longer  than  those  heated  in  the  oil  furnace,  which  is 
explained  by  the  fact  tliat  the  gas-heated  rivets  are  heated 
evenly  all  the  way  through,  while  those  heated  in  the  oil  fur- 
nace are  extremely  hot  on  the  outside  but  not  hot  in  the  center, 
and  thus  cool  more  quickly  than  the  gas-heated  rivets.  {Bulletin 
of  the  Southern  Gas  Association,  January  1917,  abstracted 
through  the  American  Gas  Engineering  Jmirnal.  vol.  106,  no. 
4/3072.  .Tanuary  20.  1917,  p.  87.  1  fig.,  dc.) 

Pumps 

Motor  Drive  of  Hvdraulic-Elev.ator  Pumps,  Charles  J. 
Carlsen 

Data  on  the  use  of  electric  power  for  operating  elevator 
pumps  in  important   Chicago  buildings  and  in   particular  in 


llillman's  Department  Store,  covering  a  period  of  three  years. 

The  building  was  provided  with  13  elevators,  nine  being 
hydraulic  passenger  elevators  in  two  banks,'  four  in  one  and 
five  in  another,  and  four  steam  elevators,  two  for  passenger 
service  and  two  for  freight. 

The  hydraulic  elevators  are  provided  with  vertical  cylinders 
and  plunger  equipment  13  in.  in  diameter  and  30  ft.  long, 
with  a  maximum  lift  of  about  80  ft.  and  a  speed  of  about  400 
ft.  per  min. ;  cars  are  operated  on  about  one-half  minute 
schedule;  maximum  pressure  on  the  hydraulic  system  is  160  lb. 

The  steam  equipment  used  for  operating  elevators  was  a 
14  X  22-in.,  14  x  20-in.  Burnham  simplex  compound  pump; 
a  14  -K  20-in.,  9  x  18-in.  duplex  compound  pump,  and  a  16  x 
9  X  18-in.  duplex  simple  pump.  On  test,  these  combined 
pumps  as  operated  consumed  fi'om  120  to  160  lb.  of  steam 
per  i.hp-hr. 

In  September,  1913,  a  contract  was  entered  into  for  sup- 
plying steam  to  the  adjacent  Reliance  Building  for  the  op- 
eration of  various  steam-driven  devices.  The  amount  sup- 
plied under  this  contract  reached  about  25,000,000  lb.  of  steam 
per  year,  as  measured  by  a  St.  John  meter. 


Ullll 


Fig.  6    Two-Lkjuid  Differential  Gage 

All  condensation  excepting  hot-water  requirements  is  wasted 
to  the  sewer,  there  being  no  means  provided  for  delivering 
these  returns  to  the  hot  well  of  the  boiler  plant. 

The  bare  cost  for  steam  production  per  1000  lb.  based  on 
a  year's  average  and  including  only  coal,  ash  removal,  water 
for  making  and  boiler  compound,  but  not  including  any  labor, 
maintenance  or  repairs,  or  overliead  investments  on  plant,  was 
found  to-  be  24  cents  per  1000  lb.  with  coal  at  .$2.85  to  $3.05 
per  ton.  The  writer  gives  the  following  figures  to  show  the 
saving  wliich  he  claims  would  be  due  to  electric  operation 
(Table  1). 

This  table  is  based  on  the  assumption  that  a  steam  pump  in 
fairly  good  condition  will  consume  120  lb.  of  steam  per 
i.hp-hr.,  which  is  equivalent  to  160  lb.  per  kw-hr. 

In  another  office  building,  the  Western  Union  Telegraph 
Building  in  Chicago,  there  was  installed  an  equipment  similar 
to  that  in  the  Hillman  store,  but  using  three  three-stage,  350- 
gal.-per-min.  Chicago  Pump  (^'omijany's  turbine  pumps,  each 
direct-connected  on  a  common  subbase  to  a  General  Electric 
motor,  and  each  controlled  by  a  Cutler-Hammer  control  .panel. 
Here  the  steam  pumps  are  operated  during  the  winter  months 
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TABLE   1     HYDRAULIC-ELEVATOR  OPERATION,    SUMMER 
MONTHS 


1913 

$4,732.03 

1,523.90 


1914  1915 

6,094.08       5,575.30 

1,731.40       1,652.36 


Estimated  Steam  Operation  Cost. . . . 
Actual  Electrical   Operation  Cost... 

Annual  Saving  duo  to  Electric  Operation  .$3,208.13       4,362.68       3,922.91 

when  exhaust  steam  is  used  for  heating,  but  during  the  sum- 
mer months  the  entire  boiler  plant  is  shut  down  and  only  a 
small  boiler  is  run,  of  sufficient  capacity  to  serve  the  building 
with  the  necessary  hot-water  requirements. 

The  article  briefly  mentions  also  other  buildings  in  Chicago, 
St.  Louis  and  New  York  City  using  motor-driven  pumps  in 
the  operation  of  their  hydraulic  elevators.     (Electrical  Review 


Fig.  7    Automatic  Hydraulic  Balancing  Arrangement 
FOR  HiGH-LiFT  Centrifugal  Pump 

and  Western  Electrician,  vol.  69,  no.  25,  December  16,  1916, 
pp.  1046-1049,  4  figs,    eg) 

High-Lift  Centrifugal  Pump 

Description  of  a  centrifugal  high-lift  pumping  set  recently 
built  in  England  for  delivering  200  gal.  of  water  per  min. 
against  a  total  head  of  1250  ft. 

In  designing  the  set  the  makers  were  restricted  to  the  use  of 
direct  current  for  the  electric-motor  drive.  Hence  the  speed 
of  rotation  was  limited  and  the  number  of  stages  in  the  pump 
correspondingly  increased.  The  difficulty  was  overcome  by 
arranging  two  four-stage  jDumps  in  line  and  driving  them  by  a 
common  motor  which  runs  at  1400  r.p.m. 

The  pumps  work  in  series,  each  giving  a  head  of  625  ft. 
The  automatic  hydraulic  balancing  arrangement  shown  in  Fig. 
7  enables  the  makers  to  dispense  with  thrust  bearings.  This  is 
effected  in  the  following  manner :  A  valve  A  carried  from  the 
shaft  by  means  of  arms  is  so  constructed  that  it  fits  into  a  ring 
B  on  the  delivery  side  of  the  last  impeller.  The  diameter  of 
the  ring  is  such  that  were  there  no  liydraulic  pressure  on  its 


inner  area  tliere  would  be  an  fixial  thrust  towards  the  delivery 
end  of  the  pump.  The  load  neeessai-y  to  balance  the  thrust  on 
the  impellers  is  taken  on  the  back  of  the  last  impeller  itself,, 
as  this  forms  one  wall  of  the  balancing  chamber.  The  water 
required  for  balancing  passes  from  the  periphery  of  the  last 
impeller  to  the  balancing  valve  and  thence  to  the  balancing 
cliamber,  the  outlet  from  which  is  controlled  by  the  fixed  orifice 
B.  The  latter  connects  with  a  drain.  (The  Engineer,  \o\.  122, 
no.  3182,  December  22,  1916,  p.  560,  2  figs.,  d.) 

Railroad  Engineering 

Experimental  Refrigerator  Cars,  Pennsylvania  Railroad 

The  Pennsylvania  Railroad  has  recently  built  at  its  Al- 
toona  shops  two  refrigerator  cars  to  be  used  esperimentaUy  in 
milk-train  service.  The  cars  are  essentially  of  all-steel  con- 
struction. 

In  the  design  of  these  cars  it  was  intended  to  utilize  every 
means  available,  regardless  of  past  practice,  to  provide  a  ear 
that  would  furnish  and  maintain  adequate  refrigeration  for 
milk  and  cream,  either  with  ice  placed  in  the  ice  bunkers  or 
placed  on  top  of  the  cans  or  boxes.  Past  exp.erience  indi- 
cated certain  basic  requirements  enumerated  in  the  original 
article. 

The  cars  have  trucks  of  special  construction.  The  side 
frames  are  of  cast  steel.  The  side-frame  center  opening,  the 
spring  plank,  and  the  wheelbase  of  5  ft.  10  in.  are  the  same 
as  in  freiglit  trucks.  The  elliptical  springs  and  bolster  are 
the  same  as  used  on  tenders.  The  axles  are  of  the  passenger 
type  and  the  wheels  are  rolled  steel,  33  in.  in  diameter.  The 
journal  boxes  are  pedestal-type  passenger-car  boxes.  The 
truck,  except  for  the  bolster  side  motion,  rej^resents.  therefore, 
a  combination  of  passenger-  and  freight-truck  features. 

The  end  frame  also  combines  passenger  and  freight  prin- 
ciples. On  the  end  siUs  and  crossbearers  oak  blocks  are  placed 
to  support  the  steel  box  forming  the  inside  lining.  The  spaces 
between  the^e  blocks  are  filled  witli  insulation  consisting  of 
four  layers  of  %-in.  Keystone  hair  felt,  separated  by  wooden 
grids  to  form  air  spaces. 

The  inside  lining  consists  of  3/16-in.  floor  plates,  ^s-in.  side 
sheets  and  3/32-in.  ceiling  sheets,  all  reinforced  with  U-shaped 
braces  riveted  to  the  outside.  It  forms  a  box  which  can  be 
built  up  complete  on  the  floor  and  then  lifted  to  its  proper 
location  on  the  oak  supports.  A  %-in.  Keystone  hair  felt  of  as 
great  width  as  can  conveniently  be  manufactured  and  cut 
to  the  proper  length  is  then  lifted  to  the  top  of  the  lining  box 
and  unrolled  to  drop  down  the  sides  to  meet  and  join  the  in- 
sulation under  the  floor.  A  continuous  blanket  is  thus  fonned: 
all  around  the  inside  box.  There  are  four  such  blankets  run- 
ning transversely,  separated  with  grids  made  of  i  o-in.  strips 
of  soft  wood.  Two  additional  layers  separated  with  wooden 
grids  are  placed  longitudinally  on  the  top  of  the  box  and  four 
layers  are  placed  at  the  car  ends  to  coiTCspond  with  the  sides. 
The  Keystone  hair  felt  consists  of  %,-in.  hair  felt  placed  be- 
tween two  sheets  of  90-lb. -specification  paper  and  securely 
sewed  together. 

The  sides,  ends,  and  roof  are  also  reinforced  with  U-shaped 
braces  and  are  so  designed  that  the  riveting  can  all  be  done 
from  the  outside.  This  also  permits  removing  a  side,  end,  or 
roof  for  repairs  without  thereby  disturbing  any  other  part  of 
the  car. 

No  data  are  given  as  to  the  results  obtained  with  these  cars. 
[Railway  Review,  vol.  60,  no.  5.  February  3,  1917,  pp.  155-157, 
8  figs,  d) 
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Refrigeration 

Refrigeration    and    Refrigerator    Insulation    on    Board 
Ship,  Robert  F.  Massa 

Paper  discusses  the  construction  and  insulation  of  refrigera- 
tors "built  in"  on  board  ship. 

Difficulty  has  been  encountered  with  the  use  of  cork  that 
had  not  been  sufficiently  pressed  previous  to  baking.  Tliis 
«ork  was  not  as  dense  as  it  should  have  been,  and  had  not 
the  mechanical  strength  it  should  have  had. 

As  to  refrigerator  doors,  the  idea  seems  to  prevail  that  they 
should  have  beveled  edges  and  that  such  edges  make  a  very 
tight  door.  The  writer  claims,  however,  that  as  soon  as  the 
moisture  begins  to  have  its  effect,  such  a  door  cannot  be  tight 
any  more.  Further,  if  the  hinges  yield  at  all,  as  they  are 
likely  to  do  with  such  a  heavy  door,  it  will  never  be  tight. 

In  the  writer's  opinion,  the  way  to  make  a  tight  refrigerator 
door  is  to  have  a  plain  surface  come  up  against  a  plain  surface 
with  a  flexible  gasket  between  them,  or  two  pairs  of  such 
surfaces  with  gaskets  between  them,  making  an  air  pocket 
between  the  two  sills.  If  this  arrangement  is  used  the  door 
can  sag  considerably  without  causing  any  serious  binding  or 
failure  in  tightness. 

As  regards  estimating  the  capacity  of  the  refrigerating 
machine  required  to  take  care  of  the  given  refrigerator,  it  is 
not  sufficient  to  calculate  on  heat  loss  through  the  insulation 
of  the  refrigerator,  as  it  is  only  a  part  of  the  total  loss.  The 
other  losses  are  due  to  heat  entering  in  warm  goods,  by  the 
interchange  of  air  tlirough  the  opening  of  doors,  and  by  leaks 
through  defective  insulation  or  defective  doors ;  to  lights,  or 
to  the  heat  of  the  bodies  of  workers;  to  any  change  of  state 
occurring  in  the  goods,  such  as  freezing,  fermenting,  etc. 
{Paper  read  at  the  Annual  Meeting  of  the  Society  of  Naval 
Architects  and  Marine  Engineers,  November  1916,  abstracted 
from  International  Marine  Engineering,  vol.  21,  no.  12,  De- 
cember 1916,  pp.  546-547.   p) 

Steam  Engineering 

Forced  Lubrication  for  Marine  Turbines 

With  the  more  or  less  general  adoption  of  geared  turbines 
on  all  classes  of  ocean-going  vessels,  in  most  of  which,  unlike 
the  Navy,  there  are  only  two  engineers  on  watch,  it  has  be- 
come necessary  to  give  the  subject  of  lubrication  considerable 
thought  with  a  view  to  obtaining  a  degree  of  simplicity  and  de- 
pendability which  will  reduce  attention  to  a  minimum.  As 
every  trade  route  has  its  own  conditions,  it  is  impossible  to 
devise  a  system  suitable  for  every  class  of  ship,  but  the  foUow- 
ing  system  is  claimed  to  meet  the  requirements  of  many  single- 
screw  cargo-carrying  vessels  in  the  ordinary  trade  routes. 

A  combined  gravity  and  forced  system  offers  the  greatest 
advantages  and  consists  simply  of  a  pump  taking  oil  from  a 
drain  tank  and  discharging  it  through  a  cooler  to  a  gravity 
tank,  from  which  it  falls  to  the  turbine  bearings,  etc.,  and 
back  to  the  drain  tank;  or  it  can  be  by-passed,  in  which  case 
it  does  not  enter  the  gravity  tank  but  is  forced  direct  to  the 
machinerj'. 

The  following  main  fittings  would  be  required  for  such  a 
system,  and  are  stated  in  the  order  in  which  the  oil  would  pass 
through  them  when  traveling  from  the  drain  tank  to  the  tur- 
bines: one  drain  tank;  two  oil  strainers  (one  for  each  pump) ; 
two  pumps,  one  working  and  one  stand-by;  one  oil  cooler;  two 
gravity  tanks;  one  combined  oil  distributor  and  water-and-' 
sludge  collector. 


The  drain  tank  should  be  of  sufficient  capacity  when  full  to 
supply  oil  for  fifteen  minutes,  assuming  that  none  is  return- 
ing to  the  drain  tank.  It  should  be  a  self-contained  unit 
placed  in  a  cofferdam  in  the  double  bottom  rather  than  built 
into  it,  and  should  be  easy  of  removal  for  examination.  The 
top  should  be  not  less  than  six  inches  below  the  bottom  of  the 
gear  case  to  insure  a  ready  drain,  and  not  less  than  three 
inches  above  the  double-bottom  tank  to  clear  bilge  water.  In 
addition  to  the  drain-  and  suction-pipe  connections  a  float- 
level  indicator  can  be  fitted  so  as  to  be  easily  observed  from 
the  starting  platform,  also  an  air  pipe  and  manhole. 

The  body  of  the  oil  strainer  may  be  of  cast  iron,  having  a 
cover  easy  of  removal.  The  straining  grid  may  be  a  gun- 
metal  casting  or  a  steel  tube  perforated  with  holes,  say,  one 
inch  in  diameter,  but  in  either  case  the  area  through  the  grid 
should  be  about  ten  times  that  of  the.  suction  pipe.  A  suitable 
straining  medium  is  a  24-mesh  wire  gauze,  which  should  be 
properly  secured  to  the  grid.  The  gauze  will,  however,  reduce 
the  effective  area  through  the  grid  by  about  one-half. 

The  oil  cooler  may  take  the  same  form  as  a  steam  eon- 
denser,  with  similar  tubes  and  packing,  but  with  the  water 
circulating  around  the  outside  of  the  tubes  with  preferably  a 
four  or  six  flow  to  insure  good  circulation.  As,  however,  it  is 
economically  impossible  to  render  the  flow  of  oil  turbulent, 
which  makes  the  rate  of  heat  transfer  low,  certain  firms  con- 
struct their  coolers  in  a  different  way.  The  water  is  passed 
through  the  tubes,  and  the  oil  outside.  Numerous  baffles  are 
fitted  to  cause  the  oil  to  flow  up  and  down  in  zigzag  fashion 
across  the  cooling  tubes,  and  at  each  abrupt  change  in  direction 
a  certain  disturbance  is  produced  in  the  laminar  flow  of  the 
oil,  which  facilitates  the  interchange  of  heat.  At  present, 
knowledge  of  oil  coolers  is  in  its  infancy  and  there  is  much 
room  for  research  and  careful  design.  The  present  practice 
admits  of  oil  discharging  to  turbines  at  80  deg.  fahr.  and 
leaving  them  at  a  maximum  of  120  deg.  fahr. 

The  combined  oil  lubricator  and  water-and-sludge  collector 
need  be  nothing  more  than  a  cylindrical  casting  of  sufficient 
depth  to  admit  of  water  and  sludge  gathering  at  the  bottom 
while  oil  flows  out  at  the  top  to  the  bearings  and  gear  sprayers. 
It  is  desirable  to  fit  separate  connections  from  the  distributor 
to  the  bearings  and  gear  sprayers  with  a  controlling  valve  at 
each,  which  facilitates  adjustments  whereby  bearings  and 
sprayers  will  each  receive  their  proper  share  of  the  oil.  A 
water  draw-off  cock  placed  about  twelve  inches  from  the  bot- 
tom and  a  door  for  removal  of  sludge  are  to  be  provided. 

The  turbine  pipes  and  fittings  should  be  tested  to  50  lb.  per 
sq.  in.,  with  the  exception  of  the  tanks,  for  which  a  5-lb.  test  is 
sufficient.  A  relief  valve  should  be  provided  near  the  pump, 
set  to  blow  off  at  50  lb.  per  sq.  in.  and  having  an  outlet  led  to 
the  pump  suction.  (Engineering,  vol.  103,  no.  2662,  January 
5,  1917,  p.  12,  Editorial,  dp) 

DousT  Joints 

The  Doust  patent  expansion  joint  (made  in  England)  is 
entirely  telescopic  in  its  action  and  has  neither  gland,  packing, 
nor  rings.  It  has  been  standardized  by  the  Board  of  Trade 
for  steam  working  pressures  up  to  215  lb.  per  sq.  in.  and  is 
approved  by  Lloyd's.  It  has  two  outer  shells  and  two  inner 
liners  with  flanges  on  the  ends;  bolts  pass  through  the  flanges 
of  the  pipes.  With  any  alteration  of  length  of  range  of  pipes 
due  to  expansion  or  contraction  they  are  free  to  work  tele- 
scopieally. 

In  addition  to  the  original  Doust  joint  which  has  four 
sleeves,   a  new  joint   has  been   developed   with   three  sleeves 
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and  is  now  luulcr  test  to  establish  its  suitability  for  steam. 
(Sleamship.  vol.  28.  no.  331,  .January  1917,  pp.  147-148,  2 
figs,  d) 

The   Design    and   Construction   of   High-Prbssure-Steam 
Stop  Valves,  D.  Maenieoll 

Description  of  the  essentials  (if  design  and  sources  of 
trouble  in  high-pressure-steam  stop  valves. 

Fig.  9  shows  a  type  of  single-beat  unbalanced  stop  valve 
frequently  used  as  a  boiler  stop.     This  is  not  a  very  good  de- 


fers the  stress  on  to  the  studs  and  tlierefore  does  not  improve 
the  overall  strength  of  the  valve. 

The  stresses  resulting  from  excessive  hardening  down  are 
in  many  eases  exceptionally  high.  In  fact,  if  the  valve  lid 
did  not  give  way  in  nearly  every  such  ease,  there  might  be- 
lar  more  fatal  accidents  in  tliis  connection.  In  valves  over 
4  in.  ill  diameter  a  ilexible  seating  in  conjunction  with  a  solid 
face  is  of  advantage,  as  with  this  arrangement  leakage  from 
dist(n-tion  is  obviated,  and.  in  addition,  there  are  two  faces,  so 
that  if  one  is  leaking  from  any  cause  outside  of  distortion,, 
there  is  always  the  <jther  one  to  fall  back  upon. 


jQl 
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Figs.  8-11  8,  Left  Hand,  Top:  Modified  Double-Beat  Valve  for  Regulating  Purposes  in  Reciprocating  Work. 
9,  Left  Hand,  Bottoai:  Single-Beat  Unbalanced  Stop  Valve  Used  as  a  Boiler  Stop.  10,  Right  Hand, 
Top:  An  Improvement  on  the  Last  Type  of  Valve.  11,  Right  Hand,  Bottom:  Double-Beat-Type 
Experimental  Valve 


sign,  because  of  the  unequal  distribution  ol  stresses.  Assum- 
ing that  the  pressure  is  present  throughout  the  chest  and 
acting  at  right  angles  to  the  plane  of  section  shown,  the  stress 
on  the  part  marked  A  is  much  higher  than  on  the  other  por- 
tions. The  pressure  on  the  portion  outlined  in  black  is  ap- 
proximately 8950  lb.,  which  stresses  the  section  on  the  top 
left-hand  side  to  1061  lb.  per  sq.  in.,  whereas  the  average 
stress  for  the  aggregate  section  is  only  891  lb.  It  is  true  that 
the  cover  takes  a  portion  of  this  stress,  but  this  simply  trans- 


Another  source  of  high  stress  is  when  the  valve  has  been 
shut  down  hard  when  cold  and  afterwards  steam  from  other 
boilers  is  admitted  to  top  portion  of  body.  An  actual  experi- 
ence of  the  author  is  illustrated  in  Fig.  10.  This  was  a  double- 
beat  type  of  valve  and  the  bottom  seat  was  attached  as  shown. 
The  valve  was  hardened  down  for  steam  test,  with  the  result 
that  after  the  test  a  number  of  manganese-bronze  studs  from 
the  bottom  seat  were  found  lying  broken  in  the  bottom  of  the 
chest,  ajid  all  showed  signs  of  fracture  caused  by  the  expan- 
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sioii  of  the  spindle.  One  method  of  counteracting  the  damage 
from  expansion  is  by  fitting  a  spring  crosshead.  In  Fig.  9 
stays  are  sometimes  fitted  as  indicated  by  the  dotted  lines. 
These  only  serve,  however,  to  stiffen  the  cover  and  still  further 
reduce  the  section  of  metal  at  au  already  weak  section. 

The  rotation  of  the  winged  valves  when  steam  is  flowing  is 
due  either  to  a  slight  angle  of  the  wings  or  to  eddies  in  the 
steam.  The  valve  can  be  prevented  from  rotating  by  means  of 
a  piu  or  othenvise.  The  damage  done  to  valves  from  this 
rotation  is  hardly  credible,  and  calls  for  the  adoption  gener- 
ally of  pintle-  or  center-guided  valves. 

Another  source  of  trouble  is  the  fracture  of  seat-securing 
pins  or  studs.  In  large  sizes  generally  and  in  all  sizes  when 
superheated  steam  is  present,  seats  driven  in  and  secured 
by  side  pins  become  quite  slack  and  allow  leakage  to  occur. 
The  seats  in  larger  sizes  are  therefore  secured  in  the  manner 
shown  in  Fig.  9.  The  only  way  to  avoid  serious  trouble  with 
this  design  is  to  run  a  wire  through  the  heads  of  all  pins  or 
through  split-pin  holes  if  studs  are  fitted.  This  prevents  frac- 
tured portions  being  can-ied  to  some  part  where  serious  dam- 
age may  be  caused. 

In  Fig.  10  a  type  of  valve  is  shown  which  is  suggested  as  an 
improvement  on  that  shown  in  Fig.  1.  Attention  is  drawn  to 
the  method  employed  with  a  view  to  having  the  cover  take 
up  a  measure  of  the  bursting  pressure  which  acts  at  right 
angles  to  the  axis  of  the  spindle.  This  consists  of  a  tapered 
spigot  on  the  chest  with  a  corresponding  tapered  recess  in  the 
cover,  making  a  metal-to-metal  joint.  The  stresses  from  hard- 
ening down  and  expansion  are  mainly  taken  up  by  the  four 
stays  A,  which  also  serve  to  secure  the  seatings.  With  this 
arrangement  no  loose  parts  are  situated  inside  the  chest,  with 
the  consequent  prevention  of  damage  from  this  source.  The 
valve  is  centrally  guided,  thus  preventing  rotation.  A  flexible 
seat  is  shown  at  B,  and  when  this  and  the  corresponding  valve 
face  engage,  the  solid  seat  C  and  its  corresponding  valve  face 
are  1/100  in.  open,  so  that  when  this  latter  seat  and  face  en- 
gage, the  flexible  seat  is  deflected  1/100  in. 

Next  is  described  a  flexible  disk  to  one  of  the  beats  of  the 
solid  double-beat  valve,  the  pui-pose  of  which  is  to  prevent 
leakage  due  to  dift'erenees  of  expansion  between  the  valve 
and  the  seat  in  the  chest. 

As  regards  double-beat  types  of  valve  used  in  reciprocating 
work  for  regulating  purposes  and  as  throttle  valves,  the  writer 
states  that  in  the  future  it  is  intended  to  make  valves  of  the 
type  shown  in  Fig.  8.  Here  a  constant  closing  effort  is  pres- 
ent and  will  allow  of  perfect  regulation  under  all  circum- 
stances and  will  not  necessitate  the  adoption  of  saw-formation 
spigots  on  the  beats.  The  slide  valve  is  returned  from  posi- 
tion III  to  positions  II  and  I  by  a  spring  assisted  by  the  inlet 
pressure  on  the  area  of  the  slide-valve  spindle  where  it  passes 
through  its  stuffing  box.  Special  types  of  ahead  and  astern 
double-beat  regulating  valves  for  turbine  and  reciprocating 
machinery  are  shown  and  described.  (Paper  read  before  the 
Institute  of  Marine  Engineers,  December  12,  1916,  abstracted 
thi'ough  the  Mechanical  Engineer,  vol.  39,  nos.  989-990.  .lanu- 
ary  5  &  12,  1917,  pp.  8-9  and  20-22,  13  figs,  d.  The  original 
paper  is  not  available.) 

Thermodynamics 

Heat  Density,  George  P.  Pearce 

We  hear  a  great  deal  about  the  B.t.u.  value  of  fuels,  that  is, 
the  B.t.u.'s  of  potential  chemical  energy  contained  in  1  lb.  of 
various  substances,  but  how  many  have  considered  the  number 


of  B.t.u.'s  of  heat  there  ai'e  in  a  cubic  foot  of  space  under 
\arious  conditions'?  Let  us  assume  0  deg.  fahr.  as  a  base  and 
see  approximately  what  tlie  heat  density  is  for  various  condi- 
tions and  substances.  On  a  hot  summer  day,  with  the  ther- 
mometer registering  110  deg.,  tliere  seems  to  be  plenty  of  heat 
everywhere,  yet  a  simple  calculation  will  show  that  there  is 
only  1.8  B.t.u.  to  the  cubic  foot. 

The  gasoline  blast  torch  is  generally  looked  upon  as  a  very 
hot  flame,  but  in  the  hottest  part  of  that  flame  the  heat  density 
is  less  than  expected ;  it  is  10  B.t.u  per  cu.  ft.  Hydrogen  gas, 
with  its  enormous  heat  value,  might  be  expected  to  make  a 
better  record  than  that,  yet  in  the  hottest  part  of  a  hydrogen 
flame  burned  in  the  air  the  B.t.u.'s  per  cu.  ft.  are  just  about 
10.1;  it  has  a  heat  density  1  per  cent  bettei  than  the  gasoline 
flame  in  air.  Not  much  is  expected  of  carbon  burned  in  air 
with  its  much  lower  heat  value,  so  we  are  surprised  when  it 
shows  a  density  of  12.3  B.t.u.  per  cu.  ft.  This,  of  course,  is 
due  to  the  greater  density  of  the  products  of  combustion.  In- 
cidentally, we  note  why  coal  is  such  a  satisfactory  source  of 
lieat  for  boilers;  it  develops  a  high  heat  density  and  thus 
rapidly  heats  the  tubes;  of  course,  other  things  enter  into 
(•(jnsideration  as  well.  A  great  deal  is  said  about  acetylene, 
and  it  deserves  credit,  for  this  gas  burned  in  air  produces  a 
heat  density  of  13.1  B.t.u.  per  cu.  ft.  So  far  the  heat  pro- 
duced has  been  diluted  by  the  presence  of  the  inert  gas  nitro- 
gen in  the  air.  Eliminate  this  and  burn  acetylene  in  oxygen 
and  a  great  change  takes  place,  for  now  there  are  24  B.t.u. 
in  every  cubic  foot  of  the  intense  flame.  Burn  hydrogen  in 
oxygen  and  there  are  20  B.t.u.  to  the  cubic  foot. 

It  might  be  supposed  that  the  limits  for  heated  gases  and 
vapors  are  being  rapidly  reached.  However,  ordinary  steam 
just  as  it  boils  off  water  into  the  atmosphere  contains  44  B.t.u. 
to  the  cubic  foot.  The  oxy-acetylene  flame  takes  a  poor  second 
place  when  compared  with  steam  under  these  conditions.  Some 
experimental  high-pressure,  high-efScieney,  steam  engines  use 
superheated  steam  at  240  lb.  per  sq.  in.  and  300  deg.  of  super- 
lieat,  and  every  cubic  foot  of  this  steam  contains  over  .500 
B.  t.  u.  Strange  as  it  may  seem,  saturated  high-pressure 
steam  at  235  lb.  per  sq.  in.  contains  over  650  B.t.u.  per  cu.  ft., 
and  for  eaiTying  heat  is  superior  in  this  respect  to  superheated 
steam.  More  astounding  still  is  the  humble  cake  of  ice,  which 
at  32  deg.  is  prepared  to  deliver  937  B.t.u.  per  cu.  ft.  when 
cooled  down  to  zero.  Boiling  water  is  common  enough,  and  as 
a  heat  container  it  holds  over  12,000  B.t.u.  per  cu.  ft. 

Melted  sulphur  at  800  deg.  fahr.  has  a  heat  density  about 
twice  that  of  boiling  water,  or  over  22,000  B.t.u.  to  the  cubic 
foot.  Melted  aluminum  at  1214  deg.  fahr.  almost  doubles 
this,  with  nearly  43,000  B.t.u.  per  cu.  ft.  Melted  glass  at  2377 
deg.  fahr.  has  nearly  75,000  B.t.u.  in  every  cubic  foot.  Plati- 
num, at  3300  deg.  fahr.,  makes  a  big  jump  with  its  182,200 
B.t.u.  per  cu.  ft.  But  common  melted  iron,  at  2700  deg.  fahr., 
leaves  platinum  away  behind  with  207,000  B.t.u.  per  cu.  ft. 
However,  they  are  all  surpassed  if  a  cubic  foot  of  carbon  is 
heated  almost  to  its  vaporizing  temperature,  say  to  7000  deg. 
fahr.,  as  a  heat  density  of  700,000  B.t.u.  per  cu.  ft.  is  then 
obtained.  It  is  impossible  for  a  person  to  look  at  this  heated 
carbon  or  stand  near  it,  and  probably  it  represents  the  greatest 
heat  density  known.  It  is  found  in  every  arc  lamp.  Perhaps, 
when  we  obtain  more  data  on  this  remarkable  metal  tungsten, 
which  takes  5432  deg.  fahr.  to  melt  it  and  an  unknown  tem- 
perature to  vaporize  it,  a  still  greater  heat  density  may  be  had 
in  melted  tungsten  just  before  it  commences  vaporizing.  (Ke- 
)irinted  from  Machinery,  vol.  23,  no.  6,  February,  1917,  p. 
471-2,  g) 
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The   Detehm]nation   of   Free   Energy   by   the    Clausius 
Equation  of  State,  E.  Aries 

For  a  body  considered  from  the  point  of  view  of  its  mole- 
cular weight,  the  Clausius  equation  can  be  written  as 


RT 


4>{T) 


[1] 

If  the  latter  of  the  two  constants  is  zero  and  the  function 
<^  is  reduced  to  a  constant  K,  the  Van  der  Waals  equation  is 
obtained. 

The  above  equation  has  a  remarkable  property  which  in 
the  opinion  of  the  author  has  not  been  perceived,  in  that 
it  gives  in  a  very  simple  manner  an  expression  for  the  free 
energy  /  as  a  function  of  its  usual  variables,  volume  and 
temperature.  We  know  that  this  energy  expressed  in  this 
manner  is  one  of  the  four  Massieu  functions,  each  of  which 
is  sufficient  to  determine  all  the  properties  of  a  body.  We 
know  that 


Wi 


RT 


4>{T) 


from  which,  by  integration  with  respect  to  v,  we  obtain 
-7  =  RT  log  (v- a)  +  '^^'^^      -- 


.[2] 


[3] 

where  (^  is  a  function  of  the  temperature  introduced  by  the 
integi'ation  and  may  be  determined  from  the  theoiy  of  perfect 
gases. 

If  we  assume  that  the  volume  v  progressively  increases  at 
constant  temperature,  the  body  tends  toward  the  state  of  a 
perfect  gas,  a  becomes  finally  neglible  as  compared  with  v, 
and  the  equation  [3]  is  reduced  to  the  following  (which 
IS  the  equation  given  by  the  theory  of  perfect  gases)  : 

—  /  =  flr  log  i;  —  * [4] 

From  this  equation  may  be  derived  the  following  expres- 
sions, first,  for  the  entropy  jS',  and  next  for  the  molecular 
heat  capacity  at  constant  volume  c  (which  constant  is  the 
same  for  all  perfect  gases  of  the  same  molecular  complexity)  : 


/d7\         „,  S*  J<^S\ 
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By   double  integration   of  the  equation   for  c.  one  obtains 


-•*  =  c  r  log  AT—  B. 
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The  value  for  <f>  thus  obtained  transferred  into  equation  [3] 
completely  determines  the  free  energy  of  a  body  subject  to 
the  equation  of  state  [1].  From  this  follow  important  con- 
sequences. 

Equation  [3]  in  its  turn  gives  by  derivation  the  following 
equations  for  entropy  5  and  heat  capacity  at  constant 
volume   Cr : 
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This  expression  for  Cv  would  a  priori  indicate  that  the  Van 
der  Waals  equation  cannot  agree  with  facts  as  observed.  If 
(j)    reduces    not    only    a    constant    but,    what    is    more,    to    a 

linear  function  of  temperature,  then     -— ;  becomes  zero,  and 


C\-  becomes  constant,  a  conclusion  clearly  inacceptable  except, 
perhaps,  for  monatomic  bodies. 

The  application  of  equation  [7]  to  the  state  of  saturated 
fluids  is  of  particular  interest.  If  S^,  v^  and  6',,  v.  represent 
the  entropy  and  volume  of  a 'body  in  the  state  of  a  vapor 
and  in  the  state  of  a  liquid  respectively,  under  tensions  P 
and  T,  then  the  heat  of  vaporization  of  the  liquid  is  equal 
to  T  (S,  —  S.^),  whence  the  following  equation  is  derived, 
which  indicates  the  heat  of  vaporization  L : 


L       „       „  ,      Wi  —  a      d<t>/     1  1     \ 

T  ^v,-a     bT\v,  +0      v,+p) 


.[8] 


v„  v„  and  P  are  determined  as  functions  of  temperature  by 
the  three  known  relations 

P  .fT 
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which  unfortunately  cannot  be  solved  with  respect  to  the 
unknowns  u,,  v.  and  P.  But  Clausius  has  published  a  table 
which  meets  this  difficulty  in  so  far  as  equations  of  state  of 
the  type  shown  in  [1]  are  concerned,  by  permitting  them  to 
he  evaluated  directly. 

The  author  shows  that  equation  [8]   can  be  written  as 

L       _         1  d*  /     1 
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[11] 


ydT\y,  +  1  y, 
and  hence  the  heat  of  vaporization  can  be  easily  calculated 
for  any  given  temperature  by  the  Clausius  table.  The  value 
of  this  temperature  transferred  into  the  first  of  the  following 
three  equations 


27  yRT, 


y  = 


8yP 
RT' 


.[12] 


8  a(T)  y 

giving  X,  and  once  the  value  of  x  is  known  the  Clausius  table 
will  give  all  the  other  magnitudes. 

If  the  function  <f)  be  replaced  by  a  constant  as  in  the  Van 
der  Waals  equation,  [11]  takes  the  very  simple  form 

L  =  1RT [13] 

the  value  of  X  being,  according  to  the  fii-st  of  the  equations 
[12],  the  one  which  corresponds  to  the  reduced  temperature 
X  7=  T/Tc,  so  that  it  is  only  necessary  to  know  the  critical  tem- 
perature Ic  of  a  boily  in  order  to  determine  the  heat  of 
vaporization  at  any  temperature. 

The  writer  discusses  the  application  of  this  equation  to 
monatomic  bodies  but,  because  of  lack  of  expeiimental  data, 
comes  to  no  definite  conclusions  (Sur  la  determination  de 
Tenergie  libre  par  I'equation  d'etat  de  Clausius,  E.  Aries, 
Comptes  Renclus  des  Seances  de  VAcademie  des  Sciences,  vol. 
163,  no.  24,  December  11,  1916,  pp.  737-741,  t). 

The  report  of  the  meeting  of  the  Society  of  Automotive 
Engineers  in  the  February  issue  of  the  Journal  (p.  183)  was 
written  by  John  Younger,  Mem.Am.Soe.M.E.  By  a  regrettable 
error,  his  signature  was  omitted. 

Motor  Boat  Show 

The  Thirteenth  Annual  Motor  Boat  Show  was  held  under 
the  auspices  of  the  National  Association  of  Engine  and  Boat 
Manufacturers  in  New  York  City,  at  the  Grand  Central 
Palace,  from  January  27  to  February  3,  1917. 
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It  did  not  show  anything  revohitionary  in  the  way  of  either 
boats  or  engines,  but  was  a  good  proof  of  the  steady  progress 
made  in  this  line  of  engineering  in  the  United  States.  As 
compared  with  the  last  yeai's  show  at  the  Grand  Central  Palace 
and  the  previous  shows  at  Madison  Square  Garden,  one  was 
impressed  by  the  apparent  change  from  a  trade  which  aimed 
mainly  to  serve  the  amateur  and  sportsman,  to  one  which  is 
apparently  coming  to  rely  on  straight  commercial  work.  Tiie 
number  of  small  engines  exhibited  was  less  tlian  at  any 
previous  sliow,  but  there  were  many  large  engines,  apparently 
intended  for  either  large  pleasure  boats  or  heavy-  and  medium- 
duty  commercial  boats. 

The  general  design  of  the  engines  also  showed  uiuluubted 
signs  of  improvement.  In  the  majority  of  cases  the  workman- 
ship is  better,  the  wiring  properly  enclosed,  magnetos  take  the 
place  of  dry-cell  batteries  and  spark  coils,  more  attention  is 
paid  to  the  balancing  of  the  engine,  and  a  decided  improve- 
ment in  the  design  of  the  lubricating  system  is  noticeable. 

Considerable  attention  was  attracted  at  the  show  by  the 
U.  S.  Navy  patrol-type  boats.  These  boats  are  about  45  ft. 
long  and  10  ft.  deep  and  have  been  indicated  as  a  sample  of 
what  the  U.  S.  Government  would  like  yachtsmen  to  build  as  a 
combination  yacht  and  patrol  boat.  One  type  exhibited  at  the 
show  is  powered  with  a  pair  of  I50-liii.  (each),  six-cylinder, 
6-in.  X  6-in.  Van  Blerck  mntoi's,  capable  of  driving  tlie  boat 
fully  loaded  at  a  speed  of  25  mi.  per  hr.    Her  fuel  capacity  is 


anism  controls  this  gradually  so  that  the  oil  film  is  maintained 
at  a  constant  thickness. 

A  shallow-draft  boat  of  the  vacuum-tunnel  type  has  been 
exhibited  in  model.  In  this  boat  the  propeller  does  not  pro- 
ject beneath  the  bottom  of  the  boat,  and  the  blades  are  there- 
fore fully  protected  at  all  times.  Above  the  propeller  cham- 
ber and  connecting  with  it  is  placed  a  standpipe  or  vacuum 
chamber.  From  the  top  of  this  standpipe  the  air  is  exhausted 
by  a  small  vacuum  pump,  which  needs  only  to  be  operated  for 
a  moment  in  order  to  till  the  timnel  and  vacuum  chamber.  At- 
mospheric pressure  forces  the  water  up,  filling  the  tunnel  or 
wheel  chamber  and  the  standpipe  or  vacuum  chamber  above 
it.  This  column  of  water  can  be  raised  and  maintained  at  any 
desired  height  from  a  few  inches  up  to  about  28  ft.,  the  limit 
of  atmospheric  pressure.  Tor  every  foot  that  the  water  is 
raised  over  the  wheel  the  propeller  is  given  solid,  hard  water 
of  substantially  the  same  characteristics  that  it  would  have  if 
the  propeller  were  operating  the  same  number  of  feet  below 
the  water  level.  No  data  were  given  out  as  to  any  tests  of  the 
efficiency  of  this  type  of  boat. 

First  Pan-American  Aeronautic  Exposition 

The  First  Pan-American  Aeronautic  Exposition  was  held 
in  New  York  City,  February  8-15,  and  represented  broadly 
the  great  progress  made  in  American  aeronautical  engineering 
sinie  the  dav  wlien  AVilbur  Wris'lit  flew  the  first  heavier-than- 
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about  500  gal.,  which  gives  her  a  cruising  radius  of  300  miles. 

Two  Duesenberg  motors  were  shown,  one  for  inotorboat  use 
and  the  other  an  aeronautical  type.  For  the  latter  an  outi)ut 
of  1  hp.  per  3  lb.  of  overall  weight  is  claimed. 

An  interesting  type  is  the  silent-valve  Driggs  marine  engine, 
exhibited  by  the  Driggs  Ordnance  Co.,  of  New  York  City. 
Fig.  12  sliows  the  valve  employed  in  the  4-in.  x  6-in.  six-cylin- 
der engine.  The  inlet  and  exhaust  ports  have  many  times  the 
area  of  valve  openings  of  poppet-valve  motors  of  equal  bore 
and  stroke.  The  gas  passages  are  eomi)aratively  unrestrieteil. 
as  there  are  no  sharp  turns  or  sharp  corners  to  retard  the  flow 
of  gas.  This  helps  to  obtain  not  only  a  full  charge  on  the 
intake  stroke  but  also  complete  scavenging  on  the  exhaust 
stroke.  The  valve  shaft  is  driven  by  means  of  a  gear  from 
the  time  shaft.  A  steep-pitch  adjusting  screw  engages  in  a 
thread  in  the  valve.  The  valve  driving  spring  forms  tiie  driv- 
ing connection  between  the  valve  drive  shaft  and  the  valve.  As 
the  valve  heats  it  expands  and  requires  greater  effort  to  drive 
it.  This  extra  effort  causes  the  valve  shaft  to  advance  angu- 
larly a  fraction  of  a  degree  relatively  to  the  valve  against 
the  action  of  the  spring.  In  so  doing  the  screw  tends  to 
screw  out  of  the  thread  of  the  valve  and  move  the  valve  up- 
ward in  its  tapered  seat.  The  valve  lifts  only  enough  to  make 
the  driving  effort  normal.  This  effort  is  normal  when  clear- 
ance is  such  that  there  is  a  film  of  oil  of  almost  infinitesimal 
thickness  between  the  valve  and  its  seat.    The  adjusting  mech- 


air  machine  in  the  world  at  Kitty  Hawk.  The  original  Wright 
macliine  was  included  among  the  exhibits,  and  was  fittingly 
located  right  opposite  the  entrance  to  the  exhibition.  So 
great  has  been  the  JDrogress  in  the  thirteen  years  which 
have  elapsed  since  the  historic  day  of  its  flight,  however,  that 
in  many  respects  the  machine  would  be  taken  for  a  freak 
nowadays.  It  is  remarkable,  however,  that  in  the  essentials 
of  construction  comparatively  little  progress  has  been  made; 
the  location  of  the  engine,  the  arrangement  of  the  planes, 
the  system  of  control,  the  methods  of  balancing,  are  funda- 
mentally the  same  in  the  machines  of  today  as  in  the  old 
Wright  biplane.  But  a  tremendous  progress  has  been 
achieved  in  those  engineering  details  which  convert  a  rough 
experiment  into  a  practical  success,  to  which  fact  the  exhibits 
of  present  types  of  machines  testified. 

While  the  number  of  machines  and  engines  esliibited  was 
comparatively  small,  the  quality  of  the  products  of  American 
inanufacturers  was  apparently  as  high  as  that  of  manufac- 
turers in  Europe,  in  so  far  as  we  are  allowed  to  know  of 
the  progress  there.  It  is  true,  however,  that  both  the  planes 
and  the  motors  shown  were  smaller  than  what  we  understand 
to   be   the   best   European   products   of   the   same   kind. 

Very  little  was  exhibited  which  was  not  known  from 
previous  published  descriptions.  A  con.struction  which  at- 
tracted considerable  attention  was  tlie  aero-limousine  at  the 
stand  of  the  Curtiss  Aeroplane  Corporation.     This  is  a  ear 
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desigued  lo  run  on  the  ground  but  also  able  to  rise  in  the 
air.  It  is  provided  with  small-diameter  disk  wheels  or  rubber 
tires  and  also  aeroplane  planes  and  controls.  From  an 
engineering  point  of  view  there  is  considerable  doubt  as  to 
the  practicability  of  the  machine.  No  spring  suspension  is 
provided  for  the  carriage  and  it  is  by  no  means  clear  how 
long  such  a  ^•ehicle  would  be  able  to  run  on  the  ground 
without  having  the  motor  shaken  all  to  pieces.  No  provision 
i*;  made  for  steering  the  vehicle  on  the  ground;  this,  however, 
is  not  very  important,  because  a  considerable  amount  of 
steering  lan  be  carried  out  by  means  of  the  aero  controls. 
No  means  for  braking  the  vehicle  on  the  ground  are  provided. 
From  statements  made  in  the  press,  however,  it  apjaears  that 
this  aero-limousine  has  been  built  for  use  in  inspecting 
extensive  sheep  ranges  in  the  West,  which  would  indicate 
that  the  conditions  of  operation  of  the  vehicle  may  be  such 
as  to  make  it  possible  to  dispense  with  either  high  precision 
in  steering  on  the  ground  or  the  necessity  for  braking. 

The  Aeromarine  Plane  &  Motor  Co.  exhibited  a  new  alum- 
inum motor  with  cast-iron  liners,  a  special  distributor,  and  an 
electric  starter  weighing  only  20  lb. 

An  apparent  effort  has  been  made  to  handle  the  exhaust 
from  the  engines  in  somewhat  novel  ways.  The  Witteman- 
Lewis  machine  proposes  to  deliver  the  exhaust  downwards 
through  the  bottom  plate  of  the  engine.  The  L.  W.  F.  Co. 
showed  a  machine  in  which  the  exhaust  is  delivered  rearwards 
through  two  pipes  about  4  in.  in  diameter  and  about  6  ft. 
long,  bending  downwards  at  about  half  lenjrth  and  then 
straightening  out  again  and  running  along  the  sides  of  the 
fuselage.  No  attempt  appears  to  have  been  made  to  provide 
any  kind  of  a  mulfler  for  the  machines. 

On  the  whole,  while  no  revolutionary  inventions  have  been 
exhibited,  the  exposition  shows  a  healthy  state  of  development 
of  the  American  aeronautical  industry.  No  machines  which 
could  be  used  for  heavy  military  work  or  long-range  flying 
were  exhibited,  which  does  not,  however,  mean  that  American 
makers  cannot   build   them. 

SOCIKTV     OF     AUTOIIOTIVK     ExiJIXEERS 

In  connection  with  I  lie  first  Pan-American  Aeronautic  Ex- 
position, the  S.A.E.  arranged  on  February  9  an  aeronautic 
meeting,  the  first  to  be  devoted  entirely  to  the  consideration 
of  aeronautic-engineering  subjects. 

The  morning  session  was  devoted  essentially  to  matters  of 
standarilization.  The  ])rogram  comprised  the  reading  and 
discussion  of  two  papere,  of  which  only  one  was  actually 
read. 

.Ino.  ,T.  Rooney,  of  the  Wriglit-Martin  Aircraft  Coi'pora- 
fion,  i)resented  a  paper  (read  by  title)  on  Suggestions  For 
Standard  Tests  of  Aeroplanes.  The  matter  of  standard 
tests  becomes  of  considerable  importance  in  view  of  the  fact 
that  it  appears  that  during  the  pa.st  year  manufacturers 
have  had  considerable  dilficultv  in  obtaining  with  their  ma- 
chines the  performance  guaranteed  to  the  Ooveniment  in 
their  contracts,  a  condition  which  in  war  time  might  become 
a  national  calamity. 

In  discussing  this  subject  the  author  stated  that  it  is  the 
policy  of  some  of  the  manufacturers  to  force  successful 
performance  regardless  of  the  number  of  alterations  in  design 
required  for  the  accomplishment,  which  the  writer  considers 
to  be  a  grave  mistake.  As  the  testing  field  is  usually  at  some 
distance  from  the  factory  and  reliable  records  of  engineerina: 
value  are  seldom  kept  on  the  field,  the  engineers  often  are 
deceived  regarding  the  ]ierforniance  of  the  maciiine,  especially 


as  they  are  ignorant  of  changes  that  have  been  made  in  the 
luacliine  to  make  it  come  up  to  expectations — changes  often 
important  enough  to  alter  radically  the  original  design. 

The  author  suggests,  therefore,  the  standardization  of  Held 
tests.  He  proposes  to  use  standard  test  forms  for  the  aero- 
[dane  itself,  the  engine,  propeller  and  for  recording  aero- 
plane data;  and  emphasizes  the  necessity  of  keeping  track 
of  the  conditions  under  which  machines  are  tested,  with  due 
regard  to  conditions  under  which  they  are  to  be  flown. 

The  author  comes  to  the  conclusion  that  performance  pro- 
ductions can  be  made  more  reliable  by  satisfactorily  checking 
laboratory  experiments  with  actual  field  tests,  and  advocates 
means  for  increasing  the  value  of  field  tests. 

The  paper  personally  read  by  F.  G.  Difiin,  of  the  Erie 
Specialty  Co.,  Erie,  Pa.,  on  Standardization  of  Metal  Parts 
for  Aeronautic  Use,  told  of  some  of  the  troubles  of  the  manu- 
facturer of  metal  fittings  for  aeroplanes  and  of  some  ways 
of  minimizing  if  not  entirely  eliminating  them. 

The  troubles  of  the  part  manufacturers  are  in  the  first 
place  due  to  tlie  iiniltiplicity  of  the  parts.  Of  screw-machine 
products  alone  on  a  well-known  type  of  machine  there  are 
over  three  thousand  separate  parts.  Many  of  these  call 
for  from  two  or  three  to  as  many  as  ten  operations  looking 
to  their  completion.  Factories  have  today  orders  for  one 
specific  size  of  bolt  for  practically  the  same  use  on  various 
makes  of  machines  calling  for  the  use  of  six  different  metals. 
They  are  asked  also  to  make  these  bolts  in  over  sixty  different 
lengths,  and  practically  the  same  con  'ition  e.xists  in  eight 
different  diameters.  If  will  thus  be  seen  that  should  such 
specifications  become  general  it  would  be  necessary  on  hexagon- 
head  bolts  alone  to  manufacture  2880  separate  items  in  order' 
to  fill  aeroplane  requirements.  Aji  additional  holt  compli- 
cation is  the  varying  thickness  of  head  called  for  by  the 
different  manufacturers.  The  same  situation  exists  in  rod 
and  yoke-end  points  as  well  as  in  castle  nuts. 

This  divergence  in  size  and  material  called  for  creates 
frouliles  and  delays  not  only  for  the  manufacturer  of  parts 
but  also  for  the  aeroplane  and  engine  manufacturer  and 
user,  and  could  the  metal  fittings  become  standardized  the 
aeroplane  manufacturer  would  find  that  the  cost  of  many 
of  these  parts  would  be  but  a  small  fraction  of  the  present 
cost. 

In  conclusion,  the  writer  made  specific  recommendations 
for  standardization,  covering  bolt  dimensions  and  materials, 
rod  and  yoke-end  points,  and  nut  requirements. 

In  the  discussion  which  followed  an  important  difference 
l)etween  fitfinas  for  aircraft  and  automobiles  was  brought 
out.  viz..  that  while  in  automobiles  the  matter  of  weight  is 
jiractically  entirely  neglected  and  the  matter  of  cost  is  pre- 
eminent (secondary  of  course  only  to  that  of  safety),  in  the 
aeroplane,  at  least  at  present,  the  matter  of  weight  is  of 
greater  importance  than  that  of  cost.  Further,  tlie  shai)c  of 
the  fittings,  which  is  scarcely  considered  at  all  in  automobile 
construction,  becomes  of  importance  on  aeroplanes  as  it 
affects  unfavorably  or  othei-wise  the  harmful  air  resistance  of 
the  machine.  On  the  whole,  however,  all  the  discussors 
expressed  themselves  in  favor  of  the  adoption  of  some  means 
towards  the  standardization  of  parts. 

Henry  Souther,  Mem. Am.Soc.M.E.,  Chairman  of  the  after- 
noon meeting,  introduced  the  subject  by  a  brief  talk  on  the 
progress  of  aviation  in  this  country  and  called  attention  to 
the  urgent  necessity  of  greater  publicity  for  this  new  branch 
of  locomotion.  He  called  attention  to  the  often  neglected  fact 
that  actually  a  very  large  number  of  flights  are  made  every 
day,  flights  of  which  not  a  mention  apiiears  in   the  pajiers. 
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On  the  other  hand,  the  comparatively  few  mishaps  and  acci- 
dents are  given  wide  ]niblicity,  with  the  result  that  in  the 
minds  of  the  public  an  entirely  erroneous  impression  is 
created,  both  as  to  the  state  of  the  art  and  as  to  the  work 
actually  carried   on. 

AiiERicAN  Society  of  Heating  and  Ventilatinc;  Engineers 

The  Thirty-Third  Annual  Meeting  of  the  American  Society 
of  Heating  and  Ventilating  Engineers  was  held  at  the  Engi- 
neering Societies  Building,  New  York  City,  on  January  16-18, 
1917.     J.  Irvine  Lyle  was  elected  president. 

An  amendment  to  the  constitution  was  offered  by  chapters 
to  provide  for  chapters  to  be  represented  in  the  council,  the 
representative  to  have  no  vote. 

Of  the  reports  presented  the  most  interesting  one  was  that 
of  the  committee  appointed  by  the  New  York  Chapter  to  con- 
sider a  standard  test  for  heating  boilers.  The  purpose  of 
this  test  is  stated  to  be  the  determination  of  the  capacity 
and  efScieney  of  heating  boilers  under  conditions  approaching 
as  nearly  as  possible  those  under  which  the  boiler  is  to  be 
installed.  The  specific  object  is  the  determination  of  the 
amount  of  steam  which  a  boiler  will  furnish  when  burning 
a  definite  capacity  of  coal  per  hour  in  the  manner  for  which 
it  was  designed.  Therefore  the  schedule  covering  the  report 
of  tests  will  provide  only  for  those  items  which  are  essential 
to  determine  the  proper  capacity  of  the  boiler  for  commer- 
cial or  sales  purposes.  No  suggestions  are  made  on  this 
question  of  commercial  rating  or  capacity  except  that  as  a 
basis  of  comparison  the  item  "  fuel  available  "  should  be  cal- 
culated from  area  of  firebox  and  depth  to  center  of  tiredoor 
not  exceeding  20  in.  less  20  per  cent  for  reserve;  and  item 
"  time  fuel  available  will  last "  figured  on  the  basis  of  8 
hours. 

The  present  report  endorses  the  formula  for  calculating 
the  rate  given  by  the  1913  Committee  in  their  report,  in  the 
following  modified  form : 

Let  C  represent  the  pounds  of  fuel  available  for  one  firing 
period ;  let  T  represent  the  time  fuel  available  will  last ;  let 
E  equal  the  total  B.t.u.  considered  available  per  pound  of 
fuel  at  boiler  outlet,  not  exceeding  results  shown  by  tests. 

Then  CE/T  represents  the  boiler  capacity  per  hour  in 
B.t.u.  If  rating  is  desired  in  equivalent  square  feet  of  direct 
radiation,  divide  the  capacity  in  B.t.u.  by  250  for  steam  and 
150  for  hot  water. 

American  Institute  of  Electrical  Engineers 

The  fifth  annual  mid-winter  convention  was  held  February 
14-16  in  the  Engineering  Societies  Building,  New  York  City. 

The  majority  of  the  papers  were  on  strictly  electrical  sub- 
jects, but  in  addition  to  these  Major  John  H.  Finney  and  Cap- 
tain J.  H.  Cuntz  read  addiesses  on  the  part  which  engineers  in 
general  and  electrical  engineers  in  particular  may  take  in 
military  preparedness  in  its  broad  sense. 

Professor  R.  A.  Millikan  of  the  University  of  Chicago  read 
a  paper  on  Modern  Physics  in  which  he  spoke  of  the  relations 
between  physical  research  and   electrical  engineering. 

CLASSIFICATION   OF  ARTICLES 

Articles  appearing  in  the  Survey  are  classified  as  c  compara- 
tive ;  d  descriptive ;  e  experimental ;  g  general ;  h  historical ;  m 
mathematical;  p  practical;  s  statistical;  t  theoretical.  Ar- 
ticles of  especial  merit  are  rated  A  bi/  the  reviewer.    Oi)inions 


expressed  are  those  of  tlie  reviewer,  uot  of  the  Society.  The 
Editor  will  be  pleased  to  receive  inquiries  for  further  informa- 
tion in  connection  with  articles  reported  in  the  Survey. 


The  Interisland  Steam  Navigation  Company  of  Honolulu, 
is  preparing  to  replace  the  old  steam  engine  and  boilers  of 
its  large  passenger  and  freight  steamer  Mikahala  with  a  single 
320-hp.  Type  M  Bolinder  engine,  which  is  equivalent  in 
power  to  a  steam  engine  of  440  indicated  horsepower.  '  (Motor- 
ship,  December  1916) 

A  substitute  for  platinum,  according  to  The  Ironmonger 
(Jan.  27,  1917),  is  an  alloy  having  the  following  percentage 
composition:  copper,  6.42;  manganese,  0.98;  silicon,  1.04; 
tungsten,  2.13;  nickel,  60.65;  aluminum,  1.09;  iron,  0.76; 
chromium,  21.07;  molybdenum,  4.6.  This  alloy  is  said  to 
have  a  high  melting  point  and  to  be  highly  resistant  to  acids, 
making  it  capable  of  replacing  platinum  in  many  eases. 


Castings  of  nichrome  intended  to  withstand  temperatures 
of  from  1000  deg.  fahr.  up,  without  coiToding,  are  covered 
by  U.  S.  patent  No.  1,190,652.  The  alloy  contains  60  per 
cent  of  nickel,  26  per  cent  of  iron,  12  per  cent  of  chromium, 
and  15  per  cent  of  manganese,  the  latter  being  incidental  and 
not  essential.  If  the  carbon  content  is  under  0.40  per  cent, 
the  alloy  can  be  machined,  rolled  or  forged.  It  is  said  to  be 
suitable  for  valves  and  valve  seats  of  internal-combustion  en- 


John  D.  Northrop,  of  the  United  States  Geological  Survey, 
Department  of  the  Interior,  estimates  that  during  the  year 
just  closed  292,300,000  barrels  of  crude  petroleum  was  pro- 
duced and  marketed  in  the  oil  fields  of  this  country.  This 
quantity  is  greater  by  11,000,000  barrels,  or  4  per  cent,  than 
the  output  in  1915.  In  addition  to  the  quantity  of  oil  pro- 
duced and  marketed  in  1916,  several  million  barrels  were  pro- 
duced and  placed  in  temporary  field  storage  in  Kansas  and 
Oklahoma. 


Three  3000-kw.  power  plants  are  now  operated  by  volcanic 
steam  at  Larderello,  in.  Central  Italy,  according  to  The  Elec- 
trical World  (Dec.  23,  1916),  and  supply  three-phase  energy 
for  transmission  to  Florence,  Leghorn  and  many  smaller  cities. 
The  natural  steam,  which  is  obtained  from  12-in.  to  20-in. 
pipes  sunk  from  300  to  500  ft.  below  the  surface  of  the  ground, 
is  of  a  corrosive  nature  and  is  not  used  directly  in  the  turbo- 
generators; instead,  it  is  applied  like  fuel  in  specially  con- 
structed multitubular  boilers,  generating  therein  steam  that 
after  use  in  the  turbo-generators  is  condensed  and  pumped 
back  into  the  boilers. 


In  anticipation  of  the  day  when,  on  account  of  the  ad- 
\ancing  cost  of  gasoline  and  other  products  obtained  from 
petroleum,  it  might  be  found  commercially  profitable  to 
utilize  some  of  the  enormous  supply  of  petroleum  to  be  derived 
from  the  distillation  of  the  vast  deposits  of  so-called  hydro- 
carbon shales  of  the  Green  River  formation  of  northwestern 
Colorado  and  northeastern  Utah,  the  U.  S.  Geological  Survey 
has  for  three  years  been  making  field  investigations  of  them. 

Very  rough  but  cautious  calculations  of  the  contents  of 
the  shale  in  parts  of  the  area  examined  indicate  that  the  dis- 
tillation of  shale  from  beds  over  3  ft.  thick  in  Colorado  alone 
will  yield  more  than  20,000,000,000  barrels  of  crude  oil,  from 
wliich  more  than  2,000,000,000  barrels  of  gasoline  can  be  ex- 
tracted by  ordinary  methods. 


SELECTED    TITLES   OF    ENGINEERING    ARTICLES 


AEI{(.)XAUTICS 

Zeppelin  Power  Plant  Engineering.  Part  I.  Tbe  Automobile,  vol. 
36,  no.  3,  .January  IS,  1917,  pp.  1T9-1S2,  11  figs. 

NOTES  ON  Speed  Indicators  for  Airplanes,  Winslow  H.  Hersobel. 
Aviation  and  Aeronautical  Engineering,  vol.  1,  no.  12,  January 
15.  1917,  pp.  384-385,  1  flg. 

The  Longitudinal  Initial  Motion  and  Forced  Oscillations  of  \ 
Disturbed  Aeroplane,  S.  Brodetskv.  The  Aeronautical  .loiirual, 
vol.  20,  no.  80,  October-December,  191G,  pp.  139-15G. 

First  Report  of  Aeronautic  Division,  S.  A.  E.  Bulletin,  vol.  II,  no. 

4,  January  1917,  pp.  422-424.  3  figs. 

t  Standardization  of  Metal  Parts  for  Aeronautic  Use,  F.  G.  DiffiiL 

5.  A.  E.  Bulletin,  vol.  II,  no.  4,  January  1917,  pp.  417-421. 


AIR  ENGINEERING 

The  Physical  Properties  of  Air  in  Relation  to  Practical  Prob- 
lems, H.  Eisert.  Monthly  Journal  of  the  Engineers'  Club  of  Balti- 
more, vol.  6,  no.  8,  February  1917,  pp.  190-2U4. 

Need  for  High  Air  Pressures  in  Converters,  W.  Trinks.  The  Blast 
Furnace  and  Steel  Plant,  vol.  5,  no.  2.  February  1917,  pp.  53-54. 


2  figs. 


AUTOMOBILES 


t  The  Whiting-Standard  Farm  Tractor,  Motor  Traction,  vol.  24, 
no.  620,  January  17,  1917,  pp.  41-42,  4  figs. 

Retardation  of  the  Automobile.  John  Younger.  S.  A.  E.  Bulletin, 
vol.  II,  no.  4,  January  1917,  pp.  369-380,  2  figs. 

HEAD-LA.MP  Glare — What  Is  It?,  J.  B.  Replogle.  S  A.  E.  Bulletin, 
vol.  II,  no.  4,  January  1917.  pp.  381-396. 

Vabiable-Speed  Gears  for  Motor  Road-Vehicles,  Robert  E.  Phillips. 
The  Journal  of  the  Institution  of  Mechanical  Engineers,  No.  1, 
January  1917,  pp.  783-835.  2S  figs. 

t  Magazine  Oiling  in  Fageol,  a  New  California  Truck.  The  Com- 
mercial Vehicle,  vol.  16.  no.  1.  February  1,  1917,  pp.  22-23,  5  figs. 

t  Unique  Fageol  Truck  Spring  Lubrication.  The  Automobile,  vol. 
36,  no.  3.  January  18.   1917.  p.   185,  illustrated. 


CERAMICS 

The  Developments  of  the  Ceramic  Industries  in  the  United 
States,  A.  V.  Bleininger.  Journal  of  the  Franklin  Institute,  vol. 
183,  no.  2,  February  1917.  pp.  127-167,  22  figs. 


CONVENTIONS 

ANNUAL  Meeting  and  Dinner  of   the   Railway   Business   Associa- 
tion.    Railway  Review,  vol.  60.  no.  3,  ,January  20,  1917.  pp.  93-96. 

THE  Idaho  Engineer.  Eighth  Annual  Conventiou.   vol.  I,  no.  S,  Jan- 
uary 1917. 

Annual  Meeting.     Bulletin  of  The  American  Association  of  Uuiver- 
sity  Professors,  vol.  3.  no.  1,  January  1917,  pp.  5-7. 


CONVEYING  MACHINERY 

Belt  Conveyor  Coal  Loading  Plant  in  N.  S.  W.     The  Engineer,  vol. 
123,  no.  3184,  January  5,  1917,  pp.  5-8,  Illustrated. 


CORROSION 

t  A  Method  for  Practical  Elimination  of  Corrosion  in  Hot  Water 
Supply  Pipe,  F.  N.  Speller.  Journal  of  the  American  Society  of 
Heating  &  Ventilating  Engineers,  vol.  23,  no.  2,  January  1917,  pp. 
149-160,  6  figs. 


DRYING 

tDRYiNG  IN  Industrial  Plants,  J.  O.  Ross.  Journal  of  the  American 
Society  of  Heating  &  Ventilating  Engineers,  vol.  23,  no.  2,  Jan- 
uary 1917,  pp.  201-207. 

Artificial  Drying,  with  Special  Reference  to  the  Use  of  Gas, 
Gilbert  C.  Shadwell.  Journal  of  the  Amer.  Society  of  Heating  & 
Ventilating  Engineers,  vol.  23.  no.  2.  January  1917.  pp.  181-199. 
13  figs. 


t  An  Investigatio.n  of  the  Brittleness  Produced  in  Steel  Springs 
BY  Electroplating,  M.  DeKay  Thompson  and  C.  N.  Richardson. 
Metallurgical  &  Chemical  Engineering,  vol.  16.  no.  2,  January 
15.  1917,  pp.  83-84. 

Spun  Glass  as  Pipe  Covering.  Mechanical  World,  vol.  61.  no.  1567, 
January  12,  1917,  p.  19. 

EcROUissAGE  et  DiLATABiLiTii;  DE  l'Invab,  Ch.  Ed.  GuiUaume.     Comp- 
tes  Rendus  des  Stances  de  L'Acad^mie  des  Sciences,  vol.  163,  no. 
24,  December  11,  1916.  pp.  741-744. 
Cold  working  and  expansion  of  invar. 

Memorandum  on  Tests  of  Hardness  and  Resistance  to  Wear — 
Appendix  I.  W.  Cawtborne  Unwin.  The  Metal  Industry,  vol.  10, 
no.  27,  January  5,  1917,  pp.  6-9. 

EsSAis  de  Divers  Sables  Pour  Mortiers.  M.  R.  Feret.     Annales  des 
Eonts  et  Chaussges,  Series  9,  Tome  34,  vol.  4,  July-August  1916, 
pp.  70-so. 
Tests  of  various  sands  for  use  in  mortars. 

Some  Thoughts  on  the  Durability  of  Materials  Conveying  Steam, 
Air  and  Water.  Journal  of  the  American  Society  of  Heating  & 
Ventilating  Engineers,  vol.  23.  no.  2.  January  1917,  pp.  253-264, 
6  figs. 

Some  Relations  Between  the  Mai;netic  and  the  Mechanical 
Properties  op  Steel  and  of  Nickel,  S.  R.  Williams.  Journal  of 
The  Cleveland  Engineering  Society,  vol.  9,  no.  4,  January  1917, 
pp.  183-201.  10  figs. 

United  States  Government  Specification  for  Portland  Cement. 
Circular  of  the  Bureau  of  Standards,  Department  of  Commerce, 
No.  33,  January  18,  1917. 

Cast-Iron  :  WITH  Special  Reference  to  Engine  Cylinders,  J.  Edgar 
Hurst.  Engineering,  vol.  103,  no.  2664,  January  19,  1917,  pp. 
51-54,  9  figs. 

A  New  Brazing  Material.  Cassier's  Engineering  Monthly,  vol.  51, 
no.  1.  January  1917,  pp.  75-76. 


FUEL  AND   FIRING 

Coal  and  its  Economic  Utilisation,  John  S.  S.  Brame.  Journal  of 
the  Royal  Society  of  Arts,  vol.  65,  no.  3346.  January  5.  1917, 
pp.  136-143,  2  figs. 

Saving   Fuel   in   a   Large   Industrial   Boiler   Plant,   David   Moffat 

Myers.      Industrial    Management,    vol.    52,    no.    5,    Februarv    1917, 

pp.   639-650. 

The  author  of  this  paper  is  known  to  our  readers  as  an  authority  on 

power-plant  practice.     He  describes  the  economies  that  were  effected  in 

a  large,  comparatively  modern  plant   which  is  noted  for  the  progres- 

siveness   of   its   management.      Economies   in    such    a   plant,    therefore. 

indicate  to  some  degree  what  savings  might  be  obtained  in  the  average 

industrial   plant.      By   no    means   tbe    least    important   of  the   methods 

used  was  the  establishment  of  a  bonus  system  for  firemen. 

Ueber  Roholfeuerungen  in  Hi'TTENWBRKEN.  Von  Direktor  L. 
Schweitzer.      Stahl  und  Eiseu.   36  Jahrgang.   nr.   49,    December  7, 

1916,  pp.  1174-1180.  13  figs. 

Crude  oil  firing  in  metallurgical  plants. 

The  Water  Content  of  Coal,  with  Some  Ideas  on  the  Genesis  and 
N.iTURE  of  Coal.  Edward  Mack  and  G.  A.  Hulett.  The  American 
Journal  of  Science,  vol.  43.  no.  254.  Februarv,  1917,  pp.  7-110, 
10  figs. 

Coal  and  its  Economic  Utilisation.  John  S.  S.  Brame.  Journal  of 
the  Roval  Society  of  Arts,  vol.  G5,  no.  3348.  January  19,  1917, 
pp.    163-172. 

The  Use  of  Coke  and  Coke-Breeze  for  Steam  Generation.  John 
B.   C.    Kershaw.      The   Engineer,   vol.   123,   no.    3186,   January   19, 

1917.  pp.    51-52. 


FURNACES 

Vertical  Furnace,     .\eronautics.  vol.  12.  no.  170.  January  17,  1917, 
p.  55,  1  fig. 


GAS  ENGINEERING 

An  Original  Design  for  a  Gas  Valve,  D.  E.  Keppelmann.  The  Gas 
Age,  vol.  39.  no.  3.  February  1,  1917,  pp.  121-123,  6  flgs. 

A  Study  of  the  Thin  Plate  Orifice.  V.  R.  Gage.  The  Sibley  Jour- 
nal of  Engineering,  vol.  31,  no.  5,  Februarv  1917,  pp.  120-124, 
3  figs. 

Formulae  for  Finding  Large  Gas  Volumes,  H.  G.  Geissinger.  The 
Blast  Furnace  and  Steel  Plant,  vol.  5.  no.  2.  February  1917, 
pp.  55-56. 

Some  Aspects  of  Recent  High  Pressure  Investig.ation,  John  John- 
ston. The  Journal  of  The  Franklin  Institute,  vol.  183.  no.  1, 
January   1917,   pp.   1-33,   14  figs. 


ENGINEERING  MATERIALS 

Aluminum  Castings  and  Forcings,  P.  E.  McKinnev. 
dustry,  vol.  15,  no.  2.  February  1917.  pp.  65-60." 

t  Abstracted  in  the  Engineering  Survey  in  this  issue. 


HEATING   AND   VENTILATION 

Requirements    for   the    Heating   and   Ventil.\tion    of    Industrial 
The  Metal  In-  Buildings.     The  Heating  &  Ventilating  Magazine,  vol.  14,  no.  1, 

pp.  35-43.   1  fig. 
Measures  taken  in  13  states  to  Insure  Suitable  Working  Conditions 
in  Factories. 
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HYDRAULICS 

A  Pelton  Wheel,  B.  Wilding.  Tlie  Model  Engineer  and  Electrician, 
vol.  36,   no.  820,  January  11,  1917,   pp.  17-18,  2  flgs. 

Les  Machines   Hydk.iuhqces  a  l'Expo-sition   Nationai.e  Suisse  de 
Berne,    en    1914.    R.    Xeeser.      Bulletin    Technique    de    la    Suisse 
Romaude,  4.'5  ann#,  no.  1,  January  1.3,  1917,  pp.  1-5,  5  flgs. 
Hydraulic  Machinery   at  the   Swiss  National   Exposition. 

INTEitNAL-COMBUSTION  ENGINEERING 

Will  the  Future  Double-Actixg  Engine  Be  the  Marine  Diesel V 
Motorship,  vol.  2,  no.  1,  January  1917,  p.  9,  1  fig. 

Piston  Rods  for  High-Power  Internal-Combustion  Engines.  The 
Mechanical  Engineer,  vol.  39,  no.  990,  January  12,  1917,  p.  16, 
4  figs. 

Testing  Variable-Speed  Engines  by  a  New  Method,  Daniel  Roesch. 
S.  A.  E.  Bulletin,  vol.  II,  no.  4,  January  1917,  pp.  360-368,  9  flgs. 


MACHINE  DESIGN 

Crankshaft  Problems  in  Automobile  Engines,  A.  P.  Brush.  S.  A. 
E.  Bulletin,  vol.  II,  no.  4,  January  1917,  pp.  397-416,  6  flgs. 

The  Strength  of  Pistons,  etc.,  IV,  C.  C.  Pounder.  Mechanical 
World,  vol.  61,  no.  1567,  January  12,  1917,  pp.  22-23. 

Note  on  Bolted  Timber  Joints,  Wm.  Alexander.  The  Journal  of 
the  South  African  Institution  of  Engineers,  vol.  15,  no.  5,  De- 
cember 1916,  pp.  76-79,  4  flgs. 

Worm-Gear  Theory  and  Practice,  Part  II.  The  .\utomobile,  vol.  36, 
no.  5,  February  1,  1917,  pp.  303-306,  0  flgs. 

Wokm-Geak  Theory  and  Practice,  Part  III.  The  Automobile,  vol.  36, 
no.  6,  February  8,  1917,  pp.  344-347,  11  flgs. 

Worm  Gear  and  Worm  Gear  Mounting.  F.  W.  Lanchester.  Part  III. 
Engineering,  vol.  103,  no.  2664,  January  19,  1917,  pp.  65-67,  8  flgs. 

Protection-Edoe  Laminated  Belting.  Engineering,  vol.  103.  no. 
2664,  January  19,  1917,  p.  63. 

MACHINE  SHOP 

Gage  Grinding.  Charles  F.  Schlegel.  Machinery,  vol.  23,  no.  6.  Feb- 
ruary   1917,   pp.   468-469,   5   flgs. 

THE  Sand  Blast  :  Its  Hi.story  and  Development.  Frederick  George. 
Cassier's  Engineering  Mnthly,  vol.  51,  no.  1,  January,  1917,  pp. 
9-19,  16  flgs. 

Drill  Chucks.  Joseph  Horner.  Machinery,  vol.  23,  no.  6,  February 
1917.   pp.  402-467,  26  flgs. 

Gaging  and  Inspecting  Threads — I.  Douglas  T.  Hamilton.  Ma- 
chinery, vol.  23,  no.  6,  February  1917,  pp.  477-486,  15  flgs. 

Lubrication  of  Cutting  Tools — 2,  Edward  Hammond.  Machinery, 
vol.  23,  DO.  6,  February  1917,  pp.  490-499,  16  flgs. 

Multiple  Tools  for  the  L.athe,  Henry  M.  Wood.  Machinery,  vol. 
23,  no.  6,  February  1917,  pp.  506-513,  28  flgs. 

Grinding  Wheels  and  Grinding  Machines,  C.  W.  Blakeslee.  Indus- 
trial Management,  vol.  52,  no.  5,  February  1917,  pp.  697-710,  21 
figs. 

Power  Required  to  Drive  Machine  Tools.  Machinery,  vol.  9,  no. 
224,  January  11,  1917,  p.  394. 

t  Gas-Heated  Rivets  Retain  Temperature  Longer  Than  Do  Those 
Heated    in    Oil   Furnace.      American   Gas   Engineering    Journal, 
vol.  106,  no.  4,  January  20,  1917,  p.  87,  1  flg. 
William    F.    Croston    Explains    Peculiar    Condition    Discovered    at 
Works  of  Newport  News  Shipbuilding  and  Dry  Dock  Company. 

MECHANICS 

The  Equivalent  Mass  in  Rigid  Dynamics,  with  Applications  to 
Gyroscopes  and  Screw  Propellers,  A.  F.  Zabm,  with  diagram 
and  data  by  W.  P.  Loo.  Journal  of  The  Franklin  Institute,  vol. 
183,  no.  2,  February   1917,  pp.  207-210. 

Die   Ermittlung  der  Umlaufzahlen   und  Kurbelschleife.   Von   H. 
Guttwein,  Berlin.     Werkstatts-Technik,  vol.  10,   no.  22.  November 
15,   1916,   pp.    460-462. 
Determination  of  speed  of  rotation. 

MUNITIONS 

AIR  Conditioning  Problem  in  the  Manufacture  of  Ammunition, 
J.  I.  Lyie.  The  Heating  &  Ventilating  Magazine,  vol.  14,  no,  1, 
January  1917,  pp.  15-19,  4  flgs. 

Heat  Treating  Shrapnel  Forgings.  The  Iron  Trade  Review,  vol.  60, 
no.  6,  February  8,  1917,  pp.  365-368,  6  flgs. 


PUMPS 

Tests  of  Irrigation  Pumping  Plants.  F.  C.  Piatt.     Journal  of  Elec- 
tricity, vol.  38,  no.  3,  February  1,  1917,  pp.  79-82.  3  tables. 


RAILROAD  ENGINEERING 

THE  Southern  Locomotive  Valve  Gear.     Railway  &  Locomotive  En- 
gineering, vol.  30,  no.  2,  February  1917,  pp.  46-48,  5  flgs. 


THE  Maintenance  op  Air  Brakes  on  Freight  Car  Equipment,  H.  S. 
Walton.  New  England  Railroad  Club,  January  9,  1917,  pp.  244- 
268. 

Walschaert  Valve   Gear  Design,   II.  A.  Wels.     Railway  Mechanical 
Engineer,  vol.  91.  no.  2.  February  1917,  pp.  71-75.  10  flgs. 
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New 


ACCORDING  to  an  agreement  made  by  the  thoughtful 
kindness  of  Mr.  Theodore  N.  Vail,  such  volumes  of 
the  large  Bering  eollectiou  of  early  books  on  electricity  which 
he  presented  to  the  Massachusetts  Institute  of  Technology 
several  years  ago  as  were  found  to  be  duplicated  in  their 
library  have  now  been  offered  to  the  American  Institute  of 
Electrical  Engineers  as  a  gift.  Such  as  are  not  already  in 
the  Institute's  collections  will  be  added  to  the  Library. 

The  Library  has  acquired  by  purchase  at  auction  an  ex- 
tensive collection  of  early  works  on  technical  subjects,  espe- 
cially the  metallurgy  of  iron  and  steel,  from  the  library  of 
the  late  John  B.  Pearse.  Mr.  Pearse  was  associated  with 
Alexander  HoUey  and  others  in  early  steel  manufacture, 
making  the  first  Bessemer  steel  for  rails  in  this  country. 
Among  the  purchases  was  an  edition  in  Latin  of  Pliny's 
"  Historia  Naturale,"  printed  in  Venice  in  1489 :  John  Web- 
ster's "  Metallographia,"  London,  1671 ;  Schonberg's  "  Aus- 
f uehrliche  Berginf ormation,"  Leipzig,  1693 ;  Pomet's  "'  Histoire 
Naturale  des  Drogues."  Paris,  1694;  Paracelsus'  "  Buecher  und 
Schriften,"  Basle,  1589-91;  John  MuUer's  "Treatise  of  Artil- 
lery," Philadelphia,  1779 ;  Libavius'  "  De  Metallorum,"  Frank- 
fort, 1599 ;  Jacob  Leupold's  "  Schauplatz  des  Orundes 
Meehanischer  Wissenschaften  "  in  nine  volumes  with  copper 
plates,  Leipzig,  1724-39 ;  Beyer's  "  Theatrum  Machinarum 
Molarum,"  Leipzig,  1735;  and  a  large  collection  of  works  on 
varnish. 

Reference  lists  on  the  following  subjects  have  recently  been 
compiled  in  the  Library : 


Bauxite  and  Aluminum  Sulphate 

Metric  System 

Mining  in  China 

Wooden  vs.  Steel  Water  Pipe 

Standardizing  Rates  of  Pay 

Disjiosal  of  Tailings  by  Electric  Power 

Electrolytic  Zinc 

Aluminum 

Barium  Chlorate 

Street  Traffic  Regulation 

Central  Station  Accounting 

Household  Refrigeration 

Tumbling 
Copies   of   these   lists   are   a\ailable.      The   library    is    now 
compiling  an  extensive  bibliography  on  nickel. 

The  process  of  moving  the  collections  of  the  American 
Society  of  Civil  Engineers  to  the  United  Engineering  Society 
shelves  has  begun ;  several  weeks  must  elapse  before  it  is 
completed. 

Few  members  of  the  Founder  Societies  seem  to  realize  the 
facilities  offered  by  the  Library  Scr\'ice  Bureau  for  making 
translations.  Any  article  in  any  European  language  can  be 
translated  for  members.  German,  French,  Spanish.  Italian, 
Swedish,  Danish,  Dutch,  Russian,  Bohemian,  Servian  and 
Japanese,  can  be  covered  by  regular  translators  employed  by 
the  Service  Bureau.  The  rates  are  lower  than  those  charged 
elsewhere   for  technical  translation. 

W.  P.  C. 
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Kansas  State  Agricultural  College.  Bulletin  No.  2.  Manhattan, 
mill.     Gift  of  Kansas  State  -Agricultural  College. 

Centrifugal  Fan  Calculations  by  the  "  Specific  Speed  "  Method. 
By  M.  C.  Stuart.  Reprinted  from  Journal  of  the  American  So- 
ciety of  Naval  Engineers,  Aug.  1916. 

Centro  Nacional  de  Ingenieros.     Estatutos.     Buenos  Aires,  IdU. 

Comparative  Friction  Test  of  Two  Types  of  Coal  Mine  Cars.  By 
P.  B.  Liebermann.  Reprinted  from  Bulletin,  June,  1916,  American 
Institute  of  Mining  Engineers. 

Elementary  Course  in  Lagrange's  Equations  and  Their  Applica- 
tions to  Solutions  of  Problems  of  Dynamics.  By  N.  W.  Aki- 
moff.     Philadelphia,  1917. 

John  Fritz  Medal  Fund  Corporation.  Certificate  of  incorporation. 
May,   1903. 

Insurance  Society  of  New  York.  Membership,  constitution,  By- 
laws, Jan.,  1917.     A'eic  York,  1917.     Gift  of  Society. 

Leakage  from  Pipe  Joints.    By  F.  A.  Barbour. 

The  Light  Rkflecting  Value  of  Sanitary  Wall  Paints.  Paint 
Manufacturers'  Association  of  the  U.  S.  Circular  No.  43.  Phila- 
delphia, 1916.     Gift  of  Paint  Manufacturers'  Association. 

Lcmbang  and  Perilla  Oils.  Paint  Manufacturers'  Association  of  the 
U.  S.  Circular  No.  41.  Philadelphia,  1916.  Gift  of  Paint  Manu- 
facturers'   Association. 


Manuscript  of  Lecturf,  of  'Wm.  J.  Durfee. 
Swift. 


I  lift  of  Lindsay 


A  National  Department  of  Public  Works  Our  Nation's  Need.  By 
I.  Randolph.  Reprinted  from  the  Journal  of  the  Franklin  Insti- 
tute. Dec,  1916.     Gift  of  C.  W.  Rice. 

National  Standard  Specifications  and  Their  Relation  to  Export 
Trade.  By  Wm.  R.  Webster.  Reprint  from  Proceedings  of  the 
.American  Society  for  Testing  Materials,     vol.  XVI.  pt.  II.  1916. 

New  Josrsey  Public  Utility  Commissioners.  Statistics  of  Public 
Utilities.  1915.  Union  Hill,  N.  J.,  1916.  Gift  of  Public  Utility 
Commissioners. 

Public  Engineering  and  Human  Progress.  By  M.  L.  Cooke.  Paper 
presented  before  the  Cleveland  Engineering  Society.  Nov.  14.  1916. 
Gift  of  C.  W.  Rice. 

Quotations  of  Public  Utility  Securities,  as  of  March  1,  1913.  to 
assist  in  the  preparation  of  Income  Tax  Reports  together  with 
full  tP.xt  of  the  Income  Tax  Law.  Gift  of  Wm.  P.  Bonbright  & 
Co. 

Reducing  the  Time  Limit  in  Concrete  Building  Construction. 
.American  Concrete  Steel  Company.  Newark,  1916.  Gift  of  C.  W. 
Rice. 

Self-Propelled  Passenger  Cars  with  the  Edison  Non-.Acid  Stor- 
age Battery  for  Motive  Power  on  Steam  Railroads  and  Elec- 
tric Railways.  New  York,  1916.  Gift  of  Railway  Storage  Bat- 
tery Car  Co. 

State  of  New  York  at  the  Panama  Pacific  International  Expo- 
sition. San  Francisco,  Cal.,  Feb.  20-Dec.  4,  1915.  Albany,  J.  B. 
Lyon  Company,  1916.     Gift  of  Publisher. 

Tests  of  Kansas  Sands  for  Use  in  Mortar  and  Concrete.  By  R.  A. 
Seaton  and  I.  I.  Taylor.  Kansas  State  -Agricultural  College.  Bul- 
letin No.  3,  Engineering  Experiment  Station.  Manhattan,  1916. 
Gift  of  Kansas  State  -Agricultural  College. 

The  Thermodynamic  Properties  of  Ammonia.  By  F.  G.  Keyes  and 
R.  B.  Brownlee.  New  York,  J.  Wiley  d  Sons,  1916.  Gift  of  Robert 
B.  Brownlee. 

These  tables  of  the  properties  of  saturated  and  superheated  am- 
monia are  based  partially  on  an  experimental  investigation  carried  out 
at  the  Massachusetts  Institute  of  Technology.    The  experimental  raeth- 
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ods  ;iud  the  details  of  the  experiments  will  soon   be  published,   but  it 
was  thought  best  to  print  the  tables  in  advance.  W.  P.  C. 

Textiles — the  Bacicbone  of  New  England.  Reprinted  from  the 
Bulletin  of  the  National  Association  of  Wool  Manufacturer.'*. 
Boston^  1917 

What  Natural  Gas  Service  Save.s  the  People  of  Ohio.  By  Samuel 
S.   W.ver.     Columbus,  1917.     Gift  of  author. 
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Amehican  Bloweu  Company.     Detroit,  Mich. 
Sirocco  Service. 

American   District  Steam  Company.     North  Touawauda.   N.   V. 
Catalogue  and  Price  List  No.  9.     Heating  Specialties. 

Diamond  Power  Specialty  Company.     Detroit,  Mich. 
Power  Notes.     Dec.   1916,  Jan.  1917. 
Reducing  Fuel  Costs  at  the  Schenectad.v  Plant  of  the  (J.   E.  Co. 

Flannery  Bolt  Co.     Pittsburgh,  Pa. 
Staybolts.     January  1917. 

International  Motor  Company.     New  York,  N.  Y. 
Mack  truck  aids  science. 
Power  dump  trucks.      (Catalogue  lA.) 

LadDj  G.  T.,  Co.     Pittsburgh    Pa. 

Catalogue  No.  17.     Ladd  water  tube  boiler. 

I.EEfs  &  NoRTHiiUP  Co.     Philadelphia,  Pa. 

Bulletin  860-A.     Apparatus  tor  the  location  of  thermal    transfor- 
mation points. 

Leschen,  a.  &  Sons  Rope  Co.     St.  Louis,  Mo. 
Leschen's  Hercules.     January  1917. 

Lindenmeyr,  Henry  &  Sons.     New  York,  N.  Y. 

Minton.     Extra  strong  embossing  coated  cover. 
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Metallne  and  metallned  or  ollless  bearings. 

ROEBLiNG,  John  A.,  Sons  Compajjy.     Trenton,  N.  J. 
Roebling  Wire  Rope.     vol.  1,  no    4 

Texa.s  Company.     New  York,  N.  Y. 
Lubrication.     January,   1917. 

Under-Feed  Stoker  Company  of  America.     Chicago,  111. 
Publicity  Magazine,     December  1916,  January   1917. 

Wallace  &  Tiernan  Company.  Inc.     New  York,  N.  Y. 

Chlorine  control  apparatus  for  water  and  sewage  purification. 

GOLDSCHMiDT  Thermit  Company.     New  Y'ork  City. 
Reactions,    vol.  9,  no.  4,  1916. 

Harri.son  Safety  Boiler  Works.     Philadelphia,  Pa. 
Catalogue  710.     Cochrane  Heaters. 

Greenfield  Tap  and  Die  Corporation.  Greenfield.  Mass. 
How  to  Measure  Screw  Threads.  Bulletin  No.  1. 
This  bulletin  is  issued  as  a  step  toward  the  promotion  of  standard- 
ized methods  for  both  the  casual  measurement  and  continuous  inspec- 
tion of  s.-rew-cutting  tools  and  their  products.  In  theory,  screw-cut- 
ting tools  are  supposed  to  reproduce  their  own  threads.  They  do  not 
always  accomplish  this  in  practice,  largely  because  of  the  condition 
surrounding  the  application  of  power  to  them,  .\ttention  is  tlierefore 
called  to  this  fundamental  idea,  namely  :  it  is  not  the  tools  that  have 
to  interchange,  but  the  work  done  by  them.  W.  P.  C. 
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Administration   of  Indistrial   Enterprises,    with   Special   Refer- 
ence TO  Factory  Practice.     By  Edw.  D.  Jones.     New  York,  1916. 

AfinoDYNAMiQUE.     By  N.  Joukowskl.     Paris,  1910. 

Alaska  &  Northwest  Mining  Journal,     vols.  6-8. 
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Members,  Aug.  1,  1916.     Neto  York,  1916.     Gift  of  Institute. 

.\mebican   Scenic  and  Historic  Pbe.servation   Society,  Annual  Re- 
port.    21st,  1916.     Ananij,  1916.     Gift  of  Society. 


The    Analytical    Distillation    op    Petroleum. 
Mines.     Bulletin  125.     Washington,  1916. 
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Appalachian    Engineering    Association.      Transactions, 
nos.  37,  39,  41-46,  1910,     Gift  of  Library  of  Congress. 

Bureau   of    Railway    Economics.      List   of   references'  to    books   and 
articles  on  the  Adamson  Law  of  September  1916. 
List  of  references  relating  to   the  Eight-Hour  Working  Day  and   to 
limitations  of  working  hours  in  the  United   States  with   special  refer- 
ence to  Railway  Labor. 
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Calcium   Carbide  and  Acetylene.     Ed.    3.     Ev   G 
College,  Pa.,  1917.     Gift  of  Henry  P..  Koons.' 
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Bureau.     Bulletin  No.  71.     San  Francisco,  1916. 


Canada  Mines  Department. 
1915.     Ottawa,  1916. 
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Carnegie  Steel  Company.  Standard  Specitirations.  Steel  for  bridges. 
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Carnegie  Steel  Co. 
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trial and  Engineering  Chemistry,  Sept.  1916.  Gift  of  Barrett 
Manulacturing   Co. 

Concrete  Sewers.  Chicago,  1916.  Gift  of  Portland  Cement  Associa- 
tion. 


CO.VCRETING     IN     COLD     WEATHER. 

Cement  Association. 
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Gift    of    Portland 
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Experimental  Researches  on  the  Skin  Effect  in  Steel  Rails 
By  A.  E.  Kennelly,  F.  H.  Archard  and  A.  S.  Dana.  Reprinted 
from  the  Journal  of  the  Franklin  Institute,  August  1916  Gift 
of  Massachusetts  Institute  of  Technology,  Electrical  Eneineerlnp 
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Farmer's    Handbook    on    Concrete    Construction. 
Gift  of  Portland  Cement  Association. 
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I'ORESTs  of  Worcester  County.  The  results  of  a  forest  survey  of 
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industry,     boston,  1917.     Gift  of  Massachusetts  State  Forester. 

General  Summary  of  the  Mineral  Production  of  Canada  During 
1915.  Canada.  Department  of  Mines,  publication  No.  424  Ot- 
tawa, v.m, 
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OPMENT. Illinois  Geological  Survey.  Bulletin  No.  27.  Vrhana 
1916. 

GEOLOGICAL  Map  of  Mysore.     191."). 

Georg  Agricola.     De  re  Metallica. 
E.  P.  Mathewson. 

GLOSSOI'TERIS      Hed.s     of     Betts's 
Queensland    Geological    Survey. 

1916. 
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Creek,     Northern     Queensland. 
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Great  Britain.  Committee  of  the  Privy  Council.  Report  for  Scien- 
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Representatives  on  Interstate  and  Foreign  Commerce.  Un- 
der Senate  Joint  Resolution,  No.  60,  to  Investigate  Government 
Control.  Regulation  and  Ownership  of  Interstate  Public  Utilities. 
Oral  Argument  of  Alfred  P.  Thom. 

Hydro-Eikctric  Power.  By  Lamar  Lyndon.  2  vols.  vol.  1 — Hy- 
draulic Development  and  Equipment :  vol.  ii — Electrical  Equip- 
ment and  Transmission.     New  York,  McOraw  Hill  Book  Co.,  1916. 

Indiana.  Department  of  Geology  and  Natural  Resources.  Annual 
Report  40th.     Indianapolis,  1916 

Indu.strial  Arts  Index,  1916.     White  Plains,  1916. 
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port of  the  Proceedings  of  the  24th  Annual  Convention,  1916. 
Lima,  1916.     Gift  of  Association. 
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Jaurp.i'ch   der   Schiffbautechnischen   Geseli.schaft. 
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/N  these  columns  are  inserted  items  concerning  members  of  the  Society  and  their  professional 
activities.  Members  are  always  interested  in  the  doings  of  their  fellow-members,  and  the 
Society  welcomes  notes  from  members  and  concerning  members  for  insertion  in  this  section.  All 
communications  of  personal  notes  should  be  addressed  to  the  Secretary  and  items  should  be  re- 
ceived by  March  15  in  order  to  appear  in  the  April  issue. 


CHANGES  OF  POSITION 

John  O.  Heinze,  until  recently  identified  with  the  John  O.  Heinze 
Company,  Springfield,  O.,  has  become  associated  with  The  Simms  Mag- 
neto Company,  East  Orange,  N.  J. 

Wilbur  C.  Prior,  formerly  chief  draftsman  of  The  Merrow  Machine 
Company,  Hartford,  Conn.,  has  accepted  a  similar  position  with  Eaton, 
Crane  and  Pike  Company  of  Pittsfield,  Mass. 

RoYCE  L.  Beers,  until  recently  assistant  fuel  engineer  with  the 
U.  S.  Bureau  of  Mines,  Pittsburgh,  Pa.,  has  become  associated  with 
the  U.  S.  Radiator  Corporation,  of  Detroit,  Mich. 


Braemes  Air  Conditioning  Corporation  of  Philadelphia,  Pa.,  in  a  simi- 
lar capacity. 

F.  Wm.  Heislei!,  formerly  general  foreman  of  the  fuse  loading  de- 
partment of  the  Newton  Manufacturing  Company,  Lowell.  Mass.,  has 
accepted  a  po.sitlon  with  the  American  Locomotive  Company.  Schenec- 
tady, N.  Y. 

FORREST  W.  Manker,  until  recently  associated  with  the  B.  F.  Stur- 
tevant  Company,  Cleveland.  O.,  in  the  capacity  of  district  manager, 
has  become  identified  with  the  American  Incandescent  Heat  Company, 
Boston,  Mass. 


.\lfred  D.  White  has  entered  the  employ  of  the  Illinois  Stoker  Com- 
pany, Alton,  111.  He  was  until  recently  district  engineer  of  the  Green 
Engineering  Company,  with  offices  in  Denver,  Colo. 

William  B.  Corbett,  designer  with  the  Terry  Steam  Turbine  Com- 
pany, Hartford,  Conn.,  has  become  affiliated  with  the  General  Electric 
Company,  Lynn.  Mass.,  in  the  capacity  of  draftsman. 

Aemin  S.  Hoffman,  formerly  assistant  engineer  with  The  Texas 
Company.  New  York,  N.  Y.,  has  become  affiliated  with  the  engineer- 
ing department  of  the  Griscom  Russell  Company,  New  York,  N.  Y. 

Harold  S.  Lord  has  accepted  a  position  with  the  Ruggles  Machine 
Company,  Poultney,  Vt.  He  was  until  recently  connected  with  the 
General  Electric  Company,  Lynn,  Mass.,  as  mechanical  engineer. 

Henry  E.  Eagan,  until  recently  manager  of  the  Atlantic  Ice  and 
Coal  Corporation,  Dublin,  Ga.,  has  assumed  the  duties  of  chief 
engineer  of  the  Harris  Granite  Quarries  Company,  Salisbury,  N.  C. 

E.  Nesdahl,  formerly  air-conditioning  engineer  with  Warren  Web- 
ster   and   Company,    Camden,    N.    J.,    has   become   associated    with    the 


Prank  J.  McCarty  has  become  identified  with  the  Rudel-Belnap 
Machinery  Company,  Ltd.,  Montreal,  Canada.  He  was  until  recently 
in  the  employ  of  Tate,  Jones  and  Company,  Inc.,  Pittsburgh,  Pa.,  as 
designing  engineer. 

D.  Walter  Munn.  formerly  with  the  Montreal  Rolling  Mills  Branch 
of  the  Steel  Company  of  Canada,  has  become  affiliated  with  the 
engineering  department  of  the  Algoma  Steel  Corporation,  Ltd.,  Sault 
Ste.  Marie,  Canada. 

Myron  W.  Rice,  who  was  until  recently  in  the  employ  of  the  Ameri- 
can Engineering  Company,  Philadelphia,  Pa.,  in  the  capacity  of  test- 
ing engineer,  has  become  identified  with  the  Columbia  Chemical  Com- 
pany, of  Barberton,  O. 

Albion  R.  Davis  has  .loined  the  staff  of  the  Stone  and  Webster  En- 
gineering Corporation,  Boston,  Mass.,  as  mechanical  engineer.  Mr. 
Davis  was  formerly  connected  with  Gray  and  Davis,  Inc..  in  the  capac- 
ity ot  chief  draftsman. 

JOHN  AiREY,  assistant  professor  of  engineering  mechanics  at  the 
University  of  Michigan,  Ann  Arbor,  Mich.,   has  accepted  the  position 
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of  iuspector  of  munitions  for  the  British  Governmeut.  with  head- 
quarters at  Chicago,  III. 

Kenneth  White,  for  the  past  seven  years  chief  engineer  of  tlie 
By-Products  Coke  Corporation,  Chicago,  III.,  has  assumed  the  duties 
of  conveying-belt  engineer  of  the  Manhattan  Rubber  Manufacturing 
Company,  Passaic,  N.  J. 

TiiOM.AS  F.  GiTiiENS,  until  recently  in  the  employ  of  the  .\nierienii 
Synthetic  Dyes.  Inc..  Newark,  N.  J.,  is  assistant  master  meclianic.  h;\< 
become  atflUated  with  the  designing  department  of  The  Chile  Expl. .ra- 
tion Company,  New  York. 

L.  C.  Welch,  for  five  years  division  superintendent  of  the  Cyguet 
Division  of  The  Buckeye  Pipe  Line  Company  at  Cleveland  and 
Lima.  O.,  has  resigned  to  accept  a  position  with  the  Mid-West  Refin- 
ing Company   at  Casper,   Wyoniinj;. 

Claude  M.  G.iiil.\nd,  formerly  mechanical  engineer  with  Woodman- 
see  and  Davidson,  Chicago,  111.,  has  been  placed  in  charge  of  the 
newly  organized  power  department  of  the  Allen  and  (iarcia  Company, 
with  headquarters  in  Chicago.   III. 

A.  L.  Roberts  has  resigned  his  position  as  designing  engineer  with 
The  Crown  Cork  and  Seal  Company,  Baltimore,  Md.,  and  has  accepted 
a  similar  position  in  the  construction  department  of  the  Bethlehem 
Steel  Company,    South   Bethlehem.   Pa. 

R.iLPH  C.  Chesikltt  has  become  associated  with  the  engineering 
department  of  the  Willys-Overland  Company.  Toledo.  O.  He  was  for- 
merly connected  with  the  Maxwell  Motor  Compaaiiy.  Inc.,  I^etroit. 
Mich.,  in  the  capacity  of  layout  draftsman. 

•Joseph  E.  Sheedy  has  assumed  the  duties  of  assistant  to  the  presi- 
dent of  the  Seattle  Construction  and  Dry  Dock  Company,  Seattle, 
Wash.  He  was  formerly  general  superintendent  of  the  Inter  Island 
Steam  Navigation  Company,  Ltd.,  Honolulu,  Hawaii. 

Harry  H.  Bates,  recently  connected  with  the  Norfolk  and  Western 
Railway  Company,  Bramwell,  West  Va..  as  power  director,  has  accepted 
the  position  of  assistant  boiler  superintendent  of  the  Hopewell.  Va., 
works  of  the  E.  I.  duPont  de  Nemours  and  Company. 

K.  K.  Stocicwell,  who  has  been  chief  engineer  and  superintendent 
tor  the  Braden  Copper  Company,  of  Rancagua,  Chile,  for  the  past 
five  years,  has  opened  an  office  in  Salt  Lake  City,  as  engineering  and 
sales  representative  of  the  Robins  Conveying  Belt  Company. 

Eric  H.  Peterson,  formerly  mechanical  and  refrigerating  engineer 
with  the  Ford  Jlotor  Company,  Detroit,  Mich.,  has  assumed  the 
duties  of  chief  engineer  with  the  Vogt  Brothers  Manufacturing  Com- 
pany, formerly  the  National  Foundry  and  Machine  Company,  of  Louis- 
ville,  Ky. 

Dr.  W.  F.  .\I.  Goss.  Past-President.  Am.Soc.M.F...  dean  of  the 
College  of  Engineering  of  the  University  of  Illinois,  has  resigned  to 
accept  the  presidency  of  the  Railway  Car  Manufacturers'  Associa- 
tion, of  New  York.  The  resignation  will  take  effect  as  soon  as 
Dr.  Goss  can  be  relieved. 

W.  II.  Marshall,  formerly  president  nf  the  American  Locomotive 
Company,  is  to  become  associated  with  .7.  P.  Morgan  and  Company. 
It  Is  understood  that  recognition  of  the  successful  execution  of  muni- 
tion contracts  by  the  American  Locomotive  Company  during  Mr.  Mar- 
sball's  administration  has  led  to  his  new  connection. 

Patl  H.  Lange.  for  the  last  6Vi  years  chief  engineer  of  li,c  Niagara 
Machine  and  Tool  Works,  Buffalo,  N.  Y.,  formerly  chief  engineer  of 
The  Toledo  Machine  and  Tool  Company.  Toledo.  O..  is  now  connected 
with  the  Max  .ims  Machine  Company,  Bridgeport,  Conn.,  as  engineer 
and  manager  of  their  press  manufacturing  depart  ment. 


ANNOUNCEMENTS 

Walter  B.  Gump  has  joined  the  staff  of  Armour  and  Company. 
Chicago,  111.,  as  mechanical  engineer. 

Max  Friedlaxder  has  become  associated  with  the  American  Radia- 
tor Company,  Institute  for  Thermal  Research,  Buffalo,  N.  Y. 

Fred  W.  Teele  was  elected  vice-president  and  managing  director 
of  the  Southern  Canada  Power  Company,  Montreal,  Canada. 

J.  A.  Malonb,  until  recently  connected  with  the  New  York  ollice  of 
the  .\llied  Machinery  Company  of  America,  is  now  with  the  Paris 
office  of  the  firm. 

Sanford  E.  Thompson  announces  the  formation  of  a  partnership 
with  William  O.  Lichtner  under  the  name  of  Thompson  and  Lichtner. 
with  offices  in  Boston,  Mass. 


Stanli:y  D.  Winger,  sales  engineer  with  The  Prcst-O-Lite  Conipany. 
Inc..  Chicago,  HI.,  has  been  placed  in  charge  of  the  newly  organized 
railway  sales  and  service  department  of  the  company,  with  headquar- 
ters in   Indianapolis,  Ind. 

Wii.  A.  Cattell,  Henry  S.  Howard  and  Raymond  Asiiton  an- 
iHuincc  tl'eir  association  under  the  firm  name  of  Cattell,  Howard  and 
.\sbton.   Engineers,  San  Franeiscn.  Cal. 

NoK.MAN  W.  Storer,  general  engineer  of  the  Westinghouse  Electric 
and  Manufacturing  Company,  was  elected  president  of  the  Veteran 
Employees'  Association  of  that  company. 

Elliott  H.  Whitlock  has  been  recommended  by  the  Chief  of 
Engineers  of  the  War  Department  for  commission  in  the  grade  of 
Major  in  the  Engineer  Officers  Reserve  Corps. 

.\.  I^.  HcMPHKEY,  first  vice-president  and  general  manager  of  the 
Westinghouse  Air  Brake  Company,  Pittsburgh.  Pa.,  has  been  elected 
president  of  the  Union  Switch  and  Signal  Company,  in  accordance 
with  merger  proceedings  of  the  two  companies.  Hereafter  he  will 
assume  the  executive  work  of  the  two  companies. 

S.  J.  Gates,  until  recently  com  jiercial  engineer  with  'rii,>  Milwaukee 
Electric  Light  Company,  Milwaukee,  Wis.,  announces  the  organiza- 
tion of  the  Gates  Engineering  Company,  commercial  engineers.  This 
company  is  prepared  to  investigate  problems  involving  the  supply 
of  power,  the  development  of  new  and  additional  business  for  munici- 
pally or  privately  owned  electric  and  heating  plants,  the  prospecting 
of  new  territory  for  electric  power  development,  etc. 

Charles  R.  Courteney  and  Robert  E.  Cahill,  chief  draftsman 
and  superintendent,  respectively,  with  the  Watertown  Engine  Com- 
pany and  later  with  the  New  York  Engine  Company,  have  formed  a 
partnership  and  will  conduct  business  under  the  name  of  the  Water- 
town  Engine  and  Machine  Company.  The  company  will  make  a  spe- 
cialty of  repairs  and  replacements  to  Watertown  engines  and  boilers, 
and  in  addition  will  do  engineering  work  along  the  line  of  testing  and 
adjusting  power-plant  apparatus. 


APPOINTMENTS. 

Warren  D.  Lewis  has  accepted  an  appointment  as  chief  engineer 
of  the  Bradstreet  Realty  Corporation,  New  York,  N.  Y. 

William  J.  Bailey  has  been  appointed  eastern  sales  manager  of 
the  United  Coal  Corporation,  with  headquarters  in  the  Pennsylvania 
Building.  Philadelphia,  Pa. 

William  Ralph  Webster  has  been  appointed  assistant  chief 
engineer  of  the  Cambria  Steel  Company,  Johnstown,  Pa.  He  was 
formerly  chief  draftsman  of  the  company. 

E.  P.  RoBERT.s,  consulting  engineer,  formerly  Smoke  Commissioner 
of  Clev'eland,  O..  has  been  appointed  efficiency  engineer  of  the  Phila- 
delphia Rubber  Works  Company,  Akron,  O. 

Elmer  F.  Backer,  formerly  in  charge  of  the  new  designs  and  ex- 
I^erimental  work  at  the  Davenport  Locomotive  Works,  Davenport.  la., 
has  been  appointed  chief  draftsman  of  the  company. 


AUTHORS 

Charles  M.  Horton  is  writing  a  series  of  articles  on  the  Drafting 
Room  for  the  American  MachinM. 

F.  H.  New'ELL  addressed  the  February  I  meeting  of  the  Engineers' 
Club  of  Trenton  on  Engineering  Cooperation. 

.\LBERT  A.  Cary  has  contributed  an  article  on  Formation  of  Clinkers 
in  Boiler  Furnaces  to  the  February  10  issue  of  the  Electrical  World. 

F.  .\.  Halkey  has  contributed  an  article  on  Metric  System  in 
Engineering  to  the  February  1  issue  of  the  American  Machinist. 

Frank  Richards  is  the  author  of  Drill-Sharpening  Methods  at  the 
United  Verde  Mine,  Arizona,  which  appears  in  the  February  1  number 
of  Engineering  News, 

Carl  (i.  Barth  is  the  author  of  Time  Studies  for  Rate  Setting  as 
Originated  by  Dr.  F.  W.  Taylor,  which  appears  in  the  February  1 
issue  of  the  American  Machinist, 

DwiGHT  V.  Merrick  has  contributed  an  article  entitled  Object  and 
Method  of  Taking  Time  Studies  for  Rate  Setting  to  the  February  S 
issue  of  the  American  Machinist. 

Walter  Rautenstradch  is  the  author  of  Critical  Speeds  of  Rotors 
Resting  on  Three  Bearings,  which  is  published  in  the  February  1 
number  of  the  American  Machinist. 


THE  NEW  BOOKS 


ALL  books  receiv(^d  by  The  Journal  will  be  listed  under  this  heading,  generally  accompanied  by 
./l.  brief  descriptive  notes.  W  orks  of  special  importance  to  mechanical  engineers  will  he  com- 
mented on  at  length  by  members  and  others  peculiarly  qualified  by  reason  of  their  experience  and 
training.  In  this  issue  the  list  has  been  enlarged  to  include  the  chief  publications  brought  out  in 
the  late  sunuucr  and  autumn  of  1916. 


AUTOMOBILES 

JUodern  Starting,  Lighting  and  Ignition  Systems.  By  Victor  W.  Page. 
rii,i  X  S  iu.,  509  pp.,  295  illustrations.  The  Norman  W.  Henley 
riiblisliing  Co.,  New  York.     .$1.50. 

BUILDING  CONSTRUCTION  AND  EQUIPMENT 

Meclianicai  Equipment  of  Buildings.  By  Louis  A.  Harding  and  Arthur 
C.  Willard.  Vol.  I,  Heating  and  Ventilation  of  Buildings.  7x9^ 
in.,  021  i^p..  illustrated.  John  Wiley  &  Sons,  Inc.,  New  York.  $4. 
(To  be  reviewed  later.) 

Practical  Safetj-  .Methods  and  Devices.  By  George  .4.  Cowee.  5%  X  9 
in.,  434  pp.,  128  illustrations.  D.  Van  Nostrand  Co.,  New  York. 
$3.     (To  be  reviewed  later.) 

Safet.v  Engineering  Applied  to  Scaffolds.  6x9  in.,  339  pp.,  127  illus- 
1  rations.     The  Travelers  Insurance  Co.,  Hartford,  Conn.     |3. 


Power  Transmission  l>y  Leather  Belting.     By  Robert  T.  Kent.     5^4  x  8 

in.,    120    pp.,    illustrated.      Joliu    Wiley    &    Sons,    Inc.,    New    York. 
$1.25. 

Valves  and  Valve  Gears.  By  Franklin  DeR.  Furman.  Se<  ond  edi- 
tion. 6x9  in., -253  pp.,  237  illustrations.  .Tohn  Wiley  &  Sons. 
Inc..  New  York.     $2.50. 


MACHINE-SHOP  PRACTICE— METAL  WORKING 

Automatic  Screw  Machines.  By  Douglas  T.  Hamilton  and  Franklin  li. 
.Tones,  (i  x  9  in.,  342  pp.,  I'M  illustrations.  Industrial  Press.  New 
York.     $2.50.      (Reviewed  in  tliis  issue.  I 

English  and  American  Tool  Builders.  By  Joseph  W.  Roe.  6x9  in.. 
315  pp.,  58  illustrations.  Yale  University  Press,  New  Haven. 
Conn      $3.     (To  be  reviewed  later.) 


ELECTRICAL  ENGINEERING 

A  Laborator.v  Course  of  Practical  Electricity.  By  Maurice  J.  .\rcli- 
bold.  "li  X  9'>4  in.,  211  pp.,  98  illustrations.  The  Macmillan  Co., 
Sew  Yuik.     .SI. 1(1. 

This  book  is  made  tip  of  about  one  huiidrecl  loose-leaf  blanks 
upon  which  to  report  the  results  of  the  experiments  outlined 
therein,  and  is  designed  to  be  used  in  connection  with  any  text- 
book. The  experiments  are  intended  to  form  four  semesters 
of  laboratory  work,  and,  beginning  with  those  on  simple  mag- 
netic laws,  range  up  through  battery  connections,  I'esistance 
measurements,  etc.,  to  tests  and  measurements  on  d.c.  and  a.c. 
motors  and  generators  and  accessory  apparatus.  Diagrams 
showing  the  arrangement  and  connections  of  apparatus  in  the 
various  experiments  are  given  in  an  appendix. 

Handbook  of  Machine  Shop  Electricity.  By  C.  E.  Clewell.  4x7  in., 
461  pp..  315  illustrations.     McCiraw-Hill  Book  Co.,  New  York.     $3. 

HOISTING    AND   CONVEYING 


Forging  o(  Iron  and  SteeL  By  Wm.  A.  Richards.  5x8  in.,  213  pp.. 
237  illustrations.     D.  Van  Nostrand  Co.,  New  York.     $1.50. 

(irinding  Machinery.  By  James  J.  Guest.  5%  x  8%  in.,  440  pp.  Long- 
mans, (ireeu  &  Co.,  New  York.     $4. 

Lathe  Design,  Construction  and  Operation.  By  Oscar  E.  Perrigo.  Re- 
vised edition.  6x9  in.,  460  pp.,  341  illustrations.  The  Norman 
W.  Henley  Publishing  Co.,  New  i'ork.     $2.50. 

0.vv-.*cetylene  Welding.  By  S.  W.  Miller.  6x9  in.,  287  pp.,  192  illus- 
trations. Industrial  Press,  New  Y'ork.  $2.50.  (To  be  reviewed 
later.) 

Plain  and  Ornamental  Forging.  By  Ernst  Schwarzkopf.  oVi  x  8  in.. 
-04  pp.,  400  illustrations.  John  Wilev  &  Sons,  Inc.,  New  York. 
$1.50. 

Practical  Forging  and  .-Vrt  Smithing.  By  Thomas  I'.  Googerty.  5  x  7% 
in..  144  pp.,  89  illustrations.  The  Bruce  Publishing  Co.,  Mil- 
waukee.  Wis.     $1. 

Treatise  on  Milling  and  Milling  Machines.  6  x  9  in..  400  pp.,  2(;7  illus- 
trations.    Cincinnati  Milling  Machine  Co.,  Cincinnati,  O.     $1.51). 


Elevators.     By  John  J.  Jallings.     5%  x  8%  in.,  200  pp..  21 1  illustralions. 
.\merican  Technical  Society,  Chicago.  III.     $l,.">o. 


.MACHINE  ELEMENTS 

Elementary  Cams.     By  Franklin  DeR.  Furman.     S'/o  x  9  in.,  87  pp.,  69 
illustrations.     John  Wiley  &  Sons,  Inc.,  New  York,  $1.25. 

.The  author  first  describes  the  various  types  of  cams  in  com- 
mon use.  and  then  defines  the  terms  employed  in  the  solution  of 
design  problems.  I'^ollowing  this  come  explanations  of  the 
methods  of  constructing  the  several  generally  used  base  curves 
for  unit  rise  of  the' follower.  In  the  third  section,  which  com- 
prises over  half  the  book,  the  advantages  of  designing  on  a 
scientific  basis  instead  of  by  cut-and-try  methods  are  sc-t  forth, 
and  illustrative  problems  are  worked  out  in  detail  for  each  of 
the  types  dealt  with  earlier.  Short  sections  on  the  timing  and 
interference  of  multi-cam  arrangements  and  on  cam  mechan- 
isms for  reproducing  given  curves  and  figures  are  also  in- 
cluded. 

Empirical  Design.     By  Leslie  D.   Hayes.     6x9  in.,  99  pp.,  66  illustra- 
lions.    Cnrpenfer  &  Co.,  Ithaca,  N.  V.     $1. 


MANAGEMENT  AND  COST  ACCOUNTING 

Cost    Accounting    and    Burden    Application.       By    Clinton 
51,4x7%  in.,  328  pp.     D.  .\ppleton  &  Co.,  New  Y'ork. 
reviewed  later.) 


Scovcll. 
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Ford  Methods  and  The  Ford  Sliops.  By  Horace  L.  Arnold  and  Fay  L. 
Faurole.  7x10  in.,  440  pp.  The  Eugiueeriug  Magazine  Co.,  New 
York.     .f5. 

Industrial  Leadership.  By  Henry  L.  (iantt.  6x9  in..  128  pp.,  9 
charts.     Yale  University  Press,  .New  Haven.  Conn.     $1. 

Manufacturing  (''osts  and  Accounts.  By  .\.  Hamilton  Church.  6x9 
in..  4.^i2  pii.,  139  illustrations.  McGraw-Hill  Book  Co.,  Inc.,  New 
Y<irk,     $."1.      (To  lie  reviewed  later.) 

Prijiciples  and  Practice  of  Cost  .\ccounting.  By  Frederick  H.  Baugh. 
6x9  in..  194  pp.     F.  H.  Baugh,  Baltimore,  Md.     $2. 

The  Predetermination  of  True  Costs  and  Relatively  True  Selling  Prices. 

By   Frederic  A.   Parkhui'st.      6x9   in..   104   pp.,   illustrated.      John 
Wiley  &  Son.s,  Inc.,  New  Y'ork.     $1.25. 

Valuation,  Depreciation  and  the  Kate-Base.  By  Carl  Ewald  Grunsky. 
,">•%  x  9  in..  387  pp.  John  Wiley  &  Sons.  Inc.,  New  York,  $4.  (To 
he  reviewed   later.) 
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MAKINE  EXUINEERING 

Land  aud  Marine  Diesel  Engines.  By  G.  Supino.  6x9  in.,  309  pp., 
399  illustrations.     J.  B.  Lippincott  Co.,  Philadelphia,  Pa.     $3.75. 

The  Design  of  Marine  Engines  and  Auxiliaries.  By  Edward  M.  Bragg. 
G"4  X  914  in.,  183  pp.,  110  illustrations.  D.  Vau  Nostrand  Co., 
New  York.     $3.     (To  be  reviewed  later.) 

The  Marine  Steam  Engine..  By  R.  Sennett  and  H.  .T.  Oram.  G  x  9  in., 
502  pp.,  414  illustrations.  Longmans,  Green  &  Co.,  New  York. 
$6.     (To  be  reviewed  later.) 

The  Marine  Steam  Turbine.  By  J.  W.  M.  Sothern.  Fourth  edition, 
6x9  in.,  561  pp.,  330  illustrations.  D.  Van  Nostrand  Co.,  New 
York.     $6. 


M.VTEK1.4LS  OF  ENGINEERING 

Engineering  Chemistry.  By  Thomas  B.  Stillman.  Fifth  edition, 
5%  X  8%  in.,  760  pp.,  150  illustrations.  Chemical  Publishing  Co., 
Easton,  Pa.     $5.     (To  be  reviewed  later.) 

Lubricating  Engineer's  Handbook.  By  John  Rome  Battle.  6x9  in., 
333  pp.,  114  illustrations  and  16  pp.  of  ruled  log  sheets.  J.  B. 
Lippincott  Co.,  Philadelphia,  Pa.     $4.     (To  be  reviewed  later.) 

Mechanical  Technology.  By  C.  F.  Charnock.  Sy2  x  5V2  in.,  620  pp., 
503  illustrations.     D.  Van  Nostrand  Co.,  New  York.     $3. 

Pipe  and  The  Public  Welfare.     By  R.   C.   McWane.      4%  x  1%  in.,   165 

pp.,  illustrated.     The  .Stirling  Press,  New  York.     $1. 

Steel  and  Its  Heat-Treatment.  By  Denison  K.  BuUens.  5%  x  9  in., 
431   pp.,   223   illustrations.      .Tohn   Wiley  &  Sons,   Inc.,   New  York. 

.$3.75. 

The  Chemistry  and  Technology  of  Faints.  By  Maximilian  Touh.  6x9 
in.,  336  pp.,  83  photomicrographic  plates  and  other  illustrations. 
D.  Van  Nostrand  Co.,  New  York.     ?4. 

The  Metallurgy  of  Steel.  By  J.  W.  Harbord.  Fifth  edition,  6x9  In., 
933  pp.  (2  vol.),  695  illustrations.  J.  B.  Lippincott  Co.,  Phila- 
delphia, Pa.     $12.50. 

The  Physico-chemical  Properties  of  Steel.  By  C.  A.  Edwards.  6x9 
in.,  229  pp.,  181  illustrations.  J.  B.  Lippincott  Co.,  Philadelphia. 
$3.50. 


MATHEMATICS 

Elementary  Course  in  Lagrange's  Equations.  By  N.  W.  Akimoff.  6x9 
in.,  195  pp.,  58  illustrations.  Philadelphia  Book  Co.,  Philadelphia, 
Pa.    $2.     (To  be  reviewed  later.) 

Engineering  Applications  of  Higher  Mathematics.  By  V.  Karapetoff. 
In  5  volumes,  containing  problems  respectively  on  (1)  Machine 
Design,  (2)  Hydraulics,  (3)  Thermodynamics,  (4)  Mechanics  of 
Materials,  (5)  Electrical  Engineering.  6x9  in.,  60  to  115  pp. 
each.     John  Wiley  &  Sons,  Inc.,  New  York.     $0.75  per  vol. 

Handbook  of  Engineering  Mathematics.  By  Walter  E.  Wynne  and 
William  Spraragen.  4x6%  in.,  220  pp.,  113  illustrations.  D.  Vau 
Nostrand  Co.,  New  York.     $2. 

Seventy-two  pages  of  this  pocket-size  work  are  devoted  to 
the  formulse  and  methods  of  algebra,  geometry,  trigonometry, 
analytic  geometry,  calculus,  hyperbolic  functions  and  differen- 
tial equations;  60  pages  to  the  fundamental  formulae  of  theo- 
retical mechanics,  mechanics  of  materials  and  hydraulics;  24 
pages  to  electrical  foi-mulae  and  data,  10  to  measurement,  17  to 
physical  and  chemical  constants,  and  29  to  mathematical  tables. 
It  is  intended  primarily  for  students  in  engineering  schools, 
and  the  authors  have  endeavored  to  make  it  a  handy  means  of 
reference  to  the  theoretical  and  applied  mathematics  used  in 
engineering. 

MECHANICS 

Elementary  Mechanics  for  Engineers.  By  Clifford  Newton  Mills. 
41^  X  7  in.,  127  pp.,  36  illustrations.  D.  Van  Nostrand  Co.,  New 
York.     $1. 


The  course  given  in  this  book  is  designed  to  form  the  basis 
for  a  semester's  work  of  three  hours  per  week,  and  presup- 
poses a  mathematical  preparation  on  the  part  of  the  .student 
that  includes  trigonometry.  Principles  throughout  are  briefly 
stated,  it  being  intended  that  a  thorough  comprehension  of  their 
meaning  and  application  shall  be  gained  by  the  solution  of 
problems,  of  which  there  are  more  than  three  hundred,  many 
of  them  original. 

Hydraulic  Flow  Reviewed.  By  A.  A.  Barnes.  9%  x  6V2  in.,  158  pp., 
11  plates.     Spon  &  Chamberlain,  New  York.     $4.50. 

MUNITIONS      . 

Manufacture  of  Artillery  Ammunition.  By  L.  P.  Altord  (editor-in- 
cbief),  F.  H.  Colvin,  R.  Mawson,  E.  A.  Suverkrop  and  J.  H.  Van 
Deventer.  6x9  in.,  759  pp.,  648  illustrations.  McGraw-Hill  Book 
Co.,  New  York.     $6.     (To  be  reviewed  later.) 

POWER  GENERATION 

Coal,  Its  Economical  and  Smokeless  Combustion.  By  J.  S.  Cosgrove. 
S  X  51/2  in.,  273  pp.,  illustrated.  Technical  Book  Publishing  Co., 
Philadelphia,  Pa.     $3. 

Engineering  of  Power  Plajits.  By  Robert  H.  Fernald  and  George  A. 
Orrok.  6x9  in.,  581  pp.,  illustrated.  McGraw-Hill  Book  Co., 
New  York.     $4.     (Reviewed  in  this  issue.) 

Gas  Engine  Ignitions.  By  E.  B.  Norris,  R.  E.  Winning  and  W.  C. 
Weaver.  6x9  in.,  174  pp.,  209  illustrations.  McGraw-Hill  Book 
Co.,  Nev.-  York.     $1..10. 

iljdro-Electric  Power.  By  Lamar  Lyndon.  6x9  in.  Vol.  I  (Hy- 
draulic Development  and  Equipment).  499  pp.,  235  illustrations. 
.$5.  Vol.  II  (Electrical  Equipment  and  Transmission!,  360  pp., 
154  illustrations.     McGraw-Hill  Book  Co.,  New  York.     $3.50. 

Riveted  Boiler  Joints.  By  S.  F.  Jeter.  11  x  8  iu.,  155  pp..  .j2  illustra- 
tions. McGraw-Hill  Book  Co.,  Inc.,  New  York.  (To  be  reviewed 
later.) 

Sleam  Boilers.  Their  Theory  and  Design.  By  H.  de  B.  Parsons.  5%  x  9 
in.,  377  pp.,  158  illustrations.  Longmans,  Green  &  Co.,  New  York. 
.$4.      (To  be  reviewed  later.) 

.Steam  Power..  By  C.  P.  Hirsbfeld  aud  T.  C.  Ulbricht.  514  x  8  in.,  428 
pp.,  232  illustrations.     John  Wiley  &  Sons,  Inc.,  New  York.     $2. 

The  CaUendar  Steam  Tables.  By  H.  L.  Callendar.  5'Ai  x  SV2  in.,  39  pp. 
Longmans,  Green  &  Co.,  New  York.     $0.80. 

PUMPS 

Centrifugal  Pumps  and  Suction  Dredgers.  By  E.  W.  Sargeant.  6x9 
in.,  ISS  pp,.  160  illustrations.  J.  B.  Lippincott  Co'.,  Philadelphia, 
Pa.     $3.25. 

REFERENCE  BOOKS 

Elliott's  Weights  of  Steel.  Flexible  leather,  6x9  in.,  662  pp.  The 
Penton  Publishing  Co.,  Cleveland.  O.     $20. 

Handbook  for  Machine  Designers,  Shop  Men  and  Draftsmen.     By  P.  A. 

Ilalsey.       SVoxll    in.,    561    pp.,    750    illustrations.      McGraw-Hill 
Book  Co.,  New  York.     $5.      (Reviewed  in  this  issue.) 

The    "  Mechanical    World "    Pocket    Diary    and    Tear    Book    for    1917. 

■  'ri  X  5?4  in..  264  pp.   text,  and  52  pp.   diary.     The  Norman,   Rem- 
ington Co..  .Vmcrican  .\gcuts.  $0.35. 

This  handy  and  inexpensive  English  compilation  of  mechani- 
cal-engineering information,  now  in  its  thirtieth  year  of  pub- 
lication, has,  it  is  stated,  been  subjected  to  a  thorough  revision. 
The  section  dealing  with  steam  and  steam  engines  has  been 
largely  rewritten,  and  a  new  section  on  the  heat  treatment  of 
steel  has  been  added,  as  well  as  tables  giving  dimensions  of 
piston  rings  and  governors,  and  for  the  calculation  of  helical 
springs. 
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Mechanical  Engineers'  Handljouk.  By  Lionel  S.  Marks.  4V2X.7  in., 
l.SOO  p|i..  1,000  illustrations,  flexible  leather.  McCiraw-lIill  Book 
Co.,  N'tw  York.     ,f5.     (To  be  reviewed  later.) 

Mechanical  Engineers'  Pocket  Book.  By  William  Kent.  4  x  G%  in., 
I,."i2ij  pp.     Jobn  Wiley  &  Sous,  Inc.,  New  York.     $5. 


REFRIGERATION 

Elements  of  Refrigeration.     By  Arthur  M.   Greene,   Jr.     6x9  in.,   47S 

pp.,  illustrated.     John  Wiley  &  Sous,  Inc.,  New  York.     $4.     (To  be 
reviewed  later. ) 


MISCELLANEOUS 

Selling  Your  Services,     oii  x  S  in.,  17G  pp.     The  Sales  Service  Co.,  New 
York.  .^1. 

It  is  the  belief  of  the  authors,  whose  names  are  not  dis- 
closed, that  a  man's  services  are  to  be  marketed  to  the  best 
advantage  by  employing  the  same  selling  principles  that  have 
proved  successful  in  the  disposition  of  other  commodities,  and 
■with  this  in  mind  they  have  outlined  the  systematic  methods  of 
campaigning  which  they  themselves  followed  in  securing  posi- 
tions of  responsibility.  The  volume  includes  numerous  valu- 
able suggestions  regarding  the  advisability  of  changing  em- 
ployers and  of  hiring  out  to  a  competitor,  hunting  out  opportu- 
nities for  employment,  the  writing  of  cogent  letters  of  applica- 
tion and  situation-wanted  advertisements,  and  procedure  at  an 
interview  with  a  prospective  employer.  Examples  of  effective 
letters  of  application  for  positions  as  engineers,  salesmen,  fore- 
men, correspondents,  and  accountants  are  given,  which  are 
easily  susceptible  of  modification  to  suit  particular  require- 
ments. 


Handbook  for  Machine  Designers 

Uandbok  for  Machine  Designers,  Shop  Men  and  Draftsmen.  By  Fred- 
erick A.  Halsey,  B.M.E.,  Editor  Emeritus  of  the  American  Ma- 
chinist (Author  of  Slide  Valve  Gears.  The  Use  of  tlu'  Slide  Rule, 
Worm  and  Spiral  Gearing.  The  Metric  Fallacy,  etc.  1.  McGraw- 
Hill  Book  Co.,  Inc.,  New  York,  1916.  Second  Edition,  revised  and 
enlarged.  Cloth,  SVi  x  11  in.,  561  pp.,  over  800  illustrations,  In- 
cluding many  full-page  charts.     $5. 

This  book  places  before  the  reader  a  large  amount  of  in- 
formatifin  which  heretofore  had  been  spread  over  a  great 
'number  of  books,  pamphlets,  articles,  papers,  etc.,  and  which 
for  this  reason  was  not  available  to  those  for  whom  this  book 
"was  mainly  written.  It  makes  this  information  available  to 
the  practical  man,  whereas  heretofore  it  has  been  available 
only  to  the  student. 

The  book  is  quite  broad  in  its  scope  and  deals  with  all 
kinds  of  machine  elements,  as  well  as  the  strength  of  materials, 
mechanics,  properties  of  the  chief  materials  of  construction, 
the  study  of  heat,  the  steam  engine,  steam  boilers,  compressed 
air,  etc.,  apparently  with  the  aim  of  bringing  together  enough 
information  in  one  volume  to  enable  the  designer  to  study, 
improve,  and,  in  many  cases,  to  even  design  a  machine.  In  this 
the  writer  has  succeeded  admirably.  Though  more  than  one 
method  or  more  than  one  set  of  formute  are  often  given,  yet 
the  author  has  succeeded  in  avoiding  all  confusion. 

The  bodk  should  be  of  considerable  use  to  any  engineer  who 
has  to  deal  with  machinery,  and  should  be  of  especial  use  to 
the  draftsman  and  designer  and  also  to  the  shop  man  who 
wants  to  be  more  than  a  machine  operator.  The  information  is 
given  in  such  a  shape  that,  as  a  rule,  very  little  mathematical 
Tinowledge  is  required  to  thoroughly  understand  the  subject, 


though  the  author  did  not  make  an  attempt  to  cut  out  all  refer- 
ence to  mathematics  or  the  use  of  mathematical  formulae.  In 
many  places  graphical  charts  have  been  given,  and  many  of 
these  charts  have  been  carefully  analyzed. 

The  book  is  not  exactly  analytical,  yet  it  gives  enough 
analysis  to  lift  it  above  a  mere  compilation  and  seems  to  aim 
to  give  not  merely  information  but  also  understanding.  Many 
concrete  examples  have  been  given,  as  well  as  many  compari- 
sons of  existing  mechanisms. 

The  material  in  the  book  is  not  original,  nor  does  the  author 
claim  originality.  An  exception  should  be  made  as  to  those 
items  which  the  author  quotes  from  papers  and  books  written 
at  a  previous  period  by  himself,  such  as  worm  gears,  helical 
gears,  etc. 

The  book  might  be  compared  in  its  general  get-up  and  its 
scope  to  the  well-known  Reuleaux's  Konstrukteur,  covering 
somewhat  the  same  ground  and  with  the  same  thoroughness. 
Reuleaux's  Konstrukteur  has  been  out  of  date  for  many  years, 
and  no  amount  of  effort  would  ever  bring  it  again  to  the  same 
position  it  once  held.  Halsey's  Handbook  will  fill  for  the  Eng- 
lish-speaking engineers  the  place  which  was  once  occupied  by 
the  Reuleaux  work. 

There  are  certain  chapters  which  could  have  been  shortened 
without  doing  much  harm  to  the  book  as  a  whole,  among  which 
is  the  chapter  on  Cone  Pulleys  and  Back  Gears.  There  are  also 
many  tables  in  the  various  chapters  which,  though  doubtless  of 
some  value,  make  the  book  too  bulky,  and  more  would  have 
been  gained  if  either  some  of  them  had  been  omitted  and  there- 
by the  book  had  been  made  handier,  or  else  if  all  or  most  of  the 
tabulations  had  been  placed  in  a  separate  volume.  There  is 
considerable  duplication  in  some  of  the  mathematical  tables, 
and  it  would  be  of  advantage  to  have  these  tables  thoroughly 
reviewed  before  the  next  reissue  of  the  book. 

These  minor  objections  notwithstanding,  Halsey's  Handbook 
is  an  important  addition  to  the  engineer's  library. 

A.  L.  De  Leeuw. 


Automatic  Screw  Machines 

Automatic  Screw  Machines.  B,v  Douglas  T.  Hamilton,  Associate  Editor 
of  Machinery  (Author  of  Automatic  Screw  Machine  Practice, 
Shrapuel  Shell  Manufacture.  JIachiue  lorgiug.  Bolt.  Nut  .ind 
Rivet  Forging,  etc.)  and  Franklin  D.  Jones,  Associate  Editor  of 
Machinery  (.\uthor  of  Turning  and  Boring,  Planing  and  Milling, 
Gaging  Tools  and  Methods,  etc.)  The  Industrial  Press,  New  York, 
1916.     Cloth,  6x9  in.,  342  pp.,  100  illustrations.     $2.50. 

The  automatic  screw  machine  as  a  factor  in  modern  me- 
chanical production  has  become  so  important  and  is  so  widely 
used  that  it  seems  fitting  that  there  should  be  a  treatise  spe- 
cifically directed  to  it  and  its  use. 

The  technical  press  has  in  the  past  given  much  attention 
to  automatic  screw  machines,  their  methods  of  operation,  and 
the  character  of  work  which  can  be  economically  done  on 
such  machines.  While  evei-y  day  brings  up  new  problems 
I'elating  to  their  use,  both  the  machines  themselves  and  the 
work  done  on  them  have  now  been  sufficiently  standardized 
so  that  the  public  can  be  given  some  definite  information 
regarding  them  which  can  be  expected  to  be  of  more  than 
transient  value. 

Such  information  has  been  brought  together  and  with  new 
material  has  been  put  in  foi-m  for  use  by  the  authors  of  this 
book  in  a  way  to  be  of  value  both  to  the  purchaser  and 
owner  of  the  machines  and  also  to  the  operator,  as  well  as  to 
the   designers   of   machines   and   of   the   tools   and   auxiliary 
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equipment  required  in  their  use.  This  work  seems  well 
adapted  as  a  help  to  men  who  are  employed  to  operate  any 
of  the  types  of  machines  described;  from  it  they  can  obtain 
a  better  idea  of  the  possibilities  of  the  machine  and  its  method 
of  operation,  thus  enabling  them  to  secure  the  best  results 
in  their  work.  It  will  also  inform  them  as  to  the  working 
of  other  makes  of  machines  which  at  some  time  they  may 
be  called  on  to  operate. 

The  authoi-s  have  apparently  given  a  comprehensive  treat- 
ment of  the  subject,  stai'tiiig  first  with  a  detailed  description 
of  the  mechanism  of  a  number  of  well-known  types  of  ma- 
chines, and  emphasizing  the  particular  advantages  of  each 
and  the  classes  of  work  for  which  they  are  adapted.  Thus 
the  particular  relative  advantages  of  single-  and  multiple- 
.spindle  maehines  are  disi'ussed,  the  authors  pointing  out  on 
what  type  of  work  the  multiple-spindle  machines  may  give 
better  results  by  insuring  a  higher  rate  of  production,  and 
stating  reasons  why,  other  things  being  equal,  the  single- 
spindle  machine  can  produce  w-ork  of  a  higher  degree  of 
accuracy. 

Then,  following  this  general  description,  the  authors  go  into 
details  as  to  the  various  tools  used  in  the  machines,  including 
instructions  as  to  the  correct  clearance  angles  of  the  tools  and 
as  to  their  hsixdening;  also  as  to  the  speeds  and  feeds  re- 
quired. A  chapter  also  deals  with  the  attachments  found 
useful  in  extending  the  scope  of  the  work  which  can  be  handled 
in  automatic  screw  machines,  and  another  gives  a  detailed 
description  as  to  methods  of  laying  out  cams. 

Specific  cases  are  worked  out  for  a  variety  of  kinds  of 
work  and  for  work  of  different  materials  in  such  a  detailed 
way  as  to  be  a  guide  for  setting  up  for  other  work  of  similar 
character,  and  specific  instructions  are  given  as  to  the  pro- 
cedure of  setting  up  and  operating  each  of  the  types  of 
machines  described. 

Finally,  a  number  of  special  and  unusual  jobs  are  described, 
showing  a  great  range  of  work  which  comjj rises  much  of  a 
character  not  usuallj'  thought  of  as  being  screw-machine  work. 
This,  through  the  ingenuity  of  specialists,  has  been  made  a 
part  of  the  product  of  the  automatic  screw  machine,  the  use 
of  which,  for  many  of  these  jobs,  now  outclasses  all  other 
methods  of  pi-oduction. 

Luther  D.  Burlingame. 

Engineering  of  Power  Plants 

Engineering  of  Power  Plants.     By  Robert  11.  Fernald,  M.E.,.i.M.,Ph.D., 

Whitney  Professor  of  Dynamical  Engineering,  University  of  Penn- 
sylvania, and  George  A.  Orrok,  M.E.,  formerly  Mechanical  Engi- 
neer, New  Yorlt  Edison  Company.  McGraw-Hill  Book  Co.,  Inc., 
New  York,  1916.     Cloth,  6x9  in.,  569  pp.,  309  illustrations.      $4. 

"  This  is  not  a  treatise  on  power  plants.  It  is  simply  an 
epitome  of  the  subject  arranged  by  the  authors  for  convenient 
classroom  use." 

These  are  the  tirst  sentences  in  the  preface  of  this  book  and 
may  lie  taken  as  representing  the  authors'  final  opinion  of 
their  production,  for  it  is  jirobable  that  the  preface  of  a  book 
is  the  last  word  of  the  authors. 

The  statement  is  clearly  a  true  one.  It  is  not  a  treatise,  be- 
cause it  does  not  discuss  the  principles  of  design  either  of 
power-plant  units  or  of  power  jilants  themselves.  It  is  an 
epitome,  because  it  points  out  just  what  one  finds  in  power 
plants  of  large  and  small  capacity,  tells  something  of  how  the 
various  units  operate,  tells  much  about  their  comparative 
economy,  and  more  about  the  cost  of  installation  and  opera- 
tion. 


The  authors  have  certainly  accomplished  their  purpose  in 
writing  this  book,  and  it  appears  at  an  opportune  time. 

The  develojjment  of  power  engineering  during  the  last  dec- 
ade has  been  as  wonderful  as  it  has  been  important.  New 
prime  movers  have  been  born  and  have  grown  to  large  propor- 
tions. The  teacher  and  student,  the  designing  and  operating 
engineer,  have  reaUzed  what  a  valuable  fund  of  information 
has  been  published  in  the  technical  press  concerning  these  de- 
velopments. It  has  remained  for  the  authors  of  this  book  to 
present  the  reader  with  the  essentials  of  the  best  in  power- 
engineering  practice  at  the  present  time,  not  only  in  tliis 
country  but  abroad. 

The  authors  do  not  use  many  words  to  present  their  facts; 
on  the  contrary,  they,  use  short  and  concise  sentences,  and  the 
reviewer  is  impressed  with  the  very  large  amount  of  informa- 
tion which  the  book  contains.  There  are  two  things  which  ap- 
pear peculiar:  (a)  The  order  in  which  the  chapters  are  ar- 
ranged; (b)  the  comparatively  small  space  devoted  to  the 
electrical  genei'ator.  The  book  is  very  largely  descriptive.  It 
contains  only  simple  mathematical  formulae  clearly  explained 
and  easily  understood.  It  discusses  no  theories  but  contents 
itself  with  the  presentation  of  facts.  It  presents  the  results 
obtained  in  the  operation  of  many  distinct  appliances  and 
many  complete  plants.  It  does  not  place  in  economic  compari- 
son types  of  equipment  which  should  not  be  compared. 

The  book  will  undoubtedly  be  used  as  a  textbook  as  one  of 
the  authors  has  used  it — "  for  all  senior  engineering  students  " 
— and  all  engineering  students  must  know  something  about  the 
engineering  of  power  |)lants.  With  this  book  as  a  text  the 
teacher  with  experience  will  be  able  to  develop  an  admirable 
course  of  instruction  on  power  engineering  in  its  broadest 
sense.  A  goodly  number  of  problems  are  distributed  through- 
out the  book.  The  problems  have  a  true  power-plant  flavor 
and  one  feels  sure  the  authors  have  had  to  solve  many  of  them 
in  practice  rather  than  manufacture  them  for  a  textbook. 

This  book  should  meet  with  much  favor  entirely  outside  the 
classroom.  The  designers,  the  builders,  the  operators  of  power 
plants  will  all  find  much  information  of  value  to  them  in  it. 
The  designer  will  jjrofit  by  a  study  of  the  relative  economic- 
performance  curves  of  various  units  which  he  wishes  to  install, 
the  builder  will  find  the  tables  of  cost  extensive,  the  operator 
will  be  able  to  learn  what  others  have  done  to  reduce  operating 
costs  and  to  observe  from  the  curves  what  conditions  of 
operation  tend  toward  best  performance  with  a  given  com- 
bination of  appliances  under  varied  conditions. 

The  title  Engineering  of  Power  Plants  seems  to  fit  the  book, 
for  while  perhaps  two-thirds  of  its  contents  relate  to  burning 
fuel  for  making  steam  and  then  the  use  of  steam  for  making 
power,  electricity  or  heat,  the  other  third  takes  up  internal- 
combustion  engines  and  gas  producers,  compressed  air,  and 
hydraulic  power.  A  few  pages  are  devoted  to  the  power  plant 
of  the  steam  locomotive. 

This  is  an  excellent  book:  good  material  well  presented;  the 
faults  and  errors  are  few. 

The  names  of  the  authors  on  the  back  of  the  book  are  a 
sufficient  guarantee  of  its  contents. 

It  is  well  when  engineers  and  engineering  teachers  cooper- 
ate.    Books  will  be  better  as  they  learn  to  do  so. 

It  is  doubtful  if  there  could  be  found  two  engineers  whose 
knowledge  of  the  problems  of  the  engineering  of  power  plants 
and  the  teaching  of  the  subject  to  engineering  students,  better 
fitted  them  for  the  cooperation  which  resulted  in  -this  work. 

L.  P.  Brecken-ridge. 
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John  H.  Barr 
H.  DE  B.  Parsons 
John  A.  Stevens 


Terms  expire  December  1919 

Robert  H.  Fernald 

William  B.  Gregory 

C.  R.  Weymouth 


Chairman  of  Finance  Committee 

Robert  M.  Dixon 


Treasurer 

Wn.LIAM    H.    WiLEV 


Honorary  Secretary 

Frederick  R.  Hdtton 


Secretary 
Calvin  W.  Rice 


Executive  Committee  of  ttie  Council 

Ira  N.  Mollis,  Chairman 

D.  S.  Jacobus 

John  H.  Barb 

Arthur  M.  Greene.  Jr. 

Spencer  Miller 

Charles  T.  Main 


COMMITTEES,  ETC. 


STANDING  COMMITTEES 

Finance 

Robert  M.  Dixon  (1),  Chairman;  W.  H.  Mar- 
shall (2),  Alfred  E.  Forstall  (3),  George  M. 
Forrest  (4).  W.  E.  Symons  (5) 


Meetings 

Robert  H,  Fernald  (I),  Chairman;  John  H. 
Barb  (2),  Leon  P.  Alford  (3),  Dexter  S.  Kim- 
ball (4),  A.  L.  De  Leeuw  (5) 


Publication 

Fred.  R.  Low  (1),  Fred  J.  Miller  (2),  J.  W.  Roe 
(3).  C.  I.  Earll  (4),  George  J.  Foran  (5) 


Membership 

L.  R.  Pomeroy  (1).  Chairman;  Hosea  Webster 
(2).  Charles  E.  Lucke  (3),  W.  C.  Morris  (4). 
Nicholas  S.  Hill  (5) 


Library 

John  W.  Lieb  (1),  Chairman;  Jesse  M.  Smith  (2), 
Walter  M.  McFarland  (3).  A.  M.  Hunt  (4), 
The  Secretary 


House 

Frederick  A.  Scheffler  (1).  Chairman;  James 
W.  Nelson  (2),  Orbie  P.  Cummings  (3),  Maxwell 
M.  Upson  (4).  H.  O.  Pond  (5) 


Constitution  and  By-Laws 

F.  R.  Hdtton  CD.  Chairman;  Ira  H.  Woolson 
(4)  Secretary;  James  E.  Sague  (2),  Gborge^M. 
Basfohd  (3),  Jesse  M.  Smith  (5) 


Standardization 

H.  L.  Gantt(I).- 


-  (2)*,  Carl  Schwartz 


(3).  W.  F.  KiESEL.  Jr.  (4).  Henry  Hess  (5) 
''  To  be  appointed. 


SOCIETY  REPRESENTATIVES 

American  Association  Advancement  of  Science 
D.  S.  Jacobus,  Wm.  B.  Jackson 

American  Society  Testing  Materials 
Joint  Conference  Committee 

Chari.es  W.  Baker,  Arthur  M.  Greene,  Jr. 


American  Society  Testing  Materials 
Modification  Briggs  Standard  for  Pipe  Threads 

Stanley  G.  Flagg.  Jr.,  John  C.  Bannister 


Classification  of  Technical  Literature 

Fred.  R.  Low.  Chairman;  L.  P.  Breckenridqe, 
William  W.  Bird,  Alfred  E.  Forstall.  Edwin 
J.  Prindle 


Conference  Committee  on  Electrical  Engineer- 
ing, Standards 

Albert  F.  Ganz,  Chairman;  Carl  Schwartz 


Conservation 

George  F.  Swain,  Chairman;  Luther  D.  Bur- 
lingame,  Charles  W.  Baker,  M.  L.  Holman» 
Calvin  W.  Rice 


Engineer  Reserve  Corps 

William  H.  Wiley,  Chairman;  H.  A.  Gillis.  W. 
F.    M.    Goss,    Alex.   C.    Humphreys,    Wilfred- 

I,EWIS 


Engineering  Foundation 

W.  F.  M.  Goss.  E.G.  Spilsbdry 


Expert  Testimony  Committee 

Wm.  H.  Boehm,  H.  de  B.  Parsons,  Francis  H. 
Richards 


John  Fritz  Medal 

Ambrose   Swasey    (1),   John   A.    Brashear    (2)^ 
Frederick  R.  Hutton  (3),  John  R.  Freeman  (4) 


Joseph  .\.  Holmes  Memorial 

John  A.  Brashear 


Naval  Consulting  Board  of  the  United  States 
W.  L.  R.  Emmet,  Spencer  Miller 


Research 

R.  J.  S.  Piqott  (2).  Chairman;  Ralph  D.  Mers- 
HON  (1),  Arthur  M.  Greene,  Jr.  (3),  Carl  C. 
Thomas  (4),  Albert  Kingsbury  (oJ 


Conference  Committee  of  National  Engineering 
Societies 

Charles  W.   Baker,  Arthur  M.  Greene.  Jr., 
D.  S.  Jacobus 


Standardization  of  Pipe  and  Pipe  Fittings  for 
Fire  Protection 

J.  C.  Meloon 


Note — Numbers  in  parentheses  indicate  tlie  number  of  years  the  member  has  yet  to  serve. 
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Trustees  United  Engineering  Society 

John  R.  Freeman  (1),  I.  E.  Moultrop  (2),  E.  G. 
Spilsbtjrt  (3) 


Machine  Tools  Standardization 

A.  L.  DeLeeitw,  Chairman;  Leon  P.  Alford,  H.  V. 

Haight.   D.  S.   Kimball,,  W.  L.  Schellenbach. 

.1.  H.  Van  Deventer 


Student  Branches 

Frederick   R.   Hutton,    Chairman;  George   M. 
Brill.  William  Kent,  George  A.  Orrok 


SPECIAL  COMMITTEES 


Administration 

Robert  M.  Dixon,  Chairman;  Leon  P.  Alford. 
Geo.  M.  Basford,  Geo.  M.  Forrest,  Jo3.  W.  Roe 


Am.  See.  M.  E.  Junior  Prizes 

Leon  P.  Alford,  George  B.  Brvnd.  F.  E.  Rogers 


Am.  Soc.  M.  E.  Student  Prizes 

W.  D.  Ennis,  F.  R.  Hutton.  D.  S.  Kimball 


Boiler  Code  Committee 

John  A.  Stevens.  Chairman;  C.  W.  Obert.  Sec- 
retary; Wm.  H.  Boehm.  Rolla  C.  Carpenter, 
Frank  H.  Clark,  Francis  W.  Dean.  Thomas  E. 
Durban,  Elbert  Curtiss  Fisher,  Chas.  E. 
Gorton,  Arthur  M.  Greene,  Jr.,  Richard 
Hammond,  A.  L.  Humphrey,  Chas.  L.  Huston, 
D.  S.  Jacobus,  S.  F.  Jeter,  Wm.  F.  Kiesel,  Jr., 
W.  F.  MacGregor,  Edward  F.  Miller,  M.  F. 
Moore.  L  E.  Moultrop.  Richard  D.  Reed,  H. 
H.  Vaughan 


Conference  Committee  on  American  Engineer- 
ing .Standards 

Henry  Hess,  W.  F.  Kiesel,  Jr.,  Carl  Schwartz 


Metric  System 

L.  D.  Burlingame,  Chairman;  E.  M.  Herh,  F.  A. 
Halsey,  Henry  Hess,  J.  Sellers  Bancroft,  A. 
L.  DeLeeuw 


National  Museum 

G.  F.  Kunz.  George  Mesta,  H.  G.  Reist,  Am- 
brose    Swasey 


Nominating  Committee 

Willis    H.   Carrier.    Fredk.    W.   Gat.    A.    M. 
Lockett.   Paul  B.  Morgam.   Louis   E.  Stroth- 

man 


Patent  Laws 

Wm.   H.   Blauvelt.  Carl  C.  Thomas,  Edward 
Weston,  W.  E.  Winship,  Benjamin  F.  Wood 


Pipe  Threads  International  Standard 

Edwin  M.  Herr.  Chairman;  Wm.  J.  Baldwin, 
Geo.  M.  Bono.  Stanley  G.  Flagg.  Jr.,  L.  V. 
Bexet.  Paris  Representative 


Power  Test 

Geo.  H.  Barrus.  Chairman;  E.  T.  Adams,  L.  P. 
Breckenridge.  Robert  H.  Fernald,  D.  S. 
Jacobus.  William  Kent,  Edward  F.  Miller, 
James  W.  Parker.  Arthur  West,  Albert  C. 
Wood 


Tellers  of  Election 

Robert  H.  Kirk,  Chairman;  Ehwin  S.  Coolet, 
Harry  A.  Hey 


Tolerances  in  Screw  Thread  Fits 

L.  D.  Burlingame,  Chairman;  Elwood  Burd- 
sall.  Frederic  G.  Cobuhn,  Fred  H.  Colvin. 
A.  A.  Fuller.  James  Hartness,  W.  R.  Porter, 
Frank  O.  Wells,  Walter  F.  Worthington, 
Chas.  D.  Young 


SUB-COMMITTEES  OF  THE  COMMITTEE  ON 
MEETINGS 

Air  Machinery 

Carl  C.  Thomas.  Chairman:  B.  C.  Batchelder, 
Hugh  V.  Conrad.  Frederick  A.  Halsey.  O.  P. 
Hood.  Frederick  W.  O'Neil,  William  Prell- 
wiTz.  Richard  H.  Rice 


Cement  Manufacture 

H.  J.  Seaman,  Chairman:  G.  S.  Brown,  V ice- 
Chairman:  J.  G.  Bergquist,  W.  R.  Dunn.  F.  W. 
Kelley,  Morris  Kind,  F.  H.  Lewis,  W.  H.  Mason 
R.  K.  Meade,  Ejnar  Posselt,  H.  Struckmann, 
A.  C.  Tagge,  p.  H.  Wilson 


Fire  Protection 

John  R.  Freeman,  ChtUrman;  Edward  V.  French. 
V ire-Chairman:  Albert  Blauvelt,  F.  M.  Gris- 
woLD.  H.  F.  J.  Porter.  T.  W.  Ransom,  Ira  H. 
Wools  ON 


Conference  Committee  to  Determine  Cost  of 
Electric  Power 

D.  C.  Jackson,  A.  H.  Kruesi,  R.  J.  S.  Pigott. 
John  A.  Stevens.  B.  F.  Wood 


Engineering  Education 

Frank  H.  Clark,  Fred  J.  Miller 


Flanges  and  Pipe  Fittings 

Arthur  R.  Baylis,  Stanley  G.  Flagg.  Jr.,  E.  M. 
Herr,  Arthur  M.  Houser,  Jullvn  Kennedy. 
J.  P.  Sparrow,  E.  A.  Stillman,  A.  S.  Vogt.  Wm. 
M.  White 


Increase  of  Membership 

A.  L.  Wii.LisTON.  Chairman:  R.  M.  Dixon.  Chaii 
man  Finance  Committee 


Chairmen  of  Sub-Committees  on  Increase  of 
Membership 

Atlanta,  Park  A.  Dallis;  Birmingham,  C.  B. 
Davis;  Boston.  A.  L.  Williston;  Buffalo.  W.  H. 
Carrier;  Chicago,  Philip  N.  Engel;  Cincinnati, 
John  T.  Faig;  Cleveland,  Arthur  G.  McKee; 
Indianapolis.  L.  G.  Long;  Los  Angeles,  H.  E. 
Brett;  Michigan,  PL  H.  Esselstyn;  Milwaukee. 
Fred.  H.  Dorner;  Minnesota,  Max  Toltz;  New 
Haten.  E.  H.  Lockwood;  Neu  Orleans,  A.  M. 
Lockett;  New  York,  J.  A.  Kinkead;  Philadelphia, 
Thomas  C.  McBhide;  Pittsburgh,  F.  Hodgkinson; 
Rochester,  Lucifn  Buck;  St.  Louis,  John  Huntfr; 
San  Francisco,  Chas.  T.  Hutchinson;  Schenectady, 
L.  C.  Brooks;  Seattle.  Robert  M.  Dyer;  Tennes- 
see, E.  C.  Patterson;  Worcester,  E.  H.  Reed 


Joint    Committee    on    Standards   for    Graphic 
Presentation 

WiLLARD  C.  Bhinton.  Chairman;  Leonard  P. 
Ayres.  N.  a.  Carle,  Robert  E.  Chaddock,  F.  A. 
Clevel.\nd,  C.  B.  Da%-enport.  L.  L  Dublin, 
Roland  P.  Falkner,  W.  S.  Gifford,  J.  Arthur 
Harris.  H.  K.  H\wkes,  J.  A.  Hill,  H  D.  Hub- 
bard, Robert  H.  Montgomery,  Alex.  Smith, 
Judd  Stewart.  Wendell  M.  Strong,  Edward 
L.  Thorndike 


Local  Sections, 

Louis  C.    Marburg,   Walter   Rautenstrauch 
D.  Robert  Yarnall 


Refrigeration 

D.  S.  Jacobus,  Chairman:  P.  DeC.  Ball,  Edward 
F.  Miller,  Gardner  T.  Voorhees 


Research  Committee.  Sub-Committee  on  Bear- 
ing Metals 

C.  H.  Bifrbaum,  Chairman;  H.  Diederichs,  John 
A.  Capp 


Research  Committee,  Sub-Committee  on  Cut- 
ting Action  of  Machine  Tools 

Leon  P.  Alford.  Chairman;  A.  L.  DeLeeuw,  E. 
E.  Barney 


Research  Committee,  Sub-Committee  on  Fuel 
Oil 

Raymond     H.     Danforth,     Chairman;    Lee     E. 
Barrows,  Andrew  M.  Hunt 


Research   Committee,   Sub-Committee  on   In- 
vestigation of  the  Clinkering  of  Coal 

Lionel  S.  ALabks.  Chairman:  A.  \.  Blrininger, 
F.  C.  Hfbley,  O.  W.  Palmfnberg,  S.  W.  Parr 


Research  Committee,  Sub-Committee  on  Lu- 
brication 

Albert  Kingsbury,  Chairman;  A.  E.  Flowers. 
^LAYO  D.  Hersey.  George  B.  Upton 


Research  Committee,  Sub-Committee  on  Ma- 
terials of  Electrical  Engineering 

Ralph  D.  Mershon 


Research  Committee,  Sub-Committee  on  Safety 
Valves 

Philip  G.  Darling,   Henry  D.  Gordon,   Fred- 
erick L.  Pryor,  Frederic  AL  Whyte 


Research  Committee,  Sub-Committee  on  Steam 
Flow  Meters 

R.  J.  S.  Pigott.  Chairman;  Gr.4NGB  S.  Coffin, 
Sidney  Fisher,  F.  0.  Hechler,  Charles  C.  Lee, 
Leo  T;Oeb 


Research  Committee,  Sub-Committee  on  Worm 
Gearing 

Frederick   A.   Halsey,    Chairman:   L.    D.   Bur- 
llngame,    Wilfred    Lewis,    Walter    Rauten- 

STRAUCH 


Gas  Power 

H.  J.  Freyn,  Chairman:  J.  M.  Spitzglass,  Sec- 
retary: Ch.*.rles  J.  Bacon,  C.  H.  Benjamin, 
Alfred  D.  Blake,  W.  D.  Ennis,  George  F. 
Gebhardt.  Frederick  R.  Hutton,  Wm.  T.  'M\~ 
gruder.  H.  H.  Suplee 


Hoisting  and  Conveying 

C.  K.  Baldwin,  Alex.  C.  Brown,  Orton  G* 
Dale.  P.  J.  Fickinger,  Frank  E.  Hulett,  Spen" 
cer  Miller.  A.  L.  Roberts,  Harry  Sawyer. 
Richard  B.  Sheridan 


Industrial  Buildings 

F.  a.  Waldron.  Chairman:  Harry  A.  Burnham. 
Charles  Day.  William  Dalton.  J.  O.  DeWolf, 
Charles  T.  Main 


Machine  Shop  Practice 

H.  P.  Fairfield,  Chairman;  A.  J.  Baker,  E.  P. 
BuLLARD,  Jr..  Fred  H.  Colvin,  A.  L.  De  Lbeuw. 
Hf.nky  J.  Eberhardt.  N.  E.  Zusi.  R.  E.  Flan- 
ders, Charles  Fair,  A.  A.  Fuller.  Douglas 
T.  Hamilton,  E.  J.  Kearney,  Wh-fred  Lewis. 
H.  M.  Lucas.    F.  E.  Rogers 


Protection  of  Industrial  Workers 

John  Price  Jackson,  Chairman;  John  H.  Barr, 
Melville  W.  Mix,  M.  W.  Alexander,  G.  R. 
Olshausen.  John  W.  Upp,  William  A.  Viall. 
Carl  ^L  Hansen 


Railroads 

Edwin  B.  Katte,  Chairman:  Geo.  M.  Basford, 
Frank  H.  Clark.  C.  E.  Eveleth,  W.  F.  M.  Goss, 
A.  L.  Hu-uphrey.  Wm.  F.  Kiesel,  Jr.,  George  W. 
Rink.  Norman  W.  Storer,  H.  H.  Vaughan 


Textiles 

George  S.  Barnum,  Albert  G.  Duncan,  Charles 
H.  Fish,  Edwin  F.  Greene,  William  D.  Harts- 
horne.  Franklin  W.  Hobbs.  G.  Hawthorne  Per- 
kins. Charles  T.  Plunkett,  Edward  W.  Thomas. 
H.  B.  Thompson 


OFFICERS  OF  AFFILIATED  SOCIETY 

Providence  Engineering  Society 

J.  Ansel  Brooks,  President;  Robert  W.  Ada.ms. 
Wayland  T.  Robertson,  George  A.  Carpenter. 
Vice-Presidents:  Wm.  A.  Kennedy,  Recording  Sec- 
retary; Albert  E.  Thornley,  Corresponding  Sec- 
retary; A.  H.  Whatley,  Treasurer 
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SECTIONS  COMMITTEES 


Atlanta 


Earl  F.  Scott,  Chairman;  Park  H.  Dallis,  Sec- 
retary; Oscar  Elsas,  Frank  H.  Neelt,  L.  V*  . 
Robert,  Jr. 


Baltimore 

C.  C.  Thomas,  Chairman;  W.  L.  DeBaufre.  Vice- 
chairman:  A.  G.  Christie,  Secretary:  W.  W. 
Varnet,  W.  M.  Chatard 


Birmingham 

Rot  E.  Brakeman,  Chairman;  Chas.  B.  Davis, 
Vice-Chairman:  Paul  Wright,  Secy.-Treas.;  J.  H. 
Klinck,  Frank  G.  Cutler 


Boston 

A.  L.  Willistox.  Chairman;  W.  G  Starkweather, 
Secretary:  A.  C.  Ashton,  Chas.  H.  Fish.  Richard 
H.  Rice 


Buffalo 

JoHX  Youkoer,  Chairman;  Willis  H.  Carrier, 
David  C.  Howard,  J.  G.  Melendy.  David  W. 
Sowers 


New  York 

H.  R.  CoBLEiGH,  Chairman;  Alfred  D.  Blake, 
Secretary;  J.  J.  Swan,  Treasurer;  Edwin  J.  Prindle, 
John  H.  Nohris 


Philadelphia 

Emmett  B.  Carter.  Chairman;  W.  R.  Jones, 
Secretary:  Robert  H.  Fernald,  Chas.  L.  BRUFF^ 
Jas.  E.  Gibson.  Joseph  A.  Steinmetz 


St.  Louis 

H.  R.  Setz,  Chairman;  L.  A.  Day,  Secy.-Treas.; 
F.  E.  Bausch,  Edward  Flad,  L.  Gustafson 


San  Francisco 

Frederick  W.  Gat,  Chairman;  C.  F.  Braun, 
Secretary:  A.  C.  Paulsmeier,  J.  T.  Whittlesey, 
E.  A.  Rogers 


Paul  B.  Morgan,  Chairman;  Edgar  H.  Reed, 
Secretary;  Carl  F.  Dietz,  H.  P.  Fairfield,  Fred- 
erick W.  Parks 


OFFICERS  OF  STUDENT  BRANCHES 


Georgia  School  of  Tech.,  Atlanta,  Ga. 

J.  S.  Coon,  Honorary  Chainnan;  W.  G.  Carpenter  , 
Chairman;  W.  R.  Wash,  Secretary 


Illinois,  University  of,  Urbana,  111. 

C.  R.  Richards,  Honorary  Chairman;  V.  S.  Day, 
Chairman;  A.  0.  Isaacson,  Secretary 


Iowa,  State  University  of,  Iowa  City,  la. 

R.  S.  Wilbur,  Honorary  Chairman;  O.  H.  Beyer, 
Chairman;  F.  J.  Konvalinka,  Secretary 


Kansas  State  Agri.  College.  Manhattan,  Kan. 

W.  W.  Carlson,  Honorary  Chairman;  G.  A.  Sei^ 
LERS,  Chairman;  W.  N.  Caton.  Secretary. 


Kansas,  University  of,  Lawrence,  Kan. 

A.  H.  Sluss,  Honorary  Chairman;  C  W.    Hagen- 
BucH,  Chairman;  G.  W.  Nitchy,  Secretary 


Kentucky,  State  University  of,  Lexington,  Ky. 

F.  Paul  Anderson,  Honorary  Chairman;  M.  E. 
Pendleton,  Chairman;  D.  S.  Springer,  Secretary 


Chicago 

Joseph  Harrington,  Chairman;  A.  D.  Bailey, 
Vice-chairman;  Robert  E.  Thayer,  Secretary; 
Harry  T.  Bentlet,  C.  E.  Lord 


Cincinnati 

Fred  A.  Geier.  Chairman;  G.  W.  Galbraith, 
Vice-Chnirman;  John  T.  Faig,  Secy.  Treas.;  W.  G. 
Franz,  George  Langen 


Detroit 

M.  E.  Cooley,  Chairman;  J.  W.  Parker,  Secretary; 
E.  C.  Fisher,  T.  H.  Hinchman,  G.  W.  Bissell 


Erie 

J.  F.  Wadsworth,  Chairman;  AL  E.  Smith,  Secre- 
tary; R.  Conrader,  Treasurer;  N.  A.  Newton 


Indianapolis 

W.  H.  Insley.  Chairman:  L.  M.  Wainwright, 
V ice-Chairman;  W.  A.  Hanley,  Secretary;  B.  G. 
Mering,  Treasurer;  L.  W.  Wallace.  F.  C.  Wagner 


Los  Angeles 

W.  A.  E.  Noble,  Chairman;  Ralph  Sprado,  Vice- 
Chairman;  Ford  W.  Harris,  Secretary;  L.  D.  GiLr 
BERT,  O.  J.  Root 


Milwaukee 

Edward  Hutchens,  Chairman;  Fred  H.  Dorner, 
Secretary:  M.  A.  Beck,  L.  L.  Hebberd,  J.  W. 
Peterson,  L.  E.  Strothman,  W.  M.  White 


Minnesota 

J.  V.  Martenis,  Chairman;  F.  A.  Otto,  Vice- 
Chairman;  D.  M.  Forfar,  Secretary;  W.  H. 
Kavanaugh,  C.  W.  Tubby 


New  Haven 

H.  B.  Sargent,  Chairman;  E,  H.  Lockwood,  Sec- 
retary; F.  L.  Mackintosh,  J.  A.  Norcross,  J.  W. 
Roe 


Arkansas,  University  of,  Fayetteville,  Ark. 

B.  N.  Wilson,  Honorary  Chairman;  J.  C.  Moody. 
Chairman;  R.  L.  Belknap,  Secretary 


Armour  Institute  of  Tech.,  Chicago,  III. 

G.  F.  Gebhardt,  Honorary  Chairman;  G.  Fkitsje, 
Chairman;  E.   W.   Haines,  Secretary 


Bucknell  College,  Lewisburg,  Fa. 

F.  E.  Burpee.  Honorary  Chairman;  C.  D.  Maurer, 
Chairman;  C.   M.   Kriner,  Secretary 


California,   University  of,   Berkeley,  Cal. 

H.  B.  Langille,  Honorary  Chairman;  H.  Green- 
wood. Chairman;  J.  H.  Fenton,  Secretary 


Carnegie  Institute  of  Tech.,  Pittsburgh,  Pa. 

W.  Thinks,  Honorary  Chairman;  H.  A.  Madison, 
Chairman:  J.  Davis,  Secretary 


Case  School  of  Applied  Science,  Cleveland,  O- 

F.  H.  VosE,  Honorary  Chairman;  A.  E.  Fritzsche, 
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THE   SUBMARINE 


By  C.  H.  bedell.'  GROTON,  CONN. 


RECENT  events  have  forcibly  brought  to  the  atten- 
tion of  the  entire  world  the  capabilities  of  the  little 
boat  known  as  the  submarine.  All  the  eharaeteristies  of  these 
boats  are  fascinating;  to  the  engineer  on  account  of  the  many 
unique  problems  that  have  to  be  solved ;  to  all  of  us  on  account 
of  the  many  dramatic  possibilities  in  connection  with  sub- 
marine navigation.  Since  these  dramatic  possibilities  are  so 
great  in  number,  it  is  surprising  that  our  popular  Action  writ- 
ers have  not  made  more  extended  use  of  the  submarine.  Prob- 
ably this  neglect  of  such  a  promising  field  has  been  due  to 
lack  of  the  necessary  engineering  knowledge  to  handle  the  sub- 
ject properly.  We  have,  however,  one  book  on  the  submarine 
in  the  field  of  fiction  that  is  well  written  and  full  of  interest- 
ing scientific  and  engineering  material.  This  book  is  Jules 
Verne's  Twenty  Thousand  Leagues  Under  the  Sea.  I  read 
it  as  a  boy,  when  it  was  first  published  in  about  1874,  and  was 
fascinated  by  the  picture  it  gave  of  life  beneath  the  wave,  not 
imagining  that  it  would  ever  be  my  privilege  to  journey  thus 
in  those  depths  of  which  we  know  so  little.  A  short  time  ago 
I  reread  the  book,  and  was  again  fascinated  by  it,  because  it 
gave  me  a  eliance  to  see  how  closely  we  have  lived  up  to  that 
imaginary  picture  of  Jules  Verne. 

'  Klocf.-ital  Engineer,  Electric  F.oat  Co. 

Presented  at  a  meeting  of  the  New  York  Section  o£  The  American 
Society  op  Mechanical  Engine=;rs.  New  Yorlc,  November  14.  1916. 


As  far  as  the  handling  of  a  submarine  is  concerned,  whether 
under  way,  on  the  surface  or  submerged,  or  at  rest  on  the 
surface,  poised  at  any  depth  or  resting  on  the  bottom,  the 
boats  of  the  present  day  are  as  perfect  as  the  Nautilus  of  Jules 
Verne.  We  may  even,  if  we  so  desire,  make  our  boat  so  that, 
when  it  is  at  rest  submerged,  a  man  with  a  diving  helmet,  and 
entirely  disconnected  from  the  submarine  or  the  surface,  may 
pass  from  it  into  the  sea  and  explore  the  ocean  floor  for  an 
hour  or  more,  as  Captain  Nemo  of  the  Nautilus  did.  That 
such  construction  is  not  used  is  due  to  the  fact  that  there 
seems  to  be  no  material  need  for  such  operations.  The 
Nautilus  was  driven  by  electricity.  We  also  use  electricity 
when  running  submerged,  but  we  obtain  our  electricity  from 
storage  batteries,  while  Captain  Nemo  obtained  his  in  some 
mysterious  way  from  the  sea  itself.  The  great  difference  be- 
tween fiction  and  reality  in  this  case  is  that  the  Nautilus  was 
able  to  go  around  the  world  with  one  supply  of  energy,  while 
we  are  obliged  to  come  to  the  surface  after  one  or  two  hun- 
dred miles  for  the  purpose  of  recharging  our  storage  batteries. 

The  men  on  the  Nautilus  are  supposed  to  have  been  able  to 
see  objects  at  distances  up  to  one-half  or  three-quarters  of  a 
mile  by  the  light  of  the  sun  or  by  powerful  electric  lanijis. 
While  we  at  this  time  probably  have  more  powerful  electric 
lamps,  it  is  impossible  for  us  to  see  any  great  distance  through 
water,  no  matter  what  method  of  lighting  is  used.  This  is 
true,  at  least,  along  our  shores  as  far  out  as  tiie  Gulf  Stream. 
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An  enormous  amount  of  sediment  is  continually  being  poured 
into  the  sea  by  our  rivers  and  streams,  and  in  addition  the 
endless  wash  of  the  waves  on  our  sandy  shores  constantly 
tends  to  maintain  the  turbidity  of  the  water.  I  have  fre- 
quently looked  through  the  periscope  of  a  submarine  when 
resting  on  the  bottom  at  a  depth  of  50  ft.  The  second  peri- 
scope, some  five  or  six  feet  away,  could  easily  be  seen,  but  the 
bow  of  the  boat,  75  ft.  away,  could  not  be  seen.  The  sus- 
pended matter  in  the  water  acts  exactly  as  does  fog  in  the  air 
in  preventing  distant  vision.  On  account  of  this  fact,  all  run- 
ning when  totally  submerged  must  be  by  distance  runs,  ob- 
tained by  known  speed  and  time.  Of  course,  in  certain  waters 
the  limit  of  vision  may  be  materially  increased,  as,  for  ex- 
ample, among  the  islands  of  the  West  Indies  or  off  the  coast 
of  Southern  California,  yet  even  in  such  waters  it  is  not  prob- 
able that  one  could  see  more  than  100  or  200  ft.,  and  such  a 
distance  is  not  sufficient  for  purposes  of  navigation.  Thus 
at  one  stroke  we  take  away  the  greatest  factor  that  gives  such 
a  charm  to  Verne's  work — the  major  portion  of  the  control 
of  the  submarine  must  be  by  vision  above  the  waves. 

Another  point  interesting  to  consider  is  that  of  the  pressure 
per  square  inch  at  different  depths,  for  in  this  connection 
Jules  Verne  materially  slipped  up  in  his  calculations.  He 
teUs  about  Captain  Nemo  forcing  his  boat  to  depths  of  6000 
or  7000  ft.,  not  realizing  that  pressures  increase  nearly  half 
a  pound  per  square  inch  for  each  added  foot  of  depth.  At 
6000  ft.  the  pressure  is  nearly  3000  lb.  per  sq.  in.,  and  the 
Nautilus,  as  described  in  Verne's  work,  would  not  have  stood 
any  such  pressure.  An  illustration  in  the  book  shows  a  man 
seated  before  a  large  plate-glass  window,  and  another  man 
swimming  in  the  water  outside.  This  window  must  have  been 
at  least  25  ft.  square,  and  at  a  depth  of  200  ft.  it  would  have 
to  sustain  a  pressure  of  about  100  lb.  per  sq.  in.,  or  175  tons 
on  the  window.  At  6000  ft.  the  total  pressure  would  be  5250 
tons.  Certainly  no  glass  made  of  the  form  illustrated  could 
sustain  such  a  load.    However,  it  makes  a  very  pretty  picture. 

Another  point  shows  Verne's  misunderstanding.  He  states 
that  they  had  to  use  aU  the  enormous  power  of  her  engines 
to  force  the  boat  down  against  the  great  water  pressure;  the 
greater  the  pressure,  the  greater  power  it  took.  This  is  not 
according  to  fact,  for  if  a  body  is  once  made  heavier  than  sea 
water  and  starts  to  sink,  it  will  continue  until  the  bottom  is 
reached,  if  the  salt  in  the  sea  water  remains  a  constant  per- 
centage, a  condition  which  practically  exists  in  the  open  sea. 
The  question  is  frequently  raised  in  our  newspapers  whether 
a  ship  sunk  by  collision  or  the  like  will  sink  to  the  bottom 
or  go  a  certain  distance  and  then  remain  poised.  The  question 
was  raised  at  the  time  the  Titanic  was  sunk.  The  solution  of 
the  question  rests  upon  the  compressibility  of  the  material  of 
the  ship  as  compared  with  that  of  water.  If  the  latter  is 
greater  than  the  former,  and  the  depth  is  great  enough,  a 
point  would  be  reached  where  the  water  would  be  as  dense  as 
the  material  of  the  ship,  and  there  the  ship  would  remain 
poised.  For  the  purpose  of  calculation,  let  us  take  the  ex- 
treme ease  of  a  solid  steel  ball  dropped  overboard  in  the  open 
sea.  Now,  in  general,  we  say  that  water  is  incompressible. 
This  statement  arose  in  comparing  the  compressibility  of 
water  with  that  of  a  gas,  such  as  steam.  When  an  engineer 
allows  water  to  get  from  his  boiler  into  his  engine  cylinder, 
and  the  piston  striking  this  water  on  the  return  stroke  drives 
off  the  cylinder  head,  he  says  the  water  is  incompressible.  As 
compared  to  a  gas  it  is  incompressible,  but  as  compared  to 
steel  it  is  compressible;  indeed,  it  is  more  compressible  than 
steel.  Therefore,  our  steel  ball  as  it  descends  into  the  sea  and 
is  compressed  has  water  around  it  that  is  being  compressed 


at  a  more  rapid  rate  under  the  increase  of  pressure  than  the 
steel  is.  If  the  depth,  and  therefore  the  pressure,  is  great 
enough,  a  point  will  be  reached  where  the  water  will  be  as 
dense  as  the  steel,  and  at  that  point  the  ball  will  remain  sus- 
pended. A  calculation  based  on  the  compressibility  of  steel 
and  water  shows  that  the  required  depth  is  about  100  miles. 
As  the  sea  is  only  some  five  or  six  miles  deep,  it  is  evident  that 
our  steel  ball  will  go  to  the  bottom.  Now  let  us  take  the  ease 
of  the  ship  that  has  been  sunk.  When  she  starts  to  go  down 
she  is  heavier  than  the  water  around  her.  The  ship,  as  a 
whole,  is  far  more  compressible  than  the  steel  of  our  ball,  and 
will  get  relatively  heavier  as  she  descends,  that  is,  will  sink 
faster  and  faster  until  the  bottom  is  reached.  Returning  now 
to  the  submarine,  where  we  have  a  hull  that  is  perfectly  water- 
tight. Since  this  hull  is  composed  of  circular  frames  on  which 
is  mounted  the  hull  plating,  its  compressibility  is  far  greater 
than  our  steel  ball;  indeed,  it  is  far  greater  than  water.  In 
consequence,  if  a  submarine  is  so  trimmed  down  that  she  is 
even  slightly  heavier  than  water,  she  will  sink  to  the  bottom. 
This  has  been  conclusively  proved  in  connection  with  our 
tests  of  submarines  at  200  ft.  Every  submarine  for  the  U.  S. 
Government  must  be  taken  down  to  this  depth  and  kept  there 
for  ten  minutes.  In  making  this  test,  it  is  the  custom  first  to 
anchor  the  boat  where  the  depth  of  the  water  is  right,  then 
trim  the  boat  by  admitting  water  into  her  tanks,  trimming  her 
down  untU  she  has  only  a  few  hundred  pounds'  buoyancy,  then 
hauling  in  on  the  anchor  rope.  This  operation  draws  the  boat 
down  until  the  desired  dejjth  is  reached.  In  one  or  two  cases, 
in  the  trimming-down  operation,  but  a  small  amount  of  re- 
served buoyancy  was  given  the  boat,  and  as  the  boat  descended 
and  became  compressed  this  reserved  buoyancy  was  lost  and 
the  boat  went  the  rest  of  the  way  to  the  bottom.  From  the 
above  it  will  be  readily  seen  that  Verne's  statement  that  it  took 
all  the  power  of  the  engines  of  the  Nautilus  to  drive  her  into 
those  great  depths  is  not  correct.  There  is  one  exception  to 
the  general  statement  that  a  body  starting  to  sink  will  go  to 
the  bottom,  and  tliis  is  where  the  water  is  stratified,  when  large 
quantities  of  fresh  water  from  rivers  come  in  contact  with  the 
salt  sea  water.  Such  a  condition  exists  in  the  St.  Lawrence. 
Recently  in  making  the  200-ft.  depth  test  in  those  waters  it 
was  found  necessary  to  add  5000  lb.  to  the  water  in  the  tanks 
after  the  boat  had  started  to  sink  in  order  to  get  her  down 
to  200  ft.  This  was  due  to  the  fresh  water  from  the  river 
being  over  the  heavier  salt  sea  water. 

THE   SUBM.VHINE   IN   HISTORY 

The  history  of  the  submarine  extends  over  quite  a  period 
of  time,  as  there  is  a  record  of  such  a  boat  having  been  built 
about  the  year  1624.  During  the  next  150  years  the  subject 
was  frequently  considered  by  marine  engineers,  but  no  con- 
struction was  undertaken.  At  the  time  of  our  Revolutionary 
War,  the  interest  in  the  subject  was  transferred  from  Europe 
to  this  country,  due  to  the  fact  that  a  small  submarine  had 
been  built  by  David  Buslmell,  of  Connecticut.  This  boat  was 
only  large  enough  for  one  man  and  shaped  like  a  flattened 
egg,  with  its  major  axis  vertical.  It  was  fitted  with  tanks  and 
pumps,  anchor  operated  from  the  inside  of  the  boat,  screw 
propeUer  in  the  front  of  the  boat,  another  screw  propeller  at 
the  top  with  its  axis  vertical,  rudder  and  torpedo  at  the  stern, 
and  at  the  top  of  the  boat  a  screw  operated  from  within  the 
boat.  It  is  evident  that  this  screw  was  intended  to  be  worked 
into  the  planking  of  a  ship  at  anchor.  The  torjiedo  was 
fastened  to  the  screw  by  a  line,  and  when  the  submarine  was 
moved  away  the  torpedo  remained  with  the  screw.     The  sep- 


April 
1917 


THE  SUBMARINE,  C.  H.  BEDELL 


283 


arating  of  the  torpedo  from  the  submarine  started  a  clock, 
which  in  a  certain  time  would  explode  the  torpedo.  Bushnell 
had  to  educate  the  public  on  two  points  in  connection  with 
his  boat,  the  exploding  of  gunpowder  under  water  and  the  use 
of  the  screw  propeller.  The  propeller  had  been  invented  a 
short  time  before  by  another  man,  but  evidently  Bushnell's 
boat  was  the  first  on  which  it  was  used.  During  the  Revolu- 
tionary War  a  chance  at  last  came  to  make  use  of  the  boat, 
against  a  British  war  ship  anchored  off  Governors  Island. 
Unfortunately,  the  man  who  had  been  conducting  the  opera- 
tions of  the  boat  was  sick  at  the  time  and  another  had  to  take 
his  place.  Floating  down  with  the  tide  in  the  late  hours 
of  the  night,  the  submarine  was  maneuvered  luitil  she  came 
imder  the  war  ship.  The  operator  in  attempting  to  force 
the  screw  into  the  planking  of  the  ship  failed  on  account 
of  striking  metal  fittings.  Before  he  could  relocate  his  boat 
the  tide  ean'ied  him  away  and  he  had  to  give  up  the  attempt. 


During  our  Civil  War  the  South  became  quite  interested 
in  the  submarine,  and  several  of  the  boats,  called  "  Davids," 
were  built.  These,  as  were  the  earlier  boats,  were  all  oper- 
ated by  man  power,  eight  men  being  used  to  drive  the  pro- 
peller. Many  accidents  were  experienced  during  the  experi- 
ments on  these  boats  and  several  crews  were  lost.  These  ac- 
cidents, however,  did  not  occur  when  the  boats  were  operating 
submerged  but  when  on  the  surface.  The  small  conning  tower 
used  was  very  low,  and  waves  from  passing  steamers  and 
the  like  washed  over  it,  causing  the  boat  to  sink.  New  crews 
were  quickly  found  and  experiments  continued.  At  last 
a  chance  to  use  the  boat  came,  and  an  attack  was  made  on 
the  U.  S.  frigate  Housatonic,  anchored  off  Charleston.  The 
attack  was  made  at  night,  and  therefore  the  boat  was  op- 
,  erated  on  the  surface  only.  A  spar  torpedo  was  used,  as  at 
that  time  the  automobile  torpedo  had  not  been  developed.  It 
is  reported  that  an  officer  on  the  deck  of  the  Housatonic  saw 


Fig.   1     Choss-Section   op   a   Modern    Submarine 


Two  other  attempts  .were  made  against  British  ships  anchored 
in  the  Hudson,  but  these  also  failed  on  account  of  the  strong 
tide.  If  the  anchor  of  the  submarine  had  been  used  until 
the  torpedo  was  attached  to  the  ship,  the  attempt  would  have 
been  successful.  Public  opinion  did  not  support  Bushnell  in 
his  work,  and   therefore  nothing  further  was  done. 

The  next  submarine  of  interest  is  that  of  Robert  Fulton, 
who  launched  the  Nautilus  in  the  Seine  in  1801.  He  con- 
ducted many  experiments  with  this  boat,  but  not  getting  the 
necessary  financial  support  in  France,  took  the  boat  over  to 
England.  There  he  created  quite  a  furor,  and  many  experi- 
ments were  conducted,  even  going  so  far  as  to  the  blowing 
up  of  an  old  hulk  provided  for  the  purpose.  The  people 
did  not  consider  the  time  ripe  for  tliat  method  of  warfare, 
and  Fulton  again  failed  to  get  support.  He  then  came  over 
to  this  counti-y  and  succeeded  in  obtaining  a  grant  of  $50,000 
from  Congress  for  the  conducting  of  experiments.  It  is 
understood  that  it  was  Fulton's  submaiine  that  was  to  make 
an  attack  on  a  British  prison  ship  off  New  London,  but  the 
commander  of  the  prison  ship  hid  behind  his  prisoners  and 
obtained  the  influence  of  their  friends  on  shore  to  prevent 
the  attack.  The  work  with  Fulton's  submarine  was  discon- 
tinued, as  again  it  seemed  that  popular  opinion  was  not 
ready  for  the  use  of  such  ships. 

The  credit  for  the  first  actual  service  of  a  submarine  in 
time  of  war  will  have  to  be  given  to  a  boat  built  by  Wilhelra 
Bauer,  a  Bavarian,  who  built  one  such  boat  for  Germany  and 
one  for  Russia.  The  boat  built  for  Gennany  succeeded  in 
breaking  up  the  blockade  of  the  Danish  fleet  off  Kiel.  Later, 
this  boat  was  sunk,  due  to  the  collapse  of  her  hull  from  ex- 
cessive water  pressure,  the  crew  luckily  escaping.  A  few 
years  ago  the  boat  was  located  during  certain  dredging  opera- 
tions, was  raised,  and  is  now  on  exhibition  in  Berlin. 


the  submarine  approaching  the  ship,  but  thought  it  was  a 
plank  floating  with  the  tide.  This  idea  was  quickly  dispelled, 
for  after  a  terrific  explosion  the  men  who  had  been  on  deck 
found  themselves  in  the  water.  The  Housatonic  was  sunk, 
and  carried  down  with  her  the  submarine  and  all  her  brave 
crew.  It  is  probable  that  the  smaller  boat  was  sucked 
into  the  hole  in  the  larger  ship,  and  held  there  by  the  water 
pressure. 

PRESENT-DAY  SUBAIARINES 

During  the  following  twenty-five  years  many  submarines 
were  designed  and  a  few  built.  None  of  these,  however, 
proved  to  be  successful.  I  am  going,  therefore,  to  jump  to 
the  time  of  John  P.  Holland,  and  describe  the  submarine 
of  the  present  day.  Holland  was  an  Irishman  who  came 
to  this  country  just  before  the  Civil  War,  a  man  of  but 
very  little  education  but  of  bright  mind.  He  was  much  in- 
terested in  the  fight  between  the  Monitor  and  the  Merrimac, 
and  soon  commenced  to  consider  submarine  work.  At  last 
he  succeeded  in  getting  support  for  his  experiments  and  built 
two  or  three  small  submarines.  Plis  idea  being  to  build  a 
boat  that  would  sink  the  British  Navy,  his  trend  of  mind  is 
shown  by  the  name  he  gave  one  of  his  boats,  the  Finian  Earn. 
His  first  boats  did  not  amount  to  much,  but  he  acquired  a 
great  deal  of  experience,  discovered  what  to  do  and  what  to 
avoid,  and  was  then  in  shape  to  attempt  more  extended  work. 
It  was  at  this  time  that  he  joined  forces  with  the  Electric 
Boat  Company,  and  the  Holland  was  their  first  product. 

Mr.  Holland  started  his  work  at  just  the  right  time,  for 
the  internal-combustion  gasoline  engine  giving  large  power 
with  small  space  and  weight  had  just  been  developed  and 
large    storage    batteries    with    corresponding    electric    motors 
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were  to  be  had.     AVitliout   this  material  it  is  safe  to  say  the  tight,  but  in  general  is  open  to  the  sea.     It  serves  to  house 

submarine  would  still  be  in  an  experimental  form.  certain  external  fittings,  and  forms  a  deck  for  the  use  of  the 

The   general    an-angement    of   the    modern    submarine    fol-  crew.     At   the   bow  just  within   the   bow   easting  is  the   bow 

lows   very   closely   the   design    given    in   sketch   form   in    Fig.  cap,  covering  the  outer  ends  of  four  torpedo  tubes;  two  open- 


FiG.  2     U.    S.    Submarine    Holland 


Fig.  5     Bow  of  Submarine  with  Bow  Cap  in  Position 
FOR   Torpedo   Firixo 


Fig.  3    U.  S.  Submarine  M-1 


Fig.  0     Stern  of  a  Submarine 


m 

ir 

1 

I'll...  4     Launching  a  Submarine 


Fig.  7    Taking  a  Torpedo  on  Board 


1.     The  hull  proper  is  cigar-shaped,  since  this  form  is  best  ings  ai-e  made  through  this  bow  cap,  and  by  rotating  the  cap 

suited  to  withstand  the  pressure  of  submergence.    Above  the  the  openings  may  be  placed  in  line  with  the  different  torpedo 

main    hull   is   a    narrow    superstructure    extending    from   the  tubes.     These  tubes  at  the  inboard  end  are  fitted  with  doors, 

bow  nearly  to  the  stern.     This  superstructure  may  be  water-  so  that  after  the  tubes  have  had  the  water  drained  into  the 
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trimming  tank  whieli  suirounds  them,  the  doors  may  be 
opened  for  the  admission  of  spare  torpedoes.  Immediately 
abaft  the  tubes  is  space  for  spare  torpedoes,  and  below  the 
deck,  tanks  for  fuel.  In  the  design  shown,  the  galley  is  also 
located  in  the  compartment.  In  the  central  part  of  the  boat  is 
the  main  operating  compartment,  in  which  are  the  levers  that 
control  the  main  ballast,  auxiliary  ballast,  and  adjusting  tanks, 
steering  and  diving  wheels,  control  of  all  high-pressure  air 
lines,  periscope  and  connection  to  the  conning  tower.  In  the 
two  compartments  ahead  and  abaft  the  central  operating 
compartment  are  placed  the  two  sections  of  the  storage  bat- 
tery, these  batteries  being  large  enough  to  supply  current 
to  the  main  motors  and  drive  the  boat  for  one  hour  at  liy2 
knots,  or  at  low  speed  to  give  her  a  radius  of  about  100  miles. 
Around  the  storage  battery  are  the  main  ballast  tanks. 
It  is  in  connection  with   the  tanks  of  a  submarine  that   Mr. 


[lartment  are  the  engines,  main  motors,  pumps,  air  com- 
pressors, and  at  the  stern  are  the  after-trimming  tank,  twin- 
screw  propellers  and  the  steering  and  diving  rudders.  The 
conning-  tower  is  phwed  over  the  central  operating  compart- 
ment and  in  the  sketch  shown  is  titled  with  one  of  the  peri- 
fccopes.  Steering  is  done  by  means  of  an  electric  motor  con- 
trolled by  push  buttons. 

The  operation  of  a  boat  submerged  is  quite  different  fi'om 
one  on  the  surface.  On  the  surface  if  a  man  walks  from 
amidships  to  the  bow,  the  bow  will  be  depressed,  displacing 
a  greater  amount  of  water,  and  therefore  able  to  sustain 
the  increased  weight.  When  the  boat  is  submerged  no  change 
of  displacement  can  occur,  and  consequently  such  shifting  of 
weight  will  cause  the  boat  to  take  a  gi-eater  angle.  A  boat 
submerged  may  be  likened  to  a  pendulum  having  a  length 
equal  to  the  distance  between   the  center  of  buoyancy  of  the 


Fig.  8     Inner  Ends  of  the  Four  Torpedo  Tubes 


Holland  showed  his  genius,  and  no  submarine  can  be  con- 
sidered a  success  that  does  not  follow  the  lines  of  tank  con- 
struction that  he  prescribed.  In  all  the  earlier  submarines 
the  tanks  were  constructed  large  enough  to  take  the  maximum 
amount  of  water  that  might  be  required,  and  therefore  were 
almost  never  totally  filled.  In  consequence,  as  the  angle  of 
the  boat  changed,  the  water  was  free  to  flow  from  one  end 
of  the  tank  to  the  other,  making  it  almost  impossible  to  keep 
the  boat  properly  trimmed.  Holland,  realizing  the  condition 
made  it  a  rule  that  the  main  ballast  tanks  should  be  of  such 
a  capacity  that  when  entirely  filled  the  boat  would  be  brought 
to  the  awash  condition  only,  and  that  the  final  adjusting  of 
the  buoyancy  of  the  boat  must  be  made  by  the  use  of  a  small 
tank  which  would  have  but  a  small  free-water  surface  if  not 
entirely  filled.  The  main  ballast  tanks  are  therefore  entirely 
empty  or  completely  filled.     Abaft  the  storage-battery  corn- 


boat,  and  its  center  of  gravity,  generally  a  distance  of  about 
sixteen  inches,  and  the  weight  of  the  pendulum  being  the 
weight  of  the  boat,  say  500  tons.  A  weight  moved  from 
amidships  to  one  end  of  the  boat  would  produce  a  leverage 
to  swing  this  pendulum  from  the  vertical,  in  other  words, 
to  cause  the  boat  to  take  an  angle  by  the  bow  or  stem.  As 
a  submarine  when  submerged  will  go  the  way  she  is  pointed, 
it  will  readily  be  seen  that  change  of  angle  will  cause  her 
to  change  her  depUi.  The  man  at  the  diving  wheel  not  only 
has  his  wheel  and  deiilli  gage  before  him,  but  also  a  clinom- 
eter, a  sort  of  level  by  which  he  can  tell  the  exact  angle 
of  the  ship  and  therefore  tell  whether  the  boat  will  change 
her  depth  or  not  as  she  goes  along.  As  a  matter  of  fact,  the 
boat  is  swinging  up  or  down  most  of  the  time,  and  it  is 
the  duty  of  the  man  at  tlie  diving  wheel  to  check  these  motions 
and    control   the   boat   so   that  she   will   remain   at   the   depth 
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desired.     It  is  a  duty  requiring  constant  attention,   and   the 
man  at  the  diving  wheel  can  perform  no  other  duty.     In  the 
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Fig.  9    Diving  Control  Station 

small  boats  first  built,  great  care  was  exercised  that  there 
should  be  no  shifting  of  weight  when  the  boat  was  running 
submerged.  In  the  large  boats  as  now  built  the  weight  of 
a  man  is  such  a  small  percentage  of  the  total  weight  that 


quite  a  change,  yet  a  torpedo  from  a  small  boat,  if  it  reaches 
its  mark,  is  as  effective  as  one  from  a  large  boat.  It  is  the 
fact   just   mentioned    that    indicates    why   a   submarine    wiU 


Fig.  10    View  Taken   Through  Periscope 

retain  her  usefulness  until  she  is  literally  worn  out.    She  does 
not  become  obsolete  as  does  a  battleship  as  soon  as  a  more 


Fig.  11     After  End  op  Central  Operating  Comp.artment 


the  ordinary  movements  of  the  crew  may  be  counteracted  by 
the  man  at  the  diving  wheel. 


EQUIPMENT   OF    SUBMARINES 

From  the  Holland  (see  Fig.  2)   having  a  length  of  about 
53  ft.  to  the  M-1    (Fig.  3)    with  a  length  about  200  ft.  is 


powerful  ship  is  constructed.  The  little  Holland  was  thus  in 
commission  until  worn  out.  Every  other  submarine  built 
for  the  U.  S.  Government  is  in  active  service. 

At  the  time  the  Holland  was  built  we  had  no  periscopes. 
In  consequence,  the  boat  had  to  be  handled  by  "  porpoising," 
that  is,  running  a  short  distance  submerged  and  then  coming 
to  the  surface  far  enough  to  expose  the  conning  tower,  thus 
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getting  a  chance  for  a  look  around,  and  then  diving.  This 
porpoising  can  be  done  very  quickly;  the  boat  can  pass  from 
the  depth  of  30  ft.  to  the  surface,  line  up  on  the  target, 
have  the  torpedo  fired,  and  be  again  below,  all  in  30  seconds. 
The  advent  of  the  periscope  gi'eatly  aided  submerged  naviga- 
tion, since  at  all  times  vision  may  be  had  without  exposing 
the  hull  to  the  danger  of  a  chance  shot.  The  increased  size 
of  the  boats  has  made  them  far  more  comfortable,  and 
better  sea  boats  (eomj^are  the  freeboard  of  the  Holland  with 
that  of  the  M-1),  and  better  adapted  for  long  service  at 
sea.  The  development  of  wireless  telegraphy  now  permits 
the  submarine  to  keep  in  touch  with  the  shore,  and  all  sub- 
marines are  now  equipped  with  this  wonderful  apparatus, 
the  tall  masts  required  being  so  constructed  that  they  may  be 
quickly  lowered  for  submerged  work. 

In    the    design    of   a   submarine   a    far   greater   amount   of 


a  surface  boat,  the  submarine  has  the  horizontal  diving  rud- 
der for  steering  the  boat  in  the  vertical  plane.  Eacli  sub- 
marine can  carry  at  least  eight  torpedoes.  Fig.  7  shows  the 
taking  of  a  torpedo  on  board,  and  Fig.  8  shows  the  inner  ends 
of  the  four  torpedo  tubes  and  escape  hatch. 

A  view  of  the  diving  station  showing  diving  wheel  and  depth 
gages  is  given  in  Fig.  9.  On  the  depth  gage  below  the  pointer 
is  shown  the  curved  glass  tube  of  the  clinometer.  Fig.  10  re- 
produces a  view  taken  through  a  periscope.  The  vertical  line 
is  the  cross-wire  and  shows  the  exact  direction  the  periscope 
is  pointed.  The  scale  at  the  top  is  a  portion  of  the  card  of 
the  periscope  and  shows  that  the  periscope  was  pointed 
76%  degrees  from  the  north  towards  the  east.  The  after 
end  of  the  central  operating  compartment  is  shown  in  Fig. 
11.  This  particular  boat  had  an  unusually  large  central 
operating  compartment,   at   least   four  times  as   large   as  is 


Fig.  12     From  Amidships  Looking  Forward 


preliminary  work  in  the  line  of  calculating  of  weights,  dis- 
posal of  equipment,  etc.,  has  to  be  done  than  with  a  surface 
boat,  for  not  only  is  there  a  double  motive-power  equipment, 
but  the  boat  must  be  designed  for  both  surface  and  submerged 
work,  with  all  the  complicated  control  apparatus  required. 
Some  idea  of  this  construction  may  be  obtained  from  the  illus- 
trations given.  Fig.  4  shows  the  launching  of  a  submarine,  the 
cigar  shape  of  the  main  hull  being  of  sufficient  strength  to 
withstand  the  pressure  of  200  ft.  submergence,  that  is,  nearly 
100  lb.  per  sq.  in.  Fig.  5  represents  the  bow  of  a  submarine 
before  launching;  it  shows  the  bow  cap  with  opening  in  line 
with  the  torpedo  tube.  When  it  is  desired  to  close  the  tubes, 
the  openings  of  the  bow  cap  are  placed  under  the  bow 
easting.  In  Fig.  6  we  have  the  stern  of  a  submarine.  In  ad- 
dition  to   the  twin   screws   and   steering  rudder  as   used   on 


usually  constructed.  The  daxk  object  at  the  top  of  the  picture 
is  the  lower  end  of  one  of  the  periscopes.  Behind  this  is 
an  escape  hatch,  the  ladder  to  it  having  been  removed  so  as 
not  to  obstruct  the  view  from  the  camera.  In  the  left  lower 
corner  is  the  ice  box,  then  comes  the  battery  and  auxiliary 
switchboards.  In  the  center  of  the  picture  is  the  closed  door 
leading  into  the  engine  room.  To  the  right  of  the  door 
is  the  control  equipment  of  the  two  main  motors  and  on  the 
right  are  the  electric  cooking  range  and  galley  sink. 

Fig.  12  gives  a  good  idea  of  the  mass  of  equipment  of 
a  submarine,  every  part  of  the  space  being  utilized.  The 
picture  is  taken  from  amidships  looking  forward.  In  the 
center  of  the  picture  is  shown  the  hand  steering  wheel.  In 
general  the  steering  is  done  by  an  electric  motor,  shown  at 
the   top   of   the   picture.     On   the   left   is  the   air   manifold, 
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Fig.  13    From  Amidships  Looking  Aft 


Fig.  14     From  After  End  Looking  Forward 
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with  valves  for  control  of  the  high-pressure  air.  These 
valves  connect  the  air  to  all  the  different  tanks.  By  opening 
the  valves  to  the  main  ballast  tanks,  the  water  may  be  blown 
out  in  a  short  period  of  time.  On  the  right  is  shown  the 
water  manifold  which  connects  the  different  tanks  to  the 
adjusting  pump,  also  the  levers  of  the  large  Kingston  valves. 
Fig.  13  gives  a  view  looking  aft  from  amidships  and  showing 
the  mam  engines,  and  Fig.  14  from  the  after  end  looking 
forward,  showing  main  motors  and  engines. 

One  of  the  two  engines  for  a  submarine  on  the  test  stand  is 
shown  in  Fig.  15.  For  many  years  the  gasoline  engine  was 
the  best  at  our  disposal,  but  as  gasoline  is  a  bad  thing  to 
handle  in  the  confined  space  of  a  submarine,  we  were  glad 
indeed  when  the  Diesel  heavy-oil  engine  became  available  for 
this  work.     The  development  of  these  engines  was  quite  ad- 


gasoline  to  heavy  oil  has  bruuglit  out  one  very  interesting 
characteristic,  that  is,  that  with  a  given  quantity  of  heavy  oU, 
lAvice  the  number  of  horsepower-hours  may  be  obtained  as 
from  a  like  quantity  of  gasoline.  Thus  with  a  boat  having  a 
given  fuel  tank  capacity,  double  the  radius  of  action  is  obtained 
when  the  change  from  gasoline  to  heavy  oil  is  made.  Another 
point  is  that  heavy  oil  costs  about  one-fifth  as  much  per  gallon 
as  gasoline;  thus,  for  a  given  number  of  horsepower-hours, 
the  fuel  of  the  Diesel  engine  costs  but  one-tenth  that  for  the 
gasoline  engine. 

OPEK.XTION   OF    SUBMARINES 

The  diving  and  behavior  of  the  boat  submerged  is  exceed- 
ingly interesting,  and  is  shown  in  Figs.  17  to  23.    In  Fig.  17 


Fig.  15    450-hp.  Two-Ctcle  Diesel  Engink 


vanced  m  Germany  before  any  such  marine  engines  were 
built  in  this  country.  In  order  that  we  might  advance  as 
rapidly  as  possible,  all  known  engines  of  this  type  were  ex- 
amined by  our  engineers,  and  the  conclusion  reached  that  the 
engine  built  in  Nuremburg  was  the  best  then  developed. 
Steps  were  immediately  taken  to  acquire  the  rights  for  this 
country,  and  we  were  thus  able  to  get  for  our  submarines  the 
best  engine  then  developed.  Many  of  these  engines  were 
built  and  are  now  in  operation  in  our  submarines.  In  the 
building  and  operating  of  these  engines  we  found  there  were 
many  things  we  did  not  Mke,  the  principal  point  being  that 
they  were  very  complicated.  In  consequence  a  new  engine 
was  designed — illustrated  in  Fig.  16.  This  is  the  type  of  en- 
gine used  in  many  submarines  recently  built  and  has  stood 
hard  service  with  wonderfully  good  results.    The  change  from 


we  have  the  submarine  stripped  of  all  deck  fittings  and  ready 
for  submerged  running.  It  takes  but  a  few  minutes  to  take 
down  life  lines,  etc.,  close  hatches  and  fill  the  ballast  tanks. 
Fig.  18  shows  the  boat  thus  trimmed  down  and  ready  for 
submerged  running.  The  buoyancy  is  about  800  lb.  and  when 
thus  trimmed  the  boat  may  be  steered  down  or  up  with  the 
diving  rudders,  exactly  as  the  usual  steering  rudder  guides 
a  surface  boat.  If  now  the  boat  is  started  ahead  with  diving 
rudders  kept  at  zero,  the  boat  will  rise  as  shown  in  Fig.  19. 
That  is,  the  natural  tendency  of  the  boat  is  always  to  rise. 
If  now  the  boat  is  given  a  diving  rudder,  the  stern  will 
rise,  the  bow  will  go  down  as  shown  in  Fig.  20  and  the  boat 
wiU  slide  under.  When  this  photograph  was  taken  the  boat 
was  making  a  quick  dive,  and  tlie  angle  of  the  boat  is 
about  five  degrees.     In   general  but  three-degree  angles  are 
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used  in  diving  or  rising,  and  for  uniform  running  the  boat 
angle  will  probably  not  change  one  degree.  In  Fig.  21  we 
see  the  boat  well  under,  and  in  Fig.  22  she  is  running  at  a 
unifoi-m  depth.  The  actual  distance  of  the  boat  from  the 
camera  when  this  picture  was  taken  was  but  94  yd.,  a  very 
short  distance  over  water.  The  control  of  depth  even  at  high 
speed  submerged  is  wonderfully  accurate,  runs  being  fre- 
quently made  when  for  ten  minutes  at  a  stretch  the  depth  will 
not  change  one  foot. 

If  a  submarine  is  resting  on  the  surface  and  water  is  ad- 
mitted to  her  tanks,  she  will  gradually  settle  in  the  water. 
If  care  is  exercised  as  the  balancing  point  is  reached  the 
adjustment  may  be  made  so  accurate  that  another  gallon  of 
water  admitted  to  her  tanks  would  cause  the  boat  to  sink. 
This  is  illustrated  in  Fig.  23,  showing  a  boat  weighing  in 
the  neighborhood  of  400  tons  thus  evenly  balanced.  For  the 
purpose  of  control  of  water  in  the  tanks  a  small  rotary  pump 
is  used,  operated  by  a  reversible  electric  motor.     Thus  water 


to  empty  the  tanks.  In  the  test  the  automatic  blow  valve 
is  set  to  some  depth,  say  50  ft.,  and  the  boat  allowed  to 
slowly  sink.  When  this  depth  is  reached  the  pressure  out- 
side operates  the  valve  and  some  75  tons  of  water  are 
quickly  blown  out  of  the  tanks.  The  boat  immediately  starts 
to  rise,  and  in  less  than  one  minute  will  reach  the  surface, 
nearly  jumping  out  of  the  water  from  the  rapid  rise.  The 
automatic  blow  valve  may  be  set  for  any  depth  that  may  be 
desired. 

The  subject  of  rescue  of  men  from  a  sunken  submarine 
seems  to  fascinate  our  inventors,  as  hardly  a  week  passes 
but  that  some  one  comes  forward  with  the  same  old  method, 
that  of  a  buoy  of  such  a  size  that  a  man  may  get  into  it  and 
then  rise  to  the  surface.  It  is  not  a  question  of  getting  a 
man  to  the  surface — that  is  easily  done,  but  of  keeping  him 
alive  when  he  gets  there.  In  this  connection  the  statement 
should  be  made  that  there  is  only  one  cause  that  will  prevent 
a  submarine  from  coming  to  the  surface,  and  that  is  a  rup- 
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may  be  pumped  either  uito  or  out  of  a  tank.  If  when  a  boat  is 
thus  carefully  balanced  a  little  water  is  pumped  into  her 
tank,  she  will  start  to  sink.  Suppose  after  she  has  settled 
say  to  a  depth  of  40  ft.  we  pump  out  a  little  water.  This 
will  check  her  downward  movement,  and  then  she  will  start 
to  rise.  By  watching  the  depth  gage,  and  by  careful  control 
of  the  water  by  means  of  the  pump,  we  may  hold  the  boat 
suspended  within  a  difference  of  depth  of  two  feet.  In 
general,  after  this  test  that  of  the  automatic  blow  valve  is 
made.  This  valve  connects  the  high-pressure-air  line  with 
the  main  ballast  tanks,  and  the  control  of  the  valve  is  b^' 
diaphragm  in  connection  with  the  outside  sea  water.  Thus 
if  the  pressure  reaches  too  high  a  figure,  the  high-pressure 
air  is  automatically  turned  into  the  main  ballast  tanks. 
These  tanks,  it  will  be  remembered,  are  entirely  filled  with 
water,  whenever  any  is  there,  and  therefore  at  such  times 
the  main  Kingston  valves  are  left  open.  The  turning  of  the 
high-pressure  air  into  these  tanks  is  all  the  operation  required 


ture  of  her  hull.  If  now  the  hull  is  ruptured,  the  pressure 
of  the  outside  sea  is  brought  upon  the  men.  In  our  respira- 
tion air  is  taken  into  the  lungs,  the  oxygen  taken  up  by  the 
blood  is  used  in  the  purifying  of  the  blood,  and  a  certain 
amount  of  nitrogen  is  retained  in  solution.  This  amount  of 
nitrogen  in  solution  in  the  blood  is  small  at  ordinary  press- 
ures, and  in  any  case  does  no  harm,  for  its  quantity  is  a 
constant.  If  now  a  man  is  placed  under  heavy  pressure, 
as  would  be  the  case  if  the  hull  of  a  submarine  were  rup- 
tured say  in  200  ft.  of  water,  this  pressure  of  about  100  lb. 
per  sq.  in.  would  cause  the  blood  to  absorb  many  times  its 
normal  quantity  of  nitrogen.  This  absorption  takes  place 
very  rapidljs  it  requiring  but  a  few  minutes  for  the  blood 
to  become  saturated  to  the  point  called  for  by  the  new 
pressure.  If  now  a  man  so  placed  should  enter  a  can  buoy 
and  rise  to  the  outside  air,  the  pressure  would  be  quickly 
relieved  and  the  excess  nitrogen  of  the  blood  would  be  given 
off  all  through  the  system,  given  off  in  small  bubbles  which 
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would  instantly  stop  all  blood  circulation  and  cause  death. 
This  action  of  the  nitrogen  is  a  familiar  one  to  divers  and 
all  who  are  called  upon  to  work  under  heavy  air  pressure. 
Thus  it  is  not  a  question  of  the  quick  application  of  pressure, 
but  the  quick  removal  of  that  pressure.  As  an  illustration, 
a  few  years  ago  a  government  diver  went  down  some  280 
ft.  off  New  London.  He  took  two  minutes  in  going  down, 
spent   five  minutes  on  the  bottom,  and  then   started   for  the 


the  office  of  our  submarines  would  be  the  breaking  up  of  a 
blockade  of  our  ports,  or  the  preventing  of  an  armed  force 
from  making  a  landing  on  our  shores.  Many  times  in  naval 
maneuvers  submarines  have  successfully  attacked  battleships, 
and  where  sufficient  numbers  of  submarines  are  employed 
they  may  easily  prevent  a  blockade  by  such  ships.  An  inter- 
esting report  was  given  some  time  ago  of  the  breaking  up 
of  an  entire  expedition  of  a  Gennan  army  in  its  attempt  to 
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Fig.  17     Stripped  for  Diving 
Operations 

Fig.  18    Trimmed  for  Diving 

Fig.    19      Starting    Ahead    with 
Diving  Rudder  at  Zero 


Fig.  20     Starting   to   Dive 

Fig.  21    Diving 

Fig.  22    Running  Submerged 

Fig.  23    Stationary  Submerged 


Fig.  23 


surface.  He  came  up  a  little  way  and  then  stopped,  exer- 
cised his  arms  and  legs,  thus  encouraging  activity  of  the 
blood  in  order  to  work  the  nitrogen  off  through  his  lungs. 
Then  he  would  come  up  a  little  further  and  repeat  the  opera- 
tion. The  total  time  thus  taken  to  reach  the  surface  was 
one  hour  and  thirty-five  minutes,  and  even  then  as  soon  as  he 
was  taken  out  of  his  diving  suit  he  was  put  into  a  recom- 
pression chamber  so  that  the  pressure  might  be  still  more 
slowly  relieved.  It  will  thus  be  seen  how  impossible  it  would 
be  in  the  excitement  of  a  wreck  to  go  through  any  such  pro- 
cedure as  outlined  above. 

Recent  activities  of  submarines  abroad  have  demonstrated 
the  abilities  of  the  boats,  but  generally  the  conditions  are 
quite  different  from  those  that  would  pertain  here  in  case  we 
should  be  at  war  with  one  of  the  great  foreign  powers.    Then 


land  at  the  south  end  of  the  Gulf  of  Riga,  the  work  having 
been  done  entirely  by  two  small  submarines.  If  the  report 
is  true  it  shows  wonderfully  effective  work  by  the  submarines. 


Engineering  technological  researches  may  be  of  great  value 
to  a  country  or  to  industries;  but  they  inherently  lack 
self-support.  Any  laboratory  engaged  in  researches,  the  suc- 
cessful results  of  which  are  to  be  published,  can  only  expect 
to  be  supported  either  by  national  institutions,  by  gifts,  or 
by  benevolent  endowment.  For  tliis  reason,  although  indus- 
trial researches  are  numerous  and  widespread,  engineering 
researches  are  mainly  restricted  to  imiversities,  technical  col- 
leges and  government  laboratories. — Science,  March  9,  1917. 
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THE  earliest  systematic  experiments  with  power-driven 
aeroplanes  were  started  in  1889  by  Sir  Hiram  Maxim, 
and  from  the  data  obtained  he  constructed  a  steam-driven 
twin-propeller  aeroplane  in  1893.  The  span  of  the  wings  was 
104  ft.,  which  to  this  day  is  exceeded  only  by  very  few 
machines.  The  total  wing  area  was  over  6000  sq.  ft.,  which  is 
some  twelve  times  as  great  as  that  of  the  average  military  aero- 
plane; but  this  was  necessary  because  it  was  intended  to  fly  at 
speeds  of  only  35  to  45  miles  an  hour.  In  the  experiments 
with  this  machine,  the  running  gear  was  provided  with  flanged 
wheels  which  ran  on  a  straight  level  track  of  9  ft.  gage.  Strong 
wooden  guide  rails  of  3  x  9-in.  Georgia  pine  were  constructed 
along  the  track  in  such  a  way  as  to  prevent  the  aeroplane  from 
leaving  it.  This  aeroplane  not  only  lifted  its  own  weight  of 
8000  lb.  but  also  broke  the  stout  plank  guide  rails  which  held 
it  to  the  earth,  and  caused  a  wreck.  But  in  spite  of  being  able 
to  support  itself,  it  could  not  be  called  a  successful  aeroplane 
because  its  stability  and  air-worthiness  were  never  demonstrated 
in  free  flight.  The  power  plant  was  the  one  part  which  was 
successful,  and  I  doubt  if  there  has  ever  been  a  steam  plant 
of  its  size  which  weighed  so  little  as  11  lb.  per  hp.,  including 
boiler,  engines,  condensers,  pumps,  and  water  supply.  Each 
of  the  propellers,  which  were  17  ft.  10  in.  in  diameter,  was 
direct-connected  to  a  double-acting  compound  engine  with 
cylinders  of  5  and  8  in.  bore  and  a  stroke  of  1  ft.,  high-pressure 
cut-off  being  at  %  stroke  and  low-pressure  at  %.  These  were 
constructed  almost  entirely  of  high-giade  cast  steel  and  weighed 
but  320  lb.  each,  complete.  With  a  steam  pressure  of  320  lb. 
per  sq.  in.  each  developed  180  hp.  at  375  r.p.m.,  a  weight  of 
only  1%  lb.  per  hp.  A  safety  valve  discharged  into  the  low- 
pressure  cylinder,  thus  adding  considerably  to  the  power  when 
there  was  an  excess  of  steam.  The  boiler  which  supplied  the 
steam  for  both  these  engines  was  constructed  of  a  very  large 
number  of  %-in.  copper  tubes  1/50  in.  thick,  and  had  a  heating 
surface  of  about  800  sq.  ft.,  including  the  feedwater  heater. 
Tubing  such  as  this  was  quite  a  novelty  in  those  days.  A 
strong  forced  circulation  of  water  was  obtained  by  means  of  a 
spring-loaded  valve  in  the  boiler  which  held  the  feedwater  at  a 
pressure  of  30  lb.  per  sq.  in.  in  excess  of  the  boiler  pressure. 
This  fall  of  30  lb.  in  pressure  acted  upon  the  water  in  the  tubes 
and  forced  it  down  through  the  large  outside  tubes.  Although 
this  boiler  with  the  casing,  dome,  smokestack,  and  connections 
weighed  less  than  1000  lb.,  it  supplied  all  the  steam  the  engines 
could  possibly  use.  The  weight  of  the  engines  and  boiler 
totaled  1640  lb.  or  about  4  1/3  lb.  per  hp.  The  condensers 
were  made  of  very  thin  copper,  the  individual  tubes  being 
shaped  somewliat  like  miniature  aeroplane  wings  in  section. 
By  this  means  they  were  made  to  sustain  more  than  their  own 
weight  when  the  aeroplane  was  traveling  at  its  normal  speed. 
At  almost  the  same  time,  Samuel  Pierpont  Langley,  the  real 
father  of  aviation,  was  learning  the  fundamentals  of  aero- 
dynamics by  means  of  models  with  rubber  motors.  After 
years  of  experimentation  successful  steam-driven  models  were 
constructed,  and  after  nine  years  of  strenuous  work  there  was 
evolved  a  steam-driven  model  known  as  No.  5,  which  had  a 


^Westinghouse  Machine  Co. 

Abstract  of  paper  presented  at  a  meeting  of  the  Philadelphia  Pec- 
tio.i  of  The  American  Society  of  Mechanical  Engineers,  November 
28,  1916. 


wing  spread  of  13  ft.  and  weighed  26  lb.,  complete.  On  May 
6,  1896,  this  model  was  launched  over  the  Potomac  River  with 
a  steam  pressure  of  150  lb.,  and  started  directly  ahead  into  the 
gentle  breeze  then  blowing.  After  the  lapse  of  one  minute  and 
twenty  seconds,  when  at  a  height  of  70  to  100  ft.,  the  fuel  was 
exhausted  and  the  aeroplane  gradually  descended  until  it 
finally  touched  the  water  after  a  flight  of  over  3000  ft.  This 
was  the  first  time  in  history  that  a  mechanical  device  had 
actually  flown  through  the  air  under  its  own  power.  The 
engine  of  this  model  was  a  single-cylinder  1  5/16  by  2%-in. 
double-acting  type  with  piston  valve,  and  drove  the  two  pro- 
pellers through  bevel  gears.  It  delivered  about  ^4  hp-  and 
weighed  barely  1  lb.  The  complete  power  plant,  including 
engine,  flash  boiler,  pumps,  tanks,  etc.,  weighed  less  than  8  lb., 
which  is  under  11  lb.  per  hp.,  an  exceedingly  creditable  result. 

Mr.  Langley  started  his  aeroplanes  from  a  sort  of  cata- 
pult, in  which  the  aeroplane  was  held  to  a  carriage  running  on 
a  track,  and  was  released  after  traveling  the  length  of  the 
track  under  the  impulse  of  coil  springs.  The  man-carrying 
aeroplane,  tried  out  in  1903,  was  launched  from  a  similar  de- 
vice, and  failed  only  on  account  of  some  accident  which  tripped 
the  machine  just  as  it  was  leaving  the  car  and  threw  it  into 
the  water.  This  happened  twice  and  caused  so  much  ridicule 
in  the  press  that  Mr.  Langley  was  unable  to  get  any  further 
financial  aid.  A  few  years  after  Mr.  Langley's  death,  Glenn 
Curtiss  repaired  this  aeroplane,  and,  by  fittine  it  with  pon- 
toons so  that  it  could  rise  from  the  water,  was  able  to  make 
a  very  pretty  flight.  It  is  interesting  to  recall  that  the  Wright 
Brothers  used  in  all  their  early  experiments  a  launching  device 
operated  by  fiUling  weights,  and  a  catapult  similar  to  Lang- 
ley's  is  now  used  for  launching  aeroplanes  from  battleships. 

President  McKinley  became  interested  in  the  military  pos- 
sibilities of  aircraft  as  a  result  of  Langley's  experiments,  and 
in  1898  caused  the  Board  of  Ordnance  and  Fortification  of 
the  War  Department  to  authorize  the  construction  of  a  man- 
carrying  aeroplane  under  Mr.  Langley's  direction.  It  was 
decided  that  the  new  machine  should  follow  the  general  type 
of  the  models,  because  heart-rending  difficulties  experienced 
fkiring  the  preceding  eleven  years  had  taught  that  even  a  slight 
departure  from  the  type  that  had  been  successful  might  be 
\'ery  costly.  The  great  difficulty  was  the  power  plant,  which 
even  today  is  the  source  of  the  greatest  troubles  with  aero- 
planes. Steam  was  seriously  considered  because  of  its  success 
on  the  models,  but  the  internal-combustion  engine,  just  coming 
into  prominence  in  automobiles,  seemed  to  offer  a  more  satis- 
factory solution.  At  that  time  flights  of  sufficient  duration 
for  the  weight  of  fuel  to  become  serious  were  not  considered, 
otherwise  little  attention  would  have  been  given  to  steam, 
bcause  the  most  efficient  plant  yet  constructed  uses  twice  as 
much  fuel  as  modern  aeroplane  engines,  and  when  boilers  and 
auxiliaries  are  included,  are  over  twice  as  heavy  as  Langle^s 
large  internal-combustion  engine  made  later.  For  this  reason 
it  is  astonishing  to  hear  rumors  at  present  of  responsible 
organizations  contemplating  the  use  of  steam  turbines  for 
aeroplanes.  The  turbine  itself  can  be  made  very  light,  but 
the  weight  saved  over  a  reciprocating  engine  would  be  lost  by 
the  weight  of  the  reduction  gear  required  to  drive  the  propeller 
at  the  proper  speed. 
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In  December,  1898,  a  contract  was  signed  with  an  engine 
builder  in  New  York  City  to  supply  a  12-hp.  engine  weighing 
not  more  than  100  lb.,  delivery  to  be  made  in  6%  weeks.  The 
engine  was  completed  before  that  time,  but  it  was  impossible  to 
get  it  to  deliver  more  than  4  hp.  It  was  the  first  air-cooled  re- 
volving engine  built,  and  the  problems  which  developed  were 
too  much  for  the  builder.  A  quarter-size  model  of  this  engine, 
when  changed  so  as  to  have  fixed  cylinders  with  cooling  ribs, 
performed  excellently.  In  the  meantime,  European  engine 
builders  who  were  interviewed  said  that  they  did  not  care  to 
undertake  the  work,  and  that  they  did  not  consider  it  pos- 
sible to  construct  an  engine  of  12  hp.  weighing  less  than  200 
to  300  lb.  If  possible,  they  would  already  have  done  so,  as 
they  had  had  numerous  inquiries  for  such  engines.  In  spite 
of  the  discouragement,  Charles  Manly,  assisting  Mr.  Langley, 
offered  to  undertake  the  construction  of  the  required  engine 
from  the  parts  of  the  unsuccessful  engines  built  in  New  York. 

A  five-cylinder,  water-cooled  radial  engine  (Fig.  1)  was  the 
outcome  of  his  efforts.  Each  cylinder  was  drawn  from  a  3/16- 
in.  steel  plate  by  J.  A.  Stimmetz,  and  then  machined  inside  and 
out,  leaving  a  1/16-in.  shell.  To  this  shell  was  brazed  the 
valve  chamber,  which  had  been  machined  from  a  solid  forging. 
The  jackets,  of  sheet  steel,  only  0.020  in.  thick,  were  brazed  on 
by  Mr.  Manly  himself,  since  no  one  else  would  undertake  the 
work.  In  spite  of  the  trouble  involved,  it  was  less  difficult  than 
to  deposit  copper  jackets  eleetrolytically,  so  undeveloped  were 
these  processes  only  fifteen  years  ago.  To  minimize  the  lubri- 
catmg  difficulties  which  might  be'  experienced  if  the  pistons 
were  to  bear  directly  against  the  steel  cylinders,  cast-iron 
liners  1/16  in.  thick  were  shrunk  in.  Although  engine  builders 
had  declared  such  construction  impractical,  if  not  impossible,  no 
trouble  was  ever  experienced  with  these  liners,  and  they  served 
their  purpose  admirably.  The  difficulties  of  attaching  five 
connecting  rods  to  one  crankpin  without  sacrificing  necessary 
bearing  area  were  solved  by  the  use  of  a  "master  rod" ;  one  rod 
has  a  sleeve  around  the  whole  crankpin,  as  is  usual  with 
single  cylinder  engines,  and  the  other  four  rods  bear  on  the 
outside  of  this  sleeve.  In  this  way  the  small  bearings  between 
the  four  rods  and  the  master  rod  receive  none  of  the  rubbing 
effect  due  to  the  rotation  of  the  crankpin,  except  that  of  slip- 
ping a  very  short  distance  over  the  sleeve  during  each  revolu- 
tion, on  account  of  the  angularity  of  the  rods.  This  construc- 
tion was  successful  from  the  start  and  is  now  used  in  a  slightly 
modified  form  in  nearly  all  radial  and  revolving  engines. 

In  order  to  get  a  reliable  and  equally  hot  spark  in  each 
cylinder,  the  scheme  was  originated  of  using  one  spark  coil  and 
vibrator  for  all  cylinders,  with  a  distributor  to  select  the  cor- 
rect cylinder  for  each  spark.  All  procurable  spark  plugs  were 
very  unreliable  because  of  the  frequency  with  which  they 
became  short-circuited  with  carbon;  to  correct  this,  a  special 
plug  was  made.  The  pocket  aromid  the  points  which  is  now 
known  to  be  so  valuable,  eliminated  all  this  trouble.  The  intake 
valves  were  automatic,  and  the  exhaust  valves  were  operated 
from  a  central  cam.  This  cam,  which  had  two  points  180  deg. 
apart,  rotated  at  one-quarter  engine  speed  in  the  opposite 
•direction.  The  light  weight  of  the  whole  valve  mechanism  is 
noteworthy.  All  parts  were  lubricated  by  oil  cups.  This 
•engine  was  completed  in  December,  1901,  and  was  given  three 
10-hr.  runs  while  connected  up  to  water  dynamometers.  At 
950  r.p.m.  52.4  hp.  was  delivered,  giving  a  weight  of  2.37  lb. 
per  hp.,  based  on  the  stripped  weight  of  the  engine,  which  is 
124  lb.  The  complete  engine,  including  balance  weights,  igni- 
tion coil  and  batteries,  carburetor,  radiator,  water  and  gasoline 
tanks,  and  all  other  accessories ;  and  with  radiator,  water  tank, 
and  jackets  filled  with  water,  is  only  3.65  lb.  per  hp.    This  is 


more  than  20  per  cent,  lighter  than  present-day  water-cooled 
engines. 

Thus  two  Americans  succeeded  in  producing  the  first  man- 
carrying  aeroplane  which  could  support  its  own  weight  in 
stable  flight;  Samuel  Langley  produced  the  aeroplane,  and 
Charles  Manly  produced  the  power  plant.  Those  of  us  who 
blush  with  shame  because  our  government  possessed  less  than 
50  military  aeroplanes  a  few  months  ago  while  European 
countries  were  making  daily  use  of  tens  of  thousands,  will  do 
weU  to  realize  that  this  aeroplane  was  developed  by  the  sup- 
port of  our  own  military  authorities  long  before  other  govern- 
ments did  as  much,  and  if  it  had  not  been  for  the  ridicule  of  a 
hostile  press  and  the  sneers  of  a  self-satisfied  public,  our  gov- 
ernment would  have  been  the  first  to  have  possessed  practical 
military  aeroplanes.    All  this  work  of  Langley's  was  terminated 


Fig.  1    FiVE-CvL.  Radial  Engine  (Fixed  Cylinders)  Built 
FOR  Langley's  Aeroplane  in  1901.     Cyls.,  5  x  5^/2  in. 

in  1903.  Four  years  later  Bleriot  constructed  an  aeroplane  of 
the  Langley  type,  and  was  able  to  make  flights  of  a  few 
hundred  yards.  The  evolution  of  this  machine  resulted  in 
the  well-known  Bleriot  type,  now  famous  as  the  first  to  cross 
the  English  Channel. 

Since  then  progi-ess  has  been  very  rapid.  Yeai-s  elapsed 
from  the  time  Langley  solved  the  aerodynamic  and  mechan- 
ical details  necessary  for  flight,  before  the  Wright  Brothers 
succeeded  in  flying  for  eleven  minutes,  and  in  1914,  only  a 
few  years  later,  the  world's  record  for  a  non-stop  flight  was 
raised  to  24  hr.  and  a  distance  of  1500  miles.  This  record 
still  stands  officially,  for  what  has  been  done  since  the 
European  War  commenced  is  not  accurately  known  by  the 
public.    Prevost's  speed  record  of  126  miles  an  hour  made  in 


294 


MECHANICAL  DEVELOPMENT  OF  AVIATION,  NEIL  MacCOULL 


The  Journal 
Am.Soc.M.E. 


J 913  still  stands  as  oflicial.  An  engineer  just  returned  from 
Europe  states  that  there  are  in  France  today  70,000  men  wear- 
ing the  uniform  of  the  British  Plying  Corps,  including  pilots, 
mechanics,  and  other  helpers.  France  and  England  together 
have  about  14,000  licensed  aviators,  and  Germany  and  Austria 
undoubtedly  have  as  many.  These  28,000  aviators  do  not 
include  those  of  Russia  and  Italy.  But  even  more  astonishing 
is  the  statement  made  in  the  British  House  of  Commons,  that 
during  the  past  two  years  Britain  has  spent  $200,000,000  in 
aircraft.    Another  American  engineer  returning  from  Europe 


Fig.  2    The  Famous  Six-Cylindek  Mebcedes  Engine  Which 
Has  Meant  so  Much  to  German  Aviation 

a  year  ago  reported  the  sensations  he  experienced  while  flying 
several  hundred  miles  in  one  of  the  Royal  Flying  Corps'  giant 
triplanes  wliich  had  a  wing-spread  of  135  ft.,  weighed  just 
under  30,000  lb.  and  was  propelled  by  over  1000  hp.  in  four 


water-cooled  engines  that  it  will  always  have  value  where 
speed  and  quick  climbing  are  essentials  and  long  flights  are 
not  desired,  such  as  in  defending  cities  and  fortifications  from 
enemy  aircraft.  The  La  Rhone,  another  engine  of  similar 
type,  considerably  improved,  is  now  manufactured  by  the 
Gnome  Company.  The  intake  and  exhaust  valves  are  located 
in  the  cylinder  heads  and  are  both  operated  by  a  single  rocker. 
The  rocker  for  each  cylinder  is  operated  by  a  puU-and-push 
rod,  wliich  in  turn  is  given  motion  by  a  large  cam  within  the 
crankcase.  This  cam,  which  operates  aU  push-and-pull  rods 
for  the  nine  cylinders,  has  five  points,  because  it  rotates  at 
9/10  engine  speed  and  in  tlie  same  direction  as  the  cylinders. 
The  ingenious  valve-driving  mechanisms  of  many  of  these 
revolving  engines  make  a  very  interesting  study. 

The  great  majority  of  modern  aeroplane  engines  are  an 
outgrowth  of  conventional  automobile  practice.  One  of  the 
most  famous  of  this  type  is  the  German  Mercedes  (Fig.  2) ; 
many  of  the  latest  engines  foUow  it  in  general  design.  The 
most  noticeable  feature  is  the  method  of  operating  the  over- 
liead  valves  by  an  overhead  camshaft.  While  this  general 
type  of  valve  drive  is  now  the  prevailing  style,  it  was  an 
innovation  when  developed  on  the  Mercedes.  It  follows  the 
fundamental  principles  of  accepted  automobile  practice 
throughout.  In  fact  this  very  engine  was  used  in  racing 
automobiles  and  has  given  their  drivers  many  enviable  records. 
No  very  great  effort  has  been  taken  to  make  this  engine 
especially  light  except  in  the  cylinder  construction.  The 
cylinders,  which  are  in  pairs,  are  built  up  from  steel  by 
welding  the  individual  parts  together.  The  strong  point  of 
these  engines  has  always  been  their  reliability  rather  than 
absence  of  weight.  Their  designers,  instead  of  looking  for 
radical  departures  from  standard  types,  in  order  to  save 
weight,  were  wiUing  to  apply  minute  attention  to  the  de- 
velopment of  recognized  engineering  principles  in  every  in- 
finitesimal detail.  One  of  the  characteristics  which  is  now 
found  on  practically  all  aeroplane  engines  is  the  double  car- 


FiG.  3    Valve  Mechanism  op  3  Typical,  "  Overhead  Camshaft  "   Engines. 

right,  Wisconsin 


Left,  Mercedes;   center,   Hall   Scott; 


units.  The  world  will  be  damfounded  at  the  status  of  the 
aeroplane  when  the  veil  of  the  censor  is  drawn  after  the  war. 
One  of  the  first  engines  to  spring  into  prominence  during 
the  early  development  of  aviation  was  the  Gnome.  It  is  an 
air-cooled  revolving  type,  somewhat  resembling  Mr.  Langley's 
early  though  unsuccessful  engine,  and  is  an  example  of  the 
most  beautiful  workmanship  of  which  French  mechanics  are 
capable ;  which  is  one  reason  for  the  fact  that  even  now  it  holds 
the  world's  altitude  and  speed  records.  Its  outstanding  faults 
are  that  it  requires  a  great  deal  of  fuel  and  skilled  attention. 
Up  to  about  100  hp.  it  is  so  much  lighter  than  the  conventional 


buretor  for  six  cylinders.  Surprising  claims  of  gains  in  engine 
power,  some  over  20  per  cent,  are  made  for  the  use  of  two  car- 
buretors instead  of  one.  Another  feature  is  the  use  of  a  double 
ignition  system;  two  independent  magnetos  and  two  sets  of 
independent  spark  plugs  to  each  cylinder.  The  deep  oil  sump 
with  the  oil  pump  at  its  lowest  point  is  another  characteristic. 
Practically  no  aeroplane  engine  is  lubricated  by  splash,  high- 
pressure  lubrication  being  used  exclusively.  One  of  the 
chief  points  in  which  designers  have  a  chance  to  show  their 
ingenuity  is  in  the  combination  of  the  camshaft  drive  with 
the   drive   for  the   magnetos   and   pumps.     In   this   engine  a 
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bevel  gear  on  the  crankshaft  meshes  with  the  bevel  gears  at 
the  extremities  of  two  vertical  shafts,  the  upper  driving  the 
magnetos  and  camshaft  through  bevels,  and  the  lower  driving 
the  centrifugal  water  pump  at  the  lower  extremity  and  in 
addition  a  horizontal  shaft  which  in  turn  drives  two  oil 
pumps  iu  the  lowest  part  of  the  crankcase.  It  is  a  very  neat 
arrangement. 

From  latest  reports  it  seems  that  but  few  changes  have  been 
made  in  the  designs  of  the  Mercedes  brought  out  since  the 
European  War  commenced.  Tlie  cylinders  are  increased  iu 
diameter  from  4%  to  5%  in-,  so  that  the  engine  develops  a 
maximum  of  165  hp.  instead  of  100.  They  are  now  individual 
instead  of  in  pairs  but  retain  their  welded-steel  water  jackets. 
The  drive  of  the  camshaft  and  auxiliaries  has  been  modified 
so  that  the  water  pump  is  just  below  the  camshaft  bevels,  the 
rotor  being  mounted  on  the  vertical  driveshaft  which  passes 
through  it.  This  gives  room  for  the  oil  pump  where  the 
water  pump  was  formerly,  and  simplifies  the  drive  of  the 
former.  These  changes  are  design  refinements  which  reduce 
the  cost  of  manufacture  and  make  the  parts  more  accessible. 
The  only  departures  in  principle  from  former  designs  are 
the  addition  of  cooling  ribs  on  the  bottom  of  the  oil  sump, 
and  a  set  of  decompression  cams  which  are  thrown  into  action 
by  sHding  the  camshaft  horizontally  and  make  starting  the 
engine  by  hand  a  fairly  easy  task,  which  is  a  matter  of  no 
small  importance  in  an  engine  of  this  size. 

One  of  the  first  American  engines  to  foUow  the  Mercedes 
is  the  Hall  Scott.  The  cylinders,  while  individual  as  in  the 
latest  Mercedes,  are  cast  with  integral  water  jackets,  giving 
a  more  rugged  though  heavier  construction.  The  intake 
manifold  and  double-jet  carburetor  are  water-and  oU-jacketed, 
the  oil  jacketing  not  only  warming  the  carburetor  but  cooling 
the  oil.  The  valve  mechanism  of  this  engine  is  very  nicely 
worked  out.  The  camshaft  housing  is  east  of  aluminum  and 
may  be  detached  as  a  unit  from  the  cylinders  without  dis- 
turbing the  valve  rockers.  There  are  felt  washers  on  each 
side  of  the  rockers  where  they  pass  through  the  housing,  and 
effective  means  are  taken  to  lock  the  adjusting  screws  on 
the  split  end  of  the  rockers.  In  all  valve  mechanisms  of  this 
type,  the  valves  can  be  removed  only  by  taking  them  out 
through  the  cylinders.  The  valve  mechanism  of  this  engine  is 
shown  in  Fig.  3,  in  comparison  with  those  of  the  Mercedes  and 
Wisconsin. 

Another  six-cylinder  engine  of  this  general  type  is  the 
Christofferson.  The  rocker  arms  are  of  different  lengths  as 
in  the  Mercedes,  so  that  the  valve  has  a  50  per  cent  greater 
lift  than  its  cam.  The  whole  valve  mechanism  is  enclosed, 
which  makes  a  very  neat  arrangement,  and  one  that  assures 
excellent  lubrication  of  these  parts,  but  it  is  doubtful  if  it  is 
a  wise  policy  to  enclose  the  springs.  It  has  been  found  very 
advantageous  with  many  engines  to  allow  the  valve  springs 
to  project  through  the  aeroplane  hood  so  as  to  be  sure  that 
they  will  be  well  cooled.  One  of  the  most  interesting  features 
of  this  engine  is  a  ring  type  of  intake  manifold,  which 
allows  each  cylinder  to  draw  its  fuel  mixture  from  two  direc- 
tions and  would  appear  to  give  equal  distribution  to  every 
cylinder  without  resorting  to  two  carburetors.  At  the  bottom 
of  the  crankcase  is  the  oil  radiator,  which  is  beginning  to  be 
considered  so  valuable  in  preserving  the  projser  lubrication 
of  high-duty  engines.  The  cylinders  are  made  of  steel  and 
their  jackets   of  aluminum,   cast   in   pairs. 

One  of  the  well-known  British  engines  is  the  Sunbeam. 
The  12-cylinder  V-type  rated  at  220  hp.  is  the  only  L-head  type 
of  engine  left  on  the  aeroplane  market  now  that  the  Sturtevant 
has  been  transformed.     There  are  two  carburetors  for  each 


row  of  cylinders,  which  are  necessary  to  get  the  maximum 
power  from  the  engine.  It  is  of  the  high-speed  type  and 
runs  normally  at  2000  r.p.m.,  the  propeller  being  driven  at 
1000  r.p.m.  from  the  camslml't. 

A  new  engine  recently  brought  out  by  this  company  is  a 
12-cylinder  V-type,  rated  at  320  hp.  The  L-head  cylinders 
are  abandoned,  and  the  overhead  valves  are  operated  by  4 
overhead  camshafts.  The  valves  are  both  mechanically  opened 
and  closed  as  in  their  racing  automobiles,  no  springs  being 
used. 

For  years  the  B.  F.  Sturtevant  Co.  has  been  a  strong  advo- 
cate of  L-head  cylinders,  but  has  finally  given  in  to  the  over- 
head type.  The  cylinders  and  heads  are  east  of  aluminum  and 
provided  with  steel  liners  and  iron  valve  seats  which  are  east  in 


Fig.  4    The  New  Sturtevant  8-Cyl.  "Aluminum  "  Engine 

WITH  Overhead  Valves  and  Geared  Propeller  Shaft. 

Normal   Speed,   2000   r.p.m.  ;    Cyls.,  4  x  51/0   in.  ; 

Rated  at  140  hp. 


the  aluminum.  The  use  of  detachable  cylinder  heads  is  quite 
an  innovation  in  the  aeroplane  world  and  shows  a  desire  to 
make  accessibility  a  stronger  factor.  As  in  the  great  majority 
of  aeroplane  and  automobile  racing  engines,  aluminum  pistons 
are  used,  i.  e.,  aluminum  alloy,  for  pure  aluminum  is  no  more 
like  its  alloy  than  iron  is  like  alloy  steel,  and  in  its  unalloyed 
state  would  be  absolutely  worthless  in  this  service.  This  engine 
is  of  the  high-speed  type  with  geared-down  propeller,  running- 
normally  at  2000  r.p.m.    It  is  shown  in  Fig.  4. 

The  manufacturers  of  the  new  water-cooled  Renault  have 
supported  the  twelve-cylinder  V-type  with  forced-draft  air 
eoohng  for  years,  and  it  is  interesting  to  note  that  in  their 
new  200-hp.  engine.  Fig.  5,  they  have  adopted  water  cooling. 
They  have  also  dropped  the  high-speed  feature  with  geared- 
down  propeller  shaft,  and  the  valve  mechanism  with  camshaft 
in  the  crankcase,  which  have  been  characteristic  features  of 
Renault  aeroplane  engines.  The  valve  mechanism  is  now  strik- 
ingly like  that  of  the  Mercedes.  Use  is  made  of  two  double 
carburetors  and  four  six-cylinder  magnetos.  The  connecting 
rods  are  of  the  tj^pe  in  which  one  rod  is  pinned  to  a  boss  on 
the  rod  opposite  it.  This  is  used  on  no  other  engine  except 
the  new  Wisconsin  "  twelve,''  though  it  must  have  given  good 
results,  because  Renault  has  used  it  for  so  many  years. 

A  300-hp.  engine  just  brought  out  by  the  Knox  Motors  Co. 
shows  an  innovation  in  aeroplane-engine  valve  mechanisms. 
Not  only  are  the  rockers  unusually  compact  because  of  being 
bell  cranks,  but  each  arm  which  operates  the  valves  is  forked 
so  as  to  open  two  valves  from  a  single  cam.  There  are  two 
intake  and  two  exhaust  valves  to  each  cylinder,  which  feature 
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very  considerably  reduces  the  stresses  in  tbese  parts  on 
account  of  lower  inertia  forces  for  a  given  valve  area  and 
results  in  much  greater  reliability  and  longer  life.  The  cylin- 
ders are  cast  of  aluminum,  with  cast-iron  liners  %  in.  thick. 
The  pistons  and  the  cylinder  heads  are  of  aluminum,  the  iron 
valve  seats  being  cast  integral.  The  oil  pump  at  the  bottom  of 
the  crankcase  has  a  drive  from  bevel  gears  on  the  camshaft 


quite  a  study  by  themselves.  In  the  Sperry  system  there  are 
four  small  gyroscopes  driven  by  three-phase  current,  which 
maintain  a  constant  horizontal  reference  plane,  and  motion  of 
the  aeroplane  about  this  plane  closes  electrical  contacts  which 


Pig.  5     12-Cylinder  Watee-Cooled  RENAtTLT  Engine. 
Cylinders,  4.9  x  5.9  in.  200  hp. 


Fig.  6     12-Cylinder  American  Knox  Engine.     Cylinders 
4%  X  7  in.    300  HP. 


layshafts  which  are  driven  by  spiral  geai-s.  This  engine  is 
shown  in  Fig.  6. 

The  Wisconsin  engine  (Fig.  7)  has  been  brought  out  re- 
cently by  the  same  company  that  manufactured  the  engines 
for  the  famous  Stutz  racing  automobiles,  and  embodies 
many  of  their  best  features.  It  is  another  instance  of  the 
intimate  relations  existing  between  aeronautical  and  racing 
automobile  engines.  The  cylinders,  pistons,  and  crankcase 
are  of  aluminum.  The  cylinders  have  hardened-steel  liners 
1/16  in.  thick  and  the  iron  valve  seats  are  cast  integral  with 
the  aluminum.  The  magnetos  are  driven  by  spiral  gears. 
Nothing  is  contained  in  the  lower  part  of  the  crankcase 
«xcept  the  usual  oU  filters.  The  twelve-cylinder  engine  is 
made  up  of  two  sets  of  the  cylinders  and  valve  mechanisms 
of  the  six-cylinder  model,  and  is  rated  at  280  hp.  Instead 
of  driving  the  camshaft  by  laysliafts  and  bevel  gears,  two 
trains  of  spur  gears  are  used,  and  four  six-cylinder  magnetos 
are  arranged  across  the  front  of  the  engine.  Provision  is 
made  on  most  of  these  large  engines  for  mechanical  or  electric 
starters  and  the  electric  generators  for  searchlights  and  wire- 
less sets  which  are  often  carried. 

So  far  the  development  of  the  aeroplane  power  plant  has 
been  dealt  with,  but  engines  do  not  cover  all  the  mechanical 
parts  of  modern  aeroplanes  by  any  means.  Mechanical  starters 
alone  make  quite  a  study,  and  besides  compressed-air  distrib- 
utors and  air  engines,  include  even  small  gasoUne  engines  of 
about  4  hp.  wliich  weigh  but  23  lb.  with  their  own  magnetos 
and  carburetors.  Then  there  is  a  special  gun  of  large  bore  for 
aeroplane  use,  which  fires  out  of  both  ends  at  the  same  time 
in  order  to  eliminate  the  recoil.  There  are  many  special 
instruments  to  indicate  the  speed,  angle  of  incidence,  drift, 
altitude,  and  other  factors  necessary  for  the  navigation  of  an 
aeroplane.     Mechanical  stabilizers   also   have  developed   into 


operate  clutches  in  the  servo-motor.  The  windmill  of  the 
servo-motor,  which  is  exposed  to  the  relative  motion  of  the 
air,  is  the  source  of  power  used  in  operating  the  controls. 
When  the  windmill  reaches  a  predetermined  speed,  the  blades 
fly  outward,  at  the  same  time  turning  so  as  to  reduce  their 


Fig.  7    Carburetor  Side  op  the  Wisconsin  Engine. 
Cylinders,  5  x  6%  in.;  Rating,  130  hp. 

pitch,  thus  holding  a  constant  speed.  The  magnetic  clutches 
when  energized  connect  the  windmill  to  worm  gearing,  which 
drives  the  drums  over  which  the  control  wires  are  wrapped. 
With  this  stabilizer  it  has  been  possible  for  the  aviator  to 
leave  his  controls  and  walk  out  on  one  of  the  wings  while  in 
fuU  flight. 

Descriptions  of  many  mechanical  parts  of  aeroplanes  would 
not  be  expedient  at  this  time  because  in  many  instances  they 
would  not  be  accurate  even  at  the  time  they  are  read. 


THE  STEAM   MOTOR  CAR 


By  ABNER  DOBLE,'  DETROIT,  MICH. 


THE  objett  of  tliis  paper  is  to  recall  the  various  objec- 
tions to  steam-driven  motor  vehicles  which  existed  nine 
years  ago  when  I  first  liegan  my  work  on  steam  ears,  and  to 
tell  of  the  steps  to  eliminate  these  objections. 

The  unsatisfactory  points  of  the  steam  car  were  briefly, 
(1)  low  mileage  on  water,  the  average  run  on  one  supply  of 
^5  gal.  being  30  to  35  miles,  although  the  Stanley  is  now 
securing  about  200  miles;  coincident  with  this  necessity  of 
frequently  replenishing  the  water  supply  was  (2)  the  forma- 
tion of  scale  in  the  boiler,  with  a  resultant  drop  in  efficiency 
and  added  liability  of  burning  the  already  extremely  hot 
heating  surface,  which  in  turn  necessitated  the  frequent  clean- 
ing of  the  boiler;  (3)  the  toil  and  time  involved  in  firing-up 
or  ligliting  the  main  burner,  which  necessitated  the  use  of 
matches  and  invariably  required  six  or  seven  minutes  or 
longer.  The  steam  cars  of  eight  or  nine  years  ago  also  pre- 
sented troubles  of  a  less  general  nature;  some  had  consider- 
able difficulty  with  boiler  leaks,  some  were  too  hot  for  com- 
fort in  summer,  others  carried  their  gasoline  under  high 
pressure  and  were  altogether  too  easily  ignited  as  a  whole. 
Lastly,  steam  cars  were  very  expensive  to  run,  and  their 
control  and  operation  was  a  complex  affair  requiring  intel- 
ligent  and   unfailing   attention. 

With  the  advent  of  the  long-stroke,  high-speed  engine  in 
Europe  the  internal-combustion  motor  came  to  be  looked 
upon  as  the  only  practical  power  plant  available,  despite  the 
admitted  flexibility  and  smoothness  of  steam.  I  spent  six 
yeare  in  building  experimental  steam-power  plants  and  in 
experimenting.  Late  in  1913  we  tried  the  combination  of  a 
fire-tube  boiler  with  a  honeycomb  radiator  to  condense  the 
exhaust  steam.  The  results  were  truly  startling.  The  ear 
would  run  from  1000  to  1500  miles  on  one  tank  (24  gal.)  of 
water.  The  effectiveness  of  the  boiler  was  in  no  way  lessened 
by  the  oil  pumped  into  it. 

The  theory  upon  which  we  had  worked  was  that  in  order 
to  travel  an  adequate  distance  upon  one  sui3ply  of  water,  a 
honeycomb  type  of  radiator  must  be  employed  to  obtain  the 
necessary  cooling  surface.  The  honeycomb  radiator  furnishes 
approximately  six  times  the  cooling  surface  of  any  other  type 
of  equal  size.  The  reasons  why  this  type  had  previously 
been  deemed  miavailable  were  the  fact  that  the  heavy  molasses- 
like oil  used  in  steam  engines  would  clog  up  the  extremely 
small  radiator  passages,  and  that  the  exhaust  steam,  particu- 
larly where  a  flash  boiler  was  used,  was  liable  to  melt  the 
soldered  joints  in  the  radiator.  As  far  as  I  could  find  out, 
the  use  of  a  very  heavy  oil,  especially  where  superheated 
steam  was  not  employed,  was  a  superstition.  The  presence  of 
moisture  in  the  steam  goes  a  long  way  toward  the  proper 
lubrication  of  the  cylinders  and  valves.  In  a  steam-motor 
car  little  lubrication  is  required,  as  the  piston  speed  is  low 
at  ordinary  driving  speeds,  and  the  cylinder  surface  is  cast 
iron,  which  is  easy  to  lubricate. 

In  view  of  the  foregoing  it  was  detei-mined  to  try  ordinary 
gas-engine  cylinder  oil,  and  from  the  first  it  proved  entirely 
satisfactory.  To  eliminate  the  possibility  of  melting  solder 
in  the  radiator,  we  chose  a  flre-tube  boiler.     We  realized  that 

'  The  General  Engineering  Co. 

Presented  at  a  meeting  of  the  Cincinnati  Section  of  The  Americ\x 
Society  op  MECH-iNiCAi.  Engineers,  February  15,  1917. 


the  presence  of  oil  in  the  boiler  would  cause  violent  foaming, 
but  believed  that  the  high  pressure  used  would  eliminate 
trouble  from  this  source.  The  normal  steam  pressure  in  the 
boiler  was  000  lb.,  but  as  soon  as  the  steam  passed  the 
thi-ottle  valve  there  was  a  large  drop  in  pressure,  sufficient 
to  cause  any  water  coming  over  from  the  boiler  to  pass  into 
steam  immediately. 

Another  reason  why  we  did  not  use  the  customary  heavy 
oil  was  because  of  the  effect  it  would  be  certain  to  have  upon 
the  boiler.  The  action  of  the  thin  oil  was  all  that  could  be 
desired.  It  immediately  went  into  an  intimate  mixture  with 
the  water,  due  to  the  violent  agitation  and  intimate  contact. 
Agitation  in  the  water  tank  'was  caused  both  by  the  motion 
of  the  car  and  by  the  fact  that  the  return  pipe  from  the 
base  of  the  radiator  entered  the  water  tank  very  near  the 
bottom.  Tliis  also  caused  the  water  in  the  tank  to  act  as  a 
very  effective  supplementary  condenser.  The  oil  was  accord- 
ingly regularly  pumped  into  the  boiler  along  with  the  water, 
and  far  from  having  a  deleterious  effect,  really  performed 
its  most  valuable  functions  in  that  part  of  the  power  j^lant. 
This  oil  is  very  thin  at  420  deg.  fahr.,  the  approximate  steam 
temperature  at  600  lb.  pressure,  and  the  coating  of  oil,  which 
forms  over  the  entire  inner  surface  of  the  boiler,  is  conse- 
quently so  thin  as  to  have  a  negligible  effect  upon  the  heat- 
transference  conditions,  and  does  not  materially  increase  the 
liability  of  burning  the  heating  surface. 

As  scale  cannot  adhere  to  a  surface  coated  with  oil,  the 
interior  of  the  boiler  remains  entirely  free  from  incrusta- 
tions of  scale  matter,  and  is  likewise  quite  thoroughly  pro- 
tected from  corrosion.  The  second  function  of  the  oil  is  to 
coat  each  particle  of  scale-forming  material  as  it  is  thrown 
out  of  solution,  thus  pre^•enting  one  particle  from  sticking  to 
another  in  such  a  way  as  to  form  a  body  of  sufficient  size 
to  clog  some  restricted  passage.  No  large  amount  of  scale- 
forming  material  is  introduced  into  the  system  since  but 
little  make-up  water  is  required,  and  all  that  remains  in  sus- 
pension until  it  reaches  the  water  tank.  The  violent  ebullition 
and  constant  flow  of  the  medium  toward  the  steam  outlet 
causes  the  minute  particles  of  scale  to  be  carried  along  with 
the  steam,  so  that  the  boiler  and  radiator  are  both  kept  free 
from  deposits.  The  scale  material  flnally  reaches  the  water 
tank,  where  it  either  remains  or  continues  to  circulate  through 
the  system,  without  any  apparent  deleterious  effect. 

I  have  carefully  examined  the  boiler  and  radiator  of  a  car 
driven  over  forty  thousand  miles,  and  they  were  as  clean  or 
cleaner  than  when  the  car  was  built.  I  do  not  believe  that 
there  could  be  a  more  adequate  proof  of  the  entire  effective- 
ness of  the  system.  Lastly,  the  oil  performs  its  normal 
function,  being  carried  along  with  the  steam  in  the  form  of 
minute  globules,  thus  lubricating  the  throttle  valve,  cylinder 
walls  and  inlet  valves. 

DEVELOPMENT  OF  A  STEAM  GENERATOR 

We  next  turned  our  attention  to  the  development  of  a 
steam  generator  which  would  fill  all  our  requirements.  The 
fire-tube  boiler,  which  had  been  successfully  used  in  conjunc- 
tion with  our  improved  condensing  system,  possessed  a  number 
of  the  essential  qualities  we  required;  it  held- the  temperature 
of  (he  steam  practically  constant  with  no  danger  of  sufficiently 
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high  exhaust  temperatures  to  melt  soldered  joints  or  effect 
an  undesirable  change  in  the  lubricating  oil.  It  always  kept 
a  large  reserve  of  water  heated  to  the  steam  temperature, 
which  gave  it  steaming  stability  and  admitted  of  great  accelera- 
tion. The  heat-transference  conditions  caused  it  to  be  effi- 
cient, due  to  the  extremely  short  distance,  through  which  the 
gases  of  combustion  radiated  their  heat  to  the  tube  walls. 

On  the  other  hand,  it  had  its  disadvantages:  it  was  heavy 
and  costly  to  manufacture,  since  it  had  to  be  wound  with  a 
mile  of  piano  wire  to  minimize  the  potential  danger  present 
in  a  large-diameter  shell.  It  was  liable  to  leaks,  which  might 
be  caused  either  by  overheating  with  low  water  or  by  oil 
working  through  the  expanded  joints  where  the  tubes  were 
fastened  into  the  heads. 

The  flash  type  of  boiler  was  out  of  the  question,  but  it  had 
certain  good  points  which  I  intended  to  include  in  my  steam 
generator.  The  direction  of  the  water  flow  opposite  to  the 
flow  of  the  gases  of  combustion  was  a  great  advantage,  in 
that  it  allowed  the  water  to  extract,  as  far  as  possible,  the 
last  remaining  thennal  units.  The  all-steel  construction,  with 
its  consequent  freedom  from  leaks  due  to  low  water,  was 
another  very  desirable  feature.  The  water-tube  boiler  seemed 
to  have  little  in  its  favor  except  safety  due  to  the  small 
diameter  of  the  tubes,  and  the  possibility  of  so  constructing 
it  as  to  have  a  good  supply  of  water  heated  to  approximately 
steam  temperature.  We  had,  however,  already  eliminated 
the  possibility  of  scale  settling  in  the  boiler,  so  it  seemed 
possible  that  we  could  use  it  as  a  basis  upon  which  to  com- 
bine the  desirable  characteristics  of  the  other  two  types. 

After  much  experimental  work  we  finally  worked  out  our 
present  steam  generator,  similar  in  theory'  to  the  flash  boiler, 
yet  in  appearance  more  like  the  water-tube  boiler  and  having 
a  water  level  in  the  evaporating  zone.  It  consists  of  a  number 
of  identical  sections  of  cold-drawn  seamless  steel  tubing.  Each 
section  consists  of  an  upper  and  lower  header  and  sixteen 
vertical  tubes.  The  vertical  tubes  are  swaged  at  either  end  to 
half  their  diameter  and  are  welded  to  the  headers  by  the 
autogenous  acetylene  process,  making  each  section  in  effect 
one  piece  of  steel  and  actually  stronger  at  the  joints  than 
the  tubing  itself.  The  generator  is  designed  for  a  working 
pressure  of  600  lb.,  and  the  safety  valve  is  set  for  1000  lb. 
Each  section  is  tested  to  withstand  5000  lb.,  and  ruptures 
only  occur  when  the  pressure  is  made  to  exceed  8000  lb.  cold- 
water  pressure.  When  this  does  occur,  the  rupture  is  in- 
variably remote  from  the  welds. 

One  third  of  these  sections  forms  the  economizer,  the  re- 
maining sections  being  used  for  the  actual  generation  of 
steam.  They  are  placed  very  close  together  and  completely 
encased  by  a  %-in.  wall  of  kieselguhr  brick,  which  we  have 
foimd  excellent.  This  is  held  in  place  by  a  planished-iron 
jacket.  Directly  below  the  evaporating  sections  is  the  com- 
bustion chamber,  and  below  the  economizer  is  the  exhaust  for 
the  gases  of  combustion.  A  bridge  wall  three  fourths  the 
height  of  the  generator  divides  the  two  sets  of  sections.  A 
manifold,  through  which  water  enters,  connects  the  lower 
headers  of  the  economizer  sections.  The  water  leaves  by  a 
similar  manifold  at  the  top  and  is  led  to  a  manifold  connecting 
the  lower  headers  of  the  evaporating  sections.  The  steam 
leaves  the  upper  headers  and  is  conducted  through  a  fourth 
manifold  to  the  throttle  valve. 

Besides  being  absolutely  free  from  any  danger  of  explosion 
a  boiler  of  this  construction  is  cheap  to  manufacture,  and 
any  damaged  section  can  either  be  easily  and  cheaply  re- 
placed, or  isolated  in  a  very  few  minutes  by  blanking  it  off 
until  it  can  be  replaced.     The  excellent  heat-transference  con- 


ditions due  to  the  close  and  regular  heating  surfaces  virtually 
duplicate  those  of  a  flre-tube  boiler,  while  a  large  reserve  of 
water  close  to  steam  temperature  is  always  present.  The 
progressive  flow  of  the  water'  counter  to  that  of  the  gases, 
with  no  circulatory  flow,  and  the  aU-steel  construction  show 
a  distinct  similarity  to  the  flash  type.  Water  is  supplied  to 
the  boiler  by  a  crank-driven  pump,  and  the  water  level  main- 
tained about  half  way  up  the  generator  by  an  automatic 
regulator.  If  the  water  level  falls  below  normal  the  regulator 
tube  wiU  fill  with  steam  and  its  expansion  closes  a  by-pass 
valve,  thereby  allowing  water  from  the  pump  to  enter  the 
boiler.  As  soon  as  the  level  reaches  normal,  the  regulator 
tube  fills  with  water  which  has  not  been  in  circulation  in  the 
generator  and  is  therefore  comparatively  cool.  The  regulator 
tube  at  onee  contracts,  permitting  the  valve  to  open  and  aU 
water  to  be  by-passed  back   to  the  supply   tank. 

THE  COMBUSTION  SYSTEM 

The  most  uncertain  feature  of  the  steam  car,  and  one  of  its 
greatest  disadvantages,  was  getting  the  burner  properly 
ignited.  Practically  evei-y  steam  car  has  used  a  bunsen 
burner  of  the  vaporizing  type.  In  order  to  insure  sufficient 
mixture  reaching  the  combustion  space  to  ignite  readily  and 
continue  burning,  preheating  was  required  to  vaporize  the 
fuel.  Onee  the  burner  was  going  properly  the  vaporizer  was 
heated  by  the  fh-e,  but  when  the  car  was  not  to  be  used  for 
a  time  a  supplementary  burner  was  kept  lighted  to  maintain 
the  vaporizer  heat  and  ig-nite  the  main  burner  when  it  was 
again  necessary  to  generate  steam. 

On  more  modern  steam  cars  acetylene  gas  has  been  used 
to  heat  the  vaporizer.  It  considerably  alleviated  the  diffi- 
culty, but  meant  an  additional  fuel  tank  to  carry  and 
replenish.  After  the  vaporizer  was  hot  the  fuel  valve  was 
opened  slightly,  allowing  the  passage  of  only  a  very  small 
amount  of  fuel  until  the  burner  itself  had  become  thoroughly 
lieated,  and  not  until  then  could  the  fuel  valve  be  left  wide 
open  without  flooding  the  burner.  When  the  fii-e  was  finally 
well  started,  steam  was  made  quickly.  With  certain  types  of 
boiler  sufficient  pressure  for  starting  could  be  generated  in  a 
minute  and  a  half  after  the  main  burner  was  going.  The 
chief  problem  of  quick  starting  was  therefore  to  eUminate  the 
time  required  for  lighting  the  main  burner.  The  first  real  step 
we  made  in  the  right  direction  was  to  abandon  entirely  the 
former  steam-car  system  and  borrow  a  leaf  from  the  book  of 
gas-engine  practice. 

The  idea  was  to  use  a  spark  plug  for  ignition,  a  carburetor 
for  mixing  the  fuel  and  air.  and  an  electrically  driven  blower 
to  supply  a  forced  draft.  This  worked  fairly  well  as  long 
as  gasoline  was  used  for  starting,  except  for  considerable 
precipitation  of  the  fuel.  We  became  more  ambitious,  how- 
ever, and  determined  to  make  use  of  nothing  but  kerosene. 
The  attainment  of  this  more  difficult  goal  required  a  large 
amaunt  of  experimental  and  laboratory  work,  but  we  finally 
determined  that  cold  kerosene  could  invariably  be  ignited  by 
an  electric  spark,  if  the  following  conditions  were  observed : 

1  The  kerosene  had  to  be  broken  up  mechanically  into  suffi- 

ciently small  particles  to  insure  a  rise  in  temperature 
past  the  point  of  ignition  during  the  time  in  which  they 
absorbed  heat  from  tlie  spark 

2  The  spark  had  to  occur  close  to  the  atomizing  nozzle  at  a 

])oint  where  the  resultant  fog  was  sufficiently  dense  to 
insure  one  group  of  kerosene  particles  invariably  igniting 
the  rest 
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3  The  velocity  of  tlie  fuel  particles  had  to  be  low  enough  to 

permit  them  to  absorb  sufficient  heat  from  the  spark  to 
raise  their  temperature  beyond  the  ignition  point 

4  It  was  essential  that  the  mixture  be  much  richer  in  the 

vicinity  of  the  electric  spark  than  that  which  would  pro- 
vide the  most  eflBcient  combustion.  In  the  latter  connec- 
nection  we  also  found  that  in  order  to  secure  complete 
combustion  of  a  large  amount  of  fuel  in  a  small  space, 
it  was  necessary  to  utilize  a  combustion  chamber  made 
of  a  highly  refractory  material  designed  to  attain  a  very 
high  temperature. 

To  meet  these  conditions  we  developed  the  apparatus  which 
we  now  use.  The  electric  current  is  supplied  primarily  by  a 
generator  driven  by  the  main  driving  gear.  This  charges  a 
storage  battery,  which  furnishes  the  ignition  spark  and  drives 
the  motor  blower.  As  there  is  but  comparatively  little  demand 
upon  the  ignition,  we  can  afford  to  use  a  primary  current  of 
high  amperage  and  accordingly  secure  an  unusually  hot  spark. 
The  kerosene  is  fed  under  low  air  pressure  to  a  float  chamber 
similar  to  that  of  a  gasoline  carburetor  but  of  special  design. 
A  jet  fed  from  the  float  chamber  projects  into  a  venturi  tube 
perpendicular  to  the  center  line  of  the  tube.  The  level,  when 
the  apparatus  is  not  in  operation,  is  somewhat  below  the 
mouth  of  the  jet.  A  multivane  blower  driven  by  a  small  elec- 
tric motor  forces  air  through  the  venturi  tube  into  the  com- 
bustion chamber.  The  passage  of  the  air  creates  a  vacuum  of 
several  inches  in  the  fuel  jet,  causing  the  kerosene  to  pass  the 
spark  plug  as  a  fog  of  very  finely  atomized  particles.  The 
tube  widens  considerably  before  the  point  where  the  spark 
occurs,  thereby  appreciably  diminishing  the  velocity  of  these 
particles. 

As  soon  as  ignition  occurs,  the  heat  of  the  fire  causes  a 
bi-metal  switch  to  break  the  spark  circuit,  and  the  fresh  fuel 
continues  to  be  ignited  by  that  which  is  already  burning. 
When  the  steam  pressure  reaches  600  lb.  it  breaks  the  motor- 
blower  circuit  and  fuel  ceases  to  enter  the  combustion  cham- 
ber. As  soon  as  the  pressure  decreases  to  550  lb.  the  circuit 
is  remade  and  the  spark  once  more  ignites  the  fuel.  This 
arrangement  maintains  the  pressure  in  the  generator  virtually 
at  normal  without  any  attention  on  the  part  of  the  driver. 
Another  motor-blower  circuit  breaker  is  used  as  a  safeguard 
against  the  possibility  of  low  water  in  the  generator  due  to 
lack  of  water  in  the  supply  tank.  In  this  case  the  breaking 
of  the  circuit  depends  upon  the  expansion  and  consequent 
elongation  of  the  lower  header  of  one  of  the  generator  sec- 
tions when  it  becomes  overheated. 

This  generator  was  rated  at  75  hp.,  was  32  in.  long,  22  in. 
wide  and  28  in.  high.  The  heating  surface  was  slightly  in 
excess  of  150  sq.  ft.  When  ignition  took  place  the  water  in 
the  generator  was  at  66  deg.  fahr.,  but  reached  212  deg.  in 
forty  seconds;  in  eighty  seconds  the  pressure  was  100  lb.;  it 
reached  normal,  or  600  lb.,  two  minutes  and  fifty  seconds 
after  the  switch  was  turned,  the  increase  from  500  to  600  lb. 
requiring  just  ten  seconds.  In  order  to  maintain  a  full  head 
of  steam,  600  lb.,  it  is  only  necessary  for  the  combustion 
system  to  operate  seven  seconds  in  every  twenty  minutes. 
This  applies  when  the  ear  is  standing  where  the  surrounding 
temperature  is  about  60  deg.  fahr. 

THE  ENGINE 

In  designing  the  engine  my  chief  concern  was  to  provide 
ample  dimensions  of  the  working  parts  in  order  to  insure 
continued  operation  under  maximum  conditions  of  load.     Al- 


though the  compound  engine  may  provide  for  high  ex[)ausion, 
it  is  not  desirable  for  use  in  motor  cars,  as  the  ratio  of  the 
cylinder  volumes  has  to  be  carefully  determined  in  relation 
to  the  probable  loads,  speeds  and  steam-chest  pressures.  In 
the  steam  car  these  conditions  vary  so  widely  that  it  was 
necessary  to  use  the  single-expansion  engine. 

1  employed  the  uniflow  principle,  because  I  wished  to  secure 
high  expansion  with  a  simple,  noiseless  valve  geai'  and  one 
valve  per  cylinder.  The  inlet  valves  are  placed  on  top  of  the 
cylinders.  They  are  of  the  slide  type,  and  aie  so  constructed 
as  to  lift  off  their  seats  if  the  compression  at  any  time  exceeds 
the  steam-chest  pressure.  Another  reason  for  the  uniflow 
was  the  fact  that  it  makes  unnecessary  the  use  of  superheated 
steam,  as  the  thermal  conditions  in  the  uniflow  cylinder 
approach  the  ideal.  All  troubles  caused  by  superheated  steam 
are  therefore  absent,  and  but  little  cylinder  lubrication  is 
necessary.  The  exhaust  is  through  ports  uncovered  by  the 
piston  at  the  end  of  its  stroke.  With  this  arrangement  it  is 
possible  to  secure  cut-off  as  early  as  10  per  cent  of  the  stroke. 
The  inlet  valves  are  actuated  by  a  simplified  form  of  the  Joy 
valve  gear,  thus  dispensing  with  eccentrics  and  making  pos- 
sible a  one-piece  crankshaft.  It  differs  from  the  Joy  in  that 
it  dispenses  with  the  connecting  and  anchor  links,  and  has  a 
straight  instead  of  a  curved  rocker  guide. 

This  gear  operates  the  Vi  cut-off,  which  is  used  for  all  ordi- 
nary running,  with  perfect  accuracy,  and  the  slight  variation 
at  %  cut-off,  which  is  used  for  starting  or  heavy  pulling,  and 
at  Vs,  used  for  high  speed  or  economy,  is  not  noticeable  in  the 
running  of  the  ear.  To  provide  against  water  in  the  cylinders 
or  a  leaky  throttle  valve,  a  small  piston  valve  is  placed  on  the 
lower  side  of  the  cylinders.  This  valve  is  normally  held  open 
by  a  spring.  It  is  connected  to  the  four  clearance  spaces  of  the 
cylinders,  and  any  water  or  steam  not  under  sufficient  pressure 
to  actuate  this  valve  passes  through  it  to  the  atmosphere.  As 
soon,  however,  as  any  steam  under  an  appreciable  pressure 
reaches  it,  the  pressure  will  force  down  the  piston  and  close 
the  valve.  The  engine  is  geared  to  the  rear  axle  in  the  ratio 
47 :  49,  or  virtually  one  to  one ;  yet  can  produce  sutlicient 
torque  to  slip  the  driving  wheels  on  dry  pavement.  On 
account  of  the  low  engine  speed  an  elaborate  system  of  lubri- 
cation for  the  engine  mechanism  is  entirely  unnecessary. 

I  will  sum  up  the  chief  advantages  of  such  a  steam-power 
plant  for  motor-vehicle  service. 

1  Torque  range  of  100  per  cent  with  a  maximum  torque 

available  at  zero  speed;  change-gear  mechanisms  and 
clutch  therefore  unnecessary 

2  Mean   effective   pressure    (and   equivalent   di'awbar   puU) 

always  under  control  of  the  operator;  variable  by 
throttle  and  cut-off  from  zero  to  maximum,  a  maximum 
limited  only  by  the  tractive  capacity  of  the  rear  wheels 

3  Utmost  mechanical  simplicity  with  not  over  twenty-four 

moving  parts  in  the  entire  car  and  only  eleven  in  the 
engine 

4  Smooth  and  quiet  operation,  due  to  low  engine  speed  and 

to  location  of  the  engine 

5  Low  manufacturing  cost,  owing  to  simplicity  of  construc- 

tion and  lack  of  "  fussy  "  work  in  production 

6  Entire  absence  of  lubrication  troubles;  no  contamination 

of  erankcase  oil  by  kerosene,  gasoline,  water,  road  dust, 
or  carbon 

7  Low  fuel  cost  per  mile. 

In  connection  with  this  last  point,  some  very  brief  statistics 
may  prove  of  interest.  As  a  basis  of  comparison,  we  selected 
three  well-known  gas  cars,  the  first  being  a  six-cylinder  car 
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weigliiii"  slightly  over  2300  lb  ami  developing  a  maximum  of 
about  40  hp.;  the  second  weighs  2700  lb.,  has  six  cylinders, 
and  can  develop  45  hp. ;  the  third,  a  twelve,  weighs  4400  lb., 
and  develops  80  hp.  Our  steam  car  has  a  generator  rated  at 
75  hp.,  and  weighs  3500  lb. 

The  four  cars  may  be  known  as  A,  B,  C,  and  D,  and  the 
results  at  40  m.p.h.  on  a  level  road  were  as  follows:  A  deliv- 
ered 15.1  hp.  at  the  engine,  12.3  hp.  at  the  rear  tires,  and 
traveled  21.3  miles  per  gallon  of  gasoline.  B  showed  14.3 
hp.  at  the  engine,  10.6  hp.  at  the  wheels,  and  ran  15.4  miles 
per  gallon  of  gasoline.  C  developed  36.1  hp.  at  the  motor, 
29  hp.  at  the  wheels,  and  obtained  9.5  miles  to  the  gallon, 


D,  the  steam  car,  at  40  m.p.h.  develops  13  hp.  at  the  engine, 
10  hp.  at  the  rear  tires,  and  secures  11.4  miles  per  gallon  of 
kerosene. 

With  gasoline  at  twenty  cents  and  kerosene  only  eight  cents 
per  gallon  in  Detroit,  there  appears  to  be  a  considerable 
balance  in  favor  of  the  steam  car,  but  it  is  at  the  more  normal 
driving  speed  of  twenty  miles  per  hour  that  the  best  economy 
showing  is  made. 

.1,  a  light  car  well  known  for  its  fuel  economy,  at  20  miles 
jier  hour  ran  31.5  miles  on  one  gallon  of  gasoline;  B,  22.7 
miles;  C,  14.8  miles:  and  B,  17.3  miles  on  a  gallon  of  kero- 
sene. 
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IT  is  my  \ocation  to  make  things  run  smoothly,  and  as  has 
been  so  aptly  said :  "  Blessed  are  they  that  remove  fric- 
tion— that  make  the  courses  of  life  smooth  and  the  intercourse 
of  men  gentle."  It  is  not  work  that  kills  off  so  many  of  our 
prominent  business  men  before  they  have  reached  their 
allotted  three  score  and  ten,  it  is  worry.  Revolution  does  not 
destroy  machinery,  it  is  worn  out  by  friction,  which  is  the 
worry  of  work. 

Friction  is  the  resistance  produced  by  two  bodies  coming 
in  contact  in  a  sliding  or  rolling  motion.  The  product  of  this 
resistance  or  friction  is  a  rise  in  temperature.  You  can 
warm  your  hands  by  briskly  rubbing  them  together.  Now, 
put  some  oil  between  your  hands,  and  you  can  rub  aU  day 
without  producing  enough  heat  to  feel  it.  There  is  just 
this  much  ditiference  between  propei-ly  and  poorly  lubricated 
bearings. 

It  has  always  seemed  to  me  that  friction  and  its  natural 
antidote,  lubrication,  have  not  received  as  much  study  from 
engineers  as  their  importance  would  warrant.  For  instance, 
in  a  recent  book  by  Archbutt  and  Deeley, '  authorities  on 
lubrication,  one  finds  the  remarkable  statement  that  more 
than  one  half  of  the  10,000,000  hp.  developed  in  Great  Britain 
is  expended  in  overcoming  friction,  and  that  a  considerable 
portion  of  this  wasted  power  is  due  to  faulty  lubrication; 
and  again,  in  Professor  Thurston's"  classic  treatise  on  Friction 
and  Lost  Work  we  find  the  statement :  "  It  may  probably  be 
fairly  estimated  that  one  half  the  power  expended  in  the 
average  case,  whether  in  mill  or  workshop,  is  wasted  in  lost 
work,  being  consumed  in  overcoming  the  friction  of  lubricated 
surfaces." 

While  the  two  statements  quoted  are  general,  they  are 
based  upon  the  experience  of  two  well-known  authorities. 
With  these  figures  in  mind,  when  we  purchase  new  machinery 
let  us  not  be  so  foolish  as  to  quibble  for  that  fraction  of  a 
per  cent  in  efficiency  guaranteed  for  our  new  engines  or 
machines,  and  pass  lightly  over  the  question  of  lubrication  or. 
make  no  mention  of  it  at  all  in  our  specifications.  Let  us  not 
lose  sight  of  the  fact  that  the  efficiency  of  an  expensive 
machine  may,  after  a  few  months  of  service,  become  lower 
than  that  of  a  less  expensive  machine,  simply  through  lack 


1  Lubrication  and  Lubricants,  3d  ed., 
=  7th  ed.,  p.  12. 
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of  aa  etiicient  system  of  lubrication.  A  prominent  dealer  in 
second-hand  machinery  has  remarked  that  in  the  purchase  of 
any  second-hand  apparatus  he  always  looks  first  at  the  bear- 
ings, for  their  condition  largely  determines  the  value  of  the 
machine  in  his  eyes.  In  other  words,  if  the  machine  has  a 
good  system  of  lubrication,  the  second-hand  value  is  con- 
siderably higher. 

Probably  the  reason  friction  losses  are  not  so  forcibly  im- 
pressed upon  us  is  because  of  their  insidious  nature.  We  can 
see  leaks  in  the  steam  piping  and  repair  them,  our  CO. 
recorder  instantly  shows  improper  methods  of  firing  boilers, 
a  thermometer  tells  us  when  our  flue  gases  are  too  hot  or  our 
feedwater  is  too  cold,  and  our  ^•oltmeters  indicate  the  voltage 
of  our  electric  generators,  so  that  we  can  correct  defects;  but 
the  losses  caused  by  friction  are  not  so  obvious  nor  so  easily 
measured.  It  is  only  when  it  becomes  excessive — when  the 
bearing  becomes  decidedly  overheated  or  the  babbitt  starts  to 
run  out — that  we  become  impressed  as  to  the  enormous  power- 
consuming  properties  of  friction. 

The  antidote  for  friction  is  scientific  lubrication,  or  the 
application  of  a  lubricant  of  the  right  kind  at  the  right  place 
and  in  the  right  quantities.  It  is  the  proper  valuation  of  the 
last  three  items  that  gives  us  the  most  trouble  and  usually 
requires  the  services  of  a  competent  lubrication  engineer.  In 
order  to  give  these  points  brief  consideration,  I  will  divide 
lubrication  into  two  parts,  first,  interior  or  cylinder  lubrica- 
tion, which  is  delivering  oil  into  cylinders  and  valves  against 
the  pressure  of  the  steam,  air  or  gas;  and  second,  bearing 
lubrication. 

CYLINDER    LL'BRICATION 

This  problem  places  us  between  the  two  horns  of  a  dilemma. 
We  know  that  the  more  oil  we  use,  the  smaller  will  be  the 
amount  of  power  consumed  by  friction,  but  we  know  also 
that  most  of  the  oil  which  is  mixed  with  the  steam  going 
into  the  cylinder  passes  out  with  the  exhaust  and  is  forever 
lost.  Up  to  the  present  time  no  good  commercial  system  has 
been  devised  for  separating  oil  from  exhaust  steam  or  the 
condensate  and  rendering  it  again  suitable  as  a  lubricant  for 
cylinders.  Of  course  a  certain  amount  of  oil  can  be  removed 
by  line  separators,  etc.,  but  this  is  usually  mixed  with  so 
much  water  and  is  so  thoroughly  emulsified  that  it  is  not 
suitable  for  further  cylinder  lubrication.  The  object  in  cylin- 
der lubrication  is  to  secure  the  highest  degree  of  lubrication 
with  the  smallest  amount  of  oil. 
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Aiiotlier  I'eason  for  keeping  the  amount  of  oil  as  low  as 
possible  is  that  as  it  is  impractical  to  remove  it  from  the 
condensate,  and  a  large  proportion  of  the  oil  finds  its  way 
into  the  boilers  and  makes  trouble,  for  oil  is  quite  an  efficient 
iieat  insulator.  Wra.  Parker,  Engineer-in-Chief  of  Lloyd's 
Registry,  found  not  long  ago  that  by  painting  an  open  steel 
dish  with  three  or  four  coats  of  greasy  deposit  taken  from 
the  bottom  of  a  boiler  and  mixed  with  cylinder  oil,  it  was 
possible  to  burn  the  dish  before  the  water  in  it  boiled.  This 
might  be  called  a  side  line  of  lubrication,  but  lubrication 
engineers  have  to  take  it  into  consideration. 

Within  tlie  memory  of  the  youngest  engineer  cylinder 
lubrication  has  gone  through  many  changes.  First,  suet  or 
tallow  was  injected  through  a  small  hole  in  the  cylinder 
every  time  the  engineer  happened  to  think  of  it.  Next,  grease 
cups  were  used,  grease  being  supposed  to  be  reduced  to  a 
liquid  and  flow  into  the  steam  chest,  lubricating  the  valves  and 
cylinders;  but  as  the  grease  was  usually  cooked  out  of  the 
cups,  it  went  everywhere  except  where  needed.  Next  came 
the  hydrostatic  lubricatoi',  in  which  two  or  three  feet  of 
water  pressure  is  used  to  force  the  oil  into  the  steam.  The 
last  and  most  important  step  was  the  general  adoption  of 
the  mechanically  driven  force-feed  lubricator,  in  which  the 
oil  is  positively,  and  at  regular  intervals,  forced  into  the 
cylinders  by  means  of  pumps. 

Most  plants  have  adopted  the  system  of  force-feed  lubrica- 
tion for  the  main  power  units,  but  there  are  many  depending 
upon  more  or  less  antiquated  methods  for  supplying  cylinder 
oil  to  their  auxiliaries,  such  as  pumps.  Many  engineers  do 
not  consider  the  auxiliaries  of  enough  importance  to  warrant 
the  retinement  of  automatic  lubrication,  but  as  auxiliaries  are 
usually  located  in  the  basement,  boiler  room,  or  other  out-of- 
the-way  places,  where  they  do  not  receive  as  much  attention 
as  the  main  units,  automatic  lubrication  of  such  machines  is  of 
at  least  as  much  importance  as  that  of  the  main  units.  The 
amount  of  power  consumed  by  the  auxiliaries,  compared  witli 
the  main  units,  clearly  shows  that  lubrication  of  the  former 
must  be  carefully  considered. 

For  illustration,  take  one  of  the  largest  railway  houses  in 
the  country.  The  ai'eas  of  the  rubbing  surfaces  of  the  main 
units  in  this  plant  amount  in  all  to  about  1,507  sq.  ft.,  while 
those  of  the  steam  and  air  ends  of  the  auxiliaries,  air  com- 
pressors, vacuum  pumps,  etc.,  total  about  530  sq.  ft. ;  thus 
there  is  one-third  as  much  rubbing  surface  in  the  auxiliaries 
as  there  is  in  the  main  units,  and  as  some  of  the  auxiliaries  are 
automatically  started  and  stopped  without  supervision,  it  is 
evident  that  they  should  not  only  be  supplied  with  a  good 
system  of  lubrication  but  also  with  one  which  will  start  and 
stop  automatically  with  the  machines  to  which  it  is  attached. 

The  power  consumption  of  auxiliaries  is  more  striking  in 
smaller  plan  Is  than  in  large  ones.  For  instance,  in  the 
Marhiidjic  Building  34th  Street  and  Broadway,  only  50  per 
cent  of  the  power  produced  is  used  by  the  main  generating 
units,  the  remainder  being  consumed  in  elevator  ])umps, 
bhiwer  engines,  vacuum  boiler  feed,  house  pumps,  air  com- 
pressors, etc.  In  the  power  plant  of  a  modern  apai'tment 
liouse  in  New  York  City,  two-tliirds  of  the  total  power  is 
consumed  in  the  main  units,  the  other  third  being  used  for 
refrigerating  machines,  boiler  feed  and  house  pumps,  vacuum 
cleaning  systems,  sewerage  pumps,  etc.  These  are  only  a 
few  examples,  but  there  are  many  plants  where,  even  though 
the  main  units  are  properly  lubricated,  the  cost  of  lubrication 
could  be  greatly  reduced  and  the  plant  efficiency  improved 
if  the  auxiliaries  were  equipped  with  an  efficient  system  of 
lubrication. 


Properly  designed  force-feed  lubricators  deliver  a  pre- 
determined amount  of  oil  and  the  delivery  is  not  affected  by 
changes  in  temperature  or  the  viscosity  of  the  oil.  They  are 
much  cleaner  and  neater  to  handle  than  hydrostatic  lubri- 
cators and  can  be  filled  while  in  operation  or  connected  up 
to  a  central  system  of  supply,  and  will  effect  a  saving  in  oil 
of  at  least  50  per  cent. 

BEAKINi;  LUBRICATION 

The  problem  of  adequately  lubricating  bearings  is  entirely 
different.  In  the  old  days  the  engine  had  a  few  holes  and 
the  engineer  had  to  treat  it  to  a  dose  of  oil  on  frequent 
visits;  in  some  instances  bearings  were  provided  with  grease 
cups,  and  instead  of  a  dose  of  oil  he  would,  on  his  regular 
rounds,  give  these  cups  an  extra  twist.  Nothing  similar  to 
this  is  now  seen  in  the  modern  power  plant.  Economical 
lubrication  requires  the  installation  of  modern  scientific  ap- 
paratus which  will  automatically  apply  the  oil  in  a  manner 
that  will  do  the  most  good.  Poor  lubrication  increases  wear 
and  tear,  reduces  the  life  of  machinery,  and  wastes  a  large 
amoimt  of  power  by  friction,  resulting  in  increased  fuel 
consumption. 

The  only  economical  method  of  lubricating  bearings  con- 
sists in  supplying  as  much  oil  as  the  bearings  will  take  and 
of  collecting,  filtering,  and  using  it  over  and  over  again. 
In  passing  through  the  bearings  the  oil  takes  up  small  pieces 
of  metal  removed  from  the  bearings  by  friction,  dust,  etc., 
also  water  from  condensed  steam,  which  lias  leaked  past  the 
stuffing  boxes.  If  solid  matter  and  water  are  properly 
removed  from  the  oil,  it  is  in  a  condition  to  be  used  over 
again;  therefore  the  crux  of  a  good  automatic  system  of 
lubrication  is  the  filter,  wherein  the  oil  is  restored  to  its 
original  pure  and  clean  state.  An  engine  or  machine  equipped 
with  an  efficient  system  of  continuous  lubrication  feeding  a 
stream  of  oil  to  all  bearing  surfaces  will  run  much  cooler, 
wear  longer  and  render  the  necessity  of  keying  up  less 
frequent  than  is  the  case  where  lubrication  is  provided  by  oil 
cups  feeding  drop  by  drop. 

In  the  power  plant  of  a  shoe  factory  the  engine-room  log 
shows  tliat  before  the  adoption  of  continuous  stream  lubrica- 
tion it  was  necessary  to  key  up  the  pins  about  once  every 
two  weeks,  whereas  since  the  oiling  system  was  installed, 
keying  up  is  only  necessary  every  six  to  eight  weeks.  One  of 
the  engines  in  this  plant,  a  200-hp.  Corliss  engine,  is  equipped 
with  an  individual  oiling  and  filtering  system,  and  the  make- 
up oil  only  amounts  to  two  gallons  per  month.  A  further 
illustration  of  what  can  be  accomplished  with  a  properly 
designed  automatic  system  of  bearing  lubrication  is  furnished 
by  one  of  the  largest  public-service  plants  in  the  country, 
where  30,000,000  kw.  are  generated  each  month.  The  total 
amount  of  oil  consumed  for  all  the  main  generating  units  and 
their  auxiliaries  amounts  to  only  300  gal.  per  month;  and 
in  another  plant  the  actual  cost  of  cylinder  and  bearing 
lubrication  amounts  to  only  (wo  cents  per  1000  kw-hr. 

ri.ANT  KFI'  IIIUNCV 

The  work  done  by  a  steam  engine  is  necessarily  divided 
into  three  parts;  that  done  against  the  outside  load,  which 
alone  is  the  useful  work;  that  done  against  the  back  pressure 
in  the  cylinders;  and  that  done  against  other  resistances,  the 
most  important  of  which  is  friction.  Work  is  also  done  at 
the  beginning  of  each  stroke  in  overcoming  the  inertia  of  the 
moving  parts,  but  in  a  properly  designed  engine  most  of  this 
should   be   restored   to   the   engine   before   the   end   of   each 
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stroke.  In  the  modern  type  of  engiues  the  mechanical  eifi- 
cieney  is  vt-ry  high.  In  tests  of  ten  new  engines  of  different 
makes — four  simple,  four  compound,  one  triple  expansion 
and  one  quadruple  expansion — the  mechanical  efficiency  ran 
from  93  per  cent  to  97  per  cent. 

In  engines  not  so  modem  in  design  and  which  have  been 
runnmg  for  some  time,  the  mechanical  efficiency  may  be 
surprisingly  low.  In  one  of  fifteen  engiues  tested  of  this 
class,  which  have  been  operating  from  ten  to  twenty  years, 
the  mechanical  efficiency  averaged  about  70  per  cent.  In 
one  case  it  ran  as  low  as  60  per  cent.  If  the  mechanical 
efficiency  is  70  per  cent,  the  recoverable  loss  would  be  at 
least  20  per  cent.  Take  a  plant  of,  say,  1000  hp.  The  cost 
of  producing  a  horsepower  per  year  is  about  $30.  A  loss  of 
20  per  cent  would  be  200  hp.  at  $30  per  year,  or  $6,000. 

The  values  for  the  mechanical  efficiencies  of  steam  engines 
are  about  as  follows:  95  to  98  per  cent,  rare  and  unusually 
high;  90  to  95  per  cent,  usual  good  practice;  below  80  per- 
cent, decidedly  low.  Experiments  on  distribution  of  friction 
show  that  the  greatest  loss,  amounting  to  one-third  or  one- 
half  of  the  total  friction,  occurs  in  the  main  bearings;  the 
next  important  loss  is  that  of  the  piston  and  piston  rod, 
amounting  to  about  21  per  cent  of  the  total  friction.  Of 
this  amount  61/2  per  cent  is  chargeable  to  the  friction  of  the 
piston  and  rings  against  the  cylinder  walls,  and  about  14  per 
cent  to  the  stuffing  box  of  the  piston  rod,  leaving  1.7  per  cent 
chargeable  to  uuaeeomitable  losses.  The  losses  due  to  friction 
of  the  working  parts  of  an  engine  include  considerably  more 
than  the  mere  loss  of  power,  namely,  the  depreciation  result- 
ing from  wear  of  bearings,  guides,  and  other  rubbing  sur- 
faces, and  the  expense  arising  from  accidents  traceable  to 
excessive  friction. 

DESIGNING    I.UP>RIC.\XION    SYSTEMS 

There  has  always  been  a  great  deal  of  guesswork,  mystery, 
and  secrecy  on  the  part  of  manufacturers  in  regard  to  the 
general  design  and  installation  of  automatic  bearing-lubrica- 
tion systems  for  power-plant  machinery.  The  lack  of  general 
information  on  this  sub.ject  has  resulted  in  the  installation 
of  many  unreliable  oiling  systems  not  really  suited  to  con- 
ditions existing.  The  requirements  of  an  efficient  lubricating 
system  are: 

1  A  stream  of  clean   oil  suiiplied   continuously  at  just   the 

points  where  needed, 

2  A    filter   which    will    thoroughly    remove    all    dirt,    small 

particles   of  metal,   and   entrained   water,   and   properly 
cool  the  oil, 

3  The    system    should    be    autnmiitic    in    its    operation    and 

absolutely  reliable. 

One  sometimes  hears  the  statement  made  that  oil  becomes 
worn  out  through  use.  This  is  not  the  case,  as  has  been 
amply  proved  by  extensive  tests  made  by  several  eminent 
authorities.  There  maj-  be  some  slight  increase  in  its  specific 
gravity  after  it  has  been  used  continually,  owing  to  the  fact 
that  by  increase  of  temperature  some  of  the  more  volatile 
oils  are  driven  off  and  small  amounts  of  cylinder  oil  used  for 
lubricating  the  piston  rods,  etc.,  become  mixed  with  the  bearing 
oil;  however,  the  heavier  oil  is  still  as  good  as  ever,  if 
properly  treated.  In  some  cases  the  mixture  of  cylinder  oil 
with  the  bearing  oil,  which  gets  into  the  system  from  the 
piston-rod  lubrication,  causes  serious  complications  on  account 
of  the  small  percentage  of  animal  fat  necessary  in  the 
cylinder  oil.     This  in  time  causes  the  oil  to  become  emulsified 


and  entirely  unsuitable  for  circulating.  To  remedy  this 
trouble,  there  are  two  alternatives;  the  first  is  to  dam  off  the 
space  below  the  piston-rod  stuffing  box  between  the  cylinder 
and  the  guide  barrel  so  that  the  cylinder  oil  dropping  from 
the  rod  is  carried  off  through  the  bonnet  drips  and  does  not 
become  mixed  with  the  bearing  oil;  the  second  is  to  install 
a  wiping  device  on  the  piston  rod  and  lubricate  it  with  bear- 
ing oil.  I  know  that  a  gi'eat  many  engineers  beUeve  that 
only  cylinder  oil  is  suitable  for  lubricating  piston-rod  stuffing 
boxes,  but  we  have  had  very  good  success  in  several  instances 
by  applying  regular  bearing  oil  in  this  manner. 

The  lubrication  engineer  has  three  alternatives  to  work 
upon  in  the  design  of  a  scientific  system:  he  may  install  a 
central  oiling  system  in  which  the  main  supply  of  oil  is 
stored  at  one  point  ai:d  conveyed  to  the  bearings  of  the 
various  power  units  and  auxiliaries  by  means  of  main  feed 
and  branch  pipes  to  each  machine;  or  he  may  make  each 
individual  engine,  pump,  air  compressor,  etc.,  a  unit  by  itself, 
and  supply  it  with  its  own  oiling  and  filtering  system;  or 
he  may  provide  a  combination  of  the  two  by  providing  one 
lubricating  system  to  take  care  of  a  group  of  machines. 

In  the  application  of  the  first  system  it  is  necessary  to 
install  a  large  part  of  the  apparatus  in  duplicate  in  order 
absolutely  to  insure  continued  operation  of  the  plant.  The 
amount  of  duplication  depends  a  good  deal  upon  the  arrange- 
ment of  the  plant,  the  susceptibility  of  the  various  parts  to 
injury,  the  value  of  continued  operation  and  also  the  ideas 
of  the  designing  engineer. 

To  insure  absolutely  reliable  lubrication,  many  plants  are 
now  installing  individual  oiling  and  filtering  systems,  so  that 
each  unit,  from  the  smallest  auxiliaries  to  the  largest  power 
unit,  is  equipped  entirely  independently  of  all  other  units  in 
the  plant.  Practically  everything  necessary  for  these  indi- 
vidual oiling  systems  is  above  the  engine-room  floor  and 
therefore  always  in  sight  and  under  the  care  of  the  engineer 
or  attendant. 

The  so-called  splash  system  used  on  several  makes  of  high- 
speed engines  has  many  disadvantages.  Usually  the  engine 
frame  forms  an  oil  reservoir,  and  the  crank  dipping  into  the 
oil  at  everj'  revolution  throws  it  out  on  the  rubbing  surfaces. 
It  soon  becomes  saturated  with  small  particles  of  metal  and  is 
entirely  unsuited  for  use  over  and  over  again  between  the 
rubbing  surfaces;  furthermore,  the  oil,  being  at  the  high 
temperature  of  the  engine  frame,  has  practically  no  ability 
to  carry  off  heat  which  may  be  generated  in  the  bearings,  and 
finally  on  some  engines  the  steam  leaking  past  the  piston-rod 
packing  and  condensing  in  the  oil  reservoir  soon  mixes  with 
the  oil  to  sucli  an  extent  that  an  emulsion  is  formed,  which 
has  practically  no  lubricating  value.  The  proper  lubrication 
of  engines  equipped  with  the  splash  system  can  be  easily 
accomphshed  by  connecting  an  oil  supply  line  into  the  reser- 
voir of  the  splash  system  and  a  dirty-oil  overflow  arranged 
so  that  a  predetennined  level  of  oil  is  maintained  in  the 
reservoir;  thus  the  dirty  oil  passes  out  through  the  overflow  at 
the  same  rate  at  which  clean  oil  is  delivered  into  the  reservoir. 
In  tliis  way  continuous  circulation  of  oil  is  maintained  and 
good  reliable  lubrication  is  insured.  Real  bearing-lubrication 
economy  is  possible  only  when 

1  Every  bearing  is   continually   supplied  with   a   stream  of 

clean  oil  so  that  the  rubbing  surfaces  float  past  each 
ether  on  a  film  of  oil  instead  of  coming  into  metallic 
contact,  reducing  cost  of  producing  power. 

2  When  the  oil  is  automatically  collected,  filtered,  purified 

for  use  o\er  and  over  again,  reducing  cost  of  attendance 
and  oil. 


PROBABLE   REQUIREMENTS   IN   MACHINE   TOOLS 

A  Discussion  of  Means  for  Their  Fulfilment,  and  a  Description  of  an  Automatic  Tool-Feeding 
Mechanism  in  Which  the  Feed  is  Governed  by  the  Driving  Torquo 

By  a.  M.  SOSA,'  CINCINNATI,  0. 


OUR  observation  of  the  progress  made  in  the  construction 
of  machine  tools  in  the  last  twenty  years  shows  that 
the  development  of  machine  tools  has  been  accomplished  by 
the  natural  process  of  producing  or  designing  mechanisms  to 
meet  the  requirements  that  were  brought  forth  in  the  course 
of  the  work,  and  which  requirements  may  well  be  divided  in 
two  classes.  To  the  first  belong  those  that  are  due  to  new 
conditions  created  independently  of  the  machine  itself;  and  to 
the  second,  those  that  demonstrate  the  evolution  of  the  ma- 
chine in  itself. 

CLASSES    OF   KBQUIRKMENTS 

The  discovery  of  high-speed  tools  brought  forth  the  neces- 
sity of  designing  new  gear  combinations  for  driving  the  ma- 
chine that  would  permit  of  a  greater  power  input.  This  is  a 
requirement  of  the  first  class.  But  it  was  observation  and 
suggestion  that  has  developed  the  modern  type  of  quick- 
change  gearing;  and  this  is  an  example  of  requirements  of  the 
second  class. 

We  aim  to  be  ready  to  meet  these  necessities  as  they  arise, 
and  are  prepared  with  systematized  knowledge  to  solve  the 
new  problems  created;  but  the  improvements  or  requirements 
brought  about  through  our  observation  and  suggestion  are 
proportional  to  the  amount  of  study  that  we  are  willing  to 
invest  during  the  course  of  our  daily  work. 

Our  standards  for  improvements  are  based  on  the  general 
principle  of  simplification  of  manual  operations  consistent 
with  the  quality  of  the  finished  product  and  cost  of  produc- 
tion. 

Our  aim  is,  in  fact,  not  only  to  make  manual  operations 
easier,  but  to  eliminate  manual  operations  as  much  as  possible. 
The  reason  is  that  we  can  perfect  a  machine.  We  can  time  a 
machine  and  standardize  its  product  much  better  than  we 
can  the  operator.  And  we  are  now  satisfied  by  daily  evidence 
that,  at  least  in  a  mechanical  sense,  machines  can  do  what  men 
can  do. 

We  have  in  modern  machine  tools  automatic  stops,  power 
quick  traverse,  belt  shifters,  tool  lifters,  sizing  grinders,  and 
other  numerous  attachments  with  which  we  are  familiar. 
These  attachments  add  in  each  case  some  parts,  and  in  some 
eases  complicated  mechanisms,  to  the  original  machine,  in  or- 
der to  increase  its  output  by  simplifying  the  manual  opera- 
tions. The  increase  and  dependability  of  the  output  justify 
the  additional  expense. 

Each  of  the  examples  here  given  is  of  the  same  nature,  in- 
asmuch as  its  object  has  been  to  eliminate  the  frequent  repeti- 
tion of  some  manual  operation.  They  all  require  the  setting 
of  some  additional  gage  to  reproduce  a  given  performance, 
and  we  may  well  associate  the  above  with  the  general  study 
of  jigs  and  fixtures,  as  their  development  has  been  hand  in 
hand. 

These  accessories  do  not  affect  the  standard  construction  or 


the  fundamental  lines  of  the  machine  to  which  they  are  ap- 
plied. Changes  that  affect  the  fundamental  construction  are 
of  such  blended  character  that  it  is  difficult  to  point  out  the 
different  steps  of  the  transformation.  The  total  advance  may 
be  appreciated  by  comparing  the  modern  machine  with  its 
equivalent  of  twenty-five  years  ago,  and  the  most  influential 
details  in  this  advance  can  be  attributed  to  the  perfecting  of 
gear  wheels  and  their  combinations. 

In  those  days  it  was  not  permissible  to  feed  a  tool  with 
rack-and-pinion  motion  nor  to  drive  a  cutter  with  an  all-gear 
combination ;  the  tooth  marks  were  clearly  visible.  And  it  was 
not  all  the  fault  of  workmanship,  as  imperfect  applications 
of  gear  trains  were  many  times  the  cause  of  such  poor  results. 

We  can  say,  in  general,  that  positive  transmission  of  motion 
and  quick-change-gear  combinations  are  the  prominent  details 


Fig 


Fig.    I  Fig.   .3 

Fig.  1     UPRKiHT  Drill  for  Testing  Habdness 
3    Drill   With   Driving   Force  and  Feeding  Force 
Complementary 


'  Member  Engineers'  Club  of  Cincinnati. 

Presented  at  a  meeting  of  the  Cincinnati  Section  of  The  .Vmerumn 
Society  of  Mechanical  Engineeks,  March   16,   191(>. 


that  characterize  the  modern  machine  tool.  These  gear 
changes  are  quick  and  simple,  with  very  few  exceptions,  but 
there  are  exceptions,  and  besides,  these  are,  at  their  best,  man- 
ual operations,  two  good  reasons  for  attracting  our  attention. 
We  may  consequently  say  that  the  further  perfecting  of 
gear  trains  and  their  combinations,  consistent  with  our  con- 
tinuous effort  for  saving  manual  labor,  will  bring  about  the 
modification  of  some  of  those  gear  changes  that  are  now  left 
to  the  will  of  the  operator. 

PROBLEM   OF   THE    DRILLING    MACHINE 

As  an  illustration  I  will  call  your  attention  to  one  particu- 
lar application,  and  I  will  select  the  drilling  machine.     Here 
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the  changing  of  tools  is  ordinarily  very  frequent.  The  di- 
ametei*  of  the  tool  is  charted  with  its  corresponding  speed 
in  revolutions  per  minute.  A  quick  change  of  the  position  of 
one  or  two  levers  and  the  proper  speed  is  given  to  the  tool. 

But  to  feed  this  tool  properly  is  a  consideration  not  quite 
so  simple.  In  the  first  place,  excessive  speed  will  not  break 
the  tool,  while  excessive  feed  will  break  the  tool.  In  the  sec- 
ond place,  if  excessive  speed  burns  out  the  tool,  the  feed  again 
will  break  the  tool  or  the  machine.  The  feed  is,  in  both  cases, 
the  more  important  change  of  the  two. 

On  the  other  hand,  a  drilling  machine,  on  account  of  its 
constructive  capacity,  admits  of  two  or  three  times  as  many 
speeds  as  it  does  feeds,  for  the  reason  that  all  the  feed-change 
gears  must  be  comprised  in  the  head  of  the  machine.    The  re- 
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Fig.  2    Relation  of  Exd  Thrust  to  Deivixg  Force 

suit  is  that  the  same  feed  is  charted  for  a  considerable  number 
of  tool  diameters. 

Another  consideration  is  that  the  amount  of  feed  given  on 
the  chart  will  feed  the  tool  properly  after  the  cut  has  been 
started  and  brought  to  full  diameter  without  abnormal  effort 
that  would  indicate  that  the  tool  is  dull,  and  for  this  reason 
the  operator  will  start  feeding  by  hand  jjrevious  to  connect- 
ing with  power  feed,  making  certain  that  the  tool  is  cutting 
freely,  and  also  will  finish  feeding  by  hand  in  many  instances 
to  prevent  a  breakage  as  the  tool  comes  through  the  metal. 
When  using  tools  in  connection  with  jigs,  where  said  tools 
carry  stop  collars  to  gage  depths,  it  is  also  necessary  to  feed 
by  hand  against  such  stops.  Consequently,  the  operator, 
after  making  the  necessary  feed  changes,  will  feed  by  hand  the 
greater  part  of  the  time  in  many  instances. 

The  conclusion  is  that  the  power  feed  in  such  a  machine 
does  not  meet  all  of  the  requirements,  being  more  a  hand  than 
a  power-operated  mechanism. 

These  limitations  of  the  feed  geai-ing  are  not  characteristic 


of  the  drilling  machines  alone,  for  other  machine  tools  will 
be  found  wanting  in  similar  respects  if  carefully  examined. 

Now,  if  we  are  to  continue  perfecting  gear  transmissions, 
this  most  likely  will  be  the  nature  of  the  requirements  that 
we  will  have  to  meet  in  the  near  future. 

That  it  is  possible  to  accomplish  the  desired  results  there 
is  no  doubt  in  our  minds.  Nevertheless,  as  an  example,  I  will 
suggest  an  analysis  and  a  possible  solution  of  a  plain  train 
of  positive  gearing  to  feed  the  tool  in  drilling  machines  that 
might  be  considered  a  step  in  the  right  direction  in  the  devel- 
opment of  feed  gearing. 

.VNAIASIS  OF   DRII,L-IEEniN(;    l'i;t  )r.I,KM 

Fig.  1  represents  the  elements  of  an  upright  drill  as  it  is 
used  for  testmg  the  hardness  of  materials.  The  spindle  is 
driven  in  a  normal  way.  Provision  is  made  for  the  applica- 
tion of  a  given  weight  to  the  spindle  of  the  machine.  Here, 
for  a  given  weight  and  a  given  speed,  the  materials  under 
test  for  hardness  are  gi-aded  by  measuring  the  penetration  of 
the  tool  in  a  given  time.  Tests  of  this  kind  have  been  pub- 
lished in  the  American  Machinist,  and  are  quoted  here  only  to 
substantiate  the  fact  that  the  tool  can  properly  be  fed  by  a 
constant  pressure.  The  feeding  of  drills  is  at  present  accom- 
plished by  positive  motion. 

Fig.  2  gives  in  condensed  form  the  results  of  numerous 
tests  for  determining  the  values  of  the  end  pressure  needed  to 
feed  the  tool,'  and  the  torque  required  to  drive  the  same  tool." 
The  values  of  three  tool  diameters  are  given:  %  in.,  %  in.  and 
%  in.  There  are  two  curves  given  for  each  side,  one  for  the 
value  of  the  end  pressure  or  thrust,  and  one  for  the  value 
of  the  turning  moment  or  torque.  The  upper  curves,  for  end 
]3ressure,  read  pounds  on  the  vertical  scale  corresponding  to 
feeds  on  the  horizontal  scale  in  thousandths  of  an  inch.  The 
lower  curves,  for  the  turning  moment,  read  pounds  at  one 
inch  radius  on  the  vertical  scale  corresponding  to  feed  in 
thousandths  of  an  inch  on  the  lower  scale.  For  example,  the 
end  thrust  required  to  feed  a  %-in  drill  with  an  0.011-in.  feed 
is  875  lb.,  and  the  torque  required  to  drive  it  is  100  in.-lb. 

The  driving  force  and  the  feeding  force  are  so  related  in  the 
actual  action  of  cutting  that  the  one  cannot  exist  without  the 
other;  in  other  words,  they  are  two  component  forces,  and 
their  values  are  functions  of  each  other.  These  values,  as 
given  in  Fig.  2,  vary  in  the  same  direction,  but  not  propor- 
tionally, as  may  be  seen  by  the  relative  obliquity  of  each  two 
curves  for  the  same  diameter  of  tool.  It  will  be  seen  that  as 
the  feed  increases  the  end  pressure  increases  more  rapidly 
than  the  turning  moment. 

Fig.  3  shows  an  elementary  construction  of  a  drilling  ma- 
chine where  the  driving  force  and  the  feeding  force  are  com- 
plements of  each  other.  This  is  a  differential  gearing  such  as 
is  used  on  the  rear  axle  of  an  automobile,  and  whose  con- 
struction and  efficiency  are  well  loiown. 

rUOPOSED     DIFFERENTIAL     GEAR     FEED.      IX     WHICir      THE 
ADVANCE   IS   GOVERNED   BY   THE   DRIVING  TORc Jl  E 

A  small  bevel  pinion  is  our  source  of  power,  this  driving  a 
double  bevel  gear  running  loose  on  the  spindle.  Meshing  with 
the  lower  half  of  the  double  bevel  gear  are  two  bevel  pinions 
running  loose  on  trunnions  that  project  from  a  sleeve;  this 
sleeve  driving  the  spindle  by  means  of  a  sliding  key.  These 
bevel  pinions  are   called   planet   pinions,   and  meshing  with 

•  Thrust  of  Twist  Drills,  H.  Hess.  Am.  Mach..  1907,  p.  59S. 
=  Power    Required    to    Drive    Twist    Drills,    Frarv    and    .\dams.    Am, 
Mach.,  1907,  p.  210.  ,     ' 
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them  is  anolher  bevel  gear,  called  the  supporting  gear,  around 
which  the  planet  pinions  will  roll  when  driven  by  the  first 
driving  gear.  The  supporting  gear  also  runs  loose  on  the 
spindle,  together  with  a  spur  gear,  which  is  the  first  member 
of  the  feed  train  of  gearing.  A  vertical  shaft,  two  spiral  gears, 
and  a  racli  and  pinion  complete  the  feeding  mechanism. 

The  said  supporting  gear  is  positively  geared  to  the  sjiindle 
for  feeding.  Its  motion  is  proportional  to  the  feeding  move- 
ment of  the  tool,  and  if  the  tool  does  not  advance  this  gear 
will  not  turn.  The  said  driving  sleeve  is  carried  around  by 
planet  pinions  at  one-half  the  speed  of  the  first  driving  gear 
as  long  as  the  supporting  gear  does  not  turn,  but  as  the  speed 
of  the  supporting  gear,  when  the  tool  is  feeding,  is  very  low, 
it  only  affects  the  spindle  speed  on  a  very  small  percentage. 

The  planet  pinions  exert  a  tooth  pressure  on  the  support- 
ing gear  equal  to  one-half  the  pressure  effective  on  their  trun- 
nions, measured  on  a  radius  equal  to  the  pitch  radius  of  the 
supporting  gear.  This  pressure  is  transmitted  through  the 
feed  train  of  gearing  down  to  the  end  of  the  tool.  The 
amount  of  tooth  pressure  on  the  supjwrting  gear  and  the 
amount  of  end  pressure  on  the  tool,  or,  the  ratio  of  these  two 
pressures,  depend  on  the  gear  ratio  of  the  feed  train  of  gears. 
The  pitch  radius  of  the  supporting  gear  multiplied  by  its  tooth 
pressure  equals  the  turning  moment  given  in  Fig.  2.  The 
tooth  pressure  of  the  supporting  gear  multiplied  by  the  feed- 
gear  ratio  equals  the  end  pressure  given  in  Fig.  2. 

This  mechanism,  fitted  with  the  proper  feed-gear  ratio,  will, 
in  driving  the  spindle  with  a  given  torque,  produce  the  neces- 
sary end  pressure  to  feed  the  tool  just  enough  to  maintain 
the  said  torque.  These  two  forces,  the  driving  force  and  the 
feeding  force,  are  functions  of  each  other,  and  it  is  necessary 
that  they  come  to  be  in  equilibrium  at  the  desired  rate  of  feed 
in  oi'der  to  maintain  the  feed  constant. 
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Feed  :n  Thou&onths  of  One  Inch 

Fig.  4    Relation  of  End  .Thrust  to  Feed-Driving  Force. 
End  Thrust  Reduced  by  Gear  Ratio  w  5:1 

Fig.  4  is  a  modification  of  Fig.  2.  The  turning  moments 
are  the  same  as  before,  but  by  introducing  a  feed-gear  ratio 
of  about  5  to  1,  the  values  corresponding  to  end  thrust  are 
reduced  by  a  factor  of  5.  The  cuin^e  for  end  thrust  in  this 
diagi'am  represents  the  force  inside  the  differential  gear  which, 
multiplied  by  the  feed-gear  ratio,  will  produce  a  force  five 
times  greater  to  feed  the  tool.  A  factor  was  selected  high 
enough  to  permit  the  lines  of  the  end  thrust  to  intersect  the 
lines  of  the  turning  moment.  As  the  feed  increases  the  two 
lines  that  correspond  to  the  given  diameter  advance  until 
they  intersect.  The  point  of  intersection  represents  the 
amount  of  feed  reached  when  the  two  forces  come  to  be  in 
equilibrium. 

With  the  gear  ratio  assumed  in  the  present  example,  a  %-in. 
tool  will  reach  0.015  in.  feed  and  maintain  0.015  in.  feed  there- 


on; a  %-in.  tool  will  reach  0.013  in.,  and  a  %-in.  tool  will 
reach  0.011  in.  feed. 

Fig.  5  represents  the  head  of  a  radial  drill  mounted  on  the 
arm  of  the  machine.  Only  the  details  that  pertain  to  the  pres- 
ent subject  are  shown,  and  these  again  in  a  very  elenifntary 
form. 

The  horizontal  shaft,  inside  the  arm,  through  bevel  geais, 
not  shown,  drives  a  second  horizontal  shaft  at  right  angles. 
This  second  shaft  carries  another  bevel  gear  which  meshes 
with  the  two  bevel  gears  shown  near  the  bottom  of  the  figure. 
A  clutch  between  these  two  gears  serves  to  drive  the  vertical 
shaft  in  either  direction.  From  here  on  the  gearing  for  driv- 
ing and  feeding  the  spindle  is  the  same  as  in  Fig.  3,  except 
that  the  supporting  gear  is  placed  above  the  planet  pinions 
and  the  driving  gear  below,  for  convenience  only.     The  ra- 
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5    Drill  with  Automatic  Feed  Governed  by  Driving 

TOR^UK 


versing  clutch  will  change  the  direction  of  rotation  of  the 
whole  train  of  driving  and  feeding  gears. 

The  reversing-clutch  lever  has  two  positions  that  corre- 
spond to  the  upward  and  downward  movement  of  the  spindle. 
It  is  operated  by  hand  or  is  tripped  by  a  collar  on  the  spindle, 
striking  an  adjustable  dog  on  a  vertical  rod,  shown  in  a  par- 
allel disi^ositiou  to  the  spindle.  Said  vertical  rod  is  arranged 
to  throw  the  clutch  into  the  reversing  position  automatically, 
so  that,  if  the  tool  is  at  work  and  the  reversing  clutch  is 
tripped,  the  tool  will  withdraw  from  the  work,  and  will  do  so 
whether  the  tool  is  a  drill  or  a  tap.  If,  on  the  other  hand, 
the  clutch  is  thrown  in,  the  tool  will  advance  until  strikinu  the 
work. 

It  will  be  noticed  that  the  idle  movement  of  the  spindle, 
before  the  tool  strikes  the  work  or  after  reversing,  will  be  a 
rapid  movement.  It  will  also  be  noticed  that  the  hand  wheel 
shown  on  the  right-hand  side  is  operative  at  any  time  and 
whether  the  tool  is  under  cut  or  not,  except  in  the  case  of  a 
tap,  when  the  reversing  clutch  must  come  into  action.  It  will 
also  be  noticed  that  stop  collars  on  drills  will  be  effective  when 
feeding  by  power.  Could  this  mechanism  be  realized,  the  re- 
sult would  be  a  machine  without  feed  con.sideration,  as  far  as 
the  operator  is  conco'iied. 


METALLIC  ALLOYS,   WITH   PARTICULAR  REFERENCE  TO 

BRASS  AND   BRONZE 


Hy  WILLIAM  M.  CORSE,'  NIAGARA  FALLS.  X.  Y. 


LAW  defines  an  alloy  as  "  a  eoberent  metallic  mass  pro- 
duced by  the  intimate  mixture,  whether  by  fusion  oi 
otherwise,  of  two  or  more  metals  or  metallic  substances." 
Our  world  is  composed  of  about  one  hundred  elements,  of 
which  approximately  fifty  are  metals.  Of  these  metals  about 
thirty  are  in  everyday  use  and  less  than  fifteen  to  any  great 
extent.  As  an  alloy  may  consist  of  two  or  more  metals,  we 
can  see  what  a  large  number  of  combinations  are  possil)le. 
There  are  many  pairs  of  metals  that  have  never  been  alloyed, 
so  the  possibilities  for  research  are  almost  limitless. 

Before  taking  up  the  better-known  metallic  alloys  such  as 
brass  and  bronze,  let  us  glance  at  some  metals  which  are 
now  passing  from  the  rare  into  the  common  class. 

Cobalt  is  a  metal  similar  to  nickel  in  many  respects  but  has 
properties  which  it  confers  on  its  alloys  that  are  distinctive. 

Chromium  is  commonly  known  as  an  ingredient  of  some 
steels  and  in  combination  with  cobalt  forms  stellite,  an  alloy 
which  has  quite  recently  helped  out  during  the  shortage  of 
tungsten. 

Tungsten  is  well  known  now  both  in  high-speed  steel  and 
in  the  tungsten-filament  electric  lamp. 

Calcium  is  a  metal  not  produced  as  yet  in  large  quantities, 
but  as  a  hardener  for  lead  has  recently  attracted  attention. 
It  will  harden  lead  about  ten  times  as  much  as  antimony, 
which  is  commonly  used  for  the  purpose.  The  manufacture 
of  shrapnel  bullets  stimulated  this  use. 

Magnesium  is  now  a  commercial  product  finding  its  use 
principally  in  light  alloys. 

Vanadium  is  another  metal  used  in  alloy  steels  and  in  some 
bronzes. 

Silicon  in  1900  was  a  curiosity  but  is  now  produced  at 
Niagara  Falls  in  large  quantities. 

Titanium  is,  next  to  iron,  the  most  abundant  metal  in  the 
earth's  crust.  It  principal  use  at  present  is  as  ferro-earbon- 
titanium,  which  is  used  as  a  cleansing  agent  in  steel.  It  is  also 
used  in  bronze  alloys  and  its  oxide  as  a  white  pigment. 

Cadmium,  thallium,  molybdenum,  and  boron  can  be  pro- 
duced cheaply  and  are  awaiting  their  extensive  practical  uses. 

Copper,  tin,  lead,  zinc,  aluminum,  and  antimony  are  the 
most  useful  of  the  non-ferrous  group.  The  metals  alone  have 
many  uses,  but  the  field  is  widened  when  metallic  alloys  aie 
produced. 

Copper  and  tin  with  copper  above  80  per  cent  form  the 
true  bronzes.  Other  metals  added  confer  special  properties 
but  the  dominating  feature  of  the  alloy  is  the  copper-tin 
base.  Lead,  for  example,  is  added  to  aid  in  machining  and 
zinc  to  promote  soundness. 

Copper  and  zinc  with  copper  above  56  per  cent  form  the 
true  brasses.  These  also  are  modified  by  the  addition  of  a 
third  or  fourth  metal  such  as  tin  or  lead,  but  still  possess 
the  properties  of  the  basic  copper-zinc  combination  in  the 
particular  proportion  specified. 

For  some  reason  the  term  bronze  is  also  applied  to  other 
combinations  than  copper-tin  alloys;  for  example,  manganese 
bronze.  This  is  a  copper-zinc  alloy  approximately  60  per 
cent  copper  and  40  per  cent  zinc,  to  which  a  hardener,  con- 
sisting  principally   of   iron,   is   added.     Aluminum   bronze   is 


another  example;  it  is  an  alloy  aiiproximating  90  to  95  per 
cent  copper  and  5  to  10  per  cent  aluminum. 

Alloys  consisting  principally  of  tin  or  lead  to  which  other 
metals  such  as  antimony  and  copper  have  been  added  as 
hardeners,  are  known  as  babbitt  metals. 

AUoys  have  been  known  for  hundreds  of  years  but  their 
scientific  study  has  been  undertaken  only  during  the  past 
twenty-five  years.  This  period  has  been  marked  by  several 
distinct  phases  of  development: 

1  The   advent   of  the   chemist   and   metaUographist   into   the 

trade 

2  The  exchange  of  information  through  trade  journals  and 

scientific  societies.  The  oldest  trade  journal  was  started 
in  1902  and  the  two  scientific  societies,  viz..  The  American 
Institute  of  Metals  and  The  Institute  of  Metals  of  Great 
Britain,  were  founded  in  1907  and  1909,  respectively 

3  The  application  of  knowledge  gained  to  engineering  prob- 

lems and  shop  methods  both  from  a  manufacturing  and 
consuming  viewpoint. 

These  three  phases  enabled  information  pertaining  to  the 
industry  to  be  widely  disseminated,  and  the  exchange  of 
knowledge  has  led  to  many  permanent  advances  and  made 
possible  many  developments;  for  instance,  aluminum  is  now  a 
commercial  article;  magnesium,  tungsten,  titanium,  and  van- 
adium are  weU  known  and  have  important  uses.  The  methods 
employed  in  studying  alloys  have  been  conveniently  classified 
by  Roberts-Austen  and  Stansfield'  under 

1  The  chemical  gi'ouping  of  the  metals  in  a  solid  alloy 

2  The  separation  of  the  constituents  during  solidification. 
The   first   of   these   includes   the   methods   of   investigating 

their  specific  gravity,  electrical  resistance,  diffusion,  electrolj^ic 
conduction,  thermo-electric  power,  heat  of  combination,  elec- 
tromotive force  of  solution,  also  the  isolation  of  constituents 
by  chemical  methods,  and  microscopic  examination. 

The  second  group  deals  with  those  methods  involving  a 
study  of  the  separation  of  the  constituents  of  an  alloy  on 
solidification,  and  includes  measurement  of  fall  of  tempera- 
ture during  solidification  by  means  of  a  pyrometer,  mechani- 
cal separation  of  the  constituents  of  an  alloy  by  heating  to 
definite  temperatures  and  draining  off  or  pressing  out  the 
liquid  portion,  and  investigation  of  the  changes  in  the  mag- 
netic character  of  certain  alloys  during  heating  and  cooling. 

The  methods  thus  outlined  have  given  valuable  results,  but 
according  to  Gulliver"  the  most  fruitful  results  have  been 
obtained  by  considering  alloys  as  solutions  of  metals  in  each 
other  and  studying  them  by  means  of  the  thermometer  or 
pyrometer,  and  the  microscope.  The  record  of  temperature 
gives  the  melting  point,  freezing  point,  and  critical  tempera- 
tures of  the  alloy;  the  microscope  shows  its  structures;  and 
these  two  determinations  taken  in  conjunction  re\'eal  very 
valuable  data. 

The  microscopical  study  of  metals  and  alloys  is  known  as 
metallography.     In  this  connection  it  may  be  mentioned  that 


^  The  Titanium  Alloy  Mfg.  Co. 

Abstract  of  paper  presented  at  a  meeting  of  the  Buffalo  Section  of  '  J  •  P-       ■ 

The  American  Society  of  Mechanical  Encineeks.  January  31.  1917.  ^Gulliver,  Metallic  .Alloys.  23  ed.,  p.  1. 
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Fig.  1  Magnified  100  Diameters 


Fig.  2  Magnified  100  Diameters 


Fig.  3  Magnified  100  Diameters 
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Fig.  i  Magnified  20  Diameters 


Fig.  5  Magnified  200  Diameters 


Fig.  C  Magnified  400  Diameters 
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Fig.  7  Magnified  100  Diameters 


Fig.  8  Magnified  20  Diameters 


Fig.  9  Magnified  200  Diametees 
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Fig.  10  Magnified  200  Diameters 
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Fig.  11  Magnified  200  Diameters 

Figs.  1  to  12    Photomicrographs  op  Typical  Bronze  Structures 
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Fig.  12  Magnified  20  Diameters 
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the  reports  of  the  Alloys  Keseareh  Committee  to  the  Institute 
of  Mechanical  Engineers  of  Great  Britain  are  splendid  ex- 
amples of  this  kind  of  work  and  stand  as  enduring  monu- 
ments to  their  authors. 

The  tensile  strength,  yield  point,  elongation,  anil  reduction 
of  area  are  determined  on  a  machine  of  the  Olsen  or  Riehle 
type  and  tlie  hardness  determhied  wherever  possible  by  the 
Brinell  method.  The  lattci-  consists  of  forcing  a  lU-mm.  steel 
ball  into  the  surface  of  the  metal  under  constant  pressure  and 
measuring  the  diameter  of  the  depression.  By  referring  to 
a  table  the  corresponding  hardness  number  is  found.  The 
scleroscope  is  also  used,  but  the  results  are  not  as  dependable 
as  those  found  by  the  Brinell  method. 

Fatigue-testing  machines  such  as  the  White-Souther  give 
valuable  results  in  special  cases.  For  example,  the  resistance 
to  fatigue  or  vibration  of  titanium-aluminum  bronze  was 
found  to  be  about  ten  times  that  of  manganese  bronze,  both 
bronzes  being  of  equal  strength.  Machines  to  determine  wear 
have  been  devised  but  not  as  yet  widely  adopted.  A  good 
machine  of  this  kind  would  be  very  valuable. 

One  of  the  questions  frequently  asked  in  engineering  circles 
is,  how  the  ancients  tempered  copper.  Various  attempts 
have  been  made  from  time  to  time  to  claim  the  discovery  of 
this  lost  art  but  without  much  success.  The  facts  are  that 
the  tempered  copper  of  the  ancients  was  an  alloy  and  not  a 
pure  metal.  The  chemist  has  shown  us  that  it  contained  iron 
and  tin  in  suflicient  quantities  to  harden  the  metal.  The  main 
difference  between  ancient  and  modern  metallurgy  lies  in  the 
purity  of  the  metals  produced.  The  ancients  really  made 
alloys  instead  of  pure  metals,  and  secured  the  corresponding 
properties  of  alloys  while  assumino;  that  what  they  handled 
was  pure  metal.  While  this  fact  has  been  known  for  a  long 
time,  the  slow  dissemination  of  metallurgical  information 
gives  amjjle  opportunity  for  the  counti-y  drug  store  to  pro- 
duce several  discoveries  of  this  lost  art  annually. 

While  it  is  generally  known  that  small  amounts  of  certain 
elements  such  as  carbon,  phosphorus,  and  sulphur  exert  a 
profound  influence  on  the  pro|)erties  of  steel,  it  is  not  as  gen- 
erally known  that  snuUl  amounts  of  certain  elements  such  as 
oxygen,  sulphur,  vanadium,  titanium,  and  phosphorus  also 
exert  profound  influence  on  the  properties,  of  certain  non- 
ferrous  alloys. 

The  study  of  the  metals  in  the  bronze  foundry  is  a  larger 
proportion  of  the  scientific  work  to  be  done  than  the  same 
study  in  the  iron  or  steel  foundry.  The  iron  foundry  has  but 
a  few  grades  of  metal  to  make,  while  the  brass  foundry  oi 
easting  shoii  may  have  a  hundred  standard  formulse  for  alloys 
and  several  times  as  many  for  special  cases.  Each  alloy  re- 
quires the  thought  and  attention  of  the  man  in  charge.  The 
importance  of  the  study  of  metallic  alloys,  I  am  quite  sure, 
will  furnish  sufficient  work  for  years  to  come. 

I  should  also  like  to  mention  the  need  of  cooperation  be- 
tween the  metallurgist  and  the  engineer.  Instances  of  lack 
of  knowledge  on  alloys  come  up  every  day.  For  example,  a 
large  railway  recently  specified  an  alloy  of  copper  58  per  cent, 
tin  40  per  cent,  zinc  2  per  cent.  We  inquired  the  need  for 
such  an  alloy  and  received  the  reply  that  the  service  of  the  part 
in  question  demanded  a  hard  metal,  and  in  an  effort  to  find 
one  a  consulting  engineer  was  asked  to  suggest  a  formula. 
The  suggested  alloy  is  certainly  hard,  but  it  is  so  brittle  that  if 
the  casting  were  allowed  to  drop  on  the  floor  it  would  break 
into  a  hundred  pieces.  Twenty  per  cent  tin  in  that  alloy 
would  have  been  about  the  limit. 

Ajiother  point  to  be  emphasized  is  the  dLlference  which  exists 
between  results  of  test  bars  and  the  properties  of  the  casting 


itself.  Design,  relation  of  thick  and  thin  sections,  and  weight 
all  have  a  very  direct  bearing  on  the  result.  Many  engi- 
neers do  not  posses?  data  on  the  relation  between  the  strength 
of  the  test  bar  and  the  strength  of  the  casting.  Although  the 
matter  has  been  the  subject  of  a  few  articles,  it  will  bear  re- 
peating, as  many  m  understandings  arise  through  a  lack  of 
knowledge  of  this  i  ation.  I  know  there  is  a  wide  dis- 
crepancy between  the  two,  but  do  not  have  sufficient  informa- 
tion as  yet  to  warrant  the  formulation  of  a  rule.  I  want  to 
mention  the  fact  so  that  engineers  will  recognize  that  the  con- 
dition exists,  and  they  will  be  willing  to  cooperate  iu  getting 
more  data  on  the  subject. 

The  illustrations  are  given  to  bring  out  the  need  of  coopera- 
tive advice  and  show  the  sort  of  problems  that  arise.  These 
can  only  be  solved  by  the  application  of  scientific  methods  and 
the  appreciation  by  both  manufacturer  and  consumer  of  the 
necessity  for  cooperative  work  and  study.  That  the  field  of 
alloys  research  is  of  interest  is  not  questioned  by  those  who 
have  worked  in  it,  and  it  will  only  be  necessary  to  present  the 
matter  in  the  proper  light  to  convince  engineers  of  its  practi- 
cal value.' 


ILLUSTRATIONS 

Fig.  1  shows  the  structure  of  pure  cast  copper  of  high  electrical 
conductivity  magnified  100  diameters.  Parts  of  large  uniform 
crystals  are  shown,  the  different  crystals  being  of  different  shade 
because  this  metal  has  been  etched  with  ammonia  and  peroxide, 
which  attack  some  crystals  more  than  others,  depending  on  the 
way  the  polished  section  happened  to  cut  the  various  crystallo- 
graphic  axes.  This  structure  is  typical  of  all  pure  metals ;  the 
only  impurities  seen  here  are  the  few  small  black  spots,  which  ai-e 
probably  traces  of  oxide. 

Fig.  2,  shows  this  same  material  at  the  same  magnification  after 
forging.  The  crystals  are  very  much  smaller,  and  many  of  them 
show  more  or  less  parallel  bands,  evidence  of  the  phenomenon 
known  as  twinning.  Although  this  is  a  view  of  forged  pure  cop- 
per, the  structure  is  perfectly  typical  of  all  hot -worked  pure 
metals  or  solid  solutions,  such  as  rolled  brass,  for  instance. 

Fig.  3,  at  the  same  magnification  shows  the  structure  of  copper 
cast  carelessly,  without  deoxidation.  Melted  copper  dissolves 
oxygen  from  the  air  very  readily  in  quite  large  amounts,  but  when 
this  oxidized  copper  solidifies  on  cooling,  the  cuprous  oxide  is 
thrown  out  of  solution,  forming  a  mixture  with  the  metal  called 
an  eutectic.  This  eutectic  is  shown  clearly  in  this  figure  as  a 
dark  substance  filling  the  spaces  between  the  rounded  grains  ot 
copper.  It  Is  a  weak,  brittle  substance,  and  spoils  the  ductility  ot 
the  metal.  The  copper  crystals  are  shown  here  of  different  shade 
as  in  the  previous  tigures,  on  account  of  the  action  uf  the  etching 
reagent,  as  explained  before,  but  in  both  the  light-etching  and  dark- 
etching  copper  crystals  the  oxide  eutectic  is  etched  darker  than 
the  copper. 

Fig.  4,  in  which  the  structure  is  magnified  20  diameters,  shows 
copper  containing  lead  instead  of  oxygen,  and  this  metal  was  not 
etched,  so  that  the  copper  crystals  are  not  shown.  Lead  is  so 
much  softer  than  copper  that  it  wears  away  to  a  lower  level  in 
polishing  and  does  not  take  as  good  a  polish  as  copper,  so  that 
it  always  looks  dark  in  a  polished  section  through  the  microscope. 
The  dark  spots  here  are  lead  and  the  bright  background  is  coppei. 
Metal  like  this  is  used  for  soft  bearings  that  must  give  good  service 
at  very  high  speeds,  and  not  become  hot  even  if  lubrication  is  not 
always  effective.  Since  copper  and  lead  do  not  dissolve  in  each 
other  even  when  melted,  it  is  hard  to  cast  a  uniform  mixture  of  the 
two,  and  it  takes  care  and  skill  to  avoid  the  occurrence  of  large 
globules  of  lead,  one  of  which  is  shown  in  part  in  this  figure,  and 
which  might  so  weaken  the  casting  as  to  cause  it  to  break.  An 
interesting  feature  of  this  figure  is  the  presence  of  very  small 
star-shaped  crystals  of  copper,  somewhat  like  snow  crystals,  in  the 
large   globule. 

Fig.  5  is  a  view  of  a  leaded  bronze,  or  an  alloy  of  copper,  tin 
and  lead.     This  metal  has  been  etched,  and  the  structure  is  shown 
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Tig.  13  Magnified  200  Diameters 


Fig.  14  Magnified  200  Diameters 
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Fig.  15  Magnified  200  Diameters 


Fig.  10  JIagnified  20  Diameters 


Fig.  li   MAiixiFiED  20  Diameters 


Fig.  18  Magnified  20  Diameters 
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Fig.  19  Magnified  20  Diameters 
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Fig.  22  Magnified  200  Diameters 


Fig.  20  Magnified  400  Diameters 
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Fig.  21  Magnified  200  Diameters 


Fig.  23  Magnified  200  Diameters 

Figs.  12  to  24    Photomicrographs  of  Typical  Bronze  Structured 
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Fig.  24  Magnified  50  Diameters 
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iiiMsnit'-i'il  200  iliametei's  or  ten  times  ;is  imieli  :is  in  Fig.  4.  Here 
twu  uther  features  are  shown,  on  account  of  tlie  presence  of  tin  in 
tile  alloy.  The  rough-looking  black  spots  with  bright  centers  are 
not  lead,  but  the  soft  cores  of  the  bronze  crystals,  which,  being 
lower  in  tin  than  the  rest  of  the  metal,  were  eaten  away  by  the 
etching  reagent,  while  the  parts  higher  in  tin  were  left  bright. 
The  soft  cores,  low  in  tin,  are  found  in  all  cast  bronzes,  because 
when  bronze  first  solidities  in  cooling  from  the  melted  condition  the 
first  metal  to  freeze  is  nearly  pure  copper,  the  tin  remaining  as  long 
as  possible  in  the  liquid  part.  When  cooled  so  far  that  the  last  bit 
of  the  alloy  must  freeze,  there  is  so  much  tin  left  in  the  metal  that 
remained  liquid  longest,  that  a  new  constituent,  high  in  tin.  is 
formed.  This  constituent  is  shown  in  this  figure  as  bright  irregu- 
larly spotted  areas,  sharply  outlined.  These  areas  are  bluish-gray 
in  color,  contrasting  quite  strongly  with  the  yellow  color  of  the 
other  bright  parts  of  the  allo.v.  The  gray  constituent  is  known  as 
the  copper-tin  eutectoid  and  is  hard  and  brittle.  The  lead  in  this 
alloy  appears  as  dark-gray  rounded  spots.  It  makes  the  metal 
more  easy  to  machine  and  gives  better  bearing  properties. 

Fig.  G  shows  at  a  magnification  of  400  diameters  a  bronze  con- 
taining 10  per  cent  tin  and  2  per  cent  zinc,  with  little  lead.  The 
eutectoid  is  clearly  seen  here,  and  the  cores  are  very  distinct.  The 
parts  that  seem  to  be  at  a  lower  level  are  the  soft,  low-tin  parts  ot 
the  crystals  which  were  attacked  by  the  etching  reagent  and  dis- 
solved away  from  the  originally  smooth  polished  surface.  The  parts 
standing  up  in  relief  are  higher  in  tin  and  resisted  the  attack  of  the 
etching  solution. 

Fig.  7,  also  magnified  400  diameters,  shows  an  alloy  of  the  same 
general  composition  as  the  last  one.  but  of  poor  quality.  There  is 
hardly  any  eutectoid  shown  here  but  instead  there  are  numerous 
black  lines  and  spots.  These  are  films  of  tin  oxide,  which  destroy 
the  strength  and  ductility  of  the  alloy.  They  show  that  the  metal 
was  not  completely  decfidized  when  cast :  in  good  bronze  thest 
films  should  not  be  found. 

Fig.  S  shows  the  appearance  of  a  polished  and  etched  section  of 
a  soft  bearing  bronze,  with  only  about  01',  per  cent  tin,  and  a  little 
lead  and  zinc  magnified  only  20  diameters.  Here  the  only  thing 
shown  is  the  arrangement  of  the  soft  cores  of  the  crystals,  and 
this  dendritic  or  pine-tree  structure  is  typical  of  nearly  all  cast 
bronzes. 

Fig.  9  shows  the  alloy  of  Fig.  8  magnified  200  diameters.  The 
harder  bright  portions  stand  out  clearly  above  the  softer  cores,  and 
contain  a  few  traces  of  the  eutectoid  and  a  few  spots  of  lead.  The 
good  bearing  qualities  of  this  metal  are  probably  due  in  large  meas- 
ure to  the  irregular  alternation  of  hard  and  soft  streaks  on  any 
given  surface.  On  a  bearing  the  hard  streaks  would  carry  the 
load,  and  the  soft  streaks  in  wearing  away  would  form  micro- 
scopic channels  facilitating  the  distribution  of  oil. 

Fig.  10  shows  the  same  alloy,  magnified  the  same  amount  as  in 
Fig.  9,  but  in  this  case  the  sample  was  chilled  quickly  in  casting 
instead  of  being  cast  in  sand  and  slowly  cooled.  The  finer  grain 
caused  by  chilling  is  apparent,  and  also  the  soft  cores  are  more  ex- 
tensive, at  the  expense  of  the  hard  bright  portions,  but  otherwise 
the  structure  is  the  same. 

Fig.  11  is  an  extremely  coarse-grained  gear  bronze,  of  English 
manufacture,  with  about  10  per  cent  tin  and  a  little  lead  and  zinc. 
This  section  is  magnified  200  diameters  like  the  last  two,  and  also 
etched  in  the  same  way.  The  soft  cores  appear  as  large  black 
streaks,  and  the  spotted  structure  of  the  eutectoid  is  clearly  seen. 
This  bronze  would  be  hard  to  machine,  on  account  of  the  learge 
spots  of  hard  material  in  it,  which  would  dull  the  point  of  the  tool. 

Fig.  12  shows  a  similar  bronze  with  11  per  cent  of  tin,  etched  in 
the  same  way  and  magnified  20  diameters,  but  cast  in  a  chUl.  The 
very  fine  grain  as  shown  here  can  be  easily  and  certainly  produced 
by  chilling  this  alloy,  and  is  far  superior  to  a  coarse  structure 
from  all  points  of  view. 

Fig.  13  shows  a  sample  cut  from  the  chilled  face  of  a  bronze  gear 
containing  11  per  cent  of  tin,  magnified  200  diameters,  or  ten  times 
as  much  as  Fig.  12,  and  etched  differently,  so  that  all  the  surface 
is  darkened  except  the  hard  high-tin  eutectoid.  The  soft  cores  of 
the  crystals  are  shown  here  as  black  streaks  with  bright  centers. 
but  the  main  part  of  the  alloy  was  darkened  by  ferric  chloride  to 
give  a  greater  contrast  between  it  and  the  bright  eutectoid.  The 
interesting  point  about  this  structure  is  the  very  small  amount  ot 
eutectoid  present  in  spite  of  the  high  tin  content,  and  the  result  is 
that  this  metal  is  easy  to  machine  and  still  hard  enough  to  make 
a  good  gear.  Such  a  structure  is  produced  merely  by  chilling  the 
metal  as  soon  as  it  is  cast. 

Fig.  14  shows  the  same  metal,  etched  and  magnified  in  the  same 
way.  but  slowly  cooled  in  casting.     The  large  amount  of  eutectoid 


here  makes  the  metal'  brittle  r.id  hard  to  machine.  The  soft  cores 
in  this  alloy  are  so  coarse  tat  their  centers  form  rather  large 
light  areas,  but  the  eu  ^ectoid  s  much  brighter  and  of  more  irregu- 
lar  shape. 

Fig.  15  shows  the  st,.ructi;'e  of  a  harder  gear  bronze,  with  13 
per  cent  tin  and  2  per  cent'inc,  sand-east,  and  etched  and  magni- 
fied 200  diameters.  Tli'fer  is  stUl  more  eutectoid  here,  and  its 
spotted  structure  is  clearly  brought  out.  Bell  metal  has  only  a 
little  more  eutectoid  than  this. 

Fig.  16  shows  the  structure  of  a  rather  coase-grained  and  soft 
manganese  bronze,  magnified  20  diameters.  The  metal  when  .iust 
solid  in  cooling  from  the  liquid  state  consisted  entirely  of  the  dark 
constituent :  on  further  cooling  the  bright  needles  separated  out 
along  the  cleavage  planes  of  the  original  crystals.  The  different 
original  crystals  may  thus  be  distinguished,  not  only  by  the  color 
assumed  in  etching,  but  also  by  the  directions  of  the  bright  needles 
in  them. 

Fig.  17  shows  a  fine-grained,  harder  and  stronger  manganese 
bronze,  etched  and  magnified  in  the  same  way.  This  metal  was 
cooled  faster  in  casting,  and  the  bright  needles  did  not  have  much 
chance  to  develop  before  the  temperature  dropped  too  low  for  any 
further  growth. 

Fig.  IS.  Another  non-ferrous  alloy  which  has  strength  and  duc- 
tility comparable  with  manganese  bronze  and  steel  is  aluminum 
bronze,  a  name  applied  to  alloys  of  copper  with  up  to  10  or  12  per 
cent  aluminum.  The  structure  of  a  typical  10  per  cent  aluminum 
bronze,  cast  in  sand,  and  magnified  and  etched  in  the  same  way  as 
the  previous  views  of  manganese  bronze  is  shown  here.  This  alloy 
is  seen  to  be  normally  coarser  grained  than  manganese  bronze,  and 
to  have  more  of  the  light  constituent,  which  is  softer,  and  less  of 
the  dark  constituent,  which  is  harder.  Consequently  its  yield  point 
is  lower  than  that  of  manganese  bronze,  but  its  ultimate  strength 
and  ductility  are  just  as  good,  and  in  endurance  or  resistance  to 
fatigue,  and  in  bearing  qualities,  it  is  far  superior.  It  also  resists 
corrosion  very  well. 

Fig.  19.  We  have  found  that  the  addition  of  iron  to  aluminum 
bronze  refines  the  grain  very  decidedly,  and  gives  a  higher  yield 
point  and  slight  improvements  in  other  properties  except  the 
resistance  to  corrosion.  Here  is  shown  the  typical  structure  of  an 
alloy  of  copper  with  10  per  cent  aluminum  and  4  per  cent  iron, 
magnified  and  etched  as  in  Fig.  18,  the  distinctive  characteristics 
being  the  fine  grain  and  absence  of  the  long  parallel  needles  always 
seen  in  ordinary  aluminum-bronze  castings. 

Fig.  20  shows  the  structure  of  a  good  sand-cast  sample  of  10 
per  cent  aluminum  bronze  etched  as  before  but  magnified  400 
diameters.  The  dark  constituent  is  here  seen  to  be  of  duplex  com- 
position, containing  light  and  dark  particles.  This  in  fact  is  a 
eutectoid  similar  to  the  one  seen  in  the  tin  bronzes,  but  it  etches 
dark  instead  of  light. 

Fig.  21.  Aluminum  bronze  shares  with  steel  the  property  of 
hardening  in  quenching,  with  the  formation  of  a  peculiar  mar- 
tensitic  structure,  as  shown  here.  This  structure  was  produced  by 
heating  a  small  piece  of  10  per  cent  aluminum  bronze  to  900  deg. 
cent,  and  quenching  it  rapidly  from  this  temperature  in  cold  water. 
This  is  magnified  200  diameters.  Such  metal  as  this  is  strong, 
often  taking  over  100,000  lb.  per  sq.  in.  to  break  it,  but  has  no 
ductility.  It  has  a  hardness  of  about  200  Brinell.  As  in  the  case 
of  steel,  a  double  heat-treatment  consisting  of  quenching  followed 
by  tempering  gives  superior  qualities. 

Fig.  22  shows  a  structure  obtained  by  reheating  a  quenched  10 
per  cent  aluminum  bronze  to  a  dull  red  heat  and  cooling  slowly. 
The  structure  is  shown  magnified  200  diameters  and  is  much 
finer  than  is  ever  obtained  in  an  untreated  casting.  This  metal  has 
a  high  yield  point  and  a  high  ultimate  strength,  with  over  10  per 
cent  elongation  and  very  great  resistance  to  fatigue. 

Fig.  23.  The  casting  of  aluminum  bronze  is  especially  difficuU 
because  of  the  easy  formation  of  oxide  of  aluminum  in  the  metai 
and  the  great  difliculty  of  removing  it  afterward.  This  figure 
shows  some  inclusions  of  aluminum  in  aluminum  bronze,  magnified 
200  diameters  and  not  etched.  It  takes  special  care  and  the  use  of 
sj'ecial  fluxes  to  prevent  the  occurrence  of  such  inclusions  in  all 
alloys  containing  notable  quantities  of  aluminum. 

Fig.  24  shows  the  typical  structure  of  the  light  alloys,  composed 
largely  of  aluminum,  magnified  50  diameters.  This  particular 
alloy  contained  8  per  cent  of  copper,  and  its  polished  surface  was 
etched  to  darken  the  copper-aluminum  eutectic.  leaving  the  nearly 
pure  aluminum  crystals  bright.  The  eutectic  is  very  brittle,  but 
much  harder  than  aluminum,  so  that  although  this  alloy  has  hardly 
any  ductility,  it  is  harder  and  stiffer  and  a  little  stronger  than  the 
purer  metal  would  be. 


GRAPHICAL  CONTROL  ON  THE  EXCEPTION  PRINCIPLE  FOR 

EXECUTIVES 

By  frank  B.  GILBRETH,  PROVIDENCE,  R.  I. 
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WE  have  stated  many  times  that  the  greatest  waste  in 
the  world  today  is  from  unnecessary,  inefficient  and 
ill-directed  motions.  Many  people  think  that  this  statement 
refers  only  to  such  activities  as  those  of  the  bricklayer,  the 
shopworker  and  other  kinds  of  mechanics  and  manual  workers. 
It  does  refer  to  them,  but  by  no  means  to  them  only.  It 
refers  to  the  activity  of  every  one  and,  by  no  means  least,  to 
that  of  managers  and  all  other  executives. 

To  one  trained  in  the  sciences  of  management  and  motion 
study,  nothing  is  more  ridiculous  and  pitiful  than  the  average 
executive  when  he  tries  to  enforce  new  motion  methods  on 
those  farthest  below  him  in  the  industrial  scale,  while  he 
at  the  same  time  commits  nearly  all  the  motion  wastes  in 
his  own  personal  work.     The  personal  work  of  the  executive 


e\er,  can  be  considered  really  satisfactory  unless  it  fulfills  the 
following  requirements;  i.e.,  it  must  determine  and  show — 

1     What    the    quantities    of    individual    outputs    should    be 

(prophecies  of  outputs) 
Prompt  records  of  individual  outputs 
What  the  costs  should  be   (prophecies  of  costs) 
Prompt  records  of  costs 
Causes  of  fluctuations  and  deviations  of  outputs  and  costs 

from  prophesied  outputs  and  costs. 

The  executive  may  have  much  to  do  with  originally  determin- 
ing items  1  and  3;  but  after  the  computations  of  1  and  3 
have  been  completed,  he  can  best  attack  the  problem  of  en- 
forcing items  2  and  4  and,  also,  of  determining  5  by  the  use 
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Fig.  1    Simple  Illustration  op  a  Chart  Used  on  the  Exception  Principle 

Such  a  chart  may,  for  example,  show  the  promptness  of  performance  of  an  information  bureau 
of  a  factory  in  charge,  saj,  of  trade  publications,  estimates  of  work  under  consideration,  and  records  of 
design  slsetches.  Bach  horizontal  space  may  represent  a  specific  request  for  information  and  each 
vertical  space  the  time  required  to  supply  it.  Colors  may  be  used  to  indicate  notable  time  differ- 
ences. The  point  of  the  exception  principle  is  that  the  chart  shows  at  a  glance  when  it  took  too 
long  for  a  definite  inquiry.  Then  it  may  be  the  duty  of  one  individual  to  ascertain  why,  for  instance, 
as  long  as  10  min.  was  necessary  and  another  when  the  time  is,  say,  over  20  min.  In  the  so-called 
three-position  plan  of  management  (in  which  the  occupant  of  any  particular  job  gets  supervision 
from  the  one  promoted  from  it  and  serves  as  a  tutor  to  one  in  line  to  fill  it),  the  result  is  an  effort 
to  keep  the  time  intervals  within  the  safety  zone,  so  to  speak,  so  that  No.  1  of  the  three-position  plan 
is  not  likely  to  be  demoted  to  improve  the  service. 


should  consist  as  much  as  possible  of  making  decisions  and 
as  little  as  possible  of  making  motions.  General  recognition 
of  this  fact  has  resulted  in  the  common  practice  of  assigning 
to  the  executive  one  or  more  secretaries,  or  clerks,  to  relieve 
him  of  certain  parts  of  his  work  which  involve  mere  motions 
and  less  important  decisions  than  that  part  of  the  work 
retained  by  the  executive. 

INFORMATION  A  SATISFACTORY   CHART   SYSTEM    SHOULD 
AFFORD 

Some  executives  are  furnished  with  charts  which  show  by 
means  of  comparable  curves  the  increase  or  diminution  in 
outputs,  costs,  overhead  expenses  and,  in  comparatively  rare 
instances,  even  in  results  as  compared  with  budgets.  As 
compared  with  an  organization  which  has  no  cost  system, 
such  a  recapitulation  even  in  the  form  of  an  "  expenditure 
system  "  and  such  cost  statements  and  graphical  charts  are  a 
^eat  step  forward.     No  cost  system  nor  chart  system,  how- 
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of  graphical  charts.  He  should  be  provided  with  charts 
which  will  tell  him  how  promptly  such  records  of  output  and 
cost  have  been  made;  or,  in  other  words,  how  much  time  has 
elapsed  between  the  completion  of  the  output  and  the  recording 
of  it  and  its  attending  costs. 

A  long  experience  has  shown  us  that  the  by-products  of  a 
properly  operated  chart  system  are  even  more  valuable  than 
its  direct  product.  We  find  that  the  psychological  effect  of 
the  variable  "  promptness  "  itself  makes  the  curves  represent- 
ing outputs  and  costs  fall  more  nearly  in  the  proximity  of  the 
established  norms  and  locations  prophesied  on  the  charts. 
Such  charts  give  the  executive  and  his  colleagues  accurate 
measured  information  of  deviations  from  class  in  all  depart- 
ments. The  motions  that  an  executive  would  expend  in  get- 
ting information  by  such  old  methods  as,  for  example,  walk- 
ing through  the  works  to  see  with  his  unreliable  eyes  condi- 
tions which  are  not  typical,  partly  owing  to  his  presence, 
bring  results  of  little  value  compared  with  the  results  that  can 
be  obtained  by  the  same  amount  of  time  and  motions  concen- 
trated on  those  facts  and  conditions  which  cause  the  great 
fluctuations  from  the  desired  output. 
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It  is  (ibvioiLs  that  the  foreman,  or  other  fuuctionary,  should 
see  promptly  all  the  records  of  output  in  his  particular  de- 
paitment  after  they  are  achieved.  In  most  cases  he  will  be 
able  to  handle  his  duties  still  more  satisfactorily  if  he,  also, 
sees  the  costs  of  the  outputs  of  his  department.  The  time  of 
the  over-foreman,  hcrwever,  who  may  have  several  foremen  and 
departments  under  him,  is  too  valuable  to  have  Mm,  also,  ex- 
amine with  care  all  the  records  of  all  the  men  under  him. 
Consequently,  he  should  be  furnished  with  information  in 
concise  form,  in  order  that  as  little  as  possible  of  his  time 
may  be  taken.  This  has  often  been  furnished  him  in  the  form 
of  "  averages." 

rSE  .AND  VAIAE  OF  PROGRESSIVE  AVER.\GES 

Ordinary  averages  have  their  use.  Progressive  averages  are, 
however,    more    valuable,    because    thev   show   the    trend    of 
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Fig.  2    Example  op  Exception-Principle  Chart  Covering 

Output  of  an  Individual,  Including  Learning  Period 

in  this  chart  zones  are  established  so  that  points  of  performance 
falling  below  or  above  certain  limits  come  automatically  by 
that  fact  to  the  .ittention  of  certain  individuals.  The  lower 
the  record  or  the  higher  the  record  the  higher  in  the  industrial- 
management  scale  will  be  the  individual  who  must  inquire  into 
the  conditions.  The  results  may  indicate  poor  instruction 
or  incompetency  in  toremanship  or  they  may  bring  the  execu- 
tive into  personal  contact  with  the  worker  in  the  matter  of 
commendation  for  unusually  high  performance. 

progress  and  of  efficiency.  It  sometimes  pays  to  make  ordi- 
nary averages,  but  the  value  of  examining  such  ordinary  aver- 
ages is  slight  compared  with  the  benefits  which  result  from 
concentrating  the  same  amount  of  motions  and  attention  on 
those  individual  cases  that  brought  the  average  away  from  the 
ideal.  A  ease  of  "  bad  average  "  may  be  the  excuse  for  "  put- 
"ting  the  foreman  on  the  carpet,"  but  the  results  of  this  do  not 
compare  with  the  good  results  that  are  derived  from  having 
the  over-foreman  investigate  promptly  the  ease  or  cases  that 
spoiled  the  average. 

Moreover,  the  decisions  of  the  over-foreman  can  be  made 
more  quickly,  for  he  has  the  information  which  eomes  from 
locating  the  trouble  accurately.  Instead  of  "  tearing  out "  the 
foreman  or  the  workmen,  he  will  find,  from  the  causes  marked 
•on  the  chart,  that  the  worker's  low  output  is  due  to  lack  of  the 
proper  tools;  to  his  not  having  been  furnished  with  tools  in 
■standard  conditions ;  to  the  routing  system  having  failed  to  give 
him  proper  materials  in  the  right  quantities,  in  the  right  se- 
quence, at  the  right  time;  to  something  which  has  gone  wrong 
with  the  equipment  or  suiTOunding  conditions;  to  the  man's 
not  having  been  properly  instructed;  to  there  having  been  an 
■unwise  selection  of  the  man  or  the  machine,  or  both,  for  the 
.particular   job. 


The  worker,  also,  is  more  careful  not  to  do  anything  which 
is  not  expected  of  him,  because  be  knows  that  the  exception 
will  surely  be  noticed  by  the  executives  higher  up  and  will  in- 
terfere with  his  chances  for  promotion  or  transfer  to  work 
of  a  more  desirable  kind.  Knowing  that  they  will  be  investi- 
gated properly  will  create  a  tendency  on  the  part  of  the  fore- 
man and  the  workers  to  cooperate  with  others  whose  work 
affects  theirs,  or  who  in  turn  may  be  investigated.  This 
coiiperation  becomes  general,  and  sooner  or  later  becomes  a 
habit. 

OPERATION  OF  THE  EXCEPTION   PRINCIPLE 

Now  the  time  of  the  executive  next  above  the  over-foreman 
is  still  more  valuable  than  that  of  the  over-foreman,  and  so 
on  up  to  and  including  the  managing  director  or  president. 
No  executive  should  make  a  routine  motion  of  handling,  turn- 
ing over  or  examining  charts  containing  data,  either  normal 
or  with  considerable  deviation  from  class,  where  the  causes  of 
the  deviation  can  be  handled  properly  by  those  in  lower  execu- 
tive positions.  The  exclusion  of  such  cases  can  be  obtained 
by  having  the  executives  determine  zones  on  the  charts,  it 
being  understood  that  as  long  as  the  points  fall  within  the 
zone  he  is  not  to  see  the  charts  unless  he  specially  requests 
to  see  them.  He  is,  however,  to  have  sent  to  him,  for  in- 
itialing, any  chart  having  a  point  that  falls  outside  his 
excluded  zone. 

An  executive  of  any  class  will  find  it  beneficial  to  see  excep- 
tionally large  cases  of  deviation  on  the  desired  side  of  the 
line  so  that  he  can  recognize  and  appreciate  and  take  a  per- 
sonal interest  in  eases  of  unusual  efficiency.  It  is  through  such 
cases  that  he  gets  in  touch  with  unusually  good  methods.  This 
is  a  check  on  the  exception  principle  of  the  time-study-man's 
work.  It  also  gives  the  executive  valuable  opportunities  on 
the  exception  principle  for  proper  managerial  decisions  in 
eases  of  the  selection  of  candidates  for  jjromotion  under  the 
"  three-position  plan  "  of  promotion  and  organization  build- 
ing. The  curves  showing  progressive  averages  of  departments 
may  be  examined  at  times  farther  and  farther  apart,  these  in- 
tervals to  be  determined  in  each  particular  case  by  the  favor- 
able or  unfavorable  comparison  of  records  of  such  averages 
showing  outputs  and  costs,  with  the  prophesied  outputs  and 
costs.  The  executive  is  thus  relieved  later  of  work  which  is 
necessary  at  first,  but  which  is  not  necessary  when  the  particu- 
lar case  is  running  satisfactorilj'. 

It  is  impossible  to  prophesy  with  accuracy  what  the  amounts 
of  outputs  and  costs  should  be  without  motion  study  and  time 
study.  But  once  these  have  been  made  and  the  actual  outputs 
and  actual  costs  approximate  those  prophesied,  the  high  execu- 
tives should  devote  very  little  time  indeed  to  inspecting  this 
class  of  charts.  Instead,  they  should  spend  their  time  on  other 
work,  other  departments,  and  more  important  things  where 
their  supervision  will  bring  more  valuable  results. 

It  will  be  seen  that  these  "  Output.  Cost  and  Causes  Charts," 
with  the  "  exclusion  zones,"  enable  the  executive  to  eliminate 
the  motions  required  for  general  oversight  and  inspection  until 
a  place  on  a  chart  is  brought  automatically  to  his  attention 
where  he  can  actually  help  those  below  him  and  furnish  them 
with  better  instructions  for  handling  their  work  more  eflS- 
ciently ;  or  for  making  such  changes  as  will  naturally  result  in 
promotion,  or  the  selection  or  shifting  of  individuals  better 
fitted  to  do  work  elsewhere.  The  possibilities  of  relieving  the 
executive  of  unnecessary  motions  and  of  enabling  him  to  be 
more  efficient  in  his  own  work  are  not  exceeded  in  the  case  of 
anv  manual  worker. 


THE  PENCIL  ELECTRODE  METHOD  OF  WELDING 

FOR  BOILER  JOINTS 


By  e.  a.  wildt,  scranton,  pa.' 


THIS  paper  lias  special  ret'eieuee  to  the  weliliug  of  joints 
of  drums  and  not  boiler  shells  as  the  latter  term  is  com- 
monly understood.  The  trend  of  the  times  is  towards  that 
type  of  boiler  in  which  all  the  tubes  are  beTit,  particularly  in 
the  large  units  such  as  those  at  the  Commonwealth  Edison 
Station  in  Chicago,  the  Delray  Station  in  Detroit,  the  Ford 
Automobile  Factory  and  the  Solvay  Process  Company.  Since 
the  dimensions  of  the  boiler  rooms  are  growing  out  of  all  pro- 
portion to  the  size  of  the  engine  rooms,  and  every  item  making 
for  a  decrease  in  the  size  of  parts  so  as  to  reduce  the  room 
for  tlie  boilers  is  in  demand,  much  higher  pressures  will  be 
resorted  to — an  item  for  making  the  reductions  required. 
Drums  are  to  be  used  up  to  60  in.  in  diameter,  and  in  order  to 
bear  a  pressure  of  300  lb.  or  500  lb.  the  thickness  of  the 
plate  will  be  very  close  to  2%  inches. 

With  regard  to  making  the  joints  in  such  a  drum,  is  it  not 
more  feasible  to  weld  them  instead  of  employing  the  usual  butt 
strap?  There  are  several  methods  of  making  this  joint  by 
spot  welding,  and  that  which  seems  to  have  forged  its  way  to 
the  front  is  the  pencil  form  of  electric  welding,  which  is  now 
fairly  generally  used  in  steam-boiler  work,  although  as  yet 
recognized  only  for  low  pressures.  The  weld  made  by  this 
process  is  not  so  hard  as  others  of  the  autogenous  kind. 

In  a  weld,  two  pieces  of  metal  heated  to  the  proper  tempera- 
ture are  united  into  one  solid  piece.  Success  of  the  process 
depends  on  bringing  the  pieces  of  metal  to  the  proper  heat. 
For  this  purpose  we  have  the  oxy-acetylene  torch,  the  thermit 
process  and  the  electric  arc,  the  last  of  which  is  the  form  of 
modern  welding  particularly  referred  to  here. 

Electricity  is  used  only  to  supply  the  heat,  and  in  the  pencil 
method  only  just  enough  heat  is  obtained  to  accomplish  the 
joining  of  the  two  metals.  No  reference  is  here  made  to 
any  particular  design  or  set  of  apparatus:  some  are  built 
to  use  a  uniform  voltage,  others  to  use  uniform  amperage'  or 
uniform  wattage.  All  autogenous  welding  is  accomplished  by 
adding  new  metal  to  the  joint  to  be  made,  and  it  is  only  in 
the  pencil  electric  arc  method  that  positive  incorporation  of  the 
added  metal  with  the  metal  to  be  joined  is  secured.  The  opposite 
was  the  ease  in  some  recent  failures  in  other  forms  of  electric 
and  gaseous  welding  wherein  fluidity  of  both  the  added  metal 
and  the  pieces  to  be  joined  is  a  necessary  condition.  By  the 
electric  pencil  method  fluidity  is  avoided  and  only  just  enough 
heat  is  used  to  make  the  plate  and  the  electrode  plastic,  and 
there  appears  also  to  be  an  action  in  it  which  in  the  direction 
of"  the  cun'ent  tends  to  pull  the  metal  from  the  electrode  to 
and  into  the  plate  when  just  at  the  proper  heat.  This  is  so 
much  in  evidence  that  welding  can  be  carried  on  overhead 
without  the  metal  dropping  upon  the  operator. 

The  temperature  in  the  added  metal  in  the  gaseous  and 
electric  carbon  type  wherein  fluidity  is  a  condition  ap- 
proaches 2800  to  3000  deg.  fahr.,  while  in  the  elefctric 
pencil  method  the  temperature  in  the  metal  being  added 
is  not  more  than  1500  deg.  fahr.  As  a  result  the  added  and 
the  adjacent  metal  in  the  weld  is  not  rendered  so  hard  as 


would  othenvise  be  the  result.  This  is  also  proved  by  tlie 
fact  that,  while  cutting  can  be  done  with  other  methods, 
no  cutting  can  be  done  with  the  metal  electrode. 

This  point  that  the  temperature  of  the  are  is  so  high,  so 
hot,  that  there  is  danger  of  the  metal  becoming  vaporized,  is 
answered  by  the  fact  that  the  conditions  surrounding  this 
particular  form  of  spot  welding  are  analogous  to  and  the 
same  as  for  "  forge  welding "  as  carried  on  by  the  everyday 
blacksmith  at  his  anvil;  there  he  has  a  flre  very  much  hotter 
than  the  pieces  to  be  welded  are  required  to  be  heated  to; 
in  fact,  it  must  be  so;  there  must  be  a  considerable  surplus 
of  heat  for  quick  action;  the  blacksmith  watches  and  if 
through  carelessness  the  pieces  are  overheated,  he  says  they 
are  burned  and  spoiled  and  has  to  begin  over  again. 

No  other  form  of  welding  has  the  characteristic  this  one 
has,  wherein  there  is  an  automatic  action  which  prevents  over- 
heating, actually  showing  that  in  this  regard  it  is  equal  if  not 
superior  to  "  forge  welding." 
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Abstract  of  paper  presented  at  the  Steam  Boiler  Session  of  the 
Annual  Meeting,  December  1916,  of  The  American  Society  of 
Mechanical   Enoineebs. 


Fig.  1    Battery  of  two  100-hp.  Water-tube  Steam  Boilers. 

The  Welded  Head  Joints  are  Visible  Outside 

THE  Brick  Setting 

Tlie  form  of  welding  approved  in  the  A.S.M.E.  Boiler 
Code,  known  as  Forge  Welding,  entaUs  in  its  operation 
the  production  of  big  expansion  strains,  because  the  whole 
seam  and  the  seam  only  is  made  at  a  welding  temperature, 
producing  an  upsetting  of  the  plastic  metal  by  the  unex- 
panded  portion  of  the  adjacent  metal,  so  that  when  the 
forged  welded  seam  has  cooled  off,  the  adjacent  unexpended 
metal  produces  tensile  strains  of  very  considerable  strength, 
tending  to  pull  the  welded  portions  apart  as  it  contracts,  to  the 
extent  of  close  to  %  in.  per  ft.  of  the  seam.  In  comparison 
with  this,  the  metal  electrode  pencil  method  is  a  great  improve- 
ment, because  due  to  the  very  small  area  of  metal  heated  the 
expansion  strains  are  but  fractional  and  may  be  considered 
negligible.  Both  the  approved  forged  welding  and  this  method 
of  welding  which  is  hereby  submitted  to  the  Boiler  Code  Com- 
mittee for  approval  are  exactly  alike  in  the  particular  that 
the  metal  is  not  heated  in  either  beyond  the  point  just  neces- 
sarj'  to  produce  welding;  when  it  comes  to  expansion  strains 
they  are  less  in  the  latter,  and  in  both  methods  the  weld  im- 
proves with  age. 
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Although  the  electric  heat  reaches  an  estimated  temperature 
of  6500  to  7000  deg.  fahr.,  in  this  process  the  metal  wire  does 
not  have  time  to  reach  this  temperature  before  it  is  added 
to  the  plate  or  in  the  usual  groove  which  is  to  be  filled  with 
the  welding  metal.  As  fast  as  the  metal  wire  becomes  just 
plastic,  the  pencil  must  be  advanced  towards  the  work,  or  the 
arc  gap  will  become  too  long  for  the  electric  arc  to  maintain  its 
circuit.  The  distance  needed  for  the  arc  does  not  amount  to 
much  more  than  1/16  in.,  because  the  voltages  used  are  low, 
rarely  exceeding  60  or  70,  and  failure  on  the  part  of  the 
attendant  to  maintain  this  distance  by  constantly  advancing  the 
pencil  is  met  at  once  by  the  extinguishing  of  the  are,  because 
the  gap  becomes  too  long  for  it  to  maintain  itself. 

Only  in  this  process,  carelessness  is  practically  eliminated, 
both  as  to  overheating  and  heating  any  considerable  area, 
and  the  heated   area  is  confined  to  the  smallest  dimensions 


Qcf:        Cleaner 


Fig.  2    Cross-Section  of  Mud  Drum,  Showing  Electric 
Weld  Which  is  Not  in  Contact  With  Fire 

of  any;  therefore  the  expansion  and  contraction  strains  ai-e 
smallest.  The  wire  forming  the  electrode  only  gets  red  hot 
at  the  point,  showing  the  very  localized  character  of  the  heat, 
the  balance  of  the  wire  remaining  black;  while  in  the  carbon 
form  of  electric  welding,  the  carbon  gets  very  hot  from  the 
point  up  to  the  holder. 

Tests  have  shown  that  for  pressures  of  500  lb.  per  sq.  in., 
and  with  plates  of  21/2  in.  or  similar  thicknesses,  this  method 
of  welding  makes  a  better  joint  than  straps  and  rivets.  The 
maker  of  such  joints  can  always  know  by  the  hydraulic  test 
whether  his  work  is  done  perfectly  or  not.  Test  after  test  shows 
there  are  no  leaks;  all  you  have  to  do  to  insure  a  perfect 
job  is  to  secure  an  operator  willing  to  do  a  good  job,  pay 
him  well,  and  it  is  fair  to  say  that  it  is  then  practically  im- 
possible to  do  a  defective  weld  by  this  method. 

In  electric  carbon  arc  welding  of  rolled  stock,  the  metal  in 
the  weld  cannot  have  the  same  properties  as  that  in  the  orig- 
inal piece;  it  may  have  the  same  tensile  strength  but  it  will 
not  have  the  same  elasticity.  This  is  a  limitation  in  any 
welding  process,  but  in  this  particular  process  the  metal 
in  the  weld  is  changed  the  least  of  any,  and  in  fact  shows 
a  tendency  towards  a  fibrous  condition.  The  metal  of  the 
weld  can  be  controlled  by  the  kind  of  metal  that  is  added; 
low  carbon  steel  will  make  the  weld  more  ductile,  high  car- 
bon steel  will  make  it  higher  in  tensile  strength.  A  test 
piece  made  up  entirely  of  the  welding  wire  showed  an 
elongation   of  16   per  cent. 

In  order  to  be  sure  that  a  joint  so  made  will  be  stronger 
than  the  plate,  and  last  indefinitely,  it  is  only  necessary  to 
keep  on  adding  new  metal  until  the  cross-section  on  both 
sides  amounts  to  more  than  the  plate  itself.  This  can  be 
carried  to  extremes,  and  may  as  well  be,  just  filling  the  groove, 


usually  V-shaped,  the  extra  metal  to  lap  over  on  each  side 
%  or  %  in.,  and  made  in  bulged  form,  both  inside  and  out- 
side of  the  drum,  taking  on  the  form  somewhat  of  a  butt  strap 
joint. 

There  has  just  recently  been  put  into  service,  with  a  view 
of  trying  it  out  in  actual  practice,  a  small  water  tube  steam 
boiler  (Figs.  1  and  2)  of  the  vertical  2-drum  type,  with  all  the 
tubes  bent  tubes,  the  drums  in  which  have  not  a  rivet  in  them. 
Heavy  tests  have  been  applied,  and  there  is  not  the  slightest 
doubt  that  the  men  who  have  to  do  with  the  erection  of  this 
boiler  do  not  anticipate  any  danger  to  anyone  from  it.  Of 
course,  it  is  realized  that  the  construction  has  not  been  ap- 
proved, but  it  is  necessary  for  someone  to  take  a  stand  and 
bring  it  to  a  head.  Without  something  to  show  and  to  test, 
there  will  be  no  basis  on  which  to  ask  for  an  approval.  The 
situation  is  somewhat  analogous  to  the  man  who  wants  to 
obtain  a  job  as  a  stationary  engineer, — not  having  a  license  he 
cannot  obtain  the  job  and  not  having  the  job  he  cannot  obtain 
the  license. 


DISCUSSION 

John  C.  McCabe.  I  would  like  to  ask  Mr.  Wildt  as  to  the 
temperature  of  1500  deg.  fahr.,  which  seems  to  me  rather  low. 
I  would  like  to  ask  also  how  he  eliminates  the  possible  stresses 
set  up  internally  in  the  weld.  As  I  understand  the  problem, 
if  he  has  a  differential  for  each  degree  difference  in  tempera- 
ture between  the  different  plates,  there  is  an  internal  stress  of 
about  195  lb.  The  other  point  is,  you  can  determine  the 
safety  of  a  vessel  by  the  electrostatic  test.  It  is  well  known 
that  electrostatic  pressures  are  seldom  allowed  anywhere  near 
the  elastic  limits  of  the  metal,  and  in  the  tests  and  investiga- 
tions of  failures  made,  I  have  found  the  welding  material 
varied,  the  per  cent  of  elongation  running  from  a  fraction  of 
one  up  to  11,  and  in  view  of  the  bendings  or  flexures  that 
occurred  in  the  best-formed  cylinders,  I  fail  to  see  how  an 
autogenous  vessel,  as  we  understand  the  problem  now,  can 
be  considered  a  safe  one. 

Christopher  H.  Bierbaum.  Is  not  the  great  difficulty  with 
all  autogenous  welding  for  boiler  plates  the  fact  that  so 
much  of  the  plate  adjacent  to  the  weld  is  heated,  the  elastic 
limit  of  the  plate  reduced,  and  its  elongation  increased?  The 
test  pieces  which  have  been  exhibited  here  show  that  very  fact. 
There  is  no  break  in  the  weld.  We  know  that  autogenous 
welds  can  be  made  as  strong  and  stronger  than  the  original 
metal,  and  especially  in  the  case  where  the  weld  is  left  a  little 
thicker  than  the  body  of  the  metal  itself.  But  do  not  the 
internal  strains  set  up  and  the  heating  of  the  plate  adjacent 
to  the  weld  decrease  the  elastic  limit  of  the  metal  in  the 
neighborhood  of  the  weld,  and  induce  conditions  which  should 
be  very  carefully  determined  before  any  theoretical  conclusion 
can  be  drawn? 

P.  A.  E.  Armstrong.'  I  do  not  think  the  forge  process  of 
welding  is  the  only  process  valuable  for  boiler  work;  it  is 
not  as  reliable  as  could  be  desired  because  of  the  difficulties 
of  thermal  disturbance  in  the  metal  in  the  vicinity  of  the  weld. 
Thermal  disturbance  is  brought  about  by  two  things,  time 
and  heat.  In  the,  vicinity  of  the  weld  the  grain  of  the  steel  is 
enlarged  and  the  tensile  strength  of  the  metal  has  fallen  about 
one-third.     I  have  conducted  over  a  thousand  tests  on  welds 
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in  Sheffield,  England,  in  working  up  a  high-class  steel  suitable 
for  welding,  and  found  that  with  ordinary  0.30  to  0.40  carbon 
steel  it  was  impossible  to  get  more  than  about  60  per  cent 
of  the  original  strength,  yet  the  breaks  did  not  occur  in  the 
weld  but  some  two  or  three  inches  away  from  the  hammered 
area.  In  every  instance  the  break  occurred  because  of  an 
enlarged  grain. 

The  crystal  grain  of  the  metal,  providing  the  thermal  dis- 
turbance has  not  reached  the  point  of  incipient  fusion,  can 
be  recovered  by  subsequent  heat  treatment,  but  this  is  hardly 
applicable  for  boiler  work;  I  think  it  is  absurd  to  t.alk  of 
annealing  the  shell  of  a  boiler  30  ft.  in  length.  When  an- 
nealed, this  shell  would  expand  and  buckle  in  all  directions. 
If  this  boiler  had  riveted  joints,  the  expansion  and  contraction 
would  be  so  gTeat  that  a  movement  would  be  set  up  at  the 
riveted  joint,  and  no  amount  of  calking  would  give  a  tight 
joint;  in  all  probability  it  would  augment  the  looseness  of 
the  rivets. 

The  oxy-acetylene  or  gas  process  generally  is  a  very  good 
one,  but  the  thermal  disturbance  in  the  metal  outside  the  weld 
is  very  similar  to  that  present  during  forge  welding.  The 
electric  carbon  arc  welding  is  worse.  The  electric  bare  wire 
welding,  known  as  the  metallic  pencil  welding,  overcomes 
thermal  disturbance  to  a  greater  degree,  but  the  deposited 
metal  in  the  weld  is  distinctly  cold-short.  This  cold-shortness 
could  be  improved  by  annealing,  but  this  is  quite  impossible 
under  boiler  conditions.  By  duplicating  steel  bath  conditions, 
however,  we  obtain  a  fusion  process,  where  the  fused  metal 
has  a  structure  which  is  practically  as  good  as  the  original 
steel. 

If  you  take  a  bare  wire  electrode  and  coat  it  with  a  large 
quantity  of  slag,  it  is  possible  to  melt  this  electrode  so  that 
the  fusion  takes  place  under  the  slag  and  the  deposited  metal 
would  have  all  the  characteristics  of  ingot  steel  of  a  given 
carbon  content.  Such  an  electrode  has  been  developed  and 
is  extremely  suitable  for  the  welding  of  boilers  and  pressure 
tanks  generally.  The  exterior  slag  coating  of  this  electrode 
has  the  effect  of  localizing  the  heat.  The  metallic  core  is  fused 
so  rapidly  that  there  is  practically  no  thermal  disturbance  in 
the  vicinity  of  the  weld  and  complete  fusion  takes  place. 

Fig.  3  shows  a  bare  wire  electrode.  A  globule  of  metal  is 
just  leaving  the  end  of  the  electrode,  to  be  passed  across  the 
arc  and  deposited  upon  the  metal  to  be  welded.  The  flame  or 
Ijighly  incandescent  gases  immediately  underneath  the  electrode 
are  very  nearly  neutral;  at  the  outside  of  the  are  flame  the 
burning  gases  are  extremely  oxidizing.  It  is  here  that  the 
damage  takes  place.  A  very  interesting  experiment  can  be 
conducted  to  prove  it.  If  a  bare  wire  electrode  is  fused,  a 
crater  is  formed  immediately  beneath  the  fusing  end  of  the 
electrode.  If  the  circuit  is  broken  and  the  arc  extinguished, 
then  at  the  bottom  of  the  crater  there  is  a  complete  absence 
of  oxide  of  iron,  whereas  on  the  top  edge  of  the  crater  and 
right  over  the  deposit  a  layer  of  about  0.01  in.  of  oxide  of 
iron  is  present,  which  proves  that  in  the  center  of  the  metallic 
arc  there  is  a  neutral  place.  If  the  flame  is  examined  spec- 
troscopically,  its  oxidizing  nature  can  be  very  quickly  traced, 
and  the  neutral  zone  can  be  discerned  in  the  center  of  the 
flame  wlien  the  outside  of  the  are  flame  is  slightly  disturbed. 

The  slag  electrode  in  ojDcration  is  shown  in  Fig.  4.  The  end 
of  the  electrode  is  in  actual  contact ;  in  the  bare  wire  ease 
there  is  a  space  of  about  %  in.  between  the  fusing  end  of  the 
electrode  and  the  work.  There  is  a  complete  absence  of  the 
arc  flame  effect,  and  the  incandescent  slag  is  passing  off 
from  the  end  of  the  electrode  on  to  the  work.  The  atmos- 
phere of  the  slag  electrode  is  practically  neutral  as  the  vapor 


is  composed  of  vaporized  slag  and  not  of  highly  incandescent 
gases.  The  voltage  across  the  arc  is  higher  than  that  of  the 
bare  wire  system,  because  the  vapor  offers  a  greater  resistance 
to  the  path  of  the  current,  although  the  arc  is  shorter  and 
should  take  only  about  half  the  volts  to  get  across,  if  both 
arcs  were  atmospheric. 

Fig.  5,  90  magnifications,  shows  manganese  steel  of  12  per 
cent  deposited  upon  manganese  steel  of  a  like  content.  There 
is  no  thermal  disturbance.  The  diffusion  between  the  original 
and  the  added  metal  is  very  complete,  showing  an  entire 
absence  of  oxide.  The  cementite  occurring  in  the  globule 
formation  and  very  evenly  distributed  over  the  mass  shows 
absence  in  the  deposited  metal  of  austenic  needles. 


Fig.  3     Bakk  Wire  Electrode 


Fig.  4     Slag  Electrode 

Fig.  6,  90  magnifications,  shows  0.125  carbon  deposited 
upon  0.65  carbon.  There  is  complete  diffusion,  and  the  carbon 
of  the  original  steel  is  saturating  into  the  lower  carbon  of 
the  added  metal.  There  is  a  complete  absence  of  thermal  dis- 
turbance immediately  adjacent  to  the  weld ;  the  grains  of 
pearlite  and  ferrite  are  the  same  size  at  the  area  of  diffusion 
as  they  are  half  an  inch  under  the  weld,  the  time  factor  play- 
ing a  very  important  part.  I  have  seen  a  piece  of  low-carbon 
steel  wliich  has  been  for  about  six  months  at  600  deg.  cent., 
the  ferrite  grain  of  which  when  etched  was  ^2  in.  across.  This 
metal  was  absolutely  cold-short,  had  practically  no  ductility 
and  was  extremely  low  in  tensile  strength.  After  submitting 
to  two  heat  treatments  the  grain  of  the  metal  was  practically 
normalized. 
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As  it  is  impossible,  in  a  general  way,  to  anueal  welds  in 
boiler  construction  and  so  normalize  the  grain,  it  is  essential 
that  the  time  factor  be  reduced  as  much  as  possible.  This 
illustration  proves  it.  The  heat  was  at  least  6000  degrees,  the 
time  sometliing  less  than  a  second;  hence  the  grains  did  not 
have  the  time  to  change  and  assume  the  size  and  formation 
of  the  superheated  temperature.  The  metal  in  the  vicinity  of 
the  weld  is  quite  as  strong  as  it  was  before  welding,  and  the 
added  metal  will  have  all  the  characteristics  of  ingot  steel,  in 
this  instance  0.12.5  carbon.  The  structure  of  the  added  metal  is 
given  in  Fig.  7,  250  magnifications.  It  is  taken  about  half  an 
inch  above  the  line  of  diffusion.  The  grain  is  of  small  size 
and  excellent  structure,  the  pearlite  and  ferrite  grains  being 
very  consistently  arranged,  and  there  is  a  complete  absence  of 
enlarged  grains  due  to  subsequent   thermal  disturbance. 

Table  1  is  taken  from  a  Report  of  the  Department  of  Com- 
merce and  Labor,  Steamboat  Inspection  Service,  dated  Janu- 
ary 27,  1916,  on  the  tensile  strength  of  four  samples  of  slag 
welding  for  marine  boilers  submitted. 


TABLE  1       TENSILE  TESTS  ON  SLAG  WELDED  PU\TES 

Numbers  on  plates 1  2  3  4 

Thickness  of  samples,  decimals  in..  0.494  0.494  0.743  0.521 

Widths  of  samples,  decimals  in 1.00  0.991  1.00  1.023 

Strain  at  which  each  sample  parted. 28000  27500  42120  31890 

Strain  per  sq.  in.  of  section,  lb 566.S9  ,"i6530  56680  59840 

Reduced  thickness  of  sample 0.685  0.660  0.948  0.852 

Reduced    width    of   sample 0.282  0.300  0.725  0.419 

Reduction  of  area,  per  cent 60'%  59^%  7"%  ^3% 

Le/igth  of  straight  part  in  center  of 

test   piece,   in 8  8  8  8 

Elongation,    percentage    of 29«%  25%  7%  14% 


Sample  No.  1  is  the  original  steel  of  about  56,000  lb. ;  if 
broke  at  56,680  lb.  Sample  No.  2  is  a  plate  cut  in  half, 
welded  and  machine  flush ;  this  broke  at  56,530  lb.,  ly-i  in.  out- 
side the  weld,  proving  that  the  weld  w^s  stronger  than  the 
original  metal  and  that  there  was  no  thermal  disturbance  in  the 
vicinity  of  the  weld.  The  elongation  is  25  per  cent,  but  this 
shows  absolutely  nothing,  because  the  sample  started  to  neck 
2V2  in.  away  from  the  weld,  and  the  reduced  area  resulting  from 
this  necking  caused  the  fracture.  Sample  No.  3  is  a  plate  cut  in 
two,  welded  and  reinforced  i/4  in.  down  the  entire  length  of 
one  side.  This  sample  broke  in  the  weld  and  the  tensile 
strength  was  56,680  lb.,  identical  with  sample  No.  1,  which 
proves  that  the  weld  was  of  about  56,680  lb.  tensile  strength. 
The  elongation  was  7  per  cent,  and  as  the  sample  broke  in  the 
weld  the  necking  occurred  there,  and  it  is  quite  reasonable  to 
suppose  that  the  elongation  in  the  weld  was  somewhere  near 
7  per  cent.  Sample  No.  4  was  a  plate  reinforced  on  one  side 
and  then  the  welded  metal  entirely  machined  off,  leaving  the 
original  plate  at  its  original  thickness.  This  plate  was  pre- 
pared so  as  to  find  out  what  effect  the  thermal  disturbance  had 
upon  the  metal  adjacent  to  the  weld. 

As  will  be  seen,  the  tensile  strength  of  the  metal  has  been 
increased  and  the  ductility  reduced.  This  is  to  be  expected 
from  the  slight  thermal  disturbance  taking  place,  as  the  added 
metal  was  as  thick  as  the  original  steel.  The  results  according 
to  the  test  sheet  show  at  least  the  great  tensile  strength  of  the 
welds  made  by  this  slag  electrode. 

Corrosion  and  welding  are  closely  associated.  It  has  been 
proved  that  corrosion  is  electrolytic  in  character,  the  positive 
pole  of  the  small  aralvanic  couples  being  highly  corroded 
and  the  negative  pole  being  practically  free.  When  testing  a 
piece  of  boiler  steel  for  polarity,  it  is  shown  that  there  are 
numerous  places  where  corrosion  can  be  set  up,  due  to  electro- 
lysis; all  nieelianieal  work  on  iron  and  steel  wiU  immediately 


start  corrosion  due  to  electrolysis,  the  electrolyte  being  sup- 
jilied  by  the  atmospheric  moisture.  A  simple  experiment  will 
])rove  this.     If  a  small  portion   of  a  piece  of  steel,  neutral 


Fig.  5     12  Per  Cent  Manganese  Steel  on  12  Per  Cent 
Manganese  Steel,  Magnification  90 


Fig.    G     U.125   Carbon   Steel   on   0.65   Carbon   Steel, 
Magnification  90 


Fig.  7    Structure  of  Added  Metal,  Magnification  250 

across  its  entire  area,  is  hammered  and  tested  for  polarity, 
a  voltaic  circuit  is  present,  the  stress  from  the  hammered 
portion    being    electro-positive    and    the    original    steel    being 
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electro-uegative ;  therefore  it  follows  tliat  every  rivet  head, 
calked  edge  or  hammered  portion  of  the  boiler  is  electro- 
positive to  its  shell  generally.  Thermal  disturbance  and  small 
mechanical  work  will  set  up  polarity,  and  such  a  weld  will 
be  distinctly  electro-positive  to  the  surrounding  metal.  This 
is  particularly  noticeable  'in  machine  welded  flue  tubes  in  loco- 
motives ;  90  per  cent  of  the  corrosion  taking  place  will  always 
be  present  when  the  added  length  of  tube  has  been  made  to 
recover  short  tubes.  Autogenous  welding  is  distinctly  electro- 
positive to  the  surrounding-  metal,  because  the  added  metal 
is  less  pure,  containing  magnetic  oxide  of  iron  and  other 
impurities.  An  osy-acetylene  or  gas  weld  made  on  a  pressure 
tank  or  boiler  may  be  badly  pitted  by  corrosion.  A  weld  by 
carbon  are  corrodes  to  a  greater  extent,  and  welds  by  the 
bare  wire  pencil  method  are  certainly  no  better.  Tests  can  be 
easily  made  by  means  of  a  milli voltmeter. 

The  deposit  by  the  slag  electrode  is  so  pure  that  the  added 
metal  by  this  process  is  quite  electro-negative  to  the  surround- 
ing metal  and  to  a  very  large  degree  obviates  corrosion  at  the 
weld.  If  the  subject  of  corrosion  is  borne  in  mind,  I  am 
tempted  to  say  that  forged  welding  will  not  be  permitted; 
.some  fusion  process  will  be  adopted  wherein  the  corrosive 
influence  of  an  electrolytic  circuit  is  to  a  very  large  degree 
restricted. 


Victor  Madck.  In  all  processes  of  welding  it  is  necessary 
to  raise  the  temperature  of  the  metal  to  be  welded  to  the 
point  of  fusion.  Given  a  neutral  flame  free  from  non-com- 
bustible impurities,  such  as  sulphur,  nitrogen,  etc.,  the  arrest 
of  the  heating  process  at  the  exact  point  of  fusion,  and  a 
uniform  contact  of  the  parts,  a  perfect  weld  of  practically 
equivalent  strength,  section  for  section,  to  the  adjacent  metal 
would  result.  However,  there  are  so  many  factors  involved 
over  which  we  have  but  indifferent  control  that  this  result  is 
rarely  attained.  It  is  therefore  necessary  first,  to  rate  the 
efficiency  of  the  weld  based  on  average  manufacturing  prac- 
tice; second,  to  provide  an  ample  factor  of  safety.  A  sufiS- 
ciently  high  hydrostatic  test  pressure  should  be  specified  to 
insure  ample  minimum  strength ;  and  I  lay  particular  stress  on 
high  test  pressure. 

In  a  riveted  joint  the  fundamental  operations  are  uniform 
and  of  a  mechanical  nature,  affected  but  slightly  by  the 
human  equation.  The  weld  on  the  other  hand  has  a  much 
higher  theoretical  streng-th,  but  is  all  human  equation,  hence 
the  importance  of  the  high  test  pressure.  A  weld  will  vary 
widely  in  strength  throughout  its  length,  but  this  variation 
is  less  than  in  a  riveted  seam.  Welds  cannot  be  made  com- 
mercially (except  one  form  of  electric  weld)  without  more 
crystallization  of  the  metal,  and  will  lead  to  eventual  failure 
under  vibratory  action  if  provision  is  not  made  for  a  sufficient 
factor  of  safety.  It  is  possible  to  surround  the  processes 
with  all  reasonable  precautions,  in  the  public  interest,  and  at 
the  same  time  allow  them  that  latitude  for  development  they 
deserve,  and  which  is  conceded  them  abroad. 

The  process  of  electric  welding  by  induction  probably 
attains  the  nearest  to  the  theoretical  possibilities  of  any  weld 
we  have.  The  operation,  being  entirely  mechanical,  is  uni- 
form and  under  perfect  control.  There  is  no  crystallization 
of  the  metals  and  the  human  equation  is  practically  eliminated. 
The  heat  in  this  process  is  generated  within  the  stock  itself, 
radiating  from  the  surface  as  opposed  to  the  application  of 
a  very  intense  external  heat,  as  in  the  oxy-aeetylene  flame  or 
electric  arc.  In  the  latter  ease  the  surface  is  overheated 
before  the  body  of  the  metal  reaches  welding  temperature. 


with  resultant  burning  and  crystallization.     In   this  process 
100  per  cent  welds  are  the  rule  rather  than  the  exception. 


The  production  of  pig  iron  in  the  United  States  last  year 
amounted  to  39,450,000  tons,  according  to  The  Iron  Age, 
which  is  about  30  per  cent  in  excess  of  the  output  for  1915. 
The  production  of  steel  in  1916  was  proliably  in  excess  of 
42,000,000  tons. 


The  Council  of  The  Institution  of  Civil  Engineers  of  Great 
Britain  have  extended  an  invitation  to  any  members  of  The 
American  Society  of  Mechanical  Engineers  who  may  be  vis- 
itors in  London  to  use  The  Institution  Library  and  Reading 
Rooms,  as  well  as  to  attend  the  meetings  of  The  Institution, 
and  have  authorized  the  necessary  steps  to  give  effect  to  this 
on  the  presentation  of  an  introduction  from  our  Society.  The 
Council  trust  that  their  American  professional  colleagues  may 
often  visit  and  make  use  of  the  new  home  of  the  Institution. 


Ill  the  cooling  of  electrical  machinery,  witli  the  high-speed 
units  of  large  output,  the  designer  is  seriously  handicapped. 
In  a  15,000  kva.  turbo-alternator,  say,  which  is  a  medium 
size  nowadays,  the  total  loss  is  about  545  kw.,  and  an  enormous 
volume  of  cooling  air  is  required  for  carrying  away  the  heat 
due  to  this  loss.  According  to  Mr.  B.  G.  Lamme,  an  ex- 
penditure of  1  kw.  in  1  min.  will  raise  the  temperature  of 
100  cu.  ft.  of  air  18  deg.  cent.  Therefore,  for  a  temperature 
rise  of  the  outgoing  air  of  20  deg.  cent,  above  that  of  the 
incoming  air  a  loss  of  545  kw.  will  necessitate  a  supply  of 
ventilating  air  of  approximately  50,000  cu.  ft.  per  min. — 
The  Electrician  (London),  Feb.  2,  1917. 


The  endotliermic  energy  of  acetylene  makes  its  ignition 
temperature  low,  thus  preventing  high  compression  in  an  en- 
gine cylinder.  This  in  turn  detracts  from  the  efficiency  of 
the  engine  and  bars  the  economical  use  of  this  gas  for  power 
purposes.  As  compared  with  all  other  industrial  substances 
acetylene  occupies  a  position  at  the  top  of  the  list  for  light 
and  heat.  To  get  a  substance  which  would  compete  with 
acetylene  in  its  present  field  it  would  be  necessary  to  get  one 
with  a  higher  endothermic  energy  content.  Thi'ough  weU- 
known  laws  of  chemistry  it  is  recognized  as  impossible  to 
obtain  such  a  substance  by  any  combination  of  carbon  and 
hydrogen. — The  Engineer   (London),  Feb.  23,  1917. 


Mr.  Max  Toltz,  member  of  the  Council  of  the  Am.Soc.M.E., 
recently  introduced  into  the  House  of  Representative^  of  the 
State  of  Minnesota  a  "  bill  for  an  act  to  provide  for  the  safety 
of  life  and  property  in  this  state  in  the  construction  and  use 
of  steam  boilers;  creating  a  board  of  boiler  rules  to  prescribe 
regulations  for  boilers  used  in  this  state,  which  will  be  uni- 
form with  other  state  rules  now  in  existence,  in  order  to  pro- 
vide for  the  free  interchange  of  boilers  between  states;  to  de- 
fine the  power  of  the  board  of  boiler  rules;  to  provide  pen- 
alties for  the  violation  of  this  act  and  rules  and  regulations 
of  the  boiler  rules." 

The  biU  provides  for  the  appointment  of  a  board  consisting 
of  preferably  a  professor  of  mechanical  engineering  of  the 
University  of  Minnesota,  a  manufacturer  of  boilers,  a  user 
of  boilers,  and  a  consulting  engineer.  The  board  is  to  formu- 
late rules  for  the  construction  of  steam  boilers,  as  nearly  iis 
practicable  in  eonfoi-mity  with  the  A.S.M.E.  Boiler  Code. 


JUNIOR  AND   STUDENT  PRIZE   PAPERS 


Ox  the  recommendation  of  the  Am.Soc.M.E.  Prize  Com- 
mittees, the  Junior  Prize  for  1916  was  awarded  to  L.  B. 
McMillan  for  his  paper  entitled  the  Heat  Insulating  Prop- 
erties of  Commercial  Steam-Pipe  Coverings.  Honorable  men- 
tion was  awarded  to  Victor  J.  Azbe  for  his  paper  on  Power 
Plant  EfiSeiency,  and  Herbert  B.  Reynolds  for  his  paper  on 
the  Flow  of  Air  and  Steam  through  Orifices. 

Student  Prizes  for  1916  were  awarded  to:  Boynton  M. 
Green,  Leland  Stanford  University,  for  his  paper  on  Bearing 
Lubrication ;  Howard  E.  Stevens,  Rensselaer  Polj^technic  In- 
stitute, for  his  paper  on  An  Investigation  of  the  Dynamic 
Pressure  on  Submerged  Flat  Plates,  and  M.  Adam,  Louisiana 
State  University,  for  bis  paper  on  The  Adaptability  of  the 
Internal-Combustion  Engine  to  Sugar  Factories  and  Estates. 

Honorable  Mention  in  the  Student  Prize  Competition  was 
awarded  to:  M.  Boyd  Gordon,  University  of  Cincinnati,  for 
his  paper  on  A  New  Type  of  Uniflow  Engine ;  S.  C.  Williams, 
Stevens  Institute  of  Technology,  for  his  paper  on  Photostatic 
Reproduction,  and  Charles  P.  Miller,  Pennsylvania  State 
College,  for  his  paper  on  Investigation  of  Properties  of  Low- 
and  Medium-Carbon  Steels. 

Abstracts  of  the  papers  awarded  Junior  Prizes  have  already 
appeared  in  The  Journal  and  abstracts  of  the  papers  awarded 
Student  Prizes  are  published  below. 

DYNAMIC  PRESSURE  OF   SUBINIERGED 
FLAT  PLATES 

By  HOWARD  E.  STEVENS,'  AUBURN,  N.  Y. 

THE  object  of  this  investigation  was  to  find  an  equation 
expressing  the  relation  between  the  velocity  of  a  stream 
and  the  resulting  pressure  on  a  submerged  flat  plate  held  per- 
pendicular and  at  right  angles  to  the  direction  of  flow.  Ex- 
periments were  conducted  with  the  plate  at  different  depths 
below  the  surface  in  order  to  establish  whether  this  affects  the 
equation.  The  effect  of  varying  the  area  and  shape  of  the 
plate  was  determined,  and  one  plate  was  used  only  partially 
submerged  to  ascertain  whether  the  same  equation  would  hold. 

In  all  these  experiments  the  plate  was  moved  through  still 
wafer.  Now,  there  might  be  some  question  as  to  whether  such 
results  would  apply  to  moving  water  impinging  on  a  station- 
arj'  plate.  In  the  early  part  of  the  nineteenth  century  Duche- 
min  found  that  results  obtained  by  one  method  apply  to  the 
other.  Such  authorities  as  Lanchester,  Zahm  and  See  all  agree 
that  the  cases  are  identical.  However,  De  Villamil  says  they 
would  be  the  same  only  when  surrounding  conditions  are  identi- 
cal. Thus,  results  obtained  by  moving  a  body  in  still  water 
would  only  apply  to  a  stationary  plate  if  the  moving  water 
were  in  a  static  condition;  that  is,  if  tank  and  water  were 
moved  as  a  whole.  In  refutation  of  this  statement,  it  is  very 
evident  that  the  water  impinges  on  the  plate  just  the  same 
whether  the  tank  moves  or  not,  and  is  in  no  more  static  con- 
dition with  reference  to  the  plate  than  if  it  were  an  open 
stream. 

The  plate  was  fastened  to  a  vertical  piece  of  sheet  steel, 
F,  Fig.  1,  which  was  bolted  to  a  wooden  block  A.  F  was 
placed  in  such  a  position  that,  as  the  apparatus  was 
moved,  the  thin  edge  cut  the  water.    The  upper  end  of  A  was 


forked,  one  arm  going  on  either  side  of  a  framework  G.  At 
point  II  in  each  arm  was  a  horizontal  pivot,  thus  allowing  A 
to  swing  to  a  vertical  plane.  Fastened  to  A  was  a  horizontal 
arm  of  steel  J.  A  link  K  with  a  horizontal  knife  edge  across 
the  bottom  moved  along  J,  and  the  knife  edge  rested  in  V- 
shaped  grooves  cut  in  the  under  side  of  J.  To  K  was  fastened 
a  vertical  wire  C,  the  upper  end  of  which  was  attached  to  the 
platform  of  a  pair  of  scales.  A  small  wire  D  fastened  to  the 
arm  of  the  scales  moved  over  a  scale  E  as  the  arm  moved  up 
and  down.  This  was  to  detennine  when  the  scales  were  bal- 
anced, as  it  was  so  arranged  that  then  D  was  opposite  the  mid- 
dle line  of  E.  The  frame  G  was  clamped  on  a  four-wheeled  ear 
which  could  be  pushed  along  a  track  over  a  flume  about  100 
ft.  long  and  5  ft.  wide.  The  axis  of  the  frame  was  made 
parallel  to  the  track,  and  the  plate  was  made  vertical  with  a 
spirit  level  (when  the  scales  were  in  the  balanced  position), 
so  that  the  plate  was  perpendicular  to  the  direction  of  motion. 
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Fig.  1  Apparatus  tor  Determination  of  Dynamic  Pressure 
ON  Submerged  Flat  Plates 

Fig.  1  shows  a  cross-section  through  the  car  and  flume  between 
points  L  and  M,  and  an  outside  view  to  the  left  of  L  and  to 
the  right  of  M. 

To  determine  the  velocity  a  chronograph  made  by  Wm. 
Gaertner  and  Co.,  of  Chicago,  was  used.  This  had  a  revolving 
drum  driven  by  clockwork  to  which  a  sheet  of  paper  could 
be  attached.  Three  pens  which  had  a  small  lateral  motion  con- 
trolled by  electromagnets  made  records  on  the  paper  as  it 
moved.  One  pen  recorded  seconds.  The  electromagnet  for 
this  pen  was  connected  in  the  circuit  with  a  seconds  pendu- 
lum on  a  clock.  Every  time  the  pendulum  swung  through 
its  lowest  point  (once  a  second)  a  small  needle  on  it  passed 
through  a  bubble  of  mercury,  closing  the  circuit.  This  ex- 
citation of  the  magnet  pulled  the  pen  sideways,  giving  little 
spines  on  the  curve.  A  thin  iron  strip  which  ran  along  the 
side  of  the  tank  had  little  metal  pins  P  every  8  ft.,  called  "  sta- 
tions" in  the  following  discussion.  Attached  to  the  ear  was  an 
iron  support  Q,  to  which  was  fastened  a  flexible  contact  brush, 
B,  which  would  rub  on  these  pins.  This  would  close  the  circuit 
through  a  second  magnet  and  cause  its  pen  to  jump  laterally. 
The  third  magnet  was   controlled  by  the  experimenter,  who 
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pushed  the  car.  A  horizontal  handle  was  attached  to  the  car 
with  which  to  push  it  and  on  this  handle  was  a  push  button. 
When  the  scales  were  balanced  the  experimenter  closed  the 
circuit  through  the  third  magnet  by  means  of  this  push  button, 
thus  drawing  the  third  pen  sideways.  In  order  to  get  a  circuit 
while  the  car  was  moving,  two  trolley  wires  were  used,  S  and 
T.  Over  these  ran  trolley  wheels  U  and  V,  and  other  wheels 
on  the  standard  W  kept  the  wires  pressed  tightly  against  U 
and  V,  insuring  a  good  contact.  A  wire  connected  V  and  V, 
and  thus  one  circuit  was  made  through  W,  P,  B,  Q,  V,  and  T 
for  the  second  magnet.  The  push  button  was  connected  by  two 
wires  to  U  and  V,  which  thus  gave  a  circuit  for  the  third  mag- 
net. 

Before  making  runs  a  plate  was  attached  to  F  and  the  scales 
balanced  to  give  the  dead  weight  of  the  apparatus.  Then 
weights  were  placed  on  the  scales,  the  chronograph  was  started, 
and  the  car  was  pushed  along  at  such  a  speed  as  to  keep  the 
scales  balanced.  Two  runs  were  made  with  each  weight.  The 
weights  used  varied  from  1  lb.  to  40  lb.,  a  sufficient  range  to 
give  a  good  curve.  One  set  of  runs  with  various  scale  loads 
"comprised  a  test-  At  the  end  of  each  test  the  plate  was  re- 
moved, a  new  dead  weight  found,  and  a  series  of  runs  made 
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Fig.  2    Feame  Diagram  of  Apparatus 

in  the  same  way  with  just  the  support  of  F  to  take  the  re- 
sistance of  the  water.  These  tests  were  called  zero  tests  and 
gave  the  amount  of  pressure  on  the  support.  From  these  were 
plotted  curves,  scale  readings  vs.  velocity.  Log  paper  was 
used  so  that  the  curves  would  be  straight  lines  and  thus  give 
a  check. 

First  a  7-in.  plate  was  used.  The  depth  was  varied  by  rais- 
ing or  lowering  the  level  of  the  water  in  the  flume.  Then  a 
round  plate  of  one-half  the  area  was  used  at  three  different 
depths.  A  rectangular  plate  8  in.  by  4  in.  was  tried  with  the 
long  axis  horizontal  and  then  with  it  vertical,  one  test  each 
way  at  a  constant  depth.  A  square  plate  6  in.  by  6  in.  was  next 
used  at  one  depth  only,  and  lastly  the  rectangular  plate  was 
used  with  the  long  axis  vertical  but  only  half  submerged,  giv- 
ing virtually  a  square  4  in.  by  4  in.  below  the  surface.  All  the 
plates  were  painted.     They  were  %  in.  thick. 

Following  is  the  method  of  computations.  Three  curves 
were  obtained  from  the  chronograph  records:  a,  the  seconds 
curve,  the  distance  between  two  spines  representing  one  sec- 
ond ;  h,  the  stations  curve,  each  space  between  spines  represent- 
ing 8  ft.  moved  over  by  the  car ;  c,  the  curve  made  by  the  pen 
controlled  by  the  push  button  on  the  car.  Where  this  is  to 
the  left,  the  scales  were  balanced,  and  only  that  part  of  the 


run  {d  to  e)  is  of  value  for  computations.  The  number  of 
spaces  on  a  between  the  spines  nearest  d  and  e  was  counted 
and  the  distance  in  inches  measured.  Dividing  one  by  the 
other  gave  the  seconds  per  inch  of  the  curve.  This  was  re- 
peated with  h,  giving  the  stations  per  inch  of  the  curve.  Since 
each  station  represents  8  ft.,  multiplying  the  last  result  by  8 
gave  the  feet  per  inch  of  curve  b.  Dividing  this  by  the  sec- 
onds per  inch  gave  feet  per  second,  or  velocity.  The  weight 
on  the  scales  was  of  course  known  and  the  dead  weight  was 
subtracted  from  it.  Then  the  amount  of  pressure  on  the  sup- 
port at  the  known  velocity  was  found.  The  difference  be- 
tween them  gave  the  net  weight  on  the  scales  corresponding  to 
the  pressure  on  the  plate  only.  By  knowing  the  lever  arms  / 
and  g,  P,  Fig.  2,  was  computed;  Pg=fW. 

De  Villamil  says  the  desired  equation  is  parabolic  in  form, 
therefore  one  was  assumed : 


P  =  KAV 


.[1] 


where  P= total  pressure  on  the  plate  in  lb. 
iL=a  coefficient 

A=the  area  of  the  plate  in  square  feet 
F=the  velocity  in  feet  per  second 
n=a.  constant. 

Dividing  [1]  by  A,  P/A=KV°;  passing  to  logs,  log  P/A= 
log  K  -\-n  log  V,  which  is  a  straight-line  f  onnula. 

P/A  was  computed  for  each  run  and  log  P/A  was  plotted 
as  a  function  of  log  V.  Naturally  these  are  straight  lines;  » 
is  the  tangent  of  the  angle  between  a  curve  and  the  horizontal 
axis,  while  log  K  is  the  intercept  on  the  vertical  axis;  n  was 
found  to  be  2,  while  K  had  various  values. 

Then  K  was  assumed  to  depend  on  the  depth  and  the  rela- 
tion was  taken  as 


K=b  D" 


.[2] 


where  6  =  a  coefficient 

D  =  depth  of  center  of  plate  below  surface  in  feet 
m  =  a  constant. 

Then  log  K  =  log  b  -f-  in  log  £»,  which  is  a  straight  line. 

Log  K  was  plotted  vs.  log  D  for  each  series  (a  series 
was  composed  of  all  the  tests  on  one  plate) ;  m  is  the  tangent 
of  the  angle  between  a  curve  and  the  horizontal  axis  and  log  b 
is  the  intercept  on  the  vertical  axis ;  m  was  found  =  — 0.1, 
while  b  had  various  values.    This  in  [2]  gave  K  =  b/D°-\ 

Then  b  was  assumed  to  vary  with  the  area.  Two  equations 
were  assumed,  b  =  cA-\-  g,  and  b  =  dAf.  Several  runs 
throughout  the  experiments  were  computed  each  way  and  the 
majority  lay  nearer  the  former  curve  than  the  latter,  hence 
this  was  chosen;  c  was  found  to  be  0.6,  while  g  varied  from 
1.20  to  1.29,  according  to  the  shape  of  the  piece.  Since  these 
are  so  nearly  alike,  it  may  be  said  that  the  shape  of  the  plate 
is  immaterial,  and  the  average  value  of  ^  =  1.25  will  be  taken. 

Now  [1]  is  P  =  K  A  V- [3] 

Substituting  for  K  its  value, 

P  =  AV'b/D'-' [4] 

Substituting  for  b  its  value, 

P  =  4  r/D»-'(0.6^  +  1.25) [5] 

which  is  the  desired  equation  between  the  pressure  and  the 
velocity. 

The  investigation  was  carried  a  little  further.  Since  P/A 
is  the  pressure  in  lb.  per  sq.  ft.,  l^W  X  P/^  (where  W  = 
weight  of  1  cu.  ft.  of  water)    will  be  the  pressure  head  hf. 
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Since  V  is  the  velocity,  V'/2g  =  the  velocity  head  h,.     Now, 
from  [1] 

P 

-  =KV- 

A 

P         1  KV        2g        KX  ^g  ^     V'- 


tten-^X^  =  -f^X^=    -^ 


X 


K  X  2o  64.3 


—  =  1.03  K. 
h. 

Substituting  the  values  of  K  found,  tliis  ratio  varies  from 
1.31  to  1.67,  with  the  average  value  of  1.47.  Merriman  says 
in  his  "  Hydraulics  "  that  it  varies  from  1.25  to  1.75,  with  best 
values  from  1.4  to  1.5. 


BEARING   LUBRICATION 

INFLUENCE    OF    SURFACE    VELOCITY    ON    MEAN    FILM    THICKNESS 

By  BOYNTON  M.  GREEN,'  PITTSBURGH,  PA. 

ASSUMING  that  a  machine  will  do  the  work  for  which  it 
is  designed,  its  economic  value  depends  on  the  degree  of 
efficiency  with  which  it  wiU  do  that  work.  The  energy  sup- 
plied to  it  is  consumed  in  three  ways :  in  overcoming  the  ex- 
ternal load,  or  in  doing  the  actual  work  required  of  the 
machine;  in  deforming  the  various  parts  of  the  machine,  and 
in  overcoming  friction.  The  energy  consumed  in  doing  the 
actual  work  required  is  a  legitimate  expenditure  for  which 
there  is  value  received.  If  the  machine  is  properly  designed, 
the  energy  lost  in  deforming  its  parts  is  returned  somewhere 
during  the  work  cycle,  because  the  parts  will  never  have  been 
stressed  beyond  their  elastic  limit  and  hence,  on  returning  to 
their  original  shape,  wiU  liberate  the  energy  spent  in  deforming 
them,  while  that  spent  in  accelerating  masses  wUl  be  given  back 
upon  their  return  to  their  original  velocities.  This  leaves  the 
energy  lost  in  friction,  which  is  a  direct  waste.  Some  friction 
is  inevitable,  so  the  question  is:  how  may  this  loss  be  reduced 
to  a  minimum? 

UI.^TORICAL  DEVELOPMENT 

It  is  interesting  to  note  that  this  important  problem  of  de- 
sign was  the  last  one  to  be  attacked  from  a  scientific  stand- 
point. For  years  after  the  designer  was  able  to  calculate  with 
a  fair  degree  of  accuracy  the  stresses  in  frames,  shafts,  levers 
and  gears,  he  was  content  to  design  his  bearings  by  guess  and 
precedent.  This  tendency  to  slight  bearing  design  was  fos- 
tered by  low  machine  speeds  and  lack  of  efficiency  data.  But 
with  the  introduction  of  electricity  as  a  motive  power  and  the 
resulting  higher  speeds  and  ever-increasing  demand  for  greater 
efiflciency,  the  necessity  for  better  bearing  design  became 
urgent. 

The  first  important  attempt  to  investigate  the  conditions 
obtaining  in  a  bearing  was  made  in  1883  by  Beauchamp  Tower, 
an  Englishman,  at  the  request  of  the  Institution  of  Mechanical 
Engineers.  He  used  a  journal  4  in.  in  diameter  by  6  in.  long, 
the  bearing  only  covering  the  upper  half  of  the  journal.  He 
was  able  first  to  explain  the  difference  between  partial  or 
greasy  lubrication  and  complete  or  flooded  lubrication. 
Tower's  results  were  qualitative  rather  than  quantitative,  but 
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they  brought  out  the  facts  that  there  was  probably  a  complete 
film  of  oil  sepai-ating  journal  and  bearing  in  the  ease  of  flooded 
lubrication,  and  that  the  conditions  of  bearing  friction  in  the 
case  of  flooded  lubrication  approximate  fluid  friction  more 
nearl}'  than  solid  friction. 

The  next  step  was  made  in  1885  by  Prof.  Osborne  Reynolds, 
who  used  Tower's  numerical  data  as  the  basis  of  a  mathe- 
matical discussion  of  the  subject.  Reynolds  applied  a  hydro- 
dynamic  theory  to  Tower's  data  and  obtained  an  equation  be- 
tween the  variation  of  pressure  over  the  surface  and  journal 
velocity,  which  explained  the  existence  of  the  oil  film  at  a  high 
pressure.  He  showed  the  presence  of  a  wedging  action  of  the 
lubricant,  and  this  in  turn  brought  out  the  importance  of  the 
bearing  allowance,  or  difiEerence  in  diameters  of  journal  and 
bearing.  From  this  followed  the  discovery  of  the  general  law 
for  pressure  distribution  throughout  the  oil  film,  and  the  fact 
that  the  point  of  nearest  approach  of  journal  and  bearing 
changes  position  with  change  of  load.  Reynolds  realized  that 
viscosity  changes  with  temperature,  so  he  made  a  deteimina- 
tion  of  the  relation  between  viscosity  and  temperature  for 
olive  oil,  and  deduced  an  empirical  formula  from  which  he* 
obtained  expressions  for  the  approximate  variation  of  vis- 
cosity with  speed  and  load,  since  both  these  affect  the  bearing 
temperature.  These  expressions  brought  Towers  results  into 
very  close  agreement  with  Reynolds'  hydrodjoiamic  theory. 
The  hydrodynamic  theory  of  fluid  friction  was  also  developed 
independently  in  1884  by  Petroff,  a  Russian,  (data  published 
in  German  in  1887). 

Tliis  theory  is  undoubtedly  the  correct  one  to  apply  to  the 
ease  of  flooded  lubrication.  However,  it  cannot  be  applied 
directly,  as  the  equations  contain  several  constants  which  can 
only  be  determined  by  experiment,  and  it  is  to  this  work  that 
later  investigators  have  turned  their  attention  rather  than  to 
the  development  of  new  theories.  In  1903  some  important 
investigations  were  carried  on  by  0.  Lasche  for  the  Allgemeine 
Electricitats-Gesellsehaft  of  Berlin.  Up  to  that  time  investi- 
gations had  only  been  made  with  loads  under  500  lb.  per 
sq.  in.  and  velocities  under  500  r.p.m.  (among  the  most  im- 
portant were  those  by  Stribeck,  Z.d.V.d.I,  1902),  and  the 
A.E.G.  found  it  necessary  to  obtain  data  for  velocities  up  to 
3000  r.p.m.  and  correspondingly  high  loads.  Lasche's  work 
was  quite  exhaustive  and  incidentally  threw  considerable  light 
on  the  transmission  of  heat  away  from  the  oil  film. 

FLUID  FKICTION 

The  general  equation   for  fluid  friction  is 
[A  =  7)  V/py 
where  [i  =  coefficient  of  friction 
7)  =  coefficient  of  viscosity 

V  =  journal  surface  speed 

p  =  pressure  per  unit  of  projected  area  of  bearing 

V  =  mean  film  thickness. 

Usually  p  and  V  can  be  determined  from  the  conditions  of 
the  problem  and  values  of  tj  can  be  taken  from  known  data 
on  oils.  Concerning  values  of  y,  nothing  definite  is  known,  but 
some  general  deductions  can  be  made.  According  to  Smith 
and  Marx's  Machine  Design,  1915,  it  is  a  function  of  the 
running-fit  allowance,  of  p,  of  V,  and  of  the  temperature  t  of 
the  bearing,  which  may  be  summed  up  in  the  following  ex- 
pression 

From  a  consideration  of  this  expression  and  its  application 
in  the  general  equation  for  friction   it  would   seem  that  the 
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next  step  would  be  an  investigation  of  the  mean  thiekness  of 
oil  film.  Some  work  was  clone  on  this  subject  in  1897  by 
Professor  Kingsbury  (Jour.  Am.  Soe.  Nav.  Eng.),  but  as 
he  used  air  a.s  a  lubricant,  his  results  can  only  be  taken  as 
an  indication  of  what  to  e.\peet  when  using  oil.  As  the 
mean  film  tliickness  y  is  influenced  by  foiu*  variables,  it  would 
be  necessary  to  make  the  investigation  in  four  steps.  In 
Kingsbury's  experiment  the  velocity  only  was  changed.  The 
pressiu-e  and  allowance  were  kept  constant  while  the  ap- 
paratus was  allowed  to  run  until  the  temperature  became 
constant  before  any  test  readings  were  taken. 


EXPERIMENTAL  PART 

In  the  present  experiment  it  was  thought  best  to  follow 
Kingsbury's  lead  and  investigate  the  influence  of  velocity 
on  mean  film  thickness,  and  the  apparatus  was  designed 
with  this  point  in  view.  The  bearing  is  shown  in  section  in 
Fig.  1 ;  it  is  non-adjustable  and  consists  of  a  plain  phosphor- 
bronze  sleeve  about  Si/j,  in.  in  diameter  by  7  in.  long,  pressed 
into  a  east-iron  housing  which  was  bolted  to  a  lathe  bed. 
Lubrication  was  efliected  by  two  steel  oil  rings  of  rectangular 
section.  Two  sets  of  oil  grooves  were  cut  in  the  upper  half 
of  the  bronze  as  shown  in  the  figure.  On  assembling  the 
bronze  sleeve  and  housing,  it  was  found  that  the  bronze  was 
elliptical  in  section,  with  the  major  axis  vertical,  the  average 
difference  in  diameters  being  0.001  in.  To  obtain  the  best 
results  from  the  apparatus,  the  sleeve  should  have  been 
reamed  after  pressing  it  into  the  housing.  Although  this 
was  not  done,  the  inaccuracy  did  not  seem  to  affect  the  results 
appreciably. 

The  journal  was  a  piece  of  mild  steel,  ground  carefully  to 
a  diameter  of  3.244  in.,  giving  a  running-fit  allowance  of 
0.0035  in.,  or  about  0.001  in.  per  inch  of  diameter.  On  each 
end  of  the  journal  was  fitted  a  cast-iron  flywheel  weighing 
about  67  lb.,  secured  by  a  nut.  The  total  weight  of  the 
assembled  journal,  flywheels  and  nuts  was  165.5  lb.,  making 
a  nominal  load  on  the  bearing  of  7.275  lb.  per  sq.  in.  of 
projected  area.  The  whole  apparatus  was  mounted  on  two 
parallel  lathe  beds,  and  three  lathe  heads  with  four-step 
pulleys  were  utilized  for  the  drive.  The  usual  overhead 
countershaft  drove  the  first  lathe  head,  which  drove  the 
second  head  by  a  short  piece  of  shaft  and  dogs.  The  second 
head  drove  the  third  by  a  short  belt  and  tightener  pulley.  It 
was  found  necessary  after  several  preliminary  trials  to  intro- 
duce the  tightener,  so  that  the  second  belt  could  be  used  for 
gradual  acceleration  of  the  heavy  rotating  mass.  The  third 
head  drove  the  test  journal  by  a  piece  of  %-in.  steel  shaft 
about  2  ft.  long.  As  this  flexible  drive  rod  was  loosely  con- 
nected by  a  dog  to  the  lathe  head  and  by  a  cotter  pin  to  the 
journal,  it  is  fairly  certain  that  no  external  deflecting  loa<l 
was  applied  to  the  latter.  With  the  drive  arranged  in  this 
way,  sixteen  speeds  were  possible,  but  as  all  the  cone  pulleys 
were  of  the  same  design,  some  of  the  speeds  were  duplicated, 
so  that  only  six  speeds  could  be  used. 

With  this  apparatus  it  would  be  possible  to  vary  the  bore 
allowance  by  starting  with  a  very  small  allowance  and  then 
grinding  down  the  journal  to  give  larger  allowances.  This 
procedure  was  contemplated  when  the  apparatus  was  de- 
signed, but  lack  of  time  prevented  tests  with  more  than  one 
allowance.  To  locate  the  position  of  the  journal  with  rela- 
tion to  the  bearing,  three  micrometers  of  a  design  similar  to 
Kingsbury's  were  used.  The  micrometers  and  journal  were 
placed  in  the  primary  circuit  of  an  induction  coil  with  a 
battery,    and    a    telephone    receiver    was    connected    to    the 


■secondary  of  the  coil.  With  Kingsbury's  apparatus  it  was 
only  necessary  to  mount  one  micrometer  in  the  bearing,  be- 
cause his  bearing  was  a  simple  cast-iron  cylinder,  so  sup- 
ported that  it  could  be  rotated  about  its  own  axis,  thus 
bringing  the  micrometer  into  any  position  desired.  His 
method  was  to  locate  the  point  of  nearest  approach  and  read 
the  micrometer,  calling  this  the  zero  reading.  Then  the 
bearing  was  rotated  180  deg.  and  another  reading  was  taken. 
Half  the  difference  between  the  zero  reading  and  the  second 
reading  gave  the  radial  distance  between  the  axis  of  the 
bearing  and  the  axis  of  the  journal,  and  the  angular  dis- 
placement was  read  from  graduations  on  the  end  of  the 
bearing  cylinder. 

In  the  present  experiment  the  bearing  could  not  be  rotated, 
so  it  was  necessary  to  use  three  micrometers  spaced  120  deg. 


'^W4'WWi 


Upper  Half  of  Brass  Developed 
(No6roove5  in  Lower  Half) 


Transverse  Sections,  A-A  and 
B-B 

Fig.  1    Test  Bearing 


apart  around  the  bearing  in  a  plane  through  its  center  and 
perpendicular  to  its  axis.  The  moving  part  of  the  micrometer 
consisted  of  a  %-in.  steel  rod  hardened  at  the  contact  end 
and  threaded  40  threads  per  in.  at  the  other  end.  To  the 
threaded  end  was  clamped  a  pointer  3i/4  in.  long  which 
served  both  to  turn  the  rod  and  to  indicate  the  reading.  The 
rod  was  carried  in  a  brass  sleeve  threaded  to  receive  it  and 
electrically  insulated  from  the  bearing  by  a  fiber  bushing 
pressed  on  to  the  sleeve.  The  graduated  scale  was  carried 
on  an  arm  clamped  to  the  top  of  the  brass  sleeve.  This  arm 
also  carried  a  binding  post  for  the  electrical  connection.  Th& 
whole  micrometer  was  held  in  place  in  the  bearing  by  means 
of  a  brass  collar  which  screwed  down  over  the  tapered  fiber- 
bushing. 
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The  micrometers  were  calibrated  by  screwing  them  into- 
a  ring  and  then  screwing  down  the  micrometer  point  to  touch 
a  standard  inside  micrometer.  The  experimental  micrometers 
were  graduated  in  this  way  to  thousandths  and  the  ten- 
thousandth  divisions  were  laid  off  from  these  major  divi- 
sions. Micrometers  1  and  3  were  graduated  for  a  total  of 
three  thousandths,  and  micrometer  2  was  graduated  over  a 
range  of  six  thousandths.  Before  any  test  readings  could 
be  taken,  it  was  necessary  to  set  the  micrometers  to  zero,  i.  e., 
bring  the  micrometer  points  flush  with  the  inside  surface  of 
the  bearing  brass  by  placing  inside  the  bearing  a  sector  cut 
from  a  polished  iron  ring  which  had  been  ground  to  the  exact 
diameter  of  the  bearing.  The  zero  readings  of  all  the 
micrometei-s  were  cheeked  after  every  three  or  four  test 
readings. 

The  runs  were  made  short  purposely,  usually  under  two 
minutes,  to  eliminate  the  temperature  factor  as  far  as  pos- 
sible. A  long  run  was  made  at  a  constant  speed  to  obtain 
some  information  concerning  the  influence  of  temperature 
on  the  position  of  the  journal  relative  to  the  bearing,  but  the 
micrometer  readings  showed  that  the  bearing  itseK  was  ex- 
panding very  rapidly  due  to  its  thin  section,  so  this  investiga- 
tion had  to  be  abandoned.  From  ten  to  flfteen  readings  of 
each  of  the  micrometers  were  taken  at  each  speed  and  the 
most  consistent  of  the  readings  at  each  speed  were  averaged 
to  obtain  the  final  experimental  data  which  are  given  in  Table  1. 

In  determining  the  mean  thickness  of  oil  film  from  the 
results  the  following  approximations  were  made:  (o)  that 
the  loaded  portion  of  the  film  was  that  below  a  horizontal 
plane  through  the  center  of  the  bearing,  (b)  that  the  thick- 
ness of  the  film  at  this  plane  and  on  each  side  of  the  journal 
was  equal  to  the  radial  bearing  allowance,  (c)  that  the 
mean  thickness  of  film  was  the  average  of  the  thickness  at 
this  plane  and  the  minimum  thickness  of  the  film.  The 
minimum  thickness  of  film  is  the  radial  allowance  minus  the 
distance  between  the  axes  of  the  journal  and  bearing.  Mak- 
ing use  of  these  approximations  the  resulting  values  of  mean 
thickness  of  film  are  given  in  Table  2. 

The  general  equation   of  the  curve  plotted  is 

•      _  y  =  b-\-cWV: [1] 

where  y  =  mean  thickness  of  film  in  in. 
b  =  one  half  the  radial  allowance 
c  =  constant  dependent  on  allowance  and  possibly  on 

viscosity 
a  =  constant  dependent  on  viscosity  and  possibly  on 

allowance 
T^  =  surface  velocity  of  journal  in  ft.  per  min. 
By  translating  the  horizontal  axis  of  the  curve  the  constant 
6  is  eliminated  and  the  equation  becomes 

2/  =  c°VF7 [2] 

From   the   experimental    curve   the   values   of   c   and    a   were 
found  to  be 

c  =  0.0000049,  a  =  1.8 
and  the  resulting  empirical  equation  is 

y  =  0.0000049"'  VF^ [31 

As  to  the  application  of  the  empirical  equation  in  the 
general  equation  for  bearing  lubrication,  it  may  be  said  that 
it  may  be  used  directly  for  conditions  of  the  same  allowance 
and  a  lubricant  having  the  same  viscosity.  For  other  allow- 
ances and  lubricants  the  change  of  c  and  a  cannot  be  stated 
definitely.  It  can  be  said  in  general  that  c  will  change  with 
some  function  of  the  allowance  and  a  with  some  function  of 
the  viscosity.  It  is  also  possible  that  c  may  be  affected  by 
the  viscositv  and  a  bv  the  allowance. 


The  oil  used  during  the  experiment  was  an  ordinary  mineral 
oil,  Icnown  as  Vacoline,  manufactured  by  the  Standard  Oil 
Company.  Its  viscosity  as  given  by  the  Engler  viscosLmeter 
was  11.0  at  20  deg.  cent,  and  2.95  at  50  deg.  cent,  compared 
with  water  at  20  deg.  cent.,  which  gave  a  specific  viscosity  of 
38.9  at  20  deg.  cent,  and  8.7  at  50  deg.  cent. 

TABLE  1     DISTANCE  BETWEEN  AXES 


Av 

erage  Experimental  Data 

Results 

Temp. 

Micrometer  Readings,  In. 

V 

deg. 
fahr. 

Aidal  Dist. 
In. 

Ft.  per 

Angle 

Min. 

1 

2 

3 

0 

0.0002 

0,0035 

0.0002 

0.00175 

90°00' 

196 

58 

0.0001 

0.0026 

0.0006 

0.00158 

80°45' 

306 

66 

0.0003 

0  0025 

0.0004 

0.00153 

88°10' 

511 

66 

0.0003 

0.0025 

0.00065 

0.00142 

82''00' 

S17 

78 

0  0002 

0.0023 

0.0005 

0.00134 

83°00' 

1224 

70 

0.00025 

0.0021 

0.0004 

0.00125 

86°05' 

2042 

80 

0.0002 

0.0020 

0.0006 

0.00113 

77=40' 

TABLE  2     MEAN  THICKNESS  OF  OIL  FILM 


r 

Distance  between  Axes 

Min.  Thickness  Film 

Mean  Thickness  Film 

0 

0.00175 

0 

0.000875 

196 

0.00158 

0.00017 

0.000960 

306 

0.00153 

0.00022 

0.000985 

511 

0.00142 

0.00033 

0.001040 

817 

0.00134 

0.00041 

0.001080 

1224 

0,00125 

0  00050 

0.001125 

2042 

0.00113 

0  00062 

0.001185 

INTERNAL-COMBUSTION  ENGINES  FOR 
SUGAR   FACTORIES  AND   ESTATES 

By  M.  ADAM,'  PINA,  CAMAGUEY,  CUBA 

THE  internal-combustion  engine  is  making  such  rapid 
progress  that  it  will  be  of  interest  to  consider  its  possi- 
bilities in  the  cane-sugar  industry.  Naturally,  with  steam 
engines  the  exhaust  steam  can  be  utilized  for  the  various  heat- 
ing and  evaporating  operations.  At  times,  however,  there  is 
absolutely  no  use  for  exhaust  steam,  and,  as  generally  no 
bagasse  fuel  is  then  available,  oil,  wood,  or  coal  would  have 
to  be  used  for  the  steam  plant,  depending  on  the  locality.  The 
use  of  an  oil  engine  here  would  at  first  sight  seem  possible, 
but  calculation  shows  that  the  saving  realized  would  not  justify 
the  expense  of  a  new  instaUation.  Another  point  of  impor- 
tance in  Louisiana  sugar  factories  is  that  when  the  tempera- 
ture is  low,  the  heavy  oil  will  not  flow  by  gravity,  and  several 
devices  which  have  been  tried  are  either  costly  or  inefiicient. 
The  best  solution  would  be  to  use  a  pump  run  by  an  internal- 
combustion  engine. 

But  the  greatest  field  for  liquid-fuel  engines  is  on  the  agri- 
cultural side  of  the  industry.  The  labor  problem  on  the  aver- 
age sugar  plantation  is  a  source  of  anxiety  and  trouble;  the 
problem  of  feeding  and  caring  for  the  draught  cattle  is  also 
a  serious  one,  though  the  use  of  mules  and  horses  is  impera- 
tive. The  amount  of  animal  power  required  is  only  30  per 
cent  at  present  in  the  production  of  the  cane,  including  har- 
vesting.    Machines  are,  however,  being  developed  to  do  the 


'  Louisiana  Slate  I'uiversity. 


April 
1917 


JUNIOR  AND  STUDENT  PRIZE  PAPERS 


323 


harvesting,  and  it  can  be  safely  predicted  that  in  a  few  years 
the  horse  will  only  be  required  to  do  about  8  to  10  per  cent 
of  the  total. 

The  agricultural  motor  tractor,  although  it  has  many  ad- 
vantages, has  not  come  in  as  fast  as  was  expected.  The  first 
motor  tractors  were  of  very  heavy  construction,  with  the  con- 
sequence that  the  soil  was  packed  and  the  crop  injured.  Of 
late  years,  however,  the  light  tractor  has  made  its  appearance, 
and  is  now  no  longer  an  experiment.  Some  of  the  best  types 
are  the  Mogul,  Wyles,  Martin,  Ivel-Bauche,  and  the  Sander- 
son. The  type  to  be  used  depends  largely  on  the  nature  of 
the  soil.  In  the  caterpillar  type  of  tractor  the  area  of  contact 
between  the  ground  and  the  engine  is  very  much  increased, 
thus  securing  a  greater  drawbar  efficiency  and  lower  pressure 
per  sq.  in.  on  the  ground.  A  caterpillar  24  in.  wide  and  with 
6-ft.  length  of  contact  gives  the  same  pressure  as  a  road  wheel 
with  a  120-ft.  diameter  and  a  width  of  24  in.  The  pressure 
per  sq.  in.  of  a  caterpillar  is  only  about  4  to  8  lb.,  which  is 
very  much  less  than  the  pressure  exerted  by  the  hoof  of  a 
horse.  A  caterpillar  will  also  travel  easily  on  almost  any  kind 
of  soil,  a  point  of  importance.  The  Martin's  cultivator,  with 
its  light  and  simple  construction,  is  of  this  type;  it  is  made 
to  use  benzol  or  gasoline,  as  most  of  the  tractors  of  English 
make.  The  Mogul  type,  however,  can  burn  kerosene,  which 
is  so  much  cheaper  than  gasoline.  Another  possible  applica- 
tion of  heavy-oil  engines  in  sugar  plantations  is  for  irrigation, 
and  in  some  countries  for  drainage. 

The  heavy-oil  engine  has  a  decided  advantage  over  other 
types  also  in  fuel  cost.  The  cost  per  b.  hp-hr.,  excluding  rent, 
administrative  costs  and  electrical  apparatus,  works  out  from 
careful  calculations,  as  follows : 

Steam  plant 1.605  cents 

Gas-producer  plant 1.222  cents 

Heavy-oil-engine  plant 0.813  cent 

Gasoline  plant  was  not  included,  as  the  cost  would  undoubtedly 
come  even  higher  than  that  for  steam  plant,  and  it  is  safe  to 
assume  that  an  alcohol  engine  could  not  compete  with  the 
heavy-oil  engine  or  the  gas-producer  plant.  When  we  speak 
of  heavy-oil  engines,  we  have  in  mind  the  Diesel  engine.  This 
engine  differs  from  all  other  internal-combustion  engines  in 
that  a  full  charge  of  air  is  compressed  to  a  point  above  the 
igniting  point  of  the  fuel  and  the  fuel  injected  into  it,  when 
it  burns  under  a  pressure  and  temperature  which  can  be  per- 
fectly controlled.  There  are  no  explosions,  but  a  steady  com- 
bustion at  a  predetermined  lower  temperature  and  without 
any  increase  in  pressure,  the  combustion  line  being  practically 
an  isothermal.  A  small  pump  supplies  the  fuel  to  the  cham- 
ber. A  special  compressor  serves  to  compress  the  air  to  inject 
the  fuel  and  to  store  a  surplus  in.  an  air  tank  for  starting  the 
engine  when  cold.  A  very  sensitive  governor  controls  the 
quantity  of  fuel  injected,  regulating  the  heat,  and  hence  also 
the  expansive  power  of  the  air  medium.  Apart  from  high 
efficiency,  a  great  advantage  with  this  type  of  engine  is  that 
there  is  practically  no  limitations  as  to  the  kind  of  fuel  to 
be  used,  so  long  as  it  is  liquid. 

In  installing  an  imgation  plant  for  a  large  sugar  planta- 
tion, the  best  arrangement  would  be  to  have  a  central  plant 
near  the  sugar  factory,  delivering  current  at  say  440  volts. 
This  can  be  stepped  up  to  12,000  volts  at  the  plant  and  dis- 
tributed over  the  plantation,  being  stepped  down  again  to  440 
volts  to  each  separate  motor  directly  connected  to  its  pump. 
It  would  be  well  to  divide  the  power  required  between  a  steam 
plant  and  a  Diesel  plant.  During  grinding,  most  of  the  load 
would  be  taken  by  the  steam  generator,  thus  permitting  the 
utilization  of  the  exhaust  steam.     By  partially  electrifying. 


say,  the  centrifugals  and  machine  shop,  the  summer  curing  of 
sugars  and  repair  work  could  be  done  most  efficiently,  the  load 
being  then  taken  by  the  Diesel  engines,  as  there  will  then  be 
no  use  for  exhaust. 

To  my  knowledge  there  are  no  such  plants  in  existence, 
though  there  are  several  using  producer  gas.  The  great  Beira- 
Illovo  estates  in  Portuguese  East  Africa  are  irrigated  in  this 
manner.  Most  of  the  property  consists  of  flat  alluvial  soils; 
the  water  being  pumped  from  the  Buzi  River  by  means  of 
seven  centrifugal  pumps,  three  of  which  are  operated  by  a 
suction  plant.  There  is  also  another  producer-gas  irrigation 
plant  in  the  tropics  which  is  giving  perfect  satisfaction.'  It 
consists  of  three  gas  producers  and  three  gas  engines  directly 
connected  to  electric  generators.  There  is  also  one  water-tube 
boiler  and  a  800-hp.  poppet-valve  engine  directly  connected 
to  a  600-kw.  generator.  Eleven  pumps  geared  and  belted  to 
50-cyele,  310-volt  motors,  furnishing  water  for  the  irrigation  of 
the  sugar  cane,  are  located  on  the  different  haciendas.  The  gas 
plant  consists  of  three  double-acting,  two-cylinder,  four  cycle, 
18  x  24-m.  Allis-Chalmers  gas  engines  running  at  200  r.p.m. 
The  engines  are  supplied  with  gas  by  three  R.  D.  Wood  dry- 
bottom,  updraft  producers,  which  may  be  worked  as  suction  or 
pressure,  burning  anthracite  coal. 

All  the  electric  generators,  directly  connected  to  engines, 
are  of  200  kw.  capacity,  and  deliver  50-eycle  current  at  310 
volts,  which  is  stepped  up  to  15,000  volts  at  the  power  house. 
At  the  pumps  the  current  is  stepped  down  to  310  volts.  The 
irrigating  pumps  are  at  a  distance  of  %  mile  to  4  miles,  re- 
spectively, from  the  power  house;  the  main  plant  is  located 
near  the  factory.  The  gas  plant  is  operated  all  the  year  for 
irrigation  and  takes  off  the  factory  load  on  clean-up  days  and 
days  when  there  is  no  demand  for  exhaust  steam.  Tests  run  on 
the  gas-producer  plant  gave  1.742  lb.  of  coal  per  kw-hr.  and 
1.367  lb.  of  coal  per  b.  hp-hr.,  which  shows  very  high  efficiency. 

With  a  plant  of  this  size,  however,  the  Diesel  engine  would 
give  more  economical  service,  and  the  day  wiU  probably  come 
when  this  type  of  engine  will  be  universally  used  for  such  work 
as  imgation  and  drainage. 


Since  its  use  was  brought  to  the  notice  of  the  world  in 
1809,  the  export  of  nitrate  of  soda  from  Chile  has  exceeded 
a  total  of  53,000,000  long  tons,  and  the  present  output  is 
in  the  neighborhood  of  2,500,000  to  3,000,000  long  tons  per 
annum.  It  is  safe  to  estimate  that  the  known  areas  can 
provide  nitrate  of  soda  for  another  200  years  at  the  present 
rate  of  production. — Metallurgical  and  Chemical  Engineering, 
Mar.   1.   1917. 


It  has  often  been  said  that  the  fixation  of  atmospheric 
nitrogen  is  not  practicable  in  the  United  States  because  of 
the  high  cost  of  power.  Now  nitrate  of  soda  costs  $70  per  ton 
in  New  York,  which  is  equivalent  to  $95  per  ton  for  pure 
nitric  acid.  In  Norway  and  elsewhere  it  requires  about  1.82 
kw.-year  to  produce  a  ton  of  nitric  acid.  The  Mississippi 
River  Power  Co.  supplies  power  to  St.  Louis  at  $24  per  kw.- 
year  at  60  per  cent  load  factor.  At  this  rate  the  power  neces- 
sary to  produce  a  ton  of  acid  would  cost  about  $44,  and  the 
margin  between  this  and  $95  is  sufficient  to  warrant  a  very 
careful  inquiry  before  accepting  the  statement  that  "  it  cannot 
be  done." — Charles  W.  Comstock,  in  Proo.  A.I.E.E.,  -Jan- 
uary, 1917. 

'  I  am  indebted  to  Prof.  Kerr  for  this   information. 


WORK   OF   THE   BOILER   CODE   COMMITTEE 


rHE  Boiler  Code  Committee  meets  monthly  for  the  purpose 
of  considering  communications  relative  to  the  Boiler  Code. 
Any  one  desiring  information  as  to  the  application  of  the  Code  is 
requested  to  communicate  with  the  Secretary  of  the  Committee, 
Mr.  C.  W.  Ohert,  29  West  39th  St.,  New  York  City. 

The  procedure  of  the  Committee  in  handling  the  cases  is 
as  follows :  All  inquiries  must  be  in  written  form  before  they 
are  accepted  for  consideration.  Copies  are  sent  by  the  Secre- 
tarj'  of  the  Committee  to  all  of  the  members  of  the  Committee. 
The  intei-pretation,  in  the  form  of  a  reply,  is  then  prepared 
by  the  Committee  and  passed  upon  at  a  regular  meeting  of 
the  Committee.  This  intei-pretation  is  later  submitted  to  the 
Council  of  the  Society  for  approval,  after  which  it  is  issued 
to  the  inquirer  and  simultaneously  published  in  The  Journal, 
in  order  that  any  one  interested  may  readily  secure  the  latest 
information  concerning  the  interpretation.- 

Below  are  given  the  interpretations  of  the  Committee  as 
approved  by  the  Council  on  March  16,  1917,  in  Cases  No.  140 


and  143.    In  this  report,  as  previously,  the  names  of  inquirers 
have  been  omitted. 


Case  No.  140 

Inquiry:  Do  small  vertical  tubular  boilers  buUt  for  opera- 
tion in  connection  with  laundry  or  clothes  pressing  machinery 
and  which  are  less  than  24  in.  in  diameter,  necessarily  come 
under  the  requirements  of  Par.  266? 

Reply:  The  Committee  has  decided  that  all  boilers  24  in. 
or  less  in  diameter  shall  have  at  least  one  opening  for  inspec- 
tion and  one  opening  in  addition  to  the  blow-off  for  washing 
out  the  boiler,  these  openings  to  be  fitted  with  brass  plugs. 

Case  No.  143 

Inquiry:  Has  any  action  been  taken  as  yet  by  the  Boiler 
Code  Committee  in  the  matter  of  eliminating  the  copper  con- 
tent requirement  for  firebox  boiler  plate  steel  in  Par.  25? 
Great  diflSculty  is  now  experienced  ui  securing  plate  to  meet 
the  present  requirements  of  this  paragraph. 

Reply :  The  copper  content  requirement  has  been  eliminated. 


The  National  Research  Council  has  organized  an  investiga- 
tion on  the  subject  of  Food  Poisoning,  to  be  undertaken  by 
the  Harvard  Medical  School  in  its  department  of  preventive 
medicine  and  hygiene. 


The  American  Association  for  the  Advancement  of  Science 
and  many  national  scientific  societies  affiliated  with  it  will  hold 
its  70th  meeting  in  Pittsburgh  from  December  28,  1917  to 
January  2,  1918,  under  the  auspices  of  the  University  of 
Pittsburgh,  the  Carnegie  Institute,  Carnegie  Technical  Schools 
and  other  scientific  and  educational  institutions  of  the  city. 


As  ah-eady  published  in  The  Journal,  Congress  appropri- 
ated last  fall  $35,000  to  a  monument  in  memory  of  John 
Ericsson,  the  eminent  engineer,  who  was  also  a  member  of 
The  American  Society  of  Mechanical  Engineers.  Tliis  monu- 
ment is  to  be  erected  in  a  prominent  place  in  Washington. 
A  special  Commission  was  appointed  by  the  Government, 
known  as  the  John  Ericsson  Monument  Commission,  to  take 
care  of  the  details  in  connection  with  the  erection  of  the  monu- 
ment. As  mentioned  in  The  Journal  for  March,  1917,  six  of 
the  members  of  The  Society  are  members  of  this  Commission, 
which  met  at  Chicago,  March  10.  It  was  the  unanimous  opin- 
ion that  the  sum  appropriated  by  Congress  would  not  be  suffi- 
cient to  erect  a  fitting  memorial  to  a  gi-eat  engineer  which 
would  compare  favorably  with  the  memorials  erected  to  men 
of  other  professions,  and  it  was  decided  that  at  least  $25,000 
ought  to  be  added  to  the  appropriation  made  by  the  Govern- 
ment, in  order  that  a  fitting  memorial  might  be  erected.  It  is 
proposed  to  raise  this  amount  by  private  subscription,  and  all 
American  engineers,  organizations,  and  societies  are  invited 
to  aid  in  commemorating  the  memory  of  Jolm  Ericsson,  who 
gave  signal  service  to  the  country  at  a  time  when  its  very 
existence  hung  in  the  balance.  It  is  the  first  time  that  the 
United  States  Government  has  made  an  appropriation  for  the 


erection  of  a  monument  to  an  engineer,  and  as  this  engineer 
was  also  a  member  of  The  American  Society  of  Mechanical 
Engineers,  it  is  hoped  that  the  members  of  the  Society  will 
be  proud  in  aiding  the  efforts  of  the  John  Ericsson  Monu- 
ment Commission.  Subscriptions  toward  the  monument  will 
be  received  by  Erik  Oberg,  Associate  Editor  of  Machinery, 
148  Lafayette  St.,  New  York,  a  member  of  The  American 
Society  of  Mechanical  Engineers,  who  is  also  a  member  of  the 
Commission.  Subscriptions  thus  received  will  be  acknowledged 
by  publication  as  directed  by  the  Commission. 


The  Engineers'  Society  of  Western  Pennsylvania  took  steps 
at  a  recent  meeting  to  create  a  suitable  memorial  to  the  late 
George  Westinghouse,  Past  President  and  Hon.Mem.Am.Soe. 
M.E.  The  meeting  bore  testimony  that  he  was  a  persistent 
and  indefatigable  worker  upon  problems  involring  the  safety 
and  comfort  of  mankind,  and  that  as  an  inventor  and  engineer 
he  was  the  most  widely  and  favorably  known  man  of  his  time. 

The  following  resolution  was  passed  unanimously :  "  Re- 
solved, that  this  Society,  through  its  President,  appoint  a  com- 
mittee of  five  members,  to  be  known  as  the  Westinghouse  Me- 
morial Committee,  who  shall  investigate  a  plan  for  the  purchase 
of  the  former  home  of  Mr.  Westinghouse,  known  as  Solitude, 
consisting  of  ten  acres  of  land,  converting  same  into  a  public 
park,  to  be  forever  known  as  'Westinghouse  Park,'  erecting 
thereon  a  suitable  memorial,  and  turning  the  whole  over  to 
the  city  of  Pittsburgh,  under  its  guarantee  that  the  gift  shall 
receive  the  same  care  and  protection  as  other  parks  owned  by 
the  city." 

The  committee  appointed  consists  of  George  S.  Davison, 
Julian  Kennedy,  Vice-Pres.Am.Soc.M.E.,  WilUam  L.  Scaife, 
Charles  F.  Scott,  Mem.Am.Soc.M.E.,  and  E.  B.  Taylor. 

Members  of  the  Society  will  wish  to  associate  themselves 
with  their  colleagues  of  the  Pittsburgh  fratemit.y  in  doing 
honor  to  a  distinguished  citizen  and  engineer,  and  an  honorary 
member  of  the  Society,  and  hope  that  their  efforts  will  be 
rewarded  by  an  early  realization  of  the  memorial  proposed. 
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A  Record  of  the  Current  Activities  of  the  Society,  its  Members,  Council,  Committees, 

Sections  and  Student  Branches;  and  an  Account  of  Professional 

Affairs  of  Interest  to  the  Membership 


PRESIDENT  HOLLIS  is  now  on  his  second  tour,  covering 
this  month  the  cities  of  Philadelphia,  Pa.,  Schenectady, 
N.  Y.,  Troy,  N.  Y.,  Buffalo,  N.  Y.,  Minneapolis,  Minn.,  Indian- 
apolis, Ind.,  Columbus,  0.,  and  Pittsburgh,  Pa. 

The  message  which  Dr.  Mollis  is  delivering  to  enthusiastic 
audiences  was  never  more  timely  than  now.  The  purport  of 
it  is  that: 

We  engineers  can  only  take  one  attitude,  that  every 
citizen  is  permitted,  even  expected,  to  develop  himself 
to  the  highest  degree  of  service  for  his  nation  and 
mankmd.  There  is  only  one  way  to  do  this,  and  it  is  for 
us  to  unite  in  the  kind  of  good-will  and  good-fellow- 
ship that  will  enable  us  to  work  together  towards  tlie 
glory  of  our  country — in  peace,  we  hope,  but  in  war 
if  it  is  absolutely  necessary. 

The  movement  for  this  started  tlu-oughout  the  world  even 
before  the  present  war,  but  of  course  the  war  has  accentuated 
it  both   in   this  country  and  abroad. 

The  membership  of  the  Society  has  recently  received  two 
circulars  from  the  Engineering  Societies'  Joint  Committee  on 
Reserve  Corps  of  Engineers;  as  a  result  about  1500  applica- 
tions for  commissions  in  the  Engineer  Officers'  Reserve  ha\'p 
been  filed  with  the  War  Department.  Perhaps  one-third  of 
these  have  been  issued  by  the  Secretary  of  War  and  signed 
by  the  President  of  the  United  States. 

At  the  request  of  President  HolUs,  the  presidents  of  the 
engineering  societies  have  had  two  conferences  with  represen- 
tatives of  the  National  Council  of  Defense  and  of  the  Army 
and  the  Navy,  with  the  result  that  there  is  in  preparation  a 
letter  telling  about  the  several  departments  of  the  service 
in  which  an  engineer  may  enroll  in  the  Officers'  Reserve.  In 
some  of  these  departments  the  full  complement  has  already 
been  obtained,  but  in  some  others  there  is  still  a  great  need 
of  reserve  officers,  particularly  for  members  of  this  Society, 
experienced  as  they  are  in  manufacture  and  in  handling  men. 

Elsewhere  in  this  issue  is  a  resume  of  the  account  of  the 
opening  and  the  dedication  of  the  Science  Building  given  by 
Past -President  Swasey  to  Nankin  University. 

Letters  have  been  received  from  both  Dr.  Brashear  and  Mr. 
Swasey  telling  of  their  wonderful  trip  to  the  Orient  with  Mr. 
Freeman  and  his  two  sons.  The  party  is  due  to  sail  from 
Honolulu  on  the  Tenyo  Maru  on  March  27,  reaching  San 
Francisco  April  2.  Dr.  Brashear  states  that  when  he  boarded 
the  boat  at  Vancouver  225  letters  were  awaiting  him,  and  that 
in  order  to  answer  them  all  he  has  written  ten  articles  for  the 
Pittsburgh  newspapers ! 

While  on  tour,  Dr.  Brashear  gave  two  lectures  in  Peking. 
two  at  Shanghai,  two  at  Canton,  one  at  Manila  and  two  on 
the  ships  on  which  he  has  been  traveling.  He  has  also 
promised  our  Committee  on  Meetings  an  addre.ss  at  the  nest 
annual  meeting  of  the  Society. 

In  one  audience  of  his  in  Canton  there  were  1200  China- 
men and  women,  besides  foreigners.  In  many  cases  his  lec- 
tures had  to  be  interpreted,  interpreters  being  often  Yale 
graduates  to  whom  he  kindly  enough  gave  credit  for  delivering 
his  lectures  better  than  he  himself  did. 


The  party  has  met  President  Li  Yuan-heng,  the  Vice-Presi- 
dent, the  President  of  the  Senate  and  others  of  China's  most 
brilliant  men,  both  in  politics,  business  and  education.  Mr. 
Freeman,  in  a  conversation  with  the  President  of  the  Chmese 
Republic,  emphasized  the  necessity  for  conservation  in  China 
particularly  with  respect  to  waterways. 

Mr.  Swasey  is  held  in  the  highest  esteem  in  China,  where 
he  has  done  wonderfully  good  work,  both  in  the  educational 
institutions  and  in  the  Y.  M.  C.  A.  During  the  trip,  Mr. 
Swasey's  seventieth  anniversary  was  celebrated  by  a  dinner 
given  by  Mr.  Freeman. 

The  alumni  of  the  Massachusetts  Institute  of  Technology 
in  Shanghai  gave  a  dinner  to  Mr.  Freeman  and  his  sons  also; 
in  fact,  the  social  entertainments  were  most  complete  wherever 
our  friends  visited. 

This  trip  of  our  distinguished  past-presidents  calls  to  mind 
that  we  engineers,  in  our  professional  work  and  in  our  vaca- 
tion trips,  go  all  over  the  world.  We  thus  have  excellent 
opportunities  for  extending  the  greetings  of  the  Society  and 
developing  the  professional  spirit  universally.  Please,  there- 
fore, invite  engineers  and  officers  of  professional  societies  to 
call  and  send  their  friends  to  the  Society  headquarters,  and 
we  will  do  our  best  to  assist  them  in  Mhatever  errand  they 
may  have. 

Calvin  W.  Rice, 

Secretary. 

Council  Notes^ 

AT  the  meeting  of  the  Council  on  February  IC,  the  fol- 
lowing members  were  present:  Ira  N.  Hollis,  President, 
presiding;  John  H.  Barr,  C.  H.  Benjamin,  R.  H.  Feniald, 
W.  B.  Gregory,  W.  B.  Jackson,  D.  S.  Jacobus,  Charles  T. 
Main,  Spencer  Miller;  Wm.  H.  Wiley,  Treasurer;  R.  M. 
Dixon,  Chairman  Finance  Committee,  and  Calvin  W.  Rice, 
Secretary. 

Representation  at  Council  Meetings.  It  was  \'oted  to  add 
the  chairman  of  the  Sections  Committee  to  those  committee 
chairmen  now  receiving  in-satations  to  attend  Council  meetings 
and  take  part  in  the  discussion  of  mattei-s  relating  to  their 
work.  The  chairmen  of  the  Finance,  Meetings  and  Publica- 
tioh  Committees  already  receive  such  invitations. 

Increase  of  Membership  Committees.  A.  G.  Kessler  was 
appointed  chairman  of  an  Increase  of  Membership  Committee 
for  Erie  and  vicinity,  and  Charles  T.  Hutchinson  of  a  similar 
Committee  for  San  Francisco  and  vicinity. 

A.S.M.E.  Boiler  Code.  Interpretations  Nos.  76,  and  11(5  to 
135  inclusive,  of  the  Boiler  Code  Committee  were  approved 
as  presented,  with  one  exception,  No.  125,  which  was  slightly 
amended,  and  ordered  published.  They  appear  in  the  March 
issue  of  The  Journal. 

A  request  from  the  Compressed  Air  Society  that  the  Boiler 
Code  Committee  consider  the  formulation  of  rules  to  cover 
pressure  vessels  other  than  steam  was  referred  back  with  the 


'  The  March  .Tourn.Tl  wont  to  pross  beforo  tlio  Fohniary  moi'ting. 
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The  Journal 
Am.Soc.M.E. 


request  that  the  Society  submit  a  brief  covering  the  moditica- 
tions  of  the  Boiler  Code  it  would  recommend  to  meet  the  case. 

Sections.  Ernest  Lee  Jahncke  was  appointed  on  the  exec- 
utive committee  of  the  New  Orleans  Section,  in  place  of  A.  L. 
Black,  resigned. 

Student  Branches  were  approved  at  Johns  Hopkins  Uni- 
versity, University  of  Washington  and  University  of  Pitts- 
burgh.    The  total  number  of  Branches  is  now  forty-three. 

Engineering  Standards  Committee.  In  response  to  an  invi- 
tation from  the  American  Institute  of  Electrical  Engineers 
for  appointment  of  three  representatives  on  a  proposed  joint 
conference  committee  of  the  national  engineering  societies,  on 
a  committee  to  bring  about  cooperation  in  American  Engineer- 
ing Standards,  our  Standing  Committee  on  Standardization 
was  authorized  to  appoint  three  of  its  members  as  the  repre- 
sentatives of  our  Society  on  the  joint  committee. 

Naval  Consulting  Board.  Mr.  Spencer  Miller,  one  of  tlie 
Society's  two  representatives  on  the  Naval  Consulting  Board, 
reported  the  appointment  of  a  Sub-committee  on  Special 
Problems,  and  that  the  Board  is  now  holding  frequent  meet- 
ings, the  proceedings  of  which  are  being  kept  confidential  for 
obvious  reasons. 

Society  Representation.  Mr.  Spencer  MiUer  was  appointed 
to  represent  the  Society  at  the  annual  meeting  of  the  Amer- 
ican Institute  of  Mining  Engineers. 

Prof.  H.  E.  Satterfield  was  appointed  to  represent  the 
Society  at  the  inauguration  of  Professor  Ruddick  as  President 
of  the  North  Carolina  College  of  Agiiculture  and  Mechanical 
Arts,  on  February  22. 

Exchanges  of  Courtesies.  It  was  voted  to  accept  with 
appreciation  and  to  most  cordially  reciprocate  the  exchange 
of  courtesies  to  members  in  the  use  of  the  Library  and  rooms 
with  the  Institution  of  Civil  Engineers,  of  England,  and  the 
Engineers  Society  of  Northeastern  Pennsylvania. 

Calvin  W.  Rice, 

Secretary. 

United  Engineering  Society 

Extracts  froji  President's  Annual  Report 

THE  important  fact  of  the  year  1916  in  the  United  En- 
gineering Society  is  that  on  July  25  contracts  were 
executed  by  which  the  American  Society  of  Civil  Engineers 
became  an  additional  Founder  Society  and  arranged  to  make 
its  permanent  home  in  the  Engineering  Societies  Building. 
The  contracts  provide  for  the  construction  of  three  additional 
stories  to  the  building,  tlie  American  Society  of  Civil  En- 
gineers to  contribute  a  sum  considered  equivalent  to  what 
each  other  Founder  Society  had  contributed  and  to  partici- 
pate in  the  original  Carnegie  gift  and  have  an  equal  share 
in  the  property  with  each  other  Founder  Society. 

The  construction  of  the  addition  to  the  building  is  under 
way,  $62,525.04  having  been  expended  thereon  in  1916.  This 
work  is  in  charge  of  a  Building  Committee  consisting  of  H. 
H.  Barnes,  Jr.,  Chairman,  E.  G.  Spilsbury,  Charles  Warren 
Hunt  and  Charles  F.  Rand. 

At  the  request  of  the  Founder  Societies,  important  altera- 
tions were  made  to  the  lecture  halls  on  the  fifth  floor  of  the 
building  to  make  them  suitable  for  social  functions  of  the 
societies. 

The  Library  of  the  American  Society  of  Civil  Engineers  is 
being  merged  with  the  Library  of  the  LTnited  Engineering 
Society  and  the  Founder  Societies. 

At  the  present  time  the  membership  of  the   four  Founder 


Societies  is  29,000,  and  of  associate  societies  23,000,  so  that 
a  total  of  52,000  engineers  now  have  their  headquarters  in  our 
building. 

The  building  is  at  present  fully  occupied. 

The  value  of  the  real  estate  now  owned  by  the  United  En- 
gineering Society  is  $1,617,171.16.  This  sum  will  be  increased 
at  the  end  of  1917  by  the  amount  of  the  cost  of  the  addition 
to  the  building. 

The  income  of  the  Society  during  1916  was.  .  $53,062.03 
The   expenditure   was 14,316.20 

Gain  for  the  year $8,745.83 

Funds  for  the  benefit  of  the  Library  were  obtained  during 
the  year  from  contributions  by  the  societies  of  Civil,  Mining, 
Mechanical  and  Electrical  Engineers  and  the  United  Engineer- 
ing Society  to  the  amount  of $15,542.33 

From  miscellaneous  sources 1,751.03 

The  gross  income  from  searches  was 5,382.98 

Total $22,676.34 

The  Library  expenses  have  been  as  follows : 

Library  Books  purchased $2,340.88 

Library  Binding  Expense 1,442.55 

Library  Supplies  and  Miscellaneous  Expense.  1,379.38 

■  Library  Salaries 10.923.81 

Library  Photostat 1.091.02 

Library  New  Lighting  Fixtures 132.47 

Library  Searches  Exjiense 5,366.23 

Total $22,676.34 

Dr.  James  Douglas,  who  started  our  Library  Endowment 
Fund  with  a  gift  of  $5,000,  has  added  $95,000  thereto.  The 
total  of  the  fund  is  now  $102,559.70.  An  effort  is  being  made 
to  materially  increase  this  fund,  as  the  Library  requires 
the  income  of  a  million  dollars  for  its  proposed  development. 
The  securities  in  the  Engmeering  Foundation  Fund  were 
sold  and  the  proceeds  reinvested  to  produce  a  higher  income, 
as  shown  in  detail  in  the  Treasurer's  report.  The  Fund  now 
amounts  to  $203,374.80. 

The  General  Reserve  Fund  remains  unchanged 

at $10,000.00 

The  Depreciation  and  Renewal  Fund' is  now. .     71,456.12 
The  Surplus  Account  December  31,  1916,  is. .       6,053.25 

Charles  F.  Rand, 
President,  United  Engineering  Society. 

Professor  Carpenter  to  Retire 

Prof.  R.  C.  Carpenter,  Past  Vice-President  Am.Soc.M.E., 
reaches  the  retiring  age  at  the  end  of  the  present  college  year 
and  will  sever  his  active  connection  with  Cornell  University  at 
that  time. 

Respecting  his  retirement,  the  Committee  on  General  Ad- 
ministration of  the  Board  of  Trustees  adopted  the  following 
resolution  : 

Resolved,  that  the  Trustees  in  accepting  the  resig- 
nation of  Professor  Carpenter  express  their  high 
appreciation  of  his  services  to  the  University  for 
nearly  thirty  years.  As  a  pioneer  in  the  field  of  ex- 
perimental engineering  he  is  held  in  the  highest  esteem 
by  all  mechanical  engineers,  and  by  his  writings  in 
this  field  he  has  made  an  assured  place  for  himself  in 
the  annals  of  his  profession.  As  a  teacher  and  in- 
vestigator he  is  affectionately  remembered  by  many 
generations  of  students,  and  his  retirement  from  the 
Faculty  of  Sibley  College  will  be  viewed  with  great 
regi-et  by  all  his  colleagues. 


THE  SPRING  MEETING  AT  CINCINNATI 


THE  fundamental  principles  which  the  engineers  of  this 
country  have  found  to  be  essential  for  the  successful  pro- 
duction of  munitions  will  form  the  subject  of  an  important 
sion  of  the  Spring  Meeting  of  The  American  Society  of 
Mechanical  Engineers,  to  be  held  in  Cincinnati,  Ohio,  May  21 
to  24.  A  year  ago,  when  the  country  began  to  take  up  the 
question  of  Industrial  Preparedness,  the  Society  devoted  a 
session  of  its  Spring  Meeting  in  New  Orleans  to  a  discussion 
of  this  subject.  This  discussion  was  the  means  of  bringing 
out  many  valuable  ideas — one  of  them  that  of  an  industrial 
inventory,  which  was  later  put  into  effect  by  the  Committee 
on  Industrial  Preparedness  of  the  Naval  Consulting  Board. 
As  the  result  of  this  inventory,  the  Government  now  has  on  file 
important  data  regarding  the  capabilities  of  nearly  30,000  in- 
dustrial concerns  in  this  country  to  manufacture  munitions  in 
case  of  necessity.  It  is  expected  that  the  Munitions  Session 
at  the  coming  Spring  Meeting  in  Cincinnati  will  bring  out  a 
large  amount  of  first-hand  experience  in  munitions  manufac- 
ture from  fii-ms  which  have  specialized  in  this  business  during 
the  last  two  years.  Such  information  wUl  afford  a  valuable 
supplement  to  that  contained  in  the  Industrial  Census. 

The  meeting  is  in  charge  of  the  Committee  on  Meetings  and 
the  Cincinnati  Section  Committee,  and  other  professional  fea- 
tures will  be  a  Session  on  High-Speed  Gasoline  Engines,  at 
which  recent  developments  in  connection  with  internal-com- 
bustion engines  for  automobile  and  aviation  service  will  be 
presented;  a  Session  on  Machine  Shop  Practice,  devoted  to 
questions  relating  to  design  and  construction  of  machine  tools. 


the  meeting  of  the  National  Machine  Tool  Builders'  Associa- 
tion, and  that  one  of  the  professional  sessions  and  several  of 
the  entertainment  features  will  be  joint  sessions.  This  wUl 
bring  our  own  Society  in  closer  touch  with  machine-tool  build- 
ing. The  building  of  all  forms  of  heat  motors,  or  water 
wheels,  of  railway  apparatus,  of  heating  and  ventilating  de- 
vices, and  of  transmission  machinery,  seems  to  be  recognized 
as  belonging  more  clearly  to  the  field  of  the  mechanical  engi- 
neer than  does  machine-tool  building.  This  is  probably  due 
to  the  fact  that  early  machine  tools  were  largely  empirical, 
that  very  little  was  known  regarding  the  laws  underlying 
the  cutting  of  metals  and  the  power  required  to  remove  mate- 
rial by  means  of  cutting  tools.  Improvements  in  various 
cutting  steels  and  more  rigid  demands  made  upon  machine 
tools  by  the  general  introduction  of  interchangeable  parts, 
have  caused  an  extremely  rapid  development  in  the  machine- 
tool  industry,  which  is  fast  raising  machine-tool  building  to 
a  science. 

It  is  natural  that  special  emphasis  should  be  placed  on 
machine-tool  building  at  the  Cincinnati  meeting,  for  the 
reason  that  an  amazing  development  of  the  machine-tool  in- 
dustry has  occurred  there  during  the  past  thirty  years — a 
development  apparently  out  of  all  proportion  to  that  which 
has  occurred  in  other  lines  in  mechanical  engineering. 

It  seems  particularly  fitting,  therefore,  that  the  American 
Society  of  Mechanical  Engineers  and  the  National  Machine 
Tool  Builders'  Association  should  meet  together  at  Cincin- 
nati, and  that  these  two  organizations,  already  closely  re- 
lated, should  come  into  more  intimate  contact.  The  local 
session,  which  is  to  be  devoted  to  industrial  education  and 
to  welfare  work,  will  be  a  joint  session  of  these  two  societies 
and  of  equal  interest  to  both.  Inspection  trips  to  the  various 
shops  will  be  of  interest  to  both  societies. 

A  word   about   the  entertainment   features  will   not   be   out 


Sky  Line,  Cincinnati,  Ohio 


and  a  Joint  Session  with  the  National  Machine  Tool  Builders' 
Association,  which  as  attested  by  the  following  letter  from 
John  T.  Faig,  chairman  of  the  Cincinnati  Section,  will  be 
an  important  event  for  both  societies.  Incidentally,  Mr.  Faig's 
letter  discloses  some  of  the  good  things  in  store  for  those  who 
attend  the  meeting. 

The  Secretary,  The  American  Society 
OF  Mechanical  Engineers: 

The  outstanding  feature  of  the  Spring  Bleeting  for  1917 
is  the  fact  that  it  will  occur  at  the  same  time  and  place  as 


of  place.  The  Entertainment  Committee  is  making  strong 
efforts  to  provide  some  novel  and  very  attractive  features 
that  will  maintain  the  reputation  made  when  the  British  In- 
stitute of  Mechanical  Engineers  visited  Cincinnati  in  1904. 
May  is  usually  a  lovely  month  in  Cincinnati,  and  the  topo- 
graphical features  of  the  Queen  City  make  it  attractive  to 
those  who  enjoy  being  out  of  doors  in  the  early  Spring.  A 
number  of  very  beautiful  spots  are  to  be  visited  on  the  auto- 
mobile ride,  which  is  scheduled  for  Thursday  afternoon. 
Arrangements  have  been  made  to  afford  visiting  members,  who 
desire  to  relax,  an  opportunity  to  play  golf  at  one  of  the 
country  clubs.  For  those  who  have  the  latter  part  of  the  week 
to  spend,  delightful  trips  may  be  made  to  the  famous  mound 


327 


32S 


SOCIETY  AFFAIRS 


The  Journal 
Am.Soc.M.E. 


Art  Museum  and  Art  Academy,  Cikcinnati 


for  those  of  our  party  attending 
this  meetiug  from  the  East,  have 
designated  the  train  leaving  New 
York  City  by  the  Pennsylvania 
Railroad  at  5.30  p.  m.  on  Sunday 
evening.  May  20,  as  the  official 
train.  The  schedule  of  this  train 
follows : 


Nkw  York  to  Cincinnati 

Train  No.  7. 
Lv.   New  York  City,  Pennsylvania 

Station 5  :30  p.  M. 

Manhattan  Transfer   .  . . .  5  :48  p.  m. 

Newark,  Market   Street 

5  :52  P.  M. 

Trenton    7  :00  P.  M. 

I'hiladelphia,    North    7  :3S  p.  M. 

Philadelphia,  West   8:07  p.  m 

Philadelphia,  Broad  Street   

8  :03  p.  M. 

Atlantic  City    4  :45  P.  M. 

Baltimore    8:05  p.m. 

Washington     7  :00  p.  M. 

Harrisbiira    10  :45  P.  M. 

Altoona      1 :38  A.  M. 

Ar.  Pittsburgh,  Eastern  time.  ...'. 

4  :30  P.  M. 

Lv.  Pittsburgh.  Central  Time 

3  :55  A.  M. 

Ar.  Columbus    8  Ar>  a.  m. 

Ar.  Cincinnati,  Central  time 

12  :20  P.  >t 


known  as  Fort  Ancient,  at  Morrow,  Ohio,  about  forty  mile* 
away;  to  the  famous  Blue  Grass  Region  of  vvliieh  Lexington, 
Kentucky,  is  the  center,  which  is  a  veritable  garden  in  May, 
and  to  the  world-famous  Mammoth  Cave  in  Kentucky. 

Beside  visits  to  the  well-known  machine-tool  and  steam- 
engineering  firms,  a  number  of  invitations  from  large  con- 
cerns making  steel,  soap,  pianos,  and  other  commodities  have 
been  received,  so  that  a  visiting  member  will  have  a  wide 
choice  in  his  selection  of  places  to  visit. 

In  general,  the  practice  of  the  Society  of  holding  profes- 
sional sessions  in  the  mornings  and  devoting  the  afternoons 
to  entertainment  and  visits  will  be  followed,  except  that  on 
Tuesday  afternoon  there  will  occur  a  special  professional 
session,  which  will  be  the  joint  session  already  mentioned. 

Cincinnati  is  well  supplied  with  hotels  of  every  class.  As 
May  is  a  busy  month,  however,  and  as  Cincinnati  is  rather 
popular  as  a  convention  city,  members  who  expect  to  attend 
the  meeting  are  urged  to  make  reservations  at  once. 

John  T.  Faig, 
Seeretanjj  Cincinnati  Section. 

Information  regarding  transportation  to  Cincinnati,  hotels, 
the  program  of  the  meeting, "  features  of  interest  to  be  in- 
spected, entertainment,  etc.,  is  given  below,  and  will  be  fol- 
lowed in  the  next  issue  by  the  complete  program  giving  titles 
of  the  papers  to  be  presented  and  discussed  at  the  professional 
sessions.  In  the  next  issue,  also,  will  be  published  compre- 
hensive abstracts  of  these  papers,  and  as  heretofore  the  papers 
will  in  addition  be  published  in  pamphlet  form  in  advance 
of  the  meeting  and  may  be  obtained  by  members  upon  appli- 
cation, for  the  purpose  of  contributing  discussion. 

TRANSPORTATION  AND  FARES 

The  Committee  on  Meetings,  in  order  to  secure  as  large  a 
benefit  as  might  be  derived  from  selecting  a  particular  train 


The  individual  rate.  New  Y^ork  to  Cincinnati,  is  $18.68;  the 
party  fare,  ten  or  more  traveling  together  on  one  date  and 
train,  is  $16.42.    The  same  rates  apply  in  the  reverse  direction. 

There  is  an  extra  fare  on  the  train  above  mentioned,  be- 
tween New  York  and  Cincinnati,  of  $1.00. 

The  lower  berth  rate,  New  York  to  Cincinnati,  is  $4;  upper, 


Settling  Basins,  Cincinnati  Waterworks 


Ohio  River  rnOM  Eden  Park 

$3.20;  compartment,  $11.50;  drawing  room,  $14.  The  same 
rates  apply  in  the  reverse  direction.  A  minimum  of  one  and 
a  half  tickets  are  required  for  compartment  space  and  two 
full  tickets  for  drawing  room. 

All  reservations  for  this  train  should  be  made  with  William 
V.  Kibbe,  District  Passenger  Solicitor^  Pennsylvania  Railroad, 
487  Fifth  Avenue,  New  York  City. 
Members  residing  in  the  New 
England  States  who  do  not  wish  to 
come  by  way  of  New  Y^ork  and 
join  the  party  on  this  train,  may 
find  it  convenient  to  take  the  New 
York  Central  train  which  leaves 
Boston  at  2 :00  p.  m.  Sunday,  May 
20,  arriving  in  Albany  at  7:45 
p.  m.     This  train  leaves  New  Y'^ork 
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at  4:50  p.  m.  on  Sunday  and  ariives  in   Cini-innati  at    11:15 
on  Monday  morning. 

HOTELS 

The  Cincinnati  Section  Committee  has  selected  the  Hotel 
Sinton  as  headquarters  for  the  Spring  Meeting.  The  rates 
of  this  hotel  are  as  given  below,  and  members  are  I'equested 
to   icrite  direct  to  the  hotel  for  reservations.     Some  members 


BiRi'    Cages   at   Zou 


may  preler  to  stay  at  the  Hotel  Gibson,  diagonally  across 
the  street  from  the  Sinton,  or  elsewhere,  in  which  case  the  fol- 
iowino'  table  of  rates  will  be  of  service  to  them.  The  rates  are 
(111   111!'   Kiirii|iean  plan. 

Hotel  Sinton 

Kuoiii  wilhunt   liatli.   cue  person $l."tO  [km*  <lay  uuil  iii» 

Room  Willi    bath,    one   person 2.00  per  day  and  up 

Room  witlKiut   batli.    two    persons 2.50  per  day  and  up 

Room  witli    bath,    two   persons 3.00  per  day  and  up 

Hotel  (iinsoN 

Uooni    with    liath.    one    person $2.00  per  day  and  up 

Room    with    bath,    two   persons 4.00  per  day  and  up 

Grand  Hotel 

Room  without   bath,    one    person .^1.00  per  day  and  up 

Room  with    bath,    one   person 2.00  per  day  and  up 

Room  without    bath,    two    persons 2.00  per  day  and  up 

Room  witli    Iiath.    two    persons ;j.."iO  p^T  day  and  up 


RooivWOOD  Pottery,   Cincinnati 

TENTATIVE  PKOGIiAM 

Witli  tile  meeting  still  si.x  weeks  off.  the  Meetiiis's  Com- 
imltee  and  the  Cincinnati  Section  Committee  have  practically 
completed  the  details  of  the  program.  There  remain  but  one 
or  two  special  sessions  to  be  inserted.  A  slight  change  in  the 
arrangements  for  excursions  has  been  made  over  those  given 
in  the  last  issue  of  the  Journal. 


MOKNING 

Afteknoo.x  . . . 


EVENI.NG 


Morning  . 


.Ai  rERN'oo.v. 


Mondaij,  May  21 

,  .  .Registration. 
. .  .Kegistration. 

Trip  to  hospital. 

Visits  to  shops  in  Cincinnati. 
.    ..Informal  gathering. 

Address  of  welcome. 

Dancing. 

Tuesday,  May  22 

...Business  Meeting. 

Machine  Shop  Session. 
Visit  b.v  ladies  to  Rookwood 
Pottery  and  Art  Museum. 
....Joint   Session   with   National   Machine   Tool 
Builders'  Association. 
Visits  to  shops  in  Cincinnati. 
Trolley  ride  by  ladies  to  Fort  Thomas. 


Municipal  Hospital,  Cincinnati 
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Morning  . 


....  Smoker  for  geutlemen. 
Reception  for  ladies. 

Wednesday,  May  23 

Munitions    Session,   lasting   all    day    or   else 

adjourning  to  Thursday  morning. 
Trip  for  ladies  through  leading  stores  and 
skyscraper. 
Afternoon.  .....  Boat  ride  for  all  to  Fernbunk  Dam  or  Water- 
works. 
Evening Informal   dance. 

Thursday,  May  2!) 

MoKNiNG Miscellaneous  Session. 

Gasoline  Engine  Session. 

Trolley   ride  for  ladies   to  the  Zoo. 
Afternoon Visits  to  machine  plants. 

Motor-car  ride  to  Mt.  Storm,  University  of 
Cincinnati,  Observatory  and  Ault  Park. 

Friday,  May  2.5 

Morning Trip  to  Fort  Ancient   (Extra). 

Trip  to  Mammoth  Cave,  Ky.   (Extra). 
Trip  to  Lexington,  Ky.  (Extra). 


TECHNICAL  EXCURSIONS 

Among  the  technical  features  of  the  entertainment  at  the 
Spring  Meeting  will  be  a  visit  to  the  large  new  station  of  the 


Hughes   High    School,   Cincinnati 

Union  Gas  and  Electric  Co.,  which  is  really  of  inetropolitar. 
dimensions;  a  visit  to  the  Waterworks  System,. and  a  visit  to 
the  Fernbank  Dam.  The  dam  in  the  Ohio  River,  at  the  west- 
ern city  limits,  is  said  to  be  the  largest  movable  dam  in  the 
world.  It  is  one  of  a  series  of  54  locks  and  dams  being  built 
by  the  Government  in  this  river  to  make  it  navigable  from 
Pittsburgh  to  Cairo. 

Visits  will  also  be  made  to  some  of  the  great  machine  tool 
factories  in  and  near  Cincinnati,  and  also  to  such  great  indus- 
trial condems  as  the  Procter  and  Gamble  Soap  Company. 

PLACES  OF   INTEREST 

Besides  the  engineering  features  of  Cincinnati,  those  attend- 
ing at  the  Spring  Meeting  will  find  many  places  of  particular 
interest  to  visit. 

The  famous  Rookwood  Pottei-y  is  located  on  the  brow  of 


Mt.  Adams,  overlooking  the  downtown  section  of  the  city. 
Here  the  beautiful  Rookwood  ware  is  produced. 

The  Cincinnati  University,  in  Burnet  Woods,  comprises 
McMicken,  Cunningham,  and  Hanna  Halls,  the  Van  Wormer 
Library,  Engineering  Hall,  Chemistry  Building,  Gymnasium, 
Power  Plant  and  Observatory,  which  latter  is  on  Mount 
Lookout,  six  miles  from  the  center  of  the  city.  It  is  the  only 
municipal  university  in  the  United  States. 

The  Ohio  Mechanics'  Institute  is  another  great  educational 
institution.  It  is  now  housed  in  a  magnificent  new  structure 
at  Walnut,  Canal  and  Clay  Streets,  which  accommodates  4,000 
students,  and  is  a  big  factor  among  scientific  and  industrial 
training  schools. 

Cincinnati  has  a  city  hall  which  cost  $2,000,000,  and  three 
new  high  schools  which  in  architecture  and  appointments  are 
not  excelled  in  any  city  in  the  United  States.  The  govern- 
ment building  and  custom  house  on  Fifth  Avenue  cost  over 
$6,000,000.     A  new  municipal  hospital  cost  $4,000,000. 

Cincinnati  has  a  system  of  public  parks  and  boulevards 
which  covers  about  2,500  acres,  and  is  now  undergoing  exten- 
sions and  improvements.  The  oldest  is  Eden  Park,  located 
on  the  crest  of  Mt.  Adams;  it  was  once  the  vineyard  ol 
Nicholas  Longworth,  great-grandfather  of  Congressman  Long- 
worth. 

Among  points  easily  reached  from  Cincinnati  are  Chatta- 
nooga, Tenn.,  with  the  battlefields  of  Lookout  Mountain,  Sig- 
nal Mountain  and  Missionary  Ridge;  Boonesborough,  Ky., 
the  oldest  settlement  established  by  English-speaking  people 
in  the  Mississippi  Valley;  Lincoln's  birthplace,  near  Hodgen- 
viUe,  Ky. ;  Mammoth  Cave  and  Colossal  Cavern ;  the  tomb 
of  President  Harrison  at  North  Bend;  Point  Pleasant,  the 
home  and  birthplace  of  Ulysses  S.  Grant,  and  Georgetown, 
where  the  great  General  spent  his  boyhood. 

Junior  and  Student  Prizes 

In  the  Technical  Section  of  this  issue  are  included  papers 
by  Howard  E.  Stevens,  Boynton  M.  Green  and  M.  Adam, 
which  were  awarded  Student  prizes  at  the  Annual  Meeting  of 
the   Society,   December  1916. 

It  is  hoped  that  these  examples  may  stimulate  those  of  our 
Junior  Members  and  members  of  Student  Branches  who  intend 
to  enter  for  this  year's  competition,  which  closes  on  June  30, 
1917,  and  particulars  of  which  were  published  on  page  153 
of  the  Februai'y  issue  of  The  Journal  and  are  also  given  in 
the  1917  Year  Book  on   pages  508-9. 

Any  further  information  regarding  this  competition  will  be 
furnished  on  application  to  the  Secretary,  -who  will  also  be 
glad    to   give   any   suggestions   to    those   entering   this   year. 

Colonel  Walter  Katte 

Col.  Walter  Katte,  who  was  for  fifty  years  active  in  railroad 
and  bridge  construction  in  this  country,  died  in  New  York 
City  on  March  5.  He  was  the  first  chief  engineer  of  the  Sec- 
ond and  Ninth  Avenue  Elevated  Railroads  of  the  metropolis, 
and  was  identified  prominently  with  the  constinietion  of  the 
West  Shore  Railroad.  His  railroad  experience  included  ten 
years  in  the  service  of  the  Pennsylvania  System  and  twelve 
years  as  chief  engineer  of  the  New  York  Central  Railroad.  He 
was  one  o|  the  early  members  of  the  American  Society  of 
Civil  Engineers,  and  served  twice  as  a  director  of  the  Insti- 
tution of  Civil  Engineers,  of  London. 

Mr.  Katte's  son,  E.  B.  Katte,  is  a  past  Vice-President  of 
our  Society. 


CANDIDATES  FOR  MEMBERSHIP 


TO  BE  VOTED  ON  AFTER  MAY  10,  1917 


THE  American  Society  of  Mechanical  Engineers  is  an 
organization  for  mutual  service  of  over  7800  engineers 
and  associates  cooperating  with  engineers.  The  membership 
of  the  Society  comprises  Honorary  Members,  Members,  As- 
sociates, Associate-Members  and  Juniors,  all  elected  by  ballot 
of  the  Council.  Application  for  membership  is  made  on  a 
regular  form  furnished  by  the  Secretary  which  provides  for  a 
statement  of  the  standing  and  professional  experience  of  the 
applicant  and  requires  references  from  voting  members  per- 
sonally acquainted  with  the  applicant.  The  requirements  for 
admission  to  the  various  grades  will  be  furnished  upon  re- 
quest. 

Below  is  the  list  of  candidates  who  have  filed  applications 
for  membership  since  the  date  of  the  last  issue  of  The  Journal. 
These  are  classified  according  to  the  grades  for  which  their 


ages  qualify  them,  and  not  with  regard  to  professional  qualifi- 
cations, i.e.,  the  ages  of  those  under  the  first  heading  place 
them  under  either  Member,  Associate  or  Associate-Member, 
those  in  the  nest  class  under  Associate-Member  or  Junior, 
and  those  in  the  third  under  Junior  grade  only.  Applications 
for  change  of  grading  are  also  posted. 

Tlie  Memhership  Committee,  and  in  turn  the  Council,  urge 
the  members  to  scrutinize  this  list  with  care  and  advise  the 
Secretary  promptly  of  any  objections  to  the  candidates  posted. 
All  correspondence  in  this  regard  is  strictly  confidential.  Un- 
less objection  is  made  to  any  of  the  candidates  by  May  10, 
1917,  and  providing  satisfactory  replies  have  been  received 
from  the  required  number  of  references,  they  will  be  balloted 
upon  by  the  Council.  Those  elected  will  be  notified  about 
June  15,  1917. 


NEW  APPLICATIONS 

KOB    CONSIDEliATION     AS     MEMBER.     ASSOCIATE    OR    ASSOCIATE  MEMBER 

California 

-iBBEY.  Alfred  B.,  Construction  Engineer,. 

Standard  Oil  Co.  of  Cal.,  Wliirticr 

COX,  Spenckk  F.,  Mechanic, 

A.  T.  &  S.  F.  U.  It.,  .San  Bernardino 

OTTEKSON,  N.  E.,  Sales  Manager. 

Senn  Concentrator  Co..  .  San  Francisco 

Cfinnecticut 

BUYANT,  Kavmond  F.,  Assistant  to  Vice-Pres.,  and  (Jen.  Supt., 

Yale  &  Towne  Mfg.  Co.,  Stamford 

HUBBAKD,  Franklin  G.,  Vice-President, 

The  H.  E.  Harris  Engrg.  Co.,  Bridgeport 

METZGER,  Elmer  E.,  General  Superintendent. 

Geometric  Tool  Co.,  New  [laven 

STARR,  AooLPH,  Chief  Gage  In.'pector. 

Winchester  Repeating  Arms  Co.,  New  Haven 

UNGAR,  G.  A.,  Technical  Manager  and  Chief  Engineer, 

S.K.F.  Ball  Bearing  Co.,  Hartford 

Delaware 

nOMEWOOI),  William  T.,  Designing  Engineer. 

E.   I.  du  Pont  de  Nemours  &  Co.,  Wilmington 

PIERCE,  H.  M.,  Chief  Engineer, 

E.  I.  du  Pont  de  Nemours  &  Co.,  Wilmington 

niinois 

BIjAINE,  Joseph  I!.,  Mechanical  Engineer  and  Designer. 

Miehle  Printing  Press  &  Mfg.  Co.,  Chicago 

CALAME,  Armand,  Assistant  Foreman  Machine  Shop, 

Elgin  National  Watch  Co..  Elgin 

MILLER,  Kay  C,  Chief  Tool  Designer,  Chief  Inspector, 

The  Root  &  Van  Dervoort  Engrg.  Co.,  E.   Moline 

WEBSTER,  Tow.NER  K.  Jr.,  Vice-President, 

Webster   Engineering    Co.,  Chicago 

WEST.  O.-'CAR  J,.  Sales  and  Consulting  Engineer,  Chicago 

Indiana 

CROW,  Martin  E.,  with  Crow-Ellihart  Motor  Co..  Elkhart 

IlETZEL.  Frederic  V..  Chief  Engineer. 

Link  Belt  Co.,  Indianapolis 

Louisiana 

B.VRELLI,  JoH.\  S.,  Manager  New  Orleans  Office, 

Heine  Safct.v  Boiler  Co..  New  Orkpii^i 

Massachusetts 

.\LFORD,  Frank  R.,  Superintendent, 

Chelsea   Clock  Co..  Chelsea 

BROOKS,  JOHN  C.  Assistanl  to  Vice-President, 

Goodell-Pratt    Co.,  Greenfield 

GUNNING.   William   A.,   Chief  Draftsman, 

American  Optical  Co.,  Southbridge 

H.^LE,  Richard  .\..   Principal  .Assistant  Engineer, 

Essex    Co.,  Lawrence 

McKITTIiICK,  Percy  A..  Office  Manager, 

Saco-Lowell  Shops.  Lowell 

MILLIKEN,  James  I.,  Resident  Representative, 

Everett    Mills,  Lawrence 


S.MITll,  Clayton  O..  Sales  Manager. 

Norton  Grinding  Co.,  Worcester 

Alichlgran 

HARTM.iN,  Donald  I'..  Instruction  Department, 

Consumers   Power   Co.,  Jackson 

IIE-iVENRICH,  Osmond  D.,  Chief  Engineer, 

Detroit   Pressed   Steel   Co.,  Detroit 

OLSON,  Charles   W..  Chief  Tool  Designer, 

Continental  Motors  Corp.,  Detroit 

PLANCHE,  Etienne,  Chief  Engineer, 

Dort  Motor  Car  Co.,  Flint 

SCHECKENBACH,  Joii.\  A.  V..  Improvement  Engineer, 

American  Car  &  Fdy.  Co.,  Detroit 

IVliiuiesota 

GEREISH,   Harry   E.,   Pi-es., 

Morgan-Gerrish  Co.,  Minneapolis 

JOHNSTON,  Wayburn  E.,  Valuation   Inspector, 

Northern  Pacific  Rwy.,  St.  Paul 

KOBEL,  Wilson  C,  Assistant  Chief  Engineer, 

Minnesota  Steel  Co.,  Power  Sta.,  Duluth 

MORGAN,  Glenn  C,  Vice-President, 

Morgan-Gerrish  Co.,  Minneapolis 

New  Jersey 

BROIDO.  Benjamin  N..  Mechanical  Engineer, 

Roessler  &  Hasslacher  Chemical  Co.,  Perth  .-\mboy 

FREDERICK,  Kaul  L.,  Vice-President, 

Passaic  Metal  Ware  Co.,  Passaic 

PAUL,  J.   S..  Factory  Manager, 

Metal  Process  Co.,  Trenton 

New  York 

CAUTLEV.  John  R.,  Euginrer  Export  Dept., 

P.  A.  Frasse  &  Co.,  Inc..  New  York 

(iREEN,  WiLi.iA.M  A.,  Manufacturer  and  Representative, 

.American  Engineering  Concerns  in  Europe,  New  York 

HUNTER.  Charles   F.,   Superintendent   Repair  Shop  and  Chief 
Engr.  Power  Plants, 

Witherbce,  Sherman  Co.,  Inc.,  Minevilie 

LEON.A.RD,  .\LEERT  P.,  Assistant  Chief  Engineer, 

Honolulu  Iron  Works  Co.,  New  York 

MCALLISTER,   John    E.,  Assistant   to   I'rcsident. 

Libertv  Fuse  &  .\rms  Corp..  Long  Island  City 

MacFARL.VND,  Edyvard  H.,  Steam  Turbine  Inspector, 

General  Electric  Co.,  Schenectady 

JIAIS,  Albert  F.,  Chief  Engineer, 

Fulton  Motor  Truck  Co..  Farmingdale.  I^.  1. 

MARTIN,  John  F.,  Superintendent. 

Neptune  Meter  Co.,  Long  Island  City 

MORROW,  James  E.,  Secretary  and  Manager  of  Production, 

Morrow  Mfg.  Co.,  Elmlra 

DE  NEMETH,  ZOLTAN,  Engineer  Power  Plant   Designs, 

James  Stewart  &  Co.,  New  Y'orls 

SHRADY,   Charles   D.,   Engineer, 

Van  Siclen  &  Co.,  New   York 

SH.\W.   Hubert  A.,  Metallurgist. 

American    Can    Co.,  Geneva 

WAGNER,  James  J.,  Engineer, 

New  York  Central   R.   R.  Co.,  New   York 
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Ohio 

BKANSON,  James  E.,  Assistant  to  J.  D.  Lyon, 

Cons.  Engr.,  Cincinnati 

I'liAKSON,  Jajies  K.,  Vice-President, 

The  Acme  Macliine  Tool  Co.,  Cincinnati 

SIIUTT,  MiLO,  Mechanical  Draftsman, 

The  Alliance  Machine  Co.,  Alliance 

STEVENS,  William  N.,  Machine  Tool  Design, 

Cincinnati   Milling  Meh.   Co.,  Cincinnati 

WALMSLEY,  HAROLD  M.,  Resident  Engineer, 

Sargent  &  Lundy,  Cincinnati 

Fennsylvania 

HENRY,  Frank  E.,  Construction  Engineer, 

American  Sheet  &  Tin  Plate  Co.,  Pittsburgh 

LELAND,  Edward  D.,  Superintendent  Compressing  Stations, 

Philadelphia  Co.,  Pittsburgh 

LIVERSIDGE,  Horace  P.,  Operating  Engineer, 

The  Philadelphia  Electric  Co.,  Philadi'lphia 

SCHULTZ,  Walter  F.,  Chief  Engineer, 

Driggs-Seaburj-  Ordnance  Co.,  Sharon 

WEBSTER,  Harry  D..  Mechanical  Engineer, 

Bessemer  &  Lake  Erie  R.  R.  Co.,  Greenville 

WH1TCR.\FT,  Arthur,  Sales  Engineer, 

American  Manganese  Steel  Co.,  Pittsburgh 

Tennessee 

BADGER,  Harey  S.,  Superintendent  Power  Sta.  and  Sub-Sta.. 

Nashville  Ewy.  &  Light  Co.,  Nashville 

Texas 

MOELLER,  William,  Suprinteudent. 

Texas  Portland  Cement  Co.,  Houston 

Vermont 

FULLAM,  EUEN   J.,   Secretary, 

The  Fellows  Gear  Shaper  Co., 
Tlrginla 

]>EE.  Ca-/.e.\ove  G..  .Tr.. 

with  E.  I.  du  Pont  de  Nemours  &  Co., 

Wisconsin 

BROWN.  Arthur  J.,  Chief  Draftsman  Electrical  Dcpt., 

Allis-Chalmers  Mfg.  Co.,  Milwaukee 

Canada 

CAMERON,  N.  C,  Chief  Engineer, 

Imperial  Tobacco  Co.  of  Canada,  Ltd.,  Montreal 

France 

SCHUTZ,  Harry  M.,  Engineer, 

Niles-Bement-Pond  Co.  of  U.  S.  A.,  Paris 


Springfield 


City  Point 
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Delaware 

B.i-NKEi;.  WALTER  B.,  Resident  Engineer, 

E.  I.  du  Pont  de  Nemours  &  Co.,  Wilmington 

Illinois 

MARLOW,  Frank  W.,  Chief  Engineer, 

Armour   &   Co.,  Chicago 

MILLER,  Joseph  S.,  Mechanical  Engineer, 

Kewanee  Boiler  Co.,  Kewanee 

Massachusetts 

H.\MILTON,  Don  A.,  Mechanical  Engineer, 

John   Bath   &   Co..    Inc.,  Worcester 

Michiiran 

GILLOOLY,  JOH.N   H.,  Draftsman. 

Steere  Engineering  Co.,  Detroit 

KAMMERER,  Nelson  C,  Chief  Draftsman, 

Metalwood   Mfg.    Co.,  Detroit 

Nebraska 

SLOMAN,  Hubert  E.,  .\ssislant   Superintendent  of  Buildings  and 
Construction, 

J.   L.   Brandeis  &   Sons,  Omaha 

New  York 

CONLEY,  Murray  C,  Mechanical  Engineer, 

Henry  L.  Doherty  &  Co..  New  York 

HUNICKE,  Clarence   C, 

Patent  Attorney  and  Attorney  at  Law,  New  York 

LOGAN,  Orwell,  Chief  Engineer. 

Jensen  Creamery  Machinery  Co..  Long  Island  City 

McHOLLAN,  James  A.,  Assistant  Engineer, 

The  R.  P.  Bolton  Co.,  New  York 

MEAD,  Frank  R.,  Assistant  to  Chief  of  Department  of  Gauges, 

L.  R.  Kenyon,  Munitions  of  the  British  Government,       New  York 
MORLEY,  Maecus  D.,  Assistant  to  Engineer  of  Tests, 

Edison  Electric  111.  Co.,  r.rooklyn 

SERRELL,  John  J.,  VicePr(<sident. 

Smith-Serrcll  Co..  In-;.,  New  York 

SMITH,  Albert  1.,  Manager. 

The  R.  U.  V.  Co.,  New  York 


TERWILLIGER,  David  M.,  Engineer  of  Tests, 

Operating  Department,  Edison  Elcc.  111.  Co.,  Brooklyn 

WHEELER,  William  H.,  Purchasing  Engineer, 

Austin  Baldwin  &  Co.,  New  York 

Pennsylvania 

KIRK,  Donald,  Draftsman, 

Carnegie  Steel  Co.,  Homestead  Works,  MiiuhaU 

WADD,  Roy  J., 

with  Shephard  Electric  Crane  &  Hoist  Co.,  Pittsburgh 

Virginia 

DUFFEY.  Paul  K.,  1st  Assistant  .Master  Mcciiauic, 

Mathieson  Alkali  Works,  Saliville 

Wisconsin 

HENSZEY,   Roy  O.,  Engineer  and  Architect, 

Carnalion  Milk  Products  Co.,  (.>i oni'inowuc 

MOYEE,  Will  D.,  Public  Utility  Inspector, 

Wisconsin  R.  E.  Comm.,  Madison 

loi:  C0NsiDER.vn<i.\  .\s  jrNh'ii 


Chattanooga 

New  IIa\'eri 

Pierce 

Chicago 

Chicago 

Joliet 

Indianapolis 


Alabama 

H.iLLER,  Louis  G.,  Manager  Birmingham  Office, 

The  Walsh  &  Weidner  Boiler  Co., 
Connecticut 

r..\C0N,  IiAVin  L.,  Plant  Engineer. 

The  Greist  Manufacturing  Co., 
Florida 

TILLIS.  H.  Rhett,  Chief  Engineer, 

American  .Agricultural  Chemical  Co., 
Illinois 

AEMACOST,  WiLBUK  H.,  Engineer. 

Armour    &    Co., 
BYANSK.\S,  John  M.,  Testing  Engineer, 

Mech.    Dept.,   Armour  &   Co.. 
PARRIGIN,  Homer,  Steam  Expert, 

Illinois   Steel  Co., 
Indiana 

KNOWLTON,  Chase  H.,  Special  Engr., 

.Motive  Power  Dept.,  C.  C.  C.  &  St.  L.  Rwy, 
Massaciiusetts 

LINDBLOM,  Herbert  R.,  Assistant  to  Foundry  Supt., 

Saco-Lowell  Shops,  Newton  Upper  Falls 

New  York 

BAACK,  Henky  J.,  Laboratorian. 

Navy  Department,  Navy  Yard,  Brooklyn 

BEAltD,  Theodore  H.,  Instructor  Stech.  Engrg.. 

New  York  University  School  of  Applied  Science.  New  York 

BENEDICT,  Bybon  W.,  Construction  Engr., 

American  District  Steam  Co.,  North  Touawanda 

CARLSON,  Clarence  A.,  Designing  Engineer, 

•   Canady-Blaisdell  Corp.,  Now  York 

De  LEMOS,  Frederick  P.,  Assistant  to  Chief  Engineer, 

Automatic  Sprinkler  Co.  of  America, 
HOKTON,  Frank  W.,  Designing  Draftsman. 

National   District  Telegraph   Co.. 
LE.Y.  Robert  B.,  Manager  Stabilizer  Dept., 

Sperry  Gyroscope  Co., 
SQUIRE,  MiLFORD  B.,  with  General  Electrie  Co. 
Ohio 

.\TWELL,  Norbert  S.,  Inspector  of  Meters. 

Ohio  Fuel  Supply  Co., 
TAYLOR,  Robert  M.,  Works  Engineer, 

The  American  Tool  Works  Co., 
TOMLINSON,  C.  SpRAGCE,  Assistant  to  I'ower  I'iant  ICngiueer, 

The  Firestone  Tire  &  Rubber  Co.,  .\krou 

WINBIGLER,  Howard  D.,  .\ssistant  Meeliunical  Engineer, 

Faultless    Rubber    Co.,  .-ishland 

Pennsylvania 

Ft.'RBUSH,    Grant  E.,   Instructor, 

Dept.  of  Indus.  Engrg.,  Penn.  State  College, 
GOLDSMITH,  Lester  M.,  Engineer  of  Tests, 

-Atlantic  Refining  Co.. 
MOODY,   William   M.,   Engineer, 

I.  P.  Morris  Co., 
REYNOLDS,  Llovd  C,  .\ssislant  Steam  Engineer. 

Worth  Bros.  Co., 
SWEETEN,  Allen  W.,   Designing  Engineer, 

Simplex  Valve  &  Meter  Co., 
Tennessee 

WEIGEL,  ROTHE,  Mechanical  Engineer, 

La  FoUette  Coal  &  Iron  Co.. 
Wyoming 

CHRISTIAN,   Ben,   Mechanical    Draftsman, 

Groat  Western   Sugar  Co.. 
Canada 

JENTZ,  Carl  D.,  Engineer. 

St.  Maurice  I'auor  Co.,  Cape  Madeleine.  1'.  Que. 
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Minnesota 

BUFFINGTON,  Harry  C,  Motor  Eugineer, 
Miinieapolis  Strel  &  Mcliy.  Co.. 

rKOMOnON    FROM     MM'il; 


■C<iiinet'tii'Ut 

AlAcEWAN,  Thomas  S.,  Mauager   .Sales  of  .Mrliy.   Uopt., 

S.K.F.  Ball  Bearing  Co.,  llarlfoiJ 

New  Jersey 

C11EET1I-\!M.  JosKPii  II.,  Chief  Meeiiaiiieal  Engiiieei', 

McNab  &  Harlin  Mfg.  Co.,  Patersou 

New  York 

GILLETT,   LOWRV,'  rowti-  Engimer. 
General   Chemical   Co., 

Massachusetts 

AD.VMS,    KlLBURN    E., 

with  Edison  Elec.  111.  Co., 
Missouri 

DOWNES,  Nate  W.,  Mechanical  Engineer, 
Kansas  City  School  District, 
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NECROLOGY 

CHARLES  ALEXANDER  CANDA 

Charles  Alexander  Cauda  was  boru  in  Summit,  N.  J.,  on 
June  18,  1869.  lie  received  bis  education  in  the  public  schools 
and  Stevens  Institute,  graduating  from  the  latter  in  1893. 
He  soon  after  became  associated  with  the  Brush  Electric  Light 
Co.,  New  York,  where  be  remained  until  1899.  During  this 
time  he  designed  a  direct-current  arc  lamp  whereby  the  top 
and  bottom  carbons  were  controlled  in  the  head  of  the  lamp. 

In  tlie  latter  part  of  1899  he  affiliated  with  the  Can;la 
Manufacturing  Co.,  manufacturers  of  automobiles,  serving  in 
the  capacity  of  assistant  to  the  superintendent,  acting  super- 
intendent from  1900  and  superintendent  in  1901.  Early  in 
1902  he  assumed  the  duties  of  secretary  and  became  part 
owner  of  the  Chrome  Steel  Works,  Chrome,  N.  J.,  holdiuij' 
this  office  at  the  time  of  his  death. 

Mr.  Cauda  was  granted  a  number  of  patents,  among  them 
being  a  clamping  device  for  tappets,  wheels  or  shaft  couplings, 
and  an  improvement  on  a  machine  for  making  tubes  and  tires. 

Mr.  Canda  became  a  member  of  the  Society  in  1916.  He 
<lipd  at  his  residence  in  Elizabeth,  N.  .J.,  February  8.  1917. 

FRANK  EUGENE  HOLT 

Frank  Eugene  Holt  was  born  at  Holyoke,  Mass.,  in  1856. 
He  served  his  apjjrenticeship  with  Eddy  and  Stone,  of  Wor- 
cester, Mass.,  and  between  1876  and  1893  was  associated  with 
The  Washburn  t^  Moen  Manufacturing  Co.,  during  which  time 
he  was  in  charge  of  their  Union  Street  shop,  and  did  work  in 
connection  with  the  erection  of  rolling  mills  for  that  company. 
In  1893  he  accepted  the  position  of  master  mechanic  with  the 
Spaulding  &  Jennings  Co.,  and  when  this  plant  was  absorbed 
by  the  Crucible  Steel  Company  of  America,  he  went  to  the 
.sinyci-  Manufacturing  Co.  to  design  and  erect  a  rolling  mill  to 


piiiilucc  small  steel  shapes,  and  tiicicupuii  was  put  in  charge 
of  the  jiower  houses  of  the  company,  at  the  Elizabethport  fac- 
tory, and  performed  advisory  duties  in  connection  with  the 
power  operation  of  their  plant  at  St.  Johns,  Canada. 

At  the  time  of  his  death,  Mr.  Holt  was  President  of  the 
Singer  Club,  and  a  member  of  the  Singer  Engineering  Society. 
He  joined  the  Society  in  1900.    He  died  on  February  4,  1917. 


CAPTAIN  WILLIAM  HENRY  JAQUES 

Capl.  William  Henry  Jaques  was  born  in  Philadelphia,  Pa., 
December  24,  1848.  He  received  his  early  education  in  the 
schools  of  New  Jersey  and  entered  the  United  States  Naval 
Academy  as  midshipman  in  1863.  He  graduated  from  the 
Academy  with  honors  in  1867  and  was  detailed  for  active 
service  immediately.  He  became  ensign  in  1868,  master  in 
1870,  and  lieutenant  in  1871.  At  various  times  he  perfoi-med 
duties  as  aide  to  the  President,  the  Secretary  of  the  Navy, 
and  the  Commandant  of  the  New  York  Navy  Yard. 

Between  1870  and  1874  he  was  assistant  in  the  United 
States  Coast  Survey;  from  1874  to  1878  he  assisted  the  New 
York  Board  of  Education  in  technical  education ;  in  1881- 
1882  was  assistant  inspector  of  ordnance;  and  from  1883  to 
1885  member  and  secretary  to  the  Senate  Committee  on 
Ordnance  and  Warships.  During  this  time  he  succeeded  in 
"introducing  the  system  of  fluid  compression  and  hydraulic 
forging  of  heavy  masses  of  steel,  and  was  -the  inventor  of 
many  improvements  in  the  manufacture  of  heavy  ordnance 
and  armor  and  the  leading  exponent  of  employing  nickel  in 
steel. 

Captain  Jaques  resigned  his  coimuission  in  the  Navy  in 
1887  to  accept  a  position  with  the  Bethlehem  Steel  Co.  as 
ordnance  engineer.  In  1894.  having  successfully  carried  out 
the  various  developments  he  had  advised,  he  retired.  Soon 
after  he  associated  himself  with  Horace  See.  eminent  engineer 
and  architect,  in  general  engineering  and  consultation  in 
( onncction  with  the  manufacture  and  treatment  of  guiis,  armor, 
and  other  war  material.  In  1895,  at  tl>e  request  of  the 
governor  of  New  -Jersey,  he  began  the  organization  of  a 
naval  reserve  for  that  state  and  was  commissioned  captain. 
He  held  this  command  until  1898,  when  loss  of  health  com- 
pelled him  to  resign. 

Although  he  had  already  done  his  full  shaic  in  bringing 
the  ordnance  and  armor  of  the  United  States  to  a  high 
standard  of  excellence,  he  undertook  in  1897  the  de\'elo]5- 
i;ient  of  submarine  toi'pedo  boats  and  accepted  the  presidency 
of  the  Holland  Submarine  Boat  Co.  In  1909  he  became 
president  of  the  Hampton  Water  Works  Co..  Little  Boai-'s 
Head.  N.  H.,  and  in  1913  president  of  the  Progress  Mfg. 
Co.,  Boston,  Mass.,  which  offices  he  held  at  the  time  of  his 
death,  October  23,  1916. 

Cn)itain  Jaques  was  the  autlior  of  numerous  monographs 
and  books  on  lieavy  ordnance,  armor,  torpedoes,  solar  radia- 
tion, etc..  and  Avas  an  authority  on  water  engineering.  He 
was  one  of  the  international  jury  on  marine  transportation 
and  war  material  at  the   Columbian   Exposition   of  1893. 

Besides  being  a  Member  of  the  Society  (189:!),  he  was  also 
a  life  member  of  the  Society  of  Na\-al  Architects  an  I  Marine 
Engineers,  and  a  member  of  the  American  Institute  of  Mining 
Engineers,  the  American  Society  of  Civil  Engineers,  the  Iron 
and  Steel  Institute,  the  Institute  of  Civil  Engineers  (Great 
Britain),  the  Institution  of  Mechanical  Engineers  (Great 
Britain),  the  Institution  of  Naval  Arcliilects  (Great  Britain), 
and  other  organizations. 
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PAUL  H.  KENDRICKEN 

Paul  H.  Kendricken  was  born  in  Galway,  Ireland,  in  1834. 
He  set  sail  for  America  as  a  lad  of  seven,  and  landed  in  Bos- 
ton in  1842.  In  1852  he  went  as  an  apprentice  to  Walworth 
and  Nason,  then  considered  pioneers  in  steam  and  hot-water 
heating  of  houses,  and  then  became  associated  with  the  Union 
Steam  Gauge  and  Low  Water  Detector  Co.  In  1859  lie  was 
put  in  charge  of  the  steam  works  of  the  Massachusetts  Steam 
Heating  Company,  and  was  later  promoted  to  acting  super- 
intendent. 

Not  long  after,  he  entered  the  Naval  Service  as  third  assist- 
ant engineer,  was  promoted  to  second  assistant  engineer,  and 
remained  in  active  service  until  the  end  of  the  war.  At  its 
termination  he  became  associated  with  Clagston  and  Company, 
for  whom  he  acted  as  superintendent.  After  some  changes, 
the  firm  became  Ingalls  &  Kendricken,  and  under  Mr.  Ken- 
dricken's  guidance  developed  into  a  successful  business.  The 
firm  was  incorporated  in  1905,  Mr.  Kendricken  remaining  as 
president  and  treasurer  until  the  time  of  his  retirement,  five 
years  ago. 

Mr.  Kendricken  held  various  public  offices,  including  that  of 
councilman,  alderman,  state  senator,  park  commissioner  for 
the  City  of  Boston,  etc.  He  was  also  a  member  of  the  Execu- 
tive Committee  of  the  National  Association  of  Master  Steam 
Fitters. 

He  became  a  member  of  the  Society  in  1910. 

JOSEPH  STEHLIN 

Joseph  Stehlin,  who  was  born  in  New  York  City  in  1875, 
received  his  early  education  in  the  public  schools  here,  and 
later  in  the  Stevens  Preparatory  School  and  the  Stevens  Insti- 
tute of  Technology,  graduating  from  the  latter  in  1898  with 
the  degree  of  M.E. 

Directly  upon  leaving  school,  Mr.  Stehlin  entered  the  draw- 
ing-room of  P.  Pryibil  and  soon  after  that  of  C.  W.  Hunt 
&  Co.  His  shop  e.xperience  was  obtained  while  with  J.  Rupert 
and  as  assistant  engineer  with  the  Nestle  Food  Co.,  1899.  In 
1900  he  became  associated  with  the  N.  Y.  C.  &  H.  R.  R.  R.  as 
assistant  mechanical  engineer,  and  in  1903  became  mechanical 
engineer,  superintending  erection  of  power  stations,  cooling 
plants,  water  stations,  lighting,  and  power  and  steam  equip- 
ment of  yan^s  and  buildings.     He  severed  his  eonnectiim  with 


the  N.  Y.  C.  &  H.  R.  R.  R.  in  190G  and  founded  the  Stehlin- 
Miller-Henes  Co.,  steam  and  electric  engineers  and  contractors. 
In  1908  he  became  also  associated  with  the  Farmers  Feed  Co., 
of  which  his  father  was  president,  and  in  1909,  upon  the 
death  of  his  father,  he  succeeded  to  the  presidency  of  the  com- 
pany and  continued  so  until  the  time  of  his  death,  January  22, 
1917. 

Mr.  Stehlin  was  elected  an  Associate  in  the  Society  in  1905. 

KENNETH  TORRANCE 

Kenneth  Torrance  was  born  in  Brooklyn,  New  York,  in 
1863.  He  went  to  Stevens  High  School  for  one  year  and  then 
to  Stevens  Institute,  and  graduated  with  the  class  of  1884, 
He  remained  an  active  alumnus  throughout  the  rest  of  his  life 
and  founded  an  enthusiastic  association  of  Stevens  alumni  in 
Schenectady. 

After  leaving  college  he  went  to  the  Worthinglon  Pump 
Co.  and  was  later  with  the  Brooklyn  Water  Works  as  Super- 
tendent  of  the  Ridgewood  and  all  the  Long  Island  pumping 
stations,  wliich  position  he  filled  until  1906.  He  then  joined 
the  General  Electric  Co.  to  take  charge,  at  its  Schenectady 
Works,  of  its  power  stations,  pumping  stations,  water,  steam 
and  compressed  air  systems,  heating,  etc.  He  carriel  out  the 
reconstruction  of  the  entire  heating  system  for  this  works  and 
was  responsible  for  the  design  of  all  lieating  for  the  many  new 
buildings  erected  at  this  works  during  his  connection  with  the 
company.  He  carried  out  extensive  additions  to  the  power 
plants  which  resulted  in  very  successfully  meeting  most  ex- 
traordinary requirements  in  connection  with  emergency  power 
supply,  steam  for  testing,  etc.  He  was  actively  connected 
.with  the  development  of  the  steam  flow  meter. 

Kenneth  Torrance  had  a  rare  gift  for  handling  men.  In 
Brooklyn  and  later  in  Schenectady  he  held  the  loyalty  and 
respect  of  those  under  him  as  few  men  do.  He  had  a  host  of 
friends,  and  wherever  he  went  he  made  more. 

He  was  a  member  of  the  Society  for  many  years  and  also  of 
the  American  Waterworks  Association,  the  Society  of  En- 
gineers of  Eastern  New  York,  the  Sehenectady  Stevens  Club, 
the  Delta  Tau  Delta  fraternity,  the  Mohawk  Club,  and  the 
Mohawk  Golf  Club. 

He  died  on  September  13,  1916,  at  Mount  Kineo,  Maine, 
where  he  had  gone  to  convalesce  after  a  severe  ilhiess. 


AMONG  THE  SECTIONS 


SINCE  the  last  issue  of  The  Journal  went  to  press,  the 
President  made  an  extended  trip,  which  took  him  as  far 
west  as  the  Minnesota  Section  whose  headquarters  is  at  Min- 
neapolis-St.  Paul.  En  route  he  visited  the  Sections  at  Buffalo, 
Chicago  and  Indianapolis.  At  each  of  these  places  he  received 
a  rousing  welcome  and  his  spirited  address  on  Seivice  to  the 
Country  in  This  Crisis  brought  forth  enthusiastic  responses. 

Although  he  has  as  yet  been  in  office  less  than'  four  months. 
Dr.  HoUis  has  already  visited  ten  Sections  and  eight  Student 
Branches,  addressing  several  thousands  of  engineers.  He  has 
spent  a  total  of  thirty-four  days  in  these  activities,  which  are 
additional  to  the  time  consumed  in  the  attendance  at  Council 
and  various  committee  meetings  and  in  carrying  on  a  volumin- 
ous correspondence  relative  to  the  Society's  business. 

As  the  present  issue  of  The  Journal  goes  to  press  the  Secre- 
tary  is    starting   on    a   trip    to   visit    Sections   and    Student 


Branches  not  covered  by  other  officers  during  the  current  fiscal 
year.  These  will  include  the  Sections  at  Cincinnati,  Chicago, 
Milwaukee,  and  jjrobably  Kansas  Cit}',  where  the  members  are 
eoiiaidering  organizing  a  Section.  Several  Student  Branches 
will  also  be  covered. 

These  data  will  serve  to  emphasize  the  national  importance 
of  the  Society,  which  now  boasts  of  twenty  Sections  located  in 
sixteen  States  of  the  Union.  .  It  is  the  ambition  of  the  Secre- 
tary that  each  Section  and  Student  Branch  receive  a  visit  at 
least  once  a  year  by  one  of  the  Executive  Officers  of  the 
Society. 

Recently  a  visit  was  made  by  Prof.  L.  P.  Breckenridge  to 
the  Sections  at  Atlanta  and  New  Orleans,  and  these  places 
wholesomely  entertained  the  representative  of  the  New  Haven 
Section,  and  received  in  return  the  benefit  of  many  valuable 
suggestions  as  to  the  methods  the  New  Haven  Section  pursues 
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in    developing    engineering    cooperation    io    Southern    New 
England. 

In  the  Marcli  issue  of  The  Journal  on  page  241  there  ap- 
peared a  report  presented  at  the  Conference  of  Section 
Delegates  at  the  last  Annual  Meeting,  entitled  Suggestions  Re- 
garding Local  Section  Activities.  Mr.  D.  Robert  Yarnall  was 
one  of  the  Committee  to  prepare  this  report  and  his  name 
should  have  been  included  with  Messrs.  H.  R.  Setz  and  W.  G. 
Starkweather. 

SECTION  MEETINGS 

ATLANTA 

February  5 — The  members  of  the  Atlanta  Section  devoted 
February  .5  aud  6  to  the  entertainment  of  Prof.  L.  P.  Breckenridge, 
Mem.Am.Soc.M.E.,  who  visited  their  city.  At  a  luncheon  tendered 
him,  Professor  Breckenridge  spoke  of  the  advantages  of  the 
different  sections  and  told  of  the  activities  of  the  New  Haven 
Section.  It  was  felt  that  his  talk  was  a  great  incentive  to  the 
members  of  our  Section. 

.  E.\RL  F.  Scott, 

Section  ChainiKin. 

BALTIMORE 

Marcli  13 — A  meeting  of  the  Baltimore  Section  was  held  in  the 
Engineers'  Club  and  was  addressed  by  John  T.  Broderick.  The 
following  resolution  was  moved  aud  seconded  and  adopted  by  the 
Section,  subject  to  approval  by  the  Council  of  the  Society. 

"  In  view  of  the  grave  crisis  which  our  country  is 
facing,  and  in  recognition  of  the  stand  recently  taken  by 
the  President  of  the  United  States  for  the  protection  of 
American  rights  and  American  lives  on  the  sea, 

"  BE  IT  RESOLVED  that  we,  the  members  of  the  Bal- 
timore Section  of  the  American  Society  of  Mechanical 
Engineers,  at  a  meeting  held  Tuesday,  March  13.  1917, 
first  do  pledge  ourselves  to  the  support  of  the  President 
and  Congress  in  maintaining  our  rights ;  and,  second, 
we  pledge  our  services  to  our  country  in  case  it  is  forced 
into  war  as  the  only  means  of  securing  and  maintaining 
these  rights. 

•■  BE  IT  FIRTHER  RESOLVED  that  a  copy  of  this 
resolution  be  sent  to  the  President,  at  the  White  House,  at 
Washington,  and  to  Senators  and  Representatives." 

Mr.  Broderick.  who  holds  the  position  of  Supervisor  of  Special 
Bureaus  on  the  Baltimore  and  Ohio  Railroad,  gave  an  address  on 
Safety  Work  on  this  road,  showing  moving  pictures  that  this  com- 
pany uses  to  impress  the  Safety  First  idea  on  the  men.  Mr.  Broder- 
ick said  in  part :  "  In  the  '  Safety  First '  movement  which  swept 
the  country  during  the  fall  of  1911,  the  Baltimore  and  Ohio  was 
the  first  company  in  the  East  to  organize  a  definite  campaign 
against  personal  injury  to  employees,  renewing  its  efforts  to  safe- 
guard passengers  and  its  property.  In  the  words  of  President 
Daniel  Willard.  the  principle  took  precedence  '  over  everything 
else,'  and  still  does  with  unabated  sincerity  of  purpose. 

"  '  To  perpetuate  the  propaganda  of  Safety  First,  the  Railroad 
has  resorted  to  every  practical  means  of  education — precept,  in- 
struction, example,  proof  and  discipline.  A  General  Committee  was 
organized  in  Baltimore,  serving  on  which  were  the  oflicials  best 
adapted  to  the  preachment  of  safety.  Upon  the  various  divisions, 
Divisional  Committees  were  formed  consisting  of  the  superintend- 
ents and  staffs  as  permanent  members  and  men  from  the  ranks 
selected  every  three  months.  The  General  Committee  held  mass- 
meetings  at  principal  terminal  points  along  the  system,  attracting 
large  crowds  of  railroad  men,  at  which  addresses  were  made  by 
the  Committeemen  and  stereopticon  views  shown,  all  portraying 
various  phases  of  the  subject — Safety — and  its  allied  subject — 
'  Health  and  Sanitation.'  Such  Division  Committees  meet  once 
each  month,  and  at  these  gatherings  receive  and  record  many  of  the 
suggestions  made  by  the  employees  themselves.  The  men  enter  into 
the  spirit  of  the  campaign,  and  divisions  vie  with  one  another  to 
head  the  list  of  decreases  in  accidents.  Last  year  the  men  on 
these  Committees  made  17,000  suggestions  for  improving  working 
conditions,  9G  per  cent  of  which  were  recorded  and  acted  upon.    .    , 

"  Through  the  maintenance  of  the  '  Safety  First '  Bureau,  which 
has  direct  charge  of  this  work,  supervising  the  organization  and 
work  of  the  Divisional  Committees,  thoroughly  organized  and  sus- 


tained efforts  are  being  made  to  reduce  accidents  on  every  division 
of  the   System  to  the  miuiiuiim." 

A.  G.  Christie, 
Section  Secretary. 


BOSTON 

Marcli  8 — A  joint  meeting  was  held  by  the  Boston  Section  and 
the  American  Institute  of  Electrical  Engineers.  W.  B.  Potter, 
Mem.Am.Soc.M.E.,  spoke  on  Electric  Transmission  for  Motor  Cars. 

Mr.  Potter  illustrated  his  lecture  with  many  interesting  lantern 
slides,  dividing  his  subject  into  the  application  of  this  system  of 
propulsion  to  railroad  cars  and  to  automobiles,  and  tracing  the 
development  of  the  system  within  the  last  two  or  three  years  to  its 
present  condition. 

W.  G.  Stabkweathee,  • 
Section  Secretary. 


BUFFALO 

April  14. — The  Engineering  Society  of  Buffalo  icill  hold,  a  meet- 
ing at  the  Hotel  Statler,  at  which  time  there  will  be  a  discussion 
of  Educational  Systems  and  Apprenticeship  Systems. 

February  15 — A  resolution  was  passed  for  a  preparedness  post- 
card canvass,  asking  each  of  the  600  members  to  state  in  what  way 
he  would  be  most  proficient  in  time  of  war  and  if  he  would  be 
willing  to  volunteer  his  services. 

Charles  F.  Kettering,  Mem.Am.Soc.M.E.,  Vice-President  of  the 
Dayton  Engineering  Laboratories,  gave  a  most  interesting  lecture 
on  the  evening  of  February  28,  taking  as  his  topic  Pure  Science 
.Vpplied  to  Engineering,  mixing  humor,  wit,  politics,  story  and 
reminiscence  with  technical  considerations.  He  showed  many 
articles  of  common  commerce  which  science  has  made  possible, 
finding  a  substitute  for  scarce  genuine  material.  He  discussed 
the  fundamental  side  of  research,  and  his  reminiscence  concerning 
many  problems  of  the  experimental  research  engineer  was  of  an 
interesting  nature. 

March  7 — An  enthusiastic  and  very  large  audience  listened  to 
addresses  on  March  7  by  Dr.  Ira  N.  Hollis,  Pres.Am.Soc.M.E., 
.Tohn  Younger,  Mem.Am.Soc.M.E.,  William  Elmer,  Mem.Am.Soc. 
M.E..  Major  Frank  S.  Sidway,  A.  Conger  Goodyear,  Evan  Hol- 
lister,  Charles  M.  Jlanly,  Mem.Am.Soc.M.E.,  and  Herbert  A. 
Meldrum. 

Dr.  Hollis  spoke  on  Services  to  Our  Country  in  This  Crisis, 
explaining  the  condition  of  this  country  and  impressed  upon  his 
audience  that  the  only  way  to  overcome  this  inefficient  state  is  by 
unity  of  purpose,  cooperation  with  our  fellow  workers,  loyalty  to 
our  country  and  preparation  for  war  against  war.  and  showed  the 
part  the  engineer  must  take.  Mr.  Younger  told  of  classes  being 
formed  for  the  instruction  of  men  in  field  fortification,  telephony 
and  transportation  so  that  if  necessary  this  city  will  be  able  to 
send  trained  men  into  the  field.  Mr.  Elmer  followed  with  a 
description  of  the  part  the  railroads  will  play  in  time  of  war. 
JIajor  Sidway  urged  action  on  the  training  of  youth.  Mr.  Meldrum 
said  that  the  mobilization  of  the  troops  on  the  border  had  shown 
the  great  need  for  military  training  and  that  it  was  time  for  the 
coimtry  to  act.  Mr.  Goodyear  urged  the  furtherance  of  the 
officers'  reserve  corps  and  defined  its  duties.  Mr.  HoUister  spoke 
on  compulsory  military  training,  followed  by  Mr.  Manly,  a  pioneer 
of  aviation  in  the  United  States,  who  advised  people  to  show 
their  sentiments  on  the  topics  of  to-day  by  continually  urging  their 
congressmen  to  carry  out  their  program. 

Louis  J.  Folet. 

Assistant  to  Secretary. 


DETROIT 

April  20 — J.  W.  Lieb,  Mem.Am.Soc.M.E.,  mil  he  the  speaker 
at  the  meeting  of  the  Detroit  Section,  taking  as  his  subject 
Leonardo  da  Vinci — Artist,  Philosopher  and  Engineer. 


INDIANAPOLIS 

March  12 — A  meeting  held  by  this  Section  with  the  Engineers' 
Club  of  this  city  was  addressed  by  Ira  N.  Hollis,  Pres., 
Am.Soc.M.E.,  the  subject  discussed  was  the  Relation  of  the  Engi- 
neer in  Civil  Life  t(j  the  Present  National  Crisis.    A  committee  was 
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fdniuMl  to  ofi'or  the  services  of  the  Engineers'  Club,  with  which 
the  Section  is  affiliated,  to  the  government  and  also  to  the  state  and 
city  authorities  for  such  service  as  the  emergency  might  indicate 
as  the  most  valuable  for  them  to  render. 

W.   H.   INSLET, 
Scctioti  Chairman. 


MEUIDEN 

March  9 — At  the  regular  monthly  meeting  of  the  Jleriden  mem- 
bers of  the  A.S.M.E.  on  March  9,  Frank  L.  Rowntree,  Mem. 
Am.Soc.M.E.,  spoke  of  the  growth  of  the  Society  in  Meriden ; 
•Charles  N.  Flagg,  Jr.,  Mem. Am.Soc.M.E.,  read  a  paper  on  the 
Isolated  Power  Plant,  after  which  the  meeting  was  opened  for 
general  discussion,  remarks  being  made  by  J.  A.  Hutchinson, 
Mem.Am.Soc.M.E.,  D.  P.  Griswold,  Herman  Minkwitz  and  C.  K. 
D<>cherd,  Mem.Am.Soc.M.E.,  and  others.  The  next  meeting  will 
be  held  on  April  5. 


NEW  ORLEANS 

April  2 — The  New  Orleans  Section  will  hold  a  mvelin<j,  at  which 
the  auiject  for  discussion  will  he  Preparedness.  The  principal 
paper  will  be  given  by  .1.  M.  Lockett,  Mem.Am.Soe.iJ.E.  and 
member  of  the  Kaval  Consulting  Board  tehich  made  the  recent  in- 
dustrial census  for  the  army  and  navy. 


NEW  YORK 

March  13 — Mobile  Armaments  formed  the  subject  of  a  paper 
by  Andrew  M.  Coyle,  Mem.Am.Soc.M.E.,  before  the  New  York 
Section  at  this  meeting.  The  timeliness  of  the  subject  was  re- 
sponsible for  an  unusually  large  attendance. 

Mr.  Coyle,  who  is  with  the  Board  of  Coast  Defense  Engineers, 
U.S.A.,  outlined  the  necessity  for  an  adequate  system  of  mobile 
guns  of  both  large  and  small  calibre,  mounted  on  railway  cars,  that 
could  be  quickly  moved  from  place  to  place  to  protect  the  numer- 
ous stretches  of  coast  line  between  the  fortifications  which  now 
guard  the  approaches  to  our  important  harbors.  He  showed  a 
number  of  pictures  of  armored  cars  now  in  use  along  the  European 
battlefronts,  and  told  in  a  general  way  what  is  being  done  in  this 
country.  The  speaker  showed  the  various  means  that  have  been 
developed  to  take  up  the  recoil  and  briefly  mentioned  a  new  device 
now  being  worked  out  by  the  army  engineers  in  which  this  problem 
has  been  greatly  simplified.  In  the  discussion  that  followed.  L.  W. 
Luellen  described  and  illustrated  the  Luellen-Dawson  system  of 
mounting  mobile  guns — a  system  that  requires  permanent  concrete 
bases  over  which  the  car  is  run  and  the  gun  is  mounted. 

A.  D.  Bl.\ke, 
Section  Secretary. 


PHILADELPHIA 

April  24. — There  will  be  an  entertainment  for  Dr.  Ira  W.  TIollls. 
Pres.  Am.Soc.M.E.,  by  the  Philadelphia  Section  at  the  Engineers' 
Club. 

March  15 — A  joint  meeting  with  The  Franklin  Institute  was  ad- 
dressed by  Jerome  C.  Hunsaker,  assistant  naval  constructor.  Navy 
Department,  Washington,  on  Design.  Construction  and  Equipment 
of  a  Modern  Military  Aeroplane. 

Mr.  Hunsaker  spoke  of  the  importance  attached  to  the  mastery 
of  the  air  by  those  engaged  in  the  present  conflict  in  Europe  and 
the  efforts  made  to  gain  and  maintain  this  prestige,  emphasizing  the 
extreme  rapidity  with  which  different  types  were  evolved,  due  to 
the  keen  competition  for  supremacy.  The  speaker  illustrated  his 
remarks  with  lantern  slides,  and  moving  pictures  were  also  shown 
of  the  first  air  flights  in  this  country  by  the  Wright  brothers  and 
of  various  air  crafts  in  Europe,  among  the  latter  of  which  was 
the  destruction  of  a  German  aeroplane  by  French  machines,  and 
a  9000  ft.  drop  in  a  parachute  from  a  kite  balloon. 

W.    R.    .TONE.S, 
Section  Secretary. 


PROVIDENCE 

April  2.3 — The  Providence  Engineering  Society  tcill  hold  a  meet- 
ing irhieh  has  hern  arranged  by  the  Efficiency  and  Scientific  Man- 


agcDunt    Department.     The    subject     Kill    be    Routing-Principles, 
Machine  Symbols,  etc. 

ST  LOUIS 

April  IS — At  this  meeting  one  of  the  leading  refrigeration  engi- 
neers of  St.  Louis  will  give  a  talk  on  Refrigeration  Problems  of  a 
Modern  Hotel. 


STUDENT   BRANCHES 

THAT  the  spirit  of  cooperation  existing  in  the  engineering 
profession  is  extending  to  our  coming  engineers,  is  re- 
fieeted  in  the  plans  for  joint  meetings  of  Student  Branches 
on  the  Pacific  and  Atlantic  Coasts  and  in  the  Middle  West. 

On  March  24  a  joint  meeting  of  the  Branches  at  Leland 
Stanford  University  and  the  University  of  California  was 
held  at  the  latter  university.  As  this  is  taking  place  as  The 
Journal  goes  to  press  a  detailed  account  of  it  must  be  de- 
ferred  until  the  May  issue. 

Meanwhile,  in  the  East,  a  committee  of  Student  ^Members 
is  at  work  perfecting  plans  for  a  joint  meeting  of  the  Branches 
at  Brooklyn  Polytechnic  Institute,  Columbia  University,  Le- 
high Unis'ersity,  New  York  University,  Rensselaer  Polytech- 
nic Institute  and  Stevens  Institute  of  Technology.  Repre- 
sentatives of  Cornell  University  and  Ohio  State  University 
will  also  probably  be  present.  In  all,  more  than  three  hun- 
dred students  are  expected  to  attend,  making  this  the  largest 
meeting  of  students  ever  held  under  the  auspices  of  the  Society. 

The  meeting  will  be  held  at  the  Engineering  Societies  Build- 
ing in  New  York  on  Friday,  April  13.  A  professional  session 
will  begin  at  5  ]i.  m.,  which  will  be  aildressed  by  Prof.  Arthur 
M.  Greene,  Jr.,  Member  of  Council  Am.Soc.M.E.,  and  Prof. 
Lionel  S.  Marks,  Mem.Am.Soc.M.E.,  and  probably  also  by 
Prof.  Robert  H.  Fernald,  Manager  Am.Soe.^M.E.,  Prof. 
Charles  E.  Lueke,  Mem.Am.Soc.M.E.,  and  General  Leonard 
Wood. 

A  buffet  supper  will  then  be  served,  followed  by  a  smoker. 
During  the  evening,  entertainment  will  be  furnished  l)y  college 
glee  clubs,  mandolin  and  banjo  club,  professional  entertainers, 
etc.,  and  light  refreshments  will  be  served. 

At  the  Spring  Meeting  in  Cincinnati  (May  21-24)  a  third 
joint  meeting  of  Student  Branches  will  be  held.  This  will 
take  place  at  the  University  of  Cincinnati,  and  it  is  expected 
that  all  of  the  Student  Branches  in  that  Section  of  the  coun- 
try will  participate,  including  those  at  the  University  of  Cin- 
cinnati, Purdue  University,  Ohio  State  University,  Case  School 
of  Applied  Science,  Carnegie  Institute  of  Technology,  Uni- 
versity of  Pittsburgh  and  State  University  of  Kentucky.  This 
is  tlie  first  time  such  a  gathering  has  been  lield  in  connection 
with  a  general  meeting  of  the  Society,  and  it  is  hoped  all 
branches  wlio  can  do  so  will  make  every  effort  to  participate. 

During  the  past  month  the  list  of  Student  Branches  was 
brought  to  a  total  of  forty-five  by  the  addition  of  the  Uni- 
\  ersity  of  Oklahoma,  at  Norman,  Okla.  Prof.  J.  H.  Felgar, 
Mem.Am.Soc.M.E.,  Dean  of  the  College  of  Engineering  and 
Director  of  the  School  of  Mechanical  Engineering,  has  been 
appointed  Honorary  Chairman  of  the  Branch. 

-VRMOUR   INSTITUTE   OF  TECHNOLOGY 

■January  31 — The  meeting  of  the  Student  Branch  of  the  Armour 
Institute  of  Technology  was  devoted  to  discussions  by  students  on 
subjects  of  mechanical  interest.  N.  Steindler  explained  in  detail 
the  Construction  of  a  Water  Softener.  B.  Robecheck  followed 
with  a  paper  on  Heat  and  Emulsion  Test  of  Oils.  Mr.  Kerr's 
subject  was  The  Compression  of  Air  and  Mr.  Bretting  told  of  the 
P.v-Products   of  the   Forests. 
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On  Weduesday  evening,  Kebiiinry  14.  Ti-of.  (ioorge  F.  Gebhaidt, 
Mem.Am.Soc.M.E.,  spoke  on  Advice  to  the  Engineer,  which  was 
it'coived  with  much  appreciation  by  the  nienibors. 

Mr.  Sweniford  and  H.  S.  White  were  the  spcaliers  on  February 
28.  Mr.  Sweniford  gave  an  illustrated  tails  on  Safety  Engineering, 
'■xplaining  the  different  ways  in  which  accidents  occur  and  may 
be  lessened.  His  illustrations  showed  many  ways  of  protecting 
machines  in  machine  and  wood-working  shops.  Mr.  White  fol- 
lowed with  a  very  clear  description  of  the  Wood  Dual  Electric. 

A  smoker  was  held  on  Mai-ch  7,  to  which  both  freshmen  and 
sophomores  were  invited.  This  was  a  form  of  get-together  move- 
ment in  which  each  member  of  the  branch  endeavored  to  make  the 
lower-classmen  feel  that  they  would  be  cordially  welcomed  at  all 
meetings  and  aided  in  taking  up  the  work  when  their  turn  came. 

E.  W.  Haehis, 

liiiinch  Secretary. 


BUCKNELL  UNIVERSITY 

March  5 — The  Student  Branch  of  Bucknell  University  held  its 
last  regular  monthly  meeting,  F.  E.  Benedict  and  C.  J.  Hay  giving 
the  addresses. 

Mr.  Benedict  gave  a  very  comprehensive  talk  on  Railroad 
Machine  Shop  Practice.  He  was  followed  by  (\  J.  Hays,  who 
spoke  on  The  Modern  Gas  Producer  Practice,  giving  a  detailed 
description  of  a  modern  plant  and  also  some  data,  showing  the 
rapid    development    of    the    industry    in    the    last    decade. 

C.   .M.   Kbiner. 

li ranch  Sccrctanj. 


UNIVERSITY  OF  CALIFORNIA 

Fchruary  14 — On  this  date  Mr.  Chilcot  '15  related  his  ex- 
periences as  a  scientific  manager,  taking  the  members  theoretically 
through  both  the  Chalmer  and  Ford  Automobile  Works  and  com- 
paring the  efficiency  of  the  plants  in  the  East  with  those  of  the 
West. 

At  a  meeting  on  February  2S.  Professor  Tour  of  the  Mechanics 
Department  of  the  University,  read  a  paper  on  Entropy  and  its 
relation  to  Temperature.  The  pressure-volume  analogy  to  entropy 
and  temperature  aided  materially  in  niakiiig  ilcar  to  the  members 
just  what  entropy  is. 

A  joint  banquet  is  being  planned  with  the  Lclnnd  Stanford  .Jr. 
University   Student  Branch   lor  the  evening  of  March  24. 

.lOIlN    II.   Fentos. 

liranch  Secret.arij. 


rAKXECIK   IXSTirrTE  (IF  •1'F,('I1X(  1I,()(; Y 

Fchruary  14 — :The  regular  monthly  meeting  of  the  Student 
Branch  of  the  Carnegie  Institute  of  Technology  was  held,  when 
Prof.  G.  H.  Follows,  head  of  the  Department  of  Machine  Design, 
addressed  the  students  on  The  Bull's  Eye:  Hitting  It,  Chasing  It. 
Missing  It,  Often.  He  opened  his  talk  with  a  description  and 
brief  history  of  the  science  of  archery  and  likened  the  aims, 
successes  and  failures  of  the  engineer  to  meet  his  goal  to  the 
archer's  attempt  to  strike  the  bull's  eye  of  the  target.  He  pointed 
out  that  while  all  engineers  strive  to  make  a  hull's  eye,  there 
are  very  few  who  can  predict  before  a  machine  is  built  just  what 
it  will  do  when  put  into  operation.  Professor  Follows  concluded 
by  recounting  many  interesting  and  some  rather  amusing  experi 
ences  he  has  had  during  his  career  as  a  mechanical  engineer. 

.1.  H.  D.4VI.S. 

firiiinli    Si  crilarii. 


CASE    SCnOOI.    OF    Ari-LIKI)    SCIENCE 

February  7 — A  regular  meeting  of  the  Student  Branch  of  the 
Case  School  of  Applied  Science  was  held  at  the  Case  Club. 
John  E.  Washburn.  Mem.Am.Soc.M.E..  of  the  National  Carbon 
Co..  of  Cleveland,  O.,  gave  a  practical  and  interesting  talk  on 
the  Heat  Treatment  of  Iron  and  Steel.  Mr.  Washburn  has  had 
much  opportunity  to  observe  the  peculiar  characteristics  of  our 
industrial  metals  and  was  therefore  in  position  to  cite  many 
interesting  examples  of  the  behavior  of  steel  under  heat  treat- 
ment. To  illustrate  extreme  properties  obtainable  by  heat  treat- 
ment, he  displayed  two  rods  made  from  the  same  piece  of  stock 
but  differently  treated.      One  of   the   rods   possessed   such   strength 


that  when  secured  in  a  vise,  it  could  not  be  bent  by  one  man's 
pulling  at  a  distance  of  several  feet  from  the  jaws;  on  the  other 
hand,  the  other  was  so  weak  that  it  could  be  broken  by  the 
lingers.  The  latter  sample,  he  explained,  if  properly  reheated  and 
treated  could  be  made  as  strong  as  the  first. 

March  14 — Frederic  A.  Parkhurst,  Mem.Am.Soc.M.E.,  was  a 
guest  of  the  Student  Branch  of  Case  School  of  Applied  Science 
at  their  dinner  and  meeting. 

Scientific  Management  was  the  topic  of  Mr.  Parkhurst's  talk. 
He  traced  the  origin  and  development  of  the  Taylor  principles 
and  described  the  elements  requisite  for  the  successful  operation 
of  that  system.  Mr.  Parkhurst,  who  is  organizing  engineer  of  the 
Aluminum  Castings  Co.,  is  to  deliver  a  series  of  lectures  on  the 
same  subject  to  the  senior  mechanical  engineers,  this  being  the 
initial  talk. 

A.  Tkeuhaft, 
Jiraneh  Seeretarii. 


UNIVERSITY  OF  CINCINNATI 

February  16 — At  the  regular  monthly  meeting  of  the  Student 
Branch  of  the  University  of  Cincinnati,  H.  S.  Ernst  and 
.■V.  W.  Schneider,  both  seniors,  gave  the  addresses.  Mr.  Schneider 
spoke  on  Mining  Methods  in  Anthracite  Coal  Fields  of  the 
Lehigh  Coal  &  Navigation  Company  in  Pennsylvania.  He  pointed 
out  the  various  duties  and  responsibilities  of  mechanical  engineers 
in  keeping  all  equipment  in  good  repair  and  operation  with  shut 
ilowns.  Mr.  Ernst  followed  with  Modern  Automobile  Production 
at  the  Willys  Overland  Company  of  Cleveland.  Ohio.  Starting 
with  the  parts  of  the  car  from  raw  stock,  he  added  each  part  in 
its  turn  of  assembly,  until  the  car  was  completed.  Designs, 
methods  of  machinery  and  intricate  parts  of  the  construction  were 
fully  explained   by   Mr.   Ernst. 

IlENRV     .\.     WOLSDORF. 

liranch   Secretary. 


ct)i.(ii:Ai)()    STATE    a(;ricultural    college 

February  19 — The  Student  Branch  of  the  Colorado  State  Agri- 
iHiltural  College  Ifeld  a  meeting,  at  which  time'  the  speakers  w-ere 
E.  C.  Johnson,  M.  L.  Gorton  and  Prof.  L.  D.  Crain.  JIom..\m. 
Soc.M.E. 

Mr.  E.  C.  Johnson  gave  a  paper  regarding  the  methods  and 
systems  used  in  the  Denver  Rock  Drill  Machinery  &  Manufac- 
turing Co.  Mr.  Gorton  gave  a  t.alk  in  the  form  of  advice  regard- 
ing the  value  of  summer  work  and  the  advantages  gained  which 
the  college  course  cannot  give.  Professor  Crain  told  of  the 
methods  used  at  other  institutions  which  he  visited  recently, 
giving  advantages  and  points  of  comparison,  thus  bringing  those 
present  into  closer  touch  with  other  institutions  doing  a  similar 
work. 

E.  C.  Joirxsox. 

/{ranch  Secretary.  • 

COLUMBIA  UNIVERSITY 

King  of  the  Rails  was  the  subject  of  the  highly  interesting  and 
instructive  moving  picture  shown  before  the  United  Engineering 
Society  of  Columbia  University.  Prof.  W.  I.  Sliehter,  Mem. Am. 
Soc.M.E.,  and  Professor  of  Electrical  Engineering  at  the  Univer- 
sity, accompanied  the  picture  with  explanatory  notes.  It  included 
a  historical  review  of  the  transportation  field,  leading  up  to  the 
development  of  the  electric  operation  of  the  Chicago.  Milwaukee 
and  St.  Paul  R.R.  over  the  Continental  Divide.  Professor  Sliehter 
gave  some  very  interesting  data  concerning  this  development  and 
went   thoroughly   into   the   scheme   of   power   distribution. 

Jorr.N   r>.  Krf.tzjieu. 

linntrh    f'liainnan. 


UNIVERSITY  OF  ILLINOIS 

Fthruary  22 — The  Development  of  the  Locomotive  in  the  United 
States  since  1S29,  was  the  subject  of  a  paper,  with  slide  illustra- 
lions,  by  J.  H.  Westbay,  '17.  Announcement  that  four  prizes  for 
I  bo  best  papers  delivered  before  the  Branch  and  sent  to  the  jtidges 
in  manuscript  form,  would  be  given  by  the  Pi  Tan  Sigma,  the 
honorary  mechanical  engineering  fraternity  at  the  I'liivrsity.  was 
made  at  this  meeting. 
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March  S — G.  L.  Grimes,  President  of  tiie  Midland  Machine  Co., 
was  the  speaker.  Mr.  Grimes  explained  the  special  types  of 
machines  of  his  design  and  told  of  the  manner  in  which  the  neces- 
sity of  the  various  machines  became  apparent.  The  talk  was  ac- 
companied by  slides  and  motion  pictures  showing  several  of  these 
machines  in  action  and  the  accuracy  necessary  in  making  a  block 
cylinder  mold  was  well  brought  out. 

H.  C.   DiESERur), 
Branch  Secretary. 

JOHNS  HOPKINS  UNIVERSITY 

Fehruarij  12 — The  Engineering  Society  of  Johns  Hopkins  Uni- 
versity held  its  second  meeting  of  the  year,  with  the  Student 
Branch  of  the  Am.Soc.M.E.  in  charge.  Thomas  W.  Hind,  of  the 
Crown  Cork  and  Seal  Co.,  gave  an  instructive  talk  on  the  Harris- 
Southwerk  T\vo-C}cle  Diesel  Engine,  which  he  assisted  in  per- 
fecting. With  the  aid  of  lantern  slides  he  clearly  showed  its 
adaption  to  pleasure  craft  and  boats  of  larger  size,  and  gave 
among  its  many  lucrative  features  the  low  fuel  consumption, 
small  upkeep  and  the  simplicity  of  regulation. 

March  S — J.  K.  Shanahau,  Secretary  to  the  President  of 
the  Sparrows  Point  Branch  of  the  Bethlehem  Steel  Co..  gave  a 
lecture   on   Ore   to   the    Finished    Product.      ^Ir.    Shanahan    illus- 


ilixxESOTA  Beaxch  Axxouxc'ejiext  Blaxk 

trated  his  talk  by  the  use  of  moving  pictures,  thus  showing  in 
detail  steps  in  the  manufacture  of  steel  from  the  mining  of  the 
ore  in  Cuba  to  the  finished  product  ready  for  market.  Both  the 
talk  and  pictures  aided  greatly  in  giving  the  members  clear  and 
practical  ideas  on  the  methods  used  in  the  steel  industry. 

B.  A.  Sullivan, 
Branch    Secretary. 

LEHIGH   UXIVEUSITY 

Fehriianj  23 — P.  Maclsaacs  "17  and  W.  A.  Haupt  of  the  Beth- 
lehem Steel  Co.  were  the  speakers  at  the  meeting  of  the  Student 
Branch  of  Lehigh  University. 

Mr.  Maclsaacs  spoke  on  Subway  Underpinning,  describing  in 
detail  the  different  methods  and  the  reasons  for  underpinning.  Mr. 
Haupt's  subject  was  The  Bonus  System  of  the  Bethlehem  Steel 
Co.  He  stated  that  the  cost  of  work  depends  upon  having  proper 
equipment,  systematizing  and  planning  the  work  and  also  upon 
obtaining    the    cooperation    of    the    men.     The    last    was    secured 


through  the  bonus  system.  He  explained  the  different  methods  of 
this  system  and  showed  how  each  was  beneficial  to  both  men  and 
company. 

F.  M.  POBTER, 
Branch  Secretary. 

LELAND  STANFORD  Jr.  UNIVERSITY 

February  7 — H.  P.  Miller,  Jr.,  '17  discussed  the  Lining  of 
Tunnels  with  Reinforced  Concrete  at  the  meeting  of  the  Stanford 
University  Student  Branch.  He  explained  the  various  types  of 
tunnels  required  on  a  hydro-electric  development  and  described 
in  detail  the  methods  employed  in  lining  those  of  the  high-pres- 
sure type.  The  collapsible  forms  used  and  the  manner  in  which 
they  are  set  up  in  the  tunnels  was  illustrated  by  means  of 
sketches.  He  next  explained  the  apparatus  used  for  forcing  the 
concrete  into  the  tunnel  through  steel  pipes  under  pressure  and 
the  procedure  in  placing  and  pouring  the  molds  so  that  the  work 
can  proceed  without  interruptions. 

A.   L.    MOBGAN, 
Branch  Secretary. 

MASSACHUSETTS    INSTITUTE   OF   TECHNOLOGY 

February  27 — F.  L.  Fairbanks,  Mem.Am.Soc.M.E.,  described 
briefly  the  general  layout  and  features  of  the  apparatus  at  the 
Quincy  Market  Cold  Storage  and  Warehouse  Co.  The  meeting 
was  followed  a  few  days  later  by  a  trip  through  the  plant  by 
about  fifty  men  who  were  conducted  by  Mr.  Fairbanks  and  other 
engineers.  The  visitors  were  much  interested  in  a  1000-ton  ver- 
tical ammonia  machine  designed  by  Mr.  Fairbanks,  his  description 
of  the  troubles  he  encountered  and  the  resulting  new  features 
embraced  in  the  construction  proving  most  interesting  and.  in- 
structive. 

EuwAKD  W.  Rounds, 

Branch    Secretary. 

UNIVERSITY   OF   MICHIGAN 

.March  1 — The  Branch  held  a  regular  monthly  meeting,  with  T. 
Tobey,  Fred  Sawin  and  A.  E.  Hecker  as  the  speakers.  Mr.  Tobey's 
subject  was  Fuel  Oil  Testing  and  he  discussed  the  production  of 
fuel  oils  frorn  the  raw'  material,  the  government  specifications  for 
IHirchasing  of  oil  and  the  advantages  of  oil  over  coal  as  a  fuel.  In 
bis  paper  on  Alcohol  as  a  Fuel,  Mr.  Sawin  brought  out  the  fact 
that  the  raw  material  was  unlimited  in  supply. and  spoke  of  the 
special  design  of  engines  burning  alcohol.  Mr.  Hecker  showed  the 
distribution  of  concrete  from  the  mixer  to  the  forms  by  the  most 
modern  methods  in  his  lecture  on  The  Mechanical  Handling  of 
Concrete,  which  was  accompanied  by  lantern  slides. 

Kakl  Bintz, 
Branch  Secretary. 

UNIVERSITY  OF  MINNESOTA 

The  accompanying  novel  and  attractive  poster  has  been  designed 
by  one  of  the  members  of  the  Student  Branch  of  the  University  of 
Jlinnesota.  The  original,  which  measures  11  in.  by  13  in.,  is  to 
be  used  by  the  branch  to  announce  its  meetings ;  notice  of  these 
will  be  inserted  in  the  blank  space  provided  for  that  purpose. 

February  12 — An  illustrated  lecture  was  given  by  Mr.  Goetzen- 
berger.  "14,  on  Power  Driven  Machinery.  E.  F.  Jones  and  A.  E. 
Rosenbloom  discussed  seminar  subjects. 

March  11-12 — The  branch  held  their  annual  meeting  and  were 
most  fortunate-in  having  Dr.  Ira  N.  Hollis,  President  Am.Soc.M.E., 
address  them.  Dr.  Hollis  gave  an  extremely  interesting  talk 
which  defended  the  profession  against  the  assertion  that  machines 
have  no  emotional  appeal,  pointing  out  clearly  that  one  who  does 
not  feel  such  an  appeal  has  not  the  nature  to  be  inspired  by  it. 

Habky  G.  Fobtune, 
Corresponding  Secretary. 

UNIVERSITY  OF  NEBRASKA 

Marrli  0 — J.  S.  Kelley.  a  member,  gave  an  interesting  lecture  on 
the  Manufacture  and  Use  of  S.  K.  &  F.  Ball  Bearings.  Mr.  Kelley 
illustrated  his  talk  with  slides  secured  through  the  Society  by 
courtesy    of    the    company. 

Orlo  a.  Powell, 
Branch  Secretary. 
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NEW  YORK  UNIVERSITY 


Instcntl  of  the  regular  meetings  in  ilarch  two  inspection  trips 
were  made  by  the  Student  Branch  of  New  Yorlj  University.  The 
first  to  the  Singer  Sewing  Machine  Company's  plant  at  Elizabeth- 
port,  N.  J.,  where  the  conveyor  or  continuous  system  oi  casting 
sewing  machine  frames  was  of  especial  interest :  the  other  to  the 
De  La  Vergne  Machine  Company's  plant  in  New  York  where  the 
blast  furnaces,  drop  forgiug  department,  automatic  cam  cutting 
machines  and  the  rolling  mill  and  work  on  the  testing  floor  proved 
both  interesting  and  instructive. 

.lOSKPH    (;iLM.\N. 

Branch  Secretari/. 


OHIO  STATE  UNIVERSITY 

[■\biuiirii  l.!i — The  Student  Branch  of  the  Ohio  State  University 
held  the  first  meeting  for  the  second  semester,  when  the  following 
officers  were  elected :  chairman,  R.  H.  Wasson  ;  vice-chairman. 
S.  W.  Bowser  ;  secretary,  F.  E.  Smyser  ;  treasurer.  R.  R.  Brown, 
and  sergeant-at-arms,  W.  G.  Owens. 

March  T— H.  W.  Mowery,  Mem.Am.Soc.M.E.,  and  Mr.  Morgan, 
Safety  Expert  of  the  Xorlon  JIfg.  Co..  were  the  speakers  at  this 
meeting. 

Mr.  Mowery.  who  is  connected  with  tln'  .\niericaii  Abrasive 
Metals  Co..  spoke  on  Slipping  Hazards,  illustrating  various  slip- 
ping surfaces  such  as  poorly  constructed  steps  and  other  con- 
ditions in  industrial  life  which  are  the  ca.use  of  many  accidents. 
The  speaker  stated  that  the  companies  taking  precautionary  meas- 
ures to  prevent  such  accidents  were  not  only  preventing  them 
but  were  saving  money  in  so  doing ;  the  application  of  the  product 
which  his  company  manufactures  was  also  shown.  Mr.  Jlorgan 
followed  with  some  general  ideas  on  safety  work  describing  how 
his  company  has  saved  money  by  the  prevention  of  accidents. 

March  S — An  interesting  paper  on  The  Werkspoor  Diesel  Oil 
Engines  was  read  by  Mr.  Rehn,  a  member  of  the  senior  class. 

March  13 — A  large  meeting  was  addressed  by  Ira  N.  Hollis, 
President  Am.Soe.M.E..  on  Armed  Neutrality  of  the  United  States 
and  Will  It  Lead  to  War.  Dr.  Hollis  explained  the  position  of 
the  engineer,  who  is  the  fundamental  cause  of  all  history  and  the 
basis  of  all  civilization  ;  he  said  that  the  real  issue  of  this  war 
is  citizenship  and  the  result  shall  be  the  life  and  trinmpli  ot 
democracy. 

F.   E.   Smyseb. 
Branch    Secretary. 


OREGON   STATE   AGRICULTURAL   COLLEGE 

March  11 — The  Use  of  Powdered  Coal  as  a  Fuel  was  the  sub- 
ject of  a  paper  by  Mr.  Thome.  Plans  for  future  meetings  were 
discussed  and  the  committee  reported  on  the  new  constitution. 

Abchee  O.  Leach. 
Branch  Secretary. 


PENNSYLVANIA  STATE  COLLEGE 

February  S — The  Pennsylvania  State  College  Student  Branch 
held  a  regular  meeting,  when  C.  W.  Holmberg  'IT  discussed 
Surface  Resistence  of  Materials.  This  was  followed  by  a  descrip- 
tion of  the  boiler  test  recently  made  by  the  senior  mechanical 
students  at  Harrisburg. 

At  a  meeting  of  the  student  branches  of  the  various  engineering 
societies.  R.  L.  Sackett,  Dean  of  the  School  of  Engineering,  and 
Arthur  Holmes,  Dean  of  the  General  Faculty,  told  of  the  pro- 
posed plan  to  publish  an  engineering  paper  in  which  each  depart- 
ment of  the  School  of  Engineering  will  cooperate. 

James  A.  Mease.  Mem.Am.Soc.M.E.,  has  resigned  as  Associate 
Professor  of  Machine  Design  at  the  College  to  take  up  other 
•work.  Practically  every  member  of  the  Student  Branch  attended 
the  farewell  dinner  tendered  Professor  Mease  to  express  their  sin- 
cere regrets  at  the  loss  of  his  active  interest  in  the  Student  Branch, 
and  to  wish  him  every  success  in  his  new  work. 

Robert  R.  Rinkenbach. 

Branch  Secretary. 


UNIVERSITY  OF  PITTSBURGH 

March  S — The  first  meeting  of  the  Branch  was  held  on  Thurs- 
day. March  8.     Thomas  Preston  read  a  paper  on  Protective  Coat- 


ings  for   Steel   to   I'revent  Corrosion,   which    was   followed   by    pn 
pared  discussions  by  W.  Thomas  and  F.  Wachtor. 

F.  C.  NOS.S, 
Correspondinf/  Secretary. 


POLYTKCHXU'   INSTITUTE  OF  BROOKLYN 

March  3 — The  Student  Branch  of  the  Polytechnic  Institute  of 
Brooklyn  held  a  meeting,  with  B.  Postman  '17  as  the  speaker. 

Mr.  Postman  illustrated  his  talk  on  Coal  Gas  Manufacture  and 
Purification  with  cuts  and  diagrams.  He  gave  a  brief  history  of 
the  first  application  of  coal  gas  to  useful  purposes,  going  through 
all  stages  ot  the  manufacture  and  purifying  of  the  gas.  clearly 
describing  the  apparatus  used  in  each  step. 

George  Chere, 
Branch    Secretary. 


PURDUE   UNIVERSITY 

February  20 — W.  T.  Miller,  Purdue  '16,  efficiency  engineer  with 
the  Lafayette  Boxboard  Plant,  spoke  on  the  process  of  hoxboard 
manufacture,  at  the  meeting  of  the  Student  Branch  of  Purdue 
University.  Mr.  Miller  spoke  also  ot  the  efficiency  work  which 
lias  been  carried  out  by  this  company  which  proved  of  much  in- 
terest as  this  plant  has  been  tested  many  times  in  the  past  by 
members  of  the  faculty  and  of  the  student  body  and  as  a  result 
has  been  eiiuipped  with  all  sorts  of  testing  apparatus.  Another 
result  has  been  the  increased  efficiency  of  the  power  plant,  which 
was  originally  designed  for  a  40  ton  plant,  to  such  a  point  that  the 
present  output  is  102  tons  per  day.  This  was  accomplished  without 
any  increase  in  the  power  equipment  other  than  the  addition  of  an 
economizer.  Further  tests  on  this  plant  will  be  made  by  the 
senior  mechanical  engineers  under  the  direction  of  three  of  their 
body  who  will  base  their  thesis  upon  it. 

February  27 — E.  F.  Hamilton.  Purdue  '14,  with  The  De- 
veloiiment  of  Radio  Telegraphic  Communication  as  his  subject 
first  gave  a  resume  of  the  history  of  the  development  -of  radio 
telegraphy,  and  then  by  means  of  formulae  and  diagrams  brought 
out  some  of  the  more  simple  of  its  principles.  His  explanations 
were  made  more  understandable  by  reference  to  actual  pieces  of 
apparatus  which  had  been  set  up  and  connected  to  the  University 
aerial.  At  the  end  of  the  meeting  messages  were  intercepted  from 
several  stations,  the  sounds  being  heard  by  the  audience  through 
a  megaphone  to  which  a  loud  speaking  telephone  receiver  was  at- 
tached. 

W.    G'.    SCHUTT, 
Branch   Secretartf. 


RENSSELAER   POLYTECHNIC   ISTITUTE 

March  5 — Dr.  Ira  N.  Hollis,  Pres.,  Am.Soc.  M.E.,  addressed 
the  Student  Branch  and  students  of  Rensselaer  Polytechnic  In- 
stitute. The  Engineer  and  the  National  Crisis  was  the  subject 
of  his  talk,  which  was  both  interesting  and  instructive,  as  it 
brought  before  the  audience  the  important  role  the  engineer  may 
[day  in  serving  his  country. 

Eugene  E.  Harri.s, 

Branch  President. 


VIRGINIA  POLYTECHNIC  INSTITUTE 

March  10 — A.  H.  Cox  spoke  on  The  Steam  Turbine  vs.  the 
Steam  Engine.  He  described  the  development  of  the  engine  and 
turbine,  the  natural  applications  and  efficiency  of  each  and  the 
various  types  of  turbines. 

G.  F.  Minor. 
Branch  Secretary. 


WASHINGTON  UNIVERSITY 

March  1.3 — Training  Workmen  was  the  subject  of  a  talk  by  Prof. 
Franz  A.  Berger.  Mem.Am.Soc.M.E..  at  the  meeting  of  the  Student 
Branch  of  Washington  University. 

Professor  Berger  spoke  in  particular  of  vocational  training  and 
its  development  in  foreign  countries,  illustrating  his  remarks  with 
photographic  views  of  the  different  shops  and  plants  in  general. 
He  described  one  plant  employing  a  very  large  force  and  building  a 
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Ki'eiit  variety  of  machines,  explaining 
preuticeship  and   training. 


in  detail  their  system  of  ap- 

Walter  H.  Kutz, 
Branch  Secretary. 


UNIVERSITY  OF  WISCONSIN 

■January  11 — Prof.  G.  L.  Larson,  Jlem.Am.Soc.M.E.,  addressed 
tlie  Branch  on  the  benefits  which  could  be  gained  from  the  organi- 
zation. He  also  pointed  out  the  advantages  accruing  from  mem- 
bership in  the  national  society,  to  which  the  Student  Branch  is  a 
stepping  stone. 

February  15 — The  election  of  officers  for  the  following  semester 
«as  the  purpose  of  the  meeting.  The  new  officers  are :  President, 
Asher  B.  Kelty ;  vice-president,  J.  Frank  Roberts ;  secretary.  .John 
M.  Wood  and  treasurer,  Arthur  O.  Bushholtz.  On  March  1  the 
members  participated  in  a  theatre  trip. 

March  11 — Before  a  large  audience,  the  past  work  of  the  Branch 
was  reviewed  by  the  president  and  new  plans  outlined ;  following 
this  Prof.  C.  I.  Corp,  Mem.Am.Soc.M.E.,  and  Prof.  G.  L.  Larson, 
Mem.Am.Soc.M.E.,  incoming  and  outgoing  Honorary  Chairmen 
respectively,  addressed  the  members. 

Professor  Corp  pointed  out  the  benefits  to  be  gained  by  member- 
ship in  the  Branch,  gave  suggestions  for  coming  meetings,  em- 
phasized  the  need   for  training  in   public  speaking,   and   advocated 


Junior  membershi|i  in  the  Society  at  the  earliest  date  possible.  It 
was  also  announced  that  Calvin  W.  Rice,  Sec.  Am.Soc.JI.E..  would 
shortly  visit  the  Branch. 

JoHK  M.  Wood, 
Branch  Secretary. 


WORCESTER  POLYTECHNIC  INSTITUTE 

March  2 — Victor  W.  Kliesrath,  Mem.Am.Soc.M.E.,  gave  an  ad- 
dress on  Modern  Ignition  Systems.  Mr.  Kleisrath  divided  his  talk 
into  two  parts :  in  the  first  he  gave  a  resume  of  the  progress  of 
engineers  along  the  subject  of  ignition  systems,  and  in  the  second 
he  brought  home  his  points  very  effectively  by  means  of  lantern 
slides. 

He  described  the  spring  type  of  magneto  which  the  company  first 
manufactured,  taking  his  listeners  step  by  step  to  the  high-tension 
rotary  magneto,  then  describing  the  new  field  opened  up  by  the 
advent  of  the  Dual  and  Duples  systems  of  ignition.  Aided  by  the 
valuable  apparatus  which  he  had  with  him  the  speaker  was  able  to 
demonstrate  each  type  of  which  he  spoke.  At  the  close,  Mr.  Klies- 
rath exhibited  a  newly  designed  and  built  magneto  for  use  on  1^- 
cylinder  engines,  which  will  not  appear  upon  the  public  market 
for  several  months. 

II.  P.  Fairfield. 
Branch  Srcrctary. 


EMPLOYMENT  BULLETIN 

rHE  SECRETARY  considers  it  a  special  obligation  and  pleasant  duty  to  make  the  office  of  the 
Society  the  medium  for  assisting  members  to  secure  positions^  by  putting  them  in  touch  with 
special  opportunities  for  which  their  training  and  experience  qualify  them,  and  for  helping  any- 
one  desiring   engineering   seri^ices.      The   Society   acts   only   as   a    clearing    house    in    these    matters. 


rOSlTIOXS   .\V.MI..\BLB 

In  forwarding  applications,  sliimps  ihould  be  enclosed  for  trans- 
mittal to  advertisers;  applications  from  non-members  should  be 
accompanied  by  a  letter  of  reference  or  introdtiction  from  a  mem- 
ber, such  reference  letter  to  be  filed  with  the  Society.  Copy  for 
notices  must  be  in  hand  by  the  15th  of  the  month. 

.Mi:i'IIAMC'.\L  ENGINEER,  smgle,  with  experience  in  petroleum 
i-otiniug  aud  training  in  Europe,  for  work  in  Mexico.  State  experience 
,«ind  edncation.     543. 

ENI.'INEEES  to  train  and  develop  in  fundamentals  of  firm  primarily 
■  ■ligaged  in  distillation  of  coal  tar,  with  resjiltant  pi'incipal  production 
"f  bituminous  road  and  rooting  materials.  Ultimate  object,  filling 
operating  positions  in  various  plants  as  foremen,  head  chemist, 
assistant  superintendents,  or  superintendents.  Preferably  men  with 
chemical-engineering  training.  As  contemplated  work  will  eventually 
be  executive,  ability  to  handle  men  is  desirable  asset.     796. 


.MECII-\MCAL  or  ELECTRICAL  ENGINEERS,  at  least  three  years' 
training  in  tecliuical  school  of  standing,  and  one  year's  experience  in 
some  branch  of  electrical  industry.  Salary  $90  per  month.  Loca- 
tion New  York.     S95. 

OFFICE  and  F.ACTORY  MAN  with  general  experience.  Must  be 
qualified  to  investigate  conditions  of  any  department,  report  to  office 
manager,  and  make  suggestions  of  value.  Salary  to  start.  .520  to  $25 
per  week.     Location  Connecticut.     896. 

YOTJNli  ENGINEER  on  special-plant  operation  and  investigation 
work  in  development  of  oil  burners.     Location  Minnesota.     899. 

MECHANICAL  ENGINEER,  25  to  30.  experienced  in  power  pumps, 
power  working  heads  as  used  in  agricultural  districts  and  pneumatic 
water-supply  systems  of  various  kinds  installed  to  supply  water  for 
domestic  use  where  waterworks  are  not  otherwise  available.  Ex- 
perience in   design   and   construction   desirable.      Location    Iowa.      000. 


DESIGNERS  and  SPECI.VL  ENGINEERS.  High-grade  technital 
engineers  for  heavy  machine-tool  and  press  designing ;  high-grade 
engineers  capable  of  working  out  problems  and  designing  conveying 
machinery  for  handling  heavy  material  between  machines ;  engineers 
to  work  out  automatic  press  feeds,  and  layout  draftsmen  as  assistants 
to  lioad  designers.     l/ocation  Wisconsin.     STl. 


SALES  ENGINEER.  Technical  knowledge  of  steam  turbines,  cen- 
trifugal pumps,  fans  and  blowers  essential.  Selling  experience  de- 
sirable. Prefer  college  man  under  30,  with  several,  years'  practical 
operating  experience  and  some  sales  work.  First  letter  must  contain 
complete  record  together  with  minimum  salar.v.  Location  Pitts- 
burgh.    903. 


SALES  ENGINEER,  man  25  to  2S.  couple  of  years  out  of  college. 
S79. 

I>R.\FTSMAN  who  would  invest  some  money  in  a  prosperous  shop 
and  is  familiar  with  horizontal  return-tubular  boilers  and  boiler-sbop 
work  in  general.  State  age.  experience  and  salary  desired.  Location 
New  .lersey.     8.S1. 

1)R.\FTSMAN,  first  class,  experienced  in  Corliss  engines  an-d  heavy 
machinery  for  shop  in  Southern  Ohio.  Give  all  particulars  in  first 
letter.     888. 

STRUCTURAI,  STEEL  DRAFTSMAN.  Salary  depends  on  man. 
SS9. 

MACHINERY  DESIGNER  in  steam-turhin.'  department.  Location 
Massachusetts.     S94. 


TRACER  for  drawings  and  blueprints  and  detail  work  in  connection 
with  engineering  office.     Location  Pennsylvania.     905. 

MASTER  MECHANIC  for  lead-smelting  plant,  operating  blast 
furnaces  and  concentrating  mills;  must  be  man  of  strong  personality, 
capable  of  handling  varied  classes  of  mechanics.  Give  full  details  of 
education  and  experience.     Location  Utah.     906. 


COMBUSTION  ENGINEER,  experienced  in  power-plant  and  stoker 
operation.  Familiar  with  modern  instruments.  Location  Pbiladelpbia. 
907. 


ASSIST.ANT  in  setting  premium  wage  rates  In  Obio  plant,  manufac- 
turing gas  tractors.     Young  man   who  has  had  machine-shop  expert 
ence.      Excellent   opportunity    in   line   of   work    which   is   not    crowded. 
College  man  preferred.     90S. 
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SUPERI NTENDENT 
Eastern  location.     '.)0'J. 


of      -stee!      I'ouudry. 


Stnctly      coiifltioulial. 


ASSISTANT  to  head  of  expti'imuntal  department.  Ijocatiun  New 
England.     911. 

MECH.VNIC.  liigU-grade,  experienced  in  erecting  raacbiuery.  Loca- 
tion I'liiladelphia.     \)1'C. 

YOUNG  ENGINEER  to  train  in  sales  work  in  territory  around  New- 
York  and  New  England.  Good  personality  and  some  commercial  train- 
ing.    Salary  $75  to  $120  a  month.     914. 

DRAFTSMAN  for  same  company  as  901,  accustomed  to  macbiue- 
design,  rentilating  and  heating  work,  to  train  in.  Salary  $18  a  week 
to  start.     Location  New  York.     915. 

SALES  ENGINEERS  to  take  charge  of  territory  in  Cincinnati, 
Indianapolis,  Chicago,  Detroit  districts,  or  work  can  be  handled  by 
men  working  some  other  line.     916. 

DRAFTSMAN  for  engineering  department  of  New  Jersey  plant, 
with  engineering  education  and  experience ;  laying  out  and  installa- 
tion of  new  machinery  in  various  departments  of  plant,  providing  for 
drives,  foundations,  etc.,  making  drawings  and  plans  for  changes  and 
improvements  in  equipment,  and  location,  which  include  roofing, 
machinery,  fire  and  steam  stills  for  manufacture  of  asphalt,  power 
equipment,  crushing  and  conveying  machinery.  Salary  $175  per 
month.     91S. 

STEAM  EFFICIENCY  ENGINEER  for  New  York  concern.  Man 
thoroughly  qualified,  with  operating  experience  and  theoretical  train- 
ing. Duties  involve  traveling,  principally  examination  of  large  steam- 
turbine  plants,  analysis  of  operation  and  introduction  of  improve- 
ments and  economies.  Position  responsible  and  important.  Salary 
adequate.  Tact  a  requisite.  Replies  should  give  full  record  of  quali- 
jications  and  experience  and  should  state  salary.     921. 


SALES  ENGINEER.  Graduate,  experienced  in  scientific  testing 
and  selling  of  coal.  Desires  position  as  sales  manager  (or  ctal- 
operating  company.     At  present  employed.     D-120. 

SUPERINTENDENT  OF  MACHINE  SHOP  or  MASTER  ME- 
CtI.\.NIC.  Graduate  M.  E.  High-grade  tool  designer  and  expert  in 
standardization  of  product.  Good  organizer  and  executive,  with  IH 
years'  practical  experience  in  manufacture  of  high-grade  machinery 
and  precision  tools.     Salary  $3600.     D-121. 

RESPONSIBLE  POSITION  with  manufacturing  or  consulting 
engineering  firm  or  with  a  high-grade  school  of  technology  desired  by 
mechanical  engineer  with  ten  years'  experience  in  machine  shops  and 
engine  works.  Fifteen  years  as  head  of  a  well-known  engineering 
schooi.     East  preferred.     D-122. 

MECHANICAL  AND  DIESEL-ENGINE  ENGINEER,  with  practical 
and  theoretical  experiences,  who  held  successfully  executive  posi- 
tions in  design  and  manufacture  of,  and  experimenting  on  marine 
and  stationary  Diesels  in  Europe  and  in  America,  desires  to  associate 
with  engineering  concern  contemplating  building  Diesels,  or  already 
producing  oil  engines.  Best  references  of  ability,  business  knowledge, 
etc.     D-123. 

INDUSTRIAL  ENGINEER.  Technical  graduate,  age  29.  Three 
years'  experience  as  designing  draftsman  of  industrial  plants,  trans- 
mission machinery  and  labor-saving  devices.  Past  two  years  on  in- 
dustrial-engineering staff;  experienced  in  time  study,  scheduling, 
planning,  modern  cost  system,  etc.  Ability  to  increase  production 
and  decrease  costs,  standardize  equipment  and  improve  method  of 
manufacture.      At  present  employed   but  desires   change.      I.)-124. 

WORKS  ^lANAGER  wishes  to  make  change.  Has  had  more  than 
twenty  years'  experience,  having  for  the  past  fifteen  years  held  posi- 
tion as  factory  or  production  manager  in  plants  employing  from  800 
to  1500  men.     At  present  employed.     D-125. 


ASSISTANT  CIVIL  ENGINEER,  CORPS  OF  CIVIL  ENGINEERS 
V.  S.  N.-\VY".  Examination  will  be  held  at  the  Navy  Department, 
Washington.  D.  C.  Address  the  Chief  of  Bureau  of  Y'ards  and  Docks, 
Navy  Department,  Washington,  D.  C.     924. 

THREE  DRAFTSMEN,  pipe  work,  covering  steam,  hydraulic  water, 
and  air  piping.  Also  machine  designers  and  plant-layout  men.  Also 
first-class  structiu-al-steel  and  power-plant  man.     Location  Ohio.     927. 

DRAFTSMAN  familiar  with  valve  detail  and  design  and  with 
experience  on  estimating  and  layout  work.  Excellent  opportunity  for 
competent  man.  State  age,  experience  in  detail,  references  and 
salary  expected.     Apply  by  letter.     Location  New  York   State.    928. 

HIGH-GRADE  DESIGNER  on  hydraulic  machinery.  Permanent 
position.  Must  he  reliable  and  have  capacity  for  work.  State  age, 
nationality,  experience,  and  salary  expected.     Location  Michigan.     929. 

ASSISTANT  ENGINEERS,  one  to  be  responsible  tor  the  layout 
and  installation  of  mechanical  equipment  in  connection  with  power 
plants  and  industrial-huilding  design  ;  the  other,  a  man  who  can 
take  the  responsibility  of  complete  design  on  industrial  buildings 
and  write  specifications.  Positions  pay  $2,000  a  year.  Location 
-Connecticut.     9o0. 

ASSISTANT  TO  PURCHASING  AGENT,  to  take  care  of  engineer- 
ing specifications  and  contracts  and  act  as  consulting  engineer ; 
position  calls  for  general  experience  in  mechanical  engineering  and 
in  all  matters  relating  to  construction.     Location  New  York  State.  932. 


MECHANICAL  ENGINEER.  Technical  graduate.  Over'20  years' 
mechanical  and  executive  experience.  Now  employed.  Desires  to  locate 
with  large  manufacturing  concern  as  chief  engineer.  None  but  high- 
class  executive  position  will  be  considered,  where  waste  and  patronage 
do  not  prevail   but  eflicient  plant  operation  is  demanded.      D-126. 

ASSISTANT  MANAGER  or  SUPERINTENDENT.  Will  consider 
position  as  chief  engineer  or  resident  engineer.  Location  immaterial. 
D-127. 

DIRECTOR  or  PRINCIPAL  of  trade  or  vocational  school.  At 
present  director  of  trade  school.  Technical  education.  Twenty 
years'  practical  experience  in  machine  work  and  teaching.  Best 
references.     Desires   to  make  change.     D-128. 

CHIEF  ENGINEER.  Age  35.  Desires  position  of  responsibility 
with  live  company,  as  head  of  engineering  department.  Successful  in 
designing  with  view  of  low-cost  quantity  production,  interchange- 
ability,  etc.  Has  held  present  position  eight  years,  in  charge  of 
engineering  department  and  drafting  office  with  large  corporation  in 
Middle  West.  Desires  to  locate  where  ability  counts  and  greater 
opportunity  for  advancement  exists.  Salary  $250  to  $300  per  month. 
D-129. 

EXECUTIVE  ENGINEER.  Age  30.  University  of  Wisconsin  M.  E. 
graduate.     Seven  years'  experience  in  industrial  plants  and  consulting 

engineering,  embracing  power-plant  design  and  testing;  specifications: 
reports ;  elBciency  in  power  generation  and  utilization.  Employed  at 
present,  but  desires  change  to  position  with  better  prospects.  Loia- 
tion  preferred,  Middle  West.     D-130. 


MEN  AVAILABLE 

Only  members  of  the  Society  are  listed  in  the  published  notices 
in  this  section.  Copy  for  notices  slioidd  be  in  hand  by  the  15th 
of  the  month,  and  the  form  of  the  notice  should  he  such  that  the 
initial  words  indicate  the  classificatinn.  Notices  are  not  repented 
in  consecutive  issues. 

RAILW-\Y  MECHANICAL  ENGINEER,  at  present  employed,  age 
37,  technical  education.  Seventeen  years'  experience  as  railway 
machinist,  draftsman,  chief  draftsman  and  mechanical  engineer. 
Desires  position  with  railway  company,  railway  supply  house  or  in- 
dustrial plant,  with  greater  responsibility  and  opportunity.  Location 
immaterial.     Salary  .«:2400.     D-llS. 

FUEL  TESTING  ENGINEER.  Graduate,  age  34.  Seven  and  half 
years'  experience  in  scientific  testing  of  coal  in  industrial  plants,  for 
large  coal  company  in  Middle  West.  Desires  position  as  combustion 
engineer  for  large  user  of  coal.     At  present  employed.     D-119. 


Y.VLE  GR.4DUATE  mechanical  engineer.  Six  years'  practical  ex- 
perience. Desires  to  change  his  position  for  one  with  either  manu- 
facturing company  or  consulting  engineer.      D-131. 

SPECIALIST  in  design  of  boiler  furnaces  and  boiler-room  equipment. 
.Mechanical  engineer.  Age  42.  Twent.v  years'  experience  in  power- 
plant  design,  construction  and  operation.  Would  take  charge  of 
power-plant-construction  work ;  now  superintendent  of  large  power 
station.     Present  salary  $3,000.     D-132. 

MECHANICAL  ENGINEER.  University  graduate.  Age  34.  Ten 
years'  experience  in  West  on  contract  work,  design  and  superintending 
<oustruction  of  industrial  plants  and  varied  projects ;  operation  and 
plant  eSiclency ;  plans,  estimates  and  reports,  design  of  speMal 
machinery.  Now  in  charge  of  mechanical  and  civil  engineering  work 
for   Western   concern,   but   desires   to   make   new   connections.      D-13:^.. 

STUDENT  JIEMBER.  Buckneil  University:  graduate  '17  in 
mechanical-engineering     course.       Three     years'     practical     shopwork  : 
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two  years  applied  sbopwork  ;  assistant  instructor  in  meclianical  draft- 
ing for  two  years.     D-13-1. 

MECHANICAL  AND  ELECTKICAL  ENGINEER.  Graduate  Uni- 
versity of  Illinois,  age  31,  single,  I.  C.  S.  Spanish.  Ten  years'  experi- 
ence erecting  and  operating  power  plants.  Three  years  in  present 
position  as  superintendent  of  large  public  utility.  Desires  position  as 
chief  engineer  or  plant  manager,  or  will  travel.  Can  produce  results 
in  economical  operation  of  any  power  plant.  Has  .^SOO.OO  worth  of 
measuring  and   recording  instruments.     Will  go  anywhere.      D-135. 

GENERAL  MANAGER  or  MANUFACTURING  EXECUTIVE.  Age 
43.  At  present  employed.  Twenty-two  years  in  various  executive 
capacities,  progressively  from  small-shop  foremanship  to  vice-presi- 
dency, in  charge  of  engineering  and  manufacturing  in  large  establish- 
ments. E.\perience  broad  and  general,  covering  foundry  and  machine- 
shop  work,  large  and  small,  and  including  engines,  turbines,  blowers, 
'centrifugal  pumps,  condensers,  miscellaneous  machine  shop  products,- 
interchangeable  parts,  tools,  jigs,  gages,  etc.  Knows  men  and  how 
to  handle  them.  Expert  in  cost  accounting  and  control.  Has  done 
considerable  selling,  traveled  extensively  at  home  and  abroad.  Capa- 
ble full  charge  of  large  plant.  Satisfactory  reason  for  desiring  change. 
Highest  references.  -Available  thirty  days.  Location  Philadelphia  or 
vicinity.     D-136. 


ence  in  design,  construction,  and  installation  work,  including  ordnance, 
ballistic  apparatus,  hydraulic  machinery  and  structural  steel.  Well 
grounded  in  the  fundamentals  of  steam  and  electrical  engineering. 
Thoroughly  practical,  with  executive  ability,  and  not  afraid  of  work 
or  responsibility.     Location  preferably  East  or  South.     D-14o. 

ASSISTANT  PROFESSOR  or  INSTRUCTOR,  if  there  are  possi- 
bilities of  advancement,  in  mechanical  engineering.  Degrees  of  E.E., 
M.E.  and  Sc.D.  Six  years'  teaching  experience  in  two  of  the  leading 
technical  schools  and  some  in  power  plant  W'ork.  Will  be  open  for 
engagement  after  June  13.  Location  in  or  near  New  York  preferred. 
D-146. 

ASSISTANT  SUPERINTENDENT,  age  25,  M.  I.  T.  graduate.  Ex- 
perienced in  woodworking  and  in  the  design  of  package  conveyors. 
At  present  employed.     Location  preferred.  New  England.     D-147. 

MECHANICAL  ENGINEER,  age  31,  married.  Technical  and  prac- 
tical shop  work.  Wide  experience  in  testing  of  materials  and  equip- 
ment for  large  modern  factory.  Seven  years'  work  on  the  designing, 
testing  and  installation  of  valves,  fittings  and  steam  specialties.  Com- 
petent in  getting  out  concise  reports  and  business  corre.'ipondence. 
Desires  position  where  ambition  and  hard  work  are  prime  necessities. 
D-148. 


MECHANICAL  ENGINEER.  Technical  graduate,  age  39.  Twenty 
years'  experience  in  shop  and  office  on  small  intricate  work,  such  as 
guns,  type-setting  machinery,  typewriters,  adding  machines,  and  cash 
registers.     D-13T. 

MANAGING  EXECUTIVE.  Age  37.  Fifteen  years'  experience  in 
mining,  quarrying,  and  manufacture  of  gypsum  and  gypsum  products, 
as  purchasing  agent,  designer,  and  operating  manager.  Thoroughly 
familiar  with  the  business  in  all  branches,  especially  organization 
and  development  of  efficient  machinery  and  working  forces  and  value 
of  costs  and  their  application  to  manufacturing.  Desires  responsible 
position  with  financially  responsible  concern  in  same  or  similar  busi- 
ness, in  which  interest  may  be  attained  at  later  date.  Now  engaged 
in  consulting  work;  free  for  appointment  after  April  1.     D-138. 


WORKS  ENGINEER  or  ASSISTANT  WORKS  ENGINEER. 
Mechanical  engineer  married,  age  32.  Graduated  from  prominent  engi- 
neering school.  Three  years'  experience  in  operation,  erection  and 
maintenance  of  large  boilers,  steam  engines,  gas  engines,  piping  sys- 
tems and  small  steam  turbines.  Three  years'  experience  teaching 
mechanical,  steam  and  gas  engineering  practice.  Resourceful,  tactful 
and  can  handle  men.  Will  start  at  $2000  per  year  if  with  good  con- 
cern, and  there  is  opportunity  for  advancement  and  responsibility. 
Available  July  1.     D-149. 

MECHANIC.\L  ENGINEER  with  experience  in  the  design  and  manu- 
facture of  aeroplane  motors,  also  expert  tool  designer,  desires  executive 
position  in  connection  with  engineering  department.  Now  ^mplo.ved. 
Location  immaterial.     D-150. 


ENGINEER.  -Technical  graduate,  twelve  years'  engineering  and 
manufacturing  experience,  combined  with  business  and  sales.  Oppor- 
tunity desired  where  technical  training  and  with  good  business  judg- 
ment will  be  of  value.     D-139. 

FACTORY  MANAGER  or  PRODUCTION  MANAGER.  Technical 
graduate,  31,  ten  years'  experience  in  costs,  efficiency  engineering  and 
factory  reorganization  and  management.  Trained  in  stopping  leaks 
and  increasing  output.  Reference  to  several  concerns  as  to  ability 
and  results  secured.     D-140.  , 

COMBUSTION  ENGINEER.  Age  30,  married,  technical  graduate. 
Four  years'  experience  in  boiler-efficiency  work,  thoroughly  familiar 
with  hand  and  stoker-firing  methods  and  handling  boiler-room  labor ; 
anthracite  or  bituminous  coal;  former  assistant  smoke  inspector  of 
large  city.  Experienced  in  fuel  analysis,  furnace  design  and  other 
essentials  of  boiler-room  practice.  Location  preferred,  100  miles  from 
Philadelphia.     D-141. 

MECHANICAL  ENGINEER.  Technical  graduate,  age  35.  Eight 
.years'  practical  experience  in  design,  construction,  erection,  testing 
and  maintenance  of  power-generating  and  distributing  equipment. 
Fully  competent  to  handle  problems  in  station-betterment  work.  Can 
qualify  as  inspector  of  apparatus  under  construction.  Has  had  Al 
experience  on  boilers,  turbines,  steam,  oil  and  gas  engines,  condensers 
and  electrical  ^uipment.  Aggressive,  resourceful  and  capable.  Can 
furnish  best  references.  At  present  employed  as  estimator  and  sales 
engineer,  but  desires  larger  field  -jf  action,  .\vailable  on  short  notice. 
Location  immaterial.      D-142. 

CHIEF  ENtilNKER.  Graduate  M.E.  Age  35.  Now  construction 
and  maintenance  engineer  in  charge  of  construction,  maintenance  and 
power  departinents  of  large  electrically  driven  dye  plant ;  wide  ex- 
perience in  construction  and  maintenance  along  both  electrical  and 
mechanical  lines.  Seven  years  chief  engineer  Western  sugar  factory. 
Four  years  erecting  engineer  for  manufacturer  of  large  steam  turbines. 
Minimum  salary  $2750.     D-143. 


TECHNICAL  GRADUATE,  age  31,  experienced  as  a  general 
machinist  in  locomotive  repairs,  gasoline-engine  construction,  foreman 
in  the  motive-power  department  of  a  leading  railway,  draftsman  in  the 
manufacture  of  brass  goods,  pressure  regulators  and  tools  connected 
with  the  same,  and,  in  the  factory  system  connected  with  the  latter 
position,  desires  to  locate  with  a  going  concern  in  the  industrial  field 
with  aim  of  developing  into  a  position  of  responsibility.  Other  con- 
ditions considered.     Prefers  medium-sized  cities  of  Middle  West.     D-151. 

COMBUSTION  ENGINEER,  age  34,  technical  and  practical.  Ten 
years'  experience  in  combustion  and  boiler-house  efficienc.v.  Familiar 
witi  large  and  small  boiler-house  practice,  different  types  of  boilers 
and  stokers.  At  present  employed  by  large  concern,  having  produced 
their  best  results.  Desires  a  change.  Would  like  to  connect  with 
fii-m  having  large  boiler  house  or  chain  of  boiler  houses  requiring  the 
serviies  of  a  progressive  man.     Highest  references.     D-l.n'2. 

MECHANICAL  ENGINEER.  Technical  graduate  with  ten  years' 
experience  as  draftsman  and  superintendent  of  construction  desires 
position  where  his  four  years'  railroad  shop  training  and  knowledge 
of  works  management  will  be  of  value.     D-153. 

MECHANICAL  ENGINEER,  age  25,  technical  graduate.  Has 
machine-shop  and  drafting  experience,  knowledge  of  accounts  and  up- 
to-date  efficiency  methods.  Desires  position  as  assistant  to  executive 
or  works  manager.  Successful  experience  as  executive.  Now  em- 
ployed.     D-154. 

POWER  ENGINEER  or  FACTORY  MAINTEN'-ANCE  ENGINEER. 
Technical  education  and  six  years'  experience  in  gas,  oil,  and  steam 
plants,  light,  heat  and  power  transmission,  factory  upkeep  and  ex- 
tensions.    At  present  employed.     D-155. 

.\SSISTANT  PROFESSOR  in  mechanical  engineering  or  electrical 
engineering  or  similar  position  as  supervising  technical  instructor. 
Graduate  M.E.  from  one  of  the  leading  engineering  universities.  Eight 
years'  experience  in  teaching  engineering  subjects.     D-15G. 


GRADUATE  ENGINEER.  Will  graduate  from  mechanical  engineer- 
ing in  June;  two  years'  pra-tical  experience  in  machine-shop  work, 
some  experience  in  turbine  design.  Will  accept  any  good  position 
offering  advancement.     References  available.     D-144. 

WORKS  MANAGER  or  ASSISTANT  TO  EXECUTIVE.  Mechanical 
engineer,  age  37.     Technical  graduate.     Fourteen  years'  varied  experi- 


MANAGER,  ASSISTANT,  SUPERINIENDENT,  EXECUTIVE  or 
SALES  ENGINEER.  Technical  graduate  in  mechanical  engineering ; 
varied  experience  in  mechanical,  electrical,  and  civil  engineering  lines, 
involving  design,  inspection,  reports,  responsible  charge  of  construc- 
tion work,  plant  operation,  management,  purchasing,  etc.,  in  con- 
nection witli  power,  lighting,  and  industrial  plants,  electric  railways, 
etc.      Salary    $3,000-$3,600. — D-157. 
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One  of  the  most  significant  movements  brought  about  b\ 
the  European  War  is  an  intensification  of  scientific  and 
engineering  research.  The  reasons  for  this  are  fairly  obvious. 
In  the  first  place,  it  is  due  to  the  effort  to  satisfy  the  tre- 
mendous demand  for  vcar  materials  and  necessities  of  life, 
where  the  supply  of  the  latter  has  been  interrupted.  In  the 
second  place,  the  search  for  new  ways  and  means  of  produc- 
tion is  caused  partly  by  the  desire  to  make  the  country  inde- 
pendent of  foreign  supply  of  basic  essentials  of  manufacture; 
and  further,  it  expresses  the  effort  to  pay  the  cost  of  the 
present  struggle  by  a  production  increased  in  volume  and 
more  economical  in  method. 

In  the  present  issue,  this  tendency  is  exemplified  •  by  the 
article  of  Le  Chatelier  on  Scientific  Problems  Awaiting  Solu- 
tion. 

THIS  MONTH'S  ARTICLES 

In  the  section  Aeronautics  attention  is  called  to  a  descrip- 
tion of  sand-load  tests  on  wings  of  a  Curtiss  flying  boat. 

Data  on  the  structure  of  the  coating  of  tinned  sheet  copper, 
in  relation  to  a  curious  case  of  corrosion  of  this  material,  are 
reported  from  a  Technologic  Paper  of  the  Bureau  of  Stand- 
ards, of  which  an  advance  abstract  has  been  courteously  sup- 
plied to  The  Journal  by  the  Bureau. 

At  Queens  University,  Kingston,  Ontario,  an  investigation 
on  cobalt  alloys  with  non-corrosive  properties  has  been  car- 
ried out. 

Also  from  an  advance  publication  of  the  Bureau  of  Stand- 
ards is  reported  a  description  of  a  specific-gravity  balance 
for  gases. 

The  limits  of  inflammability  of  gaseous  mixtures  form  the 
subject  of  an  investigation  by  Prof.  W.  M.  Thornton,  ab- 
stracted from  the  (British)   Philosophical  Magazine. 

The  engineering  phases  of  smoke  abatement  are  discussed 
by  Osborne  Monnett,  who  considers  draft  as  by  far  the  most 


important  factor  in  the  question  of  reducing  smoke  effectively. 

An  editorial  in  a  British  publication,  The  Auto,  reports  a 
discussion  at  the  Midland  Institute  of  Mining  Engineers, 
Birmingham,  England,  on  the  use  of  benzol  as  a  fuel  in  Great 
Britain  after  the  War.  The  discussion  is  of  particular  inter- 
est because  it  covers  the  question  of  distribution  as  well  as 
the  more  strictly  technical  features  of  use. 

In  the  section  Hydraulics  will  be  found  a  description  of  a 
California  water-power  installation,  claimed  to  constitute  a 
record  for  low-head  development.  Its  turbines  are  so  de- 
.signed  as  to  handle  hydraulic  heads  of  but  8  ft.  In  this 
description  particular  attention  is  called  to  the  design  of  the 
sliding-jaw  clutches  and  the  oil-pressure  governor. 

From  the  Cornell  Civil  Engineer  is  briefly  abstracted  a 
paper,  by  G.  C.  Brown,  entitled  Some  Notes  on  Stream  Flow. 
In  addition  to  the  information  reported  in  the  abstract,  the 
paper  contains  highly  interesting  passages  which  could  not 
be  rejjorted  on  account  of  lack  of  space. 

Experiments  carried  out  at  Purdue  University  on  car- 
buretor performance  have  been  reported  by  Prof.  R.  C.  Berry 
in  a  paper  before  the  Society  of  Automobile  Engineers.  They 
)iresent  coordinated  data  on  the  performance  of  the  car- 
buretor proper,  apart  from  that  of  the  engine,  and  show 
clearly  the  variation  of  output  and  efficiency  of  the  engine  as 
functions  of  fuel  <'onsumption. 

A  novel  type  of  combustion  engine  invented  in  this  coun- 
try by  R.  M.  Hvid  is  described  by  E.  D.  Blakely.  While  it 
works  essentially  on  the  same  principle  as  the  Diesel  engine, 
its  cycle  is  rather  different  from  the  latter. 

The  Railroad  Engineering  section  contains  three  articles 
of  interest.  The  question  of  superheat  in  locomotives  is 
treated  in  an  abstract  of  the  discussion  at  the  last  convention 
of  the  American  Railway  Master  Mechanics'  Association. 

A  description  of  the  application  of  Mogul  ninning  gear 
and  machinery  to  a  Mikado  locomotive  is  taken  in  abstract 
from  the  Railway  Mechanical  Engineer. 
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From  a  paper  by  George  L.  Towler  are  abstracted  some 
data  on  water  conditions  in  the  locomotive  boiler  which  indi- 
cate how  little  one  can  depend  on  the  analysis  of  the  raw 
water  when  it  is  desired  to  determine  the  conditions  prevailing 
in  the  boiler. 

The  section  Steam  Engineering  contains  two  articles  de- 
voted to  an  essentially  similar  subject,  viz.,  power  generation 
on  a  very  large  scale.  Thomas  Wilson  describes  the  Ford 
boiler  plant  with  its  seven  immense  boilers.  The  editorial 
article  in  another  issue  of  Power,  devoted  to  the  description 
of  the  Buffalo  General  Electric  Company,  presents  data  on 
an  enormous  installation  plant  for  200,000  kw.  capacity,  in 
units  of  30,000  to  35,000  kw.,  using  pressures  and  superheats 
which  a  few  years  ago  would  have  been  deemed  practically 
imijossible. 


putatious  ineludi  Iso  the  landing  stresses.     The  data  are 

jjresented  in  the  f  of  a  table,  showing,  among  other  things, 
that  the  effect  of  .  rudder  loads  is  by  no  means  negligible; 
while  the  air  loadi  assumed  (speed  100  miles  per  hour; 
rudder  of  7  sq.  ft.  area,  turned  at  20  deg.  simultaneously  with 
stabihzer  at — 6  deg.  and  elevator  at — 20  deg.)  is  rather 
severe,  it  may  weU  occur  after  a  steep  dive.  In  such  an  event 
the  factor  of  safety  would  be  considerably  smaller  than  that 
which  would  follow  from  the  ordinary  calculations  under  Army 
specifications.  Incidentally,  it  is  shown  that  the  stresses  due 
to  landing  are  sometimes  of  lower  and  sometimes  of  greater 
value  than  those  obtained  from  the  combined  air  loads,  show- 
ing the  advisability  of  carrying  through  both  air-  and  landing- 
stress  calculations.  {Aviation  and  Aeronautical  Engineering. 
vol.  2,  no.  3,  March  1,  1917,  pp.  142-143,  4  figs,  t) 


Aeronautics 

Sand-Load  Tests  on  Wings  op  Cuetiss  Flying  Boat  H-12, 
John  H.  DeKh'n  and  G.  E.  Hawthorn 

The  tests  described  here  were  conducted  at  the  order  of  and 
according  to  the  standard  instructions  of  the  British  Admir- 
alty. The  wing  was  the  largest  ever  tested  in  this  country,  the 
overall  span  being  92  ft.  The  wing  on  but  one  side  of  the 
boat  was  tested. 

The  loading  required  is  given  by  the  formula : 

P  =  iV(TF4-  TF,  —  TFJ—  W, 

in  which  P  =  weight  of  sand  on  wing  surface ;  N  =  required 
factor  of  safety ;  W  =  net  weight  of  machine ;  TF,  =  useful 
load  carried,  including  gasoline,  pilot,  passenger,  and  any 
other  useful  load ;  and  W..  =  weight  of  wings.  The  total  load 
applied  was  28,110  lb.,  of  which  the  upper  plane  carried  69 
per  cent,  or  19,400  lb.;  and  the  lower  plane  31  per  cent,  or  8700 
lb. 

As  a  result  of  the  test  (fully  described  in  the  original  arti- 
cle) it  was  found  that  the  wing  withstood  the  load  specified  by 
the  Admiralty  instruction  without  permanent  deflection  or 
signs  of  failure. 

An  illustration  of  the  strength  of  the  wings  is  afforded  by 
the  fact  that  the  wing  was  tested  with  a  load  of  sixty  people, 
amounting  to  9930  lb.,  which  is,  however,  only  about  half  the 
maximum  load.  (Aviation  and  Aeronautical  Engineering. 
vol.  2,  no.  3,  March  1,  1917,  pp.  136-137,  2  figs,  c) 

Note  ok  Stresses  in  Built-up  Rectangular  Bodies  Due  to 
Rudder  Forces,  Alexander  Klemin  and  W.  B.  Ford 

The  article  discusses  the  stresses  in  a  body  produced  by  a 
rudder  when  its  center  of  pressure  is  fairly  high  above  the 
i-enter  line  of  the  body.  In  this  case  the  wire  and  longeron 
stresses  induced  by  the  forces  of  the  rudder  are  worked  out  for 
a  single  panel  of  a  typical  rectangular  body,  assuming  the 
stabilizer  to  be  35  sq.  ft.,  the  elevator  11  sq.  ft.,  the  rudder  8 
sq.  ft.,  and  the  vertical  fin  45'  sq.  ft.,  in  area. 

The  rudder  forces  produce,  first,  bending  in  a  vertical  plane 
through  the  middle  of  the  aeroplane;  and  second,  twisting 
about  the  axis  passing  through  the  centers  of  the  transverse 
diagonal  wires  in  any  panel.  To  allow  for  bending,  it  is  suffi- 
cient to  divide  the  rudder  load  equally  between  the  upper  and 
lower  planes  of  the  body,  and  to  draw  stress  diagrams  in  these 
])lanes  in  the  iisual  manner.  A  process  is  indicated  to  allow 
for  twisting. 

The  article  presents  complete  computations  for  one  panel 
of  a  body  under  rather  severe  air-load  conditions:  these  com- 


Eugineering  Materials 

The  Structure  of  the  Coating  on  Tinned  Sheet  Copper 

IN  Relation  to  a  Curious  Case  of  Corrosion  of 

This  Material,   Paul  D.   Merica 

The  attention  of  the  author  has  been  directed  to  a  curious 
and  instructive  case  of  local  corrosion  or  pitting  in  tinned 
sheet-copper  roofing.  The  pits  occur  in  general  along  the  line 
of  surface  scratches,  having  appeared  some  eight  or  ten  years 
after  completion  of  the  roof.  These  pits  are  apparently  un- 
related to  the  service  conditions  and  to  the  direction  of  rolling 
of  the  sheet. 

A  study  of  the  structure  of  tin  coating  on  copper  has  been 
made,  and  has  shown  that  this  coating  consists  of  at  least 
three  layers,  viz.,  a  thin  layer  of  Cu^Sn  immediately  next  to 
the  copper,  then  a  layer  of  Heycock  and  Neville's  constituent 
N.  containing  about  60  per  cent  by  weight  of  tin,  and,  finally, 
a  layer  of  the  eutectie  of  tin  and  copper,  in  which  is  found 
most  probably  also  the  lead  when  it  is  present  in  the  tinning 
mixture.  This  coating  in  the  case  of  the  coiToded  sheet  was 
thin,  averaging  about  0.012  mm.  in  thickness,  and  quite  varia- 
ble in  both  thickness  and  structure,  varying  from  0.006  ram. 
to  0.03  mm.  in  thickness.  At  many  points  there  were  breaks 
in  the  continuity  of  the  alloy  layer;  at  others,  breaks  in  the 
continuity  of  the  eutectie  layer. 

Etching  experiments  and  measurements  of  electrolytic  e.m.f. 
of  these  layers  towards  various  solutions,  such  as  water,  dilute 
acids,  and  acids  to  which  ferric  or  stannous  chlorides  had  been 
added,  showed  that  the  constituents  of  these  intermediate  alloy 
layers  are  more  electronegative,  i.e.,  less  corrodible  than  either 
the  tin  or  the  copper.  Values  were  found  for  the  e.m.f.  of 
these  alloy  constituents  against  copper  in  various  solutions 
varying  from  —  5  to  —  80  millivolts. 

When  the  copper  becomes  exposed,  therefore,  as  in  the 
present  case  at  the  bottom  of  the  scratches  on  the  surface,  it 
forms  together  with  the  alloy  layer  a  galvanic  couple,  electro- 
lytic action  sets  in,  and  the  copper  at  these  points  is  corroded, 
forming  the  pits  described. 

Many  instances  are  known,  of  course,  of  roofs  of  such 
material  which  have  been  in  service  for  twenty  or  more  years, 
under  severer  conditions  as  regards  soot,  smoke,  etc.,  than 
were  those  under  which  the  roofing  m  question  failed,  and 
which  nevertheless  have  not  shown  signs  of  such  pitting.  Ex- 
l^lanation  of  this  variation  in  service  rendered  by  different 
samiiles  of  the  same  type  of  roofing  material  must  be  sought 
in  the  variation  of  mechanical  abuse,  such  as  scratching,  which 
it  receives,  and  also  in  the  uniformity  of  structure  and  thick- 
ness of  the  tin  coating.  (Abstract  of  Technologic  Paper  No. 
90,  Bureau  of  Standards,  AVashington,  D.  C,  July  11,  1916.) 
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Cobalt  Alloys  with  Non-Corrosive 
Kalmus  and  K.  B. 


i'ERTiES,  Herbert  T. 
:e 


Data  of  an  investigation  conducte"^  til  Queens  University, 
Kingston,  Ontario,  for  the  Mines  Branch  of  the  Department 
of  Mines,  Ottawa,  with  a  view  to  determining  the  use  of  cobalt 
as  an  inhibitant  of  corrosion. 

The  main  purpose  of  the  present  investigation  was  to 
determine  the  effect  of  the  addition  of  small  quantities  of 
cobalt  on  the  atmospheric  corrosion  of  iron  and  mild  steel — 
in  particular,  very  pure  iron  prepared  by  the  open-hearth 
method  for  sheet  roofing  material. 

The  comparative  effects  of  small  amounts  of  cobalt,  nickel, 
and  copper  were  studied. 

The  experiments  cannot  be  considered  as  conclusive,  partly 
because  of  the  methods  used  and  also  because  no  heat  treat- 
ment was  given  to  the  alloys.  But  from  these  premiminary 
experiments  it  appears  that  additions  of  small  percentages 
of  either  cobalt  or  nickel  to  very  pure  ingot  iron  add  to  its 
non-corrosive  properties.  When  used  in  like  amounts,  cobalt 
seems  to  be  more  effective  than  nickel. 

It  was  also  foimd  that  the  rust  on  the  cobalt  samples  is 
more  tenacious  than  that  on  the  other  samples,  and  particular- 
ly that  it  is  of  a  much  darker  color  and  is  removed  by 
mechanical  means  with  vei-y  much  greater  difficulty  than  the 
rust  formed  on  very  pure  ingot  iron  containing  no  cobalt. 
In  this  connection  it  has  also  been  found  that  annealed 
samples  differ  from  unannealed  in  that  for  the  annealed 
samples  the  rust  is  light  in  color  and  much  more  readily  re- 
moved than  in  the  ease  of  unannealed  ones. 

In  addition  to  ordinary  corrosion  tests  with  long  exposure, 
a  few  accelerated  corrosion  tests  were  made  on  some  of  these 
alloys.  These  tests,  which  must  be  considered  as  only  pre- 
liminary, would  indicate  that  the  addition  of  monel  metal  to 
American  Rolling  Mill  Company  ingot  iron  to  the  extent  of 
about  one  per  cent  produces  a  more  non-corrosive  alloy  for 
sheet  roofing  materials  than  the  addition  of  similar  small 
percentages  of  cobalt. 

It  has  also  been  found  that  the  addition  of  copper  to 
American  ingot  iron  to  an  extent  between  0.25  and  0.75  per 
cent  seems  to  be  conducive  to  reducing  the  corrosion  of 
this  quality  of  iron  under  atmospheric  conditions.  It  is 
difficult  to  say,  however,  whether  or  not  the  addition  of 
copper  in  these  amounts  has  a  greater  or  less  effect  than  the 
coiTesponding  amounts  of  nickel  or  cobalt.  (Researches  on 
Cobalt  and  Cobalt  Alloys  conducted  at  Queens  University, 
Kingston,  Ontario,  for  the  Mines  Branch  of  the  Department 
of  Mines,  Part  IV  Canada  Department  of  Mines,  Mines 
Branch,  Ottawa,  1916,  37  pp.,  iUustrated,  e) 

Fuel  and  Firing 

Engineering  Phases  of  Smoke  Abatejient.  Osborne  Monnett 

The  writer  states  that  if  he  were  to  answer  the  question  : 
What  are  the  three  most  important  things  in  smoke  abate- 
ment? he  would  be  tempted  to  say:  first,  draft;  second,  draft; 
and  third,  draft. 

In  investigating  the  smoke  problem  in  Chicago,  where  he 
was  formerly  Chief  Smoke  Inspector,  it  was  found  that  draft 
was  so  important  as  to  overshadow  every  other  consideration : 
and  through  a  long  series  of  investigations  covering  some 
thousand  separate  and  distinct  studies  of  boiler  settings,  the 
curve  was  developed  (Fig.  1)  which  tells  how  much  draft  is 
needed  for  different  rates  of  combustion.  Roughly,  the  rule 
is  this :   We  need   0.1   in.   draft   over  the   fire  per   ])ound   of 


coal  burned  per  square  foot  of  grate  surface  per  hour.  That 
tells  the  story  almost  entirely  throughout  the  range  of  the 
curve.  Beginning  with  0.15  in.  per  sq.  ft.  over  the  fire,  we 
are  able  to  burn  15  lb.  coal  per  square  foot  of  grate  surface 
per  hour  smokelessly.  Cases  can  be  cited  where  more  was 
burned,  but  not  smokelessly. 

Tlie  limit  rate  of  successful  smokeless  combustion  for  hand- 
fired  units  is  about  28  lb.  coal  per  square  foot  of  grate  surface 
per  hour. 

The  rate  of  combustion  in  any  plant  is  fixed,  first,  by  the 
load.  When  the  load  is  known,  the  ratio  of  grate  surface  to 
heating  surface  has  to  be  fixed.  These  two  factors  decide  the 
rate  of  combustion,  and  with  these  the  curve  will  show  how 
much  draft  is  needed  over  the  fire. 

In  laying  out  a  stack  it  is  necessary  to  know  how  much 
draft  loss  there  is  in  the  particular  type  of  boiler  setting 
selected,  so  as  to  know  the  proper  amount  of  draft  over  the 
fire  to  be  provided.  This  loss  runs  from  50  to  65  per  cent 
of  the  draft  available  at  the  stack  side  of  the  damper.     For 
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Fig.  1    Draft  for  Smokeless  Combustion 

determining  the  height  of  stack  the  author  recommends  the 
Stirling  formula. 

In  studying  the  smoke  problem  in  Chicago,  it  was  realized 
that  it  would  be  necessary  to  develop  some  type  of  hand-fired 
furnace  that  could  be  operated  within  the  smoke  limits.  After 
several  designs  had  been  tried,  they  came  to  flush-front  Dutch- 
oven  settings.  These  settings,  however,  made  more  smoke 
than  the  standard  Hartford  setting.  The  reason  for  this  is 
supposed  to  be  as  follows :  When  high-volatile  coal  is  thrown 
on  a  fire,  there  is  a  normal  distillation  of  volatile  matter  due 
to  the  heat  of  the  firebrick.  But  when  you  throw  coal  on  a 
fire  with  a  Dutch  oven,  there  is  not  only  the  normal  distillation 
of  volatile  matter,  but  in  addition  an  artificial  distillation  due 
to  the  high  temperature  of  the  heat  radiating  from  the  red-hot 
firebrick  over  the  fire,  resulting  in  a  double  distillation  of  vola- 
tile matter.  This  causes  dense  smoke  in  spite  of  all  efforts  to 
prevent  it. 

By  taking  off'  the  brickwork  over  the  fire  the  rate  of  volatile 
distillation  was  reduced,  because  there  was  no  radiation  of  heat 
from  the  red-hot  firebrick.  This  not  only  gave  a  smokeless 
furnace,  but  also  increased  the  steaming  capacity  of  the  boiler, 
because  there  was  a  direct  radiation  from  the  grate  into  the 
boiler. 
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The  next  problem  discussed  in  the  paper  is  that  of  burning 
coal  at  lower  rates  of  combustion.  Here,  after  a  long  evolu- 
tion, Tve  have  come  to  a  down-draft  boiler  with  a  water-cooled 
grate,  which,  if  properly  handled,  is  smokeless.  {Proceedings 
of  the  Engineers'  Society  of  Western,  Pennsylvania,  vol.  32, 
no.  9,  December  1916,  pp.  772-795,  10  figs,  gp) 

Benzol  Apter  the  War 

The  demand  for  explosives  created  an  enormous  increase  in 
the  production  of  benzol  in  Great  Britain.  A  certain  amount 
of  this  product  and  of  toluol,  which  is  produced  side  by  side 
with  benzol,  will  be  required  for  dyes,  even  after  the  cessation 
of  hostilities,  but  a  market  will  have  to  be  found  for  the 
excessive  production,  or  approximately  forty  million  gallons 
of  benzol  per  year. 

W.  Newton  Drew  touched  upon  this  question  in  his  paper 
on  The  Rectification  of  Benzol,  recently  read  before  the  Mid- 
land Institute  of  Mining  Engineers,  Birmingham,  Eng.  He 
expressed  the  opinion  that  this  excess  of  benzol  will  have  to 
be  sold  as  a  motor  spirit  to  take  the  place  of  gasoline.  To 
make  this  possible,  the  benzol  must  be  of  standard  quality  as 
regards  distillation  tests,  purity  and  dryness,  and  must  be 
easily  obtained  everywhere  in  convenient  form,  and  at  a 
standard   price. 

While  nothing  has  been  done  as  yet  to  prepare  for  this 
emergency,  the  speaker  urged  that  the  by-product  installations 
of  each  district  throughout  the  country  should  be  linked  up 
in  some  association  or  associations  outside  the  coal  and  coke 
industries. 

As  regards  the  advantages  and  disadvantages  of  benzol  as 
motor  fuel,  the  President  of  the  Institute,  C.  C.  Ellison,  re- 
marked that  he  was  one  of  the  first  to  use  benzol  in  cars,  but 
had  to  give  it  up  because  of  its  objectionable  smell.  Since 
then,  however,  Improvements  In  washing  it  have  progressed 
so  far  that  now  a  very  good  spirit  is  obtainable. 

W.  Newton  Drew  pointed  out  that  90  per  cent  of  benzol 
contained  approximately  84  per  cent  benzene,  15  per  cent 
toluol,  and  1  per  cent  xylene,  and  that  standard  benzol  con- 
sisted of  96  per  cent  benzene  and  4  per  cent  toluol.  It  is  im- 
portant to  bear  in  mind  that  a  small  addition  of  toluol  is  not 
only  not  an  adulterant,  but  has  proved  of  great  benefit  in  that 
it  increases  the  calorific  power  of  the  fuel,  and  in  winter  It 
prevents  its  freezing.  (Editorial  in  The  Auto,  vol.  22,  no. 
6/840,  February  9, 1917,  pp.  92-93,  g) 

Vertical  Furnaces 

A  furnace  has  been  recently  completed  to  a  Government 
order  in  England  by  the  Monometer  Manufacturing  Co.,  Ltd., 
Birmingham,  In  which  a  novel  method  is  used. 

The  problem  was  to  have  several  long  tubes  heated  uniform- 
Ij'  throughout  their  length  to  a  red  heat,  the  temperature  to 
be  kept  constant  within  small  limits.  This  was  effected  by 
supporting  the  tubes  in  a  vertical  position  In  the  furnace 
and  applying  automatic  heat  control.  Several  rings  or  series 
of  burners  are  arranged  round  the  furnace  at  different  heights 
in  order  to  obtain  a  uniform  distribution  of  the  heat,  a  muffler 
or  protection  tube  being  interposed  between  the  burners  and 
the  tubes  to  be  heated  in  order  to  prevent  heat  from  Imping- 
ing directly  upon  the  inner  tubes.  By  this  means  the  tem- 
perature throughout  the  perijihery  of  the  furnace  as  well  as 
the  height  of  the  furnace  is  made  uniform. 

One  control  Is  provided  for  each  ring  or  series  of  burners. 
The  control  operates  on  the  thermostatic  principle  and  is  ad- 


justable to  suit  the  temperature  desired.      {Aeronautics,  vol. 
12,  no.  170,  January  17,  1917,  p.  55,  1  fig.  d) 

Gas  Engineering 

A  Specific-Gravity  Balance  for  Ga.ses,  Junius  David 
Edwards 

The  need  for  an  accurate  method  of  determining  gas  density 
has  been  especially  urgent  In  the  natural-gas  industry,  where 
the  measurement  of  gas,  by  means  of  orifice  meters  requires  a 
knowledge  of  the  density  of  the  gas.  An  Investigation  by  this 
Bureau  of  the  effusion  type  of  apparatus,  which  has  been 
generally  used  for  this  purpose  but  which  has  proven  unre- 
liable in  practice,  has  shown  the  need  of  more  precise  methods. 
To  supply  this  need  the  present  method  was  adopted  and 
suitable  apparatus  designed. 

The  principle  of  the  method  employed  is  based  upon  the 
laws  of  the  compressibility  (Boyle's  Law)  and  the  buoyant 
effect  of  gas.  The  balance  contains  a  beam  which  carries  on 
one  end  a  relatively  large  globe  and  on  the  other  a  small 
counterweight;  the  beam  Is  enclosed  In  a  gas-tight  chamber. 
The  buoyant  force  exerted  upon  the  globe  Is  proportional  to 
the  density  of  the  gas  and  therefore  to  Its  pressure.  There- 
fore, If  the  buoyant  force  exerted  upon  the  globe  is  made  the 
same  as  shown  by  Its  position  of  equilibrium  when  it  is 
suspended  successively  in  two  different  gases,  then  the  densi- 
ties of  the  two  gases  must  be  the  same  at  these  pressures,  or 
the  specific  gravity  is  the  inverse  ratio  of  the  pressures.  In 
operation  the  balance  case  is  filled  with  air  and  the  pressure 
adjusted  until  the  beam  balances.  It  is  then  filled  with  gas 
and  the  pressure  required  to  secure  a  balance  is  determined 
in  the  same  way. 

The  apparatus  described  provided  a  quick,  accurate  means 
of  determining  gas  density.  The  balance  beam  is  supported 
on  two  needle  points,  which  give  high  sensibility.  The  needles 
are  easily  adjustable  and  in  contrast  with  the  metal  or  quartz 
knife  edge  usually  used  can  be  obtained  almost  anj-where, 
are  Inexpensive,  and  can  be  replaced  as  often  as  necessary. 
The  success  obtained  in  the  use  of  this  apparatus  is  mainly 
due  to  the  high  sensibility  afforded  by  this  means  of  support. 
It  is  necessary  to  remove  the  beam  from  the  case  only  when 
it  is  desired  to  transport  it.  No  leveling  bottle  is  necessary 
in  adjusting  the  gas  pressure  within  the  balance,  this  being 
accomplished  by  means  of  a  needle  valve  which  affords  precise 
control.  A  portable  outfit  is  described  which  combines  light- 
ness of  weight,  convenience  in  use,  and  durability  without  any 
great  sacrifice  in  accuracy.  No  preliminary  calibration  of 
the  apparatus  is  necessary.  The  results  obtained  with  this 
balance  were  compared  with  those  obtained  by  a  direct  weigh- 
ing method  and  it  was  shown  that  an  accuracy  of  one  or  two 
parts  per  1,000  could  be  obtained  quickly  and  without  elaborate 
precautions.  (Abstract  of  Technologic  Paper  No.  89,  Bureau 
of  Standards,  Washington,  D.  C.) 

Gas  Gate  Valve,  D.  E.  Keppelmann 

Gate  valves  depend  upon  a  disk  or  disks  riding  Into  a 
groove  between  two  seats  for  their  tightness.  As  a  rule,  leaks 
develop  either  because  of  accumulation  of  foreign  matter  In 
the  valve  or  through  the  scoring  of  its  disk  or  seats  by  the 
pressure. 

In  fact,  the  groove  in  the  bottom  of  the  valve  acts  as  a 
constant  trap  for  deposits  of  foreign  matter.  If  the  groove 
has  been  filled  with  foreign  matter,  however,  it  becomes  finally 
impossible  to  lower  the  disk,  which  causes  leaks. 
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The  valve  described  in  this  article  does  away  with  this  dif- 
ficulty by  eliminating  the  grooved  trap.  The  opening  and 
closing  feature  consists  of  a  solid  wedge  with  the  port  con- 
stantly riding  on  its  seats  located  in  the  sides  of  the  valve, 
creating  a  clean  opening  through  the  valve.  This  makes  the 
valve  self -cleaning,  for  with  the  valve  open  it  presents  a  clean 
surface  flush  with  the  body  of  the  valve.  Consequently  the 
foreign  matter  rides  through  since  there  is  no  trap  or  groove 
or  restriction  of  any  kind  for  the  accumulation  of  foreign 
matter,  making  it  possible  at  all  times  to  close  the  valve  when- 
ever necessary.  When  the  valve  is  closed  the  foreign  matter 
will  accumulate  against  the  wedge,  and  simultaneously  with 
the  lifting  of  the  wedge  this  accumulation  is  immediately  cut 
from  the  wedge  and  carried  through  the  valve  by  the  liquid 
or  gaseous  substances  in  the  line. 

An  additional  advantage  claimed  for  the  new  valve  is  that 
no  by-pass  is  necessary  to  equalize  the  pressure  on  both  sides 
of  the  disk  before  the  latter  has  been  raised,  for  the  seats  are 
never  exposed  to  the  elements  passing  through.  Hence  scor- 
ing is  impossible  and  leakage  from  this  source  is  eliminated. 
(The  Gas  Age,  vol.  39,  no.  3,  February  1917,  pp.  121-123, 
6  figs,  d) 

The  Limits  of  Inflammability  op  Gaseous  Mixtxjbbs,  Prof. 
W.  M.  Thornton 

The  ignition  of  an  inflammable  gas  mixed  with  air  depends 
in  a  variety  of  ways  upon  the  proportion  of  oxygen  present. 
With  impulsive  sparks  or  condenser  discharge  the  ignition 
passes  through  critical  stages  when  the  ratios  of  the  number 
of  oxygen  atoms  to  one  molecule  of  gas  are  whole  numbers. 
The  writer  shows  that  the  proportions  of  oxygen  in  a  limiting 
mixture  are  in  regular  systems. 

Burgess  and  Wheeler  have  shown  that  in  the  case  of  the 
paraffins  the  lower  limit  of  inflammability  is  inversely  pro- 
portional to  the  calorific  value  of  the  gas.  But  this  is  also 
the  case  when  the  number  of  oxygen  atoms  in  the  limiting 
mixture  bears  the  same  proportion  in  each  case  to  those  re- 
quired for  perfect  combustion.  The  present  paper  is  devoted 
to  an  examination  whether  in  general  the  proportion  of  oxygen 
in  the  limiting  mixture  has  any  direct  relation  to  that  for  per- 
fect combiistion.  The  author  finds  that  in  the  upper-limit 
mixtures  of  the  paraffins  there  is  twice  the  volume  of  inflam- 
mable gas  there  is  in  the  mixture  for  perfect  combustion,  and 
that,  further,  the  ratio  of  the  upper  to  the  lower  limits  of  in- 
flammability should  be  nearly  constant.  He  points  out  that 
while  the  upper  and  lower  limits  of  inflammability  can  be  con- 
sidered as  controUed  by  the  heat  liberated  in  the  reaction,  it  is 
not  the  heat  set  free  that  controls  the  oxygen  that  can  be  pres- 
ent (and  so  decides  the  percentage  of  gas),  but  the  oxygen 
that  controls  the  heat.  Hence  inflammation  can  only  occur  when 
certain  numerical  relations  exist  between  the  oxygen  and  gas 
molecules.  Prom  this  the  author  derives  certain  data  from 
which  may  be  predicted  the  limits  of  inflammability  of  certain 
groups  of  compounds  with  fair  hope  of  accuracy.  (The  Lon- 
don, Edinburgh  and  Dublin  Philosophical  Magazine  and  Jour- 
nal of  Science,  vol.  33,  no.  194,  February  1917,  pp.  190-196, 
1  fig,  et) 

Heating 

Relative  Economy   of  Heating   by   Steam   at   Different 
Pressures,  A.  Bement 

Recently   in    Chicago   tests  were  made    to    determine    the 
relative  cost  of  heating  with  steam  at  atmospheric  pressure 


as  against  3  to  5  lb.  pressure  in  modern  office-building  plants. 
In  an  analysis  of  the  problem  a  lieat  re<iuirement  of  5000 
B.t.u.  per  hour  was  taken.  On  the  whole  it  appears  that 
there  is  no  appreciable  difference  in  cost  in  heating  at  dif- 
ferent pressures.  There  is,  however,  an  advantage  in  higher 
pressure  from  the  standpoint  of  first  cost  of  plant  because  as 
the  pressure  is  greater  the  plant  may  be  smaller.  This  factor, 
however,  has  a  limited  value  in  practice  unless  excessive  pres- 
sures are  used.  As  a  matter  of  fact,  any  plant  designed  to 
work  at  5  lb.  should  liave  margin  enough  to  work  perfectly 
at  atmosphere,  and  vice  versa,  so  that  in  the  end  the  cost  of 
heating  will  be  identical  in  both  eases.  {The  Heating  and 
Ventilating  Magazine,  vol.  14,  no.  2,  Februai-y  1917,  pp. 
27-29,  ce) 

Hydraulics 

A  New  Record  for  Low-He.\d  Development,  Rudolph  W. 
Van  Norden 

Description  of  an  unusual  water-power  installation  of  great 
interest  in  that  the  turbines  are  so  designed  as  to  handle  hy- 
draulic heads  of  but  8  ft.  The  installation  was  built  by  the 
labor  of  the  convicts  at  the  State  Prison,  Folsom,  Cal.,  and 
it  is  stated  that  the  work  was  free  from  accident.  The  prison 
is  situated  two  miles  east  of  Folsom,  on  the  south  side  of  the 
American  River,  tributary  to  the  Sacramento,  having  its  source 
among  the  high  altitudes  of  the  Siei-ra  Nevada  range.  For 
about  nine  months  in  the  year  there  is  sufficient  water  in  the 
American  River  to  operate  the  Pacific  Gas  &  Electric  Com- 
pany's plant  at  the  end  of  the  canal  line.  During  the  re- 
mainder of  the  year  the  river's  flow  dwindles  until  in  most 
years  it  will  not  exceed  100  cu.  ft.  per  sec.  With  a  canal 
fuU  of  water  flowing,  and  the  water  level  above  the  prison 
plant  at  the  spillway  line,  the  difference  in  water  level  above 
and  below  the  prison  power  house  is  actually  8.5  ft.  During 
the  period  of  low-water  flow  the  tail-water  level  falls  until 
the  difference  in  head  may  be  as  great  as  12  ft.  In  other 
words,  a  variation  in  head  on  the  turbines  may  be  almost  as 
great  as  50  per  cent  of  the  normal  head.  It  was  required  to 
supply  a  plant  which  would  deliver  continuously  not  less  than 
400  hp. 

A  runner  design  for  high  specific  speed  and  consequent 
great  water  capacity  was  essential,  and  one  was  adopted  of  51 
in.  mean  diameter,  operating  at  100  r.p.m.  and  having  a  nom- 
inal shaft  horsepower  of  215  while  operating  under  8.5  ft. 
head  with  a  flow  of  285  sec-ft.  The  design  of  the  turbine  was 
such  that  while  the  power  output  increases  more  than  50  per 
cent  when  the  head  is  increased  to  12  ft.,  the  efficiency  also 
increases  several  per  cent. 

All  machinery  is  driven  by  induction  motors. 

The  total  weight  carried  by  the  thrust  bearing  is  19,000 
lb.,  to  which  must  be  added  a  hydraulic  thrust  on  the  runner 
of  6000  lb.,  maldng  25,000  lb.  total  load.  The  two  vertical 
steady  bearings  are  oiled  from  a  glass  cup  having  a  capacity 
of  0.6  gal.  of  lubricating  oil.  To  prevent  the  oil  following  the 
shaft  after  passing  through  the  bearing,  there  is  provided  be- 
tween the  lower  end  of  each  bearing  and  the  annular  cup  a 
baffle  ring  which  solidly  clamps  the  shaft,  thereby  deflecting 
the  oil  into  the  cup. 

A  horizontal  jackshaft  extends  between  the  vertical  shafts 
of  the  two  turbines  and  runs  at  300  r.p.m.  Upon  each  end 
of  the  jackshaft  is  mounted  a  rawhide  bevel  gear  driven  from 
the  turbine  shafts  by  cast-iron  bevel  gears  having  split  hubs 
mounted  on  the  turbine  shaft.     As  it  is  intended  to  drive  the 
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jackshaft  from  eitlier  turbine  but  not  from  both  at  one  time, 
there  are  two  sliding-jaw  clutches  operated  by  levers  which 
extend  above  the  generator  lloor.  In  the  design  of  these  jaw 
clutches,  the  following  problem  had  to  be  solved :  In  throw- 
ing out  one  clutch  in  order  to  engage  the  other,  with  both 
turbines  running,  it  must  be  possible  to  momentarily  engage 
the  idle  clutch  before  disengaging  the  running  clutch.  The 
generators  operating  in  synchronism,  there  are  36  points  of 
rela':lve  position  between  the  two  rotors,  any  one  of  which 
may  take  place  when  the  machines  are  synchronized.  As  the 
bevel  gears  have  a  ratio  of  three  to  one,  there  are  36:3  =  12 
positions  in  a  jaw  clutch  when  the  two  halves  of  the  clutch 
might  engage.  In  order  that  the  incoming  clutch  may  always 
be  in  a  i30sition  to  engage,  the  jaw  clutches  are  built  with 
twelve  radial  jaws.  The  object  of  the  jackshaft  was  to  furnish 
by  belt  drive  the  power  to  drive  the  exciter,  the  governor  head 
and  the  oil  pump  furnishing  oil  under  pressure  to  operate  the 
governor. 

One  oil-pressure  governor  controls  both  turbines.     It  is  so 
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arranged  that  both  turbines  may  be  controlled  by  the  governor 
or  one  turbine  by  governor  and  one  by  hand,  or  both  by  hand. 
The  governor  proper  stands  on  the  station  tloor  midway  be- 
tween the  two  generators,  the  operating  cylinder  being  hori- 
zontal and  close  to  the  floor.  The  piston  rod  of  the  operating 
cylinder  extends  through  both  heads.  Close  to  either  gen- 
erator and  in  line  with  the  direction  of  motion  of  the  governor 
are  the  two  hand  wheel  mechanisms,  which  are  mounted  on  a 
cast-iron  frame  that  carries  the  erosshead  into  which  the  piston 
rod  is  fastened;  an  arm  of  this  frame,  which  is  flush  with  the 
floor,  carries  at  its  extremity  a  ball  thrust  bearing,  and  passing 
down  through  the  arm  and  supported  by  the  thrust  bearing  is 
the  rotating  gate  shaft  which  operates  the  turbine  gates 
through  jiush-and-puU  rods  at  the  lower  end  of  this  shaft. 
Above  the  thrust  bearing  and  keyed  to  the  gate  shaft  is  a 
bell  crank,  and  this  is  operated  through  two  links  from  the 
erosshead.  The  handwheel  is  on  top.  Its  vertical  shaft  carries 
a  spur  gear  which  engages  a  pinion  for  the  purpose  of  a  gear 
motion  reduction.  The  pinion  shaft  carries  another  pinion 
which  engages  a  rack  on  the  back  of  the  erosshead.  The  hand- 
wheel  rigging  is  contained  in  a  housing  integral  with  the  main 
frame,  but  is  mounted  on  an  eccentric  which  is  moved  by  a 
lever  fitted  with  a  hand  pull.  By  this  means  the  handwheel 
mechanism  may  be  thrown  out  of  gear  with  reference  to  the 
erosshead.  On  the  handwheel  shaft  is  a  brake  operated  by  a 
small  crank.  The  piston  passes  through  the  erosshead  freely, 
but  engages  the  erosshead  by  means  of  a  spring  bolt  operated 


by  a  swinging  handle.  While  governing,  the  spring  bolt  is 
in  and  the  handwheel  mechanism  by  means  of  the  eccentric  is 
entirely  out  of  gear.  When  operating  by  hand,  the  pin  is 
pulled  out  and  the  eccentric  thrown  in,  and  the  brake  is  used 
to  hold  the  handwheel  where  desired.  The  turbine  gates  are 
designed  to  be  so  balanced  as  to  have  an  opening  tendency  up 
to  0.4  load  and  a  closing  tendency  above  this  point.  While 
the  gates  and  mechanism  are  hea\'y,  one  m-iu  can  handle  the 
gates  without  difficulty,  while  the  governor  moves  them  easily 
with  an  oil  pressure  as  low  as  60  lb.  (Journal  of  Electricity, 
vol.  38,  no.  3,  February  1, 1917,  pp.  65-69,  6  figs,  d) 

Some  Notes  on  Streaii  Flow.  G.  C.  Brown 

While  taking  current-meter  readings  in  the  Beaver  Eiver 
at  Newport,  Pa.,  a  certain  measurement  was  about  three- 
quarters  completed  when  the  meter  refused  to  tick  off  the  revo- 
lutions. Eight  sections  had  been  measured  and  the  stage  of 
the  river  was  such  that  it  was  highly  desirable  to  have  a  read- 
ing at  that  point.  Accordingly,  the  discharges  for  the  eight 
stations  measured  were  computed  for  stages  just  above  and 
below  the  one  under  consideration,  and  also  their  ratio  to  the 
respective  total  discharges.  The  results  proved  to  be  sur- 
prisingly alike,  and  this  prompted  a  more  thorough  investiga- 
■  tion  of  the  relations  that  might  possibly  lie  hidden  in  the  field 
notes  gathered  from  that  same  stream. 

The  Beaver  River  is  a  stream  of  no  unusual  characteristics. 
A  cross-section  of  tlie  river  where  the  current-meter  measure- 
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Fig.  3    Mean  Velocities  for  Each  20  Ft.  Station 


ments  were  taken  shows  a  stream  with  fairly  uniform  sand 
and  gravel  bottom  paved  with  hand-laid  rip-rap  on  one  bank 
and  having  a  natural  dirt  slope  covered  with  weeds  and  brush 
on  the  other  bank. 

Gage  height  3.28  indicates  a  very  low  stage  of  the  river  and 
14.28  a  high  flood  stage.  It  might  naturally  be  supposed  dur- 
ing this  wide  variation  in  height,  velocity  and  discharge  that 
increased  cross-current  eddies  and  other  disturbances  would 
so  confuse  the  natural  line  of  flow  in  the  stream  that  no  sim- 
ilarity could  possibly  exist  in  the  curves  of  low  and  high 
stages.  It  is  a  surprising  fact,  however,  that  marked  relations 
do  exist.  Fig.  2  shows  the  surface-velocity  curves  at  each  20- 
ft.  station  for  different  stages.  While  there  are  marked  vari- 
ations in  some  of  the  cur\'es,  there  is  also  a  great  similarity 
among  them  all.  The  same  likenesses,  but  in  greater  degree, 
are  seen  in  the  curves  of  mean  velocity  given  in  Fig.  3.  The 
curves  of  discharge  in  each  20-ft.  section  show  a  more  marked 
similarity.     The  effect  of  the  difference  in  roughness  between 
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the  paved  slope  and  the  natural-earth  slope  is  very  clearly 
indicated  in  each  set  of  curves.  The  section  of  deepest  water 
and  freest  flow  is  also  indicated  by  a  high  point  in  the  curves. 

Other  curves  show  that  the  discharge  in  any  20-ft.  station 
of  the  stream  for  any  given  stage  bears  a  certain  relation  to 
the  total  discharge  for  the  same  stage,  and  nearly  the  same 
relation  holds  true  whatever  the  stage  of  the  river.  For  sec- 
tions outside  of  approximately  the  middle  third  of  the  stream, 
the  ratio  of  discharge  in  any  section  to  the  total  discharge  is 
nearly  constant,  except  for  very  low  stages. 

In  the  main  body  of  the  stream,  where  the  conditions  of  flow 
are  such  that  the  effect  of  friction  is  practically  constant,  the 
mean  velocity  of  all  sections  is  increased  to  the  same  fold  for 
any  change  in  state  when  the  form  of  the  curves  showing  this 
relation  remains  almost  constant. 

The  paper  is  of  particular  interest  in  showing  how  an  inti- 
mate study  of  a  single  discharge  section  of  a  river  brings  out 
the  interesting  features  of  stream-flow  measurements.  ( The 
Cornell  Civil  Engineer,  vol.  25,  no.  4,  January  1017,  pp.  161- 
169,  5  jjlates,  et) 

Intemal-Conibiistion  Engineering 

New  Rotary- Valve  Engine  Design 

Description  of  the  Van  Keuren  mono-valve  engine  which  is 
about  to  undergo  tests  in  one  of  the  Detroit  laboratories.     It 
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of  obtaining  proper  cumbuslion-chanibcr  form.  In  this  case 
the  chamber  is  conical  and  machined  all  over.  The  spark  plug 
at  the  side  fires  directly  into  the  charge.  {The  Automobile, 
vol.  36,  no.  8,  February  22,  1917,  p.  412,  1  fig,  d) 

The  Hvid  Engine^  E.  D.  Blakely 

Description  of  an  oil  engine  invented  in  this  country  by 
R.  M.  livid  and  working  on  a  cycle  approaching  that  of  the 
Diesel  engine. 

The  engine  is  of  interest  because  of  the  wide  variations  in 
fuel  which  it  is  able  to  use.  The  writer  claims  to  have  actual- 
ly run  a  Hvid-type  motor  on  the  following  fuels:  kerosene, 
crude  oil,  fuel  oil,  road  oil  (35  per  cent  asphaltum),  cod-liver 
oil,  castor  oil,  lard  oil,  cylinder  oil,  melted  butter,  and  thick 
cream.    It  is  not  claimed  of  course  that  all  these  fuels  could 
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Fig.  5    Total  Discharge  Progressing  Across  Stream 


Dischcirge  SecTions.ln  Feet  Width 

Fig.  4     Discharge  for  Each  20  Ft.  Station 

is  of  interest  because  of  its  use  of  an  overhead  rotary  valve. 
The  difficulty  hitherto  has  been  of  properly  cooling  the  valve, 
with  the  result  that  warping  soon  occurred  and  the  engine 
failed.  In  this  particular  engine  the  cooling  water  is  free  to 
circulate  through  the  entire  length  of  the  overhead  cylindrical 
valve.  The  valve  is  lubricated  by  mixing  the  oil  with  the 
gasoline  in  the  proportion  of  about  1  pt.  of  oil  to  5  gal.  of 
gasoline. 

In  this  engine  the  cylinder  block  is  suspended  over  the  valve 
cylinder.  In  this  way  all  upward  reactions  are  transmitted 
to  the  valve  and  the  valve  operates  under  about  60  lb.  maxi- 
mum pressure  per  square  inch  of  bearing  area.  The  purpose 
of  this  is  to  allow  the  cylinders  to  seat  upon  the  valve  mem- 
bers and  maintain  gas  tightness  in  the  cylinder  ports.  In 
other  words,  the  seating  is  directly  opposite  to  that  of  the 
poppet-valve  type,  as  the  cylinders  are  brought  to  their  seat 
inside  of  the  valve.  To  eliminate  the  carbon  troubles  which 
have  also  been  prevalent  on  overhead-rotary-valve  engines,  the 
valve  is  so  shaped  as  to  scrape  the  carbon  from  the  seat  as  it 
is  formed. 

Another  feature  of  an  engine  of  this  type  is  the  possibility 


be  used  practically,  but  the  fact  that  the  engine  will  run  on 
them  speaks  for  the  principles  involved. 

The  Hvid-type  motor  may  be  made  either  four-stroke  or 
two-stroke  cycle.  Ignition  is  secured  by  the  heat  of  compres- 
sion, but  unlike  the  Diesel  motors  the  Hvid  motor  requires 
no  air  compressor. 

Fig.  6  is  a  cross-section  of  the  Hvid  injector  valve,  the 
extreme  end  of  which  projects  into  the  combustion  chamber 
and  operates  as  follows : 

On  the  suction  stroke  of  the  motor,  pure  air  only  is  ad- 
mitted to  the  cylinder  through  the  inlet  valve  1.  While  this 
air  is  being  drawn  into  the  cylinder,  the  fuel  valve  2  is 
mechanically  opened  and  some  fuel  flows  out  of  a  hole  3  into 
a  steel  cup  4,  the  amount  of  oil  being  controlled  by  the  needle 
valve  5.  The  fuel  valve  2  closes  again  just  before  the  end  of 
the  suction  stroke  and  seals  hole  3.  The  compression  stroke 
follows  next  and  the  air  previously  admitted  to  the  cylinder 
is  compressed  to  about  450  pounds  per  square  inch,  which 
renders  it  incandescent.  The  compression  pressure  enters  cujj 
4  through  holes  6  at  the  bottom  of  the  cup,  and  a  minute 
amount  of  the  oil  lying  at  the  bottom  of  the  cup  is  ignited 
by  the  incandescent  air.  The  combustion  wliich  takes  place 
gives  rise  to  a  pressure  within  the  cup  far  in  excess  of  the 
compression  pressure  in  the  cylinder,  and  the  oil  lying  at  the 
bottom  of  the  cup  is  forced  out  of  cup  4  through  holes  6  into 
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the  iucandesceut  air  in  the  cyliuder,  where  it  ignites  spontane- 
ously; the  pressure  arising  from  combustion  forces  the  piston 
forward  on  the  working  or  expansion  stroke. 

The  Hvid  cycle  is  as  follows : 

First,  a  charge  of  pure  air  is  drawn  into  the  cylinder  at  or 
near  atmospheric  pressure  and  temperature.  During  part  of 
this  suction  stroke,  fuel  is  admitted  by  gravity  through  a 
mechanically  operated  valve  into  a  small  steel  cup,  the  inside 
of  which  is  connected  with  the  main  cylinder  by  two  small 
pinholes  which  are  located  at  the  bottom  of  the  cup  and 
point  toward  the  piston.  The  amount  of  oil  admitted  is  con- 
trolled by  the  governor  by  means  of  a  needle  valve. 

Second,  the  pure  air  in  the  cylinder  is  compressed  to  be- 
tween 400  and  500  lb.  per  sq.  in.,  which  gives  rise  to  tempera- 
tures of  from  950  deg.  to  1050  deg.  fahr. 

Third,  as  the  temperature  of  the  air  in  the  cylinder  rises, 
due  to  compression,  so  does  the  temperature  of  the  small 
amount  of  air  which  is  in  the  steel  cup,  smee  the  cup  is  con- 
nected by  the  two  small  pinholes  with  the  main  cylinder. 
There  ensues  then  within  the  cup  an  ignition  and  combustion 
of  a  very  small  amount  of  the  oil  previously  admitted  to  it. 


Fig.  6.     Cross-section  of  the  Injector  Valve  of  the  Hvid 

Engine 

(The  amount  of  oil  consumed  by  this  preliminary  or  primary 
combustion  within  the  cup  must  necessarily  be  infinitely  small 
because  there  is  not  sufficient  air  in  the  cup  to  support  the 
combustion  of  more  than  a  minute  amount.)  As  this  com- 
bustion takes  place,  the  pressure  within  the  cup  rises  above 
that  in  the  combustion  chamber  and  drives  the  surplus  oil 
out  through  the  two  pinholes  in  a  heated  spray,  which,  on 
coming  in  contact  with  the  hot  compressed  air  in  the  cylinder, 
ignites  and  burns  at  approximately  uniform  pressure. 

Fourth,  the  products  of  combustion  are  exhausted.  The 
cycle  is  then   repeated. 

It  is  stated  that  recently  a  test  of  a  three-cylinder  Hvid- 
lype  engine  was  made  in  Lansing,  Michigan.  The  same  size 
of  engine  operating  as  a  conventional  type  of  gasoline  engine 
was  rated  at  60  hji.,  with  a  maximum  output  of  70  hp.,  but 
when  converted  into  a  Hvid  type  it  showed  a  maximum  out- 
put of  87  hp.  and  was  rerated  at  75  hp.  The  fuel  consump- 
tion during  this  test  with  fuel  oil  as  fuel  was  0.42  pint  per 
hp.  The  complete  log  of  the  tests  is  not  given.  It  is  also 
stated  that  the  Hdd  type  can  be  built  in  units  as  small  as  1  hp. 
(Motor  Boating,  vol.  19,  no.  1,  January  1917,  pp.  25,  56  and 
58,  2  figs.,  d) 


A  Standard  of  Carburetor  Performance,  Prof.  R.  C.  Berry 

Carburetor  performance  is  often  reported  in  terms  of  engine 
performance.  This  may  serve  the  purpose  when  it  is  desired 
to  compare  the  merits  of  different  carburetors  for  use  on  a 
good  engine,  but  it  does  not  throw  much  light  upon  the  per- 
formance of  the  carburetor  itself.  There  ought  to  be  estab- 
lished a  standard  of  carburetor  performance  that  would  be 
expressed  in  terms  of  the  ability  of  a  carburetor  to  perform 
those  functions  for  which  it  was  designed. 

The  best  carburetor  is  the  one  maintaining  a  sufficient  vol- 
ume to  atomize  the  fuel  properly,  and  at  the  same  time  adding 
just  enough  heat  to  gasify  the  mixture.  The  amount  of  vacuum 
required  wUl  depend  .partly  upon  the  scheme  used  in  atomiz- 
ing, and  partly  upon  the  character  of  the  fuel.  The  amount 
of  heat  required  will  also  depend  partly  upon  the  way  in 
which  it  is  applied,  and  partly  upon  the  character  of  the  fuel. 

Some  experiments  have  been  recently  carried  out  in  the 
laboratories  of  Purdue  University,  on  a  Haynes  "  Light  Six  " 
engine  mounted  on  a  Diehl  electric  dynamometer.  The  paper 
reports  in  detail  the  methods  used  in  the  tests.  Curves  similar 
to  Fig.  7  were  drawn  in  each  case.  In  this  figure  the  vertical 
(at  0.0671  lb.)  represents  the  theoretically  perfect  mixture 
of  fuel  and  air,  or  the  one  in  which  there  is  just  enough 
oxygen  in  the  air  to  burn  the  fuel,  and  no  excess  of  either 
fuel  or  air.  The  curve  shows  that  the  engine  will  run  with  a 
mixture  of  less  than  0.055  lb.  of  gasoline  per  pound  of  air, 
but  wiU  not  puU  well  with  so  lean  a  mixture.  As  more  fuel 
is  added,  the  power  will  increase  rapidly  until  nearly  full 
power  is  reached,  when  the  curve  becomes  almost  horizontal, 
increasing  slowly  to  a  maximum,  then  decreasing  slowly  for  a 
time  but  finally  reaching  a  point  where  it  falls  off  rapidly. 

The  richest  mixture  with  which  the  engine  could  be  run  was 
0.155  lb.,  or  nearly  three  times  as  rich  as  the  leanest  mixture. 
In  other  words,  a  carburetor  can  be  adjusted  with  as  lean  a 
mixture  as  can  be  used  to  carry  full  load,  and  the  amount  of 
gasoline  can  be  nearly  doubled  without  greatly  affecting  the 
power  capacity  of  the  engine.  It  is  practically  impossible  to, 
stand  by  the  side  of  an  engine  mounted  on  a  test  block  and  dis- 
tinguish any  difference  whatsoever  in  its  performance  as  the 
mixture  is  being  changed  through  this  range.  But  the  effect 
of  this  change  upon  the  efficiency  of  the  engine  is  very  differ- 
ent. The  point  of  highest  efficiency  seems  to  coincide  almost 
exactly  with  the  point  of  the  theoretically  perfect  mixture.  As 
the  mixture  is  made  richer  than  this  the  efficiency  will  decrease, 
even  while  the  power  is  increasing  slightly,  and  will  decrease 
rapidly  after  the  point  is  reached  where  the  power  is  also 
decreasing. 

Another  set  of  curves  given  in  the  article  shows  that  the 
mixture  for  maximum  power  is  not  noticeably  affected  at  half- 
load  by  the  speed,  but  that  at  high  speeds  the  engine  cannot 
hold  up  its  power  with  quite  as  much  excess  fuel  as  at  lower 
speeds.  With  a  leaner  mixture  the  power  holds  up  equally 
well  at  all  speeds. 

The  above  curves  offer  the  explanation  as  to  why  of  two  cars 
of  the  same  make,  and  of  equally  good  mechanical  character- 
istics, one  can  travel  10  miles  on  a  gallon  of  gasoline  and  the 
other  15  miles.  This  is  because  on  one  car  the  carburetor  gets 
a  powerful  but  lean  and  therefore  efficient  mixture;  while 
the  other  carburetor  receives  too  rich  a  mixture. 

The  following  rule  is  suggested  for  adjusting  a  carburetor: 
Decrease  the  quantity  of  gasoline  until  the  engine  loses  power; 
and  then  increase  it  slowly  until  good  power  is  restored,  but 
not  a  notch  beyond  this  point.  iS.  A.  E.  Bulletin,  vol.  11,  no. 
5,  February  1917,  pp.  556-564,  5  figs,  ep) 


Aphil 
1917 


ENGINEERING  SURVEY 


351 


Machine  Parts 

Notes  on  Screw  Gages,  Col.  K.  E.  B.  Crompton 

Paper  presented  to  the  Institution  of  Automobile  Engineers. 
It  begins  with  definitions  of  various  terms  used  in  discussion 
of  screw  gages  as  adopted  by  the  Engineering  Standards  Com- 
mittee (Great  Britain),  and  then,  after  a  brief  history, 
proceeds  to  the  discussion  of  the  various  threads,  such  as  the 
Whitworth  and  British  Association    (B.  A.). 

The  writer  points  out  that  notwithstanding  the  work  done 
at  Woolwich,  at  the  National  Physical  Laboratory,  and  else- 
where, when  the  war  broke  out  there  was  no  satisfactory 
system  in  use  for  gage  making.  If  gages  had  at  that  time 
been  so  designed  that  they  could  have  been  cheaply  and 
readily  produced  in  quantity,  England  would  have  saved  many 
thousands  of  pomids  and  much  delay  in  the  turning  out  of 
shells. 

One  of  the  opinions  as  to  the  causes  of  difficulty  in 
producing  gages  in  England  was  tliat  the  rounded  roots  and 
crests  of  the  Whitworth  form  of  thread  require  elaborate 
plants  and  form  a  costly  item  in  gage  work.  The  American 
Sellers  form  and  the  Continental  International  thread  use  an 
angle  of  60  deg.  with  fiats  on  crests  and  roots,  for  which 
gages  are  more  easily  made. 

The  writer  states  further  that  when  the  demand  for  inter- 
changeable screw  work  for  shells  became  so  pressing  that  a 
large  supply  of  accurately  made  gages  became  necessary,  it 
was  found  that  many  of  the  gages  proposed  in  Report  38  of 
the  Engineering  Standards  Committee  were  very  difficult  to 
make,  especially  those  parts  where  accurate  machining  ov 
lapping  of  the  grooved  portions  of  the  thread  at  crests  and 
roots  were  supposed  to  be  necessary  and  were  insisted  upon 
in  many  of  the  government  spciflcations.  Of  all  the  gages 
the  most  difficult  to  make  accurately  are  the  full-form  "  go  " 
gages.  As  regards  the  theory  and  practice  of  these  gages,  it 
is  evident  in  the  first  place  that  in  order  to  secure  inter- 
changeability  and  at  the  same  time  take  the  fullest  ad- 
vantage of  any  tolerances  which  can  be  allowed  on  the  work, 
the  "  go "  plug-and-ring  screw  gages  should  each  follow  the 
same  mathematical  outline  which  is  most  naturally  defined 
by  the  theoretical  nominal  size  and  form  of  thread.  The 
tolerances  on  the  work  should  be  such  that  all  screwed  plugs 
are  on  or  below  this  size  and  all  screwed  holes  on  or  above 
it.  In  practice,  however,  it  is  not  possible  to  make  either 
gages  or  work  so  perfectly  that  the  plug  and  ring  of  the 
same  mathematical  size  will  screw  together.  Some  tolerance 
needs  to  be  allowed  on  the  gages  themselves,  and  reference  and 
check  gages  have  also  to  be  considered. 

As  regards  tolerances  on  screwed  work,  the  writer  believes 
that  part  of  a  tolerance  is  a  fixed  quantity,  i.e.,  that  made 
necessary  by  roughness  of  surfaces,  films  of  dirt,  or  similar 
physical  matters,  and  this  applies  equally  to  a  small  screw 
and  to  a  large  one.  It  follows  that  the  proportion  which  this 
constant  tolerance  bears  to  the  thread  depth  in  the  small  screw 
is  very  large  as  compared  with  the  same  constant  tolerance 
applied  to  the  large  screw.  This  was  not  at  first  realized,  so 
that  it  was  found  in  practice  that  although  the  tolerances  for 
the  large  screws  laid  down  in  Report  38  are  workable,  those 
for  small  screws  on  the  Whitworth  or  B.  S.  F.  scale  (V2  in. 
to  %  in.)  and  the  B.  A.  series  were  far  too  fine  and  are 
practically  non-workable. 

Hence  the  writer  suggests  that  the  whole  series  of  screws, 
from  3  in.  down  to  the  tiny  screws  used  for  instruments, 
should  follow  one  law  for  tolerances  modified  only  by  con- 
siderations of  the  method  of  manufacture.     Small  tolerances 


or  close  fit  on  effective  diameter  ai'e  chiefly  recjuired  to  prevent 
the  screws  and  nuts  from  working  loose. 

As  regards  clearances,  although  decisions  on  this  point  are 
urgently  needed,  nothing  definite  has  been  done. 

It  is  further  evident  in  the  opinion  of  the  writer  that  if 
high-crested  taps  having  a  core  diameter  somewhat  above  the 
nominal  are  used  for  all  nuts,  the  high  crests  will  insure 
triangular  clearances  at  the  crests  of  the  male  threads  and  the 
increased  core  diameter  of  the  tap  will  reamer  away  the  inner 
salients  of  the  nuts  so  that  the  threaded  surfaces  of  bolts  and 
nut  will  come  in  contact  only  on  the  slopes.  Their  fit,  there- 
fore, is  a  question  of  the  tolerances  on  effective  diameter. 
The  full  diameter  and  core  diameter  of  the  bolts  may  take 
care  of  themselves  and,  if  specified  at  all,  very  wide  tolerances 
might  be  allowed  on  them. 

But  if  we  allow  the  above  clearances  before  addressing  our- 
selves to  securing  a  good  fit  by  tolerances  graduated  accord- 
ing to  the  requirements  of  the  work  on  effective  diameter,  we 
can  greatly  simplify  the  gaging  question  by  practically  con- 
fining it  to  the  gaging  of  the  male  screws  by  means  of  an 
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adjustable  split  nut  accurately  made  as  to  pitch  and  thread 
foiTQ  and  cleared  in  such  a  manner  that  it  only  bears  on  the 
slopes  of  the  threads  that  are  to  be  tested  and,  therefore, 
tests  the  effective  diameter  only.  Such  a  method  of  testing 
is  not  new  but  has  rather  been  lost  sight  of. 

As  regards  the  gagmg  of  nuts,  the  writer  believes  that  the 
real  gage  for  nuts  is  the  tap,  and  nothing  may  improve  screw 
interchangeability  so  much  as  improvement  in  tap  manufac- 
ture. En-ors  in  pitch  introduced  in  the  process  of  hardening 
tajas  must  be  minimized  and  a  system  of  cutting  the  taps 
directly  and  accurately  out  of  hardened  blanks  should  be  en- 
couraged. (Paper  presented  before  the  Institution  of  Auto- 
mobile Engineers,  abstracted  tlu-ough  the  Automobile  En- 
gineer, vol.  7,  no.  99,  February  1917,  pp.  35-37,  gp) 

Munitions 

Heat  Treating  Shrapnel  Forcings 

Description  of  the  methods  used  at  the  Hofman  plant  of 
the   Symington   Machine   Corporation,   at   Rochester,   N.   Y., 
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where  75-mm.  Russian  shrapnel  are  being  made  at  the  rate  of 
over  15,000  per  day. 

The  equipment  for  hardening  the  shell  forgings  consists 
of  thi-ee  twin-chamber,  double-end,  overfired  oil  furnaces  built 
by  the  Metals  Production  Equipment  Co.,  of  New  York.  The 
combustion  chamber  of  each  of  these  furnaces  is  above  the 
working  chamber  and  is  separated  from  it  by  a  perforated 
arch  of  refractory  tile.  The  oil  is  delivered  from  overhead 
feed  lines  to  five  burners  at  each  side  of  a  two-unit  battery 
of  furnaces.  The  oil  is  atomized  by  steam  and  delivered  to 
the  burners  at  80  lb.  pressure.  The  flame  of  combustion  is 
retained  in  the  combustion  chamber  and  the  heated  gases  flow 
down  through  the  checked  refractory  arch  into  the  working 
chamber  containing  the  sheU  forgings.  After  circulating  in 
this  chamber  the  gases  pass  out  through  an  outlet  in  the  side 
wall  into  a  duct  under  the  chamber  and  up  through  flues  in 
the  other  side  wall  to  vents  in  the  top. 

The  roughly  machined  forgings  are  placed  in  metal  trays 
providing  convenient  means  of  quickly  placing  four  shells  at 
the  proper  distance  apart  so  that  the  heat  of  the  furnace  may 
circulate  between  them. 

HydraulicaUy  operated  cylinders  push  three  trays  of  shells 
into  the  furnace  when  water  under  70  lb.  pressure  is  admitted 
to  the  cylinders. 

After  the  furnace  has  been  filled  with  trays  of  forgings 
each  succeeding  gi-oup  of  three  trays  that  is  pushed  in  through 
the  door  at  the  front  pushes  all  the  others  before  it  so  that 
the  last  one  emerges  from  the  door  at  the  back.  As  the  shells 
leave  the  furnace  an  operator  inserts  the  hooks  of  a  two- 
pronged  rake  into  holes  in  each  tray  and  by  a  quick  move- 
ment puUs  it  forward  on  smooth  ways  to  a  stop. 

The  forgings  are  subjected  to  a  temperature  of  about  1500 
deg.  fahr.  for  a  period  of  one  hour  and  twenty  minutes.  The 
following  device  is  used  for  regulating  the  movement  of  the 
shells  through  the  furnace.  It  was  determined  that  in  order 
to  subject  each  group  of  forgings  to  the  heat  of  the  furnace 
for  exactly  the  required  length  of  time,  three  trays  must 
enter  the  furnace  every  five  minutes.  To  insure  the  strict 
observation  of  this  schedule  an  electric  gong  was  installed  to 
warn  the  operator  when  it  was  time  to  place  another  group 
of  trays  in  the  furnace.  The  ringing  of  the  gong  is  timed  by 
a  revolving  drum  driven  by  a  small  direct-current  motor. 

From  the  furnace  the  sheUs  go  into  the  quenching  oil.  The 
oil  reservoir  contains  8000  gal.  of  oil  which  is  maintained 
at  the  uniform  temperature  of  120  deg.  fahr.  by  an  extensive 
circulating  and  refrigerating  system. 

All  the  furnaces  are  equipped  with  automatic  recording 
pyrometers  which  are  arranged  on  shelves  in  a  room  adjoining 
the  superiBtendent's  oflBce. 

An  important  feature  of  shell  making  is  the  formation  of 
the  conical-shaped  nose  of  the  open  end  of  the  shrapnel  forg- 
ing, and  the  mechanical  method  of  pressing  the  open  end  of 
the  forging  owes  its  success  to  the  physical  properties  im- 
parted to  the  metal  in  the  annealing  process. 

The  article  describes  the  general  features  of  the  annealing 
furnaces. 

Among  other  things  the  writer  calls  attention  to  the  fact 
that  the  previous  work  done  to  satisfy  the  exacting  demands 
of  automobile,  locomotive,  and  machine-tool  construction  has 
brought  the  art  of  heat  treating  previous  to  the  beginning' 
of  the  present  war  to  the  stage  which  alone  made  possible 
the  wonderful  strides  made  in  the  new  art  of  shell  making 
in  this  country  during  the  last  two  years.  (The  Iron 
Trade  Review,  vol.  60,  no.  6,  February  8,  1917,  pp.  365-368, 
6  figs,  d) 
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Water  Conditions  in  the  Locomotive  Boiler,  George  L. 

Fowler 

Data  of  a  recent  study  of  boiler  feedwaters  on  a  railroad 
where  there  was  a  variety  of  troubles  from  this  source.  An 
important  feature  brought  out  by  the  investigation  is  the 
impossibility  of  depending  on- the  analysis  of  the  raw  water 
as  drawn  from  wayside  tanks. 

As  regards  the  formation  of  scale,  cases  have  been  observed 
where  the  scale  formed  was  of  medium  hardness  and  brittle- 
ness,  and  was  easily  removed  from  the  surface  to  which  it  ad- 
hered by  tapping  it  with  the  hand.  Where  the  sheets  were 
bare  or  the  scale  thin,  there  was  no  corrosion;  but  where  the 
scale  formed,  corrosion  took  place  beneath  it  forming  a  large 
pit  as  shown  in  Fig  8.  The  thicker  the  scale  the  deeper  was 
the  pit  (Fig.  8). 

As  the  water  appeared  harmless  and  the  corrosion  occurred 
only  beneath  the  scale,  it  was  surmised  that  the  scale  might 
be  corrosive.  A  sample  of  it  was  analyzed  (complete  data 
given  in  original  article),  but  nothing  was  found  of  a  cor- 
rosive nature,  and  it  would  seem  therefore  that  after  the 
deposition  of  a  certain  amount  of  scale  the  plates  beneath  it 
became  locally  overheated.  This  caused  a  decomposition  of 
the  organic  matter,  the  calcium  sulphate  and  magnesium 
hydroxide  forming  free  sulphuric  acid,  which  is  partially 
protected  from  dilution  with  the  boiler  water  and  attacked 
the  sheets.  The  cure  then  lies  in  preventing  an  accumulation 
and  adhesion  of  scale. 

In  another  case  there  was  little  or  no  trouble  from  scale, 
but  there  was  an  intense  and  rapid  corrosion  that  would 
destroy  tubes  by  pitting  in  nine  or  ten  months.  The  water 
that  was  doing  this  did  not  even  give  an  acid  reaction,  and 
there  was  apparently  nothing  to  account  for  the  intensity  of 
the  action  which  actually  took  place.  A  lime-and-soda  treat- 
ing plant  had  been  erected  at  one  place,  but  the  result  ap- 
peared unsatisfactory. 

After  a  rather  thorough  examination  of  analyses  of  the 
water,  it  was  decided  that  something  was  happening  in  the 
boilers  of  which  notliing  was  known.  Two  boilers  were 
selected,  the  water  of  each  of  which  had  been  taken  from 
a  single  tank,  and  samples  analyzed  after  having  been  in 
service  for  about  eight  days.  The  variation  in  the  composi- 
tion was  startling,  as  shown  by  Table  1. 

The  water  taken  from  the  boiler  was  extremely  bad.  The 
free  sulphuric  acid  coupled  with  a  large  quantity  of  organic 
matter  fully  explained  the  rapid  corrosion  that  takes  place 
in  the  boiler  using  the  raw  water  from  which  it  is  formed. 

Because  of  the  uncertainty  as  to  the  uniformity  of  the 
quality  of  the  water  delivered  to  the  boiler,  an  experimental 
small  boiler,  of  about  two  gallons'  capacity,  was  built,  in 
which  definite  samples  of  water  were  evaporated.  The  boiler 
was  operated  under  a  pressure  of  200  lb.  per  sq.  in.  The 
method  of  operation  was  to  draw  a  quantity  of  water  from 
the  tank  to  be  examined  and  analyzed;  then  to  take  75  gal.  of 
the  sample  and  evaporate  it  to  1  gal.  in  the  small  boiler. 
Table  2  gives  a  typical  result  which  presents  a  good  example 
of  the  change  repeatedly  found  to  take  place  in  water  that 
lias  been  subjected  to  the  high  pressure  and  temperature 
obtaining  in  a  locomotive  boiler. 

AVhile  some  compounds  disappeared,  others  were  apparently 
formed.  In  this  case  the  raw  water  contained  neither  calcium 
sulphate  nor  magnesium  chloride,  and  yet  both  were  found 
in  the  water  taken  from  the  boiler.  On  the  other  hand,  the 
sodium  sulphate  and  magnesium  carbonate  disappeared.    The 
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decomposition  of  the  magnesium  chloride  formed  hydrochloric 
acid,  which  directly  attacked  the  sheets. 

As  to  the  decomposition  of  sodium  sulphate,  which  may 
appear  incredible,  the  writer  states  that  in  seven  cases  where 
these  evaporation  tests  were  made,  each  showed  an  apparent 
disappearance  of  the  salt  and  the  formation  of  new  com- 
pounds that  did  not  exist  in  the  raw  water. 

In  fact,  an  attempt  was  made  to  regulate  this  phenomenon. 
One  of  the  worst  of  the  waters  was  selected  and  subjected  to 
the  boiling  test,  followed  by  an  examination.  The  raw  water 
was  then  treated  with  sufficient  barium  hydroxide  to  precipi- 
tate all  of  the  sulphates  as  barium  sulphate.  Again,  a  con- 
centration test  was  made  of  75  gal.  of  water  thus  treated, 
with  the  results  given  in  Table  3. 

These  results  show  that  notwithstanding  the  practical  elim- 
ination of  the  sulphates  and  presence  of  a  certain  amount  of 
organic  matter,  all  of  the  sodium  was  retained  in  solution 
and  combined  with  a  liberated  carbonic  acid.     Some  of  the 


the  inhibitive.     {Railway  Age  Gazette,  vol.  62,  no.  9,  March  2, 
1917,  pp.  359-362, 1  fig.    ep) 

Southern  Railway  Duplex  Locomotives 

Description  of  the  application  of  Mogul  running  gear  and 
machinery  to  a  Mikado  locomotive. 

By  such  an  application  the  Southern  Railway  has  mate- 
rially increased  the  capacity  of  these  locomotives  without 
increasing  the  wheel  load,  and  witk  a  marked  decrease  in  fuel 
consumption  per  ton -mile.  This  has  been  done  with  but 
little  change  to  either  the  running  gear  of  the  retired  engines 
or  to  the  water  tanks  of  the  Mikados.  The  diameter  of 
the  cylinders  of  the  tender  engine  has  been  reduced,  which 
with  the  reduction  of  one  inch  in  diameter  of  the  Mikado-type  ■ 
cylinders,  does  not  overtax  the  Mikado  boiler  to  any  extent. 
In  addition  to  the  reduction  in  cylinder  diameter,  the  boiler 
capacity  has  been  increased  by  the  addition  of  brick  arches 


TABLE    1       ANALYSES    OF    WATER    FROM    TANK  AND    BOILER 
(AFTER  S  DAYS'   SERVICE) 

, — Grains  per  gallon. > 

Impurities  From  tank.     From  boiler. 

Calcium   carbonate 0.29  .... 

Calcium   sulphate 15.05  7.02 

Magnesium  sulphate 11.67  28.81 

Magnesium    sulphate    (mangauic) 10.61 

Iron  sulphate    (ferric) 43.87 

Alumina    45.15 

Sodium    sulphate 9.62  38.3S 

Sodium    chloride 1.52  14.99 

Sodium   nitrate .0.12 

Silica    1.51  21.93 

.\lumina  and  iron  oxide 0.52  .... 

Organic  matter 1.96  17.21 

Free    sulphuric    acid 2.83 

Total 42.16  230.42 


TABLE    2       ANALYSES    OF   WATER    FROM    TANK    AND    EXPERI- 
MENTAL   BOILER 

/ — Grains  per  gallon. — , 
Concentrated 

Raw  water  water 

Impurities                                                              from  tank.  from  holler. 

Calcium    carbonate 1.34  0.73 

Calcium    sulphate 1.91 

Magnesium  carbonate 0.70  .... 

Magnesium  sulphate 0.17  2.76 

Magnesium    chloride 1.74 

Sodium    sulphate 0.52  .... 

Sodiun;    chloride 0.70  2.11 

Sodium   nitrate 0.07  0.57 

Silica    0.58  5.47 

Alumina  and  iron  oxide 0.29  2.64 

Organic    matter 0.81  2.29 

Total 5.18  20.24 


sulphuric  acid  and  silicic  acid  were  present,  making  the 
water  strongly  foaming. 

For  waters  that  did  not  lend  themselves  to  successful  tank 
treatment  two  methods  were  adopted  to  prevent  the  cor- 
rosive action,  both  of  which  appear  to  be  working  success- 
fully. One  is  to  make  an  examination  of  the  water  in  the 
boiler  each  day  and  prescribe  the  amoiuit  of  soda  compound 
that  is  to  be  used.  The  examination  requires  only  five  to  ten 
minutes'  time  and  the  application  is  made  through  a  hose 
attached  to  the  suction  chamber  of  the  injector.  Enough  of 
the  compound  is  used  to  maintain  the  alkalinity  of  the  water 
in  the  boiler  at  0.3  per  cent,  which,  while  not  entirely  non- 
corrosive,  is  so  nearly  so  as  to  avoid  trouble. 

The  other  and  simpler  method  is  to  apply  a  coiTosion 
inhibitive  at  each  washout.  If  the  boiler  has  been  in  service 
for  some  time  and  the  corrosion  has  started,  it  has  been 
found  to  require  three  or  four  applications  to  stop  it.  After 
that  the  water  drawn  from  the  boiler  will  be  clear  and  free 
from  oxides.  Where  this  treatment  is  used  and  the  water  in 
addition  to  its  con'osive  qualities  carries  scale-forming  matter 
in  any  quantity,  it  is  necessary  to  add  a  scale  preventive  to 


TABLE   3       ANALYSES   OF    SPECIALLY    TREATED  RAW   WATER 
AND   WATER    FROM    EXPERIMENTAL    BOILER 

, — Grains  per  gallon. , 

Treated  Concentrated 

Impurities.                                                        raw  water.  water. 

Calcium  carbonate 1.11  0.70 

Magnesium    carbonate 0.11  0.05 

Sodium    carbonate 2.45  69.18 

Sodium  sulphate   0,58  57. S7 

Sodium   chloride 0.76  9.91 

Sodium  silica 2.63 

Silica    0.53  .... 

Alumina  and  iron  oxide 0.06  0.53 

Loss  on  ignition 0.40  4.14 

Total 6.00  145.01 


""^ 


■^~~->^ 


Fig.  8   Scale  Formation  and  Pitting  Abound  Crown  Stats 

and  a  feedwater  heater  which  uses  the  exhaust  steam  from  the 
air  compressor. 

Steam  for  the  tender  engine  is  taken  directly  from  the 
superheater,  through  a  well-lagged  3-in.  pipe  extending  back- 
ward underneath  the  cap.  A  second  pipe  which  permits  the 
added  use  of  saturated  steam  taken  direct  from  the  top  of 
the  boiler,  is  also  connected  with  this  pipe.  This  has  been 
added  in  order  to  provide  greater  steam  supply  to  the  tender 
engine  for  peak  loads  on  heavy  grades. 

With  the  application  of  the  Consolidation  running  gear  to 
the  tender,  the  drawbar  pull  of  the  Duplex  locomotives  is 
made  39  per  cent  better  than  that  of  the  original  Mikados. 

Several  of  these  locomotives  have  been  installed  on  the  line 
between  Asheville,  N.  C,  and  Hayne,  S.  C,  a  distance  of  68 
miles.  On  this  line,  eastbound,  heavy-traflSc  direction,  there 
are  1.5  and  1.7  per  cent  grades. 

With  the  single  Mikado  locomotives  the  maximum  tonnage 
handled  over  the  first  22  miles  of  this  line  is  1100  tons.  The 
Duplex  locomotive  will  handle  1400  tons,  or  an  increase  of  27 
per  cent. 

As  regards  the  factor  of  adhesion  in  the  Mogul,  with  the 
minimum  weight  of  tender,  it  is  much  too  low,  viz.,  2.25, 
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with  the  tender  practically  empty  of  water  and  coal.  In  the 
case  of  the  Consolidation  tender,  the  minimum  factor  of 
adhesion  is  about  3.25. 

Fig.  9  shows  the  application  of  the  Mogul  running  gear 
and  machinery  to  the  water  tank  of  the  Mikado-type  locomo- 
tive. The  entire  lower  part  of  the  locomotive  remains  prac- 
tically unchanged;  the  cylinder  casting  is  retained  intact, 
and  the  front  and  rear  draft  castings  are  changed  slightly, 
the  front  draft  casting  being  shown  in  one  of  the  illustra- 
tions. A  pocket  is  formed'  in  the  tank  at  the  front  end  to 
provide  a  proper  clearance  for  the  rear  cylinders.  (Railway 
Mechanical  'Engineer,  vol.  91,  no.  3,  March  1917,  pp.  121- 
123,  6  figs,     d) 

Superheat  in  Locomotives 

At  the  Fifty-Ninth  Annual  Convention  of  the  American 
Railway  Master  Mechanics'  Association  held  in  June  1916 
at  Atlantic  City,  N.  J.,  a  report  was  presented  by  the  com- 


cutting  out  the  condensation,  especially  on  a  switching  engina 
working  with  practically  cold  cylinders. 

C.  F.  Giles  (L.  &  N.  R.  R.)  discussed  the  use  of  the  drifting 
valve.  It  was  found  very  difficult  to  get  the  engineers  to  use 
a  cracked  throttle  in  drifting  down  a  long  grade.  An  inter- 
cepting valve  in  the  throttle  was  introduced  with  the  ex- 
pectation that  it  would  be  kept  open  when  the  main  throttle 
was  closed.  This  did  not  prove  entirely  satisfactory  and, 
besides,  the  steam  that  is  taken  into  the  cylinder  from  the 
superheater  units  is  naturally  superheated  and  one  cannot  get 
as  good  results  from  superheated  steam  in  drifting  as  with 
saturated   steam. 

In  October  1915  an  automatic  drifting  valve  was  applied 
with  satisfactory  results.  In  this  case  the  pressure  from  the 
valve  chamber  keeps  the  valve  closed  when  the  engine  is  work- 
ing steam.  There  is  a  spring  on  the  opposite  side  that  allows 
the  valve  to  open  when  the  pressure  from  the  valve  chamber 
is  cut  off.  The  valve  is  connected  by  a  pipe  direct  to  the 
dome   which    provides    saturated    steam    continuously    to    the 


Fig.  9    Application  of  Mogul  Running  Gear  and  Machinery  to  Water  Tank  of  Mikado  Locomotive 


mittee  on  superheated  locomotives,  W.  J.  Tollerton  of  the 
C.  R.  I.  &  P.  Ry.,  Chicago,  111.,  Chairman. 

This  report  provoked  an  interesting  discussion. 

D.  R.  MacBain  (N.  Y.  Cent.  R.  R.)  spoke  of  tests  with 
locomotives  equipped  with  Schmidt  superheaters.  An  engine 
was  taken  of  exactly  the  same  type  as  those  used  without 
superheaters  and  an  accurate  account  kept  of  every  gallon  of 
water  and  every  pound  of  coal  used,  and  also  of  every  car 
that  was  moved  about  the  station — as  closely  as  was  possible. 
An  actual  saving  of  fuel  on  superheated  locomotives  was 
found.  No  claim  is  made  that  any  high  degree  of  superheat 
was  obtained  on  a  switching  locomotive,  but  this  is  what  was 
found :  On  three  different  tests  it  was  ascertained  that  even 
in  the  summer  time,  say  for  the  month  of  September,  there 
was  a  drop  of  approximately  25  per  cent  in  the  steam 
temperature  from  the  time  it  left  the  boiler  until  it  entered 
the  cylinder.  This  was  the  result  of  the  saturated  tests.  With 
the  superheated  switching  locomotive  this  25  per  cent  was 
taken  up,  or,  in  other  words,  it  became  possible  to  maintain 
on  that  slow-moving,  short-work  switching  engine  just  about 
boiler  temperature  in  the  cylinder.  The  experience  of  that 
road  so  far  indicated  is  that  on  short  switching  not  much 
superheat  is  obtained,  but  that  a  vast  saving  is  secured,  due  to 


eyhnders  while  drifting,  with  a  branch  pipe  running  from 
each  side  of  this  drifting  valve  to  the  valve  chamber. 

The  speaker  had  the  valve  chamber  and  cylinders  on  the 
first  engine  to  which  the  valve  has  been  applied  opened  up 
and  found  that  they  were  lubricated  as  satisfactorily  as  any 
satui-ated  engine  he  has  examined. 

H.  C.  Woodbridge  (Assistant  to  Gen.  Mgr.,  B.  R.  &  P.  Ry.) 
discussed  the  operation  of  slide-valve  locomotives  with  high- 
degree  superheat.  About  three  years  ago  he  tried  a  method 
by  which  the  face  of  the  valve  and  seat  were  bathed  with 
lubricated  saturated  steam,  and  a  circulation  between  the  seat 
and  the  valve  face  established.  He  ran  the  engine  using 
saturated  steam  for  eleven  months,  testing  it  out  as  far  as 
possible  with  a  wide-open  throttle  and  a  short  cut-off  for  long 
distances.  A  Schmidt  superheater  was  then  applied  to  that 
locomotive.  Since  the  application  the  engine  has  made  35,000 
miles,  being  handled  during  the  past  five  or  six  months  in 
pooled  sendee,  and  in  that  pooled  service  the  engine  was  al- 
lowed only  1%  pt.  oil  for  a  107-mile  rim.  (The  writer  be- 
lieves that  this  oil  allowance  should  be  increased  to  properly 
provide  for  irregular  service.)  The  locomotive,  a  40,000-lb.- 
tractive-effort  consolidation  engine,  was  then  put  in  passenger 
service  to  see  if  the  valves  could  be  burned  out.    It  performed 
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very  satisfactorily  on  the  fastest  trains  where  it  was  necessary 
to  run  53  to  54  miles  per  hour,  which,  with  a  small  wheel, 
means  5  r.p.s.  a  good  deal  of  the  time.  The  same  scheme 
was  applied  to  an  Atlantic-type  passenger  locomotive  carry- 
ing 200  lb.  of  steam  and  is  at  present  being  applied  on  a 
Decapod  pusher  engine. 

The  writer  expressed  his  belief  that  the  distortion  of  a 
properly  designed  slide  valve  will  not  be  sufficient  to  cause 
any  trouble  if  it  is  properly  lubricated.  After  the  writer  had 
found  a  slight  distortion  in  the  valves  run  with  a  superheater 
he  was  surprised  to  find  just  as  much  distortion  in  the  same 
character  of  a  valve  with  saturated  steam. 

R.  P.  Blake,  speaking  of  his  experience  on  the  Northern 
Pacific,  stated  that  observations  of  the  performance  of  the 
engines  led  to  the  conclusion  that  there  was  little  if  any  ad- 
vantage in  the  five-feed  lubricator.  The  same  quantity  of 
valve  oil  regularly  and  properly  introduced  into  the  cylinder 
through  the  valve  would  give  better  results  than  attempting  to 
feed  part  of  it  into  the  cylinder  direct.  At  present  the  results 
which  are  being  secured  in  cylinder  packing  are  probably 
averaging  about  20,000  miles  between  renewals.  {Report  of 
the  Proceedings  of  the  59th  Annual  Convention  of  the  Ameri- 
can Railway  Master  Mechanics'  Association,  Chicago,  1916, 
vol.  49,  pp.  130-155,  g) 

Sieves 

A  Standard  Screen  Scajle  for  Testing  Sieves 

Since  the  adoption  by  the  Bureau  of  Standards  several 
years  ago  of  specifications  for  standard  100-  and  200-mesh 
sieves,  frequent  requests  have  been  received  that  this  Bureau 
test  and  certify  sieves  of  other  sizes  than  these.  With  a  view 
to  the  adoption  of  a  series  of  standard  testing  sieves  which 
might  be  of  use  to  all  industries  making  fineness  tests,  this 
Bureau  for  two  years  has  been  studying  the  question  of 
such  a  standard  screen  scale.  Various  scales  that  have  been 
proposed  were  considered,  and  information  was  sought  of 
representative  funns  in  the  various  industries  interested  as  to 
their  requirements.  Manufacturers  of  sieves  have  also  been 
consulted  as  to  the  desirability  of  different  screen  scales  and 
the  practicability  of  their  manufacture.  As  a  result  of  this 
study  of  the  question,  a  conference  was  called  at  the  Bureau 
of  Standards  April  20,  1916,  of  representatives  of  various 
committees  of  the  American  Society  for  Testing  Materials, 
American  Society  of  Civil  Engineers,  American  Institute  of 
Mining  Engineers,  American  Foundrymen's  Association,  Min- 
ing and  Metallurgical  Society  of  America,  American  Water 
Works  Association,  American  Institute  of  Metals,  and  the 
American  Spice  Trade  Association ;  also  representatives  of 
the  Committee  of  Revision  of  the  U.  S.  Pharmacopoeia,  the 
U.  S.  Geological  Survey,  the  U.  S.  Bureau  of  Mines,  the  U.  S. 
Office  of  Public  Roads  and  Rural  Engineering,  the  U.  S. 
Office  of  Grain  Standardization,  and  the  U.  S.  Bureau  of 
Standards;  also . representatives  of  a  number  of  private  firms 
engaged  in  industries  in  which  sieves  are  used,  such  as  the 
glass,  the  drug-milling,  the  abrasive,  the  asphalt,  the  mining, 
the  spice,  the  chemical,  and  the  graphite  industries;  also 
representatives  of  the  firms  in  this  country  manufacturing 
wire  cloth  and  sieves. 

This  conference,  after  considering  the  various  screen  scales 
either  proposed  or  now  in  use,  adopted  as  a  Standard  Screen 
Scale  that  given  in  a  table  in  the  original  paper,  and  recom- 
mends that  it  be  adopted  generally  by  scientific,  technical,  and 
engineering  societies  and  committees,  and  by  branches  of  na- 


tional, state,  and  municipal  governments  as  a  part  of  their 
specilicatious  for  materials  and  methods  of  tests;  also  that  it 
be  used  by  private  firms  who  have  need  of  standard  sieves. 

This  screen  scale  is  essentially  metric.  The  sieve  having 
an  opening  of  1  mm.  is  the  basic  one,  and  the  sieves  above 
and  below  this  in  the  series  are  related  to  it  by  using  in 
general  the  square  root  of  2  (or  1.4142),  or  the  fourth  root  of 
2  (or  1.1892),  as  the  ratio  of  the  width  of  one  opening  to 
the  next  smaller  opening.  The  fli"st  ratio  is  used  for  openings 
between  1  mm.  and  8  mm.,  while  the  fourth  root  of  2  is  used 
as  the  ratio  for  openings  below  1  mm.  to  give  more  sieves  in 
that  part  of  the  scale.  The  series  has  been  made  large  enough, 
it  is  hoped,  to  meet  the  needs  of  all  industries.  Some  in- 
dustries may  have  occasion  to  use  all  the  sieves  in  a  certain 
section  of  the  series  and  none  of  the  others,  while  in  other 
industries  it  may  be  desirable  to  use  only  certain  sieves 
selected  from  the  whole  range  of  the  series.  In  making  such 
selections  it  is  recommended  that  this  be  done  on  some  system- 
atic plan,  as,  for  example,  the  selection  of  every  other  sieve 
or  of  every  fourth  one  in  the  series  below  1-mm.  opening  and 
every  other  sieve  above  1-mm.,  in  which  case  the  ratio  of  each 
opening  to  the  next  smaller  one  would  be  as  two  to  one. 

Because  of  the  wide  range  of  openings  in  sieves  now  man- 
ufactured which  are  possible  with  a  given  number  of  meshes 
of  wire  per  unit  length  by  the  use  of  wires  of  different 
diameters,  and  the  consequent  confusion  and  uncertainty 
which  arises  in  designating  sieves  by  the  number  of  meshes 
per  unit  length,  the  sieves  of  this  series  have  been  designated 
by  the  width  of  the  opening  in  millimeters,  as,  for  example,  a 
1-41 -mm.  sieve,  or  a  0.36-mm.  sieve.  It  is  urgently  recom- 
mended that  all  users  of  sieves  in  the  future  designate  these 
standard  sieves  in  this  way  and  that  the  manufacturers  mark 
and  list  the  sieves  in  this  manner  rather  than  by  the  meshes 
per  inch. 

In  the  designation  and  certification  of  the  sieves  the  metric 
units  will  be  used  by  the  Bureau  of  Standards.  In  the  table 
(in  the  original  paper),  however,  are  also  given  the  equiv- 
alents of  these  metric  quantities  in  inches  in  order  that  the 
series  may  be  more  readily  related  to  work  previously  done. 
It  is,  of  coui-se,  immaterial  whether  units  of  the  metric  system, 
or  of  the  customary  system,  or  of  any  other  system  are  used 
in  the  manufacture  of  the  sieves  provided  they  are  within  the 
tolerances. 

To  meet  the  need  for  sieves  of  this  series  at  the  present  time 
a  temporary  provision  has  been  made  in  the  specifications  for 
the  acceptance  of  sieves  of  slightly  different  mesh  and  wire 
diameter  than  those  called  for  in  the  screen  scale,  provided 
the  resultant  opening  is  the  same  as  the  nominal  opening 
within  a  small  range.  This  will  make  possible  the  use  of  a 
number  of  sieves  now  on  the  market  in  which  the  ratio  of 
wire  diameter  to  opening  is  only  slightly  different  from  that 
of  the  screen  scale.  This  provision  will  be  withdrawn  when 
conditions  are  sucli  that  the  manufacturers  of  sieves  can 
furnish  sieves  made  more  exactly  in  accordance  with  the 
specifications. 

The  Bureau  of  Standards  hereby  announces  that  it  wiU  test 
sieves  of  this  series  to  determine  whether  they  conform  to 
specifications  given  below.  This  test  will  consists  of  the  ex- 
amination of  the  mesh  of  both  the  warp  and  shoot  wires  of  the 
cloth  to  ascertain  whether  it  comes  within  the  tolerances  al- 
lowed ;  also  measurements  of  the  diameter  of  wires  in  each 
direction  to  determine  the  average  diameter,  and  a  measure- 
ment of  any  large  openings  to  ascertain  whether  they  exceed 
the  limits  given  in  these  specifications;  also  an  examination 
of  the  sieve  to  discover  any  imperfections  of  the  sieve  which 
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may  seriously  affect  its  sieving  value.  Sieves  -which  pass  the 
specifications  will  be  stamped  with  the  seal  of  this  Bureau  and 
will  be  given  an  identification  number,  and  a  certificate  will 
be  furnished  for  each  sieve  that  passes  the  requirements. 

For  sieves  which  fail  to  meet  the  specifications,  reports  will 
be  rendered  showing  wherein  the  sieve  was  not  up  to  the 
standard. 

A  fee  of  $2.00  per  sieve  will  be  charged  for  the  test  of  the 
sieves  when  submitted  singly.  For  from  two  to  nine  sieves 
submitted  at  one  time  the  fee  will  be  $1.50  per  sieve.  For 
lots  of  ten  or  more  the  fee  will  be  $1.00  per  sieve.  Only  half 
of  the  above  fees  will  be  charged  for  such  sieves  as  may  be 
rejected  for  exceeding  the  tolerances  of  mesh,  in  which  case 
the  wire  diameter  will  not  be  measured.  (Abstract  from  an 
advance  notice  supplied  by  the  Bureau  of  Standards,  Wash- 
ington, D.  C.) 

Steam  Engineering 

Ford  Boiler  and   Gas   Plants,   Thomas   Wilson 

In  the  Ford  boiler  plant  seven  of  the  largest  boilers  yet 
to  be  put  in  operation  are  in  the  course  of  erection.  They 
are  of  the  Badenhausen  six-drum  type,  with  six  passes  over 
the  gases  and  with  25,000  sq.  ft.  of  heating  surface.  While 
rated  at  2500  hp.,  it  is  proposed  to  operate  them  continuously 
at  4000  hp.  Steam  will  be  generated  at  180  lb.  pressure  and 
superheated  to  a  temperature  of  600  deg.  fahr. 

The  article  describes  in  detail  the  system  of  location  of 
the  boilers,  which  permits  of  an  important  economy  of  space. 

Each  boiler  will  be  served  by  a  12-retort  Taylor  stoker  of 
especially  large  size,  driven  by  a  variable-speed  motor  through 
a  silent-chain  drive.  Clinker  crushers  are  provided  with  a 
5-hp.  constant-speed  motor  at  either  side,  with  the  drive  by 
belt,  gear  box  and  ratchet,  the  throw  of  the  latter  being 
adjustable. 

The  water-back  is  of  special  design.  It  consists  of  two 
headers  in  the  open  space  at  the  rear  of  the  bridge  waU, 
with  31/4-i"-  U-shaped  tubes  placed  fi%  in.  apart  passing 
through  the  bridge  wall  and  projecting  far  enough  to  prevent 
clinkers  coming  in  contact  with  the  brickwork.  Expansion 
is  taken  care  of  by  arranging  the  brickwork  to  give  a  space 
of  y2  in.  around  the  tubes,  which  space  is  packed  with 
asbestos.  By  drawing  them  into  the  furnace  the  tubes  can 
be  removed  without  seriously  interfering  with  the  bridge 
wall.  The  headers  are  flexibly  connected  to  the  boiler  by 
long  bends  and  provided  with  handholes  through  which  the 
tubes  may  be  expanded  or  cleaned. 

As  the  feedwater  enters  at  the  rear,  the  coldest  water  in 
the  boiler  goes  to  the  water-back.  The  flow  enters  into  and 
assists  the  regular  circulation  of  the  boiler.  There  are  four 
blow-off  connections  to  each  boiler:  two  on  the  lower  drum 
of  the  economizer  section,  and  two  on  the  lower  drum  of  the 
boiler  proper. 

To  obtain  the  high  superheat  anticipated,  a  Superno  super- 
heater is  located  between  the  first  and  second  passes,  or  in 
the  path  of  the  gases  just  after  the  first  bank  of  tubes.  To 
obtain  uniform  heat  transfer,  a  superheater  is  made  up  with 
an  increasing  number  of  tubes  of  decreasing  diameter,  the 
constant  area  approximately  equal  to  the  steam-outlet  area 
from  the  boiler. 

Between  the  third  and  sixth  passes  is  located  a  damper 
hinged  on  to  the  boiler  side  and  closing  against  an  angle 
iron  on  the  division  wall  between  the  two  lower  drums. 
Normally,  this  damper  will  be  closed,   and  all  of  the  gases 


will  flow  through  the  six  passes  of  the  boiler.  Should  the 
draft  be  lower  than  usual  and  it  is  desired  to  reduce  the 
drop  through  the  boiler,  the  damper  wiU  be  raised  so  that  a 
portion  of  the  gases  will  enter  directly  from  the  third  into 
the  sixth  pass. 

When  the  plant  is  complete,  the  intention  is  to  induce  the 
draft  by  utilizing  the  exhaust  from  the  gas  engines.  It  is 
expected  that  the  temperatures  of  both  exhaust  and  stack 
gases  will  approximate  300  deg.  fahr.,  so  that  the  exhaust 
wrill  be  called  upon  to  increase  the  draft. 

In  the  small  Wickes  boilers,  also,  the  steam  is  generated 
at  180  lb.  pressure  and  superheated  to  600  deg.,  with  the 
boiler  feedwater  raised  to  a  high  temperature  in  the  gas- 
engine  cylinder  jackets  and  the  feedwater  heaters. 

The  heat  in  the  stack  gases  is  utilized  in  an  air  preheater 
rather  than  in  an  economizer.  The  preheater  consists  of  a 
rectangular  sheet-iron  box  with  tube  sheets  and  190  tubes  of 
31/2  in.  outside  diameter,  placed  on  6-in.  centers  both  ways,, 
set  in  the  uptake  from  the  boiler.  The  gases  pass  through 
the  tubes.  The  air  from  the  fan  comes  in  at  the  side  of  the 
preheater,  flowing  across  the  tubes  and  back  to  the  outlet, 
thence  down  through  a  duct  to  the  wind  box  of  the  stoker. 
A  series  of  sleeves  with  baffle  flanges  fit  over  the  tubes 
to  increase  the  area  of  contact,  and  to  stratify  the  air  so 
that  all  the  surface  will  be  used  to  advantage. 

In  the  Vater  heaters  each  unit  is  divided  into  four  elements^ 
receiving  the  exhaust  and  the  jacket  water  from  three  engines. 
The  gases  pass  through  the  four  elements  in  series  counter- 
current  to  the  flow  water.  It  is  estimated  that  they  will 
enter  at  the  temperature  of  550  deg.  fahr.  and  leave  at 
possibly  300  deg.  The  water  leaves  the  gas-engine  jackets 
at  an  average  temperature  of  195  deg.,  and  it  may  reach  a 
temperature  of  275  deg.  in  the  heater  before  being  delivered 
to  the  economizer  sections  of  the  boilers. 

The  article  describes  in  detail  the  ash-  and  coal-handling 
equipment  and  the  gas-producer  plant.  In  connection  with 
the  latter,  it  is  stated  that  recently  an  experimental  pro- 
ducer was  built  to  make  gas  which  would  not  require  scrub- 
bing apparatus.  The  outfit  consists  of  a  standard  Hughes 
producer,  fed  with  coal  and  discharging  gas  to  another  pro- 
ducer of  special  construction  charged  with  coke,  the  tarry 
vapors  in  the  gas  from  the  first  producer  being  fixed  into 
permanent  gases  by  passing  through  the  bed  of  hot  coke  in 
the  second  machine.  This  unit  is  now  in  operation.  (Power, 
vol.  45,  no.  8,  February  20,  1917,  pp.  239-243,  5  figs,     d) 

Large  Modern   Steam  Power  Plant 

Description  of  a  large  power  plant  of  the  Buffalo  General 
Electric  Company,  the  interest  of  which  lies  in  its  use  of  a 
pressure  of  275  lb.  and  a  superheat  of  275  deg.,  together 
with  a  general  discussion  on  the  future  of  high  steam 
pressures. 

A  consideration  of  the  general  state  of  the  art  of  steam- 
power  generation  tends  to  indicate  that  exeeiit  for  the  gain 
of  10  or  12  per  cent  that  might  be  added  by  increasing 
the  heat  range  by  going  to  higher  pressures  or  higher  super- 
heat, there  appears  to  be  at  present  no  other  source  for 
bettering  the  economy  of  the  steam  plant. 

The  passage  from  the  high  pressures  of  today,  180  to 
225  lb.,  to  such  as  600  lb.,  is  not  likely  to  come  in  a  single 
jump,  as  it  requires  suitable  materials  of  construction  and 
a  change  in  the  whole  steam  side  of  the  station.  Further, 
because  with  pressures  like  600  lb.  the  dew  point  is  advanced 
much   nearer   to    the   comparatively   inefficient    high-pressure 
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stages  of  the  turbine,  there  appeared  to  be  serious  obstacles 
in  the  way  of  an  immediate  increase  to  600  lb.,  or  thereabouts. 
It  is,  liowever,  likely  that  in  the  near  future,  large  turbines 
will  be  ordered  so  designed  that  a  high-pressure  wheel  may 
•be  put  on  if  it  is  desired  to  increase  considerably  the  boiler 
pressure  after  installation,  as  has  already  been  done  at 
Boston. 

The  writer  discusses  in  this  connection  the  various  features 
•of  high-pressure  and  high-superheat  turbines,  such  as  turbine 
materials  and  wheel  friction.  As  to  this  latter '  the  writer 
•calls  attention  to  the  experiments  of  Konrad  Anderssen,  who 
found  that  the  resistance  to  rotation  in  the  wheel  is  approxi- 
mately proportional  to  the  density  of  the  steam,  and  that 
it  increases  with  the  fifth  power  of  the  diameter  of  the  wheel 
.and  the  third  power  of  the  revolutions. 

From  this  the  writer  passes  to  the  description  of  the 
Buffalo  plant.  While  much  of  the  power  required  for  the 
industries  at  Niagara  Falls,  and  for  some  at  Buffalo,  has 
heretofore  been  exported  from  the  Canadian  side  of  the 
Niagara  River,  the  Canadian  authorities  have  curtailed  the 
sale  of  this  power  to  American  industries,  and  for  this  reason 


to  the  other  head.  One  connection  from  each  header  joins 
a  receiver  at  each  turbine,  with  which  15-in. -diameter  bends 
connect  the  turbine.  The  figure  shows  how  well  provided  is 
the  piping  for  the  movement  that  275  lb.  pressure  and  275 
deg.  fahr.  superheat  make  inevitable. 

All  valves  on  the  main  steam  piping  except  throttle  valves 
are  gate  valves.  The  valves  in  the  high-pressure  steam  lines 
are  all  steel.  Although  the  steam  velocities  are  not  lui- 
usually  high,  the  valves  have  been  provided  with  seats  de- 
signed to  minimize  the  cutting  and  scoring  effects  of  wire- 
drawing. The  article  illustrates  various  types  of  valves  used, 
such  as  the  boiler  drumhead  stop  and  cheek  valves  havmg  the 
disk  for  seat  screwed  in  instead  of  formed  or  pressed  in,  and 
seats,  disks  and  stems  of  monel  metal. 

As  regards  boilers,  the  rate  of  coal  feed  by  the  plungers 
with  the  boilers  operating  at  normal  rating  is  127  lb.  per 
retort  per  hour.  The  stoker  is  capable  of  being  operated  to 
feed  1000  lb.  of  coal  per  retort  per  hour.  When  feeding 
700  lb.  per  retort  per  hour,  or  10.5  tons  per  boiler  per  hour, 
the  boiler  will  evaporate  about  160,300  lb.  water  per  hour, 
from  and  at  212  deg.  fahr.,  or  14.4  lb.  per  hour  per  sq.  ft. 


4^  Boiler  Room 
Floor 


Fig.  10    Elevation  op  Steam  Main  and  Leads  prom  Three  Boilers,  Buffalo  General  Electric  Company 


the  River  Station  of  the  Buffalo  Electric  Co.  was  built  on 
Black  Rock  just  outside  the  city  limits  of  Buffalo,  N.  Y. 
The  station  was  planned  for  200,000  kw.  capacity,  3  units 
each  of  20,000  kw.  at  90  per  cent,  power  factor  being  in- 
stalled initially;  future  units  are  to  be  30,000  or  35,000  kw. 

As  regards  time  of  construction  a  world's  record  has  likely 
been  made.  The  ground  was  broken  for  this  work  in  January, 
1916,  and  the  station  was  put  in  commercial  ojjeration  in 
November  of  the  same  year,  a  truly  remarkable  performance 
even  in  normal  times,  and  especially  when  one  realizes  that 
the  conditions  of  steam  temperature  and  pressure  require  a 
considerable   amount  of  special   material. 

An  interesting  feature  is  the  high-pressure  steam  piping. 
As  one  stands  facing  the  boiler-room  wall,  the  bends  in  the 
12-in.  steam  mains  rise  23  ft.  above  the  floor,  as  high  as  the 
boilers.  Each  bend,  as  shown  in  Fig.  10,  consists  of  three 
parts,  two  45-deg.  bends  from  the  horizontal,  joined  by  a 
U-bend  of  6ft.  3  in.  radius,  producing  a  double  offset  bend 
with  four  joints.  There  are  two  12-in.  headers,  the  10-in. 
leads  from  the  boilers  at  one  side  of  the  house  going  to  one 
of  these;  the  leads  from  the  boilers  on  the  other  side  going 


of  beating  surface.  Hence,  overload  capacities  can  be  ob- 
tained which  would  have  been  deemed  impossible  a  few  years 
ago.  In  fact,  these  boilers  are  heavily  over-stokered  as  com- 
pared with  usual  practice. 

The  raw-water  evaporator  system  for  supplying  distilled 
make-up  feedwater  is  of  interest.  The  purpose  of  it  is  to 
prevent  formation  of  scale  in  the  boilers  or  elsewhere  in  the 
system.  This  make-up  water  evaporator  system  has  a  capacity 
of  30,000  lb.  of  distilled  water  per  hour,  24  hours  per  day. 
Distillate  to  have  less  than  five  grains  of  solid  matter  per 
U.  S.  gallon  upon  evaporation  to  dryness. 

The  diagrammatic  layout  of  the  evaporator  plant  is  shown 
in  Fig.  11.  In  the  evaporator  proper,  the  coils  are  of  1-in. 
outside-diameter  seamless  drawn-brass  tubing  wound  in  small 
coils  so  as  to  be  quickly  detachable.  It  is  in  the  evaporator 
that  most  of  the  scale  is  formed  and  from  which  the  sludge 
is  blown  to  the  waste  pipe.  The  steam  pressure  is  275  lb. 
from  the  boilers,  and  the  superheat  275  deg.  As  the  heat 
transmission  from  superheated  gas  such  as  this  steam  is  not  as 
great  as  when  saturated  steam  is  used,  a  reducing  valve  and  a 
de-superheater  are  used  to  reduce  the  steam  to  saturation  at 
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200  lb.  before  it  goes  to  the  evaporators.  One  should,  to 
facilitate  bis  understanding  of  the  system  of  Fig.  11,  begin 
by  tracing  the  lines  from  the  raw-water  line,  or  start  at  the 
hot  well  and  trace  the  course  of  the  condensate  from  the  hot 
well  of  the  turbine  condensers  through  the  evaporator  system 
condenser,  and  to  the  main  open  feedwater  heaters,  from 
which  it  goes  to  the  economizer  and  then  to  the  boiler. 
The  raw  water  which  is  taken  from  the  circulating  water 
discharged  from  the  main  condensers,  enters  an  open  heater 
supplied  with  steam  from  the  exhaust  of  the  auxiliaries  and 
then  passes  through  a  heated  generator,  the  shell  of  which  is 
supplied  with  vapor  from  the  second-effect  evaporator,  while 
the  raw  water  passes  through  the  opening  of  each  evaporator. 
The  evaporator  system  is  practically  automatic  in  its  opera- 
tion, and  the  evaporators  may  follow  very  closely  without 
personal  attention  the  output  as  required  by  the  load  on  the 
plant,    or    in    accordance    with    the    feedwater    requirements. 


periments  on  a  commercial  scale,  and  while  these  latter  experi- 
ments cost  hundreds  of  francs  each,  laboratory  experiments 
could  be  carried  out  in  small  platinum  crucibles  with  a  dozen 
grams  of  material,  and  would  cost  quite  little. 

The  same  methods  could  be  used  for  the  preparation  of 
test  pieces  for  the  determination  of  expansion,  which  is  of 
such  great  importance  in  ceramics,  and  for  the  determination 
of  electrical  resistance  in  insulators,  and  of  chemical  stability, 
valuable  in  chemical  analysis. 

Here,  in  the  opinion  of  the  speaker,  lies  a  field  of  scientific 
work  of  the  greatest  value. 

Metallurgy.  Penetrating  projectUes  used  in  the  navy  must 
have  a  very  hard  tip  in  order  to  pierce  surface-hardened  armor 
plate.  Hence,  in  order  to  control  the  production  of  these  pro- 
jectiles, it  is  necessary  to  have  a  method  of  measuring  the 
hardness  of  heat-treated  steel.  As  a  matter  of  fact,  we  have 
not  got  it.     The  least  unsatisfactory  of  all  that  we  have  at 
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Fig.  11     Diagrammatic  Layout  of  Make-up  Water  Evaporator  System  Handling  30,000  lb.  Distillate  per  Hour, 

Buffalo  General  Electric  Company 


(Power,  vol.  45,  no.  7,  February  13,  1917,  pp.  202-212,  11 
figs,     dg) 
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Scientific  Problems  Awaiting  Solution 


Henry  le  Chatelier,  in  a  recent  address  to  the  French  Acad- 
emy of  Sciences,  indicated  certain  scientific  problems  with 
special  reference  to  French  engineering  which  still  await  solu- 
tion. 

The  French  industries  are  now  actively  interested  in  at- 
tempts to  produce  laboratory  glass,  which  hitherto  used  to 
be  imported  from  abroad.  At  present  they  are  only  melting 
experimental  masses  at  a  considerable  cost  in  time  and  money. 
At  the  same  time  it  is  known  that  the  main  property  of  glass 
on  which  depends  the  entire  success  of  production  is  the  ex- 
tension of  the  range  of  its  fusibility.  Preliminary  measures 
of  the  variation  of  the  viscosity  of  glass  as  a  function  of  tem- 
perature and  chemical  composition  would  be  of  inestimable 
value,  in  that  they  would  reduce  the  necessary  number  of  es- 


present  is  the  Shore  scleroscope,  which  uses  the  rebound  of  a 
small  steel  projectile  having  a  diamond-pointed  end.  The  re- 
sults are,  however,  not  comparable,  since  in  addition  to  hard- 
ness they  are  affected  by  various  elementary  factors,  espe- 
cially the  shape  of  the  pieces  tested. 

The  study  of  the  behavior  of  elastic  bodies  under  shock  is 
a  matter  of  great  interest,  but  so  far  as  this  problem  is  con- 
cerned, knowledge  has  scarcely  advanced  beyond  where  it  was 
left  by  Leonardo  da  Vinci.  The  rebound  amoxmts,  on  the  aver- 
age, to  three-quarters  of  the  height  of  fall,  varying  from  60 
to  90  per  cent  of  this  height.  Calculus,  together  with  experi- 
ments, would  no  doubt  rapidly  advance  our  knowledge  and 
supply  means  for  deteiTuining  the  conditions  under  which  the 
rebound  would  depend  only  on  the  hardness  of  the  surface 
of  the  body  measured. 

Pyrometrij.  The  measurement  of  heat  and  temperatures 
acquires  a  constantly  growing  importance  in  the  industries. 
Each  one  of  our  shojjs  for  heat-treating  projectiles  uses  a  good 
many  pjTometers.  Unfortunately,  their  indications  are  not  as 
precise  as  would  be  desirable.     One  cannot  use  the  standard 
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gas  thermometer,  wliich  is  too  complicated  for  use  outside 
of  pliysical  laboratories.  The  Siemens-Callendar  platinum 
thermometer  is  very  exact,  but  too  fragile  for  everyday 
use  in  shops.  The  only  three  types  of  pyrometers  exclusively 
used  in  shops  are  the  thermo-electric,  optical,  and  calorific  radi- 
ation pyrometers.    But  their  readings  are  not  sufficiently  exact. 

Their  defects  are  not  due  to  the  capricious  action  of  natural 
laws.  The  laws  are  absolutely  uniform  in  their  action,  but 
several  elementary  factors  or  several  independent  variables 
act  simultaneously,  and  should  we  happen  to  neglect  any  of 
these  factors,  or  even  to  fail  to  make  sure  that  they  remain 
absolutely  invariable,  we  would  obtain  results  necessarily  lack- 
ing in  precision,  in  accordance  with  the  greater  or  lesser  im- 
portance of  the  neglected  factors. 

The  thermo-electric  force  of  a  couple  depends,  above  all,  on 
the  temperature  at  the  welded  joint,  but  also,  in  a  lesser  de- 
gree, on  the  law  of  distribution  of  temperatures  along  the  con- 
ductor between  the  hot  weld  and  the  cold  weld.  This  is  a 
phenomenon  which  we  know  qualitatively,  but  its  quantitative 
investigation  is  still  to  be  made. 

The  homogeneous  wire  heated  in  the  middle  under  such  con- 
ditions that  the  gradient  of  temperature  differs  from  one  part 
of  the  heated  zone  to  the  other,  generates  a  parasitic  thermo- 
electric force,  and  this  phenomenon  varies  in  intensity  with 
the  nature  of  the  metal  used. 

The  readings  of  the  optical  pyrometer  depend  on  the  emis- 
sivity  of  the  bodies  observed.  Hitherto  the  emissivity  of  three 
bodies  has  been  determined :  platinum,  oxide  of  iron,  and  oxide 
of  nickel.  A  good  many  other  common  bodies  are  still  to  be 
studied. 

The  results  obtained  with  a  radiation  pyrometer  are  af- 
fected by  the  variable  distribution  of  temperatures  in  the 
metal  box  of  the  apparatus.  This  factor  is  yet  to  be  studied, 
and  it  is  also  necessary  to  determine  the  conditions  required 
to  eliminate  this  disturbing  cause. 

Heating.  The  heat  conductivity  of  materials  used  for  walls 
of  commercial  furnaces,  and  also  that  of  the  masses  of  coal 
burned  on  the  grates,  are  essential  factors  in  the  problem  of 
proper  utilization  of  combustibles.  The  conductivity  of  metals 
is  known,  but  for  refractory  materials  we  have  only  empirical 
data  which  vary  as  much  as  100  per  cent  in  accordance  with 
conditions  of  manufacture.  There  is  no  information  at  all, 
even  empirical,  as  to  the  heat  conductivity  of  the  masses  of 
coal;  and  still  this  conductivity  is  an  essential  factor  in  the 
important  matter  of  the  possibility  of  burning  out  the  grate 
bars.  To  make  these  measurements  really  scientific,  it  would 
be  necessary  to  carry  out  experiments  on  heaps  of  spherical 
balls  of  known  constitution,  systematically  varied  as  to  di- 
ameter and  temperature.  In  this  way  it  would  be  possible 
to  determine  the  laws  of  transmission  of  heat  through  porous 
masses,  of  radiation,  convection,  and  of  conduction  proper. 

In  the  course  of  the  same  experiments  one  could  determine 
the  laws  of  flow  of  gases  through  masses  of  this  character; 
and  the  results  obtained  would  be  used  not  only  for  heating 
but  also  for  the  selection  of  molding  sands  and  m  other  prob- 
lems. • 

The  author  discusses  in  a  similar  manner  certain  problems 
affecting  agriculture.  (Quelques  problemes  scientifiques  d 
resoudre,  Henry  Le  Chatelier,  Le  Genie  Civil,  vol.  70,  no.  6, 
February  10,  1917,  pp.  95-96,  g) 

Detinning  Apparatus 

Prior  to  the  war  steel  scrap  in  the  foi-m  of  cans,  etc., 
was   shipped  from   England   to   Germany   for  removing  the 


tin,  solder  and  zinc.  The  following  apparatus  has  been  re- 
cently patented  in  England  to  do  the  work  at  home. 

The  apparatus  essentially  consists  of  a  slowly  rotating  in- 
clined cylinder  and  a  stationary  hopper  with  a  sleeve  en- 
circling the  rotating  cylinder.  The  latter  has  a  feed  aperture 
which  once  in  every  revolution  registers  with  the  aperture  on 
the  hopper  and  allows  the  cans  to  be  fed  into  the  internal 
heating  chamber.  To  reduce  the  friction  the  latter  is  mounted 
upon  roller  bearings.  The  heating  is  effected  by  gas  or  oil 
burners. 

The  heating  chamber  is  surrounded  by  a  firebrick-lined 
cylinder  with  outlets  for  the  products  of  combustion  through 
the  short  flues  at  the  top.  Cans  feed  into  the  heating  chamber, 
gravitate  slowly  through  as  the  chamber  rotates,  and  eventual- 
ly find  their  way  to  the  outlet  where  they  pass  down  the  chute. 
The  temperature  is  gradually  raised  along  the  length  of  the 
chamber  and  is  the  highest  at  the  outlet  end.  In  the  interior 
of  the  heated  chamber  channels  are  formed  for  collecting 
the  molten  tin  and  solder.  Aeronautics,  vol.  12,  no.  170, 
January  17,  1917,  p.  55,  1  fig.,  d) 

American  Institute  of  Mining  Engineers 

The  114th  Meeting  of  the  American  Institute  of  Mining 
Engineers,  which  was  held  in  New  York  City,  Feb.  19  to  22, 
was  one  of  public,  technical  and  social  interest.  The  general 
or  public  interest  of  the  meeting  was  more  than  is  usually  the 
case,  due  to  the  activities  of  the  Institute  in  connection  with 
public  affairs  as  well  as  to  papers  of  general  interest,  as  for 
example:  a  new  source  of  potash  supply  (the  isolation  of 
Germany  has  cut  off  the  chief  source  of  this  material) ;  a 
study  of  the  world's  reserves  of  manganese  ores  and  of  petro- 
leum; and  finally  a  research  on  the  subject  of  erosion  of  guns. 
Tliis  latter  paper  attracted  the  interest  of  members  of  the 
Naval  Consulting  Board,  of  experts  of  the  United  States  Army 
and  Navy  and  of  the  Spanish  Military  Commission,  many  of 
whom  attended  the  meeting  and  discussed  the  paper.  General 
interest  also  centered  around  the  personality  of  Herbert  C. 
Hoover,  Chaii-man  of  the  Commission  for  Relief  in  Belgium, 
who,  since  before  the  war,  has  been  a  Vice-President  of  the 
American  Institute  of  Mining  Engineers  and  who  was  guest 
of  honor  at  the  Reunion  Smoker  and  at  the  Annual  Dinner, 
where  announcement  was  made  that  he  had  been  elected  an 
Honorary  Member.  Finally,  ladies  of  the  families  of  mem- 
bers of  the  Institute  gathered  to  the  number  of  about  one 
hundred,  and  formed  a  Women's  Auxiliary  of  the  A.I.M.E., 
"  for  service  along  any  lines  which  may  prove  useful  now  or 
in  the  future  to  the  country  or  community  or  to  humanity  at 
large."  The  activities  of  the  Auxiliary  are  being  extended  to 
every  part  of  the  globe  where  mining  engineers  and  their 
families  reside. 

The  technical  interest  of  the  meeting  is  indicated  by  the 
fact  that  eighty-five  per  cent  of  the  papers  presented  were 
discussed.  In  some  cases  the  discussion  was  more  ianportant, 
and  in  some  cases  more  voluminous,  than  the  paper  which 
brought  it  forth. 

The  social  features  of  the  meeting  included  a  Reunion 
Smoker,  on  Monday  evening;  the  Annual  Dinner,  on  Tuesday 
evening;  an  Exhibition  of  Moving  Pictures  in  colors,  on 
Wednesday  evening;  Luncheon  for  all  members  and  guests, 
including  the  ladies,  on  each  day ;  and  fuially,  an  All-Day 
Excursion  to  the  West  Pomt  Military  Academy,  by  special 
train,  on  Thursday,  Washington's  Birthday,  where  the  mem- 
bers and  guests  were  royally  entertained  by  the  Superin- 
tendent and  his  staff,  and  where  they  had  the  opportunity  in 
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return  of  entertaining  these  officers  at  lunclieon.  Other  most 
enjoyable  occasions  in  connection  with  the  meetmg  consisted 
of  a  visit  to  the  magnificent  Art  Galleries  of  Senator  William 
A.  Clark  and  Henry  C.  Friek,  Esq.;  Tea  and  Exhibition  Ice- 
Skating  on  the  roof  of  the  Waldorf-Astoria ;  a  theatre  matinee 
for  the  ladies;  and  a  visit  to  a  moving-picture  studio. 

Bradley  Stoughton, 

Secretary. 
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Articles  appearing  in  the  Survey  are  classified  as  c  compara- 
tive; d  descriptive;  e  experimental;  g  general;  h  historical; 
m  mathematical;  p  practical;  s  statistical;  t  theoretical.  Ar- 
ticles of  especial  merit  are  rated  A  by  the  reviewer.  Opinions 
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A  new  society  under  the  name  of  the  American  Institute 
of  Weights  and  Measures  has  been  organized,  with  the  pur- 
pose of  opposing  the  introduction  of  the  metric  system  in 
the  United   States. 

The  following  officers  were  elected  :  President,  W.  R.  Ingalls; 
Vice-Presidents,  Henry  D.  Sharpe  and  D.  H.  Kelly;  Treas- 
urer, Walter  M.  McFarland;   Secretary,  F.   A.   Halsey. 


According  to  a  statement  given  to  the  press  by  State 
Engineer  (New  York  State)  Williams,  daily  service  on  the 
new  Barge  Canal  between  Buffalo  and  Albany  will  be  begun 
in  May.  This  will  mean  direct  barge  connection  between  the 
Great  Lakes  and  the  Port  of  New  York,  although  facilities 
for  the  reception  of  all  classes  of  freight  will  not  be  pro- 
vided until  next  year.  Freight  rates  will  be  approximately 
two-thirds  of  the  railroad  carrying  charges. 


In  anticipation  of  the  early  need  of  cars  of  higher  average 
capacity  than  those  now  in  common  use,  the  Pennsylvania 
Railroad,  according  to  the  Railway  Review,  has  constructed 
a  hopper  gondola  car  of  eighty-five  tons  capacity.  This 
particular  car  has  been  constructed  as  an  experiment,  but  if 
should  prove  successful,  will  serve  as  a  model  for  future 
coal-carrying  equipment.  The  design  involves  the  use  of 
four-wheel  trucks  and  imposes  loads  thereon  in  excess  of 
60,000  lb.  per  axle,  which  approaches  very  nearly  the  limits 
recognized   in   locomotive   construction. 


When  a  modern  large  gun  is  fired  with  nitrocellulose  smoke- 
less powder,  the  temperature  of  combustion  reaches  from  4,000 
to  5,000  deg.  fahr. ;  and  if  the  powder  contains  25  per  cent 
of  nitroglycerine,  it  may  rise  to  5,000  to  6,500  deg.  Steel 
melts  at  2,650  deg.  fahr.,  and  a  thin  film  of  steel  is  fused  in 
about  one-sixtieth  of  a  second.  As  soon  as  the  projectile 
has  left  the  gun,  the  big  outflow  of  gas  washes  away  a  por- 
tion of  this  thin  film  of  fused  steel,  and  the  bore  is  thus 
enlarged  0.001-in.  in  a  14-  or  16-in.  gun  at  each  shot.  With  58 
per  cent  nitroglycerine,  as  in  some  English  powders,  the 
erosion  is  much  greater. — Hudson  Maxim,  at  the  A.I.M.E. 
Annual  Jleeting,  New  York,  Feb.  21,  1917. 


The  Pennsylvania  Railroad  has  recently  installed  at  Pit- 
cairn,  Pa.,  a  novel  type  of  plate-fulcrum  track  scales.  This 
form  of  construction  eliminates  the  knife  edges  which  have 
been  practically  universally  employed  in  scales  of  all  kinds. 
In  consequence  of  this  change,  the  need  of  regrinding  and 
renewing  knife  edges  and  bearings  is  done  away  with. 


The  jjlace  of  the  knife  edge  is  taken  by  a  thin  plate  con- 
tinuous from  lever  to  bearing.  These  novel  plate  fulcrums 
consist  of  relatively  thin  central  portions  connected  to  heavier 
portions  or  heads.  The  thin  portion  gives  the  desired  flexi- 
bility, while  the  large  heads  distribute  the  load  on  the  sup- 
ported members  and  decrease  the  unit  stresses.  The  design  is 
such  that  the  necessary  vibration  is  taken  care  of  without 
need  of  such  wear  as  takes  place  in  a  knife-edge  scale. 


As  a  result  of  experiments  recently  carried  out  at  the 
Consolidated  Gold  Fields  Laboratory,  an  easy,  cheap,  and 
effective  method  of  removing  iron  oxide  from  corroded  and 
pitted  iron  plates  has  been  evolved.  Previous  practice  on 
the  Rand  has  been  to  remove  this  mechanically,  either  with 
hammers,  chisels,  or  a  sand  blast.  While  largely  efficient, 
each  of  these  methods  is  liable  to  leave  traces  or  nodules  of 
rust,  especially  at  the  bottom  of  the  pitting,  and  these  nodules 
prevent  the  covering  of  paint  adhering  to  the  iron  and  form 
nuclei  for  further  coiTosion. 

The  method  evolved  consists  in  applying  to  the  surface 
of  the  iron  a  mixture  of  finely  crushed  sodium  bisulphate 
and  common  salt,  in  the  proportion  of  two  parts  of  the 
former  to  one  of  the  latter.  This  mixture  is  prepared,  then 
wetted  (just  sufficiently  to  be  cohesive)  and  applied  to  the 
iron  plate.  If  time  be  no  object,  the  moist  mixture  can  be 
left  until  the  plate  is  clean,  but  the  action  is  much  more 
rapid  if  the  mixture  is  scraped  off  evei-y  two  or  tliree  hours 
and  the  iron  scrubbed  thoroughly  with  a  wire  brush,  applying 
water  at  the  same  time.  The  treatment  is  repeated  until  the 
plate  is  clean.  Usually  24  hours  is  sufficient  for  a  badly 
corroded  plate. 

The  liberation  of  hydrochloric  acid  takes  place  slowly,  and 
its  action  on  the  metallic  iron  appears  to  be  slight. 

When  the  plate  is  thoroughly  clean  it  is  washed  well,  finally 
with  an  alkaline  solution,  and  dried  quickly.  A  coating  of 
paraffin  oil  is  at  once  applied  to  protect  the  surface  against 
atmospheric  action.  The  metal  is  then  ready  for  application 
of  paint  or  other  protective  covering. 


At  the  College  of  Engineering  of  the  University  of  Minne- 
sota a  new  educational  experiment  is  being  tried  in  the  appli- 
cation of  the  task-and-bonus  plan  to  the  departments  of 
shop  work  and  design.  Every  job  given  to  a  student  carries 
with  it  the  time  allowed,  which  is  estimated  on  a  fair  basis. 
Any  time  saved  by  the  student  is  given  to  him  as  a  credit  by 
means  of  which  his  time  in  college  may  be  shortened  if  he 
accumulates  a  sufficient  amount.  It  is  assumed  that  the  best 
men  can  save  one-third  of  the  time;  and  on  the  other  hand 
if  they  prefer  to  do  more  work  and  not  use  the  credit  in 
reducing  the  time  spent  on  the  subject  they  can  get  one-third 
more  value  out  of  the  course. 

Prof.  J.  J.  Flather  reports  that  the  system  is  working  well 
both  in  the  shop  and  drawing  room  and  that  all  the  instrue- 
tore  are  enthusiastic  in  its  application.  The  output  )ier 
individual  is  at  least  25  per  cent  and  in  some  eases  50  or  60 
per  cent  more  than  was  the  average  before  the  scheme  went 
into  effect.  There  is  an  increased  enthusiasm  on  the  part  of 
the  men;  their  ambition  is  stimulated,  and  no  drop  in  the 
quality  of  the  work  has  been  apparent.  In  fact,  there  is  a 
strong  tendency  to  maintain  a  high  standard  because  addi- 
tional credit  is  given  for  superior  work  and  an  extraordi- 
narily good  man  may  earn  one-third  bonus  for  quality  in 
addition  to  the  bonus  he  may  earn  for  quantity. 
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tems Whose  Equilikri  \  I!  we  Been  I.westigathd.  Clarence 
Estes.  Metallurgical  and  Chemical  Engineerin,g.  vol.  16.  no.  5. 
March  1.  1917.  pp.  273-282. 


AITOMOBILES 


llviiRACLic    Transmission.    F.    I.i  igli    Martineau 
no. -7/841.  February  16.  1917.  pp.  118-119. 


Draw  Bar  Pcll.  R.  A.  M. 
17.  1917,  pp.  159-160. 


Tbe    .Auto.    vol.    22. 
Uitocar.  vol.  3S.  no.   I.  113.  February 


FIRE  PREVENTIO.V 

Fire  Prevention  and  Extinction.  Bernard  A.  Westbrook.  Tbe 
.Journal  of  the  Institution  of  Mechanical  Engineers,  no.  2.  l-'eb- 
ruary  1917.  pp.  805-878. 


CEMENT 

The  Cement  Gcn   in  Oven   Rrpairs.  H.  V.  Patte 
11,  no.  S,  February  24,   1917.  pp    348-349. 


COXVENTIiiNS 

I'.onsTEK   Meeting    for    Forgers'    Convextiox.      The 
Forger,  vol.  3,  no.  2.  February  1917.  pp.  .37-38. 


FOl'NDin" 

Casting  Steel  Wheels  for-Motor  Tricks.     Tiie  Iron  Trade  Review. 
Coal  Age,   vol.  vol.  60,  no.  8,  February  22,  1917,  pp.   465-471.   14  flgs. 

How  Heavy  Ammonia  Stills  ark  Molded.     The  Foundry,  vol.  45.  no. 
295,  March  1917.  pp.  107-109. 
A   novel    method    of   molding    enabled    tbe    Hoovens-Ovens-Kentschler 
Co.  to  double  production  on  a  limited  floor  area. 

\merieiii    Drop        What  Focndrymen  Can  Do  to  Prevent  Hot  Boxes.  Russell  It.  Chirkc. 
The  Foundry,  vol.  45.  no.  205.  March  1917.  pp.  111-114. 


COOUNG  TOWERS 

Cooling  Towers  and  Ponds.  Charles  L.  Hubbard. 
3.  March  1917.  pp.  6S-70. 


vol.   19.   no. 


DRYING 

CONTINrofS  Mechanics.  Drvim:  Machine.  Engineering,   vol.   10:;.  no 
2605.  January  26.  1917.  p|i.  77-79.  6  flgs. 


The  Seasoning  of  Castings.  Richard  .Moldenke 
no.  295,  March  1917.  pp.  96-97. 


Tbe  Foundr.\ 


Essential  Factors  in  Fol'NDRY  i'ost  Accoixting.  Clinton  II.  Scovi-IL 
The  Foundry,  vol.  45,  no.  205.  Mann  1917.  pp.  00-93. 

Improvement  in  MEntoD  op  Casting  Ingots.  B.  C.  Gushing.  I'.nll.tin 
of  the  .American  Railwav  Engineering  .Association.  \-oI.  Is. 
no.  195,  March  1917,  pp.  1075  lii79. 


Casting    High-Speed   Steel   Ti"0.s 
vol.  46.  no.  7,  February  15,   lu\', 


o    Shape. 
Pii.  2S5  2 
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EI.E\ATORS 

Floating    Pvei'.matic    Gh.mx    Elevators.      Engineering,    vol.    1o3.    ]u: 
26117.   February  9.   1917.  pp.  121-124.  19  fl.'is. 
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The  Journal 

Am.Soc.M.E. 


Thk  Utilization  op  Waste  PKODUci-i  and  of  Low-Gbade  Fuels  for 
Power-Genfration,  John  B.  C.  Kershaw.  Metallurgical  and 
Chemical  Eagineeriug,  vol.  16,  no.  4,  February  15,  1917,  pp.  229- 
232. 

Pennsylvania  Commission  Reports  on  thk  Increased  Cost  of  Coal. 
Coal  Age,  vol.  11,  no.  8,  February  24,  1917,  pp.  354-356. 

LiQiiD  Fuels  for  Heating  Furnaces.  George  V.  Pearce.  Machinery, 
vol.  23,  no.  7,  March  1917,  pp.  615-616. 

Fi'EL  Cost  in  Pi:rlic  Utilitie.s,  W.  S.  Barstow.  The  Gas  .^ge,  vol. 
39,  no.  5,  March  1,  1917,  p.  237. 

Engineering  Phases  of  Smoke  Abatement,  Osborne  Monnett.  Pro- 
ceedings of  the  Engineers'  Society  of  Western  Pennsylvania,  vol. 
32,  no.  9,  December  1916,  pp.  772-778,  4  figs. 

Coal  and  Ashes  Handling  and  Storage — II.  Henry  .T.  Bdsall.  Prac- 
tical Engineer,  vol.  21,  no.  5,  March  1,  1917,  pp.  22.5-22S,  4  figs. 

Scientific  Methods  of  Coal  Buying,  John  B.  C.  Kershaw.  Coal  Age. 
vol.  11.  nos.  8-10.  February  24-March  10,  1917,  pp.  350-352,  3S7- 
390   (4  figs.),  424-426. 


FURNACES 

Petit  four  fonctionnant  aux  TEMPfiRAiURES  tr6s  iSlevees.    Uev.  de 
LA  Soc.  Rrssr.  db  MStal.,  1710   (19151.  Leon  Dlougatch.     Revue 
de  Metallurgie,  vol.  13.  no.  5,  September-October,  1916,  p.  226. 
Small  furnace  running  at  very  high  temperatures. 


GAS  ENGINEERING 


Water  Research.  The  Engineer,  vol.  123,  no.  3189,  Februarv  9,  1917, 
pp.  128-130,  5  figs. 

Les  Machines   Hvdrauliqiies  a  l  Exposition   Natioxale  Suisse   de 
1:erne,    en    1911,    R.    Necser.      Bulletin    Technique    de    la    Suisse 
Romande,  vol.  43,  no.  3,  February  10.  1917,  pp.  25-29. 
Hydraulic  machinery  at  the  Berne  exposition  in  1914. 

Factors  Affecting  Costs  of  Structural  Steel  Shop  Work,  E.  W. 
Pittman.  Proceedings  of  The  Engineers'  Rocietv  of  Western  Penn- 
sylvania, vol.  32,  no.  9,  December  1916,  pp.  739-743. 

RfiGULARISATION    DU    REGIME    DES    COURS    D'EAU     UTILISES    X    LA    PRODUC- 
TION DE  L'fiNERGiE  htdro-iSlectriq''E,  Paul  Levy  Salvador.     Keviie 
GSn^rale  de  I'Electiicitg,  vol.  1,  no.  7,  February  17,  1917,  pp.  253- 
266. 
Control  of  streams  used  for  the  production  of  hydro-electric  energy. 


INTERNAL-COMBUSTION  ENGINES 

Diesel  Engine  Plants.  Main  and  Auxiliary  Equipment.  Piping 
System  Highly  Important  and  Carefully  Arranged.  Novel 
Operating  Conditions,  M.  Wm.  Ehrlich.  Natioual  Ensincei',  vol. 
2k,   no.   3,   March   1917,   pp.   87-91. 

t  The  Fuel  Problem  Solved,  E.  B.  Blakely.  Motor  Boating,  vol.  19, 
no.  1,  January  1917,  pp.  25  and  56-58,  2  figs. 

New  Rotary  Valve  Engine  Design,  The  Automobile,  vol.  36,  no.  S, 
February  22,  1917,  p.  412,  1  fig. 

r 

A  Standard  of  Carbureter  Perform.^xce,  O.  C.  Berry.  S.  A.  E.  Bul- 
letin, vol.  11,  no.  5.  February  lOli.  pp.  556-504,  5 'figs. 


VARI.ITION  de  la  CHALEUR  SPfiCIFIQUE  DES  GAZ  AVEC  LA  PRESSION,  Silvio 

Lussana.     .\unales  de  Physique,  tome  6,  series  9,  November-Decem- 
ber, 1916,  pp.  344-356. 
■\'ariation  of  the  specific  heat  of  a  gas  with  the  pressure. 

The  Limits  of  Inflammability  of  Gaseous  Mixtures,  W.  M.  Thorn- 
ton. Philosophical  Magazine  and  Journal  of  Science,  vol.  33,  no. 
194,  February  1917.  pp.  190-190,  4  tables. 

MEA.sunEMENT  OF  THE  CALORIFIC  PowEP.  OF  Gas.  Gas  Journal,  vol. 
137,  no.  2803,  January  30,  1917,  pp.  202-206,  1  fig. 

Dby-hot  vs.  COLD-WET  FURNACE  Gas  CLEANING,  Linn  Bradley.  H.  D. 
Egbert,  and  W.  W.  Strong.  The  Blast  B'urnace  and  Steel  Plant, 
VOL  5,  no.  3,  March  1917,  pp.  104-109,  5  figs. 

Directions  for  Using  the  Gas  Analysis  Appar.atus.  Lieut. -Com.  W. 
T.  Conn.  Jr.  Journal  of  the  .American  Society  of  Naval  Engineers, 
vol.  29.  no.  1,  Februarv  1917,  pp.  30-47. 


HEAT  TREATMENT 

Heat-Treating  Plant  of  the  New  Process  Gear  Corporation — I,  E. 
A.  ."^uverkrop.  .-Vmerican  ilachinist,  \  ol.  46.  no.  10.  March  S.  1917. 
pp.  397-401. 


LUBRICATION 

aight  Mineral  Oil  Versus  Compound  Oil  for  the  Bearings  of 
Marine  Engines  Not  Having  Forced  Lubrication,  Lieut.  (J.  G.) 
J.  L.  Kaufman.  Journal  of  the  American  Society  of  Naval  Engi- 
neers, vol.  29,  no.  1,  February  1917,  pp.  48-62. 


Straight  Mi 


MACHINE   P.VRTS 

Service  Tests  of  Steel  Springs.  Geo.  T.  Glover.  Railway  Mechani- 
cal Engineer,  vol.  91,  no.  3.  March  1917.  pp.  124-5. 

Investigation  of  Shafting  Failures  and  Engine  Vibration  on 
Vessels  of  the  Louisiana  Class,  Ernest  N.  Janson  and  Lieut. - 
Commdr.  J.  O.  Richardson.  Journal  of  the  .\merican  Society  of 
Naval  Engineers,  vol.  29,  no.  1,  February  1917.  pp.  1-34. 


Internal  Bevel  Gearing.  Reginald  Trautschold. 
no.  7,  March  1917.  pP-  611-614.  5  fi.i;s. 


AInchinery.   vol. 


Calculating   Change    Gears    for   Module    Pitches,    James    Farmer. 
Machinery,  vol.  9,  no.  2.30,  February  1917.  p.  580. 


MACHI.NE    SHOP 


HEATING  AND  VENTILATION 

Heating  and  Ventilating  Private  Dwelling  Hoiikes,  C.  T.  Alfred 
Hanssen.  The  Society  of  Engineers  (Inc. I,  vol.  7,  no.  11,  Novem- 
ber 1916,  pp.  189-214. 

Relative  Economy  of  Heating  by  Steam  at  Different  Pressures, 
A.  Bement.  The  Heating  i.t  Ventilating  Magazine,  vol.  14,  no.  2, 
February  1917,  pp.  27-29. 

Combined  Steam  Heating  and  Electric  Generating  Plants.  Bvron 
T.  GiCEord.  The  Eclectric  Journal,  vol.  14,  no.  3,  March  1917,  pp. 
101-102. 


HOISTING  AND  CONTEYING 

Endless-Rope  Haulage  at  the  Works  of  the  Oakbank  Oil  Co.. 
Ltd.  The  Iron  &  Coal  Trades  Review,  vol.  94,  no.  2555.  February 
16,  1917,  p.  190. 

The  "Peters"  High-Purchase  Gear.  Engineering,  vol.  103.  no.  266?, 
February  16,  1917,  pp.  149-150. 

The  Stamper' P.vtent  Loadixc;  Device.  i[otor  Trattinn.  y'.  L't,  no. 
621,  January  24,  1917,  p.  61,  2  figs. 

Crane  Extension   to   Reach   .Adjoining  Bays.     Thr   .Vmeiican   Drop 
Forger,  vol.  3.  no.  2.  February  1917,  p.  48.  1  fig. 
Swinging  a  jib  below  the  crane  bridge  to  reach  sections  where  over- 
head cranes  would  be  superfluous  most  of  the  time.      Bettering  opera- 
tor's viewpoint  and  enhancing  safety. 


HYDR.iULICS 

A  New  Electrical  Method  for  Testing  W.a'ter,  C.  A.  Eastwood  and 
C.  C.  Brown.  Journal  of  Electricity,  vol.  38,  no.  4.  February  15, 
1917,  pp.  113-113,  1  fig. 

Some  Notes  on  Stream  Flow,  G.  C.  Brown.  The  Cornell  Civil  Engi- 
neer, vol.  25,  no.  4,  January  1917,  pp.  161-169. 


Equipment  for  Handling  Hea-.  y  Pressings,  Charles  C.  Lynde.  The 
American  Drop  Forger,  vol.  3,  no.  2,  February  191 1,  pp.  54-57, 
4  figs. 

Notes  on  Screw  Gauges,  R.  E.  B.  Crompton.  The  .Automobile  Engi- 
neer, vol.  7,  no.  99,  February  1917,  pp.  35-37. 

Lubrication  of  Cutting  Tools — III.  Edward  K.  Hammond.  Machin- 
ery,  vol.  23,  no.  7,  March  1917,  pp.  595-607,  17  figs. 

Gaging  and  Inspecting  Threads — II.  Douglas  T.  Hamilton.  Machin- 
ery, vol.  23,  no.  7,  March  1917.  pp.  581-580,  IS  figs. 

Manufacture  of  .Steel  Balls — I.  Edward  K.  Hammond.  Machin- 
ery, vol.  23,  no.  7,  March  1917.  pp.  563-570,  17  figs. 

Martelage  forgeage  et  laminage,  Georges  Charpy.     Lc  Gfinie  Civil, 
vol.  70.  no.  7,  February  17,  1917.  pp.  109-1 1:^. 
Drop  Forging  and  Rolling. 

Precision  Grinding,  .1.  B.  Murpbv.  .\m<rirnn  Mrichinist.  vol.  46.  no. 
S,  February  22,  1917,  pp.  31.3'-.';i4. 

Manufacturing  Methods  U.'-'Ed  in  Tooluoo.m.  ,\uto.mobile  Jigs  and 
Fixtures  Produced  Largely  by  Machine  Operators  .at  Enter- 
prise Tool  Company  Instead  of  by  Tool  Makers.  The  Iron 
Age,  vol.  99,  no.  9,  -March  1,  1917,  pp.  525-527. 

A  Suggested  Modification  of  the  Whitworth  Screw  Thread,  W. 
C.  I'nwin.  EugineerlLg.  vol.  103.  no.  266S,  February  16,  1917.  pp. 
138-159. 

Unification  des  filetages.     Bulletin  de  la  Soci^t^  D'Encouragement 
pour  rindustrie  Nationale,  115  annfe,  tome  126,  no.  6,  November- 
December    1916,    pp.     383-388. 
-Adoption    of    standard    screw    threads    by    the   French    Post    Office, 
Telegraphs  and  Telephones. 


MACHINE  TOOLS 

Electric-Driven    Herringbone-Gear    Planer.      -American    Machinist, 
vol.  46,   no.   7,  February  15,   1917,   pp.  265-267. 
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Automatic  and  Skmi-Automatic  Machine  Tools.  C.  Warren  lioulton. 
Tbe  Journal  of  the  Institution  of  Meclianlcal  Engineers,  no.  2. 
February    1917,    pp-    S79-SSS. 


MEASUREMENTS' 

Screw    Thread   Mea.surements,    Artluir    Brooker.      Engineering,    vol. 
103,   no.   2GCG,   Februar.v   2.    1917,    pp.    113  110,    13   flgs. 


Tin:  Chilled  Iron  Car  Wheel  in  Stea.m  Hailkoad  Service,  G.  W. 
Lyndon.  Canadian  Macliincrv  and  .Mainifacturing  News,  vol.  17, 
no.  S,  February  22.   1917,  pp.   14.J-149,  9  figs. 

Motive  Power  ob-  the  Missouri,  Kansas  &  Texas  Rv.,  J.  W.  Kend- 
rick.  Railway  Review,  vol.  60,  no.  8,  February  24,  1917,  pp.  272- 
274. 

TemperatubePressure  Changes  in  Blowing  Off  and  Refilling 
LocoMojnE  IfoiLERS.  Hailwav  Review,  vol.  tiO,  no.  8,  February 
24.   1917,  p.  258,   1  fig. 


MECHANICS 

Olsen's  Rule.     The   Shipbuilder,   vol.   1.5,   no.   70,   Decendjer   1910,   pp. 
209-211. 

Dynamic  Reaction   of  the   Connecting   Rod.  Walter   Rautenstrauch. 
American  Machinist,  vol.  40,  no.  7,  February  10.  1917,  pp.  281-284. 


METRIC   SYSTEM 

The  Adoption  of  the  Metric  System  in  the  United  States.     The 

Scientific  Monthly,  vol.  4.  no.  3,  March  1917,  pp.   193-219. 
The  Metric  System  from   the   Standpoint  of  Electrical   Engineering. 

Arthur  E.   Kennelly,  p.  193. 
The  Metric  System  from  the  Pan-American  Standpoint,  William  C. 

Wells,  p.   190. 
The  Metric  System  in  Every-Day  Life,  H.  V.  Arny,  p.  202. 
The  Metric  System  from  tbe   Standpoint   of   the   Wholesale   Grocers 

and  Canning  Industry,  Fred  K.   Drake,  p.   200. 
Wholesale    Druggists    and    the    Metric    System,    Adolph    W.    Miller, 

p.   210. 

The   International   Language   of   Weights   and   Measures,   George   F. 
Kunz,  p.  215. 


MUNITIONS 


EiGHTV-FivE  Ton  Hopper  Gondola  Car  for  the  Pennsylvania  Rail- 
road. Railway  Review,  vol.  00,  no.  10,  March  10,  1917,  pp. 
323-332. 

The  Quick  Bend  Test  of  Rails  as  a  Substitute  for  the  Drop  Test, 
W.  C.  Cushing.  Bulletin  of  tbe  American  Railway  Engineering 
Association,  vol.   18,  no.  195,  March  1917,  pp.  1081-1090. 

Induced  Interior  Transverse  Fissures  in  Heads  of  Two  Types, 
Dr.  P.  H.  Dudley.  Bulletin  ot  the  American  Railway  Engineer- 
ing Association,  vol.  IS,  no.  195,  March  1917,  pp.  1055-1063. 

The  Locomotive  Furnace,  J.  T.  Anthony.  Official  Proceedings  ot  the 
New  York  Railroad  Cflub,  vol.  27,  no.  4,  February  16,  1917,  pp. 
4799-4828. 


STEAM   ENGINEERING 

Accuracy  of  Steam  Flow  Records,  K.  H.  Smith.  Canadian  Engineer, 
vol.  32,  no.  6,  February  8,  1917,  pp.  130-131. 

Boiler-House  Operation  and  Maintenance,  with  Special  Refer- 
ence to  the  Rand  Power  Companies'  Plant,  T.  G.  Otley  and 
Verney  Pickles.  The  .lournal  of  tbe  South  African  Institution  of 
Engineers,  vol.  15,  no.  0,  January  1917,  pp.  90-123,  13  figs. 

Steam  Turbines  for  Land  Purposes.  The  Engineer,  vol.  123,  no. 
3188,  February  2,  1917,  pp.  107-108.  5  figs.  (The  Mechanical 
Engineer,  vol.  39,  no.  994,  February  9,  1917,  pp.  95-98,  5  figs.) 


American  Industrial  Progress  as  Revfaled  by  War  Orders,  lOaiie 
Buckingham.  American  Machinist,  vol.  40,  no.  8,  Februari"  22, 
1917,  pp.  315-321. 

Percussion  Fuse  Production  With  Female  Labor  Prominent. 
(Staff  Article)  Canadian  Machinery,  and  Manufacturing  News, 
vol.  17,  no.  10,  March  8,  1917,  pp.  233-239. 

Aids  to  Production  in  a  Munitions  Plant.     The  Iron  Trade  Review. 

vol.   00,   no.  9,   March   1,   1917,   pp.   511-515,   10  figs. 
Successful   Shrapnel  Manufacture,  Chester   L.  Lucas.     Machinery, 

vol.  23,  no.  7,  March   1917,  pp.  571-574,  8  figs. 

Shop  Inspection  Routine  in  18  pdr.  H.E.  Shell  Production,  a.  P. 
Menzies.  Canadian  Machinery  &  Manufacturing  News,  vol.  17, 
no    10,   March    1917,   pp.   202-S06. 

Female  Labor  on  8  ins.  High  Explosive  Shell  Machining.  (StafT 
Article).  Canadian  Machinery  and  Manufacturing  News,  vol.  17, 
no.  10,  March  8,  1U17,  pp.  20 1 -21 4. 

Shrapnel  Shell  Manufacture.  Canadian  Machinery  and  Manufac- 
turing News,  vol.  17,  no.  10,  March  8,  1917,  pp.  241-246. 

Machining  9.2  ins.  H.  E.  Shell  in  a  Structural  Steel  Plant. 
(Staff  Article. >  Canadian  Alacbinery  and  Manufacturing  News, 
vol.   17,   no.   10,   March   8,   1917,  pp.    195-201. 

Manufacturing  Brass  Cartridge  Cases  for  Shrapnel  and  High  E.x- 
PLOsiVE  Shell.  (Staff  Article.)  Canadian  Machinery  and  Manu- 
facturing News,  vol.  17,  no.  10,  March  8,  1917,  pp.  217-223. 

United  States  Munitions.  The  3-in.  Common  Shrapnel.  Ameri- 
can Machinist,  vol.  46,  no.  9,  March  1,  1917,  pp.  353-377. 

United  States  Munitions.  The  Springfield  Model  1903  Service 
Rifle.  Making  the  Guard— I  and  II.  American  Machinist, 
vol.  46.  nos.  7  and  8,  February  15  and  22,  1917,  pp.  287-293  and 
333-338. 
Floor  Plate — II :  Floor  Plate  Catch,  Magazine  Spring,  Cutoff  and 
Follower.  American  Machinist,  vol.  40,  no.  10,  March  8,  1917, 
pp.  415-426. 


A  Rapid  Method  op  Plotting  Combined  Indicator  Diagram.s,  A.  R. 
Munro.     The  Engineer,  vol.  123.  no.  3189,  p.  137,  6  flgs. 

t  Water  Conditions  in  the  Locomotive  Boiler,  George  L.  Fowler. 
Railway  Age  Gazette,  vol.  62,  no.  9,  Alarch   2,   1917,  pp.  359-362. 

t  Ford  Boiler  and  Gas  Plants,  Thomas  Wilson.  Power,  vol.  45,  no. 
8,   February  20,    1917,   pp.   239-243. 

BoNi'S  Systems  in  Steam  Power  Plants,  Joseph  W.  Hays,  Combus- 
tion Engineer.     Steam,  vol.  10,  no.  3,  March  1017,  pp.  06-07. 

Steam  Engine  Troubles,  H.  llamkens.  Power,  vol.  45,  nos.  9-11: 
Governors — II,  February  27.  1917.  pp.  284-288;  Releasing  Gears, 
March  6,  1917,  pp.  314-316  ;  Wristplates,  March  13,  1917,  pp. 
350-352. 


THERMODYNAMICS 

The  Present  Status  of  the  Thermodynamic  Properties  of  Carbon 
Dioxide,  Frederick  G.  Keyes  and  Arthur  W.  Kenney.  A.  S.  R.  E. 
Journal,  vol.  3,  no.  4,  January  1917,  pp.  17-43,  8  figs. 

Determining  Heat  Transmission  of  Compound  Walls  with  Tests 
on  Insulated  Steel  Car  Section.?,  Arthur  .1.  Wood.  A.  S.  R.  E. 
Journal,  vol.  3,  no.  4,  January  1917,  pp.  44-72,  9  figs. 


CHARTS 

B.T.U.  Losses  for  Various  Types  of  Construction.     The  Heating 
and  Ventilating  Magazine,  vol.  14,  no.  2,  February  1917,  p.  59. 

Horsepower  Required  by  Triplex  Pumps. 
Horsepower  Reduced  by  Centrifugal  Pujips. 
kilowatt-hocr  consumption   for  centrifugal  pumps. 
Kilowatt-Hour   Consumption   for  Triplex   Pumps. 

Electrical  Review,  vol.  70,  no.  7,  February  17,  1917,  p.  273. 
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The  Chilled  Iron  Car  Wheel.  Official  Proceedings  of  Canadian 
Railway  Club,  vol.  10,  no.  2,  February  1917,  pp.  14-42. 

t  Southern    Duple.k    Locomotives.      Railway    Mechanical    Engineer, 
vol.  91,  no.  3,  March  1917,  pp.  121-123. 

Eighty-Five  Ton  Hopper  Cab  fob  the  Pennsylvania.  Railway  Age 
Gazette,  vol.  62,  no.  10,  March  9,  1917,  pp.  391-393. 

Resistance  of  Passenger  Train  Equipment,  E.  C.  Schmidt  and  H. 
H.  Dunn.  Rail-Aay  Age  Gazette,  vol.  62,  no.  10.  March  9,  1917,  pp. 
407-409. 

Side  Beabing  Location,  Lewis  K.  Sillcox.  Railway  Review,  vol.  60, 
no.  0,  February  10,  1917,  pp.  198-200,  3  figs. 

Eisehne    Personenwagen    in    Deutschland.    W.    Rudolph.      Stabl    & 
ELsen.  37  Jahrgang.  no.  1.  January  4,  1917,  pp.  9-15,  8  figs. 
Iron  passenger  cars  in  Germany. 


Strength  Curves  op  Copper,  Iron  and  Steel.  Machinery,  vol.  23,  no. 
7,  March  1917,  p.  594. 

Specific-Heat  Ratio  (Cp/Cv)  op  Vapors  and  Gases  and  its  Rela- 
tion TO  Number  of  Ato.ms  in  Molecule.  The  Gas  Engine,  vol. 
19.  no.  3,  March  1917.  p.  130. 

Equivalent  Cost  of  Coal  and  Oil  as  Fuel,   R.   L.   Wales.     Power, 
vol.  45,  no.   11,  March   13.   1917,  pp.  347-348. 
Chart  to  determine  relative  cost  of  coal  and  oil  fuel. 

The  Loss  of  Coal  Through  Grates,  Carleton  W.  Hubbard.     Power, 
vol.   45,   no.   9.     Februarv   27,    1917,   pp.   276-279. 
Chart  to  determine  loss  or   coal  through  grates. 

Water  in  the  Ammonia  Charge,  E.  W.  Miller.     Power,  vol.   45.   no. 
10.  March  6.  1917.  pn.  :!!2-313. 
Diagram  for  figuring  dimensions  of  dished  heads. 

Wing  Loading  and  Lift  '''okfficievts.  I'light.  vol.  '.),  no.  5,  Feb- 
ruary 1,  1917,  pp.   105. 


LIBRARY  NOTES 

From  tlie  Libraries  of  the    Four    Founder   Societies  and    the    United    Engineering    Society,    in 

the  Engineering  Societies  BuiUHng,  Xew  York  Citv 


Our  New  Librarian 

WE  are  pleased  to  ainiouuee  the  apj)iiiiitiiieul  nl'  Dr. 
Harrison  W.  Craver,  until  recently  librarian  of  the 
Carnegie  Liljrarv  in  Pittsburgh,  to  be  Director  of  tlie  combined 
libraries  of  the  American  Society  of  Civil  Engineers,  the 
American  Institute  of  Electrical  Engineers,  the  American  In- 
stitute of  Mining  Engineers,  The  American  Society  of  Mech- 
anical Engineers,  and  the  United  Engineering  Society. 

Dr.  Craver  was  born  in  Ovvaneeo.  Illinois,  August  10.  1875. 
He  was  educated  in  the  public  schools  of  Carmi,  Illinois,  and 


1)K. 
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Terre  Haute,  Indiana,  and  the  Rose  Polytechnic  Institute, 
from  which  he  was  graduated  in  189.5,  having  si)ecialized  in 
industrial  chemistry.  The  following  year  was  sjient  in  i)ost- 
graduate  chemical  study  with  Dr.  W.  A.  Noyes.  In  1896  he 
became  chemist  to  Kirkpatrick  &  Co.,  Limited,  of  Pittsburgh, 
and  later  to  the  Shoenberger  Steel  Co.,  the  Virginia  Iron,  Coal 
&  Coke  Co.,  and  the  Dui|nesne  Reduction  Co.  During  this 
period  he  acquired  a  practical  knowledge  of  iron  metallurgy, 
particularly  of  open-hearth  steel  manufacture. 

In   1900  Dr.   Craver   tirst   became  associated   with   the   Car- 


negie Library  of  Pittsburgh,  being  asked  by  the  librarian.  Dr. 
Edwin  H.  Andei-son,  now  director  of  the  New  York  Public 
Library,  to  undertake  the  organization  of  a  technological  de- 
partment. To  this  work  his  attention  was  given  until  1908, 
although  interrupted  by  some  returns  to  metallurgical  work. 
Among  these  the  most  important  was  in  1902,  when  he  became 
assistant  superintendent  of  the  Allegheny  Steel  Co.,  then  in 
jirocess  of  organization,  and  was  jilaced  in  charge  of  their 
rolling  mills.  In  1908  he  was  elected  librarian  of  the  Carnegie 
Library  of  Pittsburgh,  which  position  he  has  held  since. 

Dr.  Graver's  library  experience  has  been  im usually  varied. 
The  Teclmology  Department,  his  first  task,  was  a  venture  in  a 
held  hitherto  untried,  as  no  munici])al  library  had  attempted  to 
meet  the  special  wants  of  engineers  and  manufacturers.  The 
methods  of  organization  and  the  plan  of  service  adopted  have 
[iioved  the  model  for  the  technology  departments  since  inaug- 
urated in  most  similar  institutions  in  America.  He  has  devel- 
oped an  unusual  system  of  cooperation  with  the  public  schools 
and  has  been  able,  through  the  constant  succession  of  biblio- 
gra])hic  publications  issued  by  the  Library  under  his  direction, 
tolje  of  service  to  libraries  and  students  throughout  the  world. 
The  Ijibliographies  on  engineering  subjects  have  been  espe- 
lially  appreciated. 

Among  librarians  his  services  to  the  profession  have  long 
l)een  recognized.  He  has  been  since  1909  a  member  of  the 
Council  of  the  American  Library  Association,  a  member  of  the 
E.xecutive  Board  since  1913,  and  Chairman  of  the  Finance 
Committee  since  1914.  At  jiresent  he  is  also  First  Vice- 
President  of  the  Association. 

Dr.  Craver  has  been  a  member  of  the  Engineers'  Society  of 
Western  Pennsylvania  since  1900.  He  was  for  several  years 
.1  director  of  the  society  and  chairman  of  the  publication 
committee.  He  is  also  a  member  of  the  American  Chemical 
Society  and  of  the  American  Association  for  the  Advancement 
of  Science. 

Now  that  tlie  libraries  of  the  four  Founder  Societies  are 
grouped  under  one  roof,  an  opportunity  occurs  to  mold-  tbem 
into  one  all-embracing  Engineering  Library  and  to  render  this 
ol  service  to  the  sreatest  degree  to  the  members  of  the  Societies 
and  the  profession  generally. 

Dr.  Craver  will  be  given  most  cordial  support  by  the 
Library  Board  to  develop  his  ideas  and  bring  this  all-important 
)iinblem  to  a  successful  issue. 

Library  Service  Bureau 

THE  Library  Service  Bureau,  conducted  by  the  United 
Engineering  Society,  has  greatly  increased  its  clientele 
since  its  foundation  in  April  1915.  Service  has  been  ren- 
dered to  correspondents  in  239  localities  in  45  States  in  the 
United  States,  as  is  shown  on  the  map  here  reproduced,  and 
to  foreign  correspondents  in  70  localities  in  23  foreign  coun- 
tries. Photostat  copies  of  articles  in  engineering  periodicals 
have  been  sent  to  far-distant  Australia,  Korea  and  South 
Africa.  Bibliographical  assistance  has  been  given  in  connec- 
tion with  the  unification  of  railways  in  Australia,  and  the 
re\isii>n  of  the  mining  laws  in  that  country,  the  development 
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of  milling  in  Cbina,  Korea  and  Soutli  Africa;  the  raising  of 
a  sunken  vessel  in  Chile;  the  construction  of  oil  storage  tanks 
in  India,  and  tlie  electrification  of  railways  in  Austria.  The 
service  is  therefore  nation-wide  and  world-wide. 

U.  E.  S.  Accessions 

Abstracts  op  Cukkent  Decisions  ox  Mixes  axd  Mining,  reported 
from  May  to  -August  1916.  U.  S.  Bureau  of  Mines.  Bulletin  14.;. 
Wasliingtony  1911.     Purchase. 

Alle.ntown,  Pa.,  Mavor's  Axxcal  Message,  1916. 

Report  of  Superintendent  of  the  Department  of  .\ccounts  and 

Finance  of  the  Public  Accounts  1916-1917.     Gift  of  Citv  Clerk. 


American    Foundrymex's    Association.      Transactions. 
Cleveland,  1915.     Purchase. 


vol.    XXIII. 


Canadian   Trade  Index.      I'.tli;  un.s.      luioiilu,  I'.ni;.      Purchase. 
Cellii.ose.     By  ('ri)ss  &  Hevan.  London,  A".  Y.,  t9ia.     Purchase. 

Central   States   Coxkerexce  on    ISaii.   axd  W,itee  Traxspoktation, 
Official  I'iioceedixos.     Dec  141"),  191C.     Purchase. 

Coal  Mine  Fatalities    in   the   United   St.\te.s,   1916.      By   Albert   11. 
Fay.     Washinijtun,  1917.     Purchase. 

Cobalt    .Sli.oys    with    Xox-Cokrosive    Properties.      Canada.    Mines 
Dept.     pub.  no.  411.     Ottawa,  BIti.      I'itreha.ve. 

De    Beeus    Coxsolid.ated    Mines,    Ltd.      .\nnual    Hoport,    liStb,    1916. 
Kimhcrlvy,  IVld.     Purchase. 

The   Developmext   iiv   the   Stea.m    Kngixe.      Bv    .M:ix    ToUz.      Gift   of 
\V.  P.  Cutter. 

District  or   Lake    St.    .Iohx.   Qiehec.    Part   of.      Canada,    Geological 
Survey  ;  .Memoir  92.     Ottaira,  inic.     I'nrchase. 


Geographical  Distribution  of  Library  Service  Bureau  Correspoxdents 


American  Iron  &  Steel  In.stitlte.  Year  Book.  1910,  1912-1915. 
New  York,  1910,  1912-13.     Gift  of  American  Iron  &  Steel  Institute. 

.\MERicAN  Library  .Annual,  1915-16.     Neic  York,  1916.     Purchase. 

.iMEKicAN  ItAiLWAY  ENGINEERING  ASSOCIATION.  Proceedings,  vols. 
15-17.     Chicayo,  19U-16.     Purchase. 

.\MERicAN  Railway  Master  Mechanics'  Associ.vriON.  Proceedings, 
vol.  XLIX.     Chicago,  ISie.-    Purchase. 

The  -\sh  in  North  Carolina.  Press  Bulletin  no.  156,  N.  C.  Geological 
&  Economic   Survey.      Chapel  Hill,  1917.      Purchase. 

Bibliography  of  Fishes.  Volume  I,  .Vuthors'  Titles  AK.  .Yew  York, 
1916.     Purchase. 

Bibliography  of  Recent  Literatire  ox  Flotation  of  Ores.  January 
to  .lune  191f>.  U.  S.  Bureau  of  Mines.  Technical  Paper  135. 
Washington,  1917.     Purchase. 

A   Brief  Description   of  the  Physical  axd  Operating   Properties 
OF  the  Subsidiary  and  .Affiliated  Co.mpanies  of  the  General 
Gas  and  Electric  Company,  May  1915.     yew  York.  n.d.     Gift  of 
Chas.  H.  Armstrong. 

Buyers'  Guide  for  Textile  Mills,  .v  handy  reference  book  for 
buyers  of  textile  mill  supplies  and  efiuipnicnt.  New  York,  n.d. 
Gift  of  Textile  World  .lournal. 

Bv-Product  Coke  and  Gas  Ovens  for  the  Recovery  of  Ammonia, 
Tar  and  Benzols.  Designed  and  built  by  II.  Kopers  Company. 
Pittsburgh,  n.d.     Gift  of  H.  W.  Nicolson. 

Calculus.  By  H.  W.  March  and  H.  C.  Wolff.  Xeic  York.  ton.  Pur- 
chase. 


Dutch  East  Ixdies.  .Taarversl.u;  van  de  Winning,  het  vervoer 
E.N  dex  A'ekkoop  van  Banka-Ti.\  over  het  exploitatiejaar 
1914.     Butavia,  1916.     Purchase. 

Electric  Central  Station  Distribution  Systems  ;  their  design  and 

construction.     Ed.   2.     By  H.  B.  Gear  and  P.   F.  Williams.      Neia 

York,  D.  Van  Nostrand  Co.,  1916.     Price  $3.50.     Gift  of  Publishers. 

The  first  edition  of  this  work  was  published  in  1910,  and  was  based 

on  articles  in  the  Electrical  .\ge.     This  new  edition  is  due  to  the  rapid 

progress  in  the  last  few  years,  and  has  been  largely  rewritten. 

W.  P.  C. 

English  and  Engineering.     .\   volume  of  essays  for  English  classes 
in  engineering  schools.     By  Frank  Aydelotte.     Ne-w  York,  1917.     Pur- 
chase. 

Federal  Valuation  of  the  Railroads  in  the  United  State.s.  State- 
ment prepared  by  H.  C.  Phillips,  of  the  developments  in  connec- 
tion with  Federal  valuation  as  of  February  10,  1917.  Gift  of 
Clemens  llerscliell. 

Feldsp.ir  in  Canada.  Canada.  Mines  Department,  pub.  no  401. 
Otiaua,  1916.     Purchase 


Gas    I.NDt'STRY.       vols.    11 


tliiffulii,  191112.     Purchase. 


(iEoi.OGY  of  THE  CiuNTRV  TO  THE  SouTii  OF  Kai.goorlie,  including  the 
mining  centers  uf  Ciiildeii  liidgc  and  Feysville,  VA'esti'rn  .\ustralia. 
Geological  Survey,  Bulletin  no.  60.     Perth.  1916.     Purchase. 

Grandes  VotTEs.  vol.  C.  Ry  Paul  Sejourn^.  Bourgea,  1916.  Pur- 
chase. 

Graphite.  1910.     Gift  of  Joseph  Dixon  Crucible  Co. 
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Illinois  State  Geological  Survev.  Year  Book  for  1915.  Adminis- 
trative Report  and  economic  and  geological  papers.  Bulletin  no. 
33.     Urhana,  ISlii.     Purchase. 

India  Rubber,  Udtta  PERCn.i  and  Electrical  Trades  Diary  and 
Year  Book,  1917.     Londun,  1917.     Purchase. 

INSTITCTION  OF  CiviL  ENGINEERS.  List  Of  Members.  1917.  London, 
1917.   Purchase. 

Institution  of  Gas  Engineers  Transactions,  1916.  London,  1916. 
Purchase. 

Manchester  Association  of  Engineers.  Transactions.  1915-16. 
Manchester,  1916.    Purchase. 

Manufacturing  Costs  and  Accounts.  By  .\.  H.  Church.  Kew  York, 
1317.     Purchase. 

Marine  Steam  Engine.  Ed.  13.  By  Richard  Sennett  and  H.  J. 
Oram.     London-N.Y.,  1916.     Purchase. 

Master  Car  Builders'  Association.  Proceedings,  vol.  50,  pt.  1-2. 
Chicago,  1916.     Purchase. 

Metal  Mine  Accidents  in  the  United  States  during  calendar 
year  1915.  D.  S.  Bureau  of  Mines.  Technical  Paper  168.  Wash- 
ington, 1917.     Purchase. 

Metropolitan  Water  Board.  Twelfth  Report  on  Research  Work  by 
A.  C.  Houston.     London,  1916.     Purchase. 

Motor  Cycling  Manual.  Ed.  3.  London,  n.d.  Gift  of  Frank  Gilli- 
land. 

National  Association  op  Cotton  Manufacturers.  Transactions.  Xo. 
101.    Boston,  1917.    Purchase. 

National  Committee  for  the  Prevention  of  Blindness.  Annual 
Report,  2d,  Nov.  1916.    New  York,  1916.     Gift  of  L.  Cammen. 

NATI0N.4L  Lamp  Works  of  General  Electric  Company.  Abstract. 
Bulletin  of  Nela  Research  Laboratory  Works.  Cleveland,  1917. 
Gift  of  National  Lamp.     v.   1,  no.  2. 

New  York  (City)  Department  op  Water  Supply,  Gas  and  Elec- 
tricity. Communication  from  Commissioner  William  Williams 
to  the  Board  of  Estimate  and  .Apportionment,  transmitting  re- 
port of  Deputy  Commissioner  Wilcox  upon  the  Citizens  Water 
Supply  Company  of  Newton,  Borough  of  Queens,  Feb.  5,  1917. 

Report  of  Delos  F.   Wilcox,  in  relation   to  the  Citizens  Water 

Supply  Company  of  Newton,  Oct.  7,  1916.  Gift  of  City  of  New 
York   Department  of  Water   Supply.   Gas  and  Electricity. 

New  Zealand.  Mines  Statements  for  1915.  Wellington,  1916. 
Purchase. 

North  Carolina  and  her  N.^tural  Resources,  some  Facts  and 
Figures.     Ed.   2.     Raleigh,  I9n.     Purchase. 

North  East  Coast  Institution  of  Engineers  and  Shipbuilders. 
List  of  Members,  Feb.  1917.  S ewcastle-upon-Tyne,  1917.  Pur- 
chase. 

Oil  Investigations  in  Illinois  in  1916.  Illinois.  State  Geological 
Survey.     Bulletin  35.      Urbana,  19n.     Purchase. 

Oper.\tion  of  Gas  Works.  By  W.  M.  Russell.  New  York,  19n. 
Purchase. 

Pennsylvania,  Department  of  Agriculture.  Proceedings  of  the 
Farmers'  Annual  Normal  Institute.  Bulletin  283.  Harrisburg, 
1916.     Purchase. 


Annual  Report,  21st.     1915.     Harrisburg,  1916.     Purchase. 


Pennsylvania.  Department  of  Mines.  Report.  Part  I — Anthracite, 
1915.     Harrisburg,  1916.     Purchase. 

Physical    Experiments    for    Engineering    Students.      By    Samuel 

Sheldon  and  Erich  Hausmann.     Part  I.     Mechanics,   Sound,  Heat 

and  Light.     New   York,  D.   Van  Nostrand  Co.,  1917.     Price   $1.25. 

Gift  of   Publishers. 

Prepared    tor    sophomore    students    in    the    Polytechnic    Institute    ot 

Brooklyn.     There   are    thirty   exercises,    covering    a    course   of    ninety 

hours.  W.   P.   C. 

Pilot  Butte  Oil  Field.  Wyoming  State  Geologist.  Bulletin  no.  1.3. 
Cheyenne,  1916.     Purchase. 

Preliminary  report  on  the  Crystalline  and  other  marbles  of 
.\LABAMA.  Alabama  Geological  Survey.  Bulletin  no.  18.  Uni- 
versity, 1916.     Purchase. 

Quarry  Accidents  in  the  United  States  during  the  calendar  year 

1915.  D.   S.   Bureau  of  Mines.     Technical   Paper   165.      Washing, 
ton,  1917.     Purchase. 

Railway  Business  Association.  A  Glimpse  at  the  Works  by  Frank 
W.  Noxon,  Jan.  16,  1917.     Purchase. 

Railway  Problem.  Address  by  Frederick  A.  Delano,  at  the  annual 
dinner  of  the  Railway  Business  Association,  Jan.  16,  1917.  Pur- 
■  chase. 

Repining  and  Utilization  op  Georgia  Kaolins.  U.  S.  Bureau  ot 
Mines.     Bulletin  128.     Washington,  1916.     Purchase. 

Russian  Electrotechnical  Commission.  Standardization  Rules  of 
the  American  Institute  of  Electrical  Engineers.  In  Russian. 
n.p.    1916.     Gift   of   Commission. 

Russian  Electrotechnical  Terminology.  By  L.  D.  Tsaxoff.  Rus- 
sian, n.p.  1916.  Gift  of  International  Electrotechnical  Com- 
mission. 

Russia.  Scientific  Committee  of  the  Ministry  of  Agriculture.  Bul- 
letin of  Bureau  of  Agricultural  Mechanics,     vol.  8,  nos.  1-3.     n.p. 

1916.  Gift  of  Committee. 


Seaboard    Air    Line    Railway    Company.     Annual    Statement,    1909- 

1916.  Portsmouth,   Fa.,  1909-16.     Gift  of  Company. 

The  Solution.  Address  by  Alfred  P.  Thorn,  at  the  Annual-  dinner 
of   the   Railway   Business   Association,   Jan.   16,   1917.     Purchase. 

Some  Business  Aspects  of  the  Railroad  Problem.  Address  by 
Walker  D.  Hines.  Annual  meeting  of  the  Chamber  of  Com- 
merce of  the  U.  S.  Washington,  D.  C,  January  SI,  1917.  Pur- 
chase. 

Springfield  (III.)  Insurance  Departme.nt.  Addresses  and  Papers 
on  Insurance.  By  R.  M.  Potts.  Springfield,  1917.  Gift  of  In- 
surance Department. 

Staffordshire  Iron  and  Steel  Institute.  Proceedings,  vol.  31. 
Stourbridge,   1917.     Purchase. 

Strength  of  Ships.  By  A.  J.  Murray.  New  York.  Longmans, 
Gi-'Jen  <£-  Co.,  1916.  Price  $5.00.  Gift  ot  Publisher. 
An  extensive  treatise,  largely  mathematical,  of  the  strength  of 
beams,  columns,  shafts,  bulkheads,  plating,  fastenings,  rigging,  and 
outboard  fittings,  plate  brackets  and  rudders,  as  well  as  discussions 
of  longitudinal  and  transverse  strength.  W.  P.  C. 

System,     vols.   11-28.     New  York,  1907-191S.   Purchase. 

Tables  giving  the  Times  or  Rising  and  .Setting  of  the  Sin  and 
Moon,    1917   and   1918.      Supplement  to   the'American    Ephemeris, 

1917.  Washington,  1917.     Purchase. 

Tentative  Valuation  by  Interstate  Commerce  Commission,  Feb. 
14,  1917.  Elgin,  Joliet  &  Eastern  Railway.  Gift  of  Clemens 
Herschel. 

Thermodynamics  op  the  Steam  Engine  and  Other  Heat-engines. 
Ed.   6.     By   C.   H.   Peabody.     New  York,  191!,.     Purchase. 

The  Toltz-Lipschutz  Acetylene  Car  Lighting  System.  By  Max 
Toltz.     Gift   of   W.    P.    Cutter. 

U:  S.  Bureau  of  Standards.  Circular  nos.  14,  ed.  5 :  16.  ed.  4 : 
.30,  35.  ed.  2 ;  38,  3d.  2 ;  48-49,  ed.  2  ;  51,  52,  ed.  2  ;  53,  54,  ed.  2  ; 
55  ;  57,  ed.  2  ;  59,  60. 

Scientific   Papers,     nos.    267-8,    271-6,    278-9 ;    282-91,    293-5. 

Technologic    papers,     nos.    25,    41,    70,    73,    76,    77,    79,    82. 

Purchase. 

U.  S.  Bureau  of  Standards.  Weights  and  Measures.  11th  Annual 
Conference.     Washington,    1917. '  Gift    of    Bureau    of    Standards. 

U.  S.  INTERST.\TE  COMMERCE  COMMISSION.  Valuation  in  the  matter 
of  the  property  of  the  Atlanta,  Birmingham  &  Atlantic  Rail- 
road Company,  Georgia  Terminal  Company  and  Alabama  Terminal 
Railroad  Company.  Hearing,  Washington,  Jan.  29-Feb.  3,  1917. 
Gift  ot  Clemens  Herschel. 

Water  Powers  of  Alabama,  Second  Report  on.  .\labama  Geo- 
logical   Survey.     Bulletin    no.    17.     University,    1916.     Purchase. 

Western  Reserve  University.  Catalogue,  1916-17.  Cleveland,  1917. 
Gift  of  University. 

Who's  Who  in  America.  1903-05.  Chicago,  190S.  Gift  of  Clemens 
Herschel. 


A.S.M.E.  Accessions 

Atlantic  Deeper  Waterway  Association.  Report  of  Proceedings  of 
9th  Annual  Convention.  Philadelphia,  1917.  Gift  of  Associa- 
tion. 

Detroit  (Mich.)  Board  op  Water  Commissioners.  Annual  Report 
64th,  1916.  Detroit,  1917.  Gift  ot  Board  of  Water  Commission- 
ers. 

Hawaiian  Volcano  Observatory.  Weekly  Bulletin,  vol.  IV,  no. 
11,  12.     Honolulu,  1916.     Gift  of  A.S.M.E. 

Huddersfield  Engineering  Society.  Journal  of  Proceedings.  17th 
session,   1915-16.     Huddersfield,  1916.     Gift  of   Society. 

Inferences  Concerning  Auroras.  By  Elihu  Thomson.  Reprinted 
from  the  Proceedings  of  the  National  Academy  of  Sciences,  vol. 
3,  Jan.  1917.     Gift  of  A.S.M.E. 

Johnson's    Steam    Vessels    op    the    .Atlantic    Coast,    1917.      New 
York,   Eads  Johnson  Publishing  Co..   1917.      Price  $5.00.      Gift  of 
Eads  Johnson. 
This   handy   volume   contains   a   list   of   the   steam   vessels   of   Amer- 
ican   registry    on    the   .Atlantic    Coast.      The    main    facts    are    given    in 
the  list  by  companies  or  owners,  an  alphabetical  index  being  furnished. 

W.  P.  C. 
Mayor's  Committee  on  Unemployment.  Planning  Public  expendi- 
tures to  compensate  for  decreased  private  employment  during 
business  depressions.  Extension  of  an  address  by  John  R.  Shillady. 
Netc  York  City,  1916.  Gift  to  Mayor's  Committee  on  Unemploy- 
ment. 

National  Association  op  State  Universities  in  the  United  States 
OF  -America.  Transactions  and  Proceedings.  vol.  14,  1916. 
Burlington,   1916.     Gift   of   A.S.M.E. 

National  Marine  Engineers'  Beneficial  Assochtion,  Journal  of 
Proceedings,  vol.  14,  no.  2.  Chicago,  1917.  Gift  of  Associa- 
tion. 

N.\tional  Rivers  and  Harbors  Congress.  Declaration  of  Princi- 
ples adopted  Dec  8,  1916.     G'ift  of  .A.S.M.E. 

New  Garbage  Reduction  Plant  for  the  City  op  New  York.  By 
Gustave  R.  Tuska.  Paper  read  l)efore  the  23d  Annual  Conven- 
tion of  American  Society  of  Municipal  Improvements  at  Newark, 
N.  J.,  Oct.  9-13,  1916.     Gift  of  author. 
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The  Potentiality  of  Waterways,  Address  by  Joy  Morlou  before 
tbo  National  Rivers  and  Harbors  Congress,  llitli  Ainnml  Con- 
vention.  Dec.    1916.      Gift  of  A.S.M.E. 

Pkoi'Rietv  of  River  and  Harbor  ArritorRiATioNs.  nciiiarlts  of  Geu. 
Wm.  H.  Bixby.  Before  the  National  Rivers  and  Harbors  Con- 
gress,  13th   Annual  Convention,   Dec.   1916.     Gift   of   A.S.M.IO. 

Relation  of  Inland  Waterways  to  Naval  EFiriciKNOv.     .-Vn  .\ddress 
by    Admiral    Wm.    S.    Benson.      Before    the    National    Rivers    ami 
Harbors     Congress,     13th     Annual     Convention,     1910.     Gift     ot 
.  A.S.M.E. 

Some  Observations  on  Water  Transportatiox.  An  address  by  Gen. 
Wm.  B.  Black.  Before  National  Rivers  and  Harbors  Congress, 
13th  Annual  Convention,   Dec.  1916.     Gift  of  A.S.M.E. 


Story  of  the  Aeroplane. 
Inc. 


1917.     Gift   of  the   Wright   Flying   Field, 


TRADE  CATALOGUES 

Builders   Iron  Fotindry.     Providence.   R.   I. 

Bulletin  No.  165.     The  charge  for  water  actually  exists  whether 
It  Is  specifically  entered  on  the  accounts  or  not. 


Dielectric    Mfc.   Co.      St.    Louis,    Mo. 
Data  on  dependable  insulation. 

Fire  Detectixi;  Wire  Co.     New  York,   N.  Y. 
Fire   Detection.     1916. 

Flannery    Bolt   Co.      Pittsburgh,    Pa. 
Staybolts.     February   1917. 

Goodrich.   B.   F.   Company.     Akron,   Ohio. 
Motor  Trucks   of   America,     vol.  5,   1917. 


HnTCHisoN   Vapor  Heating  Corporation. 
tem   of   vapor   heating.     1915. 


Washington,    D.    C.     Sys- 


KiTT.S   Mandfacturinc, 
Catalogue  No.  12. 


Co.     Oswego,   N.   Y. 
Steam  specialties.     1917. 


Monarch  Engineering  &  Manufacturing  Co. 
Crucible    problem    solved. 


Baltimore.  Md. 


Under-Feed   Stoker  Company.     Chicago. 
Publicity    Magazine.     February    1917 

Walworth  Mfg.   Co.     New   Y'ork.   N.   Y. 
Walworth  Log.     February  1917. 


111. 


PERSONALS 

/A  these  columns  are  inserted  items  concerning  members  of  the  Society  and  their  professional 
activities.  Members  are  always  interested  in  the  doings  of  their  fellow-members,  and  the 
Society  welcomes  notes  from  members  and  concerning  members  for  insertion  in  this  section.  All 
communications  of  personal  notes  should  be  addressed  to  the  Secretary  and  items  should  be  re- 
ceived by  April  16  in  order  to  appear  in  the  May  issue. 


CIIAN(,i;S  OK  P0SITK1N 

Lieut.  Philip  B.  Eaton  of  the  U.  S.  Coast  Guard  Cutter  "  Bear." 
San  Francisco.  Cal.,  is  now  stationed  at  the  Naval  Aeronautic  Station. 
Pensacola.  Fla. 

Mark  E.  Smith,  until  recently  affiliated  with  the  Erie  City  Iron 
Works.  Erie,  Pa.,  as  draftsman,  has  become  associated  with  the  Union 
Iron  Works  of  the  same  city. 

Frederick  W.  Starr,  formerly  ^'onnected  with  the  Toledo  Scale  Com- 
pany, Hartford,  Conn.,  has  become  identified  with  the  Fisk  Rubber 
Company,  Chicopee  Falls,  Mass. 

T.  E.  Buck,  formerly  draftsman  with  the  Donora  Steel  Company, 
Donora,  Pa.,  has  entered  the  employ  ot  the  United  Engineering  and 
Foundry  Company,   Springfield,   111. 


the   engineering   department    of   E.    1.    du    Pont   de   Nemours   Company, 
Wilmington.  Del. 

Norman  L.  Baker  has  become  connected  with  the  American  Steel 
Foundries,  Bast  St.  Louis,  HI.,  in  the  capacity  of  works  engineer.  He 
was  formerly  mechanical  engineer  with  the  By-Products  Coke  Corpora- 
tion, Chicago,  111. 

George  C.  Vennom,  until  recently  assistant  chief  engineer  of  the 
Union  Electric  Light  and  Power  Company,  St.  Louis,  Mo.,  has  as- 
sumed the  duties  of  mechanical  superintendent  of  The  Douglas  Com- 
pany, Cedar  Rapids,  la. 

Harry  D.  Carter,  until  recently  fuel  engineer  with  Samuel  M.  Green 
Company,  Springfield,  Mass.,  has  become  affiliated  with  the  Warner- 
Klipstein  Chemical  Company.  Inc.,  South  Charleston,  W.  Va.,  in  the 
capacity  of  .superintendent. 


C.  W.  Hunting,  recently  vice-president  and  general  manager  of  the 
Minneapolis  and  St.  Louis  Railroad,  Minneapolis,  Minn.,  has  been 
elected  president   of  the  Virginian   Railway. 


Robert  B.  .Adams  has  resigned  his  position  as  assistant  superin- 
tendent of  the  New  England  Westinghouse  Company,  Meriden.  Conn., 
and  has  accepted  a  similar  position  with  the  King  Sewing  Machine 
Company,  of  Buffalo.   N.   Y. 


.Tames  McNaughton,  formerly  vice-president  of  the  American  Loco- 
motive Company,  has  been  made  assistant  to  the  president  of  the 
Eddystone  Munition  Corporation,  Eddystone,  Pa. 

Paul  A.  Fussllman,  formerly  general  shop  foreman  ot  the  Kansas 
City  Gas  Company,  Kansas  City,  Mo.,  has  become  associated  with  the 
Counties  Gas  and  Electric  Company,  Ardmore,  Pa. 

Waldo  H.  Blackmer  has  severed  his  connection  with  the  American 
.Ammunition  Company,  Worcester.  Mass..  and  has  become  affiliated  with 
The  Harrison  Radiator  Corporation.  Lockport,  N.  Y, 

John  R.  LeVally^  formerly  engineer  with  the  Burrell  Belting  Com- 
pany. Chicago,  111,,  has  become  affiliated  with  Armour  and  Company, 
Chicago,  111,,  in  the  capacity  ot  assistant  chief  engineer, 

Harold  B.  Bernard  has  resigned  his  position  with  The  Fo.\boro  Com- 
pany, Foxboi-o.  Mass.,  to  accept  the  position  of  mechanical  engineer 
with  the  Oklahoma  Petroleum  and  Gasoline  Company,  Tulsa,  Okla. 


Virgil  A.  Root  has  accepted  a  position  in  the  engineering  depart- 
ment ot  Warner  and  Swasey  Company,  Cleveland,  O.  He  was  formerly 
connected  with  the  engineering  department  ot  the  Subers  Fabric  and 
Rubber  Company,  Cleveland,  O. 

Kenneth  I.  Tredwell,  until  recently  purchasing  agent  with  The 
Sentinel  Manufacturing  Company,  New  Haven,  Conn.,  has  accepted  a 
position  on  the  production  engineer's  staff  of  the  Winchester  Repeating 
.Arms  Company  of  the  same  city. 

Newman  Comfort,  manager  of  the  Nebraska  Division  of  the  Univer- 
sal Inspection  Company  ot  Iowa,  Omaha.  Neb.,  has  assumed  the  duties 
of  manager  of  the  Ohio  Branch  ot  the  National  Workmen's  Compensa- 
tion Service  Bureau,  Cleveland,  O. 

.TOHN  C.  ITo.AU  has  resigned  as  master  mechanic  of  the  Chateaugay 
Ore  and  Iron  Company,  Lyon  Mountain.  N.  Y.,  and  has  assumed  the 
duties  of  general  foreman  of  repair  departments  of  the  American  Loco- 
motive Company,  Schenectady,  N.  Y. 


.Arthur  Diuver.  foru'crly  chief  tool  designer.  Gray  and  Davis,  Inc., 
Boston.  Mass.,  has  accepted  a  position  with  the  Canadian  Cartridge 
Company,  Ltd.,  Hamilton,  Out.,  Canada,  in  the  capacity  ot  mechanical 
engineer. 


Wallace  H.  Martin,  until  recently  instructor  of  mechanical  engi- 
neering at  the  University  of  Minnesota,  Minneapolis,  Minn.,  has  be- 
come associated  with  the  mechanical  engineering  department  of  The 
Pennsylvania  State  College,  State  College,  Pa. 


C.  J.  Bacon   has  resigned  his  position  as  assistant  engineer  ot  con- 
struction with  the  Illinois  Steel  Company,  South  Chicago,  111.,  to  enter 


Theodore  H.  Hermanson,  formerly  superintendent  ot  the  Blake  and 
Knowles  Works  ot  the  Worthington  Pump  and  Machinery  Corporation, 
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lOast   (':iiiihi-ulj;i'.   M;iss..   lias   assuuiril    thi'   diUios   of   supenntL'ndent  of 
till'  I'laiit  uf  lloiiry   li.   WiirthiiiRton,   llarrisou,  N.  J. 

(iEOKOE  W.  Hu  B,  formerly  works  manager  of  The  Aultman  and  Tay- 
lor Machine  Company,  Inc.,  Mansfield,  O.,  has  resigned  his  position 
and  has  accepted  the  position  of  assistant  general  factory  manager  for 
tho  Curtiss  Aeroplane  and  Motor  Coriioration  of  Buffalo,  N.   Y. 

IT.  I.  M.ip.KEi-  has  left  the  hydraulic  turbine  department  of  The 
Wvllnian-Seaver-Morgau  Company  of  Cleveland,  O.,  and  is  now  con- 
nected with  the  1-^irestone  Tire  and  Itubber  Company,  Akron,  O.,  in  the 
special  engineering  department  handling  now  plant  construction. 

MoNKOE  It.  Hull  has  resigned  his  position  as  chief  engineer  of  the 
Arizona  Copper  Company,  Ltd.,  Clifton.  Ariz.,  to  accept  the  position 
of  mechanical  engineer  for  the  Sissert  Mining  Company,  Ltd.,  with 
general  ofiice  at  Loiidnn.  and  will  be  located  at  their  properties  in 
Russia. 

M.  Wii.Li.4M  EnnncH  has  become  associated  with  tho  sales  force  of 
the  Kewanee  Boiler  Company,  with  lieadquarters  in  New  York.  He  was 
formerly  connected  with  Ilersh  and  Brother,  heating  and  ventilating 
contracting  c'ngineors  of  AUentown.  Pa.,  in  the  capacity  of  chief 
engineer. 

Wallace  L.  Newell,  formerly  with  the  Westerman  Iron  Works, 
Seattle,  Wash.,  is  in  the  employ  of  the  British  Columbia  Salvage  Com- 
pany, Vancouver,  B.  C,  as  engineer  in  the  salvaging  of  the  German 
S.S.  "  Sesostris  "  which  went  ashore  off  the  west  coast  of  Guatemala 
some  years  ago. 


A X .vol  X C  E .M I. NTS 

Carl  Ehrmann  has  become  associated  with  the  T-i:  Gasoline  Com- 
pany, Chelsea,  Okla. 

James    Stokoe   has   accepted   a    position    with   the    Sinclair    Ketiniug 
Compan.v,  Chicago.  111. 

George   W.   Dunham   has   been   elected   a   member   of   the   board   of 
governors  of  the  Aero  Club  of  Detroit. 

Walteh  W.  IlAcaatTY  has  nccepted  a   position  with  The  Iloessler  and 
Ilasslacher  Chemical  Company,  rortli  .Vmboy,  N.  J. 


burg.  Pa.  He  was  formerly  in  the  employ  of  the  Philadelphia  Steel 
and  Forge  Company,  Philadelphia,  Pa.,  as  superintendent  of  the  forge 
department. 

Holla  C.  Carpenter  reaches  the  retiring  age  at  the  end  of  the 
present  college  year  and  will  sever  his  active  connection  with  Cornell 
University  at  that  time.  Professor  Carpenter  expects  to  maintain  his 
activities  in  the  fields  of  engineering  investigation  and  research  for 
several  years  to  come. 

Kpwi.x  G.  Hatch,  consulting  engineer,  of  New  York,  is  arranging  to 
have  manufactured  in  this  country  a  large  quantity  of  5  per  cent 
nickel  steel  turbine  blades  for  the  Victoria  Falls  and  Transvaal  Power 
Company,  Ltd.,  of  South  Africa,  whose  plant  serves  the  Rand  Gold 
Mines.  These  buckets  were,  previous  to  the  war,  manufactured  in 
Germany. 

Stewart  M.  Marshall,  formerly  chief  engineer  of  the  Cambria 
Steel  Company,  Johnstown.  Pa.,  and  latterly  chief  engineer  for  the 
Southwark  Foundry  and  Machine  Company.  Philadelphia,  Pa.,  has 
formed  a  partnership  with  Charles  Page  Perin.  to  undertake  consult- 
ing work  connected  with  tlie  iron  and  steel  industry,  with  offices  at 
2  Rector  Street,  New  Y"ork. 

Benjamin  F.  Wood,  for  16  years  electrical  engineer,  Pennsylvania 
Railroad,  and  for  the  past  three  years  vice-president  and  chief  engineer 
of  the  t'nited  Gas  and  Electric  Engineering  Corporation,  announces 
the  organization  of  B.  F.  Wood,  Engineers,  Inc.,  New  York.  The  new 
firm  will  investigate,  design,  construct  and  supervise  engineering  works 
in  power  development,  transmission,  railroad  electrification,  electric 
railway  and  ligliting  systems  and  industrial  plants. 

Gustak  Akeuluxd  and  George  W.  Semmos,  formerly  chief  engineer 
and  assistant  c'liet  engineer,  respoctively.  -if  the  Standard  Gas  Powei- 
Company,  have  established  a  consulting  and  contracting  engineering 
business  under  the  name  of  Akerlund  and  .Semmes,  with  headquarters, 
at  17  Battery  Place.  New  York.  The  firm  will  specialize  in  gas  pro- 
ducer equipment  for  power  as  well  as  for  metallurgical  and  ceramic 
w-are  furnaces. 

E.  IIow.MiD  Rekd,  vice-president  of  the  lloi'd  and  Prince  .Manufactur- 
ing  Company,  Worcester.  Mass..  has  enlisted  for  three  months'  serviu- 
as  an  executive  at  the  United  States  torpedo  station,  Newport,  R.  I., 
with  the  rank  of  a  lieutenant  commander  in  the  United  States  naval 
reserve,  thereby  releasing  one  or  more  officers  for  active  sea  duty.  Mr. 
Keed,  who  is  rated  in  class  4,  composed  of  experienced  manufacturers, 
will  be  attached  to  the  torpedo-making  branch  of  the  station. 


Jc»HN  J.  Swan  has  been  commissioned  by  the  President  as  a  captain 
of  Engineers,  in  the  Engineer  Otficers"  Reserve  Corps  of  the  United 
States  Army. 

I'ALMEU  Collins,  assistant  superintendent  of  the  South  Works  of 
the  American  Steel  and  Wire  Company,  Worcester,  Mass.,  has  severed 
his  connection  with  the  company. 


appoint:\ients 


Harold  L.  Green  ims  been  appointed  resident  manag 
land  office  of  Scovell.  Wellington  and  Company. 


■r  of  the  Clevc 


John  A.  Leach  has  recently  been  appointed  mechanical  engineer  of 
the  Minneapolis  Steel  and  Machinery  Company,  ^linneapolis,  Minn. 


Lieutenant  Martin  A.  Doyle,  formerly  identified  with  the  tJ.  S. . 
Coast  Guard  Cutter  Mohawk,  New  York,  is  now  stationed  at  Pensa- 
cola,  Fla.,  Coast  Guard  Cutter  Penrose. 


William  L.  Bait,  formerly  sales  engineer  with  the  lless-Bright  Man 
ufaeturing  Company,  Philadelphia,  Pa.,  has  been  appointed  sales 
manager. 


Henry  D.  Shaupe.  president  of  the  lU-own  and  Sharpe  Manufactur- 
ing Company,  Providence,  li.  1..  has  been  elected  a  director  of  the  New 
England  Telephone  and  Telegraph  Company. 


William  L.  Sainders  of  New  York,  chairman  of  the  IngersoU-Rand' 
Company,  has  been  appointed  as  Class  C  director  of  the  New  York 
1-Vderal  Reserve  Bank. 


R.  B.  Sheridan,  president  of  the  .Allied  Machinery  Comoany  of 
America,  New  York,  left  on  March  2  for  a  business  trip  to  Spain  anil 
France.     He  will  be  away  for  two  months  or  more. 


EiiwAKD  J.  Keakxey,  secretary  and  treasurer  of  the  Kearney  and 
Trorker  Company,  has  been  appointed  a  moinhor  of  the  Wisconsin  State 
r.oard  of  Industrial  Education,  by  Governor  E.  L.  Philipp. 


Cass  L.  Kennicutt.  who  tor  many  y«'ars  has  been  known  as  one 
of  the  foremost  experts  in  water  softening,  has  become  associated  with 
The  Permutit  Company,  in  charge  of  the  Chicago  office. 

Clyde  C.  Elmes.  stiperintendent  of  the  Eddystone  Anun'iuitiou  Cor- 
poration. Eddystone,  Pa.,  has  been  commissioned  a  captain  in  the  En- 
gineer Officers'  Reserve  Corps  of  the  United  Stall's  .\rmy. 

William  H.  Smead,  manager  of  the  heating  and  equipment  depart- 
ment of  the  Austin  Company,  Bridgeport,  Conn.,  has  been  transferred 
to  the  home  office  of  the  company,  Cleveland,  O..  in  a  similar  capacity. 


J.  E.  Johnson,  Jr.,  Is  the  author  of  a  book  entitled  Blast-Furnace 
Construction  in  America. 

liic-HAito  MoLiiEXKE  lias  contributed  an  article  entitled  The  Season- 
ing of  Castings  to  the  March   issue  of   The  J-'ouudri/. 

Fred.  M.  Heidelberg  is  the  author  of  An  Ideal  Changehouse.  which 
appears  in  the  March  3  issue  of  the  Engineering  and  Mining  Journal.. 


II.  Ralph  IIadlow,  formerly  consulting  mechanical  engineer,  Cleve- 
land. O.,  has  become  mechanical  engineer  with  The  Watson  Engineer- 
ing Company,  Cleveland,  C.  whith  has  been  incorporated  to  carry  on 
the  business  of  Wilbur  J.  Watson  and  Company. 

GEORiiE  H.  WooDROFFE  has  accepted  the  position  of  mechanical  and 
metallurgical    engineer   with    The    Parkesburg    Iron    Company,    Parkes- 


I'EKi  Y  II.  Wilson,  consulting  engineer,  o£  Philadelphia,  has  con- 
tributed an  article  entitled,  Edison  Portland  Cement  Plant  Remodeled,, 
to  the  March  3  issue  of  Engineering  Record. 

N.  W.  .\kimoff  is  now  completing  a  text  book  on  .\pplied  Hydro- 
dynamics, which  will  be  of  the  same  general  character  and  for  the- 
same  grade  of  engineers  as  his  recent  book  on  Lagrange's  Equations. 
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AI'l^  books  received  hv  The  Journal  trill  be  listed  under  this  hi'tiding.  ^encriilly  lurontjmnied  by 
■«1  brief  descriptiie  notes.  IT  orks  of  special  importance  to  mechanical  engiiieiTs  will  be  com- 
mented on  at  length  by  members  and  others  peculiarly  qualified  by  reason  of  their  experience  and 
training.     In  this  issue  are  included  tivo  comprehensive  revieics  of  recent  ivorks  in  cost  accounting. 


Cost  Accounting  and  Burden 
Application 

Cost  A<'t'<»iintiiisr  and  Burden  Ajlpliratiun.  By  Clinton  II.  Scovell,  A.  JI. 
Harviirii  University;  C.  I'.  A.  New  York  and  Massacluisetts,  Assoc 
Am.Soc.M.l':.,  etc.  Cloth,  oVi  x  7%  in.,  xiv  +  328  pp.  D.  Appleton 
&  Co.,  New  York,  1916.     $2  net. 

The  iiutlior  of  this  little  bonk  is  a  si)ecialist  in  industrial  ac- 
counting. He  is  of  tile  modern  school,  recognizing  the  fact 
that  eosl  accounts  are  of  no  vahie  unless  they  are  properly  in- 
terpreted and  made  use  of  as  one  of  the  elements  of  scientific 
management.  The  book  is  not  a  systematic  treatise,  suitable 
for  students,  but  is  a  logical  discussion  of  general  principles, 
criticizing  the  errors  in  belief  of  many  of  the  old  school  of 
accountants.  It  should  be  read  by  practical  accountants  who 
wish  to  be  informed  as  to  the  latest  and  best  theory  of  their 
])rofession.  Two  of  the  conti'oversial  subjects  in  accounting 
theory  are  treated  at  great  length :  Interest  Charged  to  ( 'ost, 
and  Methods  of  Apjilying  Burden.  As  to  the  first  the  author 
gives  a  most  convincing  argument  that  interest  on  investment 
should  be  considered  as  a  part  of  factory  cost,  taking  issue 
with  A.  Lowes  Dickinson,  who  pi-esents  the  opposite  view  in 
his  book  Accounting  Practice  and  Procedure.  As  to  burden 
application,  he  condemns  the  percentage  on  wages,  the  per- 
centage on  labor  and  material,  and  the  man-hour  rate  methods, 
and  approves  what  he  calls  the  "  new  machine-rate,"  which  is 
called  by  most  writers  the  "  machine-hour  rate."  He  shows 
the  necessity  of  checking  the  burden  charged  to  cost  through 
the  machine  rate  with  the  actual  burden  during  corresponding 
periods,  and  exposes  the  unsoundness  of  the  theory  proposed 
by  A.  Hamilton  Church  in  his  book  on  The  Proper  Distril)u- 
tion  of  Expense  Burden,  and  his  "  sujiidementary  rate"  by 
which  the  total  burden  during  a  (leriod  is  charged  to  the  cost  of 
the  goods  produced  during  that  period.  The  author  states  the 
correct  principle  as  follows :  "  Only  a  part  of  the  total  burden 
is  chargeable  to  the  manufacturing  cost  of  the  product  made 
during  periods  of  curtailed  jjroduction,  the  |)art  chargeable 
being  the  same  percentage  of  total  burden  as  the  curtailed 
production  is  of  the  total  production." 

In  a  footnote  Mr.  Scovell  seems  to  claim  that  he  was  the 
discoverer  of  this  i^rinciple,  and  states  that  he  made  practical 
application  of  it  in  1911.  The  jjresent  reviewer,  however,  used 
it  in  1909  in  a  works  with  which  he  was  then  connected,  not 
suspecting  that  it  was  anything  new,  and  in  reviewing  Mr. 
Church's  book  in  The  Iron  Trwie  lleriea-  of  Feb.  4,  1909,  con- 
demned the  supplementary  rate  and  advocated  charging  a 
machine  with  the  same  burden  throughout  the  year,  irrespective 
of  the  fluctuations  of  business  conditions  outside  of  the  sho]). 

In  a  chapter  on  Unearned  Burden  the  author  describes  the 
correct  method  of  treating  it  in  these  words :  "  Monthly  cost 
re|)orts  show  comparatively  the  amount  of  unearned  burden, 
indicating  the  tendency  of  business  conditions.  fit  7uay, 
however,  indicate  bad  shop  management,  by  which  some  of  the 
machines  are  unnecessarily  idle.]  This  unearned  burden  may 
either  be  charged  off  each  period  to  Loss  and  Gain  or  a  re- 
serve may  be  accumulated  out  of  profits  duiing  busy  times  to 


wiiiih  llic  unearned  burden  may  be  charged  during  time  of  busi- 
ness depression."  Special  chapters  are  devoted  to  discussions 
of  Foundry  Costs,  Textile  Costs,  Candy  Costs  and  Paper 
Manufacturing  Costs. 

In  the  interest  of  good  English  it  would  be  well  for  the 
author  in  his  next  edition  to  avoid  the  use  of  the  word  "  in- 
ventory "  (]).  91)  in  the  sense  of  "  materials  "  or  "  stores  "  and 
confine  it  to  the  dictionary  meaning,  and  on  page  50  to  change 
■■  data  "  to  "  datum." 

WiLLiAH  Kent. 


Manufacturing*-  Costs  and  Accounts 

Manut'acttirinK  Costs  and  AiTounts.  T.y  A.  Hanii]tt>n  Cilurt-Ii.  Cloth, 
y-^\  X  9in..  4.">2  pp..  1.10  ilUistratinns  and  4  folding  plates.  McGraw- 
Hill  I'.ook  Co.,  Inc.,  New   York.   1917.     .$.1. 

Mr.  Church's  innnediate  ijurjjose  is  to  define  the  "  why  and 
wherefore,"  the  mechanism,  and  the  operations  of  cost  account- 
ing, and  to  make  clear  the  relations  of  cost  accounting  to  gen- 
eral accounting.  His  further  intent  is  to  enable  the  cost 
accountant  on  the  one  hand  and  the  general  accountant  on  the 
other  each  to  understand  and  appreciate  better  the  imjiortance 
of  the  other's  work. 

He  is  therefore  concerned  wholly  with  the  prineijjles  of 
costing,  their  ai5]dication  under  the  three  methods  of  expense 
distribution  later  defined,  and  the  nature  and  proper  use  of 
factory  cost  reports.  He  does  not  attempt  to  describe  any 
specific  cost-keeping  system,  and  indeed  expressly  disclaims 
any  intention  or  desire  of  so  doing. 

The  province  of  factory  operations  in  which  the  cost  ac- 
countant works,  Mr.  Church  discerns  as  an  intermediate  terai 
in  the  series  by  which  business  generally  transforms  money 
into  goods,  goods  into  sales,  sales  into  cash  again.  That  is,  in 
a  merchandizing  enterprise  we  have  the  cycle 

Cash — purchases — sales — accounts  receivable — cash. 

The  function  of  the  general  accountant  is  to  record,  separate, 
classify,  and  summarize  all  the  details  of  these  transforma- 
tions, using  therefor  the  standard  media — the  journal  and 
ledger — conveniently  subdivided  when  a  large  business  is  to 
be  handled. 

In  a  manufacturing  proposition  the  cycle  becomes 

Cash — ])urchases — factory  operations — sales — accounts  re- 
ceivable— cash. 

The  cost-accountant's  province  includes  the  whole  region  of 
these  intermediate  changes.  He  must  keep  with  each  item  of 
material,  labor,  and  expense  therein  an  account  similar  to  that 
which  the  bookkeeper  maintains  with  each  cvistomer  and  item 
of  cash.  He  should  assume  control  where  the  general  account- 
ant leaves  it  at  the  factory  gate,  maintain  it  until  the  finished 
product  is  ready  for  delivery,  and  connect  his  records  with  the 
main  accounts,  of  which  tliey  form  a  specialized  and  detailed 
subdivision. 

His  peculiar  (irolilems  arise  fi'om  the  fact  that  different 
items  of  the  ]]urchascs  (i.  e.,  material)   may  be  justly  charge- 
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able  with  very  different  fractions  of  the  collateral  outlay  tor 
services  and  expense,  and  may  be  in  very  various  stages  of 
completion  when  a  balance  is  to  be  struck;  and  the  difficulties 
thus  created  increase  enormously  with  the  diversity  of  manu- 
factures carried  on  in  the  plant. 

Mr.  Church  sets  himself  the  task  of  describing  the  art  by 
which  these  problems  are  solved,  and  of  outlining  approved 
practice  in  dealing  with  the  subjects,  situations,  and  transac- 
tions met  in  actual  cost-keeping  work. 

He  begins  with  a  survey  of  the  mechanism  of  accounting 
and  of  cost  accounting,  the  elements  of  cost,  and  the  means 
for  connecting  cost  with  product.  He  defines  three  methods 
of  ciiarging  direct  labor  and  expense :  A,  by  departmental 
hour-cost ;  B,  by  hourly  burden  or  percentage  of  wages ;  C,  by 
scientific  machine  rates.  He  distinguishes  further  three  de- 
grees of  subdivision  of  the  unit  quantity  to  which  cost  may 
be  applied — entire  departmental  output,  definite  lots,  and  in- 
dividual pieces  or  parts.  He  recognizes  finally  two  degrees  of 
detail  practicable  in  detennining  the  departmental  cost  of  any 
unit— i.  e.,  all  departmental  processes  may  be  lumped  as  a 
total,  or  each  process  eosted  separately.  He  then  outlines  the 
processes  of  costing  by  each  of  the  three  primary  methods 
A,  B,  and  (  .  and  concludes  Part  I  by  a  discussion  of  the  com- 
mon problems  of  waste,  scrap,  by-products,  depreciation  of 
small  tools  and  equipment,  and  selling  expense. 

Part  II  takes  up  the  actual  ojjerations  of  purchase  and  pro- 
duction, the  departmental  activities  involved,  the  standard  sys- 
tem of  accounts  as  usually  necessary  and  common  to  all  cost 
work,  and  the  books,  forms,  blanks,  etc.,  used  for  records 
common  to  all  systems.  Four  chapters  out  of  the  twentj^-four 
in  this  part  are  devoted  to  special  forms  peculiar  to  the  three 
primary  methods  of  allocating  expense  already  referred  to  as 
A,  B,  and  C,  and  the  last  three  chapters  deal  with  the  collect- 
ing of  departmental  costs  and  general  considerations  affecting 
cost  keeping.  Part  III  discusses  the  nature,  scope,  and  prep- 
aration of  factory  reports  and  returns. 

Of  the  140  illustrations  in  the  book,  about  one-fourth  are 
diagrams  tracing  the  relations  between  accounts,  and  the  course 
of  items  of  cost  in  their  passage  from  original  entry  to  the 
final  controlling  account.  The  remainder  are  typical  rulings 
and  printings  for  the  various  books,  sheets,  cards,  schedules, 
and  other  forms  requisite  in  standard  cost-accounting  practice 
as  defined  by  the  author. 

Mr.  Church  ajjpears  to  have  achieved  his  declared  purpose 
to  approach  his  subject  from  an  angle  and  by  a  method  dif- 
ferent from  any  foregoing  attempt,  and  to  present  a  survey 
of  the  general  structure  of  cost  accounts  free  from  detailed 
description  of  any  specific  system  of  cost  keeping.  It  is  open 
to  question  whether  the  view  he  gives  is  "  comparatively  sim- 
ple," or  indeed  whether  any  simplicity,  even  comparative,  can 
be  given  to  such  a  conspectus.  Ready  comprehension  of  his 
subject  matter,  and  even  of  his  diagrams,  seems  to  j^resuppose 
a  familiarity  with  the  processes  of  general  accounting  and  the 
phenomena  of  manufacturing  that  comes  only  after  long  ex- 
perience with  more  elementary  aspects.  The  book  is  hardly 
one  for  student  beginners.  On  the  other  hand,  no  degree  of 
proficiency  is  likely  to  be  so  great  as  to  put  a  practitioner 
beyond  the  capacity  for  finding  interest  and  profit  in  the 
volume.  Certainly,  mature  minds  exercised  in  the  problems 
appearing  along  the  field  of  contact  between  factory  produc- 
tion and  commercial  accounting  will  find  in  it  suggestion, 
explanation,  and  direction  obtainable,  so  far  as  the  reviewer 
knows,  nowhere  else. 

Charles  Buxton  Going. 


strength  of  Ships.  By  Attiole  J.  Murray.  5^4  x  8%  in.,  400  pp.,  218 
diagrams,  3  folding  plates  and  many  tables.  Longmans,  Green  & 
Co.,  New  York,  1916.     $5  net. 

In  this  book,  which  is  said  to  be  the  first  in  the  English 
language  to  be  exclusively  devoted  to  the  subject,  the  author 
has  aimed  to  include  all  available  information  in  the  field  of 
the  strength  of  materials  which  has  a  special  application  to 
the  design  of  the  structure  and  fittings  of  vessels,  as  well  as 
some  of  the  recently  published  research  work  of  shipbuilders. 
The  thirteen  chapters  following  an  introductory  section  deal 
respectively  with  stress,  strain,  and  elasticity;  materials  of 
ship  construction;  beams;  columns;  shafts;  longitudinal 
strength ;  transverse  strength ;  watertight  bulklieads ;  strength 
of  plating;  fastenings;  rigging  and  outboard  fittings;  plate 
brackets;  rudders. 

The  Marine  Steam  Engine.  By  the  late  Richard  Sennett,  Engineer-ln- 
Chief  of  the  Navy  ;  Fellow  of  the  Royal  School  of  Naval  -Architec- 
ture and  Marine  Engineering,  etc.,  and  Sir  Henry  J.  Oram, 
K.  C.  B.,  F.  R.  S.,  Engineer-in-Chief  of  the  Fleet ;  Engineer  Vlce- 
.\dmiral,  etc.  Longmans,  Green  &  Co.,  New  York.  Thirteenth  edi- 
tion, 1916,  6x9  in.,  ix  +  502  pp.,  414  Illustrations.     $6  net. 

In  the  last  two  editions  of  this  well-known  work — first 
issued  in  1882,  much  matter  has  been  added  to  the  chapters 
dealing  with  the  steam  turbine,  the  torsion  meter,  and  the 
internal-combustion  engine,  to  take  account  of  their  rapid 
development  and  increasing  importance  in  marine  engineer- 
ing. 

Electric-  and  >Iagnetic  Measurement.*;.  By  Charles  M.  Smith,  5  x  7^4 
in.,  373  pp.,  171  illustrations.  The  Macmilian  Co.,  New  York, 
1917.     $2.40. 

This  course,  which  has  been  developed  from  the  author's 
lecture  and  laboratory  notes,  presupposes  on  the  part  of  the 
student  a  year's  study  of  general  physics  and  some  knowledge 
of  the  calculus.  The  56  laboratory  exercises  which  are  given 
are  so  described  that  particular  types  of  apparatus  are  not 
called  for  unless  they  happen  to  be  well  known  and  generally 
available. 

Pipe  and  the  PubUc  Welfare.  By  R.  C.  McWane.  5x7%  in.,  165  pp., 
77  illustrations.    The  Stirling  Press,  New  York,  1917.    $1. 

After  a  brief  historical  sketch  of  the  use  of  pipe  from  the 
earliest  days,  the  author  describes  the  methods  used  in  manu- 
facturing cast-iron,  wrought-iron,  and  steel  pipe.  A  third 
chapter  gives  much  technical  and  historical  information  on  the 
deterioration  of  metal  pipe  and  canvasses  the  relative  merits 
of  the  wrought  and  cast  forms.  The  final  chapter,  of  21  pages, 
is  devoted  to  wood-stave  pipe. 

Tlie  Joliii  Fritz  Medal.  Embossed  boards.  6x9  in.,  9S  pp.,  14  illustra- 
tions. Obtainable  from  the  Secretary,  John  Fritz  Medal  Board  of 
.\ward.  Engineering  Societies  Building,  New  York  City.  $4. 

The  John  Fritz  Medal  is  a  gold  medal  presented  for  achieve- 
ment in  applied  science  as  a  memorial  to  the  great  engineer 
whose  name  it  bears.  The  John  Fritz  Medal  Board  of  Award, 
apjioiuted  by  the  four  great  national  engineering  societies,  has 
published  this  handsome  volume — from  the  Bartlett  Orr  Press, 
giving  a  history  of  the  medal,  the  rules  governing  its  award, 
biographical  sketches  and  portraits  of  the  thirteen  medallists, 
and  the  names  of  those  who  have  served  on  the  Board  of 
Directors  and  the  Board  of  Award  from  the  establishment  of 
the  medal,  in  1903,  to  the  present. 


The  Taylor  Society  announces  that  its  next  meeting  will  be 
held  in  Syracuse,  N.  Y.,  May  18  and  19. 


SPRING  MEETING   PAPERS 

Tins  couutry  is  uow  in  a  war  of  great  magnitude  and  far-reaching  results.  It  is  a  war  of  brains  and  has 
resolved  itself  into  a  contest  putting  the  utmost  demand  on  the  ability  of  engineers  to  organize  and  direct  the 
industries  which  constitute  the  vital  forces  of  the  nations  involved.  Two  and  one-half  years  of  the  war  have 
emphasized  this  truth.  One  of  the  most  potent  requirements  for  a  successful  issue  is  an  ample  and  sufficient 
output  of  war  material  from  engineering  workshops.  To  bring  out  the  results  of  valuable  experience  in  munitions 
manufacture,  which  has  been  obtained  by  many  engineers  through  the  period  of  war,  and  to  make  these  results 
available  to  all,  professional  sessions  of  the  Spring  Meeting  of  The  American  Society  of  Mechanical  Engineers 
will  be  devoted  to  the  various  phases  of  the  subject.  Papers  to  be  presented  at  these  sessions  are  printed  in 
comprehensive  abstract  below. 

Other  important  professional  features  of  the  Spring  Meeting,  to  be  held  in  Cincinnati,  May  21  to  24,  are 
sessions  on  Machine  Shop  Practice,  Gas  and  Steam  Power  Subjects,  and  Protection  of  Industrial  Workers  and 
also  a  Joint  Session  with  the  National  Machine  Tool  Builders'  Association  for  the  consideration  of  papers  on 
Employees'  Service  Work  and  Industrial  Education.  Abstracts  of  papers  to  be  presented  at  the  first  three  of 
these  sessions  are  also  published  in  this  issue.  The  topics  at  the  Joint  Session  will  be  introduced  in  the  form  of 
addresses  without  previous  publication. 

MUNITIONS  PAPERS 


THE  Committee  on  Meetings,  in  an-anging  for  sessions  at 
the  Spring  Meeting  on  the  subject  of  the  Manufacture 
of  Munitions,  desired  to  obtain  a  general  discussion  of  the  basic 
problems  involved,  which  have  to  be  met  and  solved  to  ensure 
success  in  the  quantity  production  of  arms  and  ammunition. 
Tlie  brief  papers  which  follow  are  in  the  nature  of  introduc- 
tory discussions,  designed  to  draw  out  further  discussions  on 
such  fundamental  questions  as  Financing,  Organization,  Manu- 
facturing Principles,  Special  Machines,  Essentials  for  Quan- 
tity Manufacturing,  Procuring  Materials,  Specifications,  Lim- 
its and  Tolerances,  Gages  and  Inspection.  The  sessions  will  be 
entirely  infonnal,  and  all  members  who  have  had  experience 
in  munitions  manufacture  are  urged  to  attend  and  contribute 
to  the  common  cause. 

Following  the  papers  is  a  bibliography  of  current  articles 
on  munitions  production  which  have  appeared  during  the  past 
eighteen  months. 


MUNITIONS    CONTRACTS  AND    THEIR 
FINANCING 

By  FREDERICK  A.  WALDRON,  NEW  YORK,  N.  Y. 
Member  of  the  Society 

THE  manufacture  of  munitions  is  a  strictly  engineering 
proposition  in  which  the  functions  of  the  engineer 
dominate.  Had  engineering  methods  been  employed  in  the 
initial  stages  of  the  work  in  the  past  two  years,  instead  of 
"  comer  grocery  "  methods  of  beating  down  in  price  for  the 
sake  of  letting  the  contract  at  an  advantageous  figure,  the 
profits  in  many  cases  would  have  been  far  in  excess  of  what 
they  are  today. 

Few  people  realize  the  penetration  of  financing  into  the 
bone  and  sinew  of  our  national  existence.  In  the  daily 
routine  of  life,  with  the  majority  of  people  receiving  a  stipu- 


For  presentation  at  the  Spring  Meeting.  Cincinnati,  Ohio,  May  21  to 
24,  1917,  of  The  American  Society  op  Mechanical  Engineers.  The 
paper  is  here  printed  in  abstract  form  and  advance  copies  of  the 
paper  may  be  obtained  by  members  gratis  upon  application.  All  papers 
are  subject  to  revision. 


lated  income  by  the  day,  week,  month  or  year,  the  intricacies 
and  risks  involved  by  those  providing  the  monej'  to  pay  this 
income  are  seldom  if  ever  thought  of. 

The  forces  set  in  motion  by  signing  a  contract,  large  or 
small,  penetrate  and  accelerate  industrial  and  natural 
resources. 

In  the  last  two  years  wonderful  progress  has  been  made  in 
the  development  of  resources  hitherto  thought  to  be  remote 
or  inaccessible,  and  the  education  and  training  of  men  in  the 
allied  industries  has  developed  at  a  rate  heretofore  unknown. 
Why  this  sudden  development?  Why  such  an  exhibition  of 
human  energy,  both  mental  and  physical?  It  was  dire  neces- 
sity, and  necessity  knew  no  master. 

Money  or  currency  is  the  visible  medium  of  exchange,  and 
if  there  is  no  money  or  other  recognized  medium  of  exchange, 
man  resorts  to  primitive  methods  and  fights  for  existence. 

With  the  advent  of  contracts  amounting  to  millions,  few 
manufacturers,  if  any,  at  the  beginning  of  the  war,  fully 
realized  the  time  that  would  be  required  to  deliver  the 
materials.  Not  only  this,  the  amounts  involved  were  stag- 
gering. It  has  now  become  customary  to  converse  in  terms 
of  millions  of  dollars  instead  of  dollars  and  cents.  Further, 
the  ditfieulties  of  the  problems,  such  as  sub-contractors  failing 
to  perform,  the  increased  cost  and  difficulty  of  transportation, 
the  obtaining  of  tools,  equipment,  materials,  and  labor,  for 
the  fulfillment  of  these  contracts,  were  not  anticipated. 

With  these  conditions,  which  are  now  in  retrospect,  many 
industries  are  charging  off  deficits  of  considerable  size  to 
experience  in  the  manufacture  of  munitions.  Few  have  made 
fair  profits.    Some  have  made  abnormal  profits. 

With  the  foregoing  as  a  matter  of  history,  the  question  as 
to  how  the  AUied  Nations  obtained  their  credit  would  be 
extraneous  to  the  subject.  This  brings  the  question  before  us 
for  discussion  as  to  how  the  contractor  is  to  receive  his  money 
promptly  and  regularly  for  his  work. 

It  is  sufficient  for  the  manufacturer  to  know  that  the  work 
which  he  is  to  do  will  be  regularly  and  promptly  paid  for, 
and  any  risks  taken  by  him  to  produce  in  quantity  within  the 
time  specified  are  to  be  amply  protected  by  an  advance  of 
money  sufficient  to  cover  the  expense  of  preparation. 
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Undoubtedly  the  cause  of  failures  in  the  delivery  of  muni- 
tions of  sufficient  quantity  within  the  time  specified,  is  directly 
traceable  to  the  lack  of  judgment  in  the  amount  of  money 
demanded  as  advance  payment,  combined  with  a  lack  of 
business  and  financial  management. 

If  we  review  carefully  the  ratio  of  the  amounts  advanced 
to  the  total  amount  of  the  contract  and  its  time  of  completion, 
it  will  be  found  that  in  no  case  has  a  sufficient  advance  been 
made  to  enable  the  contractor  to  finance  this  work  on  the 
same  basis  as  he  would  adopt  in  the  conduct  of  his  regular 
business. 

WHAT  IS  FIN.\NCING? 

Financing  is  providing  the  coin  of  the  realm  in  adequate 
and  opportune  quantities  for  the  purpose  of  obtaining  an 
object  desired.  Where  ready  cash  is  not  available,  the  usual 
way  of  providing  the  coin  of  the  realm  is  by  the  issue  of 
mortgages,  bonds  or  notes,  which  are  papers  promising  to  pay 
at  maturity  the  amounts  advanced,  with  interest  of  course  for 
the  use  of  the  money,  payable  at  specified  periods  during  the 
time  for  which  the  loan  is  made. 

All  mortgages,  bonds  or  notes  must  have  tangible  and 
preferential  security,  rights,  etc.  These  principles  cover  the 
salient  points  necessary  for  a  government,  corporation  or  indi- 
vidual to  obtain  the  necessary  amount  of  money  to  pay  for 
the  object  to  be  obtained. 

Documents  given  by  the  party  wishing  to  obtain  the  object 
(called  the  Owner  or  Purchaser)  to  the  party  who  is  to  pro- 
vide the  object  (called  the  Contractor  or  Vendor)  are  in  the 
form  of  leases,  contracts,  or  purchase  orders,  supplemented  by 
specifications  and  drawings,  or  samples  of  the  object  desired. 

Prior  to  the  signing  and  exchange  of  these  documents,  the 
money  which  the  purchaser  wishes  to  use  to  attain  his  object 
has  been  provided.  Upon  the  signing  and  exchange  of  these 
documents,  the  details  are  planned  for  distributing  this  money 
in  adequate  and  opportune  quantities  in  order  that  the  object 
to  be  attained  may  be  completed  as  rapidly  as  possible  and 
the  contractor  provided  with  sufficient  funds  to  promptly  and 
efficiently  complete  his  work. 

If  a  purchase  order  or  contract  exceeds  a  certain  amount 
and  covers  a  definite  period  of  time,  a  bond  is  required  in 
order  to  protect  the  purchaser. 

On  large  munitions  contracts,  the  bonds  of  sub-contractors 
are  marshalled  by  the  general  contractor  and  deposited  as 
security.  This  is  to  indemnify  the  purchaser  against  loss. 
In  fact,  the  bond  is  the  purchaser's  insurance  to  secure  him 
against  failure  to  complete  the  work,  or  the  dissipation  of 
moneys  paid  by  the  purchaser  to  the  contractor  as  an  advance 
payment.  A  bond  is  also  required  by  those  financing  the 
work. 

ADVANCE  PAYMENTS 

1  When  and  how  met 

2  Amount  in  percentage  of  the  total  amount  of  the  contract 

3  Rate  of  liquidation 

4  Interest  charges. 

PAYMENTS  ON  ACCOUNT 

1     When  to  be  met.    Depends  on: 

a  Resources  of  contractor 

b  Volume  and  rate  of  delivery  of  material 

c  General  progress  of  work 

d  Complete  information. 


2  Amount  of  payments: 

a    Purchase  value  less  a  certain  percentage  for  reserve 

or  adjustment  at  end  of  contract 
b     A    purchase    value    or    agreed    amount    to    liquidate 

advanced  payments. 

3  Type  of  payments : 

rt     Sight  draft,  check,  notes  or  bonds. 

FINAL  PAYMENTS  AND  ADJUSTMENTS 

1  Adjustment  of  percentage  held  back  on  part  payments 

2  Adjustment  of  debits  and  credits  during  the  progress  of 

the  contract 

3  Type  of  funds : 

a    Notes,  bonds,  sight  drafts,  checks. 

DISCUSSION   OF  ADVANCE   P.AYMENTS 

In  manufacturing  and  contracting  requirements,  it  is  a  well- 
known  fact  that  from  three  to  five  turnovers  of  inventory  per 
year  are  essential  to  a  reasonable  profit. 

The  general  contractor,  on  a  large  munitions  contract,  has 
to  provide  in  turn  advances  not  only  to  the  sub-contractor,  but 
he  must  also  be  able  to  take  advantage  of  the  market,  and 
oftentimes  buy  materials  long  before  they  are  required.  He 
has  also  to  meet  the  jjayments  for  materials  of  sub-contractors 
furnished  long  in  advance  of  the  time  they  are  to  be  used. 
Then,  again,  contracts  have  been  let  to  some  small  concerns 
who  have  failed  to  fulfill  the  requirements  of  the  contract. 
This  also  applies  to  the  larger  sub-contractors  and,  as  has 
been  the  case,  it  is  necessary  for  the  general  contractor,  in 
order  to  protect  himself,  to  take  control  of  the  entire  prop- 
erties of  the  sub-contractor  on  an  entirely  different  basis  and 
under  entirely  different  conditions.  This  involves  delays  not 
ordinarily  estimated  in  the  contemplation  of  the  work  to  be 
done. 

A  further  necessity  for  ample  and  proper  financing  during 
the  progress  of  the  contract,  is  that  assembling  contractors  be 
supplied  with  a  sufficient  number  of  component  parts  of 
proper  quality  in  order  to  complete  the  work. 

It  is  quite  possible  (in  fact,  it  has  happened)  that  manu- 
facturers of  component  parts  have  lield  up  shipments  await- 
ing i^ayments  on  their  materials.  To  my  knowledge,  this  has 
involved  at  different  times  delays  in  the  completion  of  work 
valued  at  from  one  to  three  million  dollars  over  a  period  of 
time  of  from  two  to  five  weeks,  which,  if  figured  on  the  basis 
of  six  per  cent,  would  mean  a  loss  to  the  general  contractor  of 
from  $4,000  to  $12,000  on  interest  charges  alone. 

But,  beyond  all  of  this  is  the  demoralizing  effect  on  a  sub- 
contractor and  the  discouragement  wHch  he  experiences.  This 
reacts  upon  the  organization,  and  in  a  very  short  time  the 
enthusiasm  and  efficiency  of  the  personnel  of  the  plant  have 
rapidly  deteriorated. 

Then,  again,  the  question  of  financing  depends  to  a  large 
extent  upon  the  government  with  which  the  general  contractor 
is  dealing.  With  some  there  is  no  trouble,  and  businesslike 
methods  are  used  in  the  handling  of  all  financial  transactions. 
There  are  others,  however,  that  are  exceedingly  troublesome 
and  irregular  in  meeting  their  financial  obligations  and,  while 
they  are  good  for  the  money  obligated,  the  irregularity  and 
slowness  of  payments  oftentimes  creates  suspicion  and  distrust 
on  the  part  of  the  manufacturer,  with  a  corresponding 
demoralization. 

After  an  observation  and  experience  of  two  years  in  this 
work,  the  writer  feels  safe  in  assuming  that  an  advance  of  at 
least   25   per  cent  is  necessary   and   33 1-3   per   cent   would 
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leave  a  suflficient  margin  of  safety,  with  good  manage- 
ment. 

It  is  not  necessary  that  all  of  this  amount  be  paid  upon 
the  signing  of  the  contract,  but  it  should  be  available  for 
drawing  upon  as  occasion  might  require. 

The  rate  at  which  advance  pa3Tnents  should  be  liquidated 
is  a  matter  which  can  only  be  adjusted  to  the  requirements  of 
the  ease  in  hand.  A  good  rule  to  follow  is  to  deduct  from 
each  invoice  the  same  jjercentage  of  this  invoice  as  would 
liquidate  the  advance  payment  upon  the  completion  of  the 
contract.  It  is  customary,  in  some  contracts,  to  deduct  an 
additional  ten  per  cent  as  an  adjustment  fund  to  protect  the 
purchaser  at  the  completion  of  the  contract. 

Interest  charges  are  sometimes  demanded  on  advance  pay- 
ments, but  the  usual  practice  is  to  dispense  with  this  charge. 

PAYMENTS  ON  ACCOUNT 

Payments  on  account  depend  on  the  resources  of  the  con- 
tractor, volume  of  business,  rate  and  quality  of  materials 
delivered,  general  jirogress  of  the  work,  and  complete  audit 
information  as  to  the  financial  condition  of  the  contractor. 

The  amounts  of  these  payments  are  generally  made  on  the 
invoice  value  of  the  materials  shipped,  less  deductions  for  the 
liquidations  of  the  advance  payments  and  insurance  to  the 
purchaser. 

The  types  of  payments  usually  made  are  either  cash  on 
receipt  of  the  bill  of  lading  or  sight  draft ;  or  settlements  at 
certain  defined  periods,  either  by  the  week,  semi-monthly  or 
monthly;  sometimes,  thirty  days  from  the  receipt  of  the 
invoice,  bills  of  lading  or  .inspectors'  certificates. 

Where  the  financial  standing  of  the  company  is  such  as 
enables  it  to  have  cash  on  hand  or  available  to  conduct  its 
business,  payments  are  taken  in  bonds  or  short-term  notes  of 
the  government  for  which  the  work  is  being  done. 

FINAL  PAYMENTS 

Final  payments  should  be  made  as  promptly  as  possible 
upon  the  completion  of  the  contract.  It  is  hardly  possible,  in 
the  majority  of  contracts,  to  make  these  final  payments 
promptly,  as  it  oftentimes  involves  the  adjustment  of  debits 
and  credits  for  expenses  on  the  part  of  the  contractor  and 
rejected  work  or  spoiled  materials  on  account  of  the  pur- 
chaser. It  is  essential,  therefore,  in  order  to  have  a  prompt 
adjustment,  that  a  close  cheek  be  kept  on  the  progress  of  the 
work  at  all  stages  and  a  clear  and  definite  method  of  main- 
taining records  be  kept  by  both  the  purchaser  and  the  con- 
tractor. 

The  types  of  funds  used  in  final  payments  are  the  same  as 
those  used  for  payments  on  account. 

ORGANIZING  FOR  MUNITIONS   MANU- 
FACTURE 

By  ARTHUR  L.  HUMPHREY,  WILMERDING,  PA. 
Member  of  the  Society 

THE  task  of  organizing  a  plant  to  undertake  the  manu- 
facture of  munitions  is  one  of  many  factors.  In  fact, 
organizing  involves  all  of  the  items  in  the  general  list:  speci- 
fications, materials,  designing,  limits,  gages,  inspecting,   etc. 
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The  general  success  of  the  undertaking  is  dependent  upon  the 
perfection  of  the  working  organization,  upon  the  selection 
and  installation  of  adequate  machines  and  other  tools,  and 
upon  the  careful  planning  of  the  work,  which  is  not  limited 
to  that  within  the  shop  alone,  but  involves  a  consideration  of 
the  market,  the  purchase  and  delivery  of  supplies. 

The  financing  accomplished,  the  task  of  organizing  comes 
next  in  order.  Their  work  done,  the  financial  backers  of  the 
undertaking  become  impatient  to  see  deliveries  made  because 
of  their  failure  to  understand  the  mechanical  and  human  prob- 
lems in  the  task  of  organizing,  and  a  net  loss  is  the  result  of 
insufficient  time  being  allowed  for  perfecting  the  working 
organization,  equipping  for  and  planning  the  work.  Haste 
makes  waste  in  most  affairs  and  it  is  not  the  exception  here. 
A  premature  beginning  may  result  in  an  encounter  with  con- 
ditions which  will  mean  an  entire  revamping  of  the  whole 
scheme — conditions  which  would  have  been  determined  and 
provided  for  had  sufficient  time  been  given  for  careful  plan- 
ning and  making  schedules  complete  in  every  detail  from  start 
to  finish. 

It  is  quite  essential  that  an  organization  for  the  manufac- 
ture of  munitions  be  built  around  a  nucleus  of  men  who  have 
had  experience  either  in  munition  making  or  in  work  of  an 
allied  character.  With  such  a  group  as  a  basis,  it  is  com- 
paratively easy  to  place  new  men  and  ramify  the  organization 
into  the  various  departments  and  divisions,  each  properly  cor- 
related with  the  other.  It  should  be  so  arranged  that  each 
department  acts  as  a  unit  within  itself  and  attends  to  but  one 
thing,  such  for  instance  as  manufacturing  the  shrapnel  time 
.  fuse  and  that  alone. 

Many  operations  in  the  manufacture  of  munitions  cannot 
only  be  as  well  done  by  women  as  by  men,  but  are  better  done 
by  female  help.  These  operations  are  such  as  involve  light, 
delicate  work,  requiring  deftness  and  dexterity  in  the  use  of 
the  fingers.  Therefore,  such  work  should  be  segregated  at 
every  opportunity  and  the  organization  be  made  to  include 
the  requisite  number  of  women. 

The  work  to  be  accomplished  is  first  revealed  by  the  specifi- 
cations submitted.  Conferences  between  the  engineers  and 
shop  foremen  should  be  held  at  frequent  intervals  as  the  plan- 
ning and  scheduling  progress  in  accordance  with  the  results 
demanded  by  the  specifications,  and  the  whole  problem  should 
in  this  way  be  thoroughly  "  threshed  over." 

This  problem  of  organizing  is  closely  bound  up  with  that 
of  equipment.  The  condition  of  the  machinery  market  and  the 
urgency  of  the  contract  will  determine  largely  the  type  of 
machines  installed.  In  every  case,  where  possible,  automatic 
or  semi-automatic  machines  should  be  given  preference  in 
order  to  get  maximum  accuracy  with  a  minimum  skill  require- 
ment on  the  part  of  the  operators.  This  reduces  materially  the 
losses  due  to  error  of  the  individual.  Careful  consideration 
should  be  given  to  every  detail  of  the  manufacture,  a  thorough 
time  study  made,  and  the  most  logical  sequence  of  operations 
worked  up  and  scheduled  before  decisions  are  made  as  to  the 
types  of  machines  to  be  installed.  Too  much  stress  cannot 
be  placed  upon  this  feature,  for  any  changes  it  may  be  neces- 
sary to  effect  after  the  machines  have  been  ordered  will  result 
either  in  considerable  loss  or  inetficient  manufacture.  Group- 
ing of  the  machines  should  also  be  gone  into  very  carefully 
to  avoid  unnecessary  handling  between  successive  operations. 

Great  emphasis  must  be  placed  on  the  necessity  for  a  well- 
organized  and  well-equipped  tool  room.  It  is  of  paramount 
importance  to  have  an  unstinted  supply  of  gages,  jigs,  ma- 
chine fixtures  and  other  special  tools,  for  these  are  needed  in 
great  number  in  the  manufacture  of  munitions.    They  are,  in 
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fact,  indispeusable  to  the  successful  quantity  production  of 
accurate  work. 

Also,  upon  the  inspection  department  will  depend  the  proper 
utilization  of  the  gages  supplied  by  the  toolroom — in  other 
words,  the  inspection  department  and  the  toolroom  are  links 
in  the  same  highly  important  chain  of  accuracy.  A  carefully 
organized  inspection  force  must  check  the  product  not  only 
at  the  end,  but  at  each  successive  stage  of  manufacture.  The 
product  must  be  checked  not  only  for  variations  in  dimensions 
but  for  chemical  and  physical  properties  as  well.  The  per- 
sonnel of  the  inspection  force  is  of  the  utmost  importance, 
for  it  is  quite  unwise  to  give  the  power  of  rejection  to  a  group 
of  uninformed  inspectors  who  are  lacking  in  judgment.  And 
if  power  to  reject  be  withheld,  the  inspection  force  might  well 
be  entirely  dispensed  with. 

Other  points  of  interest  in  this  general  connection  may  be 
found  in  the  writer's  paper  on  The  Mobilization  of  Material 
and  Industrial  Resources,  read  before  the  Engineers'  Society 
of  Western  Pennsylvania  on  May  31,  1916. 

ORGANIZATION   FOR   MUNITIONS 
MANUFACTURE 

By  harry  L.  COE,  BOSTON,  MASS. 

Member  of  the  Society 

I  HAVE  approached  the  subject  from  the  viewpoint  of  a 
manufacturer  already  engaged  in  a  metal-working  busi- 
ness, and  have  tried  to  suggest  some  of  the  factors  which  he 
should  consider  if  he  expects  to  produce  projectiles.  Assuming 
that  the  manufacturer  has  ample  financial  resources,  adequate 
equipment,  a  satisfactory  source  of  raw  materials,  etc.,  what 
type  of  an  organization  is  essential  to  the  successful  production 
of  munitions ;  and  among  the  various  kinds  of  munitions,  what 
articles  can  the  particular  plant  produce  economically? 

Much  time  and  effort  will  be  wasted  if  this  double  process 
of  selection  is  not  given  attention.  The  characteristic  optimism 
and  confidence  of  the  American  manufacturer,  coupled  with 
the  strong  desire  to  be  of  service  to  his  country,  or  to  make 
money,  lead  many  firms  into  making  persistent  efforts  to  get 
munitions  contracts  which  should,  logically,  go  to  firms  of  an 
entirely  different  character  and  facilities. 

Before  looking  for  a  munition  contract,  there  should  be  an 
honest  self-analysis.  It  isn't  a  question  of  "  can  my  shop 
produce  this  piece?"  but  "  can  it  make  this  piece  as  well  and 
as  economically  as  anyone  else?" 

Many  firms  having  a  good  manufacturing  organization  will 
feel  that  they  require  only  a  little  additional  equipment.  To 
these  people  I  say,  "  Beware !  "  Three  years  ago  they  might 
have  had  as  good  a  chance  of  success  as  anyone,  but  today 
they  will  have  to  compete  with  the  firms  which  have  not  only 
the  organization  but  the  proper  equipment  as  weU. 

On  the  other  hand,  they  may  have  a  general  equipment  which 
can  be  adapted  to  munitions,  but  their  shop  and  executive 
organization  may  not  be  trained  to  think  and  act  along  the 
lines  of  specialized  mass  production.  And  here  again  I  say, 
"  Beware!  "  Difficult,  slow  and  expensive  though  it  may  seem 
to  start  from  nothing  and  equip  a  complete  munitions  plant, 
it  is  much  more  difficult,  slow,  and  expensive  to  develop  and 
get  into  effective  operation  the  organization  which  will  make 
this  kind  of  a  business  successful. 
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CHARACTERISTICS   WHICH   MUNITIONS   PLANTS   LACK 

We  turn  with  pride  to  our  great  industries, — the  steel  cor- 
poration, our  railroads,  etc. — and  feel  that  certainly  the  Ameri- 
can genius  and  ability  which  has  made  them  possible  can 
turn  out  unlimited  quantities  of  shells.  And  so  they  can,  if 
they  have  time.  Unfortunately  for  the  manufacturer,  this 
element  of  time  is  of  the  greatest  importance  to  the  fighting 
units.  The  advantage  lies  with  the  side  which  first  gets  the 
necessary  supplies. 

The  big,  centralized  organizations  are  the  result  of  a  slow 
process  of  evolution,  and  while  their  working  force  may  be 
constantly  changing,  one  finds  that  the  habits  and  traditions 
of  the  work  are  maintained,  and  it  is  this  force — habit  and 
tradition — which  is  entirely  lacking  in  the  munitions  business. 
To  produce  shells  economically,  this  force  must  be  generated 
in  and  by  the  organization,  which  means  embodying  in  that 
organization  a  certain  proportion  of  picked  men,  chosen  be- 
cause they  possess  these  habits,  or  who.  because  of  their  versa- 
tility and  training,  can  quickly  acquire  them.  Such  men  are 
not  easy  to  find  and  the  time  it  would  take  to  get  enough  of 
them  together  in  one  place  to  make  a  large  organization  suc- 
cessful is  almost  a  fatal  handicap. 

It  would  seem,  therefore,  that  the  greatest  success  would  be 
obtained  by  comparatively  small  units  specializing  in  one  type 
of  munitions.  One  may  say,  ''  Why  not  liave  a  big  shop 
departmentalized,  with  a  case  shop  here,  a  shell  shop  there, 
time  fuses  or  primers  in  another  section,  etc.  1 "  Theoretically, 
this  would  be  all  right,  but  if  one  studies  the  organizations 
which  have  tried  this  in  the  past  few  years,  he  will  find  a 
tremendous  amount  of  lost  time,  effort  and  money.  In  other 
industries  where  this  principle  has  been  successfully  developed, 
I  believe  there  will  be  found  quite  a  percentage  of  men  in  each 
division  who  have  grown  gray-haired  with  years  of  service 
along  that  particular  line. 

This  condition  does  not  obtain  today  with  respect  to  the 
munitions  business.  Before  the  present  year  the  firms  manu- 
facturing projectiles  in  the  United  States  were  very  few. 
The  orders  placed  by  our  Government  outside  of  its  own 
arsenals  were  so  small  that  even  at  the  high  figures  paid  they 
offered  no  attractions  to  anyone  to  develop  a  business  along 
these  lines.  As  a  rule,  the  training  in  the  arsenals  has  not 
fitted  men  to  produce  the  best  results  under  our  existing  in- 
dustrial conditions.  At  the  present  time  the  arsenals  are  not 
letting  any  of  these  good  men  get  away.  In  general,  the  atti- 
tude of  the  War  Department  has  not  encouraged  the  develop- 
ment of  this  industry  except  in  the  cases  of  a  few  manufac- 
turers, as  mentioned  above.  The  result  is  that  there  is  a  very 
limited  field  from  which  to  draw  either  workmen  or  executives 
"  skilled  in  the  art." 

It  would  seem,  therefore,  that  the  manufacturer  must  build 
an  organization  around  such  of  his  men  as  possess  the  proper 
habits  and  training,  and  they  in  turn  will  have  to  see  to  the 
development  of  the  manufacturing  units.  Here,  again,  large 
and  complicated  units  do  not  develop  rapidly,  and  in  them 
mistakes  are  tremendously  expensive  and  slow  to  correct. 

The  manufacturer  should  therefore  take  stock  of  his  organi- 
zation carefully.  If  it  does  not  contain  men  whose  habits  of 
thought  and  training  are  consistent  with  specialization  of 
processes  and  mass  production,  it  lacks  one  of  the  prime  fac- 
tors in  successful  munition  manufacture. 

ADAPTABILITY  OF  PLANT  TO  PRODUCT 

If,  on  the  other  hand,  the  organization  is  of  this  type,  he 
should  look  carefullv  over  the  wide  range  of  articles  classified 
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as  munitiors  and  select  something  which  is  as  similar  as  pos- 
sible to  his  regular  product  in  size,  material,  and  general 
nalurg. 

We  hear  of  gray-iron  foundries  making  strenuous  efforts  to 
get  contracts  for  producing  cartridge  cases,  when  the  nearest 
tiling  they  have  to  a  press  is  a  plate-molding  machine  and 
they  never  had  an  opportunity  of  running  to  capacity  on  a 
single  pattern  for  more  than  a  few  days  at  a  time.  Needless 
to  say,  if  such  people  are  so  unfortunate  as  to  get  a  contract, 
it  is  almost  certain  to  prove  an  expensive  failure  for  them  and 
may  result  in  a  serious  shortage  of  supplies  for  the  fighting 
line. 

Assuming  now  that  there  is  an  organization  which  is  accus- 
tomed to  specialization  and  that  a  type  of  munitions  adapted 
to  the  available  equipment  has  been  selected,  what  subdivision 
should  be  made  in  the  organization  and  what  functions  should 
be  performed  by  each? 

In  the  first  place,  it  is  futile  to  try  to  handle  a  projectile 
department  as  an  appendage  to  some  other  part  of  the  busi- 
ness. It  is  a  business  in  itself  and  its  success  or  failure  will 
probably  depend  on  the  completeness  with  which  every  detail 
is  worked  out  and  checked. 

This  is  a  product  in  which  duplication  inside  exceedingly 
small  limits  is  essential.  Moreover,  if  one  agrees  with  the 
theory  of  specialization  mentioned  above,  the  type  of  muni- 
tions manufactured  will  be  limited  to  a  few  pieces,  or  even  to 
a  single  piece,  of  the  same  nature.  The  size  of  the  order 
should  be  large  enough  so  that  even  the  smallest  working  unit 
• — man  or  machine — can  be  employed  constantly  on  the  same 
operation.  Under  such  conditions  no  detail  is  so  small  but 
that  it  pays  to  give  it  careful  attention.  Every  motion  will  be 
repeated  many  times  an  hour,  and  the  expense  due  to  trivial 
losses  will  soon  reach  large  proportions.  Eealizing  this  and 
knowing  that  this  is  a  temporary  business,  many  firms  have 
gone  outside  of  their  regular  force  and  employed  special 
managers  to  look  after  their  projectile  manufacture.  This  has 
been  their  sole  function  and  the  arrangement  was  terminated 
when  the  order  was  completed. 

The  internal  mechanism  of  the  organization,  then,  might  be 
classified  somewhat  as  follows: 

1  General  Service  Department 

2  Diplomatic  Staff 

3  Production  Department 

4  Inspection  Department 

1    General  Service  DEP.iETMENx 

Under  the  General  Service  Department,  we  find 
a    Records  and  accounting  (with  special  prominence  given  to 

control   of  manufacture   rather   than   to   details   of   cost 

finding) 
h     Purchasing  and  stores  organization 
c     Designing,  drafting  and  experimental  development 
d     Protection  and  safety  (with  special  reference  to  destruction 

by  representatives  of  the  enemy's  government  and  to  the 

safeguarding  of  unskilled  workers). 

With  reference  to  these  general  departments,  it  may  be  safe 
to  modify  our  general  principle  of  entirely  separate  organi- 
zations. Whether  or  not  these  departments  are  combined  with 
the  existing  departments  employed  in  similar  work  will  depend 
somewhat  on  the  volume  of  the  work  both  in  the  normal  busi- 
ness and  in  the  munition  contract,  as  well  as  on  the  physical 
layout  of  the  plant.  In  most  cases  it  is  possible  so  to  plan  that 
this  work  will  follow  the  practice  developed  for  the  regular 


business  and  can  be  absorbed  by  the  departments  already  doing 
this  kind  of  work. 

With  reference  to  the  purchase  and  stores  of  the  department, 
there  are  no  special  features  which  differ  to  any  radical  degree 
from  ordinary  practice. 

2    Diplomatic  Staff 

While  this  organization  will  be  small,  it  is  none  the  less 
important.  If  the  munitions  are  for  a  foreign  government, 
there  will  undoubtedly  be  foreign  representatives  stationed  at 
the  plant  as  receivers.  These  men  are  not  accustomed  to  our 
methods.  Their  temperament  is  entirely  different  from  the 
people  we  are  ordinarily  meeting.  Possibly  they  do  not  speak 
our  language.  If  sufficient  attention  is  given  to  them,  and 
their  points  of  contact  with  the  organization  limited  as  far  as 
possible  to  a  few  chosen  men,  it  will  be  much  easier  to  reach 
a  practical  working  basis  and  to  prevent  expensive  and  often 
unnecessary  misunderstandings  and  delays. 

This  department  is  responsible  for  seeing  that  these  receivers 
are  provided  with  the  information  they  desire  and  that  it  is 
presented  to  them  in  such  a  way  that  they  get  a  correct  im- 
pression of  the  conditions.  If  they  appreciate  the  difficulties 
which  may  be  arising  and  the  action  the  organization  is  taking 
to  eliminate  causes  of  trouble,  it  naturally  affects  their  attitude 
toward  the  plant. 

The  diplomatic  staff  sees  to  it  that  any  instructions  issued  by 
the  i-eceivers  are  transmitted  to  the  proper  department  so  that 
they  go  into  effect. 

Thi'ough  this  department,  the  shop  can  ajaproach  the  re- 
ceivers for  information  or  rulings  on  conditions  which  may  not 
be  clear. 

Even  in  the  cases  of  work  for  our  own  government,  I  believe 
such  a  department  is  advisable.  The  fewer  people  who  have 
official  relations  with  these  receivers,  the  less  the  chance  of 
contradictory  instructions  or  of  false  or  unnecessary  informa- 
tion  or  misunderstandings. 

3    Production  Department 

Under  the  Production  Department  comes 
a     Maintenance  of  equipment 
b     Operation  of  equipment 
c     Selection  and  training  of  workmen 
d     Tool  and  gage  production 

e     Establishment  and  operation  of  wage  payment  and  penal- 
ties systems 

This  department  is  responsible  for  maintaining  production 
and  developing  economy,  and  has  full  control  of  all  agencies 
which  bear  directly  on  the  operation  of  equipment. 

Maintenance  of  equipment  has  been  included  under  this 
department  lor  two  reasons :  First,  it  brings  the  time  element 
of  repairs  largely  under  its  control.  Much  loss  of  production 
can  be  avoided  by  a  careful  and  frequent  inspection  of  ma- 
chines and  ti'ansmission.  A  few  hours  in  adjusting  may  save 
days  of  shutdown  later.  And,  second,  because  the  men  who 
make  up  the  maintenance  crew  are  usually  the  general  group 
of  millwrights  who  see  to  the  location  and  moving  of  equip- 
ment, which  again  is  a  direct  corollary  of  production.  When 
breakdowns  occur,  operations  have  to  be  readjusted  and  it 
is  often  more  economical  to  take  an  idle  machine  out  of  a 
battery  and  replace  with  a  spare  than  to  interrupt  the  flow 
of  product.     Such  work  is  obviously  up  to  the  repair  gang. 

In  tliis  connection  I  am  inclined  to  think  that  twenty  hours 
per  day  is  about  the  economical  limit  to  run  machines  under 
the  conditions  of  forced  production  usual  on  this  work.     The 
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remaining  luur  hours  for  repairs  is  most  excellent  insurance. 

Having  given  the  production  chief  the  means  of  supplying 
his  working  force  with  equipment  to  use,  we  must  turn  to  a 
study  of  the  workers. 

Because  of  the  difficulty  of  getting  skilled  mechanics,  it  has 
been  necessary  to  develop  that  type  of  an  organization  which 
can  produce  results  with  the  average  workman  in  the  shortest 
possible  time.  This  is  one  of  the  reasons  why  it  is  well  to 
subdivide  the  operations  into  simple  elements  and  eliminate 
complex  machines.  Because  of  the  very  nature  of  the  class 
of  workmen  available,  it  is  necessary  to  make  the  most  out  of 
a  continually  changing  force.  This  has  been  done  successfully 
by  selecting  from  the  better  grade  of  men  a  class  which  might 
be  called  tool  setters  or  machine  starters,  and  giving  them 
charge  of  a  battei-y  of  macliines.  This  builds  up  a  secondary 
line  of  defense,  as  it  were,  and  it  is  possible  to  develop  a  fairly 
pennanent  organization  of  this  kind  of  men.  Behind  these 
machine  starters  come  the  group  foremen,  assistant  super- 
intendents, etc. 

For  somewhat  the  same  reasons  the  tool  and  gage  manufac- 
turing department  is  made  a  part  of  the  production  chief's 
organization.  I  say  tool  and  gage  manufacturing  department 
instead  of  tool  room  advisedly,  for  it  has  to  be  a  real  manufac- 
turing department  with  the  demand  for  flat  cutters,  boring  bars 
and  heavy  supplies  of  special  tools  which  immediately  occurs 
when  one  starts  to  reach  maximum  output  on  single-operation 
machines.  The  good  tool  maker  is  not  as  a  rule  a  production 
man  and  it  is  a  difficult  thing  to  get  a  tool  room  into  the  spirit 
of  manufacturing. 

The  method  of  wage  payment  for  all  these  men  is  immaterial 
Ijrovided  a  maximum  incentive  is  given  to  each  man.  Per- 
sonally, I  am  in  favor  of  a  thorough  piecework  system,  as  it 
is  simple  for  the  workmen  to  understand  and  not  expensive  to 
operate.  However,  premium  or  bonus  plans  are  all  right  if 
the  rewards  are  immediate.  The  setting  of  standards  is  an 
important  part  of  the  wage  basis  and  the  opportunities  for  the 
competent  operation  and  time-study  man  are  wonderful.  He, 
too,  is  part  of  the  production  chief's  organization. 

In  this  connection,  while  in  general  the  theory  of  penalties 
is  not  desirable,  it  has  been  found  that  it  is  a  good  balance 
wheel  to  the  continuous  insistence  put  on  production,  especially 
■  where  the  workmen  are  not  trained  in  the  true  spirit  of  ma- 
chine shoji  existence  and  often  are  only  transients  with  very 
little  interest  in  the  quality  of  their  work. 

4    Inspection  Department 

The  work  of  the  Inspection  Department  comprises 
a     Inspection  of  operations 
b     Intermediate  inspection 
c     Final  inspection 

To  some  it  may  seem  that  at  least  part  of  the  inspection 
organization  should  be  directly  under  the  chief  of  production  : 
for  example,  the  first  or  operation  inspection  which  occurs 
between  each  operation.  I  believe,  however,  that  better  results 
and  a  more  consistent  and  thorough  inspection  will  ensue  by 
creating  a  staff  of  inspectors  responsible  to  their  own  chief  to 
handle  all  inspections  wherever  they  occur.  It  is  easier  to 
train  men  for  these  jobs  and  instil  into  them  the  necessary 
standards  of  work  and  habits  of  thought  and  action  if  they  are 
uieluded  in  a  branch  of  the  organization  which  is  all  their 
own. 

Assuming  that  the  complete  inspection  is  organized  into  a 
department  of  its  own,  it  may  well  develop  according  to  the 
following  scheme: 


If  the  work  has  been  subdivided  so  that  operations  occurring 
on  individual  machines  are  simple,  it  is  possible  to  station  back 
of  each  group  of  machines  an  inspector  or  inspectors  and  gage 
every  piece  for  the  controlling  dimensions.  We  might  class 
these  inspectors  as  operation  inspectors.  It  is  their  duty  to  see 
that  each  piece  produced  falls  inside  the  tolerances  which  are 
allowed. 

As  the  work  progresses  and  a  series  of  operations  are  per- 
formed upon  a  piece,  it  is  often  found  desirable  to  have  an 
intermediate  inspection,  as  in  many  cases  the  later  operations 
materially  change  the  form  of  the  piece  so  that  it  is  impossible 
to  check  the  work  previously  done.  It  is  usuallj'  found  desir- 
able to  set  aside  a  certain  part  of  the  shop  for  this  purpose 
and  have  all  the  product  delivered  to  the  inspection  room. 

This  intermediate  inspection  is  a  general  overall  check  on 
the  production  reported  by  the  operation  inspectors.  The 
advantages  are  obvious  when  considered  from  the  payroll  point 
of  view. 

When  a  piece  is  finally  finished  and  ready  for  presentation 
to  the  receivers,  either  of  our  own  government  or  of  a  foreign 
government,  there  should  be  organized  a  thorough  final  inspec- 
tion. Under  this  final  inspection,  all  dimensions  possible  are 
checked  and  in  general  the  same  procedure  as  may  be  instituted 
by  the  receivers  is  followed  out.  In  case  the  product  does  not 
come  up  to  the  standard,  it  is  either  sent  back  for  repairs  or 
else  set  aside  and  presented  as  a  special  batch  with  full 
explanations  to  the  receivers.  In  this  way  the  shop  establishes 
a  very  desirable  basis  of  fair  play  with  the  receivers  and,  as  a 
usual  thing,  the  policy  results  in  the  granting  of  special  limits 
to  cover  slight  deviations  from  specifications,  which,  if  sent 
through  with  the  other  work,  might  arouse  suspicion  and  work 
to  the  detriment  of  the  shop. 

In  connection  with  the  inspection  organization,  it  is  very 
necessary  that  an  ample  gage-checking  force  be  organized. 
All  working  gages  should  be  checked  at  least  once  a  day  and, 
in  case  of  some  of  the  finer  type  of  gages,  it  may  be  necessary 
to  check  oftener  if  the  standards  are  very  exacting. 
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Member  of  the  Societ\' 

IX  asking  for  an  introductory  paper  on  the  subject  of  the 
manufacture  of  munitions  the  Committee  on  Meetings 
suggested  that  the  writer  might  "  analyze  the  different 
types  of  machines  required  and  indicate  whether  it  is  better  to 
buy  them  or  to  make  them." 

As  no  two  manufacturers  of  munitions  follow  the  same 
methods  or  use  the  same  machines,  any  opinions  the  writer  may 
advance  must  be  based  on  his  own  exjjerience  or  observation 
and  will  be  subject  to  confirmation  or  modification  when  com- 
pared with  the  experience  of  others.  A  few  words  as  to  the 
basis  of  the  writer's  experience  will,  therefore,  be  in  order. 

The  firm  with  which  the  writer  is  engaged  is  machining  and 
assembling  the  18-lb.  British  shrapnel  and  the  British  8-in. 
howitzer  shell.  Under  the  plan  of  organization  of  the 
Canadian  Imperial  Munitions  Board,  the  work  is  all  sublet 
by  the  board.     The  contractor  for  machining  and  assembling 
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shrapnel,  for  example,  is  furnished  with  forgings  for  the 
bodies,  with  finished  component  parts  such  as  disks,  sockets, 
copper  bands,  tubes,  tin  cups,  bullets,  etc.,  and  -with  the  other 
materials  required  such  as  resin,  solder,  paint  and  shipping 
boxes.  The  following  notes,  therefore,  cover  only  the  machin- 
ing and  assembling  of  the  above  two  sizes  of  shells  which  will 
be  taken  up  separately.  In  addition  to  the  experience  men- 
tioned, the  writer  has  visited  many  shell  shops  both  in  Canada 
and  tlie  United  States. 


EIGHTEEN-POUND   .SHRAPNEL 

When  undertaking  the  first  contract  for  shrapnel  our  firm 
had  a  machine  shop  which  could  be  converted  to  shrapnel 
production  and  an  experienced  working  force.  As  shrapnel 
production  increased  and  as  the  regular  work  picked  up, 
additional  machines  were  purchased  or  made,  until  all  the 
regular  tools  had  been  withdrawn  from  shrapnel  production. 
In  many  cases  these  regular  machines  were  withdrawn  because 
required  for  producing  the  regular  product;  but  there  was  the 
additional  reason  that  for  four-fifths  of  the  operations  the  new 
tools  purchased  or  made  were  more  productive  than  the  regular 
tools  used  at  first.  Our  experience,  therefore,  has  covered  the 
use  of  standard  machine  fools,  special  purchased  machines  and 
special  maeliines  made  by  ourselves. 

The  following  notes  relate  to  the  principal  operations  on 
the  shrapnel  and  the  machines  which  our  experience  shows 
were  the  best  to  use.  Fig.  1  shows  the  shell  at  several  stages 
and  the  numbers  indicate  the  operations  described  below. 

1  Cut  off  open  ends.  Standard  4-in.  cutting-ofl:  machines 
with  air  expanding  mandrels.  Production  900  in  8  hours.  We 
also  tried  a  special  machine  to  cut  off  both  ends  at  one  setting 
and  another  machine  of  the  type  of  a  pipe-threading  machine, 
but  both  proved  failures  and  were  returned  to  the  makers.  On 
the  regular  machines  the  air  mandrel  is  preferred  to  tlie  uni- 
versal chuck  as  it  is  much  quicker  and  costs  less  to  keep  in 
repair. 

2  Bough  turn  body.  We  used  at  first  heavy  24-in.  engine 
lathes,  24-in.  Gisholts,  Lo-swing  lathes,  etc.,  with  fair  results, 
but  we  are  now  using  single  purpose  lathes  of  our  own  make 
which  produce  more  work  and  are  much  simpler  to  keep  in 
repair.  These  lathes  have  cast  iron  spindles,  61/2  in.  in  diameter 
in  the  front  bearing,  with  driving  gear  integral  with  the 
spindle.  They  have  tight  and  loose  pulleys  on  the  back-gear 
shaft,  thus  eliminating  countershafts  with  their  troubles.  The 
feed  is  by  belt,  eliminating  feed-gear  troubles.  The  work  is 
chucked  on  an  air  expanding  mandrel  and  turned  with  a  bar 
cam  to  give  the  necessary  enlargement  at  the  open  end  of  the  . 
shell  for  the  subsequent  bottling. 

3  Bough  face  base.  We  have  used  36-in.  engine  lathes,  42-in. 
and  60-in.  vertical  boring  mills,  36-in.  planers,  30-in.  planer- 
type  millers,  etc.,  on  this  work,  but  have  abandoned  them  all 
for  4-in.  standard  cutting-off  machines.  On  milling  machines 
the  tool  upkeep  is  too  great,  on  planers  the  work  is  hard  to 
hold,  on  planers  and  boring  mills  the  intermittent  cut  is  hard 
on  the  machines  and  on  all  except  the  cutting-off  machines,  the 
labor  cost  and  upkeep  are  too  high.  On  the  cutting-off 
machines  the  regular  universal  chuck  is  omitted  and  a  plain 
hinged  chuck  used,  as  a  universal  chuck  will  not  stand  shell 
work.  The  regular  cutting-off  tool  blocks  are  replaced  with  a 
tool  block  to  hold  a  facing  tool.  When  the  countershaft  clutch 
pulleys  give  out,  they  are  replaced  with  tight  and  loose  pulleys. 
Kach  man  runs  two  of  these  machines. 

4  Finish  face  and  turn  base.    Standard  16-iu  lathes,  with  air 


collet  chucks  supported  by  steady  rests,  give  satisfactory  service 
on  this  operation.    Only  hand  feeds  are  used. 

5  and  6  Bough  and  finish  bore.  It  has  been  found  best  to 
rough  bore  on  one  machine  and  finish  on  another.  Turrets  are 
not  desirable  on  shell  work,  where  they  can  be  easily  avoided. 
We  used  a  well-known  make  of  turret  lathes  on  this  work,  but 
they  proved  pretty  light  and  required  considerable  repair. 
They  were  eventually  withdrawn  for  regular  work  and  replaced 
by  special  boring  lathes  of  our  own  make,  in  which  the  work 
is  held  inside  the  spindle  by  an  air  collet  chuck.  Two  different 
feed  mechanisms  are  in  successful  use,  one  a  central  rack  with 
power  feed  and  air  return,  the  other  a  crank  and  "  Scotch 
Yoke"  with  hand  feed.  Another  Canadian  munitions  plant 
made  very  successful  boring  machines  from  gasoline  engine 
patterns.  We  built  a  double  spindle  lathe  for  this  work  but 
it  proved  a  failure. 

7  Bough  band  groove.  This  work  is  being  done  on  cutting- 
off  machines  and  also  on  lathes  of  our  own  make.    In  both  eases 
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Fig.  1    Int)Ex  of  Operations  of  Machining  Shell 

the  work  is  held  in  push-out  air  collet  chucks.    No  longitudinal 
feed  is  required  and  only  a  hand  cross-feed. 

8  Finish  band  groove.  This  consists  of  undercutting  the 
edges  and  forming  the  waved  ribs.  Potter  and  Johnston  auto- 
matics are  in  successful  use  and  stand  up  well.  It  has  been 
found,  however,  that  a  man  can  do  more  work  on  one  machine 
tlian  he  can  on  two  or  three,  so  the  automatic  feature  is  of  no 
use  on  this  work.  Regular  20-in.  engine  lathes  with  special 
fixtures,  and  simple  lathes  of  our  own  make  with  similar  special 
fixtures,  are  now  preferred  as  they  produce  rather  more  work. 
This  is  the  only  operation  on  which  universal  chucks  are  still 
used,  but  they  will  probably  be  superseded  by  air  chucks.  Two 
different  purchased  waving  machines,  built  for  this  purpose 
alone,  were  tried  but  proved  unsuccessful. 

9  Harden.  We  used  at  first  muffle  furnaces,  with  cast-iron 
pot  muffles  holding  eight  shells,  but  now  we  use  large  semi- 
muffle  furnaces,  holding  50  shells.  The  furnaces  are  built  to 
designs  furnished  us  by  another  shell  manufacturer,  but  appear 
to  be  copied  from  a  commercial  furnace.  We  used  pyrometers 
at  first,  but  now  the  operators  go  by  color.  An  "  Irite " 
pyrometer  is  used  to  train  new  men. 
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10  Bottle.  The  noses  of  the  shells  used  to  be  heated  by 
dipping  in  a  pot  of  lead.  This  was  rather  expensive  in  the  use 
of  lead,  and  also  gave  a  little  trouble  from  lead  poisoning.  The 
present  method  is  to  heat  in  an  oil  furnace  having  holes  through 
which  the  shells  project  into  the  furnace.  A  water-jacketed 
front  was  tried,  but  Are  brick  with  iron  thimbles  has  been  found 
better.  We  built  these  furnaces  after  the  style  used  in  another 
shell  shop.  The  bottling  presses  used  at  first  were  air  presses 
which  we  made  ourselves  from  drill  sharpeners,  but  the  present 
practice  is  to  use  geared  crank  presses  which  are  purchased. 
After  bottling,  the  shell  is  put  back  in  a  similar  furnace  to 
anneal  the  nose. 

11  Shot  blast.  The  regular  foundry  sand  blast  was  used  at 
first,  but  present  practice  is  to  use  a  small  shot-blast  machine 
of  our  own  make.  This  has  two  jets,  one  of  which  cleans  the 
band  groove  and  the  other  the  base.  The  shot  blast  gives 
practically  no  dust,  and  can  be  used  anywhere  in  the  shop. 

12  Turn  and  thread  nose.  This  requires  a  fairly  heavy  tur- 
ret lathe,  and  we  are  using  both  24-in.  engine  lathes,  and  also 
single  purpose  lathes  of  our  own  make,  both  of  which  are 
equipped  with  turrets.  We  prefer  the  latter  lathes  as  they  take 
the  work  inside  the  spindle  and  eliminate  the  steady  rest.  Air 
collet  chucks  are  used.  This  is  the  only  operation  on  the  shrap- 
nel where  a  turret  is  used  and  this  requires  five  holes  of  the 
turret. 

13  Grind  nose  and  (14)  Grind  body.  Standard  grinders, 
slightly  modified  for  the  wide  wheels  used  on  shell  work,  give 
satisfactory  results,  as  do  also  special  purchased  shell  grind- 
ers. The  grinding  machine  manufacturers,  of  all  the  regular 
machine  tool  builders,  come  out  with  the  greatest  credit  from 
the  viewpoint  of  shell  production.  In  most  other  cases,  the 
shell  manufacturers  themselves  have  built  more  suitable  ma- 
chines than  either  standard  or  special  machines  built  by  the 
machine  tool  manufacturere. 

15  Grind  base.  Simple  machines  of  our  own  make  give 
good  results. 

16  Press  copper  band.  Two  different  hydraulic  hand  presses, 
both  designed  and  built  by  other  shell  manufacturers,  are  giv- 
ing good  results  on  this  work. 

17  Turn  band.  A  heavy  engine  lathe  with  special  equipment 
and  an  air  collet  chuck  gives  good  results,  but  costs  more  money 
than  a  very  good  special  band  turning  lathe,  built  by  another 
shell  manufacturer. 

18  Fill.  This  is  nearly  all  home-made  equipment  and  hardly 
requires  detailed  description  here. 

19  Turn  socket.  A  16-in.  engine  lathe  is  heavy  enough  for 
this.  A  clutch  on  the  back  gear  is  convenient.  A  turret  is  not 
desirable. 

20  Paint.  We  use  with  satisfaction  a  small  portable  machine 
of  our  own  make,  driven  by  a  1/6  hp.  motor. 

The  foregoing  does  not  cover  the  use  of  purchased  single- 
purpose  lathes,  of  which  there  are  now  a  large  number  of 
designs  on  the  market,  but  from  experience  with  three  or  four 
types  of  these  on  8-in.  shells,  it  appears  that  they  should  give 
good  results  on  shrapnel  work.  The  features  they  should  have 
would  be  a  large  spindle,  4-in.  to  5-in.  diameter,  with  hole  at 
least  1  3/16-in.,  strong  drive  and  feed,  a  good  feed-engaging 
clutch,  or  better  still  a  drop  worm.  The  countershaft  should 
have  tight  and  loose  pulleys,  though  the  use  of  air  chucks  wUl 
largely  eliminate  countershaft  troubles,  as  it  is  not  necessary  to 
stop  to  change  the  work.  It  is  better,  however,  to  have  tight 
and  loose  pulleys  on  the  headstock  and  eliminate  the  counter- 
shafts, as  they  take  up  so  much  room  overhead  that  it  is  dif- 


ficult to  gi'oup  the  machines  to  best  advantage.  The  elimina- 
tion of  countershafts  also  reduces  the  cost  of  belting,  which 
is  quite  an  item.  A  special  point  for  consideration  is  the  depth 
of  dovetail  on  the  carriage,  for  the  cross  slide.  This  should 
be  1%-in.  to  1%-in.  deep,  but  there  are  at  least  two  of  these 
lathes  on  the  market  with  dovetail  %-in.  to  Vi-in.  deep,  and  a 
taper  gib.  The  very  small  surface  is  not  sufficient  to  resist 
the  side  strain  of  a  cam,  which  is  used  on  two  of  the  opera- 
tions, and  the  height  is  not  sufficient  to  use  a  straight  gib  with 
set  screws.  It  is  usually  necessary  to  replace  the  regular  cross 
slide  with  a  special  cross  slide,  and  when  doing  so  it  is  much 
simjjler  to  use  a  straight  gib  with  set  screws,  rather  than  a 
taper  gib. 

To  sum  up,  a  manufacturer  starting  to  make  shrapnel 
would  be  well  advised  to  consider  the  following  suggestions: 

a  Do  simple  operations  and  use  simple  machines.  Do  not 
try  to  do  several  operations  at  one  setting,  and  do  not  buy 
automatics,  turret  lathes  or  other  complicated  machines. 

b  A  pretty  safe  and  satisfactory  plan  is  to  get  a  quick  start 
at  some  fraction  of  full  intended  capacity  and  to  add 
equipment  and  build  up  production  after  some  experience 
has  been  gained. 

(■  Suitable  purchased  machines  for  making  a  quick  start 
would  be  regular  cutting-off  machines,  regular  engine 
lathes  16-in.  to  24-in.  swing,  simple  single-purpose  lathes, 
regular  or  special  grinders  and  such  special  machines  as 
bottling  presses,  band  presses  and  band  lathes. 

d  It  will  be  worth  while  to  consider  the  organization  of  a 
lathe  building  department  to  supply  many  of  the  machines 
required  to  increase  the  capacity.  This  department  might 
also  undertake  the  making  of  air  chucks,  waving  devices 
and  other  special  attachments,  and  thus  relieve  the  tool 
room.  Later,  this  department  would  become  a  repair 
department,  which  is  an  important  and  busy  department 
when  work  is  being  pushed  day  and  night. 
[The  author  concludes  his  paper  with  a  brief  description  of 

the  operations  on  8-in.  howitzer  shells.] 

PRACTICAL  WARTIME  SHELL'MAKING 

By  LUCIEN  I.  YEOMANS,  CHICAGO,  ILL. 
Member  of  the  Society 

SO  many  utterly  foolish  statements  have  been  offered  the 
public  in  regard  to  the  manufacture  of  munitions  and 
the  possibility  of  this  or  that  automobile  factory  or  implement 
works,  or  other  equally  ill-adapted  shop,  being  turned  upon 
very  short  notice  into  a  shell  factory,  that  it  seems  well  to 
consider  of  how  Httle  value  for  the  manufacture  of  munitions 
is  the  present  equipment  of  the  average  shop. 

It  should  be  emphasized  that  outside  of  the  already  existing 
munitions  plants,  the  old  equipment  which  manufacturers 
brought  to  the  new  business  of  shell  making  consisted  mostly 
of  their  money,  their  credit,  and  the  nucleus  of  an  organiza- 
tion. Even  the  old  floor  space  was  infrequently  used.  The 
machinery  and  tools  were  more  than  ninety  per  cent  new  and 
it  is  significant  that  the  greatest  success  has  been  made  by 
those  companies  which  were  not  even  owners  of  machine  shops 
of  any  kind. 

It  is  well  for  the  mechanical  engineers  and  the  manufac- 
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turers  to  review  carefully  accepted  methods  of  munitions  pro- 
duction and  to  ascertain  just  what  time-honored  precedents 
may  be  abandoned,  what  "  red  tape  "  may  be  cut,  what  tradi- 
tions of  the  mechanic  arts  are  sacred  but  unnecessary,  where 
the  comers  may  be  cut  and  the  result  attained  economically, 
directly,  and  without  delay. 

It  would  seem  ridiculous  to  construct  an  office  building  of 
steel  and  terra  cotta  for  the  field  headquarters  of  an  army 
division,  but  we  see  nothing  strange  in  the  equally  ridiculous 
proposition  of  a  nicely  built  permanent  factory  for  the  com- 
paratively simple  operations  of  machining  shells. 

There  is  a  strange  twist  in  our  mental  conception  which 
permits  an  engine  for  one  purpose  to  be  nicely  housed  in  a 
jjressed-brick  and  tile-lined  structure,  while  another  equally 
expensive  and  nicely  made  engine  may  be  properly  located  on 
the  open  deck  of  a  vessel,  entirely  unprotected  from  the 
weather.  It  is  the  same  deference  to  tradition  that  makes  us 
assume  that  macliine  tools  must  be  guarded  from  every 
exposure,  and  we  fail  to  see  readily  that  their  performance 
would  be  equally  good  for  unusual  service  if  they  were  heavily 
coated  with  rust  on  every  idle  surface. 

The  suggestions  made  here  for  emergency  factory  con- 
struction are  to  be  understood  as  applicable  strictly  to  emer- 
gency conditions  and  to  meet  a  demand  for  an  unusual  amount 
of  ammunition  with  the  least  possible  delay  and  in  no  way  as 
suggestions  for  permanent,  private  or  Government  arsenal 
construction. 

rirst  must  be  considered  locality  with  reference  to  labor 
supply  and  transportation.  Within  easy  reach  of  all  our  large 
centers  of  population  may  be  found  level,  unoccupied,  natur- 
ally well-drained  acreage  that  is  suitable  for  the  purpose  and 
that  is  gridironed  by  railroads.  These  are  the  sole  require- 
ments for  such  a  plan. 

The  essential  difference  between  this  method  and  the  con- 
ventional one  is  in  the  assumption  that  this  particular  machine 
work  is  no  more  an  indoor  occupation  than  is  carpentry,  brick 
laying,  ear  repairing,  or  structural  ironwork,  and  that  in  such 
emergency  it  should  promptly  be  decided  that  outdoor  equip- 
ment is  satisfactory. 

Final  inspection,  cleaning,  painting,  tool  making,  etc., 
would  be  provided  for  in  fully  enclosed  buildings  at  the 
delivery  end  of  the  plant;  but  the  large  part  of  the  work 
would  be  performed  with  the  lightest  kind  of  shelter  over 
machines,  operators,  and  transfer  track,  and  in  the  opinion 
of  the  writer  circumstances  would  not  always  justify  even 
this. 

The  dimensions  of  the  plant  should  be  determined  by  the 
size  of  shell  to  be  manufactured,  and  imits  of  a  given  hourly 
capacity  would  be  located  between,  and  perpendicular  to,  two 
lines  of  railroad  siding  at  the  ends  of  the  plant.  One  track 
would  be  entirely  a  receiving  track  and  the  one  at  the  opposite 
side  a  shipping  track.  The  distance  between  the  tracks  would 
represent  the  proper  length  of  each  unit  to  avoid  congestion 
and  afford  the  simplest  movement  and  transfer  of  product. 

The  number  of  units  required,  as  so  determined,  would  estab- 
lish the  other  general  dimension  of  the  plant. 

Assuming  that  the  shell  was  to  be  the  well-known  British 
9.2-in.  high-explosive  and  the  required  output  250  per  hour, 
the  general  dimensions  of  the  plant  would  be  approximately 
1000  ft.  long  by  300  ft.  wide,  and  it  would  contain  six  units 
each  capable  of  producing  42  shells  per  hour. 

Each  unit,  commencing  at  the  rear  of  the  plant,  would  start 
with  an  unloading  platform  and  extend  in  a  double  row  of 
opposed  machines  for  the  different  operations  toward  the 
finishing    end,    where    the    machinery    installation    would    be 


replaced  by  hand  operations  and  inspection,  to  the  packing 
and  shipping  track. 

From  the  end  of  the  machine  installation  to  the  finishing 
end  a  single-story  shelter  would  be  built  to  house  these  opera- 
tions and  also  the  tool  maintenance  sections. 

All  machine  tools  would  necessarily  be  horizontally  belted. 
but  since  space  is  not  considered,  the  convenience  of  having  all 
transmission  machinery  within  easy  reach  is  a  consideration. 

In  the  construction  of  the  plant,  lines  of  concrete  piers 
would  be  located  to  carry  the  line  shafting,  storm  water  drains 
would  parallel  the  lines  of  piers,  concrete  foundation  walls 
for  the  machine  tools  would  come  next,  and  transfer  tracks 
intermediate  the  machine  foundations. 

Throughout  the  length  of  each  machine-foundation  wall 
would  extend  a  cutting  compound  drain  to  a  sump  and  pump 
at  the  end  of  the  line  or  at  intermediate  locations.  From  each 
concrete  pan  under  or  at  the  machines  would  extend  a  chip 
channel,  having  a  shghtly  raised  bottom,  connecting  with  chip 
tanks  sunken  in  tlie  ground  and  covered,  but  readily  removable 
by  the  cranes. 

Between  each  two  rows  of  machines  would  be  an  industrial 
railway  upon  which  would  be  operated  platform  ears  for 
transfer.  At  each  machine  would  be  car-floor-height  platforms 
from  and  to  which  all  tools  and  material  would  be  transferred. 

Such  a  complete  plant  could  be  erected  and  operated  to 
capacity  within  60  days  from  the  time  authority  was  given  to 
build  it. 

The  purpose  of  this  paper  is  to  invite  discussion,  suggest  a 
practical  departure  from  the  conventional  and  present  a 
method  of  emergency  construction  that  it  is  hoped  will  be  of 
some  benefit. 

A  complete  series  of  machines  for  all  shell-making  opera- 
tions could  be  designed  along  lines  that  would  permit  of  their 
construction  in  immense  quantities  within  30  days  from  the 
time  when  the  necessity  for  them  arose,  and  at  a  rate  of  output 
that  would  supply  any  conceivable  demand  within  the  fol- 
lowing 60  days. 

The  United  States  Government  could  easily  be  prepared  to 
deUver  such  machines  in  the  desired  daily  quantities  within 
30  days  by  the  following  method : 

In  each  selected  industrial  center  estabUsh  a  Government 
storage  plant  in  which  would  be  stored  the  necessary  patterns, 
jigs  and  equipment  to  make  such  machines ;  and  in  which 
would  also  be  kept  a  list  of  the  plants  in  the  territory 
equipped  to  make  the  required  parts.  Upon  order  from 
Washington  the  patterns  would  be  shipped  to  the  designated 
foundries  and,  beginning  with  the  third  day,  castings  would 
be  received  at  the  rate  of  one  casting  a  day  per  pattern.  It 
would  probably  require  about  three  weeks  to  manufacture  the 
various  working  parts  of  the  machine,  but  within  30  days  at 
the  outside,  completed  machines  would  be  ready  to  run  in  the 
munition  plants.  The  number  of  machines  added  to  the 
equipment  daily  would  be  the  same  as  the  number  of  patterns 
from  which  castings  were  made.  This  record  could  be  bet- 
tered by  stocking  in  the  warehouse  the  various  machine  parts, 
aside  from  the  large  bed  eastings,  sufficient  to  make  up 
machines  of  a  desired  daily  output  during  the  period  found 
necessary.  If  this  were  done  completed  machines  could  be 
delivered  to  the  munition  plants  within  a  week  of  authoriza- 
tion by  the  government. 

Ten  such  manufacturing  centers  could  be  established,  as  for 
example,  Philadelphia,  Cleveland,  Cincinnati,  Buffalo,  Pitts- 
burgh, Minneapolis,  Milwaukee,  Birmingham,  St.  Louis,  and 
Chicago,  and  within  30  days  each  unit  could  be  producing 
shell-making  machines  at  the  rate  of  from  10  to  40  machines 
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a  day,  depending  on  the  size  and  nature  of  the  machine  being 
liroduced.  Moreover,  the  total  cost  to  the  U.  S.  Government 
for  the  patterns,  jigs,  and  equipment  necessary  for  such  a 
plan  would  be  approximately  but  $1,000,000. 

MUNITIONS    DESIGN    FOR    QUANTITY 
MANUFACTURE 

By  J.  E.  OTTERSON,'  NEW  HAVEN,  CONN. 

THIS  paper  deals  with  the  question  of  the  relation  of  de- 
sign to  quantity  manufacture,  with  particular  reference 
to  the  problem  arising  from  the  undertaking  of  quantity  manu- 
facture under  abnormal  conditions,  and  especially  by  manu- 
facturers who  may  not  have  previously  manufactured  the  par- 
ticular product  in  question. 

The  term  design  must  be  broadly  and  specifically  defined, 
and  will  here  be  taken  as  including  not  merely  the  general  con- 
ception of  the  particular  product  which  might  be  termed  the 
inventive  design,  but  also  the  full  consideration  by  the  designer 
of  all  questions  affecting  the  design,  manufacture,  and  service. 
It  is  obvious  that  the  design  must  lend  itself  to  abnormal 
manufacturing  conditions.  The  term  design  will,  therefore,  be 
here  understood  as  including  the  determination  of  all  the  limit- 
ing conditions  which  will  permit  the  product  to  fulfill  the  pur- 
pose of  the  design. 

Quantity  manufacture  should  not  be  undertaken  when  the 
design  is  in  the  experimental  stage.  Models  and  samples 
should  first  be  made  and  thoroughly  tried  out  to  the  satisfac- 
tion of  the  designer,  the  manufacturer,  and  the  consumer. 
Such  models  should  embrace  the  limits  of  tolerances  and  thus 
serve  to  test  the  judgment  of  the  designer  in  establishing  such 
tolerances. 

It  is  essential  that  the  designer  and  the  manufacturer  recog- 
nize in  full  their  respective  responsibilities.  The  designer  is 
responsible  for  the  proper  functioning  of  the  comisleted  prod- 
uct, provided  it  fulfills  the  specifications  set  forth  in  the  de- 
sign. The  manufacturer  is  responsible  for  fulfilling  the  speci- 
fications set  forth  in  the  design. 

Tlie  designer  should  make  his  design  and  specifications  so 
clear,  precise,  and  complete  as  to  preclude  any  possibility  of 
subsequent  misunderstandings  as  to  the  exact  intention  of  the 
design  and  as  to  the  responsibilitjf  for  any  failure  to  function. 

Standards  of  design  should  be  absolute  and  not  relative, 
expressed  in  terms  of  standard  units  of  measurements  and  not 
in  terms  of  relative  exactness  involving  personal  opinion  and 
judgment  as  to  the  relations  existing. 

Designs  for  quantity  manufacture  usually  prescribe  some 
requirements  as  to  interchangeability,  and  presupi^ose  a  sys- 
tem that  is  commonly  called  interchangeable  manufacture. 
The  term  interchangeable,  as  frequently  used,  is  indefinite  and 
relative,  and  should  not  be  used  by  the  designer  as  a  save-all 
to  care  for  omissions  from  the  specifications  or  as  a  substitute 
for  the  exact  and  absolute  expression  of  the  requirements  of 
the  design  in  terms  of  standard  units  of  measurements.  The 
term  interchangeable  has  some  significance  as  evidence  of 
broad  intent  and  general  purpose,  but  is  so  lacking  in  exact- 
ness as  to  form  no  satisfactory  basis  for  contractual  or  other 
obligations.  It  is,  therefore,  a  dangerous  term  and  should 
be  used  only  in  a  supplementary  sense. 

Interchangeability  increases  in  difficulty  of  attainment  in 
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ratio  to  the  complicity  of  the  product,  the  volume  of  manufac- 
■turing,  the  continuous  operation  of  equipment,  the  abnormal 
and  rush  conditions  in  manufacturing  accompanying  national 
emergencies,  the  employment  of  unskilled  and  untrained  labor 
and  of  labor  having  natural  qualifications  lower  than  those 
desirable  for  the  work  in  hand.  We  must  recognize  that  cut- 
ting tools  lose  their  edges  and  exact  form  through  wear,  that 
machines  do  not  continually  remain  in  exact  alignment  and 
adjustment,  that  materials  do  not  run  absolutely  uniform,  and 
that  the  human  element  is  a  variable  one.  By  reason  of  a  com- 
bination of  adverse  conditions,  absolute  interchangeability  may 
be  impossible  of  attainment. 

The  designer  must  recognize,  therefore,  that  peace-time 
standards  of  exactness  cannot  be  maintained  under  war  con- 
ditions, and  that  the  standards  of  a  factory  that  has  been 
making  a  given  article  over  such  long  and  continued  periods 
of  time  as  to  permit  of  the  tuning  of  material  and  the  train- 
ing of  personnel  to  exact  repetitive  performances,  cannot  be 
applied  to  the  factorj'  that  must  expand  its  facilities  many- 
fold  over  night  and  deal  with  untried  equipment,  processes, 
and  personnel. 

In  peace  time  the  designer  may  quite  properly  seek  to  estab- 
lish standards  with  such  restricted  tolerances  as  to  enforce  a 
high  engineering  standard,  in  order  to  preclude  all  possibility 
of  failure  of  his  design,  and  insure  the  success  of  his  own 
work  by  placing  a  greater  burden  of  accomplishment  upon  the 
manufacturer;  but  where  the  problem  is  one  of  production 
for  war,  the  interest  of  the  individuals  must  give  way  to  the 
common  good,  and  they  must  recognize  a  common  purpose  free 
of  all  antagonism  and  give  each  other  all  the  tolerance  that 
is  possible,  with  the  provision  of  a  satisfactorily  functioning 
product  under  urgent  adverse  conditions. 

The  problem  before  the  designer  of  products  for  quantity 
manufacture  under  such  conditions  is,  therefore,  to  give  the 
manufacturer  as  wide  latitude  as  possible  without  embarrass- 
ing the  functioning  of  the  product,  and  the  suitability  of  the 
design  to  quantity  manufacture  under  war  conditions  may 
properly  be  measured  by  the  extent  to  which  it  meets  this 
requirement. 

It  is  recognized  that  this  places  upon  the  designer  a  de- 
cidedly heavier  burden  than  is  ordinarily  assumed  by  him, 
but  it  is  necessary  that  this  should  be  the  case  if  the  design 
is  to  lend  itself  to  the  most  rapid  manufacture  under  the  ad- 
verse conditions  presumed. 

This  can  best  be  accomplished  by  establishing  as  an  essen- 
tial part  of  the  design  a  definite  system  of  gaging,  including 
the  determination  of  gaging  and  holding  points  the  control 
of  which  will  control  the  functioning  of  the  product,  and  pre- 
scribing tolerances  at  such  points  that  are  possible  of  attain- 
ment under  the  abnormal  conditions  of  manufacturing  under 
discussion. 

It  is  the  practice  of  some  designers  and  manufacturers  to 
prescribe  exact  dimensions  as  between  two  gage  points  and 
to  estabUsh  no  tolerances  in  connection  therewith.  The  inten- 
tion is  that  the  manufacturer  shall  work  as  near  to  the  abso- 
lute measurements  as  possible.  Obviously  this  establishes  no 
standard  whatever.  Since  it  is  impossible  to  work  to  exact 
measurements,  it  places  an  unreasonable  burden  upon  the 
manufacturer,  who  must  assume  the  responsibiUty  of  prescrib- 
ing the  tolerances  and  instructing  his  help,  permitting  them 
to  prescribe  the  tolerances  according  to  their  own  judgment — 
obviously  a  loose  method  of  operation.  Every  gage  point 
should,  therefore,  have  the  tolerances  clearly  defined  by  the 
designer  and  these  tolerances  should  be  acceptable  to  the 
manufacturer,  and,  once  accepted,  should  be  adhered  to.     To 
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prescribe  tolerances  less  than  required  for  proper  functioning 
is  uneconomical,  since  it  demands  unnecessarily  exact  opera- 
tion and  enforces  extreme  inspection  practice,  with  consequent 
unnecessary  rejections  and  reworkings. 

Absolute  requirements  or  measurements  are  justifiable  only 
as  api)lied  to  unimportant  points  or  parts,  where  it  may  be 
safe  to  leave  the  question  of  tolerances  to  the  judgment  of 
the  operator  or  of  the  inspector.  In  other  words,  we  apply 
absolute  measurements  to  those  points  about  which  we  are 
not  particular;  where  exactness  is  required  tolerances  should 
in  all  cases  be  provided  in  connection  with  the  design. 

In  addition  to  providing  a  workable  system  of  gaging,  the 
designer  must  give  consideration  to  materials  and  processes 
of  manufacture.  The  materials  prescribed  by  him  must  be 
such  as  to  be  readily  obtainable  in  the  broadest  possible  market 
under  the  abnormal  conditions  existing.  It  is  imjiortaiit  that 
the  specifications  for  materials  provide  as  great  latitude  as 
practicable,  and  that  no  restrictive  requirements  be  included 
which  will  unnecessarily  prevent  the  use  of  commercial  mate- 
rial. In  addition,  the  materials  prescribed  must  not  present 
any  serious  difficulties  of  working  nor  place  an  unnecessary 
limit  upon  cutting  speeds,  nor  unnecessarily  increase  the 
consumption  of  cutting  tools. 

The  responsibilities  of  the  designer  and  the  manufacturer 
ai-e  further  defined  by  consideration  of  the  problem  of  in- 
spection. Inspection  should  be  of  two  kinds  and  for  two 
purposes : 

a  Process  Inspection — the  inspection  of  the  work  in  jirocess 
to  determine  the  satisfactory  performance  of  the  opera- 
tions; and 

b  Product  Inspection — the  inspection  of  the  completed  prod- 
uct to  determine  its  satisfactory  functioning  qualities  and 
its  acceptability  for  the  purpose  for  which  it  was  de- 
signed. 

The  process  inspection  is  obviously  the  responsibility  of 
the  manufacturer,  and  is  his  assurance  that  his  manufacturing 
facilities  are  performing  according  to  the  standards  set,  liis 
guide  for  the  correction  of  manufacturing  abuses  or  short- 
comings, and  his  protection  against  the  rejection  of  tlie  com- 
pleted product. 

The  product  inspection  is  obviously  the  responsibility  of 
the  organization  that  is  going  to  use  the  product,  and  is 
at  once  an  inspection  of  the  design  and  of  the  manufacture. 

If,  in  connection  with  the  product  inspection,  the  product 
should  be  found  not  to  function  properly  and  yet  pass  a  satis- 
factory- i)rocess  inspection — that  is,  come  within  the  tolerances 
laid  down  by  the  designer — the  responsibility  is  obviously  with 
the  designer,  and  the  adjustment  must  be  between  him  and 
the  consumer  of  the  product. 

PROCURING   MATERIALS    FOR 
MUNITIONS 

By  C.  B.  NOLTE,'  CHICAGO,  ILL. 

AFTER  the  first  two  months  of  the  present  war  General 
French,  of  the  English  Army,  said :  ''  The  problem  set 
is  a  comi)aratively  simple  one — munitions — more  munitions — 
always   more   munitions."      The    General's   statement   is    un- 
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doubtedly  true  to  a  large  extent  at  least,  as  it  has  been  brought 
home  to  us  that  munitions  certainly  do  constitute  a  most  im- 
])ortant  problem  in  a  war  of  any  magnitude ;  but  there  are 
probably  many  manufacturers  in  this  country  today  who  will 
not  exactly  agree  as  to  the  simplicity  of  the  problem. 

The  United  States  is  exceptionally  fortunate,  however,  in 
the  possession  of  extensive  and  valuable  deposits  of  the  prin- 
cipal metals  and  materials  for  explosives  required  for  manu- 
facturing munitions.  Of  the  world's  supply,  this  country 
normally  produces  approximately  40  per  cent  of  the  coal 
and  iron.  GO  per  cent  of  the  copper,  65  per  cent  of  the  petro- 
leum, .32  per  cent  of  the  zinc,  and  33  per  cent  of  the  lead.  It 
is  apparent,  therefore,  that  our  domestic  supply  of  the  most 
important  raw  materials  is  ample  for  the  manufacture  of 
artillery  ammunition,  guns,  cartridges,  and  vehicles  which 
probably  constitute  the  class  of  munitions  that  is  required  in 
the  greatest  quantity. 

The  United  States  Government  arsenals  are  entirely  inade- 
quate, in  time  of  war,  to  supply  the  needed  products  for  war 
use,  and  this  duty  will  fall,  to  a  large  extent,  upon  private 
industries.  The  amount  of  munitions  that  has  been  supplied 
during  the  war  is  no  criterion  of  the  amount  that  can  be  pro- 
duced in  this  country.  Many  concerns  that  have  participated 
in  this  new  industry  built  entirely  new  plants  for  that  pur- 
pose in  order  not  to  interfere  with  their  increasing  domestic 
trade.  In  addition  to  innumerable  smaller  manufacturers, 
there  are  over  35,000  manufacturing  and  equipment  concerns 
in  this  country,  each  doing  an  annual  business  of  over 
$100,000.  Almost  every  industrial  plant  has  operating  equip- 
ment suitable  for  producing  some  munition  part.   _ 

The  manufacture  of  shrapnel  and  other  shells  does  not 
require  special  machinery,  and  car-building  and  car-material 
plants,  motor-car  factories,  and  forge  and  machine  shops  are 
equipped  to  participate  in  this  work.  Watchmaking,  type- 
writer, printing-machinery,  office-equipment,  scientific-appa- 
ratus, and  electrical  factories,  as  well  as  many  other  small 
machine  shops,  have  been  readily  adapted  to  the  manufacture 
of  shrapnel  and  high-explosive  fuses.  The  majority  of  ma- 
chinery and  locomotive  manufacturers  have  machined  shells. 
In  addition,  car  and  locomotive  builders  can  construct  field 
kitchens,  ammunition  wagons,  gun  carriages,  and  conveyances. 
Optical  and  jewelry  factories  are  producing  sights,  aiming 
devices,  and  periscopes. 

It  requires  more  special  machinery  to  produce  small  arms 
and  small  cartridges  satisfactorily,  but  even  interesting  and 
surprising  resourcefulness  has  been  exhibited  in  the  manu- 
facture of  these  in  ordinary  plants. 

Only  powder  manufacturers,  however,  are  able  to  make  the 
necessary  explosives.  The  most  important  materials  used  in 
explosives  today  are  obtained  from  coal  tar,  a  by-product  of 
coke  ovens.  Coal  tar  and  its  derivatives  are  produced  prin- 
cipally by  the  various  steel  companies,  and  whereas  there  was 
but  one  concern  recovering  benzol  and  toluol  before  the  war 
began,  nineteen  concerns  had  constructed  new  plants  for  this 
purjiose  by  the  end  of  1915. 

The  motor  truck  has  proven  to  be  an  extremely  necessary 
part  of  army  equipment ;  but  by  means  of  new  jigs  and  fixtures, 
the  many  pleasure-car  factories,  with  their  ever-increasing 
outputs,  are  readily  converted  into  motor-truck  factories. 
Aeroplanes,  most  important  for  fire-directing,  are  now  being 
made  upon  a  commercial  basis  in  this  country  by  ovej  twelve 
fu-ms.  In  addition,  there  are  over  forty  factories  producing  a 
small  number  of  machines  of  some  special  or  experimental 
type  which  can  be  standardized  in  wartime.  On  account  of 
the  short  actual  flying  life  of  the  aeroplane,  however,  it  will 
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be  necessai'y  to  adopt  extreme  measures  to  bring  the  produc- 
tion to  a  satisfactory  fig:ure. 

Since,  strictly  speaking,  munitions  include  all  supplies  and 
equipment  necessary  in  war,  with  the  exception  of  men  and 
money,  only  the  characteristics  of  the  more  important  mate- 
rials can  be  considered  within  the  limits  of  this  paper. 

The  gun  proper  of  the  usual  field  gun  is  subjected  to  a  sud- 
denly applied  pressure  of  from  about  35,000  to  40,000  lb. 
per  sq.  in.  and  is  generally  made  of  nickel  steel  of  over  90,000 
lb.  per  sq.  in.  tensile  strength,  60,000  lb.  per  sq.  in.  elastic  limit, 
and  an  elongation  in  2  in.  of  18  per  cent.  Rigid  inspection 
and  tests  of  this  material  are  necessary  before  it  is  worked. 
The  artillery  wheels,  springs,  hollow  axles,  and  recoil  cylinders 
of  field  guns  are  made  of  ordinary  materials  used  at  automo- 
bile-wheel factories  and  forge  plants. 

The  two  principal  types  of  projectiles  are  the  shrapnel  and 
high-explosive  shell.  The  shrapnel  body  is  not  intended  to 
break  or  explode  when  subjected  to  an  internal  pressure  of 
about  20,000  lb.  (the  force  exerted  when  the  charge  leaves  the 
shrapnel),  and  is  made  of  steel  with  a  yield  point  of  from  80,000 
to  100,000  lb.  per  sq.  in.  Further,  American  shrapnel  must, 
when  finally  treated,  give  a  tensile  strength  of,  in  some  types, 
110,000  and  others  120,000  lb.  per  sq.  in.,  with  an  elastic  limit 
of  80,000  lb.  and  90,000  lb.  per  sq.  in.,  elongation  in  2  in.  of 
15  and  16  per  cent,  and  reduction  in  area  of  40  and  45  per 
cent,  respectively.  Steel  for  this  purpose  is  furnished  by  the 
steel  mills,  and  contains  carbon  from  about  0.35  per  cent  to 
0.45  per  cent,  manganese  0.50  to  0.80  per  cent,  phosphorus 
and  sulphur  not  over  0.04  per  cent  each,  chromium  0.70  to  1.20 
per  cent,  vanadium  0.12  to  0.24  per  cent. 

Shrapnel  steel,  as  produced  by  the  large  steel  mills  in  this 
country,  is  furnished  in  three  different  forms:  rough-turned 
bars,  forgings,  and  rolled-steel  rounds.  Tlie  latter  form  has 
been  used  with  considerable  success  and  exceedingly  rapid 
production. 

The  ordinary  shrapnel  fuse  is  made  of  several  brass  parts, 
the  material  for  which  can  he  produced  by  modern  brass 
foundries.  The  usual  composition  of  this  material  is  about 
59  to  61  per  cent  copper,  37  to  39  per  cent  zinc,  and  about  2 
per  cent  lead,  resulting  in  a  tensile  strength  of  about  45,000 
lb.  per  sq.  in.,  elastic  limit  of  27,000  lb.  per  sq.  in.,  and  30  per 
cent  elongation  in  2  in.  The  fuse  bodies  and  caps  are  gen- 
erally forged,  whereas  the  timing  ring-s  and  other  parts  can 
be  cut  from  brass  tubes.  The  brass  cartridge  cases  which  hold 
the  propelling  charge  for  the  shrapnel  are  drawn  from  brass 
disks  cut  from  bars  rolled  by  the  various  brass  rolling  mills. 
There  is  nothing  unusual  in  the  specifications  for  cartridge- 
case  material,  copper  varying  from  66  to  73  per  cent,  accord- 
ing to  different  purchasers'  specifications,  with  zinc  from  27 
to  34  per  cent,  and  with  a  tensile  strength  from  43,000  lb.  to 
54,000  lb.  per  sq.  in.  and  an  elongation  of  from  28  to  32  per 
cent  in  2  in.  The  usual  specification  allows  a  range  of  3  per 
cent  in  the  copper  and  zinc  contents ;  for  example,  69  to  72  per 
cent  copper  and  28  to  31  per  cent  zinc. 

The  high-explosive  shell  is  made  of  steel  and  is  intended  to 
break  into  a  large  number  of  pieces  upon  impact  and  explo- 
sion. It  is  unusually  forged  from  steel  rounds,  billets,  and  cast 
ingots,  with  carbon  from  0.40  to  0.55  per  cent,  manganese  0.40 
per  cent,  to  1.00  per  cent,  phosphorus  and  sulphur  not  over 
0.04  on  0.06  per  cent  each,  and  silicon  from  0.18  to  0.30  per 
cent.  Some  of  the  steel  for  this  purpose  also  contains  nickel 
not  to  exceed  0.50  per  cent  and  copper  not  over  0.10  per  cent. 

This  grade  of  steel  is  easily  produced  by  practically  all  of 
tlie  large  and  small  steel  mills  in  this  country,  and,  in  fact, 
has  been  produced  already  in  considerable  quantities  for  such 
purposes.      The    fuse    for    the    high-explosive    shell   does    not 


present  the  same  difficulties  as  that  of  shrapnel  and  is  usually 
made  of  ordinary  steel  and  copper  alloys. 

The  first  problem  in  the  procuring  of  shrapnel,  high-explo- 
sive shells,  fuses  and  cartridge  cases,  is  the  delivery  of  suitable 
raw  material.  Care  must  be  taken,  therefore,  to  secure  steel 
and  brass  of  the  proper  chemical  composition  and  physical 
characteristics.  In  addition  to  a  cai-ef  ul  study  and  understand- 
ing of  the  specifications  and  drawings,  one  of  the  most  effective 
and  economical  means  of  obtaining  the  desired  material  rapidly 
and  without  excessive  loss  has  been  found  to  be  by  inspection 
of  the  material  at  the  rolling  mills  before  it  is  shipped  to  the 
finishing  plants,  by  an  experienced  and  trained  organization. 

Regarding  explosives,  the  majority  of  commercial  explosives 
are  not  suited  for  use  in  shells  on  account  of  their  inability 
to  withstand,  without  explosion,  the  shock  of  firing  from  the 
gun.  Smokeless  powder  is  produced  by  special  plants  which 
treat  cotton  fiber  with  such  materials  as  nitric  and  sulphuric 
acid,  alcohol,  and  ether.  Nitrogen,  used  in  the  manufacture 
of  nitric  acid,  is  chiefly  derived  from  the  sodium  nitrate  found 
in  Chile,  but  European  nations  are  now  obtaining  a  large 
amount  of  nitrogen  from  the  air  by  the  fixation  process. 
Pyrites  for  making  sulphuric  acid  is  found  in  this  country, 
although  much  of  the  best  is  imported  from  Spain.  The 
United  States  manufactures  ether  and  alcohol  in  abundant 
quantities.  Glycerine,  a  by-product  of  soap  manufacture,  is- 
produced  in  large  amount  at  home.  Cordite,  the  explosive 
which  has  come  into  such  great  favor  because  of  its  combina- 
tion of  propellant  and  high  explosive  qualities,  is  obtained 
by  further  treatment  of  gun  cotton  and  nitro-glycerine  with 
acetone,  wliieh  is  a  product  of  wood  distillation  and  which 
is  also  obtained  from  a  special  fermentation  of  starch.  Tri- 
nitrotoluol is  obtained  by  nitration  of  toluene,  which  consti- 
tutes about  36  per  cent  of  crude  benzol,  a  by-product  of 
coke  ovens. 

Trinitrotoluol  possesses  an  explosive  force  of  about  119,000' 
lb.  per  sq.  in.,  while  the  explosive  force  of  picric  acid  is  about 
135,000  lb.  per  sq.  in.  Owing,  however,  to  its  propellant 
qualities  and  the  fact  that  it  does  not  form  dangerous  salts- 
by  combination  with  iron  and  other  metals  in  contact,  trinitro- 
toluol is  superior  to  picric  acid  as  a  war  explosive.  Picric  acid' 
does  yet,  however,  play  an  important  part  in  priruing  composi- 
tions and  propellant  powders.  It,  too,  is  obtained  from  coal- 
tar  derivations. 

Although,  as  has  been  outlined,  the  United  States  •  is  well' 
equipped  to  furnish  the  principal  materials  for  munitions,  it 
is  apparent  that  there  are  many  other  phases  of  the  problem^ 
which  it  has  not  been  possible  to  consider  here.  If  the  requi- 
sites of  war  are  to  be  successfully  met,  every  industrial  worker,^ 
whether  he  be  engaged  on  the  farm,  in  the  mine,  or  in  the 
factory,  has  an  imjiortant  task  to  perform;  every  manufactur- 
ing plant  has  a  definite  obligation ;  and  all  the  resources  of  our 
country  must  be  S3'stematieally  brought  to  their  utmost  utility. 

LIMITS    AND    TOLERANCES    FOR    THE 
MANUFACTURE  OF  MUNITIONS 

By  a.  W.  ERDMAN,"  SCHENECTADY,  N.  Y. 

THE  purpose  of  this  paper  is  to  direct  attention  to  some 
of  the   practical  aspects  of  the  question   of  limits  and 
tolerances,    as    customarily    applied    to   the    manufacture    of 
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munitions,  rather  than  to  attempt  to  establish  standards  of 
high  technical  value  in  assigning  definite  limits  to  the  several 
classes  of  dimensions  involved. 

Most  mechanical  men  who  have  had  recent  experience  with 
munitions  maiiut'aeture  will  agree  with  the  statement  that  their 
troubles  have  not  to  any  great  extent  been  due  to  inherent 
ditfieulties  with  the  tolerances  in  general;  but  have  principally 
been  caused  by  such  factors  as  incomplete  or  inconsistent  draw- 
ings and  specifications,  and  lack  of  mechanical  judgment  on 
the  part  of  inspectors  in  interpreting  the  drawings  and  speci- 
fications and  in  the  use  of  limit  gages.  In  fact,  these  aspects 
of  the  subject  are  of  such  major  importance  that  it  would 
seem  that  technical  refinements  may  be  postponed  until  stand- 
ards of  practice  have  been  established  with  respect  to  these 
factors. 

The  average  munitions  drawing  is  fairly  open  to  criticism 
and  leaves  much  to  be  desired  in  the  way  of  clearness  and 
consistency.  Such  defects  as  the  following  are  often  encoun- 
tered : 

o    Flat  dimensions  without  any  tolerances 

b     Dimensions  with  one  tolerance  only,  either  plus  or  minus 

c    Overlapping    tolerances    on    two    parts    which    assemble 

together 
d     The  sum  of  the  tolerances  on  intermediate  dimensions  are 

not    in    agreement    with    the    tolerances    on    the    overall 

dimension 
€    No    limits    are    specified    as    to    permissible    eccentricity 

between  concentric  cylindrical  surfaces,  or  between  two 

parts  which  assemble  together 
/    In  the  case  of  screw  threads  on  two  parts  which  assemble 

together,  but  where  interchangeability  is  not  required,  no 

specifications  are  given  as  to  the  nature  of  the  fit. 

Defects  a  and  b  can  be  readily  remedied  by  establishing  an 
invariable  rule  that  all  dimensions  must  be  the  mean  dimen- 
sions with  equal  plus  and  minus  tolerances. 

Defect  c  usually  occurs  in  the  tolerances  for  external  and 
internal  threads  on  two  parts  which  assemble  together,  and  is 
occasioned  by  losing  sight  of  the  fact  that  the  maximum 
external  thread  must  be  slightly  smaller  in  diameter  than  the 
minimum  internal  thread,  in  order  that  these  extremes  may 
assemble  properly. 

Defect  d  can  best  be  avoided  by  establishing  the  invariable 
rule  that  all  dimensions  in  the  same  direction  must  start  from 
a  common  reference  Une. 

Defect  e  is  a  fruitful  source  of  trouble  to  the  munitions 
maker,  and  consequently  in  all  cases  where  close  concentricity 
of  cylindrical  surfaces  is  essential,  definite  limits  of  eccen- 
tricity should  be  specified  on  the  drawings. 

Defect  /  can  conveniently  be  illustrated  by  considering  the 
fit  of  a  nose-piece  or  base-plug  external  thread,  in  the  internal 
thread  in  a  shell.  In  this  case  the  nose  piece  or  base  plug 
virtually  becomes  an  integral  part  of  the  shell  after  it  has  been 
assembled.  In  fact,  it  is  common  practice  to  finish-machine 
or  grind  these  parts  after  they  have  been  assembled,  and  in 
subsequent  operations  such  as  loading  keep  them  together  by 
similar  markings.  Manifestly,  all  that  is  required  from  the 
standpoint  of  utility  is  that  the  nose  piece  or  base  plug  should 
screw  into  the  shell  easily,  but  without  too  much  looseness.  As 
such  threads  are  usually  quite  coarse,  liberal  tolerances  are  in 
order,  but  the  dimensions  and  tolerances  must  be  properly  as- 
signed in  order  to  avoid  the  possibility  of  too  much  looseness. 
This  can  readily  be  accomplished  by  letting  them  overlap  to 
some  extent,  which  will  of  course  result  in  producing  some  nose 
pieces  and  base  plugs  which  will  be  too  large  to  enter  shells 


having  minimum  threads.  This  apparent  difficulty  is  overcome 
by  grading  the  nose  pieces  and  base  plugs,  as,  for  instance, 
small,  mean,  and  large.  A  mark  can  also  be  put  on  a  shell  at 
the  time  it  is  gaged  which  will  indicate  to  the  assembler  which 
grade  of  nose  piece  and  base  plug  to  use. 

RELATION   OF  TOLERANCES  TO  WEIGHT 

Perhaps  the  most  striking  defect,  in  shell  drawings  par- 
ticularly, is  the  discrepancy  between  the  tolerance  specified 
for  the  weight  of  the  shell  and  the  variations  in  weight  of  the 
shell  from  making  one  to  maximum  external  and  minimum 
internal  dimensions,  and  another  to  minimum  external  and 
maximum  internal  dimensions.  As  a  rule,  shell  drawings  and 
specifications  allow  a  variation  in  weight  of  plus  and  minus 
one  per  cent  of  the  mean  weight  for  the  smaller  sizes  and  less 
for  the  larger  sizes,  whereas  the  extreme  dimension  tolerances 
would  permit  two  or  three  times  as  much  variation  in  weight. 
Furthermore,  no  dependence  can  be  placed  on  the  assumption 
that  a  shell  machined  to  the  mean  dimensions  will  have  the 
mean  weight  specified  on  the  drawing.  Whether  or  not  these 
discrepancies  are  intentional  or  accidental  the  writer  is  not 
informed,  but  it  seems  obvious  that  the  drawings  should  be 
revised. 

From  the  standpoint  of  ballistics  uniformity  in  weight  of 
shell  is  highly  desirable,  and  consequently  close  weight  toler- 
ances are  to  be  expected;  but  the  drawings  and  specifications 
should  sound  a  clear  note  of  warning  so  as  to  prevent  a  manu- 
facturer from  proceeding  on  the  assumption  that  the  dimension 
tolerances  can  be  used  indiscriminately.  Some  tolerances  bear 
evidence  of  having  been  added — probably  to  meet  some  difii- 
culty  in  manufacture — without  perhaps  due  consideration  being 
given  as  to  the  extent  to  which  the  weight  would  be  affected. 
In  any  event,  it  seems  imperative  that  the  drawings  should  be 
revised  so  that  shells  machined  to  the  mean  dimensions,  and  of 
steel  of  the  specified  quality,  will  have  the  mean  weight. 

If  ballistic  considerations  permit,  the  weight  tolerances 
should  be  increased,  since  they  are  at  present  the  limiting 
factor.  The  drawings  plainly  state  that  advantage  cannot  be 
taken  of  all  the  extreme  tolerances  on  any  one  shell. 

These  considerations  are  not  advanced  as  an  argument 
against  larger  dimension  tolerances  than  weight  tolerances, 
since  liberal  dimension  tolerances  afford  a  maximum  of  muni- 
tions production;  but  rather  to  caution  the  manufacturer  to 
consider  carefully  all  possible  combinations  of  the  tolerances 
which  will  produce  the  greatest  uniformity  in  weight  of  the 
finished  product,  and  also  to  suggest  to  the  ordnance  engineer 
the  desirability  of  plainly  pointing  the  way  to  attain  the 
desired  results. 

THREAD  TOLERANCES 

Perhaps  the  most  difficult  operation  in  munitions  manu- 
facture is  the  cutting  of  internal  and  external  threads  within 
close  limits.  The  Whitworth  form  of  thread  is  particularly 
difficult  to  cut  and  has  been  the  cause  of  endless  trouble  in 
recent  munitions  work.  We  all  regard  the  rounding  of  the 
top  and  bottom  of  this  thread  as  particularly  iniquitous  and 
we  are  apt  to  regard  the  United  States  form  of  thread  as 
greatly  superior.  As  a  matter  of  experience,  it  is  quite  diffi- 
cult to  maintain  the  size  of  the  United  States  form  of  thread 
within  close  limits.  The  requirement  that  this  form  of  thread 
shall  fit  on  the  top  and  bottom,  as  well  as  on  the  all-important 
angle,  is  the  chief  source  of  trouble.  The  very  existence  of 
this  requirement  results  in  most  of  the  fitting  occurring  at  the 
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top  and  bottom  of  the  thread,  rather  than  on  the  angle.  It  is 
praotieally  impossible  to  avoid  this  condition  since  the  tops 
of  the  threads  on  a  tap  wear  away  very  quickly  and  therefore 
the  tap  does  not  continue  to  cut  internal  threads  of  full  depth. 
As  the  thread  gages  are  made  of  standard  form,  it  is  obvious 
that  much  of  the  work  will  not  pass  the  gages,  although  per- 
fectly correct  as  to  angle  diameter  and  pitch.  To  a  less  degree 
is  the  same  condition  true  of  dies  and  external  threads.  This 
defect  is  universally  recognized  in  American  machine  shops 
and  is  quite  commonly  overcome  by  making  the  diameter  of 
taps  slightly  larger  than  standard,  so  that  they  will  cut  an 
internal  thread  deeper  than  standard  and  also  cut  a  larger 
hole  or  core  than  standard.  This  affords  a  clearance  at  the 
toi)  and  bottom  for  the  external  thread.  It  seems  manifest 
that  this  necessary  and  customary  practice  should  receive 
official  sanction  in  the  drawings  and  specitications  for  muni- 
tions, and  that  limits  for  these  clearances  sliould  be  specified. 

INDIVIDU.VL  JUDGMENT  OF  INSPECTORS 

Next  in  importance  as  affecting  the  manufacture  of  muni- 
tions is  the  question  of  mechanical  judgment  in  interpreting 
the  drawings  and  specifications  on  the  part  of  the  inspectors, 
and  also  in  regard  to  the  proper  use  of  limit  gages.  Although 
many  inspectoi-s  are  men  of  excellent  mechanical  judgment 
and  experience,  a  large  number  of  necessity  have  not  these 
qualifications.  In  fact,  it  would  be  detrimental  to  other  lines 
of  manufacture  to  require  that  only  experienced  mechanics  be 
selected  as  munitions  inspectors.  It  therefore  seems  that  the 
obvious  solution  of  this  difficulty  is  to  make  the  drawings  and 
specifications  so  clear  and  comprehensive  that  men  with  little 
mechanical  experience  can  become  efficient  inspectors.  The 
specifications  should  clearly  specify  such  details  as  kind  and 
(luality  of  finish  for  all  surfaces,  whether  by  turning  or 
grinding,  and  if  by  turning  whether  the  tool  marks  must  be 
removed  by  fUing.  Some  surfaces  can,  in  the  interest  of  maxi- 
mum production,  be  left  semi-finish-turned,  and  the  specilica- 
tions  should  in  such  eases  so  state.  In  general,  this  plan  can 
be  made  most  effective  by  basing  the  requirement  of  the  speci- 
fications on  actual  results  obtainable  with  modern  machine 
tools,  and  all  unnecessary  refinements  should  be  eliminated. 

Regarding  the  proper  use  of  limit  gages,  it  is  perhaps  diffi- 
cult to  lay  down  general  rules,  but  certainly  such  a  funda- 
mental one  as  that  gages  should  never  be  forced  can  be 
advanced  without  hesitation. 

M.\CHINE-TOOL  LIMITATIONS 

The  limits  of  accuracy  attainable  on  machine  tools  must  be 
taken  into  consideration  in  determining  how  limit  gages 
should  be  used.  The  screw  thread  affords  a  good  illustration 
of  this  point.  In  a  part  where  a  threaded  hole  goes  entirely 
through  the  part,  it  is  not  very  difficult  to  cut  threads  of  uni- 
form diameter  in  the  sense  that  the  thread  is  uniform  through- 
out its  length  and  that  it  does  not  taper.  In  bottom-tapjiing  a 
shallow  hole,  however,  or  in  cutting  a  short  external  thread, 
both  are  apt  to  taper  slightly,  or  at  least  the  first  thread  or 
two  wiU  be  thin.  In  the  first  case  it  is  perfectly  proper  to 
require  that  the  maximum  thread  gage  shall  not  enter  at  all; 
but  the  second  case  manifestly  demands  different  treatment. 
A  rational  rule  would  be  to  allow  the  minimum  thread  gage  to 
screw  in  one-third  or  one-half  the  depth  of  a  shallow  not- 
through  hole,  and  the  same  allowance  should  be  made  in  the 
case  of  a  short  external  thread.  This  proposition  should  be 
judged   from  the   standpoint   of  utility   rather  than   ideality. 


]iaiticularly  when  one  stops  to  consider  that  the  mechanic  can, 
by  cutting  the  external  thread  in  the  proper  direction,  make 
these  inaccuracies  actually  balance  each  other. 

To  sum  up,  maximum  production,  which  is  the  principal  aim 
of  any  revisions,  can  be  most  readily  attained  by  increasing 
the  weight  tolerances  in  the  case  of  shells  particularly.  If, 
however,  the  ordnance  engineer  cannot  allow  any  greater 
variations  in  the  weight  of  shells,  then,  at  least,  the  alignment 
of  mean  weight  with  mean  dimensions,  as  outlined  in  the  fore- 
going comments,  will,  it  is  believed,  prove  to  be  an  important 
step  in  the  right  direction.  As  regards  other  munitions,  where 
weight  variation  is  not  so  important,  much  can  be  accom- 
plished by  aligning  the  dimension  tolerances  with  the  capacity 
for  accuracy  possessed  by  modern  high-speed  machine  tools. 

GAGES   AND   SMALL   TOOLS 

By  FRANK  O.  WELLS,  GREENFIELD,  MASS. 
Member  of  the  Society 

OF  first  importance  in  the  manufacture  of  rifles,  guns  and 
munitions  of  war  are  gages.  There  are  many  types 
of  gages,  but  the  one  used  in  the  manufacture  of  munitions 
is  the  dimension  or  limit  gage.  Whatever  instrument  is  used 
must  be  able  to  measure  accurately  and  rajjidly,  and  must  also 
be  durable,  as  very  slight  wear  will  destroy  the  accuracy. 

It  has  been  well  said  that  if  we  can  measure  an  article  we 
can  make  it.  The  difficulty  lies  not  in  the  making,  but  in  the 
measuring;  and  our  greatest  obstacle  in  exact  measurement 
is  the  human  element. 

In  olden  times  the  human  element  was  the  controlling  factor 
in  all  operations.  Work  was  done  in  very  small  quantities  and 
was  not  interchangeable.  Some  work  was  good  and  some  was 
poor,  all  depending  on  the  man  who  did  it.  To  meet  the  de- 
mand of  the  present  day,  we  must  have  progressive  manufac- 
turing, where  each  man  has  only  a  small  part  of  the  work, 
and  that  part  must  be  done  by  an  ordinary  workman.  All  this 
calls  for  a  method  of  measurement  different  from  that  for- 
merly used.  Then  we  wanted  one  piece,  now  we  want  thou- 
sands of  pieces,  all  alike  and  each  one  an  exact  duplicate  of 
the  other.  This  is  easily  accomplished  by  our  printed  instruc- 
tions and  gages,  and  with  these  we  can  start~  a  large  number 
of  factories  making  war  materials  that  will  be  one  hundred 
per  cent  good,  and  also  standardize  the  cost  of  production. 

Improperly  designed  gages  cause  poor  work  and  a  lack  of 
interchangeability,  making  the  cost  of  production  and  the  cost 
of  assembling  greater.  Our  Government  should  take  advan- 
tage of  the  knowledge  of  this  fact,  obtained  at  such  great  cost 
in  the  present  war,  and  should  standardize  all  its  operations, 
gages,  and  measuring  tools,  so  as  to  avoid  a  repetition  of  mis- 
takes of  this  kind. 

The  Government  should  have,  first  of  all,  its  blueprints  pre- 
jiared  indicating  the  proper  tolerances  perfected  by  tests  and 
careful  practice.  The  sequence  of  operations  and  the  time 
taken  to  do  the  work  should  also  be  perfected  and  put  in 
Ijrinted  form  with  the  necessary  illustrations  showing  the  set- 
up, as  well  as  the  best  way  to  handle  the  work,  both  in  the 
operation  and  gaging.  This  would  enable  all  factories  to 
standardize  their  productions. 

The  importance  of  the  best  methods  of  measuring  is  illus- 
trated in  a  report  from  the  U.  S.  Ordnance  Department,  in 
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which  the  statement  is  made  that  the  cost  of  inspection  is  from 
10  to  12  per  cent  of  the  total  cost  of  manufacturing.  These 
are  startling  figures,  and  indicate  that  the  proper  gaging  meth- 
ods had  not  been  used. 

The  output  of  the  U.  S.  Government  arsenals  for  the  year 
1915  was  $11,284,113.95;  for  the  year  1916,  $9,471,300.  It 
has  been  estimated  on  good  authority  that  this  could  have  been 
increased  at  least  50  per  cent  without  increasing  the  size  of 
the  plants,  by  having  a  larger  supply  of  gages  and  tools. 
The  cost  of  such  tools  and  gages  is  estimated  at  20  per  cent 
of  the  total  cost  of  the  plant,  which  shows  conclusively  the 
need  of  gages  and  small  tools. 

Few  people  realize  that  our  Springfield  rifle  has  more  than 
one  hundred  parts  and  requires  1400  distinct  factory  opera- 
tions. To  produce  1,000,000  rifles  requires  $360,000  worth  of 
gages  for  the  original  equipment,  while  renewals  cost  $400,000, 
making  a  total  of  $760,000.  Each  1000  rifles  made  require 
4800  gages.  The  renewal  of  the  gages  costs  about  50  cents 
per  gun.  To  make  10,000,000  rifles  in  200  days  requires  at 
least  sixty  more  arsenals  than  we  i>6w  have.  The  war  mate- 
rial most  talked  about  is  ammunition,  of  which  our  Govern- 
ment uses  about  17  sizes  at  present.  The  cost,  including  the 
upkeep  of  gages,  used  in  the  making  of  1000  rounds  of  am- 
munition per  day,  with  a  steady  production  for  200  days,  is 
at  least  $2,225,000.  These  figures  have  been  carefully  worked 
out  by  makers  well  versed  in  the  manufacture  of  gages  for 
ammunition.  It  has  been  estimated  by  good  authority  that  we 
should  be  able  to  make  at  least  200,000  rounds  per  day.  The 
vast  importance  of  the  whole  gage  question  can  be  realized. 

Of  course,  some  sizes  of  ammunition  have  to  be  made  in 
much  larger  quantities  than  others.  Careful  estimates  show 
the  special  jigs  and  fixtures  would  cost  nearly  double  what 
the  gages  would.  So  far,  the  paper  has  only  touched  on  am- 
nmnitions  and  rifles.  To  have  everything  on  hand  necessary, 
the  figures  given  have  to  be  multiplied  many  times. 

There  are  today  some  3,500,000  people  in  Great  Britain 
engaged  in  making  munitions  of  war  in  over  4500  factories. 
In  doing  this  work  to  advantage,  each  workman  should  at 
least  have  $25  worth  of  gages,  tools  and  fixtures. 

The  majority  of  contracts  taken  for  ammunition  in  this 
country  were  taken  by  manufacturing  organizations  without 
experience  on  war  material,  and  the  gages  first  designed  were 
not  the  best  possible  to  insure  economical  assembling  of  the 
parts,  with  the  result  tliat  a  great  many  rejections  were  in- 
evitable during  the  first  months  after  production  was  at- 
tempted. 

Our  Government  should  provide  itself  with  all  the  gages, 
tools,  jigs,  and  fixtures  far  in  advance  of  any  possible  exj^ecta- 
tion  of  requirement;  the  cost  is  small  compared  with  tlie  re- 
sults obtained.  This  is  a  very  simple  business  proposition — 
what  every  efficient  manufacturing  company  would  do. 

It  is  a  very  poor  policy  to  cut  down  on  the  number  of  gages 
and  small  tools.  It  is  far  better  to  use  every  labor-saving 
device  possible.  All  this  means  a  saving  in  high-priced  labor, 
and  this  is  very  important  in  time  of  need  when  we  cannot 
get  the  necessary  skilled  labor. 

It  is  considered  the  best  practice  in  manufacturing  to  put 
the  thought  and  money  not  so  much  in  the  large  machinery  as 
in  the  small  tools.  The  most  important  of  all  are  the  gages, 
and  these  must  be  so  designed  as  not  to  have  any  guesswork 
about  it.  We  must  know  that  every  part  is  machined  right. 
AVe  must  be  able  to  say,  "  We  know  this  is  right,"  and  not  say, 
"  I  guess  we  are  right." 

To  most  people  gages  seem  of  small  importance,  but  as  this 
paper  endeavors  to  show,  they  are  ciuite  the  reverse. 


IMPORTANCE   OF    INTELLIGENT   IN- 
SPECTION   IN    MUNITIONS 
MANUFACTURE 

By  E.  T.  WALSH,  NEW  YORK,  N.  Y. 
Member  of  the  Society 

A  STRIKING  example  of  the  difficulties  that  may  arise  in 
inspection  work  has  been  afforded  during  the  present 
war  in  one  contract  for  the  manufacture  of  5,000,000 
rounds  of  ammunition  which  was  comj)leted  by  the  contractor 
subletting  the  work  among  more  than  one  hundred  manufac- 
turing plants  in  the  United  States  and  Canada,  the  time  and 
the  magnitude  of  the  work  making  this  necessary.  The  con- 
tractor, for  his  own  protection,  had  to  inspect  all  the  product 
as  it  was  made  by  the  sub-contractors,  and  a  corps  of  in- 
spectors was  required  in  each  plant,  the  number  of  such  corps 
being  equal  to  the  number  of  plants  doing  work.  Great  dif- 
ficulty was  experienced  in  getting  men  qualified  to  do  this 
work,  because  there  were  practically  none  in  this  country  who 
had  experience  in  the  manufacture  of  munitions,  and  but 
few  available  who  had  any  kind  of  inspection  experience. 

To  expedite  the  delivery  of  the  finished  product,  the  Rus- 
sian Government  placed  its  inspectors  in  the  plants  of  the 
sub-contractors  where  they  received  the  finished  parts  directly 
from  the  contractors'  inspectors.  Russia  was  as  little  pre- 
pared to  provide  the  required  number  of  qualified  inspectors 
as  was  the  contractor,  and  in  consequence  the  manufacturer 
had  inflicted  upon  him  so-called  inspectors  selected  from 
every  walk  in  life,  it  seemed,  except  the  mechanical,  and 
barbers,  bartenders,  butchers,  students  and  teachers  were  the 
usual  thing  and  the  practical  man  the  exception. 

The  specifications  for  the  ammunition  were  so  drawn  as  to 
leave  a  great  deal  to  be  interpreted  by  the  inspector,  who  was 
rarely  cpialified  to  intelligently  pass  upon  the  point  at  issue. 
The  following  extracts,  copied  from  the  specifications,  will 
serve  as  examples: 

"  There  shall  be  no  scratches,  slivers  or  cuts  on 
( these  parts." 

"  If,  independently  of  the  above,  in  order  to 
ascertain  the  qualities  .  .  .  the  Receiver  shall 
deem  it  necessary  to  make  .  .  .  other  experi- 
ments, the  factory  shall  give  him  all  necessarj' 
means  for  making  such  tests." 

"  For  the  measuring  and  verification  of  the  pro- 
jectiles the  factory  is  under  obligation  to  furnish 
a  sufficiently  vast,  light,  dry  and  warm  room  and 
place  at  full  disposition  of  the  Receiver,  as  well 
as  furnish  cupboards  for  the  keeping  of  verifying 
instruments,  scales  of  suffieient  sensitiveness,  elec- 
tric lights  of  sufficient  energy,  for  the  examination 
of  projectiles  and  gross  power." 

"  For  the  measuring  of  the  projectiles,  the  fac- 
tory shall  furnish  the  Receiver,  for  his  exclusive 
use  all  verifying  working  instruments  .  .  . 
prepared  according  to  the  instructions,  as  well  as 
according  to  the  indications  of  the  Artillery  Re- 
ceiver." 

"  ...  the  finish  of  these  surfaces  must  be 
brought  to  such  a  degree  as  is  obtainable  when 
working  with  a  tool." 

The  slightest  scratch  or  tool  mark  was  soon  magnified  into 
a  cause  for  rejection.  One  sub-contractor  claimed  that  he  was 
required  to  unbox  several  thousand  shrapnel  because  the  Rus- 
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sian  inspector  found  a  flyspeck  on  the  copper  band  of  one  of 
them !  In  spite  of  tlie  fact  that  gages  were  called  for  by  the 
instructions  for  certain  gaging  points,  the  inspectors  were 
not  satisfied  with  them,  but  asked  to  be  furnished  with  others 
of  a  design  that  would  be  more  searching  and  exacting.  Un- 
der the  clause  governing  the  finish  of  the  shell,  the  inspectors 
were  soon  demanding  a  finish  that  could  only  be  obtained 
by  buffing,  and  the  unfortunate  part  was  that  the  manufac- 
turers had  no  redress,  because  there  were  no  standards  of 
finish  established;  there  was  no  set  of  standard  gages,  nor 
was  there  anyone  in  authority  to  whom  the  contractor  could 
appeal  and  whose  decision  was  final. 

Fresh  from  the  experience  of  two  years'  struggle  to  pro- 
duce work  under  such  conditions,  the  writer  is  constrained  to 
appeal  for  cooperation  in  the  endeavor  to  standardize  and 
systematize  the  production  of  munitions,  so  that  manufac- 
turers will  in  future  have  definite  instructions  and  standards 
to  work  to  and,  in  the  ease  of  honest  differences  of  opinions, 
a  Bureau  of  Appeal,  where  questions  will  be  decided  definitely 
and  authoritatively. 

Drawings  should  be  checked  and  re-checked  until  the  pos- 
sibility of  en'or  has  been  reduced  to  a  minimum.  Tolerances 
should  be  decided  upon  that  will  allow  the  greatest  leeway 
compatible  with  good  work. 

Every  effort  should  be  made  to  make  the  specifications  sim- 
ple, clear,  explicit  and  absolute.  They  should  leave  nothing 
open  to  the  discretion  of  the  inspectors.  The  specifications 
should  describe  the  gages  to  be  used  and  how  to  use  them. 

The  gages  used  should  be  as  few  as  will  check  up  the  product 


in  all  of  the  important  features.  What  these  gaging  points 
and  their  Umits  should  be,  should  be  determined  by  competent 
military  engineers,  working  with  the  idea  of  getting  a  product 
that  will  meet  all  requirements  and  still  be  practicable,  so 
that  tlie  quality  produced  will  not  be  curtailed  by  unnecessary 
refinements.  Exactness  should  be  required  where  it  is  neces- 
sary, and  wliere  it  is  not  necessarj-  there  should  be  no  holding 
down  to  ridiculously  close  limits. 

Corps  of  inspectors  should  be  enlisted  from  our  numerous 
manufacturing  plants  and  thoroughly  drilled  in  the  use  of 
gages  and  the  meaning  and  intent  of  the  specifications,  with 
particular  stress  laid  upon  the  fact  that  inspection  should  be 
made  with  the  idea  of  accepting  as  many  as  possible,  rather 
than  a  high  count  of  rejections. 

Each  manufacturer  should  be  supplied  with  a  set  of  correct 
sample  gages,  with  their  masters  and  grand  master,  by  which 
the  working  gages  should  be  made  and  checked. 

An  approved  sample  of  the  product  to  be  made  should  be 
furnished  to  each  factory,  to  be  used  for  comparing  the  same 
with  the  regular  product  when  necessary.  These  samples 
should  be  official,  and  product  equal  to  sample  should  be  ac- 
cepted without  question. 

It  is  most  important  to  have  a  bureau  composed  of  qualified 
engineers  to  interpret  specifications  and  render  final  decisions 
on  all  points  that  may  arise.  Manufacturers  should  have  the 
right  of  appeal  to  this  board  and  its  unbiased  opinion.  At 
this  bureau  should  be  kept  on  view  officially  accepted  samples 
of  aU  parts  in  the  various  stages  of  manufacture,  to  be  referred 
to  when  making  decisions. 
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vol.  23,  no.  7,  March  17,  1917. 


Three-Inch  Russian  Shrapnel,  John  H.  Van  Deventer.  American 
Machinist,  vol.  44,  nos.  3,  4,  5,  7 ;  January  20,  1916 ;  January  27, 
1916  ;  February  3,  1916 ;  February  17,  1916. 


Stamping-Machine  for  Marking  Shells.  Engineering,  vol.  101,  no. 
2627,  May  5,  1916. 

Shell  Machinery  and  the  Adaptation  op  Existing  Machine  Tools 
FOR  Shell  Making,  W.  J.  Eves.  Mechanical  World,  vol.  59,  no. 
1517,  January  28,  1916. 

Les  Machines-Outils  poue  L'Usinage  des  Obus,  F.  Hofer.  Le  Genie 
Civil,  vol.  67,  no.  24  and  25,  December  11  and  18,  1915. 

Les  Machines-Outils  poue  L'Usinage  des  Ouns   (Suite),  F.  Hofer. 
Le  Genie  Civil,  vol.  67,  no.  26,  December  25,  1915. 
Machinery  for  machining  shells. 


Arnutzung  von   Geschubtzrohren.     Mitteilungen   fiber  Gegenstaeude 
des  Artillerie  and  lieciewesens,  vol.  47,  13  pp. 
Wear  of  rifle  and  gun  barrels. 

Large  Naval  and  Coast  Defense  Gdns  :  Thbie  Peocess  of  Manu- 
facture and  Inspection,  G.  H.  Holden.  Scientific  American,  vol, 
114,  no.  16,  April  15,  1916. 

The  Size  of  Naval  Guns,  Lieut.  Richmond  K.  Turner,  U.  S.  Navy. 
Scientific  American,  vol.  114,  no.  21,  May  20,  1916. 

The  Extreme  Ranges  of  Modern  Guns,  Alston  Hamilton,  Major 
Coast  Artillery  Corps.  Scientific  American,  vol.  114,  no.  15,  April 
8,  1916. 

Manufacturing  Brass  Cartridge  Cases  foe  18-Pound  Shells.  Cana- 
dian Machinery,  vol.  14,  no.  27,  December  30,  1915. 

Making  Cartridgf.  Cases  on  Bulldozers  and  Planers,  Douglas  T. 
Hamilton.     Machinery,  vol.  22,  no.  5,  January,  1916. 
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The  Manufacture  of  Mark  II  Gaines  fou  1S-Pound,  HiuH-Exi'LosivE 
Shells.    Canadian  Machinery,  vol.  15,  no.  13,  March  30,  1916. 

CCMMEKciALizi-NG  Cabthidge  CASE  Manifactuee.  Machinery,  vol.  23, 
no.  1,  September  1910. 

Making  the  4..")I.nch  Howitzer  Cartridge  Case,  Kobert  Maw.-ion. 
American  Machinist,  vol.  44,  no.  8,  February  24.  191(j. 

Making  Five  Million  Primers  for  Cartridge  Cases,  Fred  H.  Colvin. 
.Vnierican  Machinist,  vol.   14.  no.  1.  2,  3  :  July  6.  13.  20.  191  (J. 

Making  the  1S-Pound  Cartridge  Case,  Robert  Mawson.  American 
Machinist,  vol.  45,  nos.  8,  9  :  August  24,  31,  1910. 

Making  1-Poind  Cahtridge  Cases,  Robert  Mawson.  .Vniirican  Ma- 
chinist, vol.  44,  nos.  23,  24  ;  June  8,  15,  1916. 

Rolling  Cartridge  Brass,  C.  R.  Barton.  American  Machinist,  vol. 
45,  no.  8,  August  24,  1910. 

Commercializing  Cartridge  Case  Manufacture.  Machinery,  vol.  23, 
no.  1,  September  1916. 

A  Time-Controlled  Aerial  Torpedo,  W.  G.  Moore.  Aviation,  Decem- 
ber 15,  1916. 

New  .\erial  ToRrEDO,  Rlcardo  Aranas,  Brigadier  General.  Memorial 
de  Artilleria.  November  1916. 

Making  Bavonet  Scabbards.  Robert  Mawson.  American  Machinist, 
vol.  45,  nos.  6,  7  :  -August  10,  17.  1916. 

Testing  Lee-Enfield  Bavonets,  John  J.  Ralph.  Machinerv,  vol.  23. 
no.  11,  July  1916. 

Droi'  Forging  the  Russian  Cruciform  Bayonet,  John  H.  Van  De- 
venler.     .\merlcan  Machinist,  vol.  44,  no.  22  ;  June  1.  1916. 

Testing  Lee-Enfield  Bayonets.  John  J.  Ralph.  Machinerv,  vol.  22, 
no.  11,  July  1916. 

Machining  and  Assembling  the  Military  Rifle  Bayonet,  F.  H. 
Mayoh,  Canadian  Machinery,  vol.  15,  no.  18,  May  4,  1916. 

Armored  Tractors  in  the  European  War.  Scientific  .\merican.  vol. 
115,  no.  15,  October  7,  1916. 

Thk  Manufacture  of  Detonating  Fuses  for  High  Exi'I.osive 
Shells.    The  Metal  Industry,  vol.  14,  no.  7,  July  1916. 

Making  the  Small  Parts  of  the  British  Time-Fuse.  Fred  H.  Col- 
vin.    The  American  Machinist,  vol.  45,  no.  13,  September  28,  1916. 

Caps  and  Base  Plugs  for  Time  Fuse.  Fred  H.  Colvin.  .\mericnu 
Machinist,  vol.  45,  no.  11 ;  September  9.  1916. 

-Attacks  on  Zeppelins,  Brig.  Gen.  F.  G.  Stone,  R.  A.  Journal  Royal 
.\rtillery,  AprD  1916. 

.\nti-Aircraft  Guns.  Scientific  American,  vol.  114,  no.  25  :  June  17, 
1916. 

■'  Archibalds  '■  or  Anti-aircraft  Gdns.     Sphere.  Nov.  4.  1910. 

Molding  Hand  Grenades,  Allan  Hill.  Brass  World,  vol.  12.  no  6. 
.Tune  1916. 

English  Rifle  Grenades.  Scientific  .\merican,  vol  114,  no.  13, 
March  25,  1916. 

The  Baker  Hand  Grenade.    Memorial  de  .\rtilleria,  March  1916. 

The  "  Mabs  "  Hand  Grenade.     Arms  and  Explosives,  February  1916. 

Hand  Grenades,  E.  C.  Crossman,  Scientific  .American,  vol.  112,  no. 
19,  May  8,  1915. 

Grenades,  Rifle  and  Hand.  Scientific  .American,  vol.  114,  no.  6, 
February  5.  1916. 

The  French  Steel  Helmet.     Sphere,  April  8,  1916. 

Motion  and  Relative  Positions  of  Projectiles  in  Flight.  Cana- 
dian Machinery  and  Manufacturing  News,  vol.  16,  no.  12,  Septem- 
ber 21,  1916. 

Speed  Sighting  and  Wind  Deflection  in  Artillery,  Sir  George 
Greenhill.     The  Engineer,  vol.  122.  .\ugust  18,  1916. 

Modern  Artillery  and  Future  Development,  Lieut.  Logan  Cresap. 
U.S.N.    Iron  Age,  vol.  97,  no.  1,  January  6,  1916. 

Effect  of  Gravitation  on  the  Flight  of  Projectiles.  Canadian 
Machinery,  vol.  16,  no.  11,  September  14.  1910. 

Special  Machines  for  Making  Fuse  Parts.  Machinerv.  vol.  23,  no. 
1,  September  1916. 

Manufacturing  Parts  of  Type  80  Time  Fuses,  Donald  Baker.  Ma- 
chinery, vol.  23,  no.  4,  December  1916. 

War  Work  :  Results  in  American  Shops,  C.  A.  Ttipper.  Iron  Age, 
vol.  97,  no.  1,  January  6,  1916. 

Future  Developments  in  Methods  and  Mechanisms.  Iron  .\ge.  vol. 
97,  no.  1.  January  6,  1916. 


The  Employment  of  Women  on  Munitions  of  War.  Iron  .\ge,  vol. 
97,  no.  6,  February  11,  1916. 

Large  Shells  ;  Production  Problems  and  Possibilities.  Canadian 
Machinery  and  Manufacturing  News,  vol.  14,  no.  26,  December  23, 
1915. 

AiK  Conditioning  Problem  in  the  Manufacture  of  A.mmlnition, 
J.  I.  Lyle.  The  Heating  and  Ventilating  Magazine,  vol.  14,  no  1, 
January  1917. 

Engineering  in  War.  Lt.  Col.  W.  V.  Judson.  Journal  of  the  Western 
Society  of  Engineers,  vol.  20,  no.  8,  October  1915. 

The  Mobilization  of  Material  and  Industrial  Resources,  a.  L. 
Humphrey.  Proceedings  of  The  Engineers'  Society  of  Western 
Pennsylvania,  vol.  32,  no.  5.  June  1916. 

The  Extension  of  Women's  Employment  During  the  War.  The 
Railway  News,  vol.  106,  no.  2755,  October  21,  1916. 

What  Is  the  Matter  With  the  Munitions  Makers?  Fred  H.  Bo- 
gart.     Machinery,  vol.  23,  no.  4,  December  1916. 

Munition-Plant  Poisons,  -\rchie  Rice.  American  Journal  of  Public 
Health,  vol.  VII.  no.  3. 


The  Aeademie  des  Sciences,  according  to  the  Genie  Civil, 
has  resolved  to  establish  a  national  physical  and  mechanieai 
laboratory  for  the  purpose  of  scientific  research  directed 
toward  industrial  uses.  The  laboratory  will  be  controlled 
by  a  council,  of  which  half  the  members  will  be  nominated 
by  tlie  Academy,  one-fourth  by  the  State  Department,  and 
the  remainder  by  the  chief  industrial  associations.  The  ex- 
ecutive control  will  be  in  the  hands  of  a  small  technical 
committee.  Existing  laboratories  engaged  in  similar  work 
will  be  affiliated  to  the  National  Laboratory,  and  will  work 
in  close  relationship  to  the  latter.  Substantial  funds  ■will 
have  to  be  provided  for  the  working  expenses  of  the  laboratory 
and  for  the  assistance  of  the  affiliated  institutions. 


Strllitc  rs.  Il,ijli-Spt'ed  Steel.  Accor  iing-  tci  :iii  ai-fdUiU 
given  in  Metaux  et  AlUages,  the  hard  non-ferrous  alloy,  steUite, 
invented  three  or  four  years  ago  in  the  United  States  by  El- 
wood  Haynes,  marks  a  stiU  greater  advance  in  the  art  of 
cutting  metals  than  established  by  the  notable  results  obtained 
with  the  introduction  of  high-speed  steel  some  years  earlier. 
Where  rate  of  production  is  a  critical  matter,  as  in  the  manu- 
facture of  ammunition,  it  has  already  made  a  remarkable 
record  in  competition  with  high-speed  steel,  a  material  which 
in  point  of  capacity  of  production  outclassed  steels  previously 
used.  One  of  the  advantages  of  stellite  is  that  its  hardness, 
which  it  maintains  even  at  a  red  heat,  is  solely  dependent 
upon  the  composition  of  the  alloy,  tungsten  and  chromium 
with  additions  of  cobalt  and  molybdenum,  and  not  upon  the 
difficult  and  uncertain  operations  of  heat  treatment.  Its 
fundamental  advantage,  however,  lies  in  its  ability  to  with- 
stand a  marked  increase  in  speeds  and  feeds  over  those  pre- 
viously used  with   high-speed  steels. 

Among  the  already  numerous  machine  shops  employing 
stellite,  the  Fonderie  des  Gobelins  in  Paris  reports  that  a 
daily  production  with  high-speed  steel  of  120  shells  of  155 
mm.  was  increased  to  200  by  the  use  of  stellite.  With  high- 
speed steel  21  minutes  were  consumed  in  roughing  out  at 
a  speed  of  17  meters  and  a  feed  of  0.7  mm.  For  finishing, 
the  same  speed  and  feed  were  employed  and  the  same  time 
was  consumed.  With  steUite  the  roughing-out  occupied  11 
minutes  at  a  speed  of  25  meters  and  a  feed  of  0.85  mm.  For 
finishing  a  speed  of  37  meters  was  maintained  with  a  feed 
of  1.67  mm.  consuming  4  minutes.  For  completely  finishing 
1,000  shells  of  155  mm.,  the  cost  of  stellite  is  about  0.30 
francs  per  shell.  Other  firms  report  equally  favorable  re- 
sults in  this  class  of  work. 


MACHINE  SHOP  PAPERS 


SPECIAL  eiupliasis  luvs  been  placed  on  the  Machine  Shop 
Session  of  the  Spring  Meeting  for  the  reasons  that  Cin- 
cinnati is  the  machine-tool  center  of  the  country  and  that  the 
National  Machine  Tool  Builders'  Association  will  be  in  conven- 
tion at  Cincinnati  at  the  time  of  the  opening  of  our  own 
meeting.  Three  papers  are  to  be  presented  and  discussed  at 
this  session,  which  is  under  the  auspices  of  the  Society's  Sub- 
committee on  Machine-Shop  Practice. 

A   FOUNDATION   FOR    MACHINE-TOOL 
DESIGN  AND   CONSTRUCTION 

By  a.  L.  DE  LEEUW,  PLAINFIELD,  X.  J. 
Member  of  the  Society 

THE  rapidity  of  progress  of  the  various  branches  of  engi- 
neering may  be  said  to  be  in  proportion  to  the  ease  with 
which  their  principles  can  be  reduced  to  mathematics.  This 
was  never  so  clearly  shown  as  in  the  case  of  the  development 
of  alternating-current  ajjparatus.  It  may  almost  be  said  that 
the  branch  of  alternating-current  engineering  was,  like  Pallas 
Athene,  born  full-grown.  Here  was  a  case  where  the  science, 
the  niatliematics  of  this  branch,  was  at  hand,  waiting  for  some- 
body to  apply  them.  As  a  result,  alternating-current  ap- 
paratus has  known  no  period  of  experimentation,  of  stumbling, 
fumbling  progress. 

Compare  this  with  the  slow,  hesitating  development  of  the 
steam  engine  in  its  first  stages.  In  that  case  nothing  was 
known  except  that  steam  would  exert  pressure;  but  no  knowl- 
edge existed  of  the  properties  of  steam,  of  thermodynamics, 
nor  of  the  mathematics  of  engineering  materials.  The  moment 
that  the  fundamental  facts  of  thermodynamics  were  understood 
and  were  reduced  to  mathematics,  tlie  progress  of  the  steain 
engine  became  more  rapid. 

It  then  became  possible  to  imagine  an  ideal  steam  engine, 
wliich  is  another  term  for  a  100-per-cent-efficient  steam  engine, 
and  to  show  what  is  the  maximum  obtainable  efficiency  in  any 
steam  engine.  It  was  therefore  possible  to  express  the  ef- 
ficiency of  existing  or  of  contemplated  steam  engines  in  per- 
centage of  the  ideal  engine.  In  other  words,  the  ideal  steam 
engine  became  the  standard  or  unit  of  measurement.  It  was 
no  longer  possible  for  any  designer  or  builder  to  think  that 
he  had  produced  a  steam  engine  of  the  highest  possible  ef- 
ficiency, merely  because  his  steam  engine  was  twice  as  efficient 
as  some  utlier  existing  engine. 

SCIENTIFIC  DEVELOPMENT  OF  MACHINE  TOOLS 

What  are  the  things  we  should  know  about  tools  and  machine 
tools  to  enable  us  to  make  these  important  servants  of  our 
present-day  civilization  follow  the  line  of  development  which 
the  steam  engine  has  enjoyed? 

Is  it  possible  to  develop  a  theory  of  the  ideal  machine  tool, 
such  as  has  been  developed  for  the  steam  engine? 

Fig.  1  shows  two  stress  diagi'ams  of  cold-rolled  steel,  of 
which  one  specimen  bad  a  tensile  strength  of  95,000  lb.  and  an 
elongation  in  4  in.  of  12  per  cent,  and  the  other  a  tensile 


strength  of  85,900  lb.  and  an  elongation  in  4  in.  of  7.4  per  cent. 
The  area  of  both  pieces  was  1/2  sq.  in.  and  the  length  between 
gripping  jaws  2  in.  The  amount  of  work  done  in  separating 
the  first  piece  was  3500  ft-lb.  per  sq.  in.  of  section,  and  for  the 
second  piece  2000  ft-lb.  per  sq.  in. 

In  parting  the  pieces,  the  same  result  was  obtained  as  if 
half  the  piece  were  removed  by  means  of  a  cutting  tool.  Of 
course,  this  way  of  removing  metal  does  not  permit  of  con- 
trolling the  shape  or  the  finish  of  the  remaining  piece;  but 
just  the  same,  a  certain  amount  of  metal  has  been  removed  as 
effectively  as  if  it  had  been  done  with  a  cutting  tool.  If  this 
amount  of  metal  had  been  removed  by  a  cutting  tool  used  in 
one  of  the  present-day  machine  tools,  the  amount  of  power 
required  to  do  this  work  would  have  depended  on  the  quality 
of  the  tool  and  the  nature  of  the  machine;  but  in  no  case  would 
it  liave  been  less  than  V2  hp.,  assuming  a  reasonable  time 
element. 

If  the  only  function  of  a  machine  tool  were  the  removal  of 
metal,  we  would  find  that  our  best  machine  tool  has  an  efficiency 
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Fig.  1     Stress  Diagrams  or  Cold-Eolled  Steel 


of  from  0.12  to  0.22.  Even  the  better  of  these  figures  is  very 
low  compared  with  the  efScieney  of  other  machines. 

If  chips  could  be  removed  from  a  piece  of  work  by  a  straight 
pull,  the  ideal  machine  tool  would  be  one  which  would  remove 
material  with  the  same  amount  of  power  expenditure  as  that 
required  by  the  testing  machine.  While  we  would  not  expect 
to  obtain  such  efficiency  in  practice,  we  would  certainly  aim 
to  reach  a  much  higher  efficiency  than  we  are  able  to  obtain 
now.  However,  the  question  is  whether  material  is  removed 
by  a  straight  pull,  and  this  leads  to  the  confession  that  the 
writer  does  not  know  what  the  exact  nature  of  the  cutting  of 
metal  is,  and  he  believes  further  that  he  is  not  alone  in  his 
ignorance. 

To  the  writer's  knowledge,  no  experiments  have  been  made 
which  establish  the  true  nature  of  the  cutting  of  metals  with  a 
reasonable  certainty.  In  The  Art  of  Cutting  Metals  and  else- 
where diagi'ams  are  shown  of  the  supposed  action  of  a  cutting 
tool.  (See  Pig.  2.)  The  writer  believes  that  these  diagrams 
represent  a  very  good  first  guess;  but  he  wishes  to  point  out 
tiiat  this  guess  is  not  based  on  anything  better  than  the  inward 
vision  of  the  authors  of  these  various  works.     If  tliis  guess  is 
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correct,  then  the  act  of  cuttiug  metal  is  a  removal  of  the  chip 
by  tension,  and  the  amount  of  power  consumed  for  cutting 
should  not  be  more  than  that  required  by  the  testing  machine. 
If  this  is  so,  the  total  wastage  of  power  in  all  the  machine 
shops  of  the  world  is  enormous;  and  it  certainly  would  be 
worth  while  to  investigate  this  matter  thoroughly,  merely  from 
the  standpoint  of  the  conservation  of  energy. 

QUESTIONS    WHICH   NEED   TO   BE   ANSWERED 

Among  the  questions  which  should  be  answered  before  we 
can  design  machine  tools  in  a  thoroughly  scientific  manner  are 
the  following : 

1  When  we  turn  up  a  narrow  disk  by  means  of  a  square- 

nosed  turning  tool  of  which  the  width  is  greater  than  the 
width  of  the  disk,  is  the  action  of  removing  the  chip  purely 
a  matter  of  tension ;  or,  if  not,  what  is  it  1 

2  Does  the  front  end  of  the  tool  have  any  function  at  all  ? 

3  How  far  from  the  edge  of  the  tool  is  the  point  where  the 

chip  strikes  the  tool? 


Figs.  2,  3  and  4    Cutting  with  Lathe  Tools 

4  If  the  action  is  purely  a  matter  of  pull,  and  the  chip  does 

not  strike  the  top  of  the  tool  at  the  cutting  point,  but  some 
distance  farther  back,  then  is  it  necessary  that  the  cutting 
edge  of  the  tool  be  sharp? 

5  What  is  the  nature  of  the  lamination  of  the  chip? 

6  How  much  power  is  required  for  the  actual  removal  of  the 

chip,  for  the  friction  between  chip  and  tool,  and  how  much 
for  laminating  the  chip  ? 

7  What  would  be  the  best  shape  for  sucli  a  turning  tool  for 

this  particular  turning  operation? 

8  How   does  the  amount  of  power  vary  with   the  various 

angles  of  the  tool? 

9  If  the  turning  operation  is  not  as  simple  as  the  one  as- 

sumed in  Question  1 ;  if,  for  instance,  there  is  a  side  feed, 
such  as  in  ordinary  shaft-turning  operations,  how  is  the 
cutting  action  modified  by  this  side  feed? 

10  If  the  chip  is  removed  by  the  action  of  the  top  of  the 
tool,  that  is,  if  the  front  of  the  tool  has  no  function,  then 
what  determines  the  nature  of  the  finish  of  a  cut. 

11  In  what  relation  does  the  power  required  for  the  side 
feed  stand  to  the  power  required  for  the  actual  removal 
(if  the  chip. 


A  great  many  other  questions  which  could  be  asked  cannot 
be  answered  at  the  present  time,  and  still  more  questions 
would  naturally  present  themselves  as  soon  as  we  had  some 
little  elementary  knowledge  on  this  subject. 

action  of  a  cutting  lubricant 

As  dark  a  subject  as  the  action  of  the  tool  itself  is  the 
action  of  a  cutting  lubricant.  It  is  a  nell-known  fact  that 
the  use  of  a  lubricant  and  thi'  nature  of  the  lubricant  used 
affect  both  the  finish  and  the  size.  A  very  pertinent  question 
which  might  be  asked,  is  this :  If  the  chip  is  laminated  by 
tension,  that  is,  if  the  point  where  the  chip  begins  to  separate 
from  the  work  is  some  distance  ahead  of  the  point  of  the 
cutting  tool,  how  can  the  cutting  lubricant  affect  either  size 
or  nature  of  finish? 

Another  equally  puzzling  question  is :  If  one  of  the  func- 
tions of  the  cutting  lubricant  is  to  reduce  the  friction  between 
chip  and  tool,  why  should  we  not  use  a  heavy  lubricating  oil 
instead  of  a  light  lard  oil.  which  lia*  practically  no  lubricat- 
ing qualities? 

Or  again,  we  might  ask  this  question :  If,  as  facts  seem  to 
show,  the  best  results  are  obtained  with  a  cutting  lubricant 
which  has  little  viscosity  and  which  therefore,  can  readily 
rise  between  chip  and  work  by  capillary  action,  what  is  the 
action  of  the  oil  on  the  separation  of  the  chip,  seeing,  that 
the  oil  only  gets  to  the  point  after  the  chip  is  separated? 

Even  more  puzzling  than  the  effect  of  a  cutting  lubricant 
on  finisli  is  the  effect  it  seems  to  have  on  the  size  of  the  work. 
We  do  not  see  at  the  present  time  how  it  is  possible  for  the 
lubricant  to  influence  the  size,  yet  that  it  does  do  this  has  been 
observed  a  great  many  times. 

The  writer  had  occasion  to  look  into  this  matter  when  try- 
ing to  determine  the  best  cutting  lubricant  for  automatic 
screw  machines  on  small  and  medium-sized  work.  The  lubri- 
cant in  use  was  a  mineral  oil  with  15  per  cent  lard  oil.  A 
certain  job  was  selected,  for  which  a  form  tool  was  used,  and 
24  screws  were  made  with  the  regular  compound.  The  screws 
came  true  to  size  within  the  limit  of  one-half  of  one  thou- 
sandth. The  oil  was  then  removed  from  the  maelune  and 
machine  and  tools  were  cleaned.  The  cutting  compound  to 
be  investigated  was  substituted  and  another  24  screws  were 
made.  These  screws  were  all  larger  than  those  cut  with  the 
regular  oil.  Furthermore,  they  varied  from  two  and  one-half 
to  five  thousandths  over  size.  The  machine  was  once  more 
cleaned,  and  the  original  oil  put  back.  The  screws  again  came 
uniform  and  to  size,  showing  that  the  cutting  of  the  first  24 
screws  had  not  dulled  the  tool  or  caused  any  other  disturbing 
element  to  enter  into  the  equation. 

The  fact  that  the  cutting  compound  caused  the  screws  to 
be  over  size  might  possibly  be  explained  by  a  difference  in 
heating  or  cooling  effect  of  the  different  lubricants;  but  how 
can  the  difference  in  size  of  screws  made  with  the  same 
lubricant  be  explained,  when  there  was  no  such  difference  with 
the  use  of  the  oil? 

Many  other  questions  could  be  asked  which  can  not  be  an- 
swered at  the  present  time.  This  should  not  prevent  us  from 
carefully  investigating  the  true  action  of  cutting  metals,  and 
determining  the  fundamental  data,  if  we  are  interested  in  this 
matter  in  a  purely  scientific  way.  However,  the  engineer 
should  not  indulge  in  scientific  investigation,  unless  he  feels 
that  the  results  will  be  of  practical  value. 

To  be  of  value,  the  results  should  lie  in  the  direction  of 
saving  of  ])Ower,  diminished  wastage  of  tools,  and  less  strain 
on  the  machine;  or  in  the  direction  of  increased  output,  with 
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or  without  the  other  advantages.  That  such  advantages  may 
be  reached  seems  very  flear  to  the  author,  and  he  wishes  to 
outline  some  isolated  experiments  which,  though  not  complete 
in  themselves,  point  to  very  interesting  possibilities. 

Forged  spindles  of  sixty-point  carbon  steel  were  roughed 
by  a  tool  as  shown  in  Fig.  3.  As  a  rule,  the  tool  was  able 
to  rough  three  spindles  before  a  breakdown.  In  its  broken- 
down  condition  the  tool  appeared  as  shown  in  Fig.  4.  A  hol- 
low had  been  ground  out  by  the  chip,  but  a  land  of  a  little 
more  than  1/64  in.  in  width  had  been  left  at  the  front  end, 
showing  that  the  extreme  front  of  the  tool  had  not  been  in  ac- 
tion. The  experiment  consisted  of  carefully  qjeasuring  the 
broken-down  tools  and  making  new  tools  of  just  that  shape; 
in  other  words,  a  tool  like  the  old  tool,  but  with  a  hollow 
ground  in  the  top  of  tlie  same  shape,  size,  and  location  as  in 
the  old  tool. 

This  tool  is  shown  in  diagram  in  Fig.  4.  The  hollow  was 
carefully  polished,  and  a  tool  thus  prepared  would  rough  from 
9  to  13  spindles.  Examination  showed  that  the  hollow  in  the 
tool  would  remain  smooth  almost  to  the  last,  and  that  a  com- 
plete breakdown  followed  very  soon  after  the  surface  of  the 
hollow  began  to  show  scratches.  No  tests  of  power  consump- 
tion were  made,  but  it  may  be  expected  that  the  power  le- 
quired  with  the  old  tool  was  more  than  with  the  new  tool,  as 
the  chip  did  not  have  to  bend  so  sharply  and  as  the  work 
required  for  hollowing  out  the  tool  was  omitted. 

Another  interesting  point  about  this  tool  wa&  that  the  actual 
contained  angle  between  the  front  of  the  tool  and  the  front 
of  the  hollow  was  much  less  than  we  would  have  dared  to  make 
between  the  front  and  top  of  an  ordinary  lathe  tool,  especially 
if  this  lathe  tool  were  to  be  used  for  roughing.  Nevertheless, 
under  the  conditions  given,  this  tool,  with  the  small  front  angle, 
stood  up  better  than  the  original  tool  with  the  large  angle. 

In  The  Art  of  Cutting  Metals,  Mr.  Taylor  stated  that  his 
experiments  showed  no  perceptible  difference  in  power  con- 
sumption for  various  contained  angles  of  the  cutting  tool.  The 
writer  thought  that  this  conclusion  would  probably  be  correct 
only  for  the  range  of  cutting  angles  tried  by  Mr.  Taylor.  He 
imagined  that  the  relation  between  contained  angle  and  power 
consumption  would  probably  be  a  curve  of  the  nature  of  Fig. 
5,  and  that  all  the  experiments  made  by  Mr.  Taylor  were 
within  the  horizontal  part  of  the  curve. 

The  writer,  therefore,  set  out  to  experiment  with  angles 
much  below  the  angles  mentioned  in  The  Art  of  Cutting 
Metals.  Realizing  that  an  ordinary  lathe  tool  would  not  stand 
up  with  much  smaller  angles  than  those  used  in  present-day 
practice,  he  devised  the  tool  shown  in  Fig.  6.  This  tool  is  a 
body  of  revolution,  and  was  held  in  a  rigid  block  of  metal, 
and  directly  over  the  lathe  carriage.  Fig.  7  shows  the  arrange- 
ment of  tool  and  tool  holder  used.  The  tool  was  used  for  turn- 
ing, preparatory  to  grinding,  milling  machine  overarms,  about 
4%  in.  in  diameter  and  5  ft.  long.  When  the  tool  gave  out, 
it  was  turned  in  the  tool  holder  so  as  to  present  a  new  piece 
of  the  edge  to  the  work.  In  this  manner,  from  12  to  16  set- 
tings could  be  made  with  one  sharpening  of  the  tool.  The 
sharpening  itself  was  a  matter  of  circular  grinding.  The  tool 
would  make  a  very  smooth  cut,  and  without  a  steady  rest  would 
turn  half  the  length  of  the  bar  with  a  variation  in  diameter 
of  less  than  three  thousandths.  The  surface  of  the  work  was 
unusually  smooth,  and  the  amount  required  for  grinding  was 
much  less  than  usual.  Unfortunately,  the  lathe  on  which  this 
work  was  done  was  too  large  and  heavy  to  make  accurate 
power  readings  for  so  slight  an  amount  of  power  consumed, 
the  cut  being  only  3/16  in.  reduction  in  diameter,  and  with  a 
feed  of  1/16  to  3/32  in.     The  action  of  the  tool  was  quite 


peculiar,  and  did  not  give  one  the  impression  that  metal  was 
being  cut.  Though  nothing  veas  learned  about  the  relative 
efficiency  of  this  tool,  the  writer  thinks  it  worth  while  to  bring 
it  to  the  attention  of  the  Society,  on  account  of  the  possibil- 
ities for  further  investigation  to  which  it  points. 

This  matter  of  the  relation  of  the  contained  angle  to  the 
power  consumption  for  a  given  cut  had  previously  led  to  the 
introduction  of  the  helical  cutter,  where  the  actual  angle  of 


Fig.  5    Probable  Relation  Between  Contained  Angle  op 
Cutting  Tool  and  Power 


the  tool  is  not  small,  but  where  the  tool  is  presented  to  the 
work  in  such  a  manner  as  to  have  the  effect  of  a  smaU  angle. 

Another  experiment,  more  or  less  related  to  the  same  ques- 
tion, was  an  attempt  to  use  a  rotary  lathe  tool,  such  as  shown 
in  Fig.  8.  The  edge  of  this  tool  would  bear  up  against  the  work 
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Figs.  6  and  7    Authors'  Small-Angle  Tool  and  Tool  Holder 

(Fig.  9)  so  as  to  have  a  very  slight  difference  in  speed  between 
the  work  and  the  tool,  and  it  was  further  set  in  such  a  way 
as  to  make  the  virtual  cutting  angle  very  small.  The  result 
was  that  it  became  possible  to  use  very  high  cutting  speeds 
without  any  apparent  effect  on  the  tool.  The  cutting  speed 
was  limited  by  the  machine  only.  With  a  reduction  of  3/16 
in.  in  diameter  and  a  feed  of  12  to  the  inch,  a  cutting  speed 
of  650  ft.  was  used  for  cast  iron  as  well  as  for  steel.  All  cut- 
ting was  done  dry.  Again  no  attempt  was  made  to  get  ac- 
curate data  as  to  power  consumption,  especially  as  it  was 
realized  that  the  lathe  in  its  present  form  is  not  well  adapted 
to  this  kind  of  cutting  tool.  The  chips  made  by  this  tool  were 
not  broken  up,  and  were  practically  solid  steel  bars.  Further- 
more, the  chips  as  they  came  off  the  lathe  were  cold  enough 
to  be  caught  in  the  hand.  It  is  therefore  very  likely  that  a 
tost  would  have  shown  a  remarkably  low  power  consumption. 
'I'hough  the  foregoing  experiments  are  incomplete  in  them- 
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selves,  they  do  show  that  there  are  great  possibilities  before 
us,  and,  further,  that  these  possibilities  lie  away  from  the  pres- 
ent-day shop  practice.  The  writer  believes  that  it  would  be 
almost  useless  to  try  experiments  along  a  great  many  lines, 
and  by  a  great  many  experimenters,  without  a  complete  plan 
of  campaign;  and  that  such  a  plan  of  campaign  should  be 
based  on  some  theory,  or  at  least  on  some  hypothesis;  and  he 
further  believes  that  no  such  hypothesis  can  be  developed 
unless  we  start  in  collecting  some  elementary  data. 

A  few  years  ago,  Mr.  L.  P.  Alford,  who  was  then  in  close 
touch  with  the  writer  on  this  subject,  approached  Dr.  Strat- 
ton  of  the  Bureau  of  Standards,  with  the  view  of  having  that 
bureau  take  up  the  first  investigation  of  the  process  of  cutting 
metal.  Dr.  Stratton  promised  the  assistance  of  the  bureau, 
and  at  a  preliminary  meeting  a  general  plan  of  campaign  was 
discussed.  The  writer  believes  that  an  order  was  placed  for 
a  special  dynamometer  for  measuring  the  stresses  in  various 
directions  when  jilaning  metal.  This  proceeding  will  prob- 
ably give  some  valuable  data,  but,  according  to  his  ideas,  not 
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Pig.  8    Experimental  Rotary  Lathe  Tool 


Fic.  9    Rotary  Tool  Machining  Shoulder 

of  a  kind  which  will  make  it  possible  for  other  experimenters 
to  use  them  as  a  basis  for  their  own  experiments. 

SUGGESTED  LINES  OF  EXPERIMENTATION 

The  writer  believes  that  interesting  results  may  be  obtained 
by  following  a  line  of  experimentation  such  as  the  following : 

An  instrument  should  be  built,  somewhat  along  the  lines  of 
a  microtome,  in  which  a  soft  material  is  to  be  cut  by  a  razor- 
like blade  or  tool.  This  tool  should  be  arranged  so  that  it 
can  present  various  angles  to  the  work,  and  tools  of  various 
contained  angles  should  be  exiierimented  with.  The  angles 
presented  to  the  work  should  vary  as  to  angle  of  clearance, 
angle  of  rake,  and  angle  of  shear.  A  dynamometer,  which 
should  be  part  of  the  instrument,  should  register  the  pull 
required  for  the  cut.  The  material  to  be  cut  should  be  stand- 
ardized, and  it  is  suggested  that  paraffin  may  fill  all  require- 
ments; by  selecting  a  paraffin  of  standard  melting  point,  we 
would  also  get  a  material  of  standard  hardness.  In  this  man- 
ner the  relation  between  cutting  angles  and  power  required 
could  be  established  over  a  very  wide  part  of  the  curve. 
Though  the  actual  figures  obtained  would  not  be  immediately- 
applicable  to  metal  cutting,  it  would  make  it  possible  to  find 
the  controlling  law,  and  this  done,  it  would  then  be  possible 
to  investigate  the  cutting  of  harder  materials  over  a  small 
portion  of  the  curve,  and  compare  this  jjortion  with  the  corre- 


sponding portion  of  the  curve  already  obtained.  The  same 
instrument  could  possibly  be  used  for  tests  on  such  materials 
as  lead,  soft  white  metal,  etc. 

Another  line  of  experimentation  would  be  to  arrange  some 
machine  tool,  such,  for  instance,  as  a  lathe,  for  running  at 
very  low  speed,  say  1  in.  per  hour;  mount  a  steel  disk  on  this 
lathe,  and  take  a  cut  at  the  circumference  of  this  disk.  In  this 
manner  the  cutting  action  would  be  of  the  simplest  kind,  as 
the  tool  to  be  used  could  be  a  square-nosed  tool  of  greater 
width  than  the  thickness  of  the  disk,  so  that  there  would  be 
no  side  cut.  A  moving  picture  taken  at  a  high  rate  of  speed 
could  then  be  reeled  off  at  a  low  speed,  and  it  would  jirobably 
be  possible  in  this  way  to  visualize  what  actually  takes  place 
in  cutting  metal.  It  would  readily  show  whether  cutting  is 
merely  the  result  of  tension,  or  whether  shear  plays  a  role,  or 
whether  both  are  responsible.  It  would  probably  show  whether 
the  chip  leaves  the  work  ahead  of  the  tool  point,  and  whether 
or  not  the  front  end  of  the  tool  is  in  contact  with  the  work. 
It  would  probably  show  many  other  things  besides,  and  might 
be  made  the  foundation  for  a  number  of  lines  of  experimenta- 
tion. 

The  writer  believes  that  the  time  has  come  to  try  to  inter- 
est as  many  engineers  as  possible  in  the  subject  of  collecting 
fundamental  data  in  regard  to  the  cutting  of  metals,  but 
rather  than  to  suggest  individually  some  method  by  which 
universities,  industrial  establishments,  and  engineers  might  be 
asked  to  cooperate,  he  prefers  that  this  matter  should  be  dis- 
cussed by  the  Society,  and  would  like  to  have  this  paper  lead 
ultimately  to  a  systematic  effort  in  this  direction,  fathered  by 
The  American  Societv  of  Mechanical  Engineers. 


MACHINE-SHOP   ORGANIZATION 

By  FRED  G.  KENT,'  CINCINNATI,  OHIO 

IX  this  paper  it  is  my  purpose  to  outUne  briefly  the  basic 
structure  of  an  organization  for  a  shop  building  the 
average  line  of  machinery.  I  shall  not  touch  at  all  on  the  com- 
mercial side  of  the  organization,  such  as  sales,  advertising, 
financial,  and  purchasing,  but  will  confine  the  paper  entirely 
to  the  manufacturing  end. 

As  all  my  experience  has  been  with  concerns  in  operation 
for  some  years  before  my  becoming  connected  with  them,  I 
have  always  had  the  advantage  of  having  considerable  high- 
grade  matei-ial,  both  in  the  way  of  men  and  equipment,  ready 
at  liand  to  work  upon,  which  accounts  for  some  of  the  ideas 
expressed  below. 

While  I  have  been  associated  with  some  \ery  large  concerns, 
I  would  rather  these  remarks  apply  to  the  shop  employing 
GOO  men  or  less,  for  a  shop  of  this  size,  from  the  very  nature 
"£  its  growth  and  the  volume  of  business  transacted,  has  just 
as  many,  if  not  more,  obstacles  to  overcome  as  the  larger 
[dant,  and  is  usually  in  no  condition  financially  to  set  aside 
any  large  sum  for  betterment  work.  Tor  this  reason  it  is 
necessary  in  a  business  of  this  sort  to  plan  any  forward  move 
with  the  greatest  care,  in  order  that  there  may  be  sure  profit 
in  each  change  made,  and  all  such  changes  may  take  place  at 
such  times  as  to  cause  no  interference  with  getting  out  the 
regular  product. 

This,  of  course,  means  rather  slow  progress,  which  is  apt 

'  Lodge  and  Shipley  Machine  Too]  Co. 
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to  be  discouraging  to  the  man  who  is  anxious  to  see  things  go, 
but,  on  the  other  hand,  it  has  a  decided  advantage  in  the  fact 
that  the  evolution  is  so  gradual  that  there  is  very  little  opposi- 
tion or  unfavorable  comment  from  foremen  or  workmen  in- 
clined to  discredit  innovations.  This  in  itself  is  a  very  im- 
portant factor  toward  any  reorganization  scheme,  for,  not- 
withstanding arguments  to  the  contrary,  the  stability  of  any 
shop  system  depends  very  largely  on  whole-hearted  coopera- 
tion, from  the  chief  executive  clear  down  the  line  to  the 
sweeper. 

Some  time  ago  James  Collins  made  the  statement  in  a  maga- 
zine article  that  "  during  the  next  few  years  some  of  the 
largest  profits  in  American  industry  will  be  saved  out  of  oper- 
ation. Heretofore  our  profits  have  been  made,  but  saving  a 
profit  is  a  different  thing  altogether."  I  quite  agree  with  this, 
and  my  work  for  several  years  has  proven  to  me  that  hun- 
dreds of  small  details  are  allowed  to  take  the  wrong  course 
simply  because  they  have  always  gone  that  way.  We  have 
all  of  us  been  too  much  concerned  in  systems  of  paying  wages, 
with  the  object,  of  course,  of  getting  more  work  at  a  lower  cost. 
Sometimes  straight  piece  work  has  been  adopted,  and  again 
it  might  be  some  one  of  the  several  forms  of  the  bonus  or 
premium  plan,  and  in  nearly  every  one  the  feverish  desire  to 
get  something  started  has  precipitated  action  without  proper 
planning,  and  has  brought  about  useless  waste  of  time  and 
energy,  and,  in  many  cases,  ill-feeling  among  the  workmen. 
If  for  no  other  reason  than  that  of  harmony,  let  us  leave  the 
time-study  and  wage-payment  schemes  until  we  feel  sure  that 
we  have  very  nearly  gone  the  limit  in  stopping  other  leaks. 

My  first  point  is  that  wage  payment,  premium  schemes, 
bonus  arrangements,  etc.,  should  be  the  last  point  of  attack 
rather  than  the  first. 

Let  us  suppose  that  we  are  going  about  the  reorganization 
of  such  a  shop  as  I  have  mentioned.  What  is  the  best  course 
to  take?  It  is  my  opinion  that  the  easiest  way  out,  and  at 
the  same  time  the  one  most  profitable,  is  for  the  directors  to 
place  a  man  of  proven  executive  ability  at  the  head  of  a  mili- 
tary or  line  type  of  organization,  giving  this  man  plenty  of 
time  and  a  free  hand  to  work  out  the  solution  of  their  prob- 
lems. This  arrangement  will  prove  successful  more  times  than 
any  other. 

The  selection  of  a  title  for  the  man  who  is  to  lead  the  way 
is  a  matter  of  considerable  importance,  and,  if  possible,  the 
position  should  be  a  newly  created  one.  For  instance,  if  the 
chief  executive  has  been  known  in  the  past  as  a  supervisor  or 
general  superintendent,  let  the  new  position  be  that  of  Works 
Manager.  Such  an  arrangement  enables  the  old  superintendent 
to  retain  his  prestige  with  the  men  until  it  may  be  deemed 
proper  to  make  a  change,  and  it  also  starts  the  new  man  off 
with  more  of  a  punch. 

The  question  is  often  asked,  "  Where  can  we  get  the  right 
sort  of  man  ?  " — and  the  answer  is  that  he  is  not  half  so  hard 
to  find  as  is  generally  thought.  Many  a  time  the  man  is  al- 
ready in  the  organization,  but  he  has  been  so  thoroughly 
"  hog-tied  "  that  he  has  never  had  a  chance  to  show  what  was 
in  him.  ,   ^ 

Assuming  that  the  right  man  is  on  hand  ready  to  take  hold, 
if  he  is  a  newcomer  in  the  concern  he  should  be  given  at  least 
two  months  to  get  acquainted,  first  with  the  owners,  carefully 
analyzing  their  statements  of  troubles.  After  two  or  three 
days  on  this  end  of  the  job,  let  him  go  out  into  the  shop  and 
get  acquainted  with  the  department  heads,  encouraging  them 
to.  talk  of  their  troubles,  and  if  possible  have  them  express 
an  opinion  as  to  the  causes  of  failures  in  the  past.  Let  him 
drop  into  the  works  in  the  evenings  and  cultivate  even   the 


watchman's  acquaintance.  He  will  find  that  long  hours  spent 
alone  in  the  shop  are  frequently  productive  of  leads  of  value. 
Let  him  walk  through  the  machine  and  erecting  departments 
on  Saturday  afternoon,  and  an  occasional  Sunday  for  a  time, 
looking  into  every  comer  and  cubby-hole.  The  number  of 
points  that  can  be  brought  out  in  a  survey  of  this  kind  will 
surprise  one  who  has  never  tried  it.  All  this  is  a  mere  matter 
of  getting  acquainted  with  the  job,  and  it  goes  without  saying 
that  if  this  point  is  neglected  all  future  work  will  rest  on  an 
insecure  foundation. 

The  location  of  the  headquarters  of  the  new  works  manager 
should  be  open  to  all  shop  employees  and  the  men  encouraged 
to  come  in.  It  should,  therefore,  be  in  the  place  most  accessi- 
ble to  the  works,  and  it  should  also  be  perfectly  plain  in  its 
appointments.  The  business  to  be  transacted  with  the  shop 
can  be  carried  on  over  common  oak  desks  and  bare  floors  with 
a  far  better  feeling  than  it  can  over  mahogany  furniture  and 
oriental  rugs.  The  average  workman  does  not  care  to  come 
with  his  g^reasy  shoes,  soiled  clothes  and  dirty  face  into  an 
elegantly  appointed  office  to  talk  about  the  things  the  manager 
ought  to  know  about,  and  when  he  does,  he  is  self-conscious 
and  ill  at  ease,  and  goes  away  without  half  stating  his  ease 
and  irritated  because  of  a  feeling  that  he  has  been  put  at  a 
disadvantage. 

Now,  when  the  works  manager  has  learned  to  find  his  way 
around  without  a  guide,  and  the  men  in  the  shop  have  learned 
to  take  his  presence  as  a  matter  of  course,  let  him  start  the 
first  forward  move  by  analyzing  his  shop  conditions  and  per- 
sonnel, and  laying  down  a  definite  organization.  Of  course, 
any  organization  that  he  may  plan  in  the  start  will  be  changed 
in  minor  details  many  times,  but  there  is  no  reason  why  the 
main  structure  should  not  remain  practically  the  same  as  orig- 
inally planned. 

It  is  understood,  of  course,  that  what  one  is  seeking  for  in 
this  move  is  to  subdivide  the  entire  plant  into  a  number  of 
different  units,  placing  a  definite  responsibility  upon  the  head 
of  each  unit,  and  it  is  understood  that  the  heads  of  these  units 
will  be  respected  in  the  positions  that  they  hold,  or,  in  other 
words,  there  must  be  no  splitting  of  authority  or  going  over 
one's  head  with  orders  of  any  sort.  For  instance,  the  giving 
of  orders  directly  to  a  workman  by  a  general  foreman  or 
anyone  else  higher  in  authority  is  a  serious  breach  of  disci- 
pline, as  it  soon  weakens  the  foreman's  standing  with  the  men 
to  such  an  extent  that  he  soon  becomes  useless  as  an  executive. 
The  same  thing  holds  good,  in  a  much  greater  degree,  in  the 
relationship  of  the  owners  to  the  head  of  their  manufacturing 
operations.  This  may  seem  an  insignificant  point  to  bring  out 
in  a  paper  that  is  only  touching  the  high  spots,  but  I  believe 
that  many  shops  in  need  of  reorganization  owe  90  per  cent 
of  their  troubles  to  the  failure  to  fix  definite  responsibility 
and  live  up  to  it. 

This  subdivision  of  the  shop  is  readily  visualized  by  means 
of  an  organization  chart  which  will  give  the  layout  of  responsi- 
bility as  well  as  the  physical  layout.  In  making  up  this  or- 
ganization chart,  I  have  found  that  the  easiest  way  is  to  use 
round  metal-bound  cardboard  tags  distributed  on  a  large  draw- 
ing board  (see  Fig.  1). 

The  first  tags  made  out  should  contain  the  names  of  the 
main  departments.  The  average  typical  shop  should  have  the 
following  departments:  Works  Office,  Engineering  Depart- 
ment, Pattern  Shop,  Tool  Design  and  Storage,  Tool  Making 
and  Repair,  Plant  Engineering  and  Power,  Machinery,  and 
Erection. 

This  division  of  the  shop  is  merely  typical,  and  it  must  be 
understood  that  all  sorts  of  variations  are  necessary,  due  to  the 
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varying  factor  of  the  personnel  from  which  the  organization 
has  to  be  made.  I  might  say  here  that  I  am  a  very  strong 
believer  in  using  the  personal  material  at  hand  rather  than 
replacing  the  old  emploj'ee  by  new  help. 

The  next  step  is  to  add  to  each  department  tag  the  name 
of  the  man  who  is  selected  to  have  charge  of  that  department. 
With  these  tags  spread  out  on  the  drawing  board,  with  two 
more  tags  for  the  Works  Manager  and  an  Assistant  Works 
Manager,  and  a  number  of  smaller  tags  for  the  subdivisions 
of  the  major  departments,  the  general  shop  organization  begins 
to  take  shape. 

I  want  to  insert  here  that  the  Assistant  Works  Manager 
should  be  capable  of  assuming  the  work  of  the  works  manager 
in  tlie  latter's  absence  from  the  plant,  and  both  the  works 


Fig.  1    Typical  Organization  of  Shop  with  300  to 
Employees 


500 


manager  and  the  assistant  should  have  as  few  routine  duties 
as  possible.  Their  time  should  be  spent  in  planning  improve- 
ment and  in  bolstering  up  the  weak  points  in  the  organization. 
A  great  many  men  get  the  idea  that  organization  once  done  is 
done  forever.  On  the  contrary,  the  only  organization  that 
is  final  or  complete  is  a  dead  one.  I  have  cleaned  up  two 
plants  after  several  firms  of  so-called  efficiency  engineers  had 
had  a  shot  at  them.  They  had  gone  away  after  a  time,  leaving 
a  mass  of  charts,  forms  and  card  indexes  which  were  supposed 
to  have  accomplished  a  complete  reorganization.  Even  if  this 
reorganization  was  sufficient  for  the  needs  of  these  plants  at 
the  time  they  left,  which  it  was  not,  it  would  be  foolish 
to  suppose  that  it  would  automatically  administer  affairs  for 
an  indefinite  period.  The  business  that  is  managed  by  live 
men  is  always  subject  to  profitable  changes. 

The  balance  of  this  paper  is  covered  by  an  analysis  of  the 
departments  enumerated  above,  beginning  with  the  Works 
Office,  which  the  author  considers  the  most  important  division 
of  all,  and  concluding  with  the  Erection  Department. 

The  author  states  that  the  paper  just  touches  the  high 
places,  but  it  outUnes  the  basic  structure  of  an  organization 
for  a  medium-sized  shop  building  the  average  line  of  ma- 
chinery. 


The  chairman  of  the  British  Engineering  Standards  Com- 
mittee, Sir  John  Wolfe  Barry,  has  accepted  the  invitation 
of  the  Council  of  the  Institution  of  Civil  Engineers  of  Great 
Britain  to  give  the  James  Fon-est  lecture  on  Wednesday, 
Mav  2. 


METAL    PLANERS   AND    METHODS    OF 
PRODUCTION 

By  CHARLES  MEIER,"  CINCINNATI,  OHIO 

THE  problem  of  providing  the  increased  speeds  and 
power  to  develop  the  possibilities  of  high-speed  steel 
and  to  meet  the  increasing  necessity  for  greater  production 
has  been  a  comparatively  simple  one  in  such  machines  as 
lathes,  drilling  machines,  boring  mills,  milling  machines  in 
which  the  cutting  is  continuous  and  the  motion  of  the  tool  is 
in  one  direction  only.  In  this  type  of  machine  it  has  meant 
merely  adding  power  and  strengthening  parts. 

The  speeding-up  process  introduces,  however,  a  vastly  dif- 
ferent problem  in  such  machines  as  slotters,  shapers  and 
planers,  in  which  the  cutting  is  not  continuous  and  wliich  have 
a  return  motion  of  the  tool.  The  principal  limitations  of 
machines  of  this  class,  especially  the  planer,  are  twofold,  first, 
the  inertia  of  the  moving  mass  at  the  moment  of  reverse; 
second,  the  speed  at  which  the  tool  enters  the  work.  The  prob- 
lem of  overcoming  these  limitations  has  had  the  attention  of 
quite  a  number  of  engineers,  and  while  considerable  progress 
has  been  made  the  complete  solution  does  not  seem  to  have  yet 
been  reached. 

The  evolution  of  the  planing  machine  has  followed  along  the 
lines  of  increased  table  speeds.  The  earlier  demands  were  all 
for  a  higher  return  speed,  in  the  belief  that  great  savings 
could  be  effected  by  reducing  the  idle  time  consumed  in  the 
return  of  the  table. 

It  next  followed  that  further  gains  could  be  made  by 
increasing  the  cutting  speed,  owing  to  the  fact  that  this  part 
of  the  cycle  consumes  the  greater  part  of  the  time  involved. 
The  advent  of  high-speed  steel  can  be  credited  largely  with  the 
marked  advance  in  this  part  of  the  development. 

After  fairly  high  speeds  in  both  directions  were  obtained 
there  came  the  demand  for  variable  cutting  speeds.  It  soon 
became  a  recognized  fact  that  to  operate  a  planer  having  only 
one  cutting  speed  was  both  wasteful  and  detrimental  to  the 
best  methods  of  increased  production. 

This  constant  change  of  conditions,  and  the  desire  to  obtain 
the  highest  possible  speeds  in  both  directions,  led  to  serious 
difficulties  for  which  a  change  in  design  became  imperative. 

One  of  the  objections  to  the  speeding-up  of  the  planer  was 
the  difficulty  encountered  at  the  reverse,  namely,  the  inertia 
of  the  moving  parts.  Several  tests  were  conducted  which 
established  the  fact  that  the  greater  part  of  the  trouble  was 
caused  by  heavy  machine  pulleys  and  their  high  speeds. 

Various  types  of  magnetic,  pneumatic  and  mechanically 
operated  clutch  drivers  were  designed  in  which  the  pulleys 
were  not  reversed.  Our  experience  with  these  drives  was  that 
they  developed  the  objectionable  features  inherent  to  friction 
clutches,  namely,  the  slippage  and  wear  which  take  place 
before  the  parts  are  properly  engaged.  The  most  successful 
of  these  types  was  the  pneumatic  clutch. 

A  few  planers  were  built  which  embodied  heavy  springs  to 
overcome  the  shock  at  reversing.  We  designed  one  machine  in 
which  these  springs  were  added  into  the  driving  gears,  and  in 
another  machine  the  table  rack  was  made  floating  and  held  in 
place  by  two  heavy  springs  at  either  end.  These  designs  did 
not  prove  satisfactory,  owing  to  the  variable  pressures  while 
under  heavy  or  light  cutting.  Also  the  springs  had  very  little 
effect  at  the  moment  of  reverse. 


'  The  Cincinnati  Planer  Co. 
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It  seemed  that  none  of  these  arrangements  quite  met  all  con- 
ditions, and  to  overcome  the  difficulties  in  the  standard  belt- 
shifting  machines  experiments  were  conducted  with  lighter 
driving  pulleys.  A  step  which  marked  quite  an  advance  in 
this  direction  was  the  use  of  an  aluminum  alloy  for  the  pulleys 
instead  of  cast  iron.  It  was  found  that  not  only  did  this  over- 
come the  greater  part  of  the  objections  to  the  heavier  pulleys, 
but  that  higher  speeds  were  possible  so  that  a  decided  gain  was 
made  in  the  number  of  cutting  strokes  owing  to  the  fact  that 
less  time  was  consumed  in  the  reverse.  Table  1  gives  results  of 
a  test  made  on  a  30  x  30  x  14  ft.  planer  and  gives  a  good  idea 
of  the  gains  effected  by  the  use  of  aluminum  pulleys. 

These  pulleys  were  also  found  to  effect  quite  a  saving  in 
power.  Table  2  shows  a  test  made  on  a  76  x  62  x  32  ft.  planer, 
in  which  the  saving  in  power  was  about  25  per  cent. 

The  subject  of  individual  electric-motor  drive  for  planers 
has  received  considerable  attention  in  the  past  few  years. 
One  type  of  drive  which  has  been  successfully  developed  is  the 
variable-speed  drive.  This  consists  of  a  2  to  1  variable-speed 
motor  coupled  direct  to  the  top  driving  shaft  of  the  planer. 
The  speed  of  this  motor  is  controlled  by  two  separate  sets  of 
resistances  which  are  automatically  operated  by  a  master 
switch  connected  to  the  shifting  mechanism  of  the  planer. 

The  cutting  speed  can  be  varied  from  25  to  60  ft.  per  miu., 
while  the  return  speed  may  be  varied  if  desired  without  affect- 
ing the  cut.  The  controller  handles  are  set  to  a  predetermined 
Sliced  before  starting.  The  planer  is  operated  in  the  usual 
manner  from  the  tumbler,  and  the  master  switch  automatically 
varies  the  speed  of  the  motor  at  each  reversal.  This  type  of 
drive  has  the  desirable  feature  of  eliminating  the  mechanic- 
ally operated  speed  variators  and  is  quite  simple  in  operation. 
It  provides  a  very  flexible  arrangement  when  variable  speeds 
are  desired.  This  is  especially  true  on  the  smaller  sizes  of 
planers. 

Probably  the  most  interesting  motor  application  to  planers 
in  recent  years  is  the  reversible-motor  drive.  While  it  cannot 
be  claimed  that  the  application  of  this  type  of  drive  is  new, 
it  can  be  stated  that  the  drive  approaches  more  nearly  the  ideal 
planer  drive  than  any  other  method  heretofore  used.  By 
coupling  the  motor  direct  to  the  first  driving  shaft,  the  entire 
reversing  mechanism,  pulleys  and  belts,  are  eliminated  and  all 
the  objections  before  enumerated  are  successfully  overcome. 

The  motor  is  an  adjustable-speed  motor,  having  a  speed 
range  of  1  to  4  so  that  a  large  range  of  cutting  speeds  from 
25  to  50  ft.  per  min.  can  be  obtained.  A  double  set  of  resist- 
ances is  provided  making  it  possible  to  vary  either  cutting  or 
return  speed  independently  of  the  other.  This  arrangement 
lias  also  simijlified  the  problem  of  variable  speeds  in  connection 
with  this  drive. 

The  operating  mechanism  is  handled  in  exactly  the  same 
manner  as  is  the  standard  belt-shifting  type  planer,  so  that  no 
complications  are  encountered  by  the  operator.  Two  predomi- 
nating features  in  this  type  of  drive  are  the  total  absence  of 
belt  slippage  under  heavy  cutting  and  the  lower  peak  loads  at 
the  moment  of  reverse.  Table  3  shows  the  superiority  of  these 
two  features  over  the  belt  drive. 

It  can  be  said  that  the  reversible  motor  drive  as  applied 
today  furnishes  about  all  that  can  be  desired  of  an  efficient 
planer  drive. 

The  study  of  fatigue  of  the  operator  and  easy  control  of  the 
machine  is  receiving  quite  a  lot  of  attention  in  almost  every 
machine  operation,  and  there  is  no  doubt  but  that  great  possi- 
bilities in  this  direction  exist  in  machine-tool  construction. 

Power  operation  of  heavy  machine  parts  seems  to  have 
found  a  permanent  place  in  th§  construction  of  all  classes  of 
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machinery.  Jhere  is  an  increasing  demand  for  elimination  of 
lost  time  between  cuts,  and  this  feature  has  also  found  its  way 
into  the  design  of  planers. 

Rapid  power  traverse  is  now  being  generally  used  in 
manipulating  planer  heads  in  all  directions.  This  is  quite  a 
dejjarture  from  the  standard  construction  in  which  the  heads 
are  operated  entirely  by  hand.  Experience  has  demonstrated 
that  the  new  practice  eliminates  a  considerable  amount  of 
wasted  time  throughout  the  day,  and  that  it  is  also  a  decided 
help  to  the  operator,  as  it  saves  him  from  undue  exertion  and 
fatigue. 


The  building  of  high-grade  planers  has  established  itself  as 
an  important  factor  in  the  machine-tool-building  field.  Many 
users  seldom  realize  that,  unlike  smaller  machine  tools,  the 
building  of  a  planer  requires  a  more  extensive  equipment  of 
machinery,  as  well  as  a  large  number  of  costly  fixtures  and 
measuring  instruments.  The  planer  is  necessarily  a  large  and 
expensive  machine,  and  proportionately  larger  returns  are 
obtainable  from  it  than  from  small  machines  owing  to  the 
higher  expense  or  burden  charged  against  it.  The  planer, 
therefore,  should  receive  special  attention  from  the  time-study 
department. 


GAS   POWER    PAPERS 


DIKING  the  past  few  years  there  have  been  marked 
improvements  in  gasoUne-engine  construction  which 
have  led  to  the  extensive  use  of  the  high-speed  type,  particu- 
larly for  aeroplanes.  There  will  be  a  general  discussion  of 
this  subject  at  the  Gas  Power  Session  of  the  Spring  Meeting 
together  with  that  of  gas-engine  regulation.  Other  papers 
treat  of  motor  fire-engine  tests  and  motor  trucks. 


THE  PROBLEM  OF  AEROPLANE 
ENGINE  DESIGN 

By  CHARLES  E.  LUCRE,  NEW  YORK,  N.  Y. 

Member  of  the  Society 

THE  problem  of  the  aeroplane  engine  appeals  strongly 
to  everj-  engineer  because  it  is  a  problem  of  the  lightest 
power  plant.  The  lightest  weight  of  engine  proper  per  horse- 
power is  to  be  secured  first  by  obtaining  maximum  mean 
effective  pressure  at  maximum  speed:  in  other  words,  the 
product  of  the  mean  effective  pressure  and  the  speed  must 
be  a  maximum.  At  the  same  time  the  weight  of  metal 
per  cylinder,  or  per  cubic  inch  of  cylinder  displacement  per 
working  stroke  must  be  a  minimum, — and  with  both  of  these 
factors  the  engine  must  be  reliable  in  operation.  So  far,  this 
reliability  factor  has  been  weakest,  though  lightness  has  been 
secured  in  engines  good  for  short  periods  of  running. 

Not  only  must  the  metal  weight  of  engine  per  horsepower 
be  a  minimum,  but  in  addition  the  fuel  weight  to  be  carried 
must  also  be  a  minimum  because,  as  can  readily  be  seen,  the 
fuel  weight  necessary  for  flights  of  any  length  predominates 
over  the  engine  weight.  For  example:  taking  a  half  pound 
of  fuel  and  oil  per  hour  per  horsepower  as  a  fair  value,  it  is 
readily  seen  how  quickly  that  will  catch  up  on  engine  weight 
when  the  latter  is  4  or  5  lb.  per  horsepower. 

In  undertaking  an  analysis  of  the  aeroplane-engine  problem 
from  the  records,  the  only  conclusion  that  can  be  drawn  is 
along  the  line  of  type.  Data  are  almost  entirely  lacking.  On 
the  question  of  general  engine  types,  attention  might  be  called 
to  a  few  points: 

The  air-cooled  motor  has  entirely  failed  in  comparison 
with  the  water-cooled  motor, — the  reasons  are  perfectly  sound 
and  secure.  The  2-cycle  engine  has  given  way  to  the  4-cycle 
type. 
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Fixed  cylinders  have  prevailed  over  rotating  cylinders.  Odd 
cylinder  arrangements  of  queer,  freaky  forms  have  all  been 
relegated  to  the  scrap  heap  in  favor  of  a  few  modem  arrange- 
ments. The  standard  cylinder  arrangements  of  today,  which 
are  the  survivors  of  what  may  be  called  the  inventive  period, 
or  at  least  the  first  inventive  period,  are  the  six  and  eight 
cylinders  in  line  and  the  eight,  twelve  and  sixteen  Vs. 

It  really  appears  therefore  that  the  one  valuable  result  of 
all  our  experience  has  been  the  selection  of  a  few  typical 
arrangements  which  we  are  now  compelled  to  study,  as  mi- 
nutely as  circumstances  permit,  for  the  purpose  of  standard- 
izing and  mechanically  perfecting  these  particular  types  as 
standard  machines  which  will  run  as  reliably  as  our  sta- 
tionary engines  and  which  can  be  manufactured  as  econom- 
ically. 

Taking  up  each  of  the  factors  of  aeroplane-engine  design 
that  seem  important,  in  as  specific  a  way  as  seems  proper,  the 
first  one  I  wish  to  consider  is  the  value  of  efficiency  and  the 
relation  of  efficiency  to  minimum  weight. 

Plotting  hours  of  running  as  abscissje  against  weight  of 
engine,  with  fuel  and  oil,  as  ordinates,  for  the  air-cooled  and 
the  water-cooled  types  of  motor,  respectively,  so  that  the 
intercept  on  the  vertical  axis  represents  the  weight  of  engine 
metal  alone,  and  the  ordinates  away  from  the  axis  represent 
the  weight  of  metal  plus  fuel  and  oil,  one  finds  that  the  two 
curves  cross  at  some  period  of  running  beyond  which,  there- 
fore, the  water-cooled  heavier  engine,  because  of  its  lower 
fuel  consumption,  becomes  lighter  in  comparison. 

The  metal  weight  of  the  water-cooled  motor  is  about  one 
and  one-half  times  that  of  the  air-cooled  motor,  and  the  slope 
of  the  combined-weight  line  of  the  latter  compared  with  that 
of  the  former  is  as  two  is  to  one, — that  is  to  say :  the  con- 
sumption of  the  air-cooled  motor  is  approximately  twice  that 
uf  the  water-cooled  motor.  These  facts  are  responsible  for 
tlie  crossing  of  the  lines. 

Of  the  conditions  for  efficiency  which  bear  ujion  this  ques- 
tion of  fuel  weight,  and  which  have  led  to  the  selection  of  the 
water-cooled  motor  as  a  type,  the  first  is  the  compression. 
The  higher  the  compression  the  higher  the  efficiency,  and  there 
is  no  limit  until  preignition  occurs.  Statements  will  be  found 
in  textbooks  to  the  effect  that  there  is  a  limit,  but  they  are  the 
results  of  mistakes  in  interpretation,  and  are  erroneous.  The 
amount  of  compression  possible  is  limited,  however,  by  the 
metal  temperature  and  by  the  temperature  of  tlie  mixture  as 
admitted.  Naturally,  the  warmer  the  mixture  during  suction, 
the  sooner  it  reaches  ignition  temperature  by  compression. 
Therefore,  suction  heating  is  a  limit.  Again,  the  interior 
metal  temperature,  if  it  is  high  (as  it  is  always),  may  cause 
trouble  by  contact  with  the  mixture  during  compression,  and 
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some  portion  of  the  mixture  may  be  brought  to  its  ignition 
temperature  by  hot-wall  contact  long  before  the  main  mass  is 
brought  to  this  ignition  temperature  by  compression  alone.  It 
requires  only  one  such  hot  spot  to  wreck  a  well-laid  plan. 

The  next  factor  in  efficiency  is  the  mixture  quality,  and  in 
this  there  are  the  following  controUing  elements:  first,  mixture 
]iroportions.  Any  excess  fuel  means  direct  waste,  but  it  also 
means  carbonization  and  fouling.  Excess  air  quickly  makes 
the  mixture  practically  non-burnable.  Therefore,  mixture 
proportions  must  be  accurately  controlled — more  accurately 
than  is  possible  with  any  existing  carburetor.  Carburetors 
are  not  yet  satisfactory,  and  as  soon  as  satisfactory  carbu- 
retors are  secured  from  the  standpoint  of  proportionality  of 
the  mixture,  we  may  expect  to  see  a  further  reduction  in  fuel 
consumption  and  more  reliable  operation. 

Dryness  of  mixture  is  a  matter  of  coordinate  importance 
with  mixture  proportions.  When  mixtures  are  wet,  that  is 
not  completely  vaporized,  the  air  and  fuel  cannot  be  uniformly 
distributed  to  the  various  cylinders  by  the  manifold  system. 
(Jne  cylinder  will  get  a  different  charge  from  another,  as  can 
be  easily  proved  by  pressure  gages.  There  are  rarely  two 
cylinders  alike  as  to  maximum  pressures  on  a  multi-cylinder 
engine  using  wet  mixtures.  Drying  of  the  mixture  will  cure 
that  fault,  and  also  cure  the  carbonization  that  comes  from 
the  vaporization  of  the  liquid  in  the  presence  of  the  burning 
gas  when  it  has  been  admitted  to  the  cylinder  in  a  liquid 
state. 

The  third  factor  of  the  mixture  question  is  homogeneity. 
However  accurately  the  mixture  may  be  adjusted  as  to  fuel 
and  air  ratio,  however  carefully  the  mixture  may  be  distrib- 
uted, cylinder  to  cylinder,  the  fact  remains  that,  in  order  to 
produce  economical  results,  the  charge  in  any  one  cylinder 
must  be  uniform  in  every  cubic  inch  of  it.  It  is  not  sufficient 
that  the  right  amount  of  air  be  in  the  cylinder  even  if  tiie  fuel 
IS  vaporized  when  the  latter  is  all  in  one  corner. 

Following  mixture  quality,  the  next  factor  in  efficiency  is 
rate  of  flame  propagation  with  reference  to  piston  speed.  It 
can  be  shown  that  the  explosion  line  of  the  indicator  card 
following  compression  must  be  maintained  vertical  for 
maximum  efficiency.  Now,  the  rate  of  propagation  is  the  one 
factor  that  tends  to  hold  it  vertical.  If  the  propagation  rate 
is  high  enough  for  a  given  piston  speed,  so  that  the  explosion 
line  is  vertical,  the  efficiency  will  be  high.  But  should  the 
piston  speed  exceed  a  certain  value,  then  the  explosion  line 
will  begin  to  lean  toward  the  expansion  line,  until  by  and  by 
it  becomes  horizontal  and  merges  into  the  expansion  line,  with 
a  consequent  large  loss  of  work  area  and  low  el'ficiency  or 
iiigh  fuel  consumption.  Therefore,  there  is  for  every  given 
mixture  a  limiting  piston  speed  that  cannot  be  exceeded 
without  destroying  etticiency,  and  we  are  now  approaching 
that  speed  in  aeroplane  engines. 

The  next  related  factors  are  mean  effective  pressure,  and 
speed.  These  are  the  prime  factors  for  the  output  of  a 
cylinder. 

If  the  mean  effective  pressure  were  constant,  then  horse- 
power with  reference  to  speed  would  follow  a  straight  line. 
The  mean  effective  pressure  is  not  constant  as  the  s|)eed 
varies,  however.  Therefore,  plotting  horsepower  against  sjjced 
gives  a  curve  having  the  general  form  of  concave  downward 
and  consisting  of  several  separate  portions,  each  worthy  of 
study.  There  is  usually  a  straight  i)ortion  over  a  given  speed 
range,  during  which  the  mean  effective  pressure  is  constant. 
For  lower  speeds  the  mean  effective  pressure  is  lower,  and  for 
higher  speeds  the  mean  effective  pressure  is  again  lower. 
From  the  point  where,  with  increasing  speed,  the  straight  line 


becomes  a  concave-downward  curve,  the  mean  effective 
pressure  is  decreasing  as  speed  increases,  until  at  the  point 
where  the  tangent  to  the  curve  becomes  horizontal,  the  rate  of 
increase  of  speed  is  exactly  equal  to  the  rate  of  decrease  of 
mean  effective  pressure.  At  a  little  higher  speed  mean  effective 
pressure  decreases  faster  than  speed  increases,  and  finally  the 
curve  drops  down  toward  zero  power. 

So  much  for  the  facts.  An  analytical  engineer  cannot  be 
content  with  those  facts,  however,  but  finds  it  necessary  if  he 
is  to  apply  a  cure  to  go  behind  the  facts  to  ascertain  the  rea- 
sons. The  first  step  in  doing  that  is  to  determine  the  volu- 
metric efficiency  of  the  engine  by  measuring  the  air  and  fuel, 
and  comparing  the  total  volume  of  mixture  taken  in,  with  the 
piston  displacement.  If  the  volumetric  efficiency  be  plotted 
against  the  speed,  much  light  is  thrown  on  the  situation.  In 
the  first  place  the  volumetric  efficiency  falls  off  in  the  region 
of  very  low  speed,  where  the  mean  effective  pressure  is  low; 
it  is  constant  over  the  region  of  constant  mean  effective 
pressure,  where  the  horsepower  speed  line  is  straight,  and 
then  at  some  high  speed  it  again  decreases.  It  is  clear,  there- 
fore, that  curvature  of  the  horsepower-speed  line  is  due  to  a 
corresponding  variation  of  volumetric  efficiency.  It  may  be 
found,  however,  that  at  some  high  speed  the  horsepower-speed 
line  falls  before  the  volumetric  efficiency.  This  calls  attention 
to  the  fact  that  the  falling-off  of  mean  effective  pressure  at 
high  speeds  may  not  be  due  primarily  to  volumetric  efficiency 
but  to  other  causes,  and  recognition  of  this  starts  a  search  for 
those  causes. 

The  first  of  these  causes  is  too  slow  a  combustion,  or  too 
high  a  piston  speed.  That  is  to  be  corrected  by  adding  an  addi- 
tional ignition  source,  or  by  moving  the  spark  plug  from  a 
side  wall  to  a  center  point.  Igniting  at  more  than  one  point 
or  at  a  more  central  point  will  cure  this  defect,  and  again  cause 
the  dropping  points  of  both  hoi-sepower-speed  and  volumetric 
efficiency-speed  curves  to  lie  on  the  same  speed  line. 

Again,  it  will  be  found  that  a  change  in  the  valve  setting 
changes  this  mean-effective-pressure  curve  at  both  ends,  but 
every  change  in  the  valve  setting  also  changes  the  mean 
effective  pressure,  and  the  volumetric  efficiency  is  itself  the 
direct  measure  of  whether  or  not  one  has  the  best  valve 
setting. 

Now,  it  is  curious  that  most  people  have  played  with  cams 
and  adjusted  them  back  and  forward  by  guesses,  and  have 
never  bothered  about  the  air  meter,  which  is  the  only  positive 
means  of  arriving  at  best  cam  forms  and  valve  timing  for 
sustained  mean  effective  pressure  at  high  speeds. 

Many  more  analyses  along  the  above  lines  could  be  given, 
but  enough  has  been  said  to  call  attention  to  this  most  im- 
portant means  of  studying  the  problem  of  maximum  power 
at  high  speed,  not  only  revealing  what  is  the  matter  but 
pointing  out  clearly  the  direction  in  which  to  correct  the  fault. 

So  much  for  efficiency  and  mean  effective  pressure,  or 
elficieucy  and  horsepower  per  cubic  foot  of  cylinder.  Those 
two  factors  bear  directly  on  the  fuel  weight  to  be  carried  and 
the  output  per  cubic  foot  of  cylinder.  What  will  be  the  weight 
of  that  cubic  foot  of  cylinder?  This  has  to  be  judged  both  by 
qualitative  and  quantitative  analysis.  It  is  impossible  to  give 
any  quantitative  analysis  without  long  mathematical  treat- 
ment, so  I  will  undertake  only  the  qualitative  analysis. 

The  first  point  in  qualitatively  analyzing  unit  metal  weight 
of  the  multi-cylinder  engine  is  to  recognize  that  the  engine  can 
be  divided  laterally  by  planes  into  sections  of  one  cylinder 
each.  The  end  sections  are  the  same  as  each  other,  but  are 
different  from  the  intermediate  sections.  Therefore,  to  study 
qualitatively  the  relative  weights  of  two  typical  constructions, 
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the  mind  must  be  concentrated  upon  these  sections,  each  one  of 
which  includes  a  cylinder,  a  piece  of  frame,  a  piece  of  shaft 
and  the  other  parts  that  go  with  the  section. 

From  this  point  of  view,  consider  multiplication  of  cylinders 
in  line  vs.  radially  or  circumferentially.  It  will  appear  that 
the  weight  of  the  cylinder,  piston  and  connecting  rod,  is  just 
the  same  no  matter  how  the  cylinders  are  arranged,  but  the 
frame  weight  and  shaft  weight  are  reduced  by  any  multiplica- 
tion. It  is  clear  also  that,  other  things  being  equal,  the  lighter 
arrangement  is  circumferential  rather  than  longitudinal  multi- 
plication. 

Now,  going  back  to  the  history  of  the  situation,  we  find 
everj'  conceivable  combination  has  been  tried,  but  these  have 
finally  crystallized  to  not  more  than  two  kinds,  giving  the 
V-type  engine  and  the  engine  with  cylinders  in  line. 

Considering  the  effect  of  cylinder  diameter  upon  unit  metal 
weight,  it  will  appear  that  from  the  unit  weight  standpoint 
the  cylinder  diameter  should  be  as  large  as  possible,  because 
the  wall  thickness  of  a  cylinder  is  always  greater  than  neces- 
sary for  the  stress  for  other  structural  reasons.  A  1/16-in. 
cylinder  of  steel  will  not  be  stressed  over,  say,  10,000  lb.  per 
sq.  in.  The  cylinder  could  be  made  much  thinner  than  this 
and  stiU  have  a  good  working  stress  if  there  were  not  other 
structural  objections  to  it.  This  being  the  case,  the  larger  the 
cylinder  for  a  cubic  foot  of  displacement  the  less  the  unit 
metal  weight  in  the  wall,  and  the  only  limit  to  large  diameter 
is  good  running. 

Considering  the  stroke,  as  this  is  increased  the  metal  in  the 
cylinder  piles  up  endwise,  or  asially,  too  fast  with  reference 
to  volume,  and  therefore  for  minimum  unit  metal  weight,  the 
shorter  the  stroke  the  better.  In  proportion,  we  are  using, 
normally,  shorter  strokes  in  aeronautical  motors  than  in  auto- 
mobile engines  for  that  reason. 

Again,  as  affecting  the  metal  weight,  we  have  the  connecting 
rod  length.  Clearly,  the  sliorter  the  connecting  rod  the  shorter 
the  frame,  and  therefore  the  more  metal  saved.  The  only 
objection  to  the  shorter  connecting  rod  is  an  excessive  angu- 
larity, which  introduces  stresses  requiring  metal  thickening  in 
other  places. 

The  number  of  cylinders  should  be  as  large  as  possible  up 
to  the  point  where  the  weight  of  the  connecting  parts  has  to 
be  increased.  A  2-cyl.  engine  has  less  than  twice  the  weight 
per  cubic  foot  of  displacement  than  a  single  cylinder,  for  the 
reason  that  the  number  of  end  supports  for  the  shaft,  etc.,  is 
not  increased.  Similarly  a  3-cyl.  has  less  than  three  times,  a 
4-cyl.  less  than  four  times,  and  so  on ;  and  the  weight  per  cubic 
foot  of  displacement  gets  less  and  less  until  a  certain  number 
of  cyUnders — somewhere  about  six — is  reached  where  the  shaft 
diameter  and  the  weight  of  the  frame  must  be  increased  so  as 
to  retain  the  necessary  stiffness,  whereupon  the  saving  in  weight 
by  multiplication  is  neutralized.  This  appears  to  be  about  the 
Umit  of  saving  by  line  multiplication. 

The  metal  weight  per  cubic  foot  of  cylinder  displacement 
has  to  be  taken  up  along  the  lines  indicated,  extending  the 
study  to  the  form  vs.  weight  of  each  individual  member.  It 
will  appear,  as  one  examines  the  forms  of  these  individual 
members,  that  one  form  is  clearly  susceptible  of  less  weight 
than  another — even  with  the  same  working  stresses  or  with 
equal  factors  of  safety. 

The  first  of  these  studies  should  be  undertaken  with  refer- 
ence to  cylinders.  The  first  cylinders  built  were  made  of  cast 
iron,  with  head,  cylinder  and  jacket  east  in  one  piece,  and  the 
valves  being  arranged  in  a  side  pocket — the  ordinary  T-  or  L- 
head  construction.  It  is  clear  that  the  weight  of  the  valve 
pocket  is  detrimental.     The  first  step  in  any  cylinder-weight 


reduction,  then,  is  to  take  that  pocket  away,  retaining  tlio  cast 
cylinder  (on  the  assumption  that  we  do  not  know  how  to  make 
any  other  kind)  and  putting  the  valve  in  the  head.  This 
results  in  the  valve-in-head  construction,  which  is  now  prac- 
tically universal,  but  which,  strange  to  say,  it  took  six  or  seven 
years  to  realize. 

A  similar  instance  of  slow  realization  of  facts  exists  with 
reference  to  the  cast-iron  jacket  wall,  which  has  no  other 
function  than  to  hold  water.  Cast  iron  for  that  purpose,  espe- 
cially in  an  aeroplane  engine,  is  wasteful  of  material,  so  the 
next  step  is  to  get  rid  of  the  cast  iron.  When  one  stops  to 
think  how  it  is  to  be  done,  a  structural  difficulty  becomes 
apparent,  and  therefore  one  must  not  too  readUy  condemn  the 
holding  on  to  the  cast-iron  jacket.  The  difficulty  is  of  course 
the  necessity  of  providing  openings  for  the  intake  or  outlet 
from  each  valve,  an  igniter  plug  hole  and  at  least  two  pipe 
connections  for  the  jacket,  and  in  an  aeronautical  engine  under 
heavy  stress  there  is  some  driving  gear  which  requires  fasten- 
ings.   This  naturally  tends  toward  the  use  of  a  casting. 

Suppose  such  a  casting  is  used,  with  inlet  and  one  exhaust 
valve  each  with  a  port  leading  out,  and  such  valve  seating  in 
the  head  which  turns  down  to  form  the  cylinder:  then  the 
casting  may  be  led  around  the  top,  forming  the  enclosure  of 
the  head  jacket  and  joining  the  several  outlets  and  coming 
down  outside  the  cylinder.  The  cylinder-head  jacket  casting 
ends  in  the  form  of  a  skirt  at  about  the  level  of  the  valve 
deck,  and  to  this  end  a  tube  jacket  can  be  added  by  any  one  of 
several  possible  fastenings.  That  is  the  next  step :  cast  iron 
for  the  cylinders,  head  and  head  jacket  in  a  one-piece  casting, 
but  with  sheet  metal  for  the  jacket  o\'er  the  cylindrical  barrel. 
It  is  a  logical  step,  but  it  took  several  years  to  reach  it  just 
the  same. 

Proceeding  along  the  same  line  of  weight  reduction,  the 
next  step  is  to  cut  away  this  cast  iron  joining  the  ends  of  the 
ports  and  forming  the  wall  of  the  head  jacket,  and  substitute 
sheet  metal  welded  to  the  ports  by  the  oxygen  welding  system. 
Wherever  there  are  connections  to  be  made  for  attachment 
of  gears,  there  must  be  some  additional  supports  welded  or 
brazed  on.  The  cast-iron  cylinder  is  still  there,  and  with  cast- 
iron  ports. 

There  is  a  fundamental  objection  to  a  cast-iron  cylinder  for 
aeronautical  work,  and  it  is  a  perfectly  valid  one.  Cast-iron 
cylinders  do  not  have  to  be  very  thick  to  be  amply  strong,  so 
far  as  the  gas-pressure  stresses  are  concerned,  but  the  fact 
remains  that  so  long  as  they  are  cast  iron,  no  one  knows 
whether  they  are  good  cast  iron  inside  or  not,  and  the  use  of 
cast  iron  cut  down  to  Vg  in.  in  thickness  incurs  taking  some 
chances.     Hence  attention  is  turned  toward  steel. 

Drawn  steel  or  forged  steel  is  a  reliable  material  and  a 
logical  selection,  so  designers  have  sought  means  of  using  it; 
but  when  one  stops  to  think  how  to  use  a  drawn-steel  tube  for 
a  cylinder,  and  get  the  necessary  attachments  on  it,  one  soon 
recognizes  that  the  matter  is  not  so  easy  as  it  looks.  That  is 
the  reason  the  adoption  of  the  steel  cylinder  was  so  long 
delayed. 

There  are  now  several  schemes  developed  for  steel  cylinders. 
The  first  of  these  is  a  steel  cyhnder  of  a  drawn  tube  formed 
witliout  a  head,  screwed  into  a  separate  head  carrying  the  ports 
and  the  head  jacket  cast  in  one  piece.  This  is  rather  a  satis- 
factory way  of  attaching  a  head,  but  it  involves  more  than  one 
difficulty.  When  such  a  screwed  head  is  set  up  against  the 
shoulder,  it  is  not  at  all  clear  just  where  it  is  going  to  stop; 
and  to  secure  the  proper  position  one  must  either  scrape  the 
faces  or  shim  them — neither  of  which  is  a  nice  job.  A  further 
objection  is  the  considerable  weight  of  the  cast  iron  in  a  rather 
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complicated  casting,  and  also  the  inner  wall  of  that  east  iron 
is  a  stress  wall,  the  stress  of  which  must  pass  through  the 
thread  to  the  cylinder.  There  is  no  objection  to  using  a  casting 
if  it  is  not  stressed,  but  a  casting  under  stress  is  not  satisfac- 
tory and  is  to  be  retained  only  in  the  absence  of  something 
better. 

Complete  elimination  of  castings  has  been  tried  by  using 
all  steel  and  sheet  metal  welded  together,  but  this  did  not 
prove  satisfactory  for  a  very  interesting  reason.  A  flat  sheet- 
metal  head  on  which  the  valves  are  seated  will  not  remain 
flat,  and  a  round  valve  seat  will  not  stay  round.  Such  sheet 
metal  tends  to  warp  out  of  shape,  and  with  it  the  valves  will 
not  stay  tight.  However,  the  material  does  not  break,  which 
is  something  worthy  of  thought. 

To  eliminate  the  weld  between  the  steel  cylinder  and  head, 
another  construction  was  developed.  In  this,  a  seamless 
drawn-steel  shell  with  head  just  like  a  cartridge  is  used,  and 
two  holes  are  arranged  in  the  head  to  seat  the  valves.  It  is 
evident  that  this  is  a  structure  which  is  sound  against  all  kinds 
of  stresses.  It  still  has  some  of  the  difficulties  of  warping 
the  seats,  causing  leakage  of  the  valves;  and  when  a  valve 
leaks  the  amount  of  heat  developed  is  tremendous.  Once  a 
valve  starts  to  leak,  it  is  only  a  question  of  a  short  time  before 
it  will  be  completely  destroyed. 

The  particular  construction  of  cylinder  just  described  is 
rather  difficult  to  attach  to  its  jacket  ports.  It  is  interesting 
to  note  one  ease  at  least  in  which  a  satisfactory  attachment 
has  been  worked  out,  and  that  is  the  Hispano-Swissa  engine, 
now  used  on  the  European  war  front,  and  now  also  being  built 
in  this  country.  In  this  particular  engine  the  entire  outside 
of  the  cylinder  is  threaded,  and  the  cylinders  are  screwed  into 
an  aluminum  casting  which  is  double-walled  just  like  the  cast- 
ii'on  block  casting  of  an  automobile  engine.  The  thread  per- 
forms the  double  purpose  of  holding  the  cylinder  in  place  and 
bringing  its  head  up  against  the  aluminum  cast  head  which 
carries  the  ports,  and  also  acting  as  a  thermal  bridge  between 
the  metal  of  the  cylinder  and  the  metal  of  the  aluminum 
casting  which  carrier  the  jacket  water.  Without  the  latter 
there  would  be  poor  thermal  contact  and  overheating  of  the 
cylinder.  While  this  construction  is  not  entirely  satisfactory, 
it  is  nevertheless  very  interesting  and  suggestive.  It  imme- 
diately calls  attention  to  the  fact  that  a  water  jacket  may  be 
made  of  an  aluminum  easting  and  the  ports  formed  just  as 
easily  as  in  iron,  the  steel  interior  carrying  the  stress  due  to 
the  interior  gas  pressures. 

It  is.  however,  quite  feasible  to  get  rid  of  the  double 
aluminum  wall  down  along  the  cylinder  barrel  into  which  this 
steel  cylinder  is  placed  and  which  carries  the  ports  above,  by 
leaving  out  its  interior  wall  and  retaining  the  outside,  or  even 
by  stopping  the  wall  just  below  the  head  as  a  skirt  to  take  a 
short  thin  tube  which  may  itself  be  of  aluminum,  ending  at  the 
bottom  in  a  cast  stufBng-box  ring  to  act  as  a  joint  against  the 
steel  cylinder.  That,  so  far  as  I  know,  represents  the  last 
word  in  this  direction,  the  steel  cylinder  head  being  bolted  up 
to  the  aluminum  head-port  easting  at  the  valve  seat  bases,  and 
not  just  pressed  up  against  it  by  a  remote  thread. 

Finally,  there  is  to  be  noted  tlie  one-piece  steel-forging  con- 
struction for  cylinder,  cylinder  head,  ports  and  ignition  holes, 
surrounded  by  a  sheet-metal  welded  jacket,  a  very  satisfactory 
though  expensive  construction. 

These  heads  are  themselves  a  subject  of  considerable  study. 
We  have  first  a  plain  head  in  which  the  valve  inside  diameter 
is  half  the  cylinder  less  the  width  of  seat,  and  half  the  bridge 
between  the  valves.  Both  valves  have  stems  pointing  upward 
and  parallel.     The  plain  cylinder,  then,  which  can  be  made  of 


a  plain  seamless-drawn  steel  cartridge,  and  which  is  so  desir- 
able structurally,  limits  valve  diameter,  and  this  is  a  factor 
against  it.  Valve  diameter  is  a  strong  influence  in  volumetric 
efficiency  and  weight  of  charge,  controlling,  as  it  does,  flow- 
resistance  conditions.  Naturally,  designers  must  get  the  volu- 
metric efficiency  as  high  as  possible  by  keeping  flow  resistance 
as  low  as  possible.  Therefore,  the  tendency  is  to  go  towards 
larger  valves  than  is  possible  with  the  previous  arrangement. 

One  variation  in  form  for  this  purpose  is  the  flat  bulged 
head  where  the  valve  diameter  is  larger  than  before  by  the 
amount  of  the  bulge.  The  flat  bulged  head  is  a  very  desirable 
thing  for  larger  volumetric  efficiency  and  higher  mean  effective 
liressure,  but  offers  some  difficulty  in  manufacture  when  one  is 
nuiking  a  one-piece  seamless  drawn-steel  job,  but  not  a  serious 
difficulty. 

Another  suggestion  for  getting  the  same  result  is  to  bulge 
this  head  upward  in  the  form  of  two  flats  and  put  the  valves 
on  the  two  inclines.  It  is  perfectly  clear  that  a  very  large 
increase  in  diameter  can  be  secured  in  this  way.  The  valve 
stems  in  this  case  are  not  parallel  but  diverge  at  any  angle  and 
the  limit  is  reached  when  the  angle  is  180  deg.,  in  which  case 
they  are  horizontal. 

The  question  of  block  arrangement  of  cylindei-s  and  their 
jackets  vs.  separate  units,  deserves  some  attention.  In  some 
cases  each  cylinder  with  its  jacket  and  head  is  entirely  sep- 
arate. In  other  cases  the  jackets  are  cast  or  welded  in  a  block 
form,  around  more  than  one  cylinder — sometimes  two  and 
sometimes  four,  and  in  some  cases  six.  It  is  clear  that  the 
more  cylinders  included  in  the  jacket  block,  the  less  will  be 
the  weight  of  the  jacket,  because  the  length  of  the  tangent  to 
two  jacket  circles  is  less  than  a  half  circumference.  But  there 
are  objections  to  the  block,  and  in  some  cases  it  may  not  pay  to 
use  it. 

In  a  case  in  point,  a  cast-aluminum  block  jacket  was  set 
down  over  four  steel  cylinders  which  were  bolted  to  the  frame 
by  their  usual  flanges  and  studs.  These  cylinders  gave  trouble 
on  the  outer  flanges,  the  end  studs  breaking  off  or  pulling  out. 
The  trouble  was  caused  by  the  crankcase  running  hot, 
expanding;  and  the  aluminum-block  cylinder  easting  running 
cool,  because  it  was  water-jacketed,  not  expanding.  The 
cylinders  being  bent  inward  tore  the  stud  ends  right  out. 

Another  point :  the  steel  cylinder  is  naturally  flexible,  and  it 
belongs — in  fact  the  entire  motor  belongs — to  that  class  of 
structures  which  should  properly  be  termed  flexible,  exactly 
similar  to  bridge  structures. 

These  flexible  motors  weave  just  as  the  engine  of  a  steam- 
ship weaves.  To  attempt  to  hold  one  against  springing  is  to 
attempt  what  is  praetieally  impossible.  The  cylinders  of 
aeroplane  engines  should  all  be  perfectly  free  to  go  as  they 
will,  and  not  be  held  on  the  top  in  any  way.  All  the  block 
arrangements  of  cylinders  of  the  sort  just  described,  are  there- 
fore objectionable. 

Steel  cylinders  have  a  natural  spring  and  give  to  them, 
and  if  let  alone  they  will  serve  well,  but  attempting  to  secure 
them  may  result  in  serious  distortions,  or  in  highly  localized 
excess  stresses. 

Proceeding  in  the  same  qualitatively  analytical  style,  the 
complete  paper  takes  up  successively  the  problems  of  the 
piston,  valves,  valve  gears,  frame,  etc.,  indicating  how  a 
gradual  realization  of  conditions  has  led  to  modifications  of 
design,  and  pointing  out  factors  not  even  yet  considered  and 
making  suggestions  for  meeting  them.  For  instance,  in  con- 
nection with  the  valves  the  author  makes  a  thermal  study  of 
the  problem  which,  he  says,  has  not  been  undertaken  by 
anyone  in  the  shops.    He  does  the  same  for  the  piston,  and  the 
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crankcase    lie    analyzes    irom    its    eonsideratiou    as    a    stress 
member. 

The  paper  sums  up  with  the  pointed  statement  that  tlie 
aeronautical  engine  is  emerging  from  the  stage  of  invention 
to  the  stage  of  design;  as  a  light,  high-tensioned  steel  strut-ture, 
consisting  of  seamless  tubing  and  forged  or  welded  steel  jiarts, 
possibly  formed  in  drop-forge  dies.  Add  to  that  steel  stress 
structure  certain  members,  such  as  the  piston,  exhaust  valve 
and  guide,  designed  primarily  for  heat-flow  conditions  and  not 
for  stresses.  Add  to  that  again  certain  closing  members,  such 
as  the  ports  for  the  intake  and  exhaust,  which  can  be  very 
properly  cast  in  aluminum;  and  the  oil  crankcase  closure, 
which  can  be  made  of  any  desired  materials. 

TEST  OF   A   MOTOR   FIRE   ENGINE 

By  HORACE  JUDD,  COLUMBUS,  OHIO 

Member  of  the  Society 

DURING  the  past  ten  years  the  city  of  Columbus,  Ohio, 
has  remodeled  many  of  its  horse-propelled  steam  tii-e 
engines  and  equipped  them  with  motor-driven  trucks  so  that 
now  more  than  7(1  per  cent  are  motor-driven.     The  city  also 


The  motor  fire-engine  unit  was  manufactured  by  the  Sea- 
grave  Comiiany,  Columbus,  Ohio,  and  consists  of  a  motor- 
driven,  direct-connected,  centrifugal  pumping  unit  combined 
with  a  hose  truck.     (Fig.  1.) 

The  motor  is  a  4-eyele,  water-cooled,  si.x-cylinder  motor, 
79.3  hp..  A.L.A.M.  rating,  and  of  rugged  construction  to  meet 
the  requirements  of  fire  service.  The  cylinders  are  vertical, 
T-liead,  cast  separately,  with  integral  water  jackets.  Cylinder 
bore  is  5.75  in.,  stroke  6.5  in.  The  crankcase  is  parted  hori- 
zontally through  the  plane  of  the  crankshaft,  the  upjjer  section 
supporting  the  cylinders  and  crankshaft  bearings  and  the 
lower  section  easily  removable  and  forming  a  reservoir  for 
oil.  There  are  two  cam  shafts,  one  on  each  side  of  the  motor, 
with  the  cam  gears  located  in  the  forward  end,  encased  'but 
easily  accessible.  The  intake  and  exhaust  valves  are  2.625  in. 
in  diameter  with  13/32  in.  lift. 

Forced  feed  lubrication  is  used.  The  cooling  water  is  sup- 
plied by  a  separate  centrifugal  pump  operated  from  the  cam 
shaft.  The  carburetor  is  of  the  float-feed  type  with  automatic 
auxiUary  air  intake  and  is  controlled  by  the  throttle  lever. 
The  ignition  is  of  double  type,  (o)  Bosch  high  tension,  water- 
proof magneto  for  one  set  of  spark  plugs,  (b)  current  from  a 
storage  battery  through  a  timer  to  the  second  set  of  spark 
plugs. 
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Fig.  1     The  Motor  Fibe  Engine 


has  two  complete  combination  gasoline  motor-driven  and  pump- 
ing units.  One  of  these  combination  units,  put  into  service  in 
April,  1916,  was  loaned  to  the  Ohio  State  University  through 
the  courtesy  of  the  Columbus  Fire  Department  for  a  more 
extended  test  than  could  be  undertaken  during  the  acceptance 
trials  by  the  Inspection  Bureau. 

In  view  of  the  im|)ortance  and  value  of  the  motor-driven 
engine  in  getting  under  way  and  reaching  the  fire,  as  well  as 
the  ability  to  change  the  motor  instantly  from  propulsion  to 
pumping,  the  writer  offers  the  results  of  a  performance  test 
on  this  motor  fire  engine  to  those  interested  in  fire  preven- 
tion.' 

For  presentation  at  tbe  Sprine  Meeting,  Cincinnati,  Ohio.  Ma.v  21  to 
24,  1917,  of  The  Americin  SociEn'  of  Mechanical  Engixeeu.s. 
The  paper  is  here  printed  In  abstract  form,  and  advance  copies  of  tlie 
complete  paper  maj'  be  obtained  by  members  gratis  upon  application. 
All  papers  are  subject  to  revision. 


Tlie  centrifugal  pump  (Fig.  2)  is  a  4-stage  (two  stages  for 
each  impeller)  turbine  pump  mounted  under  the  drivers  seat 
about  midway  between  the  front  and  rear  axles.  The  casing 
is  of  bronze  and  includes  in  one  piece  the  guide,  or  diffuser, 
vanes,  and  the  water  passages  connecting  the  successive  stages. 
The  two  bronze  impellers  are  mounted  on  a  hollow  steel  shaft 
which  fits  over  tbe  drive  shaft  to  the  differential  and  is  driven 
by  hardened  steel  gears  which  can  be  thrown  out  of  mesh 
when  the  engine  is  on  the  road. 

Each  impeller  has  12  vanes  1  in.  wide  and  9/16  in.  net  depth 
of  water  passage  between  the  vanes.  There  are  six  diffuser 
vanes  surrounding  each  impeller.     (Fig.  3.)     The  water  enter- 


*  This  paper  is  based  on  the  results  embodied  in  the  thesis  work  of 
Messrs.  E.  W.  Leatherman,  H.  V.  Walborn.  and  E.  R.  Wilson,  grad- 
uates in  Mechanical  Engineering,  Class  of  1916. 
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ing  at  the  center  of  the  pump  passes  into  the  first  stage  on  usual  range  of  pressures  and  with  sut-h  sizes  of  fire  nozzles 

the  inner  half  of  one  propeller,  is  thrown  out  by  centrifugal  as  are  commonly  used. 

force    through    the    diffuser   vanes    and,    passing    around    the  6     The  fuel  consumption  of  the  engine. 

impeller  through  the  water  passage,  enters  the  second  stage  Such  a  series  of  tests  required  the  accurate  measurement  of 

on  the  other  side  of  the  same  impeller.    Prom  the  second  stage  the  fuel  used,  the  water  pumped,  and  the  pressures  maintained 

it    enters   the   third    stage   on    the   inner   side    of   the   second  at  engine  and  nozzle. 

impeller  and  is  discharged  into  the  other  side  of  the  impeller  The  tests  were  carried  on  in  the  hydraulic  laboratory  of  the 


Fig.  2    Side  View  of  Centrifugal  Pump  Chassis 


Fig.  3     Sectional  View  of  One  Stage  of  Pump  Showing 
Impeller  and  Difpusio\'  Vanes 


(fourth  stage)  and  from  thence  it  passes  into  the  discharge 
line.  Since  the  water  enters  both  impellers  on  the  inner  side 
the  end  thrust  is  practically  eliminated,  although  end-thrust 
shaft  bearings  are  also  provided.  Two  suction  connections 
and  three  discharge  connections  are  provided. 

When  necessary  the  pump  may  be  primed  by  means  of  a 
rotary  vacuum  pump,  which  will  exhaust  the  air  and  enable 
the  pump  to  be  put  into  operation  in  about  20  sec. 

The  speed  ratio  of  the  pump  and  engine  is  2.06  to  1.  The 
speed  range  of  the  motor  during  the  tests  was  about  800  to 
1100  r.p.m.,  corresponding  to  a  speed  range  of  the  pump  of 
about  1G50  to  2270  r.p.m.  The  rated  capacity  of  the  pump  is 
750  gal.  per  min.  at  120  lb.  net  pressure  at  the  pump  discharge. 

The   purpose  of   the   tests   may   be   outlined   as   being   to 
determine : 
a     The  capacities  of  the  fire  engine  when  working  against  the 


University,  where  the  water  was  taken  from  one  of  the  large 
cisterns,  or  bays,  25,000  gal.  capacity,  as  shown  in  Fig.  4, 
through  three  lengths  of  5-inch  standard  rubber  suction 
iiose,  and  was  discharged  through  the  desired  length  of 
hose  line,  first  into  a  series  of  tumbling  bays  and  finally  into 
the  suction  bay  after  passing  through  an  8-in.  by  20-in. 
standardized  rectangular  weir.  The  discharge  of  the  nozzles 
was  also  read  at  the  jet  by  means  of  the  pitot  gage,  or  piezo- 
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E.  I  e  V  a  -h  i  o  n 
Fig.  4    Arrangement  op  Apparatus 

meter,  now  widely  used  in  fire-service  work  to  give  instan- 
taneous readings  of  the  nozzle  discharge.  The  gasoline  used 
was  weighed  on  carefully  calibrated  platform  scales.  The 
pressures  at  the  engine  were  taken  by  the  regular  service 
gages  and  their  readings  corrected  for  error.  The  pressure 
drop  in  the  hose  line  was  taken  b3'  means  of  a  specially  con- 
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stiuctod  ring  connection   for  the   ]3ressure   gage   which   was 
located  at  the  hose  coupling  as  shown  at  A  in  Fig.  5. 

The  discharge  hose  was  taken  from  the  city  service  and  had 
seen  considerable  use  but  was  in  fair  condition;  it  was  rubber- 
lined  cotton  hose  with  nominal  diameter  of  2.5  in.  and  average 
actual  diameter  of  2  11/16  in.  The  smooth  conical*  nozzles, 
sliown  in  Fig.  6,  were  taken  from  the  regular  equipment  of  the 


and  continued  for  30  min.  for  the  runs  with  double  line  using 
Siamese  hose  connection,  and  for  20  min.  for  the  runs  using 
single-hose  lines.  At  the  completion  of  the  runs  the  engine 
was  stopped  at  the  instant  and  the  gasoline  tank  refilled,  and 
the  amount  put  in  was  taken  as  the  equivalent  of  the  amount 
used. 

The  Siamese  hose  union  was  a  4-hose  connection,  but  in  this 
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Fig.  .5    Fire  Stream  froji  Two-Hose  Siamese  Union 


Fig.  6    Play  Pipes  and  Smooth  Nozzles 

ease  was  connected  to  the  pump  with  but  two  250-ft.  lengths 
of  2.5-in.  hose.  To  the  Siamese  union  was  attached  the  12-ft. 
length  of  3.5-in.  hose  with  the  play  pipe  and  the  1.5-in., 
1.75-in.,  and  2-in.  smooth  nozzles.  Single-hose  lines,  both 
250-  and  500-ft.  lengths,  were  used  with  1.125-in.,  1.25-in.,  and 


TABLE  1    average   DATA  AND   RESULTS  FOR  MOTOR  FIRE  ENGI.VE,  COLIMBIS  FIRE   DEPARTMENT.  COLIMBIS,  OHIO 
Diameter  Ctundee.  5.75  In.;  No.  Cyuxders,  6;  Dumeter  of  Hose,  2.69  In.;  Stroke,  6.5  In.;  No.  or  Cycles,  4;  A.L.-'V.N.  Rating,  79.3;  Gasoline, 

59. S  Deg.,  Bau.me,  19,000  B.T.r.  pp.r  Lb. 


Item 


Siamese  connections 


Two  1.25  in.  on 

singlelines.  d  =  1.246 

in.     Area=0.0O847 

sq.  ft. 


One  1.125  in.  on 

500-ft.  line.    rf  = 

1.121  in.   Area  = 

0.00685  sq.  ft. 


One  1.25  in.  on  500- 
ft.  line.  (i=1.246in. 
Area=0.00847  3q.  ft. 


One  1.375  in.  on 

500-ft.  line. 

rf  =  1.37in.    Area  = 

0.01024  sq.  ft. 


1    Number  of  run 


1 


9 
10 
11 
12 
13 
14 
15 

16 
17 
18 
10 
20 
21 
22 
23 

24 
25 
26 
27 
28 
29 


Revolutions  per  minute;  engine 

Revolutions  per  minute;  pump 

.Suction  by  gage,  ft 

Suction  b.v  gage,  lb. 

>^uction  (measureil)  ft 

Discharge  pressure,  lb 

Discharge  head,  ft 

Total  head,  ft 

Total  head,  lb 

.Static  pressure  at  nozzle,  Ib.t 

Static  head  at  nozzle,  ft 

Length  of  ho^e  lines  (2.5 in.) 

Drop  in  pressure  in  one  2.5  -in.  line.  lb. . 
Drop  in  pressure  per  100  ft.  one  2.5-in.  line, 

lb.  

Gallons  f  er  minute 

Cubic  feet  per  minute 

Pitot  gage  reading,  lb 

CJal.  per  min.  from  pitot  reading 

Water  horsepower  of  pump 

Theoretical  velocity  at  nozzle,  ft 

.\ctual  velocity  at  nozzle,  ft 

Coeff .  discharge  of  nozzle  (including  play 

pipe) 

Coeff.  discharge  of  nozzle  (by  pitot  gage). 

Gasoline  per  hour,  lb 

Gasoline  per  hour,  gal 

Gasoline  per  hour  per  water  hp.,  gal 

B.t.u.  per  hour  per  water  hp 

Duty  per  1 ,000,000  B.t.u  ,  million  tt.-lb 


981 
2,020 
14.84 
6.43 


954 
1,965 
15,88 


966 
1,990 
18.7 
8,09 


S.25(equals2-27lb.) 


157  3 
363  5 

378  3 
163  8 
95  5 
220  8 


133  5 
308  0 
323  S 
140  2 
62  3 
144  0 


Two  250  ft. 
61.8        71  2 


24.7 
337 

85.2 

94.9 
:l.i6,0 

60.7 


97 
86.9 
14,0 
0  231 
27,020 
73.25 


28,3 
693 

92,6 

61.25 
718,0 

.56,8 


96.6 
80,0 
13  0 
0  229 
26,780 
73.95 


121,9 
281.7 
300,4 
130  1 
4.T  5 
105  2 

76  4 

30,3 
745 

99  6 

43,3 
788  0 

56  7 


94  5 
75  7 
12  3 
0  217 
25,390 
78,0 


812 
1,674 
15  88 


884 
1,820 
17.23 
7.46 


95.0 
219  2 
235.1 
101  8 

44  0 
101,7 


969 
I,9«5 
19,05 


113  0 
261  0 
278  2 
120,4 
51  9 
120,0 
Two  250  ft 
51  0        61   1 


134,0 
309  3 
328  4 
142  2 
61  5 
142,1 


20  2 

620 
82  8 
45,6 

624  0 
36  8 
83,4 
81,5 

97  5 
99  0 
.52,4 
8  51 
0  231 
27,020 
73,28 


24.3 

636 
85.1 
56  5 

899  0 
44  8 

90  7 
83.7 

92,4 

91  0 
57,5 

9  34 
0  208 
24,350 
81  3 


28  4 

720 
96  2 
64  5 

747  0 
59  6 
98  6 
94,7 

96  0 
96  3 
73  4 
11  92 
0  20 
23,400 
84  6 


772 
1,590 
7  93 
3  43 

117  0 
270  0 
277  9 
120  3 

51  5 

118  8 


8 

1,000 

2,060 

9  75 

4,22 

197,4 

455  0 

464  8 

201  2 

85  0 

196  0 

10 


1.132 
2.335 
11, .32 
4,90 

249  6 
575  0 
586  3 
253  8 
106  8 
246,0 


One  500  ft. 
65  5   112  4   142  S 


13  0 
246 

32  9 

48  5 
262  0 

17  4 

89  3 
80  1 

90  0 
94  0 
30  8 

5  00 

0  287 

33,580 

58  98 


112  4 

22  3 

322 

43  1 

81  5 

340  0 

37  8 

114,5 

104,9 

91  4 

94  6 

46  6 

7  57 

0  20 

23.400 

84  6 

28  4 
360 

48  2 
105  0 
384.0 

53  2 
128  4 
117.0 

91  2 

93  6 

81  0 

13  16 

0  247 
28.900 

68  50 


770 
1.5S6 
7  48 
3  24 

116  7 
269  0 
276  5 
119  7 
40  0 
92  3 


11 

995 

2.047 

10  43 

4  52 

193  5 

447  0 

4.57  4 

198  0 

58,2 

134  0 

12 


13 


1.116 
2,300 
12,48 
5  40 

242  0 
558  5 
571,0 
247,2 
69  3 
159  6 


One  500  ft. 
7   135  3   172; 


15  2 
264 

35  3 

35  0 
275  0 

18  5 

79,5 

69  4 

87  2 

92  7 

35  5 
5  70 
0  306 

35.800 

55  30 


135  3 

26  9 

!:i5 

44  8 

57  5 

353  0 

38  8 

95,8 

88 

91  9 

94  9 

58  2 

9  45 

0  243 

28.430 

69  65 

34  3 
383 

51  2 

71  5 
393  0 

55  3 
104  6 
100  8 

06  6 
97  6 
80  1 
13  01 
0  23li 
27.600 
71,75 


768 
1,582 
7,93 
3  44 

115  7 
266  5 
274.4 
118  7 
35  0 
80  7 


14 

997 

2,055 

10  78 

4,67 

190  0 

452  0 

462  8 

200  3 

47  5 

109  5 

15 


1.096 
2,258 
11  63 
5  06 

236  2 
.544  5 
556  2 
240.8 
56  5 
130,2 


One  500  f(. 
80,7      148  5      179.; 


16  2 

175 

36  8 

29  0 
303  0 

IS  6 

75,0 

60  2 

82  0 

90  8 

31  6 
5  14 
0  27t 

32.260 

61  37 


148 

5 

29  5 

363 

48 

5 

46  8     1 

384 

0 

42 

4 

87 

95 

78 

9 

89 

7 

94 

5 

52 

0 

8 

45 

0 

199 

23. 

280 

85  06 

35,5 
399 

52  9 

57  3 
425  0 

55  7 

95  9 

86  1 

89  6 

94  0 

95  8 
15  56 

0  277 
32,400 
61  13 


1  For  .Siamese  connection,  this  gage  is  located  at  end  of  2.5-in.  hose,  12  ft.  from  nozzle 


engines.    The  sizes  chosen  were  those  most  commonly  used  in 
the  city  fire  service. 

During  the  test  the  pump  was  quickly  brought  up  to  running 
conditions,  and  with  a  full  gasoline  tank  the  runs  were  started 


1.375-in.  nozzles.    The  range  of  discharge  pressure  carried  at 
the  pump  was  from  95  to  250  lb. 

Readings  were  taken  for  the  whole  run  of  the  gasoline  used, 
every  five  minutes  of  discharge  pressure  at  the  pump,  the 
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revolutions  of  the  motor,  the  pressure  drop  in  the  line,  and 
every  minute  and  a  half  of  the  weir  readings. 

DATA  AND  RESULTS 

The  average  values  for  the  observed  data  and  the  calculated 
results  from  these  data  will  be  found  in  Table  1. 

Fig.  7  represents  the  important  results  for  the  motor  fire 
engine,  as  a  unit.  Here  are  shown  the  total  gallons  of  gasoline 
used  per  hour  for  water  horsepowers  at  the  pump,  ranging 
from  20  to  60 ;  the  gaUons  of  gasoline  used  per  hour  per  unit 
horsepower;  the  number  of  heat  units  supplied,  and  the  duty 
of  the  pump.  • 

The  number  of  heat  units  is  taken  as  equal  to  117,000  B.t.u. 
per  gallon  (59.8  deg.  Baume,  0.738  specific  gravity,  19,000 
B.t.u.  per  lb.). 

Duty  is  defined  as  the  number  of  foot-pounds  of  work  done 
per  1,000,000  B.t.u.  supplied. 

60  X  33,000  X  1,000,000 
Gal.  gasoline  per  hp.  per  hr.  X  117,000 

16,920,000 
Gal.  gasoline  per  hp.  per  hr. 
The   maximum  capacity  obtained  during  the  test   was   745 
gal.  per  min.,  at  122  lb.  pump  discharge  pressure  with  a  2-in. 

TABLE"j2lMAXIMUM  CAPACITIES  FOR  VARIOUS  SMOOTH  NOZZLES 
UNDER  CONDITIONS  OF  TEST  FOR  MOTOR  FIRE-ENGINES 


Discharge 

Maximum 

Pitot 

Capacity 

Deviation 

Diameter 

press,  at 

capacity 

gage 

by  pitot 

of  pitot 

No.  and  length  of 

nozzles, 

pump, 

by  weir, 

readings. 

gage,  gal. 

gage  from 

hose  Hne.  ft. 

in. 

lb. 

gal.  per 
min. 

lb. 

per  nun. 

weir, 
per  cent 

1.121 

249.6 

360 

105.0 

384 

6.4 

One  500 

1.246 

242.0 

383 

71.0 

393 

2.4 

One  500 

1.370 

236.2 

399 

57.3 

425 

6.0 

One  500 

1,500 

157.3 

637 

94.9 

656 

3.0 

Two  250.  with  Si- 
amese union 

1.750 

133.5 

693 

61.3 

718 

3.4 

Two  250,  with  Si- 
amese union 

2.000 

121.9 

745 

43.3 

788 

5.5 

Two  250,  with   Si- 

Two of 

H    < 

amese  union 

1.248 

134.0 

720 

64.5 

747 

3.7 

Two  250 

Average.  . 

4.3 

The  capacity  as  indicated  by  the  pitot  gage  is  seen  by  Table  3  to  be  on  the 
average  4.3  per  cent  higher  than  that  by  the  cahbrated  weir. 

nozzle  attached  to  a  Siamese  union  with  two  hose  lines  each 
250  ft.  long,  as  shown  in  Table  2.  This  discharge  is  slightly 
below  the  rating  of  750  gal.  at  120  lb.  net  pump  discharge 
pressure,  and  is  accounted  for  by  the  fact  that  a  2-hose  line 
instead  of  a  3-hose  line  was  run  from  the  engine. 

The  gasoline  used  by  the  motor  fire  engine  may  be  read  from 
tLe  total  gasoline  curve.  Fig.  7.  The  range  of  water-horse- 
power output  was  from  18  to  60  hp.,  with  most  of  the  tests 
grouped  about  18,  40,  and  55  horsepowers. 

The  average  results  as  read  from  the  curve  are  as  given  in 
Table  3. 

table's  I'AVERAGE  RESULTS  FROM  FIG.  7 


Water-hp. 
output 

Gasoline  per 
hr.,  gal. 

Gasoline  per 

hr.  per  water 

hp..  gal. 

Heat  units  sup- 
plied per  hr. 
per  water  hp., 
B.t.u. 

20 
40 
60 

5.45 

8.75 

14.35 

0.272 
0.218 
0.240 

32.000 
25,500 
28.000 

The  curves  (Fig.  7)  show  that  the  most  economical  work- 
ing point  for  the  engine  is  about  40  water-hp.  output,  at 
which  point  the  least  gasoline  per  horsepower  is  used  and 
hence  a  horsepower  is  obtained  with  the  least  expenditure  of 
heat  units. 

Assuming  50  per  cent  for  the  overall  elliciency  at  the  nozzle, 
which  would  seem  to  be  a  reasonable  figure  for  efficiency  of  the 
pump  and  hose  line,  it  is  seen  that  the  most  economical  condi- 
tions are  obtained  when  the  probable  engine  output  is  80  hp., 
which  is  its  rated  power. 

For  40-hp.  output,  0.218  gal.  of  gasoline  per  hr.  per  hp.  is 
used,  which  is  equal  to  1.74  pints  of  gasoUne  per  hp-hr.  An 
average  value  of  1  pint  per  hour  per  brake  horsepower  was 
obtained  in  1912  on  a  4-cylinder  Seagrave  motor  similar  in 
type.    The  value  of  1.74  pints  for  the  complete  fire-engine  unit 
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Fig.  7    Performance  Curves  for  Motor  Fire  Engine 

seems  a  consistent  figure  when  the  frictional  resistances  of  the 
pump  and  hose  line  are  taken  into  account. 

The  advantage  of  the  gasoline-driven  engine  is  most  notice- 
able when  the  comparison  is  made  with  the  horse-drawn 
steamer,  for  the  motor  fire  engine  is  able  to  reach  the  fire  in 
half  the  time,  is  readily  converted  from  the  locomobile  to  the 
pumping  engine,  and  is  more  easily  and  economically  operated, 
with  the  expense  of  maintaining  the  proper  number  of  horses 
entirely  eliminated. 

The  paper  closes  with  a  comparison  of  the  gasoline-driven 
engine  and  the  horse-drawn  steam  fire-engine  unit,  leading  to 
the  conclusion  that  the  motor  fire  engine  is  fully  the  equal  of 
the  steam  fire  engine  in  fire-stream  capacity,  and,  except  as 
to  a  slightly  higher  fuel  cost  at  prevailing  prices,  is  without 
doubt  its  superior  in  steadiness  of  pump  action,  as  a  time 
saver,  in  flexibility,  in  ease  of  operation,  and  in  reduced  cost 
of  maintenance,  especially  when  compared  with  the  horse- 
drawn  steamer. 
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THE  DESIGN  OF  MOTOR-TRUCK 
ENGINES  FOR  LONG  LIFE 

By  JOHN  YOUNGER,  BUFFALO,  N.  Y. 
Member  of  the  Society 

THE  question  of  life  in  a  motor-tnu'k  engine  is  naturally 
one  whieh  the  engineer  must  comjiromise.  An  intense 
search  after  long  life,  to  the  exclusion  of  everything  else, 
would  result  in  a  monstrosity  which  would  be  too  heavy,  too 
bulky,  and  too  costly  to  run. 

An  approximate  definition  of  long  life  would,  therefore,  be 
■■  that  length  of  life  whieh  is  something  more  than  the  average 
expected  life,  based  on  present-day  knowledge  and  all-around 
conditions." 

At  the  present  day  a  life  of  50,000  miles,  without  overhaul, 
would  be  considered  long.  This  would  correspond  to  a  con- 
tinuous run  day  and  night  for  12  months,  at  a  speed  of  about 
400  r.p.m.,  with  no  attention  beyond  oiling  and  fueling.  The 
load  will  fluctuate  between  less  than  zero  (as  when  in  coasting 
downhill  with  clutch  in,  the  chassis  drives  the  engine)  to  the 
lull  power  of  which  the  engine  is  capable.  The  majority  of 
the  hauling  will  be  done  at  an  average  of  3/5  full  engine  power. 
An  engine  should  be  capable  of  at  least  five  or  six  overhauls, 
or  300,000  miles,  before  renewal  of  the  major  parts. 

This  does  not  look  at  all  severe  to  the  casual  glance  of  the 
power-house  engineer,  but  when  one  considers  that  this  power 
plant  is  operating  under  widely  varying  temperatures,  power 
and  speed  conditions,  and  that  its  various  axes  are  constantly 
changing  relatively  to  the  bed  to  which  it  is  fastened,  it  will 
be  seen  that  the  problem  of  long  life  is  not  so  simple  as  it 
looks. 

Long  life  depends  on  three  factors :  (1)  Design,  (2)  Miiini- 
faeturing  excellence,  (3)   Operating  conditions. 

This  may  be  considered  under  headings  such  as:  (i  liear- 
ing  surfaces,  b  lubrication  facilities,  c  materials  used,  </  factors 
of  safety,  e  general  design  and  use  of  governoi-. 

Explosion  Pressure.  All  calculations  should  be  based  on 
full  load,  not  on  average  load.  This  can  be  taken  as  an  explo- 
sion pressure  of  300  lb.  per  sq.  in.  on  the  j)iston  with  a  22  per 
cent  compression  volume. 

Connecting  Bod  Beuriiiijs.  The  pressure  per  |)rojected 
stpiare  inch  should  be  about  700  lb.  per  .sq.  in.,  excluding  area 
of  oil  leads  and  fillets  at  ends,  or  1  sq.  in.  per  2.33  s<|.  in.  of 
piston  area. 

Oil  is  conveniently  introduced  through  a  hole  in  the  crank- 
shaft, and  the  bearing  may  either  be  grooved  with  a  slightly 
spiralling  oil  groove  around  the  w-hole  circumference,  or  a 
groove  around  the  bottom  half  only,  or  a  series  of  slots  oi' 
labyrinth  cheeks  on  the  sides,  or  even  no  grooves  at  all.  Any 
of  these  methods  prevent  ridge  wearing  on  the  crankshaft. 

The  bearing  itself  should  be  a  thin  shell  of  hard  babbitt 
metal  about  1/32  in.  thick,  backed  up  by  a  thick  shell  of  hard 
bronze  running  on  a  case-hardened  or  otherwise  hard  surface. 
This  gives  the  advantages  of  the  babbitt  as  a  bearing  metal, 
and  prevents  it  from  pounding  out.  The  bronze  should  be 
carefully   turned   and    have    jieg    holes   in    it   to   give    jjerfect 


For  pieseutation  at  the  Spring  Mfetiuf;,  c'incinuatl,  0]iii).  Ma.v  21  to 
24,  1917,  of  The  American  Societv  op  Mechanical  Engineehs.  The 
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union  between  the  two.  The  running  clearance  should  be  small, 
between  0.0015  in.  and  0.0025  in.,  satisfying  practically  all 
truck  engines.  The  split  surfaces  should  be  carefully  fitted 
together  to  prevent  rocking  or  eater-cornered  work. 

Gudgeon  or  Wrist-Pin  Bushings.  Owing  to  the  slight  oscil- 
latory motion,  pressures  may  be  higher.  Under  the  conditions 
of  space  and  the  necessity  for  keeping  down  the  weight  of 
reciprocating  parts  they  may  be  as  liigh  as  1800  to  2000  lb. 
per  sq.  in.  (or  1  scj.  in.  per  C  sq.  in.  of  piston  area). 

Lubricating  oil  should  be  brought  by  a  small  tube  (where 
(pressure  lubrication  is  used)  direct  to  the  bearing  and  allowed 
to  ooze  out.  The  majority  of  bushings  are  at  present  lubri- 
cated on  what  might  be  called  the  "  chance  '"  method, — the 
chances  being,  however,  chiefly  against  The  metal  should  be 
a  very  hard  chill  cast  phosphor  bronze,  running  on  a  case- 
hardened  steel  surface. 

Running  clearances  should  be  kept  exceedingly  low, 
0.00025  in.  being  satisfactoi-y.  Very  little  tolerance  should  be 
allowed. 

Pistons.  The  side  bearing  pressure  is  low,  inasmuch  as  the 
facilities  for  lubrication  are  poor.  Sixteen  pounds  per  pro- 
jected square  inch  is  satisfactory'.  The  piston  should  be  as 
light  as  possible  consistent  with  strength,  so  as  to  minimize 
the  loads  due  to  the  reciprocating  masses. 

Three  rings  above  the  gudgeon  pin  are  ample.  They  should 
be  thick  radially,  and  preferably  of  the  concentric  type,  to 
even  the  pressure  on  the  slots  and  prevent  them  wearing 
away.  The  S.A.E.  standard  for  piston  ring  grooves  is 
G=  %  (0.01  Z)-)-f  0.005  where  G  is  depth  of  groove,  and  D 
is  nominal  diameter  of  ])iston.  A  pressure  of  about  10  to  12 
lb.  per  projected  sq.  in.  is  ample  to  keep  the  rings  against  the 
cylinder  walls. 

The  piston  should  be  made  of  a  softish  gray  east  iron,  run- 
ning against  a  harder  cylinder  metal.  The  clearance  should 
be  great  at  the  top  to  allow  for  expansion  due  to  heat,  being 
four  times  the  piston  diameter  in  thousandths  above  the  top 
ring,  and  etpuil  to  it  in  thousandths  on  the  skirt.  This  bear- 
ing surface  is,  as  a  rule,  relieved  around  the  gudgeon  pin. 

Cylinders.  Cylinders  should  be  of  a  hard,  close-grained, 
high  tensile  strength  cast  iron.  Its  scleroscope  hardness 
(though  this  is  of  doubtful  value)  will  be  found  to  be  about 
35.  It  should  be  made  thick  enough  in  the  walls  so  that 
actually  about  0.060  may  be  ground  off  the  diameter  to  take 
care  of  wear,  without  causing  weakness.  For  a  5-in.  bore 
cylinder,  5/16-in.  walls  are  sufficient. 

Crankshaft.  Three  bearings — front,  center  and  rear — are 
considered  ample  for  a  4-cyl.  truck  engine.  Consider  the  area 
of  the  connecting-rod  bearing  (big  end)  as  1,  then  the  front 
and  center  bearings  may  have  an  area  equal  to  1  and  the  rear 
bearing  1.5.  If  splash  or  trough  system  of  lubrication  is  used, 
the  areas  of  the  front  ;ind  center  bearings  should  be  increased 
to  about  1.2. 

An  ajiproximate  rule  for  the  diameter  of  crankshafts  in  th^ 
usual  sizes  of  motor-truck  engines,  is  that  the  S(|uare  of  the 
cylinder  bore  shall  be  twice  the  cube  of  the  erankpin.  This 
gives  a  2-in.  shaft  for  a  4-in.  bore  engine,  and  about  a  2  5/16- 
in.  shaft  for  a  5-in.  bore  engine. 

Running  clearances  lie  between  0.0015  and  0.003  in.,  depend- 
ing somewhat  on  the  nature  of  the  lubrication. 

The  bushings  should  be  similarly  constructed  to  those  on 
the  connecting-rod  big  ends,  excejit  that  the  spiral  oil  groove 
will  jirobably  be  found  preferable  to  give  a  continuous  supjjly 
of  oil  to  the  connecting-rod  bearings. 

The  material  should  preferably  be  about  0.40  to  0.50  per 
cent  carbon  steel,  carefully  heat-treated  to  give  a  tough,  hard 
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surface  (scleroscope  36  to  40 1.  The  larger-diameter  shafts 
should  have  a  percentage  of  chromium  and  nickel  to  ensure 
better  heat  treatment  and  resistance  to  fatigue. 

Low-carbon,  case-hai'dening  material  is  sometimes  used,  but 
the  shaft  has  to  be  increased  in  diameter  to  compensate  for 
tlie  lessened  resistance  to  fatigue. 

Good-sized  tillets,  no  machine-tool  scratches  and  general 
smoothness  of  outline  will  materially  help  long  life. 

Camshafts.  Camshafts  should  be  made  of  a  low-carbon 
steel,  case-hardened  on  the  wearing  surfaces.  The  busliings 
should  be  of  a  good  grade  of  phosphor  bronze.  Three  bear- 
ings are  ample  for  a  4-cyl.  car.  The  diameter  of  the  shafts 
should  be  from  1  in.  to  1%  in.,  for  the  sake  of  smooth  opera- 
tion. The  projected  area  of  the  bearings,  front  to  rear,  should 
be  approximately  4  sq.  in.,  3  sq.  in.  and  2  s(|.  in.,  depending 
somewhat  upon  whether  oil  jiuiuiis  or  governors  are  driven 
from  the  camsliaft. 

Valves.  The  cams  operating  the  valves  should  be  so  de- 
signed that  just  before  the  valve  seats  itself  the  velocity  will 
be  considerably  diminished,  allowing  the  last  few  thousandths 
of  its  travel  to  take  jdace  in  a  comparatively  long  time.  This 
prevents  the  valve  hammering  on  its  seat.  It  does  not  inter- 
fere with  the  fuel  economy  or  power,  but  gives  quieter  action. 

A  45-deg.  valve  seat  is  advisable,  as  carbon  will  not  be 
driven  into  the  seat,  but  will  more  easily  clear  itself. 

Valves  containing  a  percentage  of  tungsten  from  2  per  cent 
upwards  are  most  satisfactory  as  regards  life  and  freedom 
from  warpage.  By  scleroscoping  them  while  hot,  they  will  be 
found  to  hold  a  hardness  of  over  40.  Cast  iron  remains  about 
30,  while  other  steel  and  nickel  alloys  drop  to  25  or  lower. 
The  tungsten  valve  has  thus  a  reason  for  its  long  life. 

Simdry  Paiix.  The  rest  of  the  engine  should  be  designed  in 
proportion,  such  as  wide  faces  on  the  timing  gears  and  am|)le 
bearings  for  their  spindles.  The  water  pump  should  have 
ample  bearing  area,  and  if  of  the  centrifugal  type  proper, 
jn-ovision  sliould  be  made  for  the  thrust  of  the  blades. 

Studs  may  be  used  for  fastening  down  the  cylinders,  but- 
they  should  have  a  length  equal  to  twice  their  diameter  screwed 
into  the  aluminum  alloy,  if  such  be  used.  A  coarse  thread  is 
necessary,  but  for  all  purposes  where  aluminum  is  concerned, 
best  results  are  obtained  by  the  use  of  through  bolts. 

LUBRIC.VTION 

Considerable  change  has  taken  place  in  this  in  the  last  few 
years,  although  even  yet  all  questions  have  not  been  settled, 
and  cylinder  lubrication  is  still  somewhat  on  the  hit-and-miss 
principle. 

The  method  most  in  favor  at  jiresent  is  to  carry  a  supply 
of  oil,  about  one  gallon,  in  the  crankcase  of  the  engine,  and 
pump  it  under  a  pressure  of  anything  between  2  lb.  and  20  lb. 
per  sq.  in.  to  a  header  pipe,  from  which  issue  leads  to  the 
crankshaft  main  bearings,  and  often  the  camshaft  and  timing- 
gear  bearings.  The  surplus  oil  is  by-passed  by  a  regulating 
valve  back  to  the  crankcase.  This  oil  and  that  which  has  done 
its  work  in  the  cylinders  and  crankshaft  and  various  bearings 
drains  down  to  the  bottom  of  the  case  tiirough  a  strainer  and 
thence  into  the  pump  to  renew  the  circuit. 

When  the  oil  gets  dirty  enough — or  say  every  300  miles  or 
s(j,  it  ought  to  be  thrown  out  and  replaced  with  clean  oil. 

The  system  described  works  surprisingly  well  when  it  is 
considered  that  a  certain  amount  of  ga.solLne  filters  past  the 
pistons  and  dilutes  the  oil — that  some  of  the  aqueous  products 
of  combustion  also  get  past  and  help  form  an  emulsion. 

However,  it  can  only  be  a  matter  of  time  before  the  adoption 


of  some  much  better  system  of  introducing  fresh,  clean  oil  to 
each  bearing  in  predetermined  quantities.  Many  oils  are  on 
the  market  and  most  of  them  are  good. 

Incidentally,  as  a  point  of  design,  it  should  be  made  easy 
for  the  driver  to  make  sure  that  his  oil  is  in  good  condition 
and  of  ample  quantity. 

M.\TIOI!I.\LS  .\XD  F.ACTORS   (IF   SAFETY 

Naturally  extreme  consideration  has  not  been  given  to 
weight,  as  has  been  in  the  case  of  aeroplane  engines,  when  2% 
lb.  per  hp.  has  been  reached.  A  fair  weight  for  a  motor-truck 
engine  is  nearer  20  lb.  per  h)).  at  a  piston  sjieed  of  1000  ft. 
]ier  mill.  Aluminum  is  used  for  the  crankcase  and  its  covers. 
Cast  iron  is  used  for  the  cylinders  and  pistons.  0.40  to  0.50 
carbon  steel  is  used  for  the  crankshaft  and  connecting  rods. 
Case-hardening  steel  is  used  for  the  camshafts,  valve  tappets 
and  gudgeon  pins. 

In  order  to  ensure  the  proper  factor  of  safety  being  main- 
tained, it  is  advisable  to  scleroscope  each  part  for  correctness 
of  heat  treatment  or  hardness.  Forgings  like  connecting  rods, 
camshafts,  crankshafts,  should  be  straightened  before 
machining. 

The  general  design  should  be  such  that  extreme  climatic 
ccjnditions  can  be  guarded  against.  Roads,  for  example,  in 
winter  time  are  exceptionally  bad,  causing  a  weaving  of  the 
bed  of  the  engine  as  would  correspond  to  one  oi  the  wheels 
being  lifted  12  in.  oft'  the  road.  The  engine  should  be 
mounted  so  that  no  stress  due  to  this  will  come  on  the  moving 
parts. 

The  engine  power  should  be  ample  for  its  work.  Too  much 
gear  work  is  detrimental  to  long  life.  The  transmission  reduc- 
tion should  be  such  that  the  great  majority  of  road  work 
should  be  done  on  high  gear.  For  instance,  the  hilly  city  of 
Cincinnati  requires  a  lower  transmission  ratio  than  would 
the  comparatively  level  cities  of  Buffalo  or  Cleveland.  This 
prevents  the  engine  from  working  at  maximum  capacity  for 
too  much  of  the  time. 

Speed  should  be  carefully  limited.  A  maximum  piston  speed 
of  1000  ft.  per  min.  is  desirable,  and  drivers  and  purchasers 
should  be  educated  to  the  economy  of  a  governor  which  will 
enforce  this.  The  governor  should  be  so  designed  that  it  will 
not  restrict  the  power,  but  should  go  in  or  out  of  action  witli 
a  maximum  5  per  cent  vai'iation  in  speed  round  the  ]>rede- 
termined  jjoint. 

M.\NUF.V('TUKING  EXCELLENCE 

Too  much  stress  cannot  be  laid  on  this.  Poor  workmanship 
cannot  be  tolerated  in  an  internal-combustion  engine.  Cylin- 
ders should  be  ground  to  a  maximum  tolerance  of  0.002  in., 
as  should  pistons,  and  in  addition,  a  process  of  selection  must 
be  used  which  will  ensure  pistons  on  the  high  limit  being  put 
into  cylinders  of  the  low  limit.  The  running  clearances  should 
not  vary  by  more  than  0.002  in. 

Pistons,  complete,  should  be  weighed,  the  maximum  varia- 
tion in  any  one  of  a  set  being  not  more  than  1/2  oz.  Similarly, 
connecting  rods  should  be  weighed  and  balanced,  the  variation 
in  one  of  a  set  being  not  more  than  1/2  oz.,  with  the  ends 
varying  also  by  as  little. 

Connecting-rod  and  crankshaft  bearings  should  be  selected 
so  that  a  maximum  variation  from  standard  running  clearance 
of  0.001  in.  plus  or  minus  should  be  adhered  to. 

There  is  some  diversity  of  opinion  as  to  the  best  way  to 
finish   these  bearings,  but   the  writer  believes  that   a  reamed 
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bearing  is  superior  to  the  usual  liand-seraped  one.  Reamers 
mounted  ou  a  rigid  bar  will  true  up  crankshaft  bearings  in  a 
way  impossible  by  the  hand  reamer.  Further,  the  surface  left 
is  as  nearly  round  as  possible,  corresponding  to  that  of  tiie 
ground  crankshaft.  The  personal  element  in  hand-scraping 
is  entirely  eliminated. 

Crankshafts  should  be  ground  smooth  with  a  maximum 
variation  of  0.0015  in.  in  diameter  and  0.001  in.  eccentric. 
Each  shaft  should  be  scleroscoped  at  every  bearing.  Similarly 
with  the  camshafts,  pump  and  magneto-drive  bushings  and  so 
forth,  a  uniformly  high  standard  should  be  insisted  on. 

It  follows  naturally  that  rotating  parts  should  be  put  in 
static  and  dynamic  balance. 

When  the  engine  has  been  assembled,  it  should  be  placed  on 
a  stand  and  run  in.  Here  again  opinions  differ,  but  the 
writer  believes  a  run  of  at  least  30  hours,  at  a  piston  speed  of 
about  800  ft.  per  min.,  varying  the  load  from  zero  at  the 
start  to  practically  maximum  for  one  or  two  hours  at  the 
finish,  is  necessary. 

Most  of  this  test,  if  indeed  not  all,  should  be  done  with  some 
kind  of  fuel,  either  gas  or  gasoline,  to  get  the  engine  thor- 
oughly warmed  up.  This  wiU  ease  off  the  high  spots,  let  the 
valves  find  their  seats,  and  generally  take  the  harshness  out  of 
the  engine. 

At  the  end  of  this  run,  the  engine  should  be  partially  disas- 
sembled and  valves  reground,  piston  rings  touched  up,  carbon 
cleaned  and  the  engine  carefully  inspected  for  signs  of  wear 
or  scoring  flaws. 

When  reassembled,  the  engine  is  ready  for  work. 

OPEU.iTING  CONDITIONS 

One  of  the  secrets  of  success  in  gasoline  engines  is  oil  and 
lots  of  it.  After  a  comparatively  short  run,  the  oil  (in  the 
average  system)  is  contaminated  by  gasoline  and  carbon.  It 
should  be  drained  out  every  150  to  300  miles  and  replaced 
entirely  by  fresh  oil. 

The  strainers  leading  to  the  pump  should  be  kept  clean  and 
inspected  frequently. 

About  once  a  month  the  whole  engine  should  be  cleansed 
by  washing  it  out  with  kerosene,  turning  the  crankshaft  by 
hand  and  thoroughly  draining  the  kerosene  all  out. 

Screens  should  be  provided  on  the  air  intake  to  the  carbu- 
retor to  prevent  entrance  of  road  dust  as  much  as  possible. 

Gasoline  should  be  cut  down  in  the  carburetor  as  much  as 
possible,  not  only  for  the  sake  of  economy  in  eonsumijtion, 
but  also  for  the  prevention  of  harmful  effects  by  an  overplus. 

The  point  of  ignition  should  be  properly  controlled,  so  that 
evils  following  an  "  advanced  spark  "  will  not  result. 

Drivers  should  change  to  a  lower  gear  immediately  there 
are  signs  of  the  engine  laboring. 

Drivers  should  be  carefully  selected  and  trained  men. 
Good  horse  drivers  make  good  truck  drivers,  as  they  are  accus- 
tomed to  giving  care  and  attention  to  their  "  motive  power." 

A  regular  system  of  inspection  should  be,  carried  out  by  a 
good  mechanic  to  detect  any  signs  of  trouble  developing. 

It  is  understood  that  hiUy  country  or  heavy  roads  will 
materially  add  to  the  work  the  engine  has  to  do,  and  that  the 
life  will  be  proportionately  shortened  and  inspection  and  over- 
hauling will  have  to  be  done  more  frequently. 


THE     RELATION    OF    PORT    AREA    TO 

THE  POWER  OF  GAS   ENGINES  AND 

ITS   INFLUENCE    ON   REGULATION 

By  J.  R.  DU  PRIEST,  MOSCOW,  IDAHO 
Member  of  the  Society 

THE  early  forms  of  gas  engines  were  of  comparatively 
small  power,  and  as  engines  of  this  size  do  not  usually 
require  close  speed  regulation,  the  "  hit-and-miss  "  system  of 
governing  was  applied  quite  successfully.  As  the  machine 
was  improved  in  design  it  became  more  reliable  in  service  and 
was  gradually  applied  to  other  classes  of  service  in  competi- 
tion with  steam  engines  and  under  conditions  requiring  better 
speed  regulation. 

This  resulted  in  multi-cylinder  engines  to  give  more  uniform 
turning  moment,  and  "  cut-off  "  and  "  throttling  "  governors 
to  give  power  on  every  cycle.  These  improvements  have  en- 
abled the  modern  gas  engine  to  give  excellent  and  reliable 
service,  and  to  have  a  field  almost  as  broad  as  the  steam  engine. 
However,  designers  are  still  striving  to  improve  the  machine 
in  every  way  possible,  adapting  it  to  cheaper  grades  of  fuel, 
improving  its  speed  regulation,  simplifying  its  mechanism, 
and  making  it  more  reliable  and  economical,  so  that  its  field 
of  service  may  be  still  further  increased. 

The  object  of  this  paper  is  to  present  a  method  of  determin- 
ing the  port  area  required  for  any  fractional  load  on  a  throt- 
tling gas  engine  operating  on  the  four-stroke  cycle,  and  to 
suggest  a  means  of  admitting  the  fuel  so  as  to  get  the  same 
degree  of  speed  regulation  throughout  the  full  range  of  load. 

DISCUSSION   OF    PRODLE-M 

The  function  of  a  constant-speed  governor  on  an  engine  is 
to  control  the  speed  within  certain  limits  (depending  on  the 
class  of  service  for  which  the  machine  is  designed),  while  the 
load  varies  anywhere  within  the  capacity  of  the  engine. 

In  all  types  of  governors  dependence  is  placed  on  the  change 
in  speed  of  the  governor  to  effect  regulation,  and  when  this 
governor  is  driven  from  the  main  engine,  the  speed  of  the 
engine  must  change  before  the  governor  can  act  on  the  valve 
gear  and  exert  any  influence  over  the  energy  supply. 

If  the  load  on  the  engine  increases,  the  order  of  changes  in 
the  governing  system  is  as  follows: 

a     Speed  of  the  engine  decreases 

h     Speed  of  the  governor  is  reduced 

c  The  change  in  the  position  of  the  go^■ernor,  due  to  tiie 
change  in  speed,  shifts  the  valve  gear  and  supplies  more 
energy  to  the  engine  to  enable  it  to  carry  the  increased 
load,  and  at  the  proper  speed 

d  The  speed  of  the  engine  increases,  due  to  the  increased 
supply  of  energy,  hence  the  speed  of  the  governor  in- 
creases, and  the  cycle  above  described  is  repeated  in  the 
reverse  order.  This  action  tends  to  produce  a  "  hunting  " 
effect  on  the  valve  gear  and  governor  until  the  energy 
supply  is  properly  proportioned  to  the  existing  load. 

Apparently,  the  most  desirable  results  would  be  obtained  if 
the  governor  were  so  connected  to  the  valve  gear  that  equal 
movements  of  the  governor  collar  would  correspond  to  equal 
changes  in  load. 


The  amount  of  crude  petroleum  delivered  to  refineries  and 
consumei-s  in  February  1917  from  the  Oklahoma-Kansas  field 
was  4,546,461  barrels,  from  the  Appalachian  field  2,105,744 
barrels,  and  from  the  Lima-Indiana  field,  1,421,520  barrels. 


For  preseutation  at  the  Spring  Meeting  of  The  American  Society 
OF  Mechanical  Engineers,  Cincinnati,  Oliio,  May  21  to  24,  1917.  Tlie 
paper  is  liere  printed  in  abstract  form  and  advance  copies  of  the  com- 
plete paper  may  be  obtaiaed  gratis  upon  application.  All  papers  are 
subject  to  revision. 
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The  energy  supplied  to  tbe  gas  engine  is  in  tlie  form  of  a 
combustible  mixture  of  air  and  gas,  tbe  quality  of  wliicb  may 
vary  considerably,  also  the  head  causing  flow  through  the  ports 
varies  with  every  change  in  load,  if  it  is  a  throttling  engine. 

In  the  four-stroke-eycle  gas  engine,  tbe  fuel  mixture  is  made 
to  flow  into  the  cylinder  by  lowering  the  pressure  in  the  cylin- 
der below  that  of  the  atmosphere  during  the  suction  stroke, 
thus  creating  a  difference  of  pressure  sufficient  to  force  in  the 
charge. 

The  absolute  pressure  in  the  cylinder  depends  on  the  quan- 
tity of  mixture  entering  the  cylinder  during  the  suction  stroke. 
The  amount  of  charge  necessary  in  the  cylinder  depends  on 
the  load  the  engine  is  carrying,  and  therefore  it  is  evident  that 
a  different  amount  is  required  for  every  change  in  loud.  Hence 
the  absolute  pressure  in  the  cylinder  during  the  suction  stroke 
will  be  different  for  every  different  load,  and  the  resulting 
pressure  head  causing  the  mixture  to  flow  into  the  cylinder 
will  be  different. 

This  point  can  be  most  easily  understood  by  neglecting  tem- 
perature changes  occurring  during  the  suction  stroke  and  as- 
suming that  the  volumetric  efficiency  is  merely  a  function  of 


Fig.  1     Section  Through  Throttle  Valve  of  a  Horizontal 

DOUBLE-ACTING    Gas    Engine 

the  difference  between  suction  and  atmospheric  [iressures. 
Since  a  light  load  calls  for  a  small  charge,  it  must  correspond 
to  a  low  volumetric  efficiency.  The  low  volumetric  efficiency 
is  always  accompanied  by  a  low  suction  pressure,  due  to  the 
throttling  at  the  valve,  and  therefore  we  have  the  peculiar 
condition  that  the  greatest  difference  in  pressure  is  available 
to  cause  flow  when  the  least  amount  of  mixture  is  required. 

The  result  of  this  change  in  absolute  pressure  in  the  cylinder 
is  such  that  when  an  engine  is  operating  at,  say,  three-quarter 
load,  with  an  apparent  volumetric  efficiency  of  about  67  per 
cent,  and  a  change  in  load  occurs  which  demands  a  volumetric 
efficiency  of  77  per  cent,  it  will  require  a  much  larger  port 
area  to  give  this  increase  of  10  per  cent  in  volumetric  efficiency 
at  the  heavy  load  than  it  would  if  the  increase  were  from  30 
per  cent  to  40  per  cent.  The  reason  being  that,  in  the  flrst 
case,  the  head  causing  flow  through  the  ports  will  be  about 
3.5  lb.  per  sq.  in.,  while  in  the  second  case  it  will  be  about  7.5 
lb.  per  sq.  in. 

On  account  of  the  greater  head  causing  the  charge  to  flow 
into  the  cylinder  at  light  loads,  it  requires  a  very  small  change 
in  port  area  for  a  considerable  change  in  load.  Therefore, 
any  system  of  connecting  up  the  governor  to  the  throttle  valve 


which  gives  equal  changes  in  port  area  for  equal  changes  in 
the  governor  sjieed,  will  make  the  regulation  of  the  engine 
very  sensitive  at  light  loads  and  too  slow  at  heavy  loads. 

DATA  AND  UESULTS  FROM  TEST 

The  test  described  below  was  made  to  find  out  as  near  as  pos- 
sible (1)  the  conditions  under  which  the  fuel  mixture  enters 
a  gas-engine  cylinder,  and  (2)  the  relation  of  port  area  to 
horsepower  and  its  influence  on  the  regulation  of  the  engine. 
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2    Relation  Between  Indicated  Horsepower  and 
Port  Opening 
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Fig.  3    Relation  Between  Indicated  Horsepower  and 
Pressure  in  Cylinder  During  Suction  Stroke 

Method  of  Making  the  Test.  The  engine  tested  was  a  16^4  x 
24-in.  horizontal  double-acting  tandem  engine  operating  on 
natural  gas.  The  test  was  made  in  the  following  manner: 
The  throttle  valve  on  the  head  end  of  No.  1  cylinder  was  dis- 
connected from  the  governor  and  operated  by  hand,  while  the 
other  three  valves,  under  the  control  of  the  governor,  took 
care  of  the  load  on  the  engine.  The  throttle  valve  shown  in 
Fig.  1  is  cylindrical,  with  six  rectangular  ports  cut  around  the 
periphery  which  mate  with  similar  ports  cut  in  a  surrounding 
sleeve  when  the  valve  rotates.     The  throttle  valve  is  made  to 
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open  and  olosi"  in  unison  witii  the  poppet  inlet  valve  and  is 
moved  longitudinally  by  the  governor  to  effect  regulation. 
The  travel  of  the  valve  was  2.5  in.,  and  fifteen  different  set- 
tings were  made,  varying  from  closed  to  wide  open.  Two 
sets  of  indicator  cards  were  taken  for  each  setting,  one  for  in- 
dicated horsepower  and  the  other  for  suction,  two  or  more 
cards  for  each  set  being  taken  for  every  position  of  the  valve. 
From  data  obtained  from  these  cards,  curves  were  plotted, 
respectively,  as  follows: 

Indicated  horsepower 

against  port  opening 

against  absolute  pressure  in  cylinder  during  suction  stroke 

against  apparent  volumetric  efficiency 
Port  opening 

against  apparent  volumetric  efficiency 

against  absolute  pressure  in  cylinder  during  suction  stroke 
Apparent  volumetric  etficieney 

against    absolute    jsressure    in    cylinder    during    suction 
stroke. 

If  the  machine  friction  is  assumed  constant  for  all  loads, 
which  is  very  nearly  true,  the  delivered  horsepower    (d.h]i.) 


Fig 
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for  A\\\  load  can  be  determined  from  the  indicated  horsepower 
by  subtracting  the  loss  due  to  the  suction  stroke,  as  measured 
by  the  suction  card,  and  the  loss  due  to  the  machine  friction. 

The  d.hp.  for  several  valves  of  i.hp.  was  found  in  the  above 
manner,  and  from  the  results  the  mechanical  efficiency  was 
calculated.  The  values  for  i.hp.,  d.hp.  and  mechanical  effi- 
ciency are  given  in  the  curves  in  Fig.  4. 

Fig.  5  shows  the  relation  between  port  area  and  d.hp.  Tlie 
data  for  this  cuive  were  obtained  as  follows:  Delivered  horse- 
power corresponding  to  any  given  i.hp.  was  taken  from  Fig. 
4.  The  port  openings  as  plotted  in  Fig.  2  are  linear  dimen- 
sions, the  ports  being  rectangular  in  shajje.  21/9  in.  long  by  1% 
in.  wide. 

The  mixing  valve  was  rigidly  connected  to  the  inlet  valve 
and  opened  and  closed  m  unison  with  it.  The  cam  arrange- 
ment was  designed  to  give  a  valve-opening  curve  approximat- 
ing the  sine  cun'e,  with  the  maximum  port  width  (B.)  1%  in. 

The  effective  port  area  under  these  conditions  is  L  x  il  x 
0.G.37.  The  port  opening  or  length  L  of  port  for  fuU  load  is 
1.15  in.,  as  shown  in  Fig.  2.  Therefore,  the  port  area  is 
1.15  X  1.5  X  0.637   =   1.1  sq.  in.  for  each  port  and  for  six 


l)orts  it  is  6.G  si],  in.  Port  areas  for  one-quarter,  one-half, 
three-quarter  and  full  load  were  found  in  this  way  and  jilotted 
against  delivered  horsepower,  giving  Fig.  5. 

From  Fig.  5  it  can  be  seen  that  when  the  engine  is  operating 
near  the  rated-load  point,  it  takes  a  large  change  in  port  area 
to  effect  a  small  change  in  the  work  developed  by  the  machine, 
while  at  light  loads  a  very  small  change  in  port  area  makes 
considerable  change  in  the  work  done  by  the  engine.  The  rea- 
son for  this  condition  can  be  found  by  studying  Fig.  3,  from 
which  it  is  seen  that  when  the  engine  is  operating  at,  say,  full 
load,  the  absolute  pressure  in  the  cylinder  during  the  suction 
stroke  is  high,  being  12.1  lb.  per  sq.  in.  absolute  or  2.1  lb.  per 
sq.  in.  below  the  pressure  of  the  atmosphere,  while  at  one- 
quarter  load  the  absolute  pressure  in  the  cylinder  is  8  lb.  per 
sq.  in.  or  6.2  lb.  per  sq.  in.  below  the  pressure  of  the  atmos- 
phere. The  amount  the  cylinder  pressure  is  below  atmos- 
phere pressure  is  the  head  available  to'  force  the  charge  into 
the  cylinder,  hence  the  peculiar  conditions  noted  above  exist, 
that  when  the  engine  is  operating  at  full  load  and  requiring 
a  large  amount  of  charge,  the  pressure  head  to  produce  flow 
into  the  cylinder  is  small,  and  when  the  engine  is  operating  at 
light  load  and  requires  a  small  amount  of  charge,  a  much 
larger  pressure  head  is  available  to  produce  flow  through  the 
ports. 

From  the  above  discussion  and  Fig.  5,  it  is  evident  that  port 
area  does  not  increase  directly  as  the  delivered  horsepower 
increases,  therefore,  to  get  the  same  degree  of  regulation 
throughout  the  full  range  of  load,  some  compensating  device 
should  be  introduced  between  the  governor  and  the  throttle 
valve  to  take  care  of  this  condition.  From  Fig.  5  and  the  char- 
acteristic curve  of  the  governor  to  be  used,  a  mechanism  can 
be  designed  which  will  give  equal  changes  in  load  for  equal 
movements  of  governor  collar.  This  would  seem  to  be  a  more 
desirable  condition  for  good  operation. 

THEORETICAL   DEVELOPMENT— OITLINE   OF   METIIOK 

It  has  been  found  from  tests  that-  the  total  heat  consump- 
tion of  an  engine  follows  a  straight  line  very  closely  when 
lilotted  against  delivered  horsepower,  and  by  assuming  a  rea- 
sonable value  for  the  B.t.u.  per  d.hp-hr.  for  two  points,  say 
full  load  and  half  load,  the  total-heat  curve  can  be  drawn. 
From  this  cun-e  with  the  heating  value  of  the  gas  and  the 
ratio  of  air  to  gas  known,  the  cubic  feet  of  mixture  required 
for  any  fractional  load  can  be  determined.  This  amount  of 
mixture,  which  must  enter  the  cylinder,  occupies  a  certain 
volume  under  atmospheric  conditions.  At  the  end  of  the 
suction  stroke  it  occupies  the  greater  part  of  the  piston  dis- 
placement but  is  under  some  lower  pressure  p.^  which  can  be 
determined  by  the  relation  p^v"  =  /).!•/,  providing  the  proper 
value  of  II  be  known. 

From  analyzing  a  great  many  low-spring  indicator  cards 
taken  from  throttling  engines,  it  has  been  found  that  the  abso- 
lute pressure  in  the  cylinder  during  the  suction  stroke  remains 
nearly  constant  throughout  the  greater  part  of  the  stroke, 
except  for  light  loads.  For  the  purpose  of  this  discussion,  it 
can  be  assumed  to  remain  constant  without  serious  error  and 
will  be  the  pressure  p..  of  the  charge  when  occupying  the  new 
volume  as  found  from  the  equation  above.  The  difference  be- 
tween the  absolute  pressure  in  the  cylinder  during  the  suction 
stroke  and  the  pressure  outside  the  cylinder  is  the  head  causing 
the  charge  to  flow  through  the  ports. 

Knowing  the  amount  of  mixture  required  and  the  head  pro- 
ducing flow,  the  area  of  the  port  necessary  to  pass  the  given 
amount  of  charge  can  be  determined.     In  the  above  manner. 
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the  amount  of  mixture  jequired  foi-  any  given  load  and  the 
port  area  neeessary  to  pass  this  eiiarge  can  be  determined, 
thus  giving  a  relation  between  power  and  port  area. 

[The  author  here  proeeeds  to  apply  the  method  outlined  to 
the  engine  tested,  which  ran  at  180  r.p.in.  on   natural  gas  of 
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Fi(i.  6    Relation  Between  Delivered  Horsepower  and 
Port  Area  prom  Te.st  and  Calculations 

about  950  B.t.u.  per  cu.  ft.  He  employs  a  value  of  0.85  for  » 
in  the  equation  p^v°  =  p.,v.°,  and  shows  in  an  appendix  why 
this  value  is  chosen. 

He  also  derives  an  empirical  equation  for  the  port  area 
necessary  to  pass  a  given  amount  of  charge,  which  gives  re- 
sults agreeing  closely  with  those  obtained  from  test  data.  See 
Fig.  6.] 

CONCLDSIONS 

The  work  described  has  been  done  to  find  out  as  nearly  as 
possible   the  conditions  under  which  the   charge   enters   the 


cylinder  of  a  thrultliug  gas  engine,  and  to  suggest  a  method 
of  supplying  the  required  amount  of  charge  for  any  load  that 
will  tend  to  make  the  engine  regulate  with  the  same  degree 
of  sensitiveness  throughout  the  full  range  of  load.  In  Fig.  6 
there  are  two  curves  showing  the  relation  between  delivered 
horsepower  (d.hp.)  and  port  area;  one  is  based  on  test  data 
and  the  other  is  plotted  from  cah-ulated  data  for  the  same  en- 
gine. From  these  curves  and  the  characteristic  cuive  of  the 
governor  to  be  used,  the  relation  between  the  travel  of  the  gov- 
ernor collar  and  port  area  can  be  determined  and  a  governing 
mechanism  designed  which  will  give  equal  changes  in  load  for 
equal  movements  of  the  governor  collar.  Another  way  of  ob- 
taining the  same  result  would  be  to  shape  the  jjorts  in  such 
a  manner  that  equal  changes  in  governor-collar  travel  would 
gi\e  equal  movements  to  the  valve,  but  at  the  same  time  give 
the  proper  port  area  for  equal  changes  in  power  delivered.  It 
is  jjossible  that  for  other  fuels  and  types  of  engines  the  con- 
stants used  in  working  out  the  above  problem  may  differ 
slightly,  but  it  is  believed  that  the  method  can  be  applied  to 
any  case  with  satisfactory  results. 


Metals  for  Coinaije.  War  conditions,  which  have  been  re- 
sponsible for  the  reijlacement  of  gold  coinage  by  paper  money, 
have  also  had  their  efiect  on  the  metals  used  foi'  coins  of 
the  smaller  denominations.  Aluminum  money  has  been  used 
by  the  C'liamljeis  of  Commerce  of  several  French  towns, 
and  Austria,  following  the  example  of  Germany,  has  adopted 
iron  money.  The  problem  of  protecting  the  iron  disks  from 
nist  has  been  solved  by  superimposing  a  slight  layer  of  zinc. 
The  disks,  with  some  zinc  powder,  are  placed  in  a  vessel  and 
heated  for  a  certain  time  at  a  temperature  somewhat  below 
the  melting  point  of  zinc.  A  surface  is  thus  formed  which 
not  only  preserves  the  pieces  from  rust,  but  also  enables 
the  die  to  be  impressed  without  cracking  the  surface  of  the 
metal.  The  zinc-plated  iron  money  hardly  differs  in  aspect  or 
weight  from  that  formed  of  nickel. — Ironmonger,  March  24, 
1917. 


X-Rciys  and  Metals.  Some  authorities  hold  the  view  that 
X-rays  are  destined  to  play  an  important  part  in  research  of 
steel  and  other  metals,  especially  in  investigations  on  the  crys- 
talline structure.  The  perfect  crystal  has  a  definite  internal 
geometrical  form  and  a  definite  atomic  symmetry,  but  the  lat- 
ter is  beyond  the  range  of  the  microscope.  The  more  powerful 
X-rays  may,  however,  enable  the  metallurgist  to  determine  the 
atomic  structure  of  his  metals.  Students  of  the  new  method 
jarediet  that  it  will  throw  light  on  some  phases  in  metallurgy 
of  which  nothing  is  known  at  present.  The  commercial  value 
of  the  researches  remains,  of  course,  to  be  proved;  but  the 
progress  of  the  work  is  being  followed  with  deep  interest  in 
various  countries.  Professor  Bragg,  a  pioneer  in  this  work, 
in  a  recent  address  on  the  subject  at  Sheffield,  England,  re- 
marked that  chemistry  told  the  metallurgist  what  were  the 
constituents  of  his  metals,  but  thought  X-rays  were  going  to 
help  him  to  find  and  study  the  atoms  of  the  substances,  and 
the  actual  arrangement  of  these  and  the  distances  at  which 
they  lay  apart  were  of  considerable  importance,  but  had 
hitherto  been  beyond  human  vision.  The  X-rays  had  made 
it  possible  to  see  the  architecture  of  a  number  of  substances. 
Iron  and  steel  presented  difficulties,  but  there  was  a  good 
prospect  of  getting  useful  information  about  them  before 
long.  The  work  was  going  ahead  in  the  United  States,  and 
he  had  received  from  Ajnerican  physicists  particulars  of  in- 
teresting results  obtained  in  respect  to  iron  and  steel  crystals. 
— Iroiiniojir/er,  March  24,  1917. 


MISCELLANEOUS  PAPERS 


ONE  SESSION  of  the  Spring  Meeting  will  be  devoted  to 
the  discussion  of  miscellaneous  papers  upon  the  subjects 
of  tests  of  uniflow  steam  traction  engines,  relation  of  eflScieney 
to  capacity  in  the  boiler  room,  radiation  error  in  measuring 
temperature  of  gases,  development  of  scientific  methods  of 
management  in  a  manufacturing  plant,  and  disk-wheel  stress 
determination.    All  of  these  papers  are  printed  below. 


TESTS  OF  UNIFLOW  STEAM  TRACTION 
ENGINES 

By  F.  W.  marquis,  COLUMBUS,  0. 
Member  of  the  Society 

AT  first  thought  it  seems  strange  to  find  refinements  such 
as  the  uniflow  cylinder  and  the  superheater  in  connec- 
tion with  traction  engines;  but  when  it  is  remembered  that 
traction    engines    are    used    extensively    in    certain    districts 


boiler  24%  per  cent  larger.  Both  machines  were  made  by  the 
A.  D.  Baker  Company,  of  Swanton,  Ohio,  and  in  accordance 
with  their  standard  designs,  except  for  the  uniflow  cylinder 
and  the  superheater,  which  were  then  in  process  of  develop- 
ment. 

The  principal  dimensions  of  both  engines  are  given  in 
Table  1.  Besides  the  uniflow  cylinder  and  the  superheater, 
the  feature  of  particular  interest  is  the  valve  gear,  which  de- 
serves special  attention  and  will  later  be  described. 

Figs.  1  and  2  show  cross-sections  through  the  cylinder  and 
valves.  There  are  triple-ported  admission  valves,  and  an 
auxiliary  exhaust  valve  which  causes  the  compression  to  begin 
late  in  the  stroke. 

The  operation  of  the  valves  can  best  be  explained  by  follow- 
ing their  movement  as  the  piston  moves  through  one  stroke. 
Suppose  the  piston  to  be  moving  towards  the  right  and  nearing 
the  end  of  its  stroke ;  that  is,  a  little  to  the  left  of  its  position 
in  Fig.  1.  The  admission  valves  (top  of  figure)  will  then  be  a 
little  to  the  right  of  the  position  shown,  and  moving  towards 
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Figs.  1  and  2    Baker  Uniflow  Cylinder  and  Valves 


(notably  the  northwestern  part  of  the  United  States)  where 
fuel  is  very  expensive  and  water  has  to  be  hauled  many  miles, 
the  reason  for  taking  advantage  of  every  means  for  reducing 
coal  and  water  consumption  becomes  apparent. 

It  was,  therefore,  with  a  great  deal  of  interest,  in  the  spring 
of  1915  and  again  in  the  spring  of  1916,  that  tests  of  Baker 
uniflow  traction  engines  were  undertaken  as  thesis  work  by 
members  of  the  senior  class  of  the  Mechanical  Engineering 
Department  of  The  Ohio  State  University. 

The  engine  tested  in  1916  was  almost  identical  with  that 
tested  in  1915,  except  that  in  1916  the  boiler  was  supplied  with 
a  smokebox-type  superheater.  The  piston  displacement  of  the 
engine  tested  in  1916  was  8%  per  cent  larger  than  that  of  the 
engine  tested  in  1915  and  the  water  heating  surface  of  the 


For  presentatiou  at  the  Spriiij;  Meeting.  Cincinnati,  Ohio.  May  21 
to  24,  1917,  ot  The  American  Society  of  MECH.4Nic.iL  Engineers. 
The  paper  is  here  printed  in  abstract  form,  and  advance  copies  of  the 
complete  paper  may  be  obtained  by  members  gratis  upon  application. 
.All  papers  are  subject  to  revision. 


the  left.  The  auxiliary  exhaust  valve  F  (bottom,  of  figure) 
will  be  at  the  extreme  right  end  of  its  travel,  and  stationary. 

When  the  edge  ./  of  the  piston  uncovers  the  ports  at  the 
center  of  the  cylinder,  exhaust  commences.  About  the  same 
time  the  cavity  A  in  the  admission  valve  uncovers  the  port  at 
the  end  of  passage  B  and  allows  live  steam  to  flow  from  E 
(Fig.  2),  through  passage  B,  cavity  A  and  passage  D  into 
chamber  N  at  the  end  of  auxiliary  exhaust  valve  F.  This 
causes  valve  F  to  move  to  the  extreme  left  of  its  travel,  clos- 
ing the  auxiliary-  exhaust  port  K  and  opening  the  auxiliary 
exhaust  port  £",.  Exhaust  is  then  taking  place  both  through 
the  main  exhaust  ports  and  through  auxiliary  exiiaust  port 
IT,.  An  instant  after  the  auxiliary  exhaust  vahe  moves  and 
just  before  the  piston  reaches  the  end  of  its  stroke,  admission 
takes  place  through  the  three  ports  C. 

As  the  piston  starts  on  the  return  stroke  towards  the  left, 
exhaust  takes  place  through  the  main  exhaust  ports  until, 
early  in  the  return  stroke,  they  are  covered  by  the  piston.    The 


410 


May 

1917 


SPRING  MEETING  PAPERS 


411 


TABLE  1    PRINCIPAL  DIMENSIONS  OF  BAKER  UNIFLOW  TRACTION 

ENGINES 


Engine  used 
in  1915 


Engine  used 
in  1916 


Engine 


Nominal  horsepower. .  . 
Nominal  r.p.m 

Diameter  of  cylinder. . . 

Stroke 

Diameter  of  piston  rod 
Diameter  of  flywheel... 

Face  of  flywheel 

Diameter  of  crankshaft 
Length  of  crankshaft... 
Diameter  of  crankpin.. 


16 

18 

240 

240 

In. 

In. 

8'A 

9M 

lOH 

10 

IH 

IH 

36 

38 

10 

11 

3 

3M 

55H 

61K 

2H 

2K 

Boiler 


Number  of  tubes 

Outside  diameter  of  barrel . 

Length  of  firebox 

Width  of  firebox 

Diameter  of  tubes.  .^ 

Length  of  tubes 

Grate  area 

Firebox  heating  surface .... 

Tube  heating  surface 

Total  water  heating  surface 
Superheater  heating  surface. 


40 

54 

In. 

In. 

29 

32 

36 

40 

22  Ji 

25 

2 

2 

78 

72 

Sq.  Ft. 

Sq.  Ft. 

5.56 

6.94 

23.6 

29.1 

123.2 

153.6 

146.8 

182.7 

47 

steam  still  continues  to  exhaust  through  auxiliary  exhaust  port 
K^  until  the  piston  covers  this  port,  late  in  the  stroke,  when 
compression  starts.  Meanwhile  live  steam  has  been  admitted 
on  the  other  side  of  the  piston  until  the  admission  valve  has  re- 
turned and  cut-off  has  occurred.  After  cut-off  and  during  ex- 
pansion, the  live  steam  in  chamber  N,  at  the  head  of  the  aux- 
iliary exliaust  valve,  is  free  to  expand  through  passage  L  and 
do  work  on  the  piston.  This  passage  L  enters  the  auxiliary 
exhaust  valve  chamber  at  such  a  point  that  when  the  valve  is 
throw-n  some  steam  is  trapped  between  it  and  the  end  of  the 
valve  chamber,  thus  cushioning  it  and  preventing  pounding. 

The  admission  valves  are  driven  by  a  Baker  valve  gear,  which 
is  very  similar  to  the  Baker  locomotive  gear.  It  is  a  single- 
eccentric  variable  cut-off  and  reversing  gear  which  maintains 
equal  leads  for  all  cut-offs  and  in  both  directions  of  running. 
The  complete  paper  illustrates  and  describes  the  gear. 

The  boiler  used  in  the  1916  tests  was  fitted  with  a  smokebox- 
type  superheater,  consisting  of  a  vertical  cast-iron  header, 
into  which  tubes  are  inserted,  as  shown  in  Fig.  3.  Steam  enters 
through  pipe  A,  Fig.  4,  which  leads  from  the  steam  dome  and 
passes  to  the  front  section  of  the  header.  It  then  passes  back 
through  the  %-in.  pipes  and  forward  through  the  lV2-in.  pipes 
into  the  back  section  of  the  header.  Thence  it  passes  through 
B  to  the  steam  chest. 


METHOD  OF  PROCEDURE   IN  TESTI.N'G 

The  tests  were  conducted  in  the  Mechanical  Engineering 
Laboratory  of  The  Ohio  State  University  and  in  general  the 
methods  recommended  in  the  A.S.M.E.  Power  Test  Code  were 
followed.  All  coal  fired  was  weighed,  sampled,  analyzed  and 
the  calorific  value  determined.     The  feed  water  was  weighed 


and  correction  made  for  injector  overflow  and  other  wastes. 
The  quality  of  steam  was  taken  with  a  Barrus  throttling  calori- 
meter, the  sampling  pipe  being  located  in  the  path  of  the 
steam  as  it  left  the  steam  dome.  Smokebox  temperatures  were 
determined  with  a  thermocouple  and  the  smokebox  gases  were 
sampled  continuously,  and  analyzed  with  an  Orsat  apparatus. 
Indicated  and  brake  horsepower  and  revolutions  per  minute 
were  all  carefully  determined.  All  instruments  were  calibrated 
and  corrections  applied  where  necessary. 

The  tests  were  run  with  the  throttle  valve  wide  open,  and  in 
general  it  was  attempted  to  maintain  the  speed  constant  at  250 
r.p.m.  During  the  preliminary  running  preceding  each  test  the 
brake  load  was  adjusted  so  that  the  desired  speed  was  obtained 


Fi(i.  3     Superheater  Removed  prom  Boiler 


From  Boj/ers 
— —       1^  To  Engint 


Fir..  4    Diagram  of  Superheater 

when  the  throttle  valve  was  wide  open.  During  each  run  all 
conditions  were  maintained  as  constant  as  possible. 

First  Series.  The  1915  series  consisted  of  17  tests  with 
various  boiler  pressures  ranging  from  125  lb.  gage  to  175  lb. 
gage,  and  various  cut-offs  ranging  from  6  to  49  per  cent.  Sat- 
urated steam  was  used  throughout  this  series,  and  the  approxi- 
mate speed  was  250  r.p.m.  in  all  tests. 

Second  Series.  The  1916  series  consisted  of  17  tests,  13  at 
180  lb.  gage  and  4  at  160  lb.  gage.  Nine  of  the  former  were 
with  superheated  steam,  and  4  with  saturated  steam.  Super- 
heated steam  was  used  for  the  four  latter  tests.  The  cut-off  in 
this  series  varied  from  16  to  75  per  cent.  The  approximate 
speed  was  240  r.jj.m.,  with  the  exception  of  three  short  runs 
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made  witli  variable  speed  to  secure  data  coueerning;  the  rela- 
tion between  speed  and  power. 


The  results  having  to  do  with  engine  performance,  with  the 
boiler,  and  with  the  overall  performance  are  tabulated  in  the 
I)aper.  Many  of  these  results  are  also  presented  graphically 
in  Figs.  5,  6  and  7. 

In  Fig.  8  are  two  sample  sets  of  indicator  diagrams,  one 
■with  a  rather  early  and  the  other  with  a  much  later  cut-oft. 
They  show  a  remarkable  lack  of  wire-drawing  during  admis- 
sion, and  sharp  cut-off  for  a  slide-valve  engine  running  at  such 
a  high  speed  (250  r.p.m.).  The  drop  in  the  early  part  of  the 
expansion  line  of  the  diagrams  with  an  early  cut-off,  and  that 
in  the  admission  line  of  the  diagrams  with  the  later  cut-off,  is 
caused  by  the  steam  flowing  into  the  auxiliary  exhaust-valve 
chamber  at  the  instant  the  piston  uncovers  the  ])ort  leading  to 
this  chamber. 

Reference  to  Fig.  5  shows  that  the  highest  steam  consump- 
tion was  just  under  29  lb.,  which  occurred  at   125  lb.   boiler 


30    35    40    45     50     55    60     65     70     75    &0     85    90     95     100    105    HO 
Indicated  Horsepotrer. 

Fig.  5    Curves  Showing  Relation  Between  Steasi 
Consumption  and  Indicated  Horsepower 

pressure  with  saturated  steam  and  at  a])prosimately  60  i.hp. 
The  lowest  was  18.2  lb.  per  i.hp-hr.,  in  the  series  of  1916,  with 
180  lb.  boiler  pressure  and  118  deg.  superheat,  at  about  72  i.hp. 
Reference  to  the  curve  shows,  however,  that  this  ]ioint  was 
abnormally  low. 

It  seems  reasonable  to  assume  that  the  engine  should  be 
rated  at  approximately  the  point  of  best  economy.  On  this 
basis  the  rating  when,  operating  under  125  lb.  boiler  pressure 
would  be  45  hp.  Tests  were  run  from  about  30  to  about  60 
i.hp.  or  from  about  60  per  cent  to  130  per  cent  of  this  rated 
load,  and  over  this  range  the  variation  in  steam  consumption 
was  from  approximately  29  to  26%,  or  only  about  21/2  lb. 

It  is  interesting  to  note  that  the  maximum  power  obtained 
was  108.7  i.hp.  (102.8  b.hp.)  which  was  obtained  with  180  lb. 
boiler  pressure  and  with  181  deg.  fahr.  superheat,  and  with  a 
steam  consumption  of  only  23.5  lb.  per  i.hp.  per  hour  (2-1.5  lb. 
per  b.hp.  per  hour).  This  becomes  particularly  interesting 
when  it  is  remembered  that  the  cylinder  diameter  and  stroke 
of  this  engine  were  only  9%  in-  aid  10  in.  respectively. 

The  curves  in  Fig.  6  show  the  relation  between  steam  con- 
sumjjtion    and   boiler   pressure.      As    the   boiler    pressure   in- 


creases, not  only  does  the  steam  consumption  decrease,  but  also 
the  power  at  any  cut-oft',  and  the  power  at  which  the  lowest 
steam  consumption  occurs  increases.  It  will  be  noticed  that, 
with  the  exception  of  one  point  on  this  curve,  the  power  of 
minimum  steam  consumption  increases  as  the  boiler  jji'essure 
increases. 

The  curves  of  Fig.  7  show  the  relation  ))et\veen  the  pounds 
of  coal  used  per  brake  horsepower  per  hour  and  the  brake 
horsepower  developed. 

As  a  matter  of  interest  from  a  comparative  point  of  view, 


^ 


Curve  A  at  50  IMp. 
-Curve  B  af  60  I.I1p. 

Ci/r/e  Caf- 1. Up.  comspondinq  _ 

to  LoYfest  Srearrr  Constjmption~ 
_  and  Indicated  bu  Figure  near  ^ 

each  Point. 


120         130  140  150  160  170  180 

Boiler  Pressure, Lb.  perSqInGage 


Fig.  6    Curves  Showing  REL.-iTiON  Between  Steam 
Consumption  and  Boiler  Pressure,  Series  op  1915 

the  steam-consumption  curves  of  a  number  of  the  ordinary 
counterflow  type  of  steam  engines,  both  simple  and  compound, 
non-condensing  and  condensing,  have  been  plotted  on  the  same 
sheet  with  certain  of  the  steam-consumption  curves  of  the 
Baker  unitlow  engine.     These  curves  are  given  in  Fig.  9.     In- 
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formation  concerning  each   of  the  engines  whose  steam-con- 
sumption cui-ve  is  given  in  this  figure  will  be  found  below. 

Curve  A.  Simple,  slide-valve  engine,  cylinder  8  in.  by  12  in., 
initial  steam  pressure  130  lb.  gage,  non-condensing,  and 
at  200  r.p.m. 
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Curve  B.  Simple,  slide-valve  engine,  cylinder  9  in.  by  12  in., 
initial  steam  pressure  140  lb.  gage,  non-condensing,  and 
at  290  r.p.m. 

Curve  C.  Simple,  slide-valve  engine,  cylinder  15  in.  by  14  in., 
initial  steam  pressure  115  lb.  gage,  non-condensing,  and  at 
225  r.p.m. 

Curve  T).  Same  engine  as  in  case  of  curve  C,  but  operating 
condensing. 

Curve  E.  Cross-compound,  slide-valve  engine,  cylinders  7  in. 
and  13  in.  by  10  in.,  initial  steam  pressure  150  lb.  gage, 
non-condensing,  and  at  310  r.p.m. 

Curve  F.  Same  engine  as  in  case  ol'  curve  E,  but  operating 
condensing. 

Curve  H.  Tandem  compound,  slide-valve  engine,  cylinders 
8%  i'l-  and  I314  i"-  by  12  in.,  initial  steam  pressure  115 
lb.  gage,  condensing,  and  at  280  r.p.m. 

Curve  G.  Simple  uniflow  engine,  cylinder  8%  in.  by  IOI/4  in., 
initial  steam  pressure  125  lb.  gage,  non-condensing,  and 
at  250  r.p.m. 

Curve  7.  Same  engine  as  in  case  of  curve  G,  but  vvitli  175  lb. 
gage  boiler  pressure. 

Curve  K.  Simple  uniflow  engine,  cylinder  9^  in.  by  10  in., 
initial  steam  pressure  180  lb.  gage,  superheat  approxi- 
mately 130  deg.  fahr.  non-condensing,  and  at  approxi- 
mately 240  r.p.m. 

It  will  be  seen  that  the  uniflow-engine  curves  selected  .ire 
those  representing  the  poorest  and  the  best  results  obtained 
with  saturated  steam,  and  tlie  best  results  obtained  with  sujier- 
heated  steam. 

A  study  of  this  set  of  curves  (Fig.  9)  shows  that  tlie  poorest 
results  obtained  with  the  uniflow  engine,  namely,  those  of  curve 
G,  obtained  with  saturated  steam  at  125  lb.  pressure,  are  better 
than  the  best  results  obtained  with  any  of  the  simple  engines, 
even  when  operating  condensing,  and  almost  the  same  as  those 
obtained  with  the  compound  non-condensing  engine  shown  by 
curve  E.  The  steam  consumption  of  the  uniflow  engine  at  175 
lb.  pressure  with  saturated  steam  running  non-condensing  is 
lower  than  that  obtained  with  the  compound  non-condensing 


non-condensing  but  with  superheated  steam  will  have,  approxi- 
mately the  same,  or  slightly  less,  steam  consumption  than  the 
compound  counterflow  engine  operating  condensing  but  with 
saturated  steam. 

On  the  bases  of  these  conclusions,  it  seems  probable  that  the 
simple  uniflow  engine  will  prove  a  serious  competitor  of  the 
compound  counterflow  type,  since  it  is  not  only  more  economi- 
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Fig.  9    Relative  Steam  Consumption  op  Bakeh  Uniflow 
Engines  and  CouNTER-rLOw  Engines 

cal  in  its  use  of  steam,  but  also  simpler  in  construction,  and 
probably  on  that  account  lower  in  first  cost. 

RELATION  OF  EFFICIENCY  TO  CAPA- 
CITY IN  THE   BOILER  ROOM 


Run  No.l.  Series  of  1915,  125  lb 
Boiler  Pressure. 5a+ura+ed  5+eam 


Run  No!  Series  of  1916    160  lb 
Pressure,  Superheated  Steam 


Fig.  8     Sample   Indicator  Diagrams 

engine  at  150  lb.  i)ressure  shown  by  curve  E.  Also  tlie  steam 
consuni|)tion  ot  llie  uniflow  engine  with  180  lb.  steam  pressure 
and  130  deg.  superheat  was  lower  than  that  of  the  compound 
condensing  engine  with  150  lb.  steam  jsressure  shown  by 
curve  F. 

Thus  it  is  seen  that  on  tlie  basis  of  the  results  of  the  tests 
and  of  the  information  presented  by  Fig.  9,  which  is  thought 
to  represent  fairly  the  average  practice  for  small  simjile  and 
compound  engines  of  the  older  or  counterflow  type,  the  simple 
uniflow  engine  operating  with  saturated  steam  and  non-con- 
densing is  able  to  surpass  in  economy  of  steam  consumjDtion 
the  compound  counterflow  engine  when  operating  under  simi- 
lar conditions.     Also  that  the  simple  uniflow  engine  operating 


By  VICTOR   B.   PHILLIPS,'  CLEVELAND,  OHIO 

THERE  are  two  ways  in  wliich  the  cost  of  producing  steam 
may  be  reduced.  They  are  efficient  operation  and  the 
attainment  of  high  capacity  from  equipment.  Table  1  gives 
the  typical  figures  for  the  various  elements  of  cost  entering 
into  the  production  of  steam,  according  to  the  accounts  of 
the  Cleveland  Railway  Company  for  the  year  1914.  The  num- 
bers shown  in  parentheses  refer  to  the  accounting  system  pre- 
scribed by  the  Interstate  Commerce  Commission.  This  table 
shows  the  predominating  importance  of  fuel  and  fixed  charges, 
and  hence  the  importance  of  both  efficiency  and  capacity  and 
their  interrelation. 

To  the  end  of  establishing  the  operating  conditions  gi\ing 
maximum  efficiency  for  a  wide  range  of  capacities,  the  writer 
has  made  an  extensive  series  of  tests  for  the  Cleveland  Rail- 
way Company.  The  tests  were  conducted  under  widely  differ- 
ent operating  conditions  in  order  to  bring  out  clearly  the  im- 
portance of  the  several  variables  and  also  to  throw  light  on 
(|uestions  of  design.  In  TabU^  2  is  a  condensed  summary  of 
the  data  obtained,  together  with  some  notes  as  to  procedure. 

GENERAL  DESCRIPTION  OF  TESTS 

Equipment  (see  Fig.  1).  Taylor  six-retort  stoker  with  exten- 
sion grate.  Babcock  &  Wilcox  boiler.  .^120  sq.  ft.  beating 
surface. 


I  Cleveland  Hallway  Conipauy. 

For  presentation  at  the  Spring  Sleeting.  Cincinnati,  Ohio,  May  21 
to  24,  1917.  of  The  -American  Society  of  Mbchanic.il  Engineeks, 
The  paper  is  here  printed  in  abstract  form,  and  pamphlet  copies  of  the 
complete  paper  may  be  obtained  by  members  gratis  opon  aplication. 
All  papers  are  subject  to  revision. 
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Duration.  Eight  hours,  preceded  by  preliminary  run  under  test 
conditions :  setting  under  heat  for  several  days  before  tests, 
except  for  Tests  T  and  S  which  therefore  show  small  dis- 
crepancies when  referred  to  boiler-operation  chart.  Readings 
taken  every  15  min. 

Personnel.  In  addition  to  regular  operating  fireman  and  help- 
ers, personnel  Included  six  men  all  of  whom  had  become  thor- 
oughly familiar  with  their  duties  through  previous  tests. 

TABLE  1  COST  FACTORS  IN  STEAM  PRODUCTION 
Cleveland  Railw.^t  Company 


"Per  cent  of  total  cost 


1  (53)  Fuel 

2  (54)  _  Water 

3  (55  &  56)  Oil  and  miscellaneous  supplies 

4  (46  &  47-A  &  B)    Maintenance 

5  (52-A)  Employees 

6  (50)  Depreciation,  4J^  per  cent  on  invest- 

ment  

To  these  must  be  added  interest,  taxes  and  insurance, 
7H  per  cent  on  investment 


Total  cost  of  producing  steam. 
Fuel  and  fixed  charges 


Coal  and  Water.  Both  items  were  weighed  on  newly  calibrated 
scales.  Coal  sample  taken  from  every  wheelbarrow  and 
placed  in  covered  receptacle. 


pipe  and  results  checked  with  an  anemometer  and  by  the 
calorimetric   method.     Pressure   and   draft   gages  checked. 

Temperatures.  Obtained  by  thermo-electric  pyrometers,  checked 
by  manufacturer  before  and   after  tests. 

Gas  Analysis.  Conducted  by  chemist.  Continuous  samples 
taken  during  consecutive  half-hour  periods.  Sampling  tube 
inserted  at  top  of  first  pass :  lined  with  hard  glass  tubing 
and  open  at  end  only  ;  moved  in  and  out  so  as  to  get  repre- 
sentative sample.     Analysis  made  with  Orsat  apparatus. 

Regulation  of  Fire.  Fuel  bed  was  kept  uniform  and  constant 
in  thickness,  by  very  close  and  frequent  observation  on  the 
part  of  three  different  men,  all  experienced  firemen. 

Ash  Analysis.  All  ash  was  spread  out  and  crushed  to  about 
IV2  in.  on  a  large  concrete  floor  and  dried  before  weighing. 
The  sample  for  analysis  was  taken  by  dividing  the  ash.  when 
evenly  spread  out,  into  a  large  number  of  squares,  and  then 
moving  awa.v  alternate  squares  until  a  comparatively  small 
sample  for  grinding  was  obtained.  During  this  reduction 
process  the  ash  was  continually  mixed  by  turning  it  over. 
The  samples  were  analyzed  for  moisture,  combustible  and  in 
some  eases  for  sulphur  or  volatile  constituent. 


SCOPE  OF   PAPKI! 

This  paper  proposes  for  discussion  the  systematic  treatment 
of  the  steam  boiler  in  relation  to  the  two  fundamental  variables 
— efficiency  and  capacity.  The  efficiency  which  obtains  at  a 
given  capacity  depends  upon  the  interrelation  of  a  large  num- 
ber of  variable  factors  of  operation.  It  is  essential  that  these 
factors  be  systematically  conceived,  and  that  in  a  given  case 
some  idea  of  their  relative  importance  be   formed.     Recent 


TABLE  2      SUMMARY  OF  TEST  DATA 
Cleveland  Railway  Company 


Test  No... 

1 

2 

3 

4 

5 

6 

7 

8 

9  . 

1     Fuel  bed  thickness . 

Thin 

Medium 

Thick 

2  Horsepower  output  of  boiler 

(steam  pressure  150  lb.  gage) 

3  Dry  coal  per  hour,  lb 

4  Coal  analysis 

a     B.t.u 

452 

1,695 

12,631 
4.00 
13.2 

0.46 

0.22 
20.100 

25,200 

66 

532 

14.5 

5.1 

0.4 

3.5 

70.7 

85.2 

.544 

661 

2.450 

12.718 
4.00 

12.4 

1.33 

0.25 
.30,900 

32,000 

66 

644 

17.0 

4.0 

0.8 

3.4 

71.2 

88.2 

820 

895 

3,700 

12,744 
4.00 
12.6 

2.63 

0.25 
42,600 

38,500 

68 
734 
14.6 

7.6 
10.9 

3.4 
63.5 
78.0 
1.100 

500 

1,960 

12,795 
4.00 
12.4 

0.55 

0.25 
15,700 

17,850 
66 

500 
8.4 
4.6 
6.6 
3.4 

66.9 

75.3 

563 

736 

3,100 

12,888 
4.00 
11.8 

1.68 

0.27 
30.200 

30,300 
69 
659 
12.1 
10.0 
11.2 
3.4 
61.7 
73,8 
880 

923 

4,000 

12,944 
4.00 
11.6 

2.79 

0.41 
46,500 

40.250 

70 
771 
14.7 

7.0 
13.9 

3.4 
59.7 
74.4 
1,150 

504 

2,690 

12,802 
4.16 
12.5 

1.03 

0.15 
20,900 

21,900 

79 
509 

7.6 
17.3 
14,8 

3,4 
49  0 
56.5 
583 

718 

3,600 

12,802 
4.16 
12.5 

2.41 

0.15 
37.200 

34,250 

SO 
596 
10.4 
17.3 
11.4 

3,4 
52.1 
62.5 
862 

902 
4,320 
12,672 

3.93 

13.2 

5     Air  pressure  under  tuyeres  (inches 
of  water) 

3.27 

6     Draft  in  combustion  chamber  (in- 
ches of  water) 

0.45 

7  Pounds  air  per  hour  by  meter 

8  Average  of  air  by  meter  and  by 

43,500 
42,250 

9     Temperature  of  air,  deg.  fahr.  . .  . 

72 

728 

11  Sensible  heat  to  stack,  per  cent  '..  . 

12  Combustible  in  ash,  per  cent  loss  " . 

13  CO  loss  ". . 

13.7 
20.0 

14    Latent  heat  of  steam  in.  flue  gas.. . 

3.7 
54.8 

68.5 

17     Output  of  furnace,  boiler  hp 

1.127 

1  Flue  gas  per  pound  of  coal,  taken  from  items  3  and  8  to  which  is  added  0.8  pound  for  gasified  coal. 

-  One  sample  for  Tests  7  and  8. 

>The  CO  analyses,  especially  for  the  overload  tests  (Nos.  3,  6  and  9),  were  probably  somewhat  in  error  due  to  taking  of  sample  at  top  of  first  pass  where  gases 
were  not  thoroughly  mixed.  During  Test  9  both  the  oxygen  and  CO  content  of  the  flue  gas  taken  at  this  same  point  were  high.  There  was  also  a  marked  amount,  of 
incandescent  matter  in  the  flue  gas.  It  is  therefore  probable  that  considerable  combustion  of  CO  occurred  in  the  second  and  last  passes.  This  is  indicated  by  the  fact 
that  the  items  of  the  heat  balance  for  this  Test  9  added  up  to  a  Uttle  more  than  100  per  cent. 


Air  Supply.  .\ir  delivered  to  furnace  from  fan  was  measured 
by  pitot  tubes  placed  in  air  ducts  and  preceded  by  baffles 
to  create  parallel  flow ;  permanently  located  pitot  tubes  were 
calibrated  by  complete  traverses  in  two  directions  through  the 


stoker  developments  to  the  end  of  greater  flexibility  have  intro- 
duced a  large  number  of  adjustments  over  which  intelligent 
control  must  be  exercised.     This  merely  goes  to  illustrate  the 
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necessity  of  less  prejudice  and  more  rational   procedure  in 
boiler-room  design  and  operation. 

In  what  follows,  a  classification  of  the  variables  of  operation 
will  be  outlined,  and  a  system  of  testing  discussed,  whereby 
their  interrelation  may  be  established.  The  results  of  the  tests 
already  quoted,  which  were  made  in  accordance  with  this  sys- 
tem, will  be  used  by  way  of  illustration.  All  mathematical 
treatment  and  detail  of  procedure  are  listed  in  an  appendix. 
It  should  be  pointed  out  at  the  outset  that  the  test  data  used 
are  necessarily  limited,  and  in  some  respects  incomplete.  Yet 
perhaps  they  will  serve  as  a  concrete  basis  or  examjjle  in  out- 
lining' the  method  of  treatment. 


tion  and  radiation.  It  is  evident  that  the  factors  which  govern 
combustion  likewise  govern  very  largely  the  heat  transmission 
of  the  boiler,  by  the  regulation  of  temperature  and  amounts 
of  gas.  Hence,  it  follows  that  in  the  end  the  performance  of 
the  entire  boiler  unit  may  be  expressed  in  terms  of  a  nufiiber 
of  factors  over  which  the  fireman  either  does  or  should  be  able 
to  exercise  proper  control. 

Before  proceeding  with  the  separate  discussions  of  the  two 
elements  of  the  boiler  unit,  it  is  necessary  to  define  clearly  the 
lines  of  separation  of  the  furnace  and  the  boiler.  It  is  desir- 
able so  to  define  furnace  efficiency  and  boiler  efficiency  that 


ELEMENTS    01' 


BOILER    UNIT    AND    BASIC    FACTORS    WHICH 
GOVERN    ITS    PERFORMANCE 


The  steam-boiler  unit  is  considered  here  in  relation  to  each 
of  its  two  elements,  the  furnace  or  heat  liberator  and  the 
boiler  or  heat  absorber. 

The  furnace  is  a  means  whereby  the  chemical  energy  of  coal 
or  other  fuel  is  transformed  into  sensible-heat  energy.  The 
function  of  the  furnace  is  chemical  reaction  between  the  com- 
bustible fuel  and  the  oxygen  of  air.     As  such,  it  is  governed 


Fig.  1 


Sectional  View  op  Boiler  Unit  of  the  Cleveland 
Railway  Company 


by  the  three  factors,  (1)  amount  of  air,  (2)  degree  of  air 
mixture  and  (3)  time.  These  three  factors  together  govern 
the  rate  of  combustion,  the  completeness  of  combustion  and 
the  resultant  temperature  of  combustion ;  in  a  word,  they  com- 
pletely determine  the  nature  of  combustion. 

The  boiler  is  a  means  whereby  the  heat  liberated  in  the 
furnace  is  absorbed  and  transferred  to  the  water.  Its  function 
is  heat  transmission  and  it  is  governed  by  the  laws  expressing 
the  several  modes  of  heat  transfnission, — conduction,  eonvec- 


^00 


1200 


.      600  800  1000 

Heat  Output  of  Furnace, Boiler  Hp. 

Fig.    2     Furnace-Operation    Chart.      Taylor    Six-retort 
Stoker  with  Extension  Grate 


their  product  will  be  the  overall  efiiciency  of  the  unit.  To  this 
end  boiler  efficiency  is  taken  as  the  ratio  of  heat  absorbed  to 
the  heat  available  for  absorption,  i.e., 

heat  in  steam 
^~  heat  in  steam  and  sensible  heat  in  flue  gas 
Furnace  efficiency  is  defined  as  the  ratio  of  heat  available  for 
absorption  by  the  boiler  to  the  heat  in  the  coal,  i.e., 

heat  in  steam  and  sensible  heat  in  flue  gas 


heat  in  coal 


and 


£■  (overall  efficiency )  =  E p'XEg 

This  method  arbitrarily  charges  against  the  furnace  all 
losses  through  the  setting,  such  as  radiation  and  leakage.  Most 
of  these  losses  do  occur  in  the  setting  around  the  furnace  and 
so  this  arbitrary  classification  is  reasonable.  It  also  charges 
against  the  furnace  the  loss  in  latent  heat  in  the  vapor  of  the 
discharged  flue  gases. 

THE  rr  K.N  ace 

The  ideal  furnace  for  any  form  of  fuel  is  one  in  which  the 
three  factors  of  combustion  mentioned  above, — amount  and  ad- 
mixture of  air,  and  time  for  completion  of  combustion,  may 
be  regulated  independently.  This  furnace  would  have  wide 
limits  of  efficient  operation  wherein  it  would  be  possible  to 
attain  at  once  both  efficiency  and  capacity.  Unfortunately 
the  present  status  of  the  art,  particularly  in  regard  to  coal- 
burning  furnaces,  falls  far  below  this  ideal. 

The   most   important   methods   of   firing   coal    employ    the 
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chain  grate  and  the  underfeed  and  overfeed  gravity  stokers. 
In  each  of  these  cases  the  time  of  transit  of  coal  decreases  with 
increase  of  load  and  is  not  subject  to  independent  regulation, 
and  also  it  is  impossible  to  regulate  independently  the  amount 
and  admixture  of  air.  The  factors  of  air  supply  are  controlled 
together  by  the  amount  of  draft  or  pressure  and  by  the  con- 
dition of  the  fuel  bed.  These  several  inflexibilities  are  inher- 
ent in  the  present  status  of  the  art.  They  are  serious  disad- 
vantages which  may  be  reduced,  however,  by  introducing  in 
other  ways  a  large  degree  of  flexibility. 

Since  regulation  of  the  time  element  by  regulation  of  grate 
surface  seems  to  be  imjiracticable,  the  problem  of  furnace 
operation  becomes  simply  the  problem  of  the  air  supply,  not 
merely  over  the  fuel  bed  as  a  whole,  but  in  its  several  parts  sep- 
arately. That  flexibility  of  air  supply  will  to  some  extent 
compensate  for  inflexibility  in  time  of  transit,  may  be  illus- 
trated by  any  of  the  underfeed  gravity  stokers.  The  grate 
areas  of  these  stokers  have  been  proportioned  to  give  the 
jirojier  time  element  for  rated  capacity. 


Fig.  3     Am  Meter 

For  example,  take  the  ease  of  the  Taylor  stoker  used  in  the 
equipment  of  the  Cleveland  Railway  Company's  plant  whiili 
the  writer  tested.  When  tlie  capacity  is  increased,  the  air 
supply  on  the  lower  or  coking  grates  cannot  be  increased 
enough  to  burn  the  coal  as  fast  as  it  is  received  from  tlie  upjjer 
grates.  The  result  is  a  piling  up  of  coke  and  ash  on  the  dump 
and  extension  grates  causing  not  only  a  large  loss  from  carbon 
monoxide  and  coke  to  the  ash  pit,  but  perhaps  serious  clinker 
difficulties.  A  variable  grate  surface  would  eliminate  this 
trouble.  It  could,  however,  l)e  largely  mitigated  by  flexible 
and  independent  air  control  for  this  section  of  the  fuel  bed. 
This  is  discussed  further  in  the  Appendix. 

FUNDAMENTAL  FACTORS   (iF  t)l'ERATION  OF  THE  FURNACE 

The  operating  variables  of  the  furnace  are  simply  the  vari- 
ables governing  air  supply.     They  are   (1)   thickness  of  fuel 


bed,  (2)  condition  of  fuel  bed,  and  (3)  pressure  dro|)  through 
fuel  bed.  These  variables  may  be  regulated  differentl.N  in  dif- 
ferent parts  of  the  furnace,  but  they  are  in  all  events  the 
fundamental  factors  involved.  They  determine  efficiency  and 
capacity.  In  order  to  operate  a  furnace  properly,  the  inter- 
relations between  efficiency  and  capacity  and  the  foregoing 
variables  must  be  established. 

The  validity  of  this  principle  has  not  been  generally  re- 
alized. Instruments  for  the  indication  of  certain  variables  have 
been  extensively  used.  Yet,  either  the  number  of  instruments 
or  the  amount  of  rational  interpretation  has  been  insufficient. 
It  is  only  in  very  special  and  limited  cases  that  efficiency  or 
capacity  is  indicated  by  a  single  variable  factor  such  as  carbon 
dioxide,  or  flue  temperature. 

Having  defined  the  fundamental  factors  of  o])eration,  it  now 
remains  to  select  means  of  indicating  these  quantities  to  the 
fireman.  The  means  of  indication  necessarily  vary  for  dif- 
ferent types  of  stokers  and  furnaces.  With  a  chain  grate 
the  thickness  of  fuel  bed  may  be  readily  measured  and  ad- 
justed, and  its  condition  is  for  the  most  jjart  uniform.  The 
draft  in  the  combustion  chamber  constitutes  the  pressure  drop 
through  the  fuel  bed.  Thus  the  chain  grate  readily  lends  itself 
to  this  system,  and  it  is  a  simple  matter  to  determine  by  tests 
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the  relation  of  furnace  efliciency  and  capacity  to  the  operating 
variables.  In  fact,  the  limits  of  expedient  and  efficient  opera- 
lion  with  the  chain  grate  are  not  only  narrow,  but  readily 
apisarent.  This  is  a  salient  feature  of  this  type  of  stoker. 
On  the  other  hand,  the  forced-draft  underfeed  stoker  is  not  by 
any  means  so  simple,  and  here  intelligent  control  is  not  only 
effective  but  essential.  In  this  case  the  thickness  of  fuel  bed 
i-annot  be  directly  measured  nor  is  its  uniformity  so  much  a 
matter  of  course. 

The  point  of  primary  inqiorlancc  is  the  nmuunt  of  air 
pushed  through  the  fuel  bed  and  the  intimacy  with  which  it 
is  mixed  with  the  volatile  matter  forming  in  the  lower  layers 
of  green  coal  and  the  coke  of  the  upper  layers.  Roughly 
speaking,  this  intimacy  increases  with  the  resistance  to  air 
flow.  It  is  the  condition  and  thickness  of  the  fuel  bed  that 
determines  both  the  amount  and  admixture  of  air.  The  pres- 
sure necessary  to  force  up  a  certain  (juantity  of  air  is  both  a 
simple  and  an  effective  indication  of  the  mean  condition  and 
thickness  of  the  fuel  bed;  in  other  words,  an  air-])ressure 
gage  and  an  air  meter  indicate  the  thickness  of  bed.  In  stokers 
of  sufficient  size  to  warrant  the  use  of  two  air  ducts,  it  is 
necessary  to  duplicate  the  air-measuring  aijparatus.  By 
proper  arrangement  of  the  means  of  indication  it  now  becomes 
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possible  to  gage  tlie  uniformity  of  the  fuel  bed  by  comparing 
the  air  indications  to  the  two  halves.  Thus  all  the  conditions 
governing  air  supply  may  be  readily  measured,  and  indicated 
to  the  fireman.  In  order  that  he  may  make  proper  use  of  these 
indications  they  must  be  related  to  the  objects  sought — effi- 
ciency and  capacity. 

As  an  illustration  of  the  actual  interrelating  of  the  above 
indications,  there  is  presented  in  Fig.  2  a  chart  showing 
graphically  the  results  of  the  tests  applying  to  the  furnace. 

It  may  be  seen  that  this  chart  is  a  graphical  representation 
of  the  principles  outlined  above.  It  shows  how  furnace 
capacity  and  efficiency  are  functions  of  extremely  simple  va- 
riables, and  how  any  two  of  the  variables  fix  conditions  of 
o])eration.  An  analogy  is  a  steam  chart  on  which  any  two  con- 
ditions, such  as  heat  and  pressure,  or  quality  and  tempera- 
ture, determine  a  [joint  from  w'hich  the  other  corresponding 
conditions  mav  be  found.     Tlic  chart  brings  out  in  conclusive 


time  that  the  li(|uid  levels  will  not  be  side  by  side  will  be  wlien 
the  fuel  bed  is  not  uniform,  a  condition  requiring  immediate 
attention  from  the  fireman.  For  example,  a  hole  will  cause  a 
very  marked  difference  in  the  two  manometer  levels. 

Another  principle  may  be  employed  in  connection  with  the 
form  of  air  meter  just  described.  The  pitot-tube  manometers 
show  deflections  increasing  as  the  square  of  the  air  velocities. 
Similarly,  neglecting  the  relatively  small  amount  of  gas  formed 
from  the  burning  coal,  the  pressure  drop  through  the  fuel  bed 
varies  as  the  s(|uaro  of  the  air  velocities.  Hence,  as  is  shown 
in  Fig.  4,  the  relation  between  this  pressure  drop  and  the 
manometer  deflection  is  a  direct  proportion.  Utilizing  this 
principle,  another  manometer  tube '  may  be  placed  beside  the 
other  tubes  for  the  measurement  of  pressure  drop.  By  using 
liquids  of  the  proper  relative  densities,  or  by  introducing 
variation  in  the  sectional  area  of  the  manometer,  the  levels 
can  be  set  to  move  up  and  down  together  for  the  proper  thick- 
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Fig.  5    The  Boiler  as  a  Heat  Absorbed.    Boiler-operation 
Chart  showing  Interrelation  of   Variables 
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Fig.  6    Operative  Chart,  Combined  Boiler  Unit 


manner  the  essential  importance  of  the  variables  selected  at 
the  beginning  of  the  discussion — thickness  of  fuel  bed  and 
pressure  drop.  So  far  as  the  furnace  as  a  heat  liberator  is 
concerned,  it  establishes  the  conditions  of  maximum  efficiency 
for  each  and  every  load. 

measurement  of  All!  sri'PLV 

Of  the  instruments  used  by  the  writer  in  obtaining  the 
results  presented  here,  the  apparatus  for  directly  measuring 
the  air  supply.  Fig.  3,  merits  perhaps  a  brief  statement.  It 
is  quite  possible  to  emploj'  the  pitot  tube  with  close  accuracy 
for  measuring  the  air  supply  of  forced-draft  furnaces,  and 
even  where  conditions  are  extremely  unfa\'orable  to  obtain  at 
least  excellent  relative  results.  The  manometer  used  in  con- 
nection with  the  pitot  tube  may  be  placed  at  a  distance  from 
the  air  duct,  along  with  the  other  boiler  instruments,  without 
impairing  its  accuracy.  When  two  manometers  are  necessary 
because  of  two  air  ducts  the  sloping  tubes  may  be  placed  side 
by  side  and  readings  taken   from   a   single   scale.     The  only 


ness  of  fuel  bed ;  and  a  ready  indication  of  amount  of  varia- 
tion from  the  prescribed  thickness  is  available.  This  last  func- 
tion is  valuable  in  plants  having  short  peak  loads.  The  fireman 
may  gage  the  amount  by  which  he  is  building  up  his  fuel 
preparatory  to  the  short  overload.  Thus  a  single  instrument 
has  been  made  to  indicate  all  the  fundamental  conditions  of 
combustion — amount  of  air,  pressure  drop  through  the  fuel 
bed,  and  thickness  and  uniformitv  of  fuel  bed. 


Tin 


BOI  LEI! 


The  performance  of  the  boiler  as  an  apparatus  for  absorb- 
ing heat  is  here  analyzed  in  the  complete  paper  along  the  same 
general  lines  as  the  furnace.  The  furnace  produces  heat 
which  is  available  for  absorption  in  the  form  of  radiant 
energy  and  of  hot  gases,  that  is,  the  heat  generated  in  the 
incandescent  fuel  bed  is  transmitted  to  the  boiler  surfaces 
by  radiation  and  by  convection.     It  is  then  transmitted  from 


'  Not  shown  in  Kip.  3  but  exactly  similar  to  the  two  tubes  shown. 
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the  outer  to  the  inner  surfaces  and  to  the  water  by  conduction. 
The  boiler  employs,  therefore,  all  three  modes  of  heat  trans- 
mission, and  the  variables  of  operation  are  those  determining 
the  effectiveness  of  each  of  these  three  modes.  These  variables 
are  (1)  temperature,  (2)  condition  of  surfaces  and  (3)  gas 
velocity.  Temperature  is  the  predominant  variable;  it  affects 
all  three  modes  of  transfer,  in  each  case  a  temperature  gra- 
dient being  necessary.  The  condition  of  surfaces  affects  prin- 
cipally two  modes  of  transmission,  convection  and  conduction ; 
while  gas  velocity  affects  simply  convection. 

BOILER-OPER.\TION   CH.\RT 

Relations  derived  between  the  heat  absorbed  by  the  boiler, 
and  the  two  variables, — flue  temperature  and  gas  velocity,  are 
combined  into  a  single  chart.  Fig.  5,  which  is  the  boiler-opera- 
tion chart,  and  corresponds  to  the  furnace-operation  chart  pre- 
viously shown.  It  expresses  the  relation  of  efficiency  and 
capacity  to  the  fundamental  factors — temperature  and  velocity 
of  the  gases. 

COMBINED   BOILBR-UNIT-OPERATION   CH.\RT 

Following  this  separate  treatment  of  the  two  elements  of 
the  boiler  unit — the  furnace  as  a  heat  liberator  and  the  boiler 
as  a  heat  absorber — the  paper  here  combines  the  results  of  the 
two  analyses.  As  an  example  of  such  procedure  there  is  pre- 
sented in  Fig.  6  the  combined  boiler-unit-operation  chart. 

It  is  evident  that  the  factors  governing  furnace  operation 
also  determine  the  variables  of  boiler  operation.  The  gas  pass- 
ing through  the  boiler  is  simply  the  air  of  combustion  plus  the 
weight  of  gasified  coal  (corrected,  if  necessary,  for  infiltration) . 
The  temperatures  in  the  boiler  are  governed  by  the  combustion 
conditions  in  the  furnace.  Hence,  overall  boiler  efficiency  and 
capacity  are  to  be  expressed  simply  in  terms  of  the  furnace 
variables — thickness  of  fuel  bed  and  pressure  drop  through 
fuel  bed.  In  the  case  presented  here  fuel  bed  thickness  is  in- 
dicated by  weight  of  air  and  pressure  drop,  and  these  values 
therefore  become  the  criteria  of  combined  performance.  The 
function  of  flue  temperature  is  simply  a  check  upon  the  con- 
dition of  the  heating  surfaces.  The  combustion  rate  curves 
shown  on  the  chart  are  of  value  only  in  assisting  in  the  proper 
maintenance  of  fuel  bed.  However,  this  information  is  not 
necessary,  since  an  insufficient  fuel  supply  shortly  disturbs 
the  prescribed  relation  between  air  and  pressure  drop.  Refer- 
ence to  the  data  shows  very  little  variation  in  the  character  of 
the  coal  used  in  the  tests,  the  results  of  which  have  been  here 
presented. 

The  combined  boiler-unit-operation  chart  brings  out  the 
essential  importance  of  the  variable  factors  which  have  been 
selected  as  determining  performance.  It  supplies  the  informa- 
tion whereby  the  firemen  may  operate  with  maximum  efficiency 
for  each  different  load.  It  establishes  the  relation  between 
efficiency  and  economy  wherewith  the  economic  policy  of  the 
boiler  room  may  rationally  be  planned.  Lastly,  a  study  of  the 
chart  and  of  the  reasons  for  its  characteristics  becomes  a  sound 
basis  for  improvement  in  design. 

In  conclusion  the  writer  states  clearly  his  position,  which  is 
not  an  unqualified  acceptance  of  any  single  system  of  analysis, 
but  rather  the  acceptance  of  the  principle  of  systematic  anal- 
ysis. He  believes  there  is  no  engineering  problem  which  is 
immune  to  this  principle. 

An  appendix  describes  the  procedure  for  convection  tests 
and  for  the  determination  of  radiation  heat,  and  discusses  the 
furnace  and  stoker  characteristics. 


RADIATION   ERROR   IN   MEASURING 
TEMPERATURE   OF   GASES 

By  henry  KREISINGER,  PITTSBURGH,  PA. 
Member  of  the  Society 

AKD 

J.  F.  BARKLEY,"  PITTSBURGH,  PA. 

OF  the  errors  entering  into  the  determination  of  the 
average  temperature  of  a  stream  of  hot  gases  sur- 
rounded by  colder  or  hotter  surfaces,  the  radiation  error  is 
the  most  serious  one  and  the  most  difficult  to  correct.  Ordi- 
nary temperature  measurements  made  with  commercial  devices 
under  such  conditions  are  from  5  to  25  per  cent  in  error.  If 
the  surrounding  surfaces  are  cooler  than  the  gases,  the  tem- 
peratures indicated  by  the  measuring  instrument  will  be  too 
low;  or  if  the  surrounding  surfaces  are  hotter,  as  is  the  case 
in  regenerating  furnaces,  they  will  be  too  high. 

The  object  of  this  paper  is  to  show  primarily  how  large  the 
radiation  en-or  may  become  under  certain  conditions  of  tem- 
perature measurements,  and  that  judgment  must  be  used  in 
interpreting  the  accuracy  and  the  value  of  temperature 
readings. 

The  radiation  error  is  due  to  the  fact  that,  to  a  large  extent, 
gases  are  jDermeable  to  radiation.  When  a  temperature- 
measuring  instrument  is  immersed  in  a  stream  of  hot  gases 
surrounded  by  cooler  surfaces,  it  absorbs  heat  from  the  gases 
by  convection  and  its  temperature  rises.  As  soon  as  its  tem- 
i;ierature  exceeds  that  of  the  surrounding  surfaces,  heat  passes 
by  radiation  from  the  instrument  to  these  surfaces  through 
the  intervening  gases.  Thus  the  instrument  receives  heat  from 
the  hot  gases  by  convection,  and  gives  off  heat  by  radiation  to 
the  surrounding  colder  surfaces.  The  temperature  of  the 
instrument  continues  to  rise  with  a  decreasing  rate,  until  the 
quantity  of  heat  it  gives  off  is  equal  to  the  quantity  of  heat  it 
receives;  the  temperature  then  remains  constant.  Under  these 
equilibrium  conditions  the  temperature  of  the  instrument  is 
between  that  of  the  stream  of  gases  and  that  of  the  sur- 
rounding surfaces;  in  other  words,  it  is  lower  than  the  tem- 
perature of  the  gases  which  it  is  intended  to  measure. 

In  a  similar  way,  when  the  instrument  is  inserted  in  a 
stream  of  gases  surrounded  by  surfaces  hotter  than  the  gases, 
and  when  equilibrium  conditions  obtain,  the  temperature  of 
the  instrument  is  somewhere  between  that  of  the  surrounding 
surfaces  and  that  of  the  stream  of  gases;  in  other  words,  it  is 
higher  than  the  temperature  of  the  gases  which  the  instrument 
is  supposed  to  measure.  The  difference  between  the  temjsera- 
ture  of  the  gases  and  that  indicated  by  the  instrument  is  the 
radiation  error. 

The  magnitude  of  the  radiation  error  dejjends  on:  (1)  the 
size  of  the  part  of  the  instrument  exposed  to  the  gases  and  the 
radiation,  and  (2)  the  difference  between  the  temperature  of 
the  gases  and  the  temperature  of  the  surrounding  surfaces. 
The  smaller  the  exposed  part  of  the  measuring  instrument,  the 
smaller  the  radiation  error;  also,  the  smaller  the  difference 
between  the  temperature  of  gases  and  the  temperature  of  the 
surrounding  surfaces  the  smaller  the  radiation  error.  In  the 
measurement  of  the  temperature  of  gases  only  the  first-named 
factor  can  be  controlled.  The  second  factor  is  fixed  by  the 
kind  of  apparatus  and  its  operation. 
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Of  the  instruments  used  in  the  measurement  of  temperature 
of  gases,  the  thermocouple  lends  itself  the  best  to  the  reduction 
of  its  size.  It  can  be  made  so  small  that  the  radiation  error  is 
negligible  for  practical  purposes.  The  correct  temperature 
■would  be  indicated  only  by  a  thermocouple  having  an  exposed 
hot  junction  made  of  wires  of  zero  diameter,  which,  of  course, 
is  a  physical  impossibility. 

The  effect  of  the  size  of  thermocouples  is  shown  in  Fig.  1, 
which  gives  two  sets  of  temperature  measurements  of  the 
gases  passing  through  a  Babcock  and  Wilcox  boiler  fired  with 


central  switch  and  read  in  rapid  succession  with  a  portable 
potentiometer.  While  the  readings  were  taken  the  furnace 
conditions  were  kept  uniform,  which  was  a  comparatively  easy 
task  with  the  gas  firing. 

In  rig.  1  the  absciss®  are  the  approximate  lengths  of  the 
paths  of  gases,  measured  from  the  position  of  tiie  first  )iair 
of  couples  A.  The  fuU  heavy  curve  connects  the  readings 
obtained  with  the  large  couples,  and  the  full  light  curve  the 
readings  obtained  with  the  small  couple.  The  dotted  curve 
above  the  full  curves  gives  the  probable  true  temperature  of 
the  gases,  obtained  by  extrapolation  from  later  curves.     The 
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Fig.   1 


Tempekatuke   op   Gases   as    They   Pass    Through 
Babcock  and  Wilcox  Boiler 
Fig.  2     Setting  op  Gas-Fired  Babcock  and  Wilcox  Boiler 
IN    Which    the   Measurements    Were   JVIade.     Total 
Heating    Surface,    3400    Sq.    Ft.;    Steaji    Pressure, 
165  Lb.  by  Gage. 
Fig.  3     Effect  of   Temperature  of   Gases  on   Radiation 
Error  in  Various  Types  op  Boilers 


Fig. 


natural  gas.  One  of  these  sets  of  measurements  was  taken 
with  thermocouples  having  the  hot  junction  made  of  wires 
0.008  in.  in  diameter  and  the  other  made  of  tubes  about  0.500 
in.  in  diameter.  This  large  couple  is  about  the  size  of  commer- 
cial instruments  used  for  such  purposes'.  Several  thermo- 
couples of  each  size  were  made  and  clamped  together  in  pairs, 
each  pair  containing  a  large  couple  and  a  small  couple,  with 
their  hot  junctions  about  IVa  in.  apart.  These  pairs  were 
placed  at  different  points  along  the  path  of  gases,  indicated 
by  the  small  circles  and  designated  by  the  letters  A,  B,  C,  D, 
E,  F  and  G  in  Fig.  2.     All  the  couples  were  connected  to  a 


curve  near  the  bottom  of  the  figure  (drawn  with  dashes)  gives 
the  approximate  velocity  of  the  gases  computed  from  the 
volume  of  gas  burned,  the  chemical  analysis  of  the  products 
of  combustion  and  the  true  temperature  of  the  gases.  The 
small  black  circle  at  the  upper  left  hand  corner  gives  the 
furnace  temperature  as  measured  with  the  Wanner  ojitical 
pyrometer  sighted  through  one  of  the  gas  burners,  as  sliown 
in  Fig.  2. 

The  two  full  curves  of  Fig.  1  indicate  that  the  small  couples 
consistently  showed  temperatures  considerably  higher  than  the 
large  couples,  althougli  the  small  couples  themselves  read 
somewhat  too  low.  The  difference  between  the  readings  of  the 
two  couples  is  nearly  proportional  to  the  difference  between 
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the  true  temperature  of  the  gases  and  the  temperature  of  the 
surrouiuling  boiler  surfaces,  which  was  about  50  deg.  higher 
than  the  temperature  of  steam  iu  the  boiler.  The  large  couple 
at  B  shows  a  radiation  error  of  about  575  deg.  fahr.,  whereas 
the  small  couple  at  the  same  place  indicates  an  error  of  only 
150  deg.  fahr. 

Fig.  3  shows  how  much  lower  the  large  couples  read  than 
the  small  ones  when  the  couples  were  placed  in  the  boiler 
settings  of  five  of  the  common  types  of  water-tube  boilers. 
The  readings  were  plotted  on  two  charts  to  avoid  crowding  the 
points.  With  the  exception  of  the  groups  marked  A,  all  the 
readings  were  obtained  with  the  thermocouples  placed  among 
the  tubes,  or  in  other  places  where  they  were  almost  totally 
exj^osed  to  the  heating  surfaces  of  the  boilers. 

The  group  A  of  the  Babcock  and  Wilcox  boiler  was  obtained 
with  the  thermocouple  placed  in  position  A,  Fig.  2.  In  this 
position  the  thermocouples  were  exposed  partly  to  the  boiler 
tubes  and  partly  to  the  brick  walls  and  the  clay-tile  furnace 
roof,  which  latter  sui'faees  were  much  hotter  than  the  boiler 
tubes.  Therefore  the  thermocouples  did  not  lose  as  much  heat 
by  radiation  as  those  couples  which  were  completely  sur- 
rounded by  the  boiler  tubes,  and  their  radiation  error  was 
smaller. 

Group  A  of  the  lower  half  of  Fig.  3  was  obtained  with  the 
couples  placed  about  1  ft.  above  the  arch  and  1  ft.  from  the 
front  nest  of  tubes  in  a  setting  of  a  standard  Stirling  boiler. 
They  were  therefore  exposed  partly  to  the  boiler  tubes  and  to 
some  extent  also  to  the  hot  brickwork  of  the  furnace.  There- 
fore the  radiation  error  of  these  couples  was  somewhat 
smaller  than  the  radiation  error  of  the  other  couples  com- 
pletely surrounded  by  the  boiler  tubes. 

Dotted  curves  were  drawn  through  the  groups  of  points 
representing  readings  of  couples  having  nearly  the  same 
exposure  to  indicate  that  the  radiation  error  is  roughly  propor- 
tional to  the  temperature  of  the  gases. 

The  paper  concludes  with  a  determination  of  the  nature  of 
the  relation  between  the  radiation  error  and  the  size  of  the 
hot  junction  of  a  thermocouple. 

DEVELOPMENT   OF   SCIENTIFIC 

METHODS  OF  MANAGEMENT 

IN  A  MANUFACTURING 

PLANT 

By  S.\NF0RD  E.  THOIMPSOX,  WILLIAM   O.  LICHTNER, 
KEPPELE  HALL,  AND  HENRY  J.  GUILD  ' 

THE  development  of  scientific  methods  iu  manufacturing  is 
being  recognized  almost  universally  as  an  essential  to 
economical  management:  We  say  recognized,  but  this  must  be 
qualified  by  the  acknowledgment  that  in  the  majority  of  con- 
cerns who  accept  this  as  a  theory  the  treatment  has  been  super- 
ficial instead  of  covering  the  development  of  plans  which  are 
accurate,  exact,  based  on  facts,  and  which  account  for  all 
variable  conditions.  An  encouraging  feature  of  the  situation 
lies  in  the  fact  that  the  most  scientifically  managed  shops 
realize  that  they  have  by  no  means  reached  the  ideal.  In  fact, 
a  truly  scientific  development  necessarily  shows   up  the  de- 
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ficiencies  as  it  proceeds.  On  the  other  hand,  too  many  plants 
are  settling  back  into  self-sufficiency  after  establishing  a  so- 
called  efficiency  department — a  most  worthless  piece  of  mechan- 
ism as  ordinarily  conducted — and  a  cvst  system  which  at  best 
indicates  liow  money  is  lost,  and  not  how  conditions  can  be 
improved. 

SCOPE  OF   PAPER 

A  large  proportion  of  the  published  matter  relating  tu  the  ap- 
plication of  scientific  methods  of  management  has  pertained 
to  the  machine  shop.  In  tliis  paper  it  is  the  aim  of  the 
authors  to  present  in  considerable  detail  an  outline  of  the  de- 
velopment of  scientific  methods  as  applied  to  the  ordinary 
manufacturing-  plant.  At  the  same  time,  to  make  this  more 
of  a  concrete  illustration,  the  discussion  will  be  centered  in  the 
plants  known  as  the  Eastern  Manufacturing  Company  at 
Bangor  and  Lincoln.  Maine,  one  of  the  largest  concerns  in  the 
country  manufacturing  writing  pajjer  as  its  final  product. 

The  development  of  scientific  methods  at  tliese  mills,  liow- 
evei",  is  not,  as  one  might  assume,  descriptive  of  simiily  a  single 
and  comparatively  localized  industry.  As  a  matter  of  fact, 
the  processes  involved  in  pulp  and  paper  making  are  similar 
in  type,  so  far  as  management  methods — not  in  specific  tech- 
nique— are  concerned,  to  a  vast  number  of  industries.  The 
treatment,  for  example,  involves  the  scientific  development  and 
standardization  of  processes;  the  job  analysis  of  hand  and 
machine  operations;  the  systematizing  of  stores,  including  sup- 
plies, raw  materials  and  material  in  process;  the  introduction 
of  planning  methods  to  control  very  diverse  conditions;  the 
training  of  the  worker;  and  the  cooperatioti  of  the  workers 
with  the  management  through  the  Service  Department,  and 
personal  relations. 

In  treating  the  subject,  it  is  proposed  after  a  brief  summary 
and  a  statement  of  general  principles  to  take  up  the  plan  of 
control  of  manufacturing  and  the  methods  adopted  in  the  dif- 
ferent processes  to  standardize  practice. 

INITIAL   CONDITION'S    IN    THE    PLANT 

The  plant  at  Bangor  manufactures  writing  paper  of  high 
grade  and  also  operates  its  own  pulp  mill,  part  of  the  product 
of  which  is  for  use  in  the  paper  and  a  part  for  sale.  The 
Bangor  mills  employ  some  800  people. 

The  individual  processes  group  themselves  into 

1  manufacture  of  sulphite  pulp  from  spruce  wood 

2  manufacture  or  making  of  paper  from  rags  and  sulphite 

pulp 

3  finishing  of  the  paper  to  produce  the  various  finishes  re- 

quired for  writing  paper. 
With  the  last  is  included  the  manufacture  of  the  wooden  boxes 
or  cases  for  shipping  the  paper. 

Before  beginning  the  introduction  of  the  more  intimate 
analysis  of  the  methods  and  processes,  the  plant  had  been 
brought  during  the  previous  two  years  to  a  stage  much  above 
the  average  plant  of  the  old  type  of  management  in  efiflcient 
operation.  In  1914  it  was  decided  by  the  directors  to  intro- 
duce scientific  methods  so  as  to  go  down  to  the  bottom  of 
things  and  develop  standard  methods  of  handling  materials 
and  labor. 

RESULTS 

The  results  secured  by  the  scientific  standardization  of  the 
various  operations  in  combination  with  the  routing  system  and 
bonus  plan  are  briefly  as  follows 
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a     increase  in  production  in  the  paper  mill  of  ii5  per  cent 

b  increase  in  the  pulp  mill  from  35  tons  to  50  tons,  or  42  per 
cent 

c    average  increase  in  wages  of  40  per  cent 

d  reduction  in  cost  per  ton  of  paper  production,  notwith- 
standing increased  wages,  of  about  25  per  cent' 

e  saving  amounting  to  several  thousand  dollars  per  month  in 
materials 

/      control  of  production  throughout  the  plant 

g  development  of  the  spirit  of  cooperation  between  manage- 
ment and  employees. 

The  reduction  in  cost  in  spite  of  the  increase  in  wages  is  due 
to  three  things 

1  fewer  employees  per  unit  of  work 

2  reduction  of  overhead  costs  through  the  increase  in  produc- 

tion with  the  same  plant  and  non-productive  help 

3  savings  in  materials. 

THE  PHOCESS  01-'  PAPER  MAKING 

Paper  making,  today,  both  in  method  and  machinery,  is  su!)- 
stantially  the  same  as  it  was  one  hundred  years  ago.  It  has 
been  carried  on  during  all  this  time  by  using  traditional 
methods  transmitted  from  one  generation  to  another. 

The  process  consists  in  brief  of  beating  the  "  furnish,"  that 
is,  the  raw  materials,  in  a  large  tub  or  beating  engine,  passing 
this  through  Jordan  machines,  and  then  on  to  the  paper  ma- 
chine, after  which  it  is  cut  and  finished  in  a  multitude  of  ways. 

SCOPE   OF   DEVELOPMENT 

Scientific  management  consists  fundamentally  in  finding  the 
best  way  of  doing  a  thing  and  putting  the  plan  into  execution. 

The  logical  process  in  the  development  of  scientific  methods 
is  to  begin  with  the  handling,  classification,  and  storage  of  the 
raw  materials;  next  establish  control  of  the  manufacturing 
processes,  and  finally  establish  by  scientific  investigation  stand- 
ards of  material  and  standard  practice  for  operating  the  plant. 

It  is  evident  that  there  are  two  distinct  features  involved  in 
this :  first,  the  introduction  of  a  system  in  management,  and 
second,  the  establishment  of  standards.  It  must  be  recognized 
very  clearly — and  it  is  because  of  lack  of  appreciation  of  this 
point  that  scientific  management  is  confounded  with  mere 
mechanism — that  system  alone  is  never  in  itself  the  goal.  Sys- 
tem is  merely  the  tool  and  a  necessary  tool  for  control.  It  is 
the  classification  of  facts,  the  job  analysis,  the  intimate  study 
of  conditions,  that  produce  the  real  results  in  output,  in  cjual- 
ity,  in  elimination  of  fatigue,  in  basic  cooperation  and  pulling 
together  between  the  men  and  the  management. 

These  are  principles  of  general  application.  The  actual 
work  to  be  accomplished  presents  in  different  manufacturing- 
establishments  problems  singularly  alike.  The  methods  of  pro- 
cedure, for  example,  at  the  Eastern  Manufacturing  Company, 
were  similar  to  those  required  in  almost  any  plant  operating 
under  the  ordinary  type  of  management. 

PLAN  OP  ORGANIZATION 

The  work  was  undertaken  in  accordance  with  the  following- 
plan 

1  classify  the  product  so  as  to  eliminate  the  confusion  caused 
by  a  multiplicity  of  trade  names  and  designations  for  the 
same  article,  and  permit  of  keeping  a  proper  balance  of 


^  This  applies  to  conditions  before  tlie  recent  increase  in  cost  of  rav 
materials. 


stock  of  the  various  grades,  weights,  colors,  sizes,  and  fin- 
ishes for  promptly  filling  orders. 

2  develop  a  system  of  routing  controlled  by  a  central  plan- 

ning department  tliat  will 

insure  orders  being  filled  in  the  proper  sei|uencc 
designate  the  recjuired  material  for  every  order 
eliminate  wasted  time  of  men  and  machines  by  always 

having  a  definite  job  ahead  of  eacli  operator  and  each 

machine 
move  materials  promptly  from  one  operation  to  another 

with  a  minimum  amount  of  confusion  and  delay. 

3  make  scientific  job  analysis  of  every  operation  to  establish 

standards  of  materials  and  practice  with  an  increased  out- 
put, and  yet  no  undue  exertion;  and  fix  rates  and  bonuses 
based  on  these  scientific  studies  that  will  permit  of  a  large- 
ly increased  wage  to  the  worker  and  decreased  cost  of  pro- 
duction. 

4  develop  the  personnel  of  the  whole  organization — manage- 

ment and  employees — to  a  point  that  will  insure  a  large 
measure  of  cooperation  by  functionalizing  duties,  by  train- 
ing, by  assuming  responsibilities,  by  recognizing  merit,  and 
by  encouraging  any  expression  of  thought  which  will 
facilitate  the  work  in  any  way  whatever. 

L'tiNTROL  THROUGH  THE  PLANNING  DEPARTMENT 

The  Planning  Department,  centrally  located  in  the  Finish- 
ing Department  Building,  now  controls  in  complete  detail  the 
progress  of  each  order  through  the  mill.  The  advantages 
gained  over  the  old  method  are  manifold  and  obvious 

a  It  has  placed  in  the  hands  of  the  two  men  who  are  respon- 
sible for  the  filling  of  all  orders — the  Production  Man  of 
the  Making  Department  (formerly  Assistant  Superintend- 
ent) and  the  Production  Man  of  the  Finishing  Department 
(formerly  Boss  Finisher) — absolute  control  of  the 
sequence  in  which  they  shall  be  run.  They  decide  when 
the  work  is  to  be  done,  the  one,  when  the  paper  is  to  be 
made,  and  the  other,  when  it  is  to  go  through  the  finishing 
department. 

h  It  affords  these  production  men  jjrecise  information  as  to 
the  exact  status  of  any  order  in  the  mill  at  any  time  with- 
out leaving  the  room. 

c  Each  clerk  in  the  planning  department  has  some  definitely 
specified  duty  to  perform  and  detailed  instructions  as  to 
just  how  to  do  it.  There  is  thus  a  trained  corps  of  men 
and  women,  each  an  expert  on  his  own  job,  who  are  em- 
ployed in  planning  in  advance  the  details  of  each  step  of 
the  foreman  or  of  the  workman  himself  after  the  job  has 
been  started. 

d  The  condition  of  each  department  and  of  every  machine  or 
worker  in  that  department  as  regards  supply  of  work  is 
shown  by  the  planning  department  control  board,  and 
permits  the  shifting  of  employees  from  one  department  to 
another,  in  order  to  prevent  congestion  of  work  or  lost 
time  on  machines. 

c  It  is  impossible  for  anyone  to  be  out  of  work  without  the 
fact  being  known.  In  fact,  conditions  can  be  foreseen  and 
provisions  made  to  meet  them. 

FUNCTION.S   OF   PLANNING    DEPARTMENT 

The  Planning  Department  performs  the  following  functions 
a     receives    all    orders    from    the    Sales    Department    and 
acknowledges  them  the  day  they  are  received  with  a  prom- 
ised date  of  shipment 
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6     determines  the  sequence  in  which  jobs  are  to  be  run 

c     it  routes  each  individual  order  to  the  macliines  and  work 

places  at  which  the  different  operations  are  to  be  done, 

sometimes  weeks  ahead  of  the  starting  of  the  order 
d    makes  out  in  advance  the  time  tickets  which  will  be  given 

to  the  operators  when  they  are  assigned  a  job 
e    keeps  each  machine  and  work  place  supplied  with  woi'k 
/     directs  and  controls   the  moving  of  materials  and   orders 

from  operation  to  operation 
g     transfers  operators  from  one  job  to  another  so  that  every 

worker  in  the  mill  always  has  some  defined  task  to  work  on. 

PLANNING  THE  MAKING  OF  PAPEK 

The  chief  aims  in  routing  the  materials  and  planning  the 
running  of  the  different  kinds  of  paper  is  to  (1)  produce  uni- 
formity of  product,  (2)  reduce  number  of  furnishes,  (3)  get 
the  paper  out  on  time,  and  (4)  avoid  changes  on  the  machines 
by  grouping  orders.  Careful  planning  of  the  runs  avoids  loss 
of  time  in  shut-downs,  and  also  permits  the  arrangement  of 
colors  to  avoid  extensive  washing  up,  so  that  whites  can  be 
runs  consecutively,  and  when  colors  are  run  that  the  changes  be 
made  from  dark  to  light  instead  of  from  light  to  dark;  also 
changes  in  deckle  width  can  be  laid  out  to  best  advantage. 

To  accomplish  these  aims  the  production  man  of  the  making 
department  accumulates  the  different  orders,  determines  from 
his  records,  not  merely  by  memory,  the  time  required  for  each 
kind  of  paper,  and  plans  out  the  dates  when  the  various  lots 
can  be  run  to  the  best  advantage,  and  from  this  order  of  work 
the  production  man  prepares  a  schedule  or  running  list  for 
each  of  the  three  paper  machines.  The  route  sheets  and 
"  stores  issues  ''  are  made,  indicating  the  way  each  order  is  to 
be  handled,  and  the  material  is  to  be  used,  and  the  individual 
time  tickets  are  made  out  and  posted. 

ECONO.MY  AND  QUALITY   DUE  TO  UNIFORMITY   IN   BEATING 

One  of  the  fundamental  processes  of  paper  making  is  the 
treatment  in  the  beating  engines.  The  importance  of  uniform- 
ity in  a  process  like  this  is  little  appreciated.  The  product 
must  come  up  to  a  certain  standard,  and  it  is  very  necessary 
from  the  standpoint  of  cost,  not  merely  that  this  standai-d  be 
maintained,  but  also  that  material  be  not  wasted  by  improper 
mixtuies,  and  to  provide  for  unnecessary  variations. 

STANDARDIZATION   OF    BEATING 

The  strength  of  the  product  resulting  from  the  beating  is 
dependent  upon  the  length  of  time  and  manner  of  beating  the 
fibers,  which  is  controlled  by  the  set  of  the  beater  roll.  The 
variables  which  had  to  be  considered  and  studied  in  the  mak- 
ing of  paper  are 

1  control  of  amount  of  bone  dry  stock  put  into  beaters 

2  control  of  density  of  stock,  that  is,  percentage  of  water 

3  development  of  proper  method  of  beating  for  maximum 

strength,  this  being  dependent  upon  set  of  beater  roll  at 
start  and  the  vai-j-ing  of  beater  roll  during  the  process  of 
beating 

4  development  of  proper  methods  of  testing  for 

a  density 

b  fiber  length 

<•  fiber  strengtli 

d  slowness 

e  set  of  beater  roll 


/     hand  sheets 

g     velocity  of  stock  in  beater 
li     strength  of  each  of  the  raw  materials 
5     determination  of  relation  between  proper  method  of  beat- 
ing and  proper  method  of  jordaning  and  of  running  on 
paper  machine. 
The  investigations  of  these  various  conditions  have  been  car- 
ried on  so  that  at  the  present  time  it  is  possible  to  know  what  is 
going  into  each  furnish,  both  as  to  percentages  of  raw  materials 
and  density,  and  to  fix  definite  times  of  beating  with  certainty 
of  uniform  results  in  product.     With  the  information  already 
obtained  it  is  now  possible  to  continue  the  more  intimate  in- 
vestigation with  a  view  to  even  more  definite  control. 

Through  the  investigations  already  made  and  the  routing  of 
the  materials  and  labor,  the  saving  in  materials  has  reached  a 
sum  of  several  thousand  dollars  per  month. 

INCREASE    IN   OUTPUT   OF   PAPER   MACHINES 

During  the  period  while  the  investigation  was  being  made 
on  the  beaters  it  was  found  advisable  to  increase  the  output  of 
the  paper  machines.  This  could  be  accomplished  in  three  ways 
(1)  by  increasing  the  speed  of  the  machines;  (2)  widening  the 
sheet  on  the  paper  machine,  or,  as  it  is  technically  known,  in- 
creasing the  deckle  width,  and  (3)  reducing  the  number  and 
length  of  shutdowns  through  better  planning  of  the  orders. 

Investigation  showed  that  the  speeds  of  the  machines  for  the 
same  furnish  at  different  times  would  vary  as  much  as  50  per 
cent  through  variation  in  the  condition  of  the  stock  and  lack 
of  uniformity.  As  a  result  of  the  studies  definite  speeds  were 
established  for  each  furnish  and  specified  to  the  man  on  the 
machine  with  each  order.  It  was  found  possible  to  increase  the 
speeds  materially  over  the  average  of  the  old  speeds. 

The  output  was  further  increased  by  increasing  the  deckle 
width  of  the  paper  from  time  to  time.  The  number  and  length 
of  the  shutdowns  were  reduced  through  careful  planning  of 
the  runs. 

REDUCTION  OF  HOURS 

The  hours  were  reduced  in  the  Finishing  Department  in 
January,  1916,  from  55^/^  to  50  per  week.  The  bonus 
times  were  left  the  same  and  no  piece  rates  were  increased,  so 
that  the  actual  labor  cost  to  the  company  was  increased.  How- 
ever, a  comparison  of  outputs  in  a  single  department  indicated 
that  the  parties  on  piece  work  maintained  the  same  production 
in  the  shorter  day  that  they  had  been  turning  out  in  the 
longer  day. 

STANDARDIZATION    IN    THE    SULPHITE    PULP   MILL 

During  the  progress  of  the  development  in  the  paper  mill, 
steps  leading  toward  the  standardization  of  methods  in  the 
sulphite  pulp  mill  were  in  progress,  and  soon,  as  a  result  of 
the  satisfaction  with  the  bonus  system  in  the  paper  mill,  there 
was  a  demand  on  the  part  of  the  men  for  the  introduction  of 
bonuses  in  the  pulp  making. 

The  problem  was  of  particular  interest  because,  on  account 
of  the  continuous  process,  the  wood,  after  the  preliminary 
treatment  in  the  wood  room,  passed  through  to  the  finished 
pulp  without  handling.  The  output  is  chiefly  controlled  bv  the 
men  handling  the  digesters  which  cook  the  chips.  The  results 
were  accomplished  by  scientific  studies  of  the  different  pro- 
cesses, which  determined  the  standard  methods  to  follow  to 
produce  the  greatest  uniformity.  The  cooks,  for  example,  were 
given  definite  curves  of  temperature  and  pressure  to  follow,  and 
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were  given  bonuses  for  keeping  witliin  the  limits  set.  This 
resulted  in  a  reduction  in  the  time  of  cooking,  a  greater  uni- 
formity in  product,  and  the  development  of  initiative  on  the 
part  of  the  workmen.  A  curve  has  been  plotted  giving  a  com- 
parison of  the  cooking  time  before  and  after  the  establish- 
ment of  standards,  and  shows  how  greater  uniformity  was 
obtained.  As  a  result  of  this  uniformity  the  time  of  cooking 
was  reduced  materially  and  the  output  largely  increased. 

CL.\SSIFICATION  OF  PAPER 

In  analyzing  the  affairs  of  any  manufacturing  establish- 
ment producing  a  great  number  and  variety  of  articles,  the 
lack  of  systematic  classification  of  the  product  is  evident.  It 
frequently  occurs  that  no  list  of  the  various  items  can  be 
found,  and  that  there  are  very  imperfect  records  of  the  sales 
of  each.  This  company  makes  a  great  variety  of  grades  of 
paper  in  many  different  colors,  sizes  and  weights,  and  it  is 
necessary  to  standardize  the  names  of  the  product  before  the 
product  itself  can  be  standardized.  A  mnemonic  symbol  sys- 
tem was  devised  and  is  now  in  general  use.  By  means  of  the 
symbol  which  is  composed  of  letters  and  figures,  the  grade, 
base  weight,  color,  size  and  finish  of  any  paper  is  clearly 
indicated. 

As  a  result  of  the  classification,  it  was  found  possible  to  re- 
duce the  number  of  grades  and  to  clearly  defhie  the  amount 
of  stock  to  carry.  With  the  aid,  also,  of  the  running  inventory 
or  balance  sheets  it  is  possible  not  merely  to  keep  track  of 
stock  on  hand  but  to  know  just  when  new  stock  in  any  grade 
should  be  made  up. 

PERSONNEL 

Scientific  management  is  essentially  a  system  of  develop- 
ment— development  of  methods,  and  a  development  of  the  in- 
dividual. A  man  or  woman  must  be  trained  in  order  to  be- 
come an  efficient  and  skilful  worker  and  to  demand  and 
receive  high  wages.  Furthermore,  a  personal  development 
must  be  attained  to  give  a  broadening  point  of  view,  so  that  he 
may  see  and  appreciate  the  values  of  sincerity  and  truth, 
health  and  right  living,  self  respect  and  self  expression. 

To  further  these  aims  a  Service  Department  was  organized 
under  the  direction  of  a  trained  social  worker.  The  functions 
of  this  department  are  to 

a    employ  all  help  and  to  keep  a  set  of  employee's  record  cards 

h     maintain  a  library  for  free  circulation  of  books 

c  maintain  a  disjpensary  for  treatment  and  care  of  sick  or 
injured 

d  operate  a  cafeteria  at  which  wholesome  food  may  be  served 
to  employees  at  cost 

e  inspect  the  factory  and  see  that  it  is  maintained  at  high 
standards  as  regards  cleanliness,  ventilation,  sanitation, 
and  safety 

/  hear  all  complaints  of  employees  regarding  wages,  treat- 
ment or  conditions;  investigate  every  complaint  and  when 
necessary  see  that  matters  are  adjusted  so  that  justice  is 
always  done. 

g  hear  all  complaints  of  foremen  and  department  heads  re- 
garding employees;  investigate  these  thoroughly  and  con- 
cur in  any  discipline  or  discharge  that  may  be  adminis- 
tered 

/(  cooperate  with  employees  in  furthering  any  suggestions 
offered  in  regard  to  activities  of  a  recreative  or  social 
nature 


i  cooperate  with  all  outside  interests,  municipal  or  private, 
that  may  have  for  their  object  the  betterment  of  condi- 
tions in  the  community. 

DISK-WHEEL  STRESS  DETERMINATION 

By  S.  H.  weaver,'  SCHENECTADY,  N.  Y. 

THIS  paper  describes  and  applies  a  simplified  method  for 
determining  the  centrifugal  stresses  in  a  disk  wheel  of 
given  irregular  shape  of  section.  Stodola's  disk  theory  is  as- 
sumed, together  with  his  formula  for  disks  of  hyperbolic-sec- 
tion profile.  The  formula  are  then  transformed  so  as  to  give 
the  tangential  stresses  at  the  inner  and  outer  radii  in  terms  of 
the  radial  stresses,  ratio  of  radii  and  shape  constant  of  disk 
section. 

For  a  given  disk  with  a  single  hyperbolic  outline,  the  tan- 
gential stresses  are  expressed  in  terms  of  the  radial  stresses. 
or  loads;  and  if  the  latter  are  known,  the  stresses  are  determi- 
nate. In  ease  the  disk-section  outline  would  require  to  be 
fitted  by  two  hyperbolas  meeting  at  the  same  thickness  of  disk, 
the  wheel  section  can  be  divided  at  the  meeting  point  of  the 
curves  into  two  imaginary  rings.  The  rings  at  the  meeting 
point,  by  the  continuity  of  material  and  same  thickness,  are 
held  together  by  a  radial  stress  common  to  both  and  have  the 
same  elongation  and  tangential  stress.  One  can  then  write  the 
tangential  stress  of  the  other  at  their  common  radii,  giving 
one  equation  with  one  unknown  quantity,  the  radial  stress 
common  to  both,  and  all  stresses  are  determinate.  Thus  any 
irregular  shaped  disk  can  be  fitted  with  n  hyperbolas,  divided 
into  n  imaginary  rings,  and  {n  —  1)  equations  written  for  the 
common  meeting  points  of  the  curves  with  (n  —  1)  unknown 
radial  stresses,  and  the  stress  problem  is  solvable. 

The  solution  of  the  stresses  is  given  by  formulae  containing 
six  coefficients  whose  values  are  given  as  functions  of  the 
ratio  of  radii  and  hyperbolic  outline  of  disk  section.  These 
coefficients  are  laborious  to  calculate,  but  should  be  used  for 
accurate  results.  For  commercial  work,  approximate  equa- 
tions are  given  which  cover  the  practical  disk  proportions,  and 
within  the  limits  shown  have  a  range  of  error  of  less  than  one 
per  cent. 

As  a  further  labor-saving  device  w-hen  a  number  of  disks 
are  to  be  estimated,  the  approximate  equations  can  be  placed 
in  an  alignment-chart  form.  An  appendix  gives  the  range 
and  proportion  of  the  five  charts  required,  which  experience 
has  shown  to  be  the  most  useful.  The  number  and  size  of 
these  charts  for  accurate  reading  do  not  permit  of  reproduc- 
tion. 

A  jjractical  example  is  given  showing  the  actual  application 
to  the  usual  disk  wheel. 


Clinkers  in  Boiler  Furnaces.  During  many  years'  experi- 
ence in  designing,  testing,  improving,  and  operating  furnaces, 
used  for  many  purposes,  no  branch  of  this  subject  has  been 
found  that  requires  more  consideration  than  the  troublesome 
formation  of  clinkers  in  the  furnace  and  the  formation  and 
growth  of  clinkers  on  furnace  linings.  In  a  great  majority 
of  eases  this  trouble  can  be  either  greatly  reduced  or  avoided, 
for  clinkers  are  formed  by  the  fusion  of  the  ash  and  refuse  from 
the  combustion  of  the  coal  in  the  furnace. — Elec.  WUL,  Feb.  10. 


'  General  Electric  Company. 

For  presentation  at  the  Spring  Meeting.  Cincinnati,  Oliio,  May  21 
to  24,  1917,  of  The  American  SociDry  of  Mechanic.4i,  Engineers. 
On  account  of  the  mathematical  nature  of  the  paper  its  scope  only  is 
indicated  here.  Advance  copies  of  the  paper  may  be  obtained"  by 
members  gratis  upon  application. 


INDUSTRIAL  SAFETY  PAPERS 


AT  the  Industrial-Safety  Session  of  the  Spring  Meeting, 
to  be  held  under  the  auspices  of  the  Society's  Sub- 
committee on  Protection  of  Industrial  Workers,  will  be  pre- 
sented and  discussed  a  proposed  code  of  safety  standards  for 
industrial  ladders.  This  is  one  of  a  series  of  similar  codes 
which  this  sub-eommittee  has  in  preparation  or  in  contempla- 
tion. 

PROPOSED   CODE   OF  SAFETY    STAND- 
ARDS FOR  INDUSTRIAL  LADDERS 

Contributed  by  the  Sub-Committee  on  Peotection 

OP  Industrial  Workers  op  The  American 

Society  of  Mechanical  Engineers 

The  word  "  SHALL "  where  used  is  to  be  understood  as 
mandatory  and  "  SHOULD  "  as  advisory. 

definitions 

The  term  Fixed  Ladder  as  used  in  these  regulations  means 
a  ladder  that  is  substantially  fastened  to  a  structure  in  a  fixed 
position. 

The  term  Portable  Ladder  as  used  in  these  regulations  means 
a  ladder  with  but  one  section,  which  is  used  transiently  at 
various  locations. 

The  term  Extension  Ladder  as  used  in  these  regulations 
means  a  ladder  consisting  of  two  or  more  parallel  sections 
traveling  in  guides  or  brackets  so  arranged  that  it  may  be 
adjusted  to  variable  lengths. 

The  term  Portable  Step  Ladder  as  used  in  these  regulations 
means  a  ladder  so  constructed  as  to  be  self-supporting. 

The  term  Fire  Ladder  as  used  in  these  regulations  means  a 
ladder  used  exclusively  for  fire  purposes. 

The  term  Trolley  Ladder  as  used  in  these  regulations  means 
a  ladder  the  movement  of  which  is  confined  in  permanent 
guides  or  ways  at  top  or  bottom,  or  both. 

The  term  Sectional  Ladder  as  used  in  these  regulations 
means  a  ladder  consisting  of  two  or  more  sections  so  con- 
structed that  the  sections  will  telescope  into  each  other. 

The  term  "A  "-Ladder  or  Scaffold  Ladder  as  used  in  these 
regulations  means  a  ladder  whose  parts,  each  equivalent  to  a 
straight  ladder,  are  hinged  at  the  top  to  form  equal  angles 
with  the  base. 

SECTION   1      GENERAI^ 

a  Where  stairways  are  not  provided,  fixed  ladders  should 
be  used  for  access  to  elevated  positions;  where  fixed  ladders 
are  not  suitable,  portable  ladders  should  be  used. 

b  Ladders  shall  be  numbered,  or  othei-wise  designated, 
and  regular  inspections  shall  be  made  of  their  condition. 

c  The  use  of  broken  or  weak  ladders,  or  ladders  with  miss- 
ing rungs,  is  prohibited. 

d  When  defects  develop  to  such  an  extent  that  the  ladder 
is  to  be  permanently  discarded,  it  shall  be  destroyed. 

e  Side  rails,  where  wood  is  used,  shall  be  straight-grained. 
Knots  one-half  (V2)  ineb  or  less  in  diameter  will  be  permitted 
when  they  are  in  the  center  of  the  rails.  The  following  thor- 
oughly  seasoned   woods   should   be   used:     Northern   spruce, 
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(_)regon  pine,  Xorway  pine,  yellow  long-leaf  pine,  or  Oregon 
fir. 

/  Rungs  shall  be  inserted  in  holes  in  the  side  rails  and 
kept  from  turning,  and  shall  not  exceed  fourteen  (141  inches 
in  length  at  the  top. 

g  Wooden  rungs  shall  be  straight-grained,  free  from 
splinters,  and-  absolutely  free  from  knots.  The  following 
woods  should  be  used:  White  ash,  white  oak  (3rd  growth),  or 
hickory. 

h  Steps,  where  wood  is  used,  should  be  constructed  of  the 
following  woods :  Northern  spruce,  Oregon  pine,  Norway  pine, 
or  oak. 

i  Ladders  shall  have  a  uniform  step  or  rung  spacing  of 
twelve  (12)  inches  on  centers.  [Mason  ladders  having  a  uni- 
form spacing  on  centers  of  ten  (10)  inches  and  fire  ladders 
having  a  uniform  spacing  of  fourteen  (14)  inches  excepted.] 

j  Ladders  shall  be  equipped  with  devices  designed  to  pre- 
vent slipping.  (Fixed  ladders,  portable  step  ladders,  and 
"A  "-ladders  excepted.) 

SECTION  2     FIXED  LADDERS 

Ladders  designed  to  reach  safety  valves,  cut-outs,  etc.,  where 
speed  of  operation  may  mean  a  saving  of  life,  should  always 
be  of  a  permanent  type,  securely  fastened,  and  constructed  of 
steel  or  iron. 

a  Ladders  having  side  rails  are  preferred  to  the  tyjie  made 
of  U-shajjed  section  embedded  in  wall  or  fastened  to  stack, 
etc. 

b  Tlie  pitch  of  ladders  shall  not  be  such  that  a  man's  posi- 
tion is  necessarily  below  the  ladder  when  climbing. 

c  Side  rails,  where  metal  is  used,  shall  be  not  less  than 
three-quarters  (%)  of  a  square  inch  in  cross-section.  A  mini- 
mum size  of  two  (2)  inches  by  three-eighths  (%)  inch  should 
be  used.  Where  wood  is  used,  they  shall  be  not  less  than 
six  (6)  square  inches  in  cross-section  and  shall  be  dressed  on 
all  sides.  A  section  one  and  three-quarters  (1%)  inches  by 
three  and  three-quarters  (3%)  inches  (2  by  4  dressed)  would 
be  suitable  for  this  purpose. 

d  Splice  plates,  where  metal  is  used,  shall  be  of  the  same 
size  and  material  as  side  rails  and  shall  be  double-riveted  or 
bolted.  Bolts  or  rivets  shall  be  countersunk  on  inside  and 
shall  be  not  less  than  one-half  (Yo)  inch  nor  more  than  five- 
eighths  (%)  inch  iQ  diameter,  where  cross-section  does  not 
exceed  that  of  two  (2)  inches  by  three-eighths  (%)  inch. 
AVhere  wood  is  used,  there  shall  be  splices  on  outside  of  side 
rails  and  joints  shall  be  double-bolted.  Carriage  bolts  shall 
be  used.    All  splice  pieces  shall  be  chamfered  at  the  ends. 

e  Rungs  should  be  round.  Where  solid  metal  is  used,  they 
shall  be  not  less  than  five-eighths  (%)  inch  in  diameter; 
where  pipe  is  used,  they  shall  be  of  equivalent  strength; 
where  wood  is  used,  they  shall  not  be  less  than  one  and  one- 
half  (1^^)  inches  in  diameter  and  the  tenon  shall  be  at  least 
one  (1)  inch  in  diameter  or  its  equivalent  in  strength. 

/  Distances  from  front  of  rungs  to  nearest  permanent 
object  back  of  the  ladder  shall  be  not  less  than  six  and  one- 
half  (6%)  inches.  There  shall  be  a  space  clear  of  all  obstruc- 
tions in  front  of  the  ladder  from  bottom  to  top,  of  at  least 
thirty  (30)  inches  forward  and  of  at  least  fifteen  (15)  inches 
either  side  of  the  center  line  of  the  ladder.  [Ladders  equipped 
with  wells  (cages)  or  their  equivalent  shall  be  excepted.] 

[!     Ladders  over  thirty   (30)   feet  in  length  should  be  pro- 
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vided  with  wells,  uuless  the  ladder  is  built  iu  zig-zag  sections 
and  provided  with  platforms  between  sections. 

/(  Fastenings  sliall  be  made  of  material  equivalent  in 
strength  to  the  rails.  Fastenings  shall  be  made  to  wall  by 
building  iu,  by  through  bolts,  or  by  expansion  bolts  grouted 
or  leaded.  The  maximum  vertical  distance  between  fasten- 
ings or  braces  shall  not  be  iu  excess  of  ten  (10)  feet. 

i  Ladders  to  landing  shall  extend  a  distance  of  at  least 
forty-five  (45)  inches  above  the  landing,  preferably  being 
goosenecked.  The  rungs  may  be  omitted  above  the  roof. 
Where  a  man  must  step  a  gi'eater  distance  than  eighteen  (18) 
inches  from  ladder  to  roof,  tank.  etc..  a  platform  shall  be 
provided. 

SECTION  3     PORTABLE  STRAIGHT  LADDERS 

a  Ladders  over  thirty  (30)  feet  in  length  should  not  be 
used. 

b  Side  rails  shall  have  a  minimum  cross-section  equivalent 
in  strength  to  a  nortlierii  spruce  side  rail  of  the  following 
dimensions : 

Up  to  and  including  10  ft 2%  x  1%  in. 

Over  10  ft.  up  to  and  including  18  ft 23^  x  1%  in. 

Over  18  ft.  up  to  and  including  26  ft 3      x  1%  in. 

Over  26  ft.  up  to  and  including  30  ft SYz  x  V/s  in. 

c  Side  rails  should  be  spread  so  that  the  width  of  the 
ladder  at  the  bottom  will  be  greater  than  the  width  at  the 
top,  preferably  by  a  taper  of  one-quarter  (i/4)  inch  per  foot 
of  length. 

d  Rungs  shall  be  equivalent  in  strength  and  wear  to  an 
ash  rung  of  the  following  dimensions: 

Diameter      Tenon 
Up  to  and  including  24  in.  in  length..     II4  in.         yg  in. 
Over  24  in.  up  to  and  including  30  in. 
in  length  1%  in.         yg  in. 

e  Portable  ladders  should  be  fuUy  protected  at  their  bases 
to  prevent  slipping.  For  use  on  wood  or  earth  the  bases  should 
be  provided  with  case-hardened  steel  spurs;  or  a  disk  similar 
to  the  one  furnished  by  the  National  AfflUated  Safety  Organi- 
zations, consisting  of  a  case-hardened  disk,  held  in  position 
on  dowel  pins  by  springs,  cotters  and  nuts,  is  recommended. 
These  spurs  shall  be  kept  sharp.  On  concrete  floors,  pivoted 
shoes  with  lead  or  carborundum  faces  may  be  used. 

/  ^Vhen  used  on  u'on  floors  an  attendant  should  be  placed 
at  the  foot  of  each  ladder. 

g  Whenever  possible  to  use  ladders  with  a  gooseneck  or 
hook  at  the  top,  these  should  be  provided,  as  forming  the  best 
protection  against  accident. 

SECTION  4     EXTENSION  LADDERS 

a  Table  1  should  be  followed  in  the  construction  of  exten- 
sion ladders. 

6     Ladders  should  be  equipped  with  safety  locks. 

SECTION    5     FIRE  LADDERS 

o  The  construction,  use  and  maintenance  of  industrial  fire 
ladders  shall  conform  to  the  specifications  herein  set  forth 
covering  portable  straight  ladders  (Section  3,  Par.  a  excepted). 

b  A  uniform  step  or  rung  spacing  of  fourteen  (14)  inches 
shall  be  used. 

c  Fire  ladders  should  be  painted  red  and  shall  be  plainly 
marked  "  For  Fire  Purposes  Only." 


d     Fire  ladders  shall  not  be  used  for  any  other  purpose  tluin 
that  for  which  they  are  intended. 


SECTION  G     PORTABLE  STEP  LADDERS 

a  Ladders  over  twenty  (20)  feet  in  length  shall  not  be 
used. 

b  Side  rails  shall  have  a  minimum  cross-section  equivalent 
in  strength  and  wear  to  a  northern  spruce  side  rail  of  the  fol- 
lowing dimensions : 

Up  to  and  including  12  ft yg  x  3      in. 

Over  12  ft.  up  to  and  including  16  ft. .... .  1      x  3%  in. 

Over  16  ft.  up  to  and  including  20  ft 1      x4     in. 

c  Front  and  back  rails  shall  be  so  spread  when  the  ladder 
is  ojien  that  the  spread  at  the  bottom,  inside  to  inside,  shall 
be  greater  than  the  spread  at  the  top,  inside  to  inside,  by  an 


TABLE   1      COXSTRUCTION  OF  EXTENSION  LADDERS 

Side  Rails; 

Up  to  and  including  44  ft.  long;  Material,  Norway  pine,  clear  and   straight- 
grained,  free  from  knots. 
4S  ft.  to  60  ft.  long:      Material,  Oregon  fir,  clear  and  atraight^grained,  free 
from  knots. 

Rungs: 

Material:  Oak,  ash  or  hickory-,  straight^grained,  free  from  knots,  and  live 
and  tough. 

Dimensions:  1}4  in.  diameter  at  center;  taper  to  l^-g  in.  diameter,  straight- 
turn  to  K  ill.  diameter  for  holes  in  side  rail. 

Ladder  Dimensions 


Dimensions 

Distance 

Distance 

Vertical 

Length. 

of  side  rails 

between 

between 

distance 

'  ft. 

(cross-section 

aide  rails, 

side  rails, 

between 

same  at  both 

top  section. 

bottom  section. 

rungs. 

ends) , 

in. 

in. 

in. 

m. 

20] 

22  1 

24 

2KxUi 

12Ji 

14M 

12 

26 

28 

2H  X  IJi 

14K 

17 

12 

32  1 
36  J 

2H:^ni 

14 

17 

12 

40 

3KxlH 

15M 

185i 

12 

44 

3H  X  15-s 

17H 

205i 

12 

481 
52/ 

SJ^xl'i 

I7y2 

20J'4' 

12 

60 

3^-4  xl?4' 

18 

21?4 

12 

amount  equal  to  or  greater  than  one  and  one-half  (1%)  inches 
per  foot  of  length  of  ladder.  Minimum  width  between  side 
rails  at  the  top  step,  inside  to  inside,  shall  be  not  less  than 
twelve  (12)  inches,  with  a  taper  of  at  least  one  (1)  inch  per 
foot  of  length  of  ladder. 

•  d  Steps  shall  be  equivalent  in  strength  and  wear  to  a  north- 
ern spruce  step  of  the  following  dimensions : 

Up  to  and  including  12  ft %  x  4^/2  in. 

Over  12  ft.  up  to  and  including  16  ft '/gx  4%  in. 

Over  16  ft.  up  to  and  including  20  ft 1      x  4V2  in- 

e  Steps  shall  be  trussed  and  screwed  or  bolted  to  the  side 
rails.    Nails  shall  not  be  used  as  sole  fastenings. 

/  An  automatic  locking  device  to  hold  the  front  and  back 
rails  securely  in  position  shall  be  an  integral  part  of  each 
ladder. 
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SECTION  7    "  A  "-LADDERS  OR  SCAFFOLD  LADDERS  shall    have   a    minimum   spread   between    rails    at   the    base, 

a     Ladders  over  twenty  (20)  feet  in  length  should  not  be  i^^^i^e  to  inside,  of  twenty-one  (21)  inches. 

J  b     Sections  (intermediates)  shall  be  six  (6)  feet  in  length 

6  '  Side  rails  shall  have  a  minimum  cross-section  equivalent  -ind  shall  have  a  minimum  spread  between  rails  at  the  bottom, 

in  strength  and  wear  to  a  northern  spruce  rail  of  the  fol-  inside  to  inside,  of  thirteen  (13)  inches, 

lowinf  dimensions:  ^     '^^^  *°P  section  may  converge  with  a  minimum  spread 

,,,      „,,  .  between  rails  at  the  bottom,  inside  to  inside,  of  thirteen  (13) 

Up  to  and  including  12  ft liA  x  2?4  in.  .^^^^^^ 

Over  12  ft.  up  to  and  including  16  ft iy2  x  3      in.  '    "            .,      ,    „  ,                                            ,.             •     ,     ^ 

^        ,„  n,          .          1  ■     ,    T       r.«  ri              T1/      01/  ■  d     oide  rails  shall  have  a  minimum  cross-section  equivalent 

Over  16  ft.  up  to  and  including  20  ft Iy2  x  31/2  in.  .      ^        ^,        ,            ^            _^,                       -j        •,    ^^,     i^, 

in  strength  and  wear  to  a  northern  spruce  side  rail  01  the  tol- 

c     Side  rails  shall  be  so  spread  that  the  width  of  the  ladder  lowing  dimensions : 
at  the  bottom,  inside  to  inside,  shall  be  greater  than  the  width 

at  the  top,  inside  to  inside,  by  an  amount  equal  to  or  greater  Up  to  and  including  5  sections 23/4  x  li/g  in. 

than  one  and  one-half    (11/2)    inches  per  foot  of  length  of  Over  5  sections Si/g  x  li/g  in. 

ladder.  g    Rungg  shall  be  equivalent  in  strength  and  wear  to  an  ash 

d     Supports  shaU  be  equivalent  in  strength  and  wear  to  an  j-ung  one  and  three-sixteenths  (1^%)  inches  in  diameter  with 

ash  bearing  one   (1)   inch  by  two   (2)   inches.     They  shall  be  seven-eighths  [yg)  inch  tenon, 
straight-grained  and  absolutely  free  from  knots,  shall  have 

tenons  not  less  than  five-eighths  (%)  of  an  inch  by  two  (2)  ^^^^  practices 
inches,  secured  in  place  with  wire  nails.     They  shall  be  not 

less  than  three  (3)  inches  from  the  top  of  the  side  rails.    They  Use  care  in   placing  portable   ladders  before  using  them, 

shall  be  eighteen   (18)   inches  on  centers,  and  shall  be  stag-  If  there  is  danger  of  ladder's  slipping,  have  some  one  hold  it. 

gered.     The  tops  of  side  rails  shall  be  cut  on  a  bevel  to  Do  not  place  ladders  too  straight  or  at  too  great  an  angle,  or 

prevent  them  from  spreading.     Hinges  shall  be  wrought  or  they  may  fall,  break  or  slip. 

malleable  iron,  bolted  or  riveted  to  side  rails.  Never  place  ladders  in  front  of  doors  opening  toward  the 

ladder. 

SECTION  8    TROLLEY  LADDERS  Ladders   should   never   be   placed   against   window   sashes. 

Screw  a  board  across  top  of  ladder  to  give  bearing  at  each 

a    Ladders  shall  be  suspended  from  tracks  fastened  securely  si,Je  of  window, 

to  the  ceiling  or  to  the  framework  with  which  the  ladders  are  step  ladders  should  be  fully  opened  and  locked  in  all  eases 

connected.     Tracks  should  be  of  wrought  iron  or  wood,  and  before  any  one  steps  on  them. 

should  be  tested  to  double  the  maximum  of  load  for  marginal  Always  face  ladder  when  ascending  or  descending. 

safety.     Tracks  shall  be  constructed  so  that  it  is  impossible  Do  not  go  up  or  down  a  ladder  without  free  use  of  both 

for  the  wheels  to  jump  the  track,  by  having  the  wheels  in  hands.    If  material  has  to  be  handled,  use  a  rope, 

pairs  situated  on  opposite  sides  of  a  vertical  flange  or  by  Never  slide  down  a  ladder. 

having  the  track  so  shaped  that  it  completely  encloses  the  sides  Never  use  broken  or  weak  ladders  or  ladders  with  missing 

of  the  wheels.    The  extreme  front  and  back  wheels  shall  have  a  runss 

'horizontal  distance  of  at  least  eighteen   (18)   inches  between  ^y^[^^  ^^^^^^^  ^j  construction  develop  to  such  an  extent  that 

:their  centers.  jl^^  ^^^^^^  j^  discarded,  it  should  be  destroyed. 

b     The  track  wheels  shall  be  rigidly  fastened  to  the  top  of  ladders  withdrawn  from  service  for  repairs  should  be  sent 

the  ladder  with  suitable  steel  or  wrought-iron  brackets.    These  ^^  ^^^^  ^^^^-^  ^l^^p  ^^  ^^^^^^  ^^  „  Dangerous-DO  NOT  USE." 

brackets  may  be  fastened  to  a  bolt  connecting  the  two  side  oiiiijj                      l            ri.j>i.        ji 

„    ,         . .                  ,                        T      ,     ,                     ,  "see  that  ladders  vou  use  have  satetv  teet,  and,  where  neces- 

rails  of  the  ladder  or  to  the  top  step.     In  the  latter  case  the  ^  j.    1      1     "i  i 

,     ,  ,              .,-,.,                       ,  ,                   ,       . ,  sary,  satety  hooks  at  top. 

top  step  shall  be  provided  with  extra  metal  braces  to  the  side  r^,      ,  ,    ,,         ,      ,,       ,  ,         ,■     ■,  .       ,,             ., 

..  Short  ladders  should  not  be  spliced  together,  as  they  are  not 

•     •  T  strong  enough  to  be  used  as  long  ladders, 

c     Side  rails  shall  have  a  minimum  spread,  inside  to  mside.  ,•       j          j    ^.i    1  ,   jj       ,             1.      j     1      •<=  j 

,  Sate  practice  demands  that  ladders  be  numbered,  classified, 

,             .  and  subjected  to  careful  and  periodic  inspection.     Ladders 

d     Side  rails  shall  have  a  minimum  cross-section  equivalent  iiji_,i,             j^       p         j-i            ii-           c       ■  ^ 

1  should  be  kept  clean  and  free  from  dirt  or  splashmgs  of  paint 

in  strength  and  wear  to  a  northern  spruce  side  rail  three  and  ^it         c    ^-             j  a    ^              ^        jii,          j 

^                                                ,,,,,,.,  or  material.    Imperfections  or  detects  are  not  readily  observed 

one-half  (31/2)  inches  by  seven-eighths  (Vs)  inch.  ^^^,^^^  ^^^^^^  ^^^  ^^p^  .^  ^^^^  condition. 

e     Steps   shaU  be  equivalent   in  strength  and  wear  to   a  ^^^^  ^^^  ^^^^^  j^^^^^^  ^^^^^^  ^^  ^^^^^^  ^^,^^^  ^  preservative 

northern  spruce  step  four  and  three-quarters  (43/4)  inches  by  ^^.^^  ^^  composition.    Wooden  ladders,  if  used  out  of  doors, 

three-quarters  (3,4)  inch.  ^j^^^j^  ^-^^^  ^^  carefully  treated  with  a  suitable  preservative. 

f     Steps,  where  metal  is  used,  shall  be  flanged  downward  ,.■  t    ^                 j.-       ■     ^^        t     ■          <•    1    ij„ 

'           ^  '                          ,              '            ,         ,  ^          ,  ,      .  A    satisfactory    practice    is    the    storing    of    ladders    upon 

not  less  than  two  (2)  inches  at  both  ends  and  secured  by  two  ,       ,    ,    ,                 •       ^i              •     <.       n  •          1                      t 

^    '                                               -,   ■           :,\y  brackets  by  arrangmg  them  agamst  wall  in  such  manner  as  to 

bolts  or  rivets  to  each  side  rau.     Where  wood  is  used,  they  .    .                                        .       ,„  •,  ,„  „ 

,,.,.,,"  pei-mit  inspection  without  moving  ladders, 

shall  be  inset  m  the  side  rails  one-quarter  (i/4)   mob,  glued  ^  ,    ,i        •       ,                       j.           ui           oi   u 

.,   ,      „           ,  ,      ,    ,,        ,   \           T    ,.  t,    1.        J  4.  Storage  of  ladders  involves  a  separate  problem.     Shelter 

and  nailed;  all,  or  at  least  alternate  steps,  shall  be  braced  to  °           ■■,■,■       ,,               rr    1      j         •  1  j.   ^r  j 

.',       .,,        ,,,       ,    ^      ,       ,       J      ,,       .  should  be  provided  in  all  cases.    H  placed  upright,  /  5  degrees 

the  side  rails  with  metal  brackets  placed  under  the  steps.  •,,     a,     t          r          1        r        1                  j      1        ii     1  jj 

_,,      ,            ^  ^,      ,   ji        ,    ,,        ,          i           r    1  will  afiiord  a  safe  angle;  if  racks  are  used,  place  the  ladder 

n     The  base   of  the   ladder  shall   rest   on   two   wheels   or  J^^^.,.       ■„              ^t      ui        j  j 

'^  on  edge  rather  than  flat;  this  wdl  prevent  trouble  and  danger 

of  accident  in  withdrawing  the  ladder  for  use. 

Safety  bolts  and  hooks  should  be  provided  when  the  char- 

SECTION  9    SECTIONAL  LADDERS  ^^^^^  ^^  ^,^g  ^^^^  demands  the  attention  of  the  workman  or 

a     Tlie  bottom  section  shall  be  six   (6)   feet  in  length  and  constitutes  an  element  of  danger. 


CORRESPONDENCE 


CONTRIBUTIONS  to  the  Correspondence  Departments  of  The  Journal  by  members  of  The 
American  Society  of  Mechanical  Engineers  are  solicited  by  the  Publication  Committee.  Con- 
tributions particularly  welcomed  are  suggestions  on  Society  Affairs,  discussions  of  papers  published 
in  The  Journal,  or  brief  articles  of  current  interest  to  mechanical  engineers. 


Reply  to  Comments  on  Welding  Paper 

To  THE  Editor: 

In  reply  to  the  several  jjersons  who  entered  into  the  discus- 
sion of  my  paper  on  welding  by  the  metal-pencil  electric-arc 
method,  printed  in  the  April  issue  of  The  Journal,  I  do  not 
think  that  the  term  autogenous  applies  to  this  particular  form 
of  welding,  because  it  so  closely  follows  the  cycle  of  condi- 
tions of  ordinary  forge  welding,  whereas  in  autogenous  weld- 
ing, fluidity  is  a  necessary  condition.  The  pencil  form  is  the 
last  form  developed  and  ought  to  be  differently  named,  since 
it  actually  is  in  the  added  metal  the  lowest-temperature  weld 
of  the  newer  forms. 

In  reply  to  Mr.  McCabe,  the  temperatures  in  question 
are  estimated  from  the  color.  In  the  metal-pencil  electric- 
arc  welding,  watched  through  colored  glasses,  just  the  same 
putty-like  condition  occurs  as  in  the  ordinary  .forge  welding. 
The  estimate  may  be  either  above  or  below  the  actual  tem- 
l^erature ;  it  is  used,  more  than  for  any  other  reason,  to  direct 
notice  to  the  fact  that  fluidity  is  not  a  condition  present  in 
this  last-developed  form  of  spot  welding,  except  that  known 
as  the  Quasi  Arc. 

As  to  the  elimination  of  the  possible  stresses  set  up  in  the 
weld,  the  figures  as  quoted  by  Mr.  McCabe  cannot  apply  to 
this  form  of  welding.  In  this  case  the  area  is  very  much  less, 
and  being  free  from  the  highly  expanded  condition  of  fluidity 
(in  many  cases  almost  reaching  vaporization),  the  differential 
for  each  degree  of  temperature  is  different  and  the  internal 
stress  less.  However,  no  attempt  is  made  to  eliminate  inter- 
nal stresses,  nor  is  this  necessary,  because  these  stresses  are 
at  a  maximum  only  when  new,  and  are  constantly  changing 
as  time  elapses.  This  is  true  of  any  of  the  later  forms  of 
welding  wherein  the  bulk  of  the  work  is  always  cold  and  the 
part  worked  on  made  hot.  The  point  to  recognize  here,  and 
this  is  fairly  well  explained  in  my  paper,  is  that  in  this  form 
of  welding  these  internal  stresses  are  the  least  of  any  and 
consequently  more  readily  and  sooner  neutralized.  Witii  this 
consideration,  therefore,  no  differential  per  degree  of  tem- 
perature can  be  used. 

The  determining  of  the  safety  of  a  vessel  by  the  electrostatic 
test  is  new  to  me.  What  I  am  familiar  with  is  the  hydrostatic 
test,  and  this  is  perfectly  trustworthy  when  accompanied  by 
hammering  while  the  test  is  on,  the  test  being  applied  to  the 
customary  amount,  that  is,  one-half  more  than  the  running 
pressure  under  which  the  vessel  is  to  work. 

It  is  to  be  expected  that  the  welding  material  would  vary 
widely  in  any  form  of  welding  except  the  approved  form  of 
welding,  which  may  vary  some,  but  not  widely,  and  except 
the  form  that  my  paper  defends,  and  Mr.  McCabe  is  justi- 
fied in  his  conclusion  regarding  this,  but  I  would  suggest  that 
the  metal-pencil  form  of  electric-arc  welding  should  not  be 
made  to  carry  the  burden  of  the  failures  of  autogenous  weld- 
ing generally,  since  this  form  places  the  art  on  a  newer  and 
entirely  different  and  safer  basis. 

In  reply  to  Mr.  Bierbaum,  the  disturbance  of  the  adjacent 


metal  is  dwelt  upon  in  my  paper  and  was  shown  in  the  lantern 
slides  used  at  its  presentation,  and  these  ought  to  be  a  con- 
clusive answer.  It  is  true  that  in  all  other  forms  of  welding 
wherein  fluidity  is  resorted  to,  the  disturbance  is  considerable, 
and  one  slide  used  by  Mr.  Armstrong  in  further  discussion 
of  my  paper  shows  the  adjacent  metal  practically  destroyed. 
I  wish  to  dwell  strongly  on  the  fact  that  in  this  metal-pencil 
electric-arc  method  no  such  condition  exists,  and  the  adjacent 
metal  is  not  disturbed  to  a  fraction  of  the  extent  of  that  whieii 
takes  place  in  gas  and  carbon-arc  welding  and  in  the  approved 
form  of  welding  embodied  in  the  A.S.M.E.  Boiler  Code  and 
entitled  Forge  Welding,  and  this  is  due  to  the  extremely  local- 
ized character  of  the  process  and  also  its  great  rapidity  of 
action, — it  does  not  have  time  enough  to  overheat  so  as  to 
create  the  disturbance  referred  to. 

In  reply  to  Mr.  Armstrong,  his  discussion  practically  em- 
bodies a  paper  in  itself  and  describes  a  further  improvement 
in  this  particular  form  of  welding,  viz:  the  metal-pencU  elec- 
tric arc,  but  wherein  fluidity  obtains  as  a  condition;  but  this 
occurs  to  a  degree  beyond  which  it  does  not  go  and  is  con- 
trollable to  a  nicety,  approaching  as  is  described  in  my  paper 
an  automatic  action,  which  can  be  depended  upon  to  prevent 
vaporization  or  any  carelessness  regarding  overheating  exactly 
in  the  way  I  have  described,  and  altogether  analogous  thereto. 
In  analyzing  this  extended  discussion,  however,  in  his  refer- 
ences to  the  chemistry  of  these  welds  Mr.  Armstrong  refers 
to  the  oxidizing  which  occurs  around  the  crater  when  the 
metal  pencil  is  fused.  Now  to  obtain  fusion  a  high  voltage 
must  be  used  with  electrodes  of  this  character,  and  the  arc 
maintained  abnormally  long.  In  his  slides  this  is  shown,  and 
he  states  "  about  Vs  in-"  as  the  length  of  such  arc,  but  it  is 
safe  to  say  that  it  must  be  more  since  the  slides  themselves 
show  dimensions  as  practically  full  size,  as  in  Fig.  3  and  Fig. 
4,  page  315  of  the  April  issue  of  The  Journal. 

While  these  metal  arcs  require  more  voltage  than  the  arcs 
obtained  otherwise,  the  voltages  used  with  the  pencil  arcs  are 
normally  low,  from  60  to  70,  and  with  such  voltages  an  arc 
cannot  be  held  with  a  wire  in  size  equal  to  0.161  in.  diameter 
or  No.  8  B.W.G.  more  than  about  3L  in.  Therefore,  fusion 
under  such  conditions  cannot  take  place,  and  the  piece  of 
plastic  putty-like  metal  flies  for  the  plate,  being  constantly 
pulled  into  it,  and  consequently  does  not  have  time  to  become 
fused  and  the  oxide  does  not  amount  to  enough  to  deserve  any 
considerable  attention.  However,  the  little  that  is  present  in 
what  Mr.  Armstrong  terms  the  hare  wire  is  almost  entirely 
absent  in  the  slag-covered  wire,  and  though  a  predetermined 
limited  amount  of  fusion  occurs,  the  deposited  metal  shown 
in  the  slides  shows  a  remarkable  similarity  to  the  metal  of  the 
plate  it  joins.  These  slides  also  show  the  least  disturbance 
of  the  adjacent  metal  and  the  added  metal  is  as  he  says,  "  just 
the  same  as  ingot  steel."  Taking  his  discussion  in  a  general 
way,  it  is  a  strong  vindication  of  the  supremacy  of  the  metal- 
pencil  eleetric-arc  method  of  welding,  showing  a  remarkable 
and  highly  efficient  improvement  in  the  art. 

Mr.  Armstrong  introduces  for  the  first  time  the  question  of 
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corrosion  as  being  associated  with  welding  and  lays  consider- 
able stress  upon  it.  In  this  regard  I  wish  to  say,  however, 
that  I  have  seen  many  pieces  of  forge  welding  wherein  no  cor- 
rosion has  ever  appeared;  thousands  are  in  evidence,  such, 
for  instance,  in  chains,  wagon  tires  and  innumerable  things 
of  every-day  occurrence,  pieces  wherein  this  claim  is  abso- 
lutely absent.  Test  pieces  which  I  have  furnished  the  Society 
and  which  have  now  been  in  their  possession  about  a  year, 
welded  with  pencil  method,  show  absolutely  no  indication  of 
corrosion.  However,  I  claim  that  in  the  several  other  methods 
of  welding  referred  to  in  this  discussion,  wherein  fluidity 
takes  place,  disturbances  are  set  up  which  produce  conditions 
wherein  the  question  of  corrosion  may  be  a  consideration,  but 
not  under  the  form  of  welding  in  my  paper,  nor  is  it  present 
in  the  improved  form  of  welding  which  Mr.  Armstrong  advo- 
cates, nor  in  the  approved  form  of  welding  in  the  A.S.M.E. 
Boiler  Code. 

In  reply  to  Mr.  Mauck  if  he  means  that  the  metals  "  in  all 
pi'ocesses  of  welding  "  have  to  be  raised  to  the  j^oint  of  fusion 
and  no  more,  that  is,  just  a  plastic  condition,  then  his  discus- 


sion is  not  a  criticism  of  the  metal-pencil  electric-arc  welding, 
since  that  is  just  what  takes  place  therein. 

If  there  are  no  leaks  when  a  moderate  hydrostatic  test  to 
114  times  is  applied,  it  shows  that  there  are  no  porous  or 
spongy  places,— that  the  joint  is  solid.  Then  why  a  higher 
test?  I  do  not  think  it  necessary  or  advisable  to  carry  the 
testing  pressure  to  extremes  and  so  unduly  strain  the  vessel. 

In  conclusion,  let  me  say  that  with  the  knowledge  we  have 
in  our  possession,  derived  from  much  investigation,  many 
experiments  and  tests,  all  reduced  to  tables  and  curves,  we 
now  know  just  the  right  voltage  to  use,  just  how  much  cur- 
rent to  have,  just  what  are  the  right  size  pencils,  together  with 
proper  direction  of  current,  and  the  knowledge  also  which 
enables  us  to  utilize  other  factors  such  as  magnetism,  slag 
protection  and  purifying  agents.  The  process  now  contains 
nothing  hajshazard  or  jiroblematieal :  it  has  been  reduced  to  an 
exact  science,  and,  therefore,  belongs  in  the  list  of  things  that 
liave  become  considered  as  settled. 

E.   A.    WiLDT. 

Scranton,  Pa. 
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rllE  Boiler  Code  Committee  meets  monthly  lor  the  purpose 
of  considering  communications  relative  to  the  Boiler  Code. 
Any  one  desiring  information  as  to  the  application  of  the  Code  is 
requested  to  communicate  with  the  Secretary  of  the  Committee, 
Mr.  C.  W.  Ohert,  29  West  39th  St.,  New  York  City. 

Below  are  given  the  interpretations  of  the  Committee  as 
approved  by  the  Council  on  April  20,  1917,  in  Cases  No.  136 
to  139,  141,  142,  144  and  145.  In  this  report,  as  previously, 
the  names  of  inquirers  have  been  omitted. 


Case  No.  136 

Inquiry:  Is  it  the  intent  that  no  pressure  shall  again  be 
allowed  on  a  boiler  on  which  a  crack  has  been  discovered  in 
a  longitudinal  seam,  and  that  the  boiler  cannot  be  patched 
and  again  used,  or  may  such  a  boiler  be  again  put  in  commis- 
sion after  being  patched  and  after  passing  a  prescribed  test? 

Beply:  It  is  the  intent  of  Par.  384  to  permanently  discon- 
tinue the  use  of  the  shell  or  drum  of  a  boiler,  for  steam  boiler 
purposes,  should  a  longitudinal  joint  crack  be  discovered  in 
any  plate  or  course  of  the  shell  or  dram. 


Case  No.  137 

Inquiry:  Is  it  permissible  under  Part  1,  Section  2  of  the 
Boiler  Code,  to  use  a  smaller  size  of  safety  valve  than  is  there 
specified,  where  a  heating  boiler  is  ojjerated  on  the  vapor  sys- 
tem with  open  vents  to  the  atmosphere? 

Beply:  It  is  not  expedient  to  modify  or  amend  the  Code  in 
the  nature  you  request.  Par.  348  and  358  cover  your  case,  and 
refer  to  the  boiler  and  not  to  the  system. 


Case  No.  138 

Inquiry:  Is  it  permissible  in  a  superheater  constructed  with 
steel  return  bend  headers  to  electrically  weld  the  tubes  into 
the  headers? 

Beply:  Autogenous  welding  of  superheater  tubes  to  headers 
is  not  permissible  under  the  Boiler  Code  if  the  strength  of  the 
weld  be  depended  upon  to  resist  the  pressure  tending  to  drive 
the  tube  out  of  the  header.  It  is  permitted  for  the  sake  of  the 
tightness,  but  the  strength  of  the  weld  at  the  joint  must  not  be 
taken  into  account. 


Case  No.  139 

Inquiry:  Is  it  possible  to  secure  a  smaller  A.S.M.E.  Boiler 
Stamp  than  the  present  ^4  in.  stamp  that  is  furnished  to  meet 
the  requirements  of  Par.  332  of  the  Boiler  Code  ?  It  is  difficult 
to  stamp  thin  plates  with  the  present  %  in.  stamp  on  account 
of  the  rebound. 

Beply:  A  new  stamp  will  be  provided,  ^2  -"■  size,  hammer 
type,  and  with  the  top  end  square,  so  that  it  can  be  either  used 
as  a  hammer  stamp  or  struck  witii  a  sledge. 

Case  Xo.  141 

Inquiry:  Is  there  any  objection  to  drilling  and  tapping 
holes  in  the  shell  of  a  boiler  if  they  are  properly  reinforced? 

Beply:  It  is  the  opinion  of  the  Boiler  Code  Committee  that 
there  are  no  objections  to  drilling  and  tapping  lioles  in  the 
shell  of  a  boiler  if  the  same  are  proijerly  reinforced  according 
to  the  Code. 

Case  Xo.  142 

Inquiry:  In  a  design  of  horizontal  return  tubular  boiler, 
with  a  manhole  located  in  the  front  head  below  the  tubes,  is 
it  permissible  under  Par.  218  to  insert  tubes  on  either  side  of 
the  manhole  instead  of  through  stays? 

Beply:  Tubes  on  each  side  of  a  manhole  cannot  be  used 
in  place  of  the  through  stavs  specified  in  the  last  sentence  of 
Par.  218. 

Case  No.  144 

Inquiry:  What  are  the  requirements  for  the  design  of  re- 
inforcing liners  for  tlie  inside  of  the  cj'lindrical  shell  of  a 
boiler? 

Beply:  Where  reinforcement  is  necessary  for  openings 
which  are  not  intended  for  pipe  threads,  the  requirements  of 
Par.  261  of  the  Boiler  Code  are  to  be  followed. 


Case  No.  145 

Inquiry:  Is  it  not  better  practice  under  Par.  316  of  the 
Boiler  Code  to  discharge  feed  water  in  the  waterleg  of  a  ver- 
tical flretube  boiler  about  half  way  between  the  mud  ring  and 
the  bottom  head,  than  to  discharge  it  against  the  tubes  mid- 
way between  the  bottom  head  and  the  lowest  water  level? 

Beply:  It  is  the  opinion  of  the  Boiler  Code  Committee  that 
Par.  316  does  not  permit  of  discharging  the  feed  water  in  the 
waterleg  of  a  vertical  firetube  boiler. 
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THE  urticers  of  the  Society  are  trying  to  make  every 
member  feel  that  this  is  a  national  society  of  the  en- 
gineering i)rofession.  President  Jacobus,  last  year,  and  Presi- 
dent Hollis,  this  year,  liave  made  great  sacrifices  of  tlieir  time 
and  energy  in  order  to  visit  ' 
the  Sections,  and  I  have  sup- 
plemented their  trips  and 
ha\e  jnst  returned  from  as 
far  west  as  Oklahoma  City. 

The  first  place  I  visited 
was  Cincinnati,  where  I  met 
the  Local  Committee,  who 
are  arranging  for  the  Spring 
Meeting.  If  they  carry  out 
the  program  they  have 
planned,  the  Meeting  will  be 
the  most  complete  I  have 
known  of,  not  only  of  this 
Society  but  of  any  other. 

From  Cincinnati,  I  went 
to  Chicago  to  attend  a  con- 
ference on  Engineering  Co- 
operation, called  by  Dr.  T. 
H.  Newell,  Mem.Am.Soc.M.E. 
An  account  of  this  confer- 
ence appears  elsewhere  in 
this  issue  of  The  Journal. 
As  I  have  lived  a  number  of 
years  in  the  West,  I  appre- 
ciate the  point  of  view  of  a 
man  who  lives  away  from  the 
headcjuarters  of  the  national 
societies. 

The  theory  on  which  these 
organizations,  of  which  there 
is  a  large  number,  representa- 
tive of  the  smaller  societies 
as  well  as  the  larger  societies, 
have  gotten  together,  is  that 
the  engineering  profession 
owes  a  duty  to  society  and 
ought  to  take  a  part  in  pubHc 
affairs,  and  the  members  of 
these  organizations  are  cor- 
respondingly dissatisfied  with 
the  attitude  of  the  National 
Engineering  Societies  in  what 
they  regard  as  an  ultra-con- 
servative jjolicy. 

Is  it  a  proper  ambition  for 
an  engineering  society  to 
aspire    to    such'    a    position 

with  relation  to  civic  affairs  that  engineering  matters  coming 
up  in  the  administration  of  communities  be  refeiTed  to  the 
society?  If  so,  how  can  it  be  fulfilled?  This  is  a  broad 
question   which   should   be   thought   about   carefully.      Should 


FELLOW   MEMBERS 

It  is  not  necessary  to  call  the  attention  of  the 
Society  to  the  unprecedented  crisis  before  this  coun- 
try, because  ue  all.  as  American  citizens,  know  well 
that  our  country  has  embarked  upon  an  undertaking 
fateful  to  the  freedom  of  the  individual. 

The  word  "  Democracy  "  does  not  express  fully  all 
that  would  be  in  store  for  us  if  we,  as  a  nation, 
failed  to  do  our  duty  by  humanity,  and  by  our 
country.  Happily  every  member  of  our  Society  can 
assume  that  every  other  member  is  eager  to  make 
his  contribution.  I  have  been  struck  with  that  in 
the  great  amount  of  correspondence  I  have  had  dur- 
ing the  past  month,  always  asking  the  question, 
'■  How  can  I  serve  my  country?  " 

The  Society  as  a  whole  is  doing  all  it  can  to  co- 
operate effectively  with  the  National  Research 
Council,  ivith  the  Council  of  National  Defense,  and 
with  the  W  ar  and  Navy  Departments,  in  the  appoint- 
ment of  representatives  to  assist  and  coordinate  the 
work  of  all  engineering  societies.  Two  of  our  mem- 
bers were  selected  for  the  National  Research  Coun- 
cil, ttvo  for  the  Council  of  National  Defense,  two  for 
work  with  an  Army  Board  on  guns,  ami  doubtless 
others  ivill  come  forward,  or  be  brought  forward 
as  the  exigency  arises. 

As  good  citizens  we  should  truly  awake  to  the 
necessity  of  a  well-trained  army.  We,  as  engineers, 
can  help  in  this,  not  only  by  offering  ourselves  to 
the  W'  ar  Department  and  to  the  Navy  Department, 
but  also  by  assisting  unselfishly  in  the  industries, 
and  in  the  promotion  of  increased  farm  production. 

In  our  democracy  we  can  best  raise  an  army  by 
sharing  alike  in  its  hardships,  not  trusting  that  the 
"noblest  and  best  of  our  young  men  will  come  for- 
ward to  enlist  for  service,  but  putting  the  responsi- 
bility on  all  alike  through  some  kind  of  universal 
service. 

I  have  no  jtermission  to  speak  for  the  whole 
Society,  but  as  its  President,  I  urge  every  member 
to  search  his  own  conscience  seriously  for  some 
m-ethod  by  ichich  he  can  serve.  The  country  de- 
pends upon  us  and  we  must  respond. 

IRA  iV.  HOLLIS 


engineering  societies  take  a  part  in  public  affairs?    What  ]i;(rt 

should  they  have  in  public  affairs? 

Our  Council  is  laboring  wifli  this  problem  sincerely,  and  is 

trying  to  strike  the  happy  medium  between  avoiding  taking 

sides  on  political  and  eco- 
nomic (juestions  and  giving 
engineering  advice  on  mat- 
ters which  we  do  know  about. 
From  Chicago,  I  went  to 
Madison  to  the  Student 
Branch  there.  We  have 
forty-four  Student  Branches 
in  the  Universities  and  are 
getting  the  young  men  inter- 
ested in  engineering  societies. 
They  have  their  own  societies 
and  presiding  officers.  They 
have  outside  lecturers  and 
papers  presented  by  their 
own  members.  They  learn 
how  to  speak  in  public  be- 
fore their  mates.  We  are 
supplying,  through  the  activ- 
ities of  the  engineering  so- 
cieties, a  feature  which  is  not 
supplied  by  the  majority  of 
colleges  in  their  regular  cur- 
ricula. 

From  Madison  I  went  to 
Milwaukee,  where  we  had  a 
splendid  meeting  with  mem- 
bers of  the  local  committee 
of  the  Milwaukee  Engineer- 
ing Society,  which  is  the 
nucleus  about  which  the  locals 
of  the  national  engineering 
societies  there  gather.  Then 
I  returned  to  Chicago,  where 
I  met  the  Chicago  local  com- 
mittee. 

I  then  went  to  the  Student 
Branch  of  the  State  College 
of  Iowa  and  to  the  University 
of  Kansas  Student  Branch, 
where  they  had  an  Annual 
Meeting  which  lasted  all  day, 
all  arranged  for  by  the  stu- 
dents themselves  and  being 
addressed  by  outside  lectur- 
ers.    From  there  I  went  to 

Ij     the  University  of  Oklahoma, 

just  outside   Oklahoma   City, 

and  in  one  of  the  coming  states  of  the  United  States. 

.lust  before  I  left  New  York  on  this  journey,  the  Military 

Engineering   Committee   wrote   to   the   presidents  of   each    ot 

the  National  Engineering  Societies,  suggesting  that   the   ex- 
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istiiig  Committee  be  reinstructed  and  authorized  to  get  out 
a  complete  set  of  instructions  as  to  what  a  man  should  do 
who  wished  to  serve  his  country.  The  Committee  is  now 
called  The  Joint  Committee  on  National  Defense  and  has, 
during  the  past  month,  prepared  two  circulars  to  send  out  to 
the  membership  with  instructions  as  how  to  join  the  Army  and 
the  Navy.    We  will  send  these  out  shortly. 

A  number  of  our  members  have  responded  to  the  call  for 
national  service,  as  the  Roll  of  Honor  published  this  month 
shows.  This  list  will  be  supplemented  from  month  to  month 
by  the  names  of  members  as  they  are  enlisted.  This  first 
list  is  incomplete  in  the  particular  of  commissions  received  by 
members  in  the  Engineer  Officers'  Reserve  Corps,  the  War  De- 
partment having  at  this  date  issued  a  list  of  accepted  com- 
missions to  March  15  only.  Members  who  liave  accepted 
commissions  in  the  Corps  subsequently  to  this  date,  and  any 
other  members  entitled  to  have  their  names  inserted  in  the 
Roll  of  Honor,  should  notify  me  immediatelv. 

The  National  Research  Council  has  solicited  the  nomination 
of  two  of  our  members  for  their  Engineering  Committee  and 
the  Council  of  National  Defense  has  advised  us  that  they 
similarly  will  request  us  to  nominate  membere  for  their  Engi- 
neering Committee. 

Calvix  W.  Rice, 

Secretary. 

Council   Notes^ 

AT  the  meeting  of  the  Council  on  March  16  the  following 
members  were  present:  Ira  N.  Hollis,  President,  John 
H.  Barr,  C.  H.  Benjamin,  R.  H.  Fernald,  Arthur  M.  Greene, 
Jr.,  W.  B.  Gregory,  F.  R.  Hutton,  W.  B.  Jackson,  D.  S. 
Jacobus,  C.  T.  Main,  H.  de  B.  Parsons,  John  A.  Stevens,  Wm. 
H.  Wiley,  Treasurer,  and  Calvin  W.  Rice,  Secretary. 

A.S.M.E.  Boiler  Code.  The  Chairman  of  the  Committee 
proposed  changes  in  the.  Code,  together  with  interpretations 
in  eases  Nos.  140  and  143,  which  were  approved  and  ordered 
published  in  The  Journal.    They  appeared  in  the  April  issue. 

Engineering  Cooperation  Conference.  Paul  P.  Bird,  H.  C. 
Gardner,  and  Calvin  W.  Rice  were  appointed  to  represent  the 
Society  at  a  conference  on  Engineering  Cooperation  to  be  held 
in  Chicago,  March  28  and  29. 

Military  Engineering  Committee.  It  was  voted  that  the 
Committee  on  Engineer  Officers'  Reserve  Corps  of  The  Amer- 
ican Society  of  Mechanical  Engineers,  which  is  part  of  a  joint 
committee,  cooperate  with  the  other  engineering  societies  and 
the  United  States  Government,  so  that  there  will  be  one  central 
committee  of  the  engineering  profession  which  shall  assist  the 
Government,  and  that  the  committee  has  power  to  select  a 
suitable  name,  also  to  add  to  its  membership,  and  that  The 
American  Society  of  Mechanical  Engineers  will  be  willing  to 
assume  its  proportionate  share  of  the  expenses  of  a  compre- 
hensive work  of  advancing  the  preparedness  for  national 
defense. 

Standardization  Committee.  C.  F.  Hirshfeld  was  appointed 
on  this  committee  in  place  of  H.  G.  Stott,  deceased. 

Student  Branches.  A  student  branch  at  the  University  of 
Oklahoma,  Norma,  Oklahoma,  was  approved. 

Calvin  W.  Rice 

Secretary. 


Past  Presidents'   Return  from   the  Orient 

Dr.  Brashear,  Mr.  Swasey  and  Mr.  Freeman  have  returned 
safely  from  their  extended  tour  of  the  Orient,  and  were  en- 
tertained at  luncheon  at  the  Engineers'  Club  of  San  Francisco 
on  April  3.  Vice-President  Dickie  has  sent  us  a  first-hand 
account  of  the  reception,  which  is  well  worth  reproduction 
m  full : 

It  was  no  ordinary  occui-rence  that  brought  out  one  hundred  and 
seventeen  of  the  best-known  engineers  of  San  Francisco  on  Tues- 
day April  3  to  luncheon  at  the  Engineers'  Club.  It  is  not  often 
possible  to  have  as  guests  at  one  time,  three  ex-presidents  of  one 
of  the  national  societies,  hut  fortune  favored  the  engineers  who 
practice  their  profession  in  the  city  of  the  Golden  Gate.  For  in 
through  that  Western  Gateway  there  floated  three  wise  men  from 
the  Far  East,  such  men  as  the  engineer,  be  he  civil,  electrical, 
or  mechanical,  delights  to  honor — Dr.  Brashear.  Mr.  Swasey.  and 
Mr.  Freeman. 

Mr.  C.  T.  Hutchinson,  president  of  the  club,  and  Jlr.  Shreve, 
chairman  of  the  entertainment  committee,  secured  the  three  noted 
engineers,  who  were  seeking  rest  rather  than  excitement,  and 
brought  them  to  the  club  rooms,  where  they  were  received  with 
manifest  tokens  of  good  will  and  respect  and  at  12.30  all  pro- 
ceeded to  the  dining  room.  Mr.  Dickie  acted  as  chairman,  and 
after  luncheon,  with  a  few  remarks  appropriate  to  the  occasion, 
introduced  first  Dr.  Brashear  who,  in  a  beautiful  address,  carried 
these  hard-working  sober  engineers  up  with  him  on  angels"  wings 
so  that  they  might  gaze  for  a  while  on  the  very  heaven  of  heavens, 
and  feel  what  engineers  seldom  feel — the  bliss  of  wings  and  the 
glorious  vision  of  distances  that  can  only  be  measured  in  terms 
of  light  years.  But  after  a  hearty  luncheon  neither  the  doctor  nor 
his  audience  could  stay  long  up  where  he  had  drawn  them,  so 
gradually  he  let  them  down  and  talked  awhile  about  the  common 
things  of  the  engineer's  checkered  career.  This  fifteen-minute 
address  was  a  gem  and  will  be  long  remembered  by  those  who  had 
the  privilege  to  hear  it. 

The  chairman  then  called  upon  Mr.  Swasey  for  a  few  words, 
which  resulted  in  a  very  helpful  address  on  the  growing  importance 
of  the  engineer  in  the  work  of  the  world.  Mr.  Swasey  said  that 
while  this  old,  selfish  world  was  rather  slow  in  acknowledging  its 
great  debt  to  the  engineer,  it  has  at  last  found  out  that  it  cannot 
even  fight  to  any  purpose  without  the  engineer — and  so  he 
encouraged  the  young  engineers  before  him,  with  the  thought  that 
their  profession  was  a  militant  one,  and  that  the  future  would 
become   brighter  for  the  engineer  as  the  years   rolled  by. 

Mr.  Freeman  spoke  on  the  outlook  of  the  Panama  Canal, 
giving  his  experience  as  a  member  of  the  commission  appointed 
by  the  President  to  investigate  the  eJEect  of  the  landslides  on  the 
security  of  the  canal  as  a  reliable  passage  for  shipping  between 
the  two  oceans.  Mr.  Freeman,  in  a  lucid  address,  cleared  away 
any  doubts  that  might  be  in  the  minds  of  his  hearers,  and  what  he 
said  will  always  be  referred  to  when  the  subject  is  under 
discussion. 

The  meeting  with  these  three  typical  men  in  our'  profession  will 
not  soon  be  forgotten  by  those,  especially  the  younger  members. 
who  had  the  rare  opportunity  to  hear  them :  and  it  should  also  be 
noted  that  Dr.  Brashear,  Mr.  Swasey  and  Mr.  Freeman  expressed 
their  delight  in  having  the  opportunity  to  meet  so  many  of  the 
engineers  of  San  Francisco. 


On  page  370  of  the  April  issue  of  The  Journal  it  was  stated 
that  the  price  of  the  book  on  The  John  Fritz  Medal  is  $4.00. 
This  is  erroneous.    The  price  is  $2.50. 

'  The  April  Journal  went  to  press  before  the  March  Meeting. 


If  the  student  of  engineering  gets  his  training  in  the  English 
classroom  only,  it  is,  at  best,  artificial ;  at  worst,  only  speaking 
pieces.  For  training  of  this  sort  there  is  opportunity  (and  it 
is  being  taken  advantage  of)  in  engineering  "topics"  classes; 
but  the  best  place  is  in  the  engineering  society.  If  this  is  a 
student  organization  with  faculty  assistance  and  if  students 
who  really  know  something  of  some  particular  engineering 
problem  and  practising  engineers  make  up  the  program,  in 
the  discussion  of  which  all  take  part,  such  a  society  can  accom- 
plish more  in  training  students  to  speak  effectively  than  an 
unaided  English  teacher  ever  could. — Engineering  Education, 
February  1917. 


THE  ENGINEERING  SOCIETIES  IN  NATIONAL  DEFENSE 


THE  JOURNAL  takes  great  satisfaction  in  announcing 
the  active  participation  in  national  affairs  by  members 
of  the  Society  as  fully  set  forth  in  the  Society  Affairs  and 
Engineering  Survey  sections  of  this  number. 

Tlie  Society  has  been  honored  by  the  election  of  Prof.  W.  F. 
Durand,  former  president  of  the  International  Engineering 
Congress,  to  the  National  Academy  of  Sciences.  This  is  in 
keeping  with  the  announcement  last  year  of  the  intention  of 
the  Academy  to  create  a  division  of  engineering  coordinate 
with  other  divisions  of  the  Academy,  and  from  time  to  time 
to  elect  engineers  to  membership. 

Mr.  John  R.  Freeman  has  been  elected  a  member-at-large  of 
the  National  Research  Council  of  the  Academy  of  Sciences. 
Mr.  Freeman,  and  Dr.  W.  F.  M.  Goss,  already  a  member  of 
the  Research  Council,  have  been  designated  as  the  Society's 
representatives  on  that  body. 

At  the  meeting  of  our  Council  on  April  20,  President  Hollis 
reported  that  he  and  Dr.  D.  S.  Jacobus  had  been  selected  by 
the  Secretary  of  War  as  representatives  of  the  Society  on  a 
special  engineers'  commission  to  serve  with  officers  of  the  Army 
and  Navy  in  determining  gun  mounts. 

The  following  nominations  were  also  made  in  response  to 
invitations  received  from  the  National  Research  Council 
and  the  Advisory  Committee  of  the  Council  of  National 
Defense : 

For  membership  on  the  Engineering  Committee  of  the  Na- 


tional Research  Council,  of  which  committee  Mr.  (Jano  Dunn, 
Mem.Am.Soc.M.E.,  is  chairman.  Prof.  W.  F.  Durand  and 
Charles  D.  Young. 

For  appointment  on  an  Engineering  Societies'  Section  of  the 
commission  of  the  Advisory  Commission  of  which  Dr.  Hollis 
Godfrey,  Mem.Am.Soc.M.E.,  is  chairman.  Dr.  Ira  N.  Hollis 
and  Calvin  W.  Rice. 

In  response  to  the  request  of  the  Director  of  the  Bureau 
of  Mines,  the  Council  has  nominated  its  Research  Committee 
as  a  special  advisory  committee  to  the  Bureau,  and  has  also 
authorized  the  President  to  appoint  two  sub-committees,  one 
on  fuels  and  another  on  mine  equipment.  Prof.  0.  P.  Hood, 
Mem.Am.Soc.M.E.,  and  mechanical  engineer  at  the  laboratories 
in  Pittsburgh,  has  been  designated  by  Director  Manning  as 
secretary  of  the  advisory  committee  of  the  engineering  societies 
to  the  Bureau. 

Mr.  Frank  A.  Scott,  vice-president  and  treasurer  of  The 
Warner  and  Swasey  Company,  has  been  appointed  head  of 
the  General  Munitions  Board,  as  is  noted  in  the  Engineering 
Survey  Section  in  this  issue.  Mr.  Scott's  appointment  is  one 
of  the  evidences  of  the  helpfulness  of  the  Society  in  the  pres- 
ent crisis. 

At  the  request  of  The  Journal,  the  following  letter  has 
been  prepared  by  Mr.  Dunn,  in  which  is  clearly  explained  the 
relations  of  the  engineering  societies  to  the  various  agencies 
of  national  defense. 


Letter  from  Mr.  Gauo  Dunn,  Chairman  Engineering  Committee,    National    Research    Council 


To  THE  Editor  : 

The  engineering  profession,  which  has  been  so  prompt  to 
volunteer  its  professional  and  military  services  to  the  Govern- 
ment in  support  of  national  defense,  is  now  in  contact  with 
the  various  government  agencies,  as  follows : 

First,  through  the  Naval  Consulting  Board  and  its  formerly 
existing  Committee  on  Industrial  Preparedness,  with  the  origin 
and  organization  of  which  board  the  engineering  profession 
is  already  familiar.  Each  of  the  national  engineering  societies, 
and  certain  other  societies,  by  contributing  two  members  to 
the  Naval  Consulting  Board,  has  afforded  the  Navy  and  War 
Departments  and  the  Council  of  National  Defense  a  highly 
expert  board  for  passing  upon  inventions  and  developing  them 
in  the  new  Government  Laboratory  that  has  been  organized. 

ENGINEEItS'  RESERVE  CORPS 

Second,  in  a  more  or  less  informal  way,  through  the  joint 
Committee  on  Engineers'  Reserve  Corps  and  the  Military  En- 
gineering Committee  of  New  York,  the  military  services  of 
engineers  are  being  organized  and  offered  to  the  Government, 
and  an  Engineers'  Regiment  is  recruiting  in  New  York. 

The  constitutions  of  the  national  engineering  societies  were 
found  to  contain  such  limitations  that  these  societies  could  not 
take  formal  action  in  military  matters.  A  little  over  a  year 
ago  the  Military  Engineering  Committee  organized  itself 
through  the  spontaneous  action  of  a  group  of  leading  engi- 
neers, including  a  number  of  presidents,  past-presidents  and 
other  prominent  officers  of  the  national  engineering  societies, 
to  an  extent  that  gave  the  committee  a  character  representative 
of  those  societies,  although  this  character  has  only  recently 
been  confirmed  by  the  action  of  the  societies  themselves. 


NATIONAL  RESEARCH  COUNCIL 

Third,  through  the  National  Research  Council,  created  at  the 
request  of  President  Wilson  by  the  National  Academy  uf 
Sciences,  "  to  bring  into  cooperation  existing  governmental, 
educational,  industrial,  and  other  scientific  and  research  or- 
ganizations, with  the  purpose  of  encouraging  investigations 
of  natural  phenomena,  the  increased  use  of  scientific  research 
in  the  develojiment  of  American  industries,  the  employment 
of  scientific  methods  in  strengthening  the  national  defense,  and 
such  other  applications  of  science  as  will  promote  the  national 
security  and  welfare." 

The  work  of  the  National  Research  Council,  the  offices  of 
which  adjoin  the  offices  of  the  Council  of  National  Defense, 
is  carried  on  through  the  agency  of  central  committees  cover- 
ing each  of  the  physical  sciences  and  chemistry,  mathematics, 
medicine,  hygiene,  agriculture  and  other  subjects,  including 
a  Committee  on  Engineering.  To  this  Committee  on  Engi- 
neering, each  of  the  national  engineering  societies  has  contrib- 
uted two  representatives,  and  stands  ready  to  contribute  others 
as  called  for.  With  the  engineers  wiio  are  members  of  the 
National  Research  Council,  these  constitute  the  Engineering 
Committee. 

The  representatives  so  far  named  from  the  American  Society 
of  Civil  Engineers  are  George  F.  Swain,  Edgar  C.  Marburg  and 
Clemens  Herschel ;  from  the  American  Institute  of  Mining  Engi- 
neers, Pope  Yeatman,  Albert  Sauveur,  Charles  F.  Rand  and 
George  K.  Burgess;  from  The  American  Society  of  Mechanical 
Engineers,  W.  F.  M.  Goss,  John  R.  Freeman,  C.  D.  Young,  Wm. 
F.  Durand,  John  A.  Brashear,  Hollis  Godfrey,  Howard  E. 
Coffin  and  Ambrose  Swasey;  from  the  American  Institute  of 
Electrical  Engineers,  Frank  B.  Jewett,  Clayton  H.  Sharp,  Gano 
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Dunn,  C.  E.  SMuuer,  Michael  I.  Pupin,  S.  W.  Stratton,  Elihu 
Thomson  and  John  J.  Carty;  from  the  American  Institute  of 
Consulting  Engineers,  Lewis  B.  Stillwell. 

This  Engineering  Committee,  under  formal  request  of  the 
Council  of  National  Defense,  in  a  resolution  dated  February 
28,  1917,  addressed  to  the  National  Research  Council,  brings 
to  the  aid  of  the  Council  of  National  Defense,  directly  through 
its  director,  the  professional  services  of  engineers  in  the  realm 
of  engineering  research,  and  it  constitutes  the  connection  be- 
tween the  Council  of  National  Defense  and  the  various  na- 
tional engineering  societies,  through  which  services  offered  by 
those  societies  to  the  President  of  the  United  States  may  be 
called  upon  in  the  solution  of  problems  in  scientific  and  engi- 
neering research. 

In  addition  to  supporting  the  Government  in  engineering 
research,  this  committee  also  brings  to  the  aid  of  the  Govern- 
ment, through  the  National  Research  Council,  such  general 
engineering  services  as  are  auxiliary  to  research  where  those 
services  are  needed  by  any  of  the  other  committees  of  the 
Council  as  incidental  to  research  problems  on  which  they  are 
at  work. 

The  national  engineering  societies  have  a  further  relation 
to  the  National  Research  Council  through  the  Engineering 
Foundation  which  those  societies  established  to  administer  the 
munificent  gift  of  Ambrose  Swasey  for  the  fostering  of  re- 
search in  science  and  engineering.  Through  the  action  of  the 
engineers,  the  whole  available  income  from  this  gift  is  now 
devoted  to  the  organization  and  operation  exjienses.  but  not 
the  research  expenses,  of  the  Council. 

As  has  been  stated,  the  contact  of  the  engineering  profes- 
sion with  national  defense,  through  the  Engineering  Commit- 
tee of  the  National  Research  Council,  covers  only  those  serv- 
ices involved  in  science  and  engineering  research,  with  the  ad- 
dition of  such  general  engineering  services  as  are  auxiliary. 

Other  or  general  services  in  the  engineering  field  are  articu- 
lated with  the  national  defense,  as  follows : 

COUNCIL  OF  XATIOXAL  DEFENSE 

Fourth,  through  an  Engineering  Section  of  that  committee 
of  the  Advisory  Commission  of  the  Council  of  National  De- 
fense, which  is  under  the  direction  of  Dr.  HoUis  Godfrey,  to 
whom  the  Defense  Council  has  assigned  sujiervision  of  general 
engineering  matters,  including  education. 

Dr.  Godfrey  is  now  in  course  of  completing  the  formation 
of  this  committee  by  calling  upon  each  national  engineering 
society,  and  certain  other  engineering  societies,  to  contribute 
two  representatives  whom  he  may  appoint  members  of  the 
Engineering  Section  of  his  committee,  so  that  services  needed 
by  the  Council  of  National  Defense  in  the  realm  of  general 
engineering  may  be  placed  at  its  disposal,  either  by  the  in- 
dividual members  of  the  committee  or  through  them  by  other 
members  of  the  engineering  societies  ujion  whom  the  Council 
of  National  Defense  may  call. 

The  above  four  channels  indicate  the  broad  extent  to  which 
the  members  of  the  engineering  profession,  in  patriotic  re- 
sponse to  the  country's  need,  have  come  forward  to  render 
services. 

Yours  truly. 
Gang    Dunn,    Chairman,    Engineering    Committee,    National 
Research  Council. 

Tlie  following  is  the  text  of  letters  received  from  the  Na- 
tional Research  Council  and  the  Advisory  Commission  of  the 
Council  of  National  Defense  inviting  nominations  from  our 


Society  on  the  Engineering  Committee  of  the  former  and 
the  Engineering  Societies'  Section  of  the  latter : 


FROM 


-VDVISORY   COMMISSION   OF   COUNCIL   OF 
NATIONAL   DEFENSE 


The  American  Societ.v  of  Mechauical  Engineers  tendered  its 
services  to  the  President  of  the  United  States  in  support  of  the 
National  Defense,  and  these  services  were  accepted  b.v  the  Presi- 
dent who  referred  further  relations  with  The  American  Society  of 
Mechanical  Engineers  to  the  Council  of  National  Defense. 

As  the  member  of  the  .idvisory  Commission  of  the  Council  of 
National  Defense  charged  with  matters  pertaining  to  engineer- 
ing, and  authorized  by  virtue  of  my  appointment  by  the  President 
and  b.v  Act  of  Congress  to  appoint  Committees  for  the  purpose  of 
assisting  the  Council  of  National  Defense  with  advice  on  the 
carrying  out  of  its  plans,  I  desire  to  ask  if  you  will  designate 
two  representatives  from  The  .\merican  Society  of  Mechanical 
Engineers  whom  I  may  appoint  members  of  an  Engineering  Sec- 
tion of  my  Committee,  which  representatives  will  be  the  means  of 
putting  The  American  Society  of  Mechanical  Engineers  into  re- 
lations with  the  Council  of  National  Defense  so  that  the  services 
offered  by  your  Society  may  be  available  to  the  Council. 

Upon  the  completion  of  the  formation  of  the  Engineering  Sec- 
tion of  my  Committee,  I  desire  to  ask  the  representatives  of  the 
National  Engineering  Societies  to  meet  me  for  a  conference  in 
Washington  to  make  further  plans  by  which  the  Government  may 
derive  the  greatest  benefit  from  the  services  those  Societies  have 
so  patriotically  tendered. — HoLLis  Goufeey,  Memhcr  Advisory 
Couimission    CoiificiJ    of   National   Defense. 

FROM    THE    NATIONAL    RESEARCH    COUNCIL 

The  National  Research  Council  to  increase  its  means  of  serv- 
ing the  Government  in  support  of  National  Defense  by  enlisting 
through  an  Engineering  Committee  the  services  of  a  group  of 
distinguished  engineers  drawn  from  the  field  of  engineering  re- 
search in  each  of  the  four  main  divisions  of  civil,  mining,  me- 
chanical  and  electrical   engineering. 

In  addition  to  services  in  the  field  of  engineering  research  the 
Council  has  need  of  some  general  engineering  services  auxiliary 
to  problems  of  research,  and  desires  to  be  in  a  position  to  enlist 
such  services  in  support  of  the  general  objects  of  the  Council. 

These  objects  are,  to  bring  into  cooperation  existing  govern- 
mental, educational,  industrial  and  other  research  organizations 
with  the  purpose  of  encouraging  the  investigation  of  national  phe- 
nomena, the  increased  use  of  scientific  research  in  the  development 
of  American  industries,  the  employment  of  scientific  methods  in 
strengthening  the  national  defense,  and  such  other  applications 
of  science  as  will  promote  the  national  security  and  welfare. 

The  relation  of  the  National  Research  Council  to  the  Council 
of  National  Defense  is  indicated  by  the  following  resolution, 
passed  on  the  21st  of  February,  by  the  latter : 

RESOLVED,  that  the  Council  of  National  Defense,  recog- 
nizing that  the  National  Research  Council,  at  the  request  of 
the  President  of  the  United  States 'has  organized  the  scientific 
forces  of  the  country  in  the  interest  of  national  defense  and 
for  national  defense,  and  to  this  end  the  Council  of  National 
cooperate  with  it  in  matters  pertaining  to  scientific  research 
for  national  defense  and  to  this  end  the  Council  of  National 
Defense  suggests  that  the  National  Research  Council  appoint 
a  Committee  of  not  more  than  three,  at  least  one  of  whom 
shall  be  located  in  Washington,  for  the  purpose  of  maintain- 
ing active  relations  with  the  Director  of  the  Council  of  Na- 
tional Defense. 

The  Executive  Committee  of  the  National  Research  Council 
would  appreciate  if  on  behalf  of  The  .-American  Society  of  Mechani- 
cal Engineers,  .vou  would  designate  two  engineers  skilled  in  engi- 
neering research,  whom  the  Committee  may  appoint  members  of 
the  Engineering  Committee  of  the  National  Research  Council,  to 
render  the  services  outlined  in  this  communication  and  to  serve 
as  a  means  of  calling  upon  other  members  of  The  American 
Society  of  Mechanical  Engineers,  for  services  that  the  National 
Research  Council  may  need  in  support  of  the  National  objects 
herein  referred  to. — Geokge  E.  H.\le,  Chairman,  National  Re- 
search Council;  John  J.  Carty,  Chairman,  Exeeutire  Committee : 
Gako  Dunn,   Cliairmun,  Enginecrinii  Committee. 


ROLL  OF  HONOR 

Members  of  The  American  Society  of  Mechanical  Engineers  Enlisted  in 

the  National  Service 


(First  List) 


ADAMS,    CAUKOLL    E,,    Private,    Battery    A,    Rhode    Island 

National  Guard. 
ADAMS,    WALTEI!    II.,    Captain.    Engineer   Officers'    Reserve 

Corps* 
ALLEN,    WALTER    C,    Captain.    Engineer    Officers'    Reserve 

Corps. 
.\LLISOX,   JOHN    v..   First   Lieutenant,    od    Ueginicnt,   Penn 

Macliine  Gun  Company,  Fort  Bliss,  Texas. 
ALLYN,   ROBERT  S.,  Major,  9th   Coast   Defense  Command, 

C.  A.  C,  National  Guard.  New  York. 

BEHR,  F.  J.,  Captain,  Coast  Artillery  Corps,  U.  S.  A.,  Ham- 
mond  Radio   Research   Lab.,  Gloucester,  Mass. 

BELCHER,  P.  WILLIAM,  First  Lieutenant.  Engineer 
Officers'   Reserve  Corps* 

BENEDICT,  B.  W.,  Captain,  1st  Illinois  Field  Artillery, 
commanding  Battery  F. 

BERLINER,  R.  W.,  Captain,  Engineur  Officers'  Reserve 
Corps. 

BETTS,    PHILANDER,    Major,    Engineer    Officers'    Reserve 

Corps. 
BILGER,  H.  E.,  Captain,  Engineer  Officers'   Reserve  Corps' 

BILLMYER,  CARROLL  D.,  Corporal.  First  Company,  Coast 
Artillery  Corps,  National  Guard  of  Virginia. 

BIRNIE,  ROGERS,  Colonel,  Sandy  Hook  Proving  Ground, 
Fort  Hancock,  N.  J.,  and  Governor's  Island,  N.  Y. 

BOETTGER.  ROBERT,  First  Lieutenant,  Engineer  Officers' 
Reserve  Corps. 

BRENNAN,  JAMES,  Captain  and  A.D.C.,  7th  Division, 
V.  S.  A. 

BURROUGHS.  JOS.  II.,  JR.,  First  Class  Private,  Company 
B,  Engineer  Battalion,  National  Guard,  Pennsylvania. 

BUSH,  H.\ROLD  M.,  Major.  Ohio  Battalion  of  Artillery, 
National  Guard. 

BUYERS,  A.  S.,  First  Lieutenant,  Coast  Artillery  Corps, 
U,   S.  A.,  care  of  Adjutant-Gen'l,  U.  S.  A.,  Washington, 

D.  C. 


DAVIS,  FRANCIS  P.,  Second  Lieutenant,  Coast  Artillery 
Corps,  New  York  National  Guard.  Assigned  to  '.i'iti 
Co.,   Sth  C.    D.  C. 

DAVIS,  JAMES  H.,  Second  Lieutenant,  Coast  Artillery 
Corps,  New  York  National  Guard.  Assigned  to  33d  Co.. 
.Sth  C.  D.  C. 

DELEMOS,  SIDNEY  K..  Captain,  Engineer  Officers'  Reserve 
Corps. 

I  IE  WOLF,  ROGER  D.,  Lieutenant.  Tth  Division,  3d  Bat 
talion.  Naval  Militia,  New  Y'ork. 

DOTY,  PAUL,  Commissary  General,  rank  of  Brigadier  (gen- 
eral, Minnesota  National  Guard. 

DOTY,  PAUL,  Major,  Engineer  Officers'  Reserve  Corps. 

DOYLE,  JI.  A..  Second  Lieutenant,  Engineers.  U.  S.  Coast 
Guard. 

EATON,    P.    B. 
Guard. 


Seeon'i    Lieutenant.    Kngineors.    I'.    S.    Coast 


ELMES,    CLYDE    C,    Captain,    Engineer    Officers'    Reserve 
Corps. 

I^ITZGERALD,   EDWARD  T..   Captain.   2d    Battalion,    Naval 

Militia,  New  York. 
FRY,     ALFRED     BROOKS,     Captain,     Naval     Militia     and 

Engineers'   Reserve  List,  U.   S.  N. 
FULLER,   RAY   W.,  Captain,  Company  A,   Engineers,   V.   S. 

and  Penna. 

GILLIS,  II.  A.,  Major,  Engineer  Officers'  Reserve  Corps. 

GREEN,  F.  W.,  Captain,  Engineer  Officers'  Reserve  Corps. 

GREGORY.   WILLIAM  B.,  Major.   Engineer  Officer.?'   Reserve 
Corps. 

GUNBY,   FRANK  M.,  Captain.  Artillery  Engineer,  C.  A.   C, 
Massachusetts  National  Guard. 

HALL.    H.\RRIS    F..    Captain,    Company    M,    6th    Infantry, 
Illinois  National  Guard. 

HERBERT,  J.  S.,  Captain.  Engineer  Officers'  Reserve  Corps. 

HILL,    FRANCIS   L.,    Company    H,    First   Virginia    Regiment 
Volunteers. 

HOLMES,  URBAN  T..  Commander,  U.  S.  N.,   Navy  Depart- 
ment, Washington,   D.  C. 

HOLMGREN,  F.  C,  Automobile  expert,  Rock  Island  Arsenal. 
Rock  Island',  111. 

HUBBELL.  LYMAN  P.,  Captain,  Quartermaster  Corps,  74th 
New  York  Infantry,  National  Guard. 

HUNT,    LEIGH,    Lieutenant,    Machine    Gun    Company.    1st 
Kansas    Infantry.    Eagle    Pass,    Texas. 

HUTCHENS,  EDWARD,  Captain,  Engineer  Officers'   Reserve 
Corps- 

INGHAM,   HOWARD  M.,   Corporal.   1st   Jlotorcycle   Battery 
of  Englewood,  N.  J. 

IRELAND,  MARK  L.,  Captain,  Quartermaster  Corps,  U.S.A. 

COYLE,  A.  M.,   Mechanical  Engineer,   Coast   Defense,   Board        JAMIESON,  CHAS.   C,  Major,   Ordnance   Department,   U.   S. 
of  Engineers,   U.   S.  A.  Army    ('S8-'10i. 

CRUIKSHANK,    BARTON,    Captain,    R.    L.,    First    Cavalry,        JENKS,  GLEN  F.,  Major.  Ordnance  Dept.,  U.  S.  A.,  Manila 
National   Guard,   New  York.  Ordnance  Depot,  Manila. 

CURTIS,  GREELY  S.,  Lieutenant,  Junior  Grade,  10th  Deck        JOHNSTONE,     EDWARD     J.,     Lieutenant,     Junior     Grade, 
Division.  Massachusetts  Naval  Militia.  Naval  Militia. 


E.    D.,     Captain,     Engineer    Officers'     Reserve 


CAMPBELL, 

Corps* 

CARLSSON,  CARL  A.  V.,  Ordnance  Engineer,   Navy   Dept., 
Ordnance  Office,  Navy  Yard,  Washington,  D.  C. 

CATTELL,  WILLIAM  A.,  Major,  Engineer  Officers'   Reserve 
Corps* 

CHURCH,   ELIHU   CUNNINGHAM,    Seventh    Infantry,    New 
York. 

CLUBTT,    SANFORD    L.,    Major,    Signal    Corps,    New    York 
National  Guard. 

COMSTOCK,  CHARLES  W..  Second  Lieutenant.   Field  Artil- 
lery, National  Guard,   Colorado. 

COOKE,    STANLEY    S.,    Private,    Troop    D,    1st    Squadron 
Cavalry,  Colorado  National  Guard. 
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JUNKERSFELD,  PETER,  Major,  Engineer  Officers'  Reserve 
Corps. 

KATTE,  E.  B..  Major,  Engineer  Officers'  Reserve  Corps. 

KESSLER,  ARMIN  GEORGE,  Lieutenant,  Senior  Grade, 
Naval  Militia,  Erie,  Pa. 

KILPATRICK,  JOHN  D.,  Major,   Quartermaster  Corps,  N.  J. 
KING,    CHARLES    G.    Y.,    Lieutenant    Commander,    Illinois 
Naval  Reserve. 

KINGSTON,  ARTHUR,  Lieutenant,  4th  Regiment,  U.  S. 
Marine  Corps. 

KRAUS,  SIDNEY  M.,  Lieutenant  (J.  G.),  U.  S.  N.,  U.  S.  S. 
Sampson. 

LAMONT,  CLARENCE  B.,  Captain.  Engineer  Officers'  Re- 
serve Corps. 

LARSEN,  CHARLES,  First  Lieutenant,  Engineer  Officers' 
Corps'* 

LINCOLN,  PAUL  M.,  Captain,  Engineer  Officers'  Reserve 
Corps. 

MCLEAN,  ROBERT  W.,  First  Lieutenant,  Engineer  Officers' 
Reserve  Corps. 

McMUNN,  ■R'lLLIAM  N.,  Commander,  Illinois  Naval 
Reserve. 

MANSFIELD,  JULIAN  B.,  Captain,  Infantry  and  Artiller.v, 
Reserve. 

MARTIN,  KINGSLEY  G.,  Private,  Class  B,  Depot  Bat- 
talion, 22d  Regiment  of  Engineers. 

MAXFIELD,  HOWARD  H.,  Captain,  Engineer  Officers'  Re- 
serve  Corps. 

MERSHON,  R.  D.,  Major,  Engineer  Officers'  Reserve  Corps. 

MILLER,     MARTIN     NIXON,     Chief     Building     Inspector, 

Franktord  Arsenal,   Ordnance,  War  Dept.,   U.   S.  A. 
MOON,    HARTLEY   A.,    Major,    Infantr.v,    4th    Battalion,    3d 

Regiment. 

NEWCOMB,    ROBERT    S.,    Captain,    Coast    Artillery    Corps, 

New   York  National  Guard. 
NEWTON,  GUY  D.,  Major,  Engineer  Officers'  Reserve  Corps* 

NORRIS,  ALEX.  MURDOCH,  Ensign.  Engineer  Duties. 
Maryland  Naval  Militia. 

OATLEY,  HENRY  B.,  Naval  Militia. 

OHMER,  JOHN  F.,  JR.,  First  Lieutenant  and  Battalion 
Adjutant,   3d  Ohio  Infantry. 

OSGOOD,  WENTWORTH  H.,  Lieutenant,  U.  S.  N.,  U.  S.  S. 
Chester. 

OTTO,  HENRY  S.,  Private,  Squadron  A.  New  York  National 
Guard. 

PARKER,  CHARLES  H..  Captain  (retired),  Massachusetts 
Naval   Militia. 

PELLY,  JOHN  F.,  Battery  A,  First  Field  Artillery,  Penn- 
sylvania National  Guard. 

PELLY,  JOHN  F.,  Corporal,  Battery  A,  First  Field  Artillery, 
Pennsylvania. 

PELOT,  JOSEPH  H.,  Major,  Ordnance  Dept.,  U.  S.  A., 
Frankford   Arsenal,    Philadelphia. 

RATHJENS,  G.  WILLIAM,  Captain.  Engineer  Officers' 
Reserve  Corps* 

REIMER,  ARTHUR  A.,  Captain.  Engineer  Officers'  Reserve 
Corps. 

RICHARDSON,  EDWARD  BRIDGE.  Captain,  Battery  A, 
Massachusetts   Field   Artillery. 

ROBINSON,  '(VILLIAM,  Second  Lieutenant.  Engineer  Offi- 
cers'   Reserve   Corps* 


SANDSTROM,  C.  O.,  Captain,  Company  L.,  3rd  Regiment, 
Mo.,   Laredo,   Texas. 

SCHLANK,  ELIAS,  Private,  Sanitary  Division.  7th  X.  Y. 
Infantry,   National  Guard. 

SCHNEIDER,  G.  A.,  First  Lieutenant,  Engineer  Officers' 
Reserve   Corps. 

SCOTT,  ROSSITER  STOCKTON,  Corporal,  Battery  A, 
Maryland  National  Guard. 

SIMPSON,  COLIN  C,  JR.,  Private,  Depot  Battalion,  7th 
New  York  Infantry. 

SMITH,  ALBERT  S.,  Captain,  Engineer  Officers'  Reserve 
Corps. 

SMITH,  WILLIAM  WALKER,  Lieutenant,  U.  S.  N.,  Pitts- 
burgh. Pa. 

STARK,  W.  E.,  Second  Lieutenant,  Engineer  Officers'  Re- 
serve Corps. 

STEEL,  REGINALD  A.,  Corporal,  Company  A,  22nd  Corps 
of  Engineers,  National  Guard,  New^  York. 

STR.VHLMANN,  O.  E.,  Aeronautical  Engineer,  U.  S.  Army 
Signal  Corps. 

SUMMERS,  DANIEL.  Second  Lieutenant,  Engineer  Officers' 
Reserve  Corps' 

SUTTON,   FRANK,  Major,  Engineer  Officers'   Reserve  Corps. 

SWAN,  JOHN  J.,  Captain,  Engineer  Officers'  Reserve  Corps. 

SWIFT,  JOHN  B.,  Lieutenant,  Company  E,  1st  Battalion. 
Illinois   Engineers. 

TAYLOR.  DONALD  F.,  Private,  Sctuadron  A,  Machine  (Jun 
Battery,  New  York  Division. 

TAYLOR,  L.  B.,  Torpedo  Engineer,  U.  S.  Naval  Torpedo 
Station,  Newport,   R.  I. 

TOLTZ,  MAX,  Major,  Engineering  Corps.  Minnesota 
National  Guard. 

TREAT.  SIDNEY  W.,  Sergeant,  7th  Infantry  N.  G.  U.   S. 
TItUSCOTT.    HAROLD    S.,    Captain    commanding    Co.    I,    3d 

Batt..  4th  Inf.  Reg..  National  Guard  of  Hawaii. 
TURNER,  ROBERT  T..  JR.,  Gunner,  N.  Y.  Training  Battery. 

VIETS.  HARRY  A.,  Sergeant.  13th  Coast  Defense  Com- 
mand, National  Guard,  New  York. 

WAGNER,  CHARLES  FRANCIS,  Captain,  Engineer  Offi- 
cers'  Reserve  Corps. 

W.\ITT,  ARTHUR  M.,  Major,  Engineer  Officers'  Reserve 
Corps. 

WESTERVELT.  W.  I..  Major,  U.  S.  A.,  U.  S.  Government. 
Washington.   D.  C. 

WHITLEY.  FREDERIC  N.,  Major,  First  Battalion.  New 
York  Engineers. 

WHITLOCK,  E.  H.,  Major,  Engineer  Officers'  Reserve  Corps* 

WHITNEY',  HERBERT  A.,  Assistant  Battery  Commander, 
Coast   Artillery,   National   Guard. 

WIIITTED.  T.  B..  Captain,  Engineer  Officers' Reserve  Corps* 

WILDER,  C.  W..  First  Lieutenant  Engineer  Officers'  Re- 
serve Corps. 

WILSON,  HENRY  C,  Major,  8th  Coast  Defense  Command, 
National  Guard,  New  York. 

WOOD,  HORATIO  N.,  First  Lieutenant  of  Engineers,  U.  S. 
Coast  Guard,  U.   S.  Cutter  Morrill,  Detroit.  Mich. 

WOODRUFF.  CLARENCE  A.,  Second  Lieutenant,  Connec- 
ticut Coast  .\rtillery  Corps. 

YORK.  IIERBEIiT  W.,  Lieutenant  Commander,  Naval 
Militia.    New   York. 

ZniMERMAN.  OLIVER  B.,  Captain,  Engineer  Officers'  Re- 
serve Corps. 


*  Acceptance  of  commission  pending  at  date  of  latest  list  from  War  Department 
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THE  SPRING   MEETING  AT  CINCINNATI 


THE  record  of  the  Spring  Meetings  of  the  Society  brings 
back  the  most  pleasant  recollections  of  good  fellowship, 
inspiration  and  renewed  interest  in  the  affairs  of  the  Society 
to  those  who  have  been  fortunate  in  being  present  at  these 
meetings.  It  also  calls  to  mind  many  gracious  hospitalities 
extended  to  the  Society  by  friends  of  engineers  in  every  part 
of  the  country  in  which  these  meetings  have  been  held. 

The  entertainment  part  of  the  program  of  the  Spring  Meet- 
ing of  The  American  Society  of  Mechanical  Engineers,  to  be 
held  in  Ohio,  May  21  to  24,  if  carried  out  as  it  has  been 
planned  by  the  Cincinnati  Local  Committee,  will  make  this 
meeting  the  most  enjoyable  one  ever  held  by  the  Society.  The 
Committee  has  excelled  itself  in  providing  novel  and  attractive 
features  for  this  part  of  the  program. 

In  this  anticipation  of  the  good  time  in  store  for  members 
and  guests  attending  the  meeting,  we  must  not  lose  sight  of 
the  fact  that  there  are  serious  matters  to  be  considered,  and 
that  some  of  the  topics  to  be  presented  and  discussed  at  the 
professional  sessions  are  of  vital  national  importance  at  this 
time.  The  Technical  Section  of  this  issue  of  The  Journal  is 
devoted  to  the  papers  to  be  given  at  these  sessions. 

A  complete  program  of  the  meeting  is  published  below. 
Full  information  was  given  in  the  last  issue  of  The  Journal 
regarding  transportation  and  fares  and  hotels,  and  nothing 
remains  now  but  for  members  to  complete  their  own  arrange- 
ments for  being  present  with  their  guests  at  the  Hotel  Sinton, 
in  Cincinnati,  on  the  morning  of  Monday,  May  21. 

Below  are  also  given  brief  biographical  notes  of  the  authors 
of  the  papers. 

Authors  of  the  Papers 

J.  F.  Barkley  has  been  connected  with  the  U.  S.  Bureau  of 
Mines  for  about  four  years,  working  on  fuel  problems  concerning 
boiler-room  practice,  particularly  the  transmission  of  heat  from 
the  gases  o£  combustion  to  the  boiler  water.  He  has  also  spent 
some  time  with  the  Westiughouse  Electric  and  JIanufacturiug 
Co.,  partly  on  heat  problems.  There  are  several  government 
publications  along  the   lines  of  his   iiaper. 

Harry  L.  Coe  is  vice-president  of  Ilarpham,  Barnes.  Stevenson 
&  Coe,  Inc..  production  engineers  of  Boston.  For  the  past  ten 
years  he  has  specialized  in  general  production  engineering  work. 
factory  organizations,  types  of  management  and  machine  produc- 
tion. He  has  had  charge,  for  the  past  two  years,  of  the  projectile 
departments  of  the  Vermont  Farm  JIachine  Company  and  the 
Consolidated  Car-Heating  Company,  manufacturing  o-in.  shrapnel. 

.\dolph  L.  De  Leeuw  speaks  from  a  very  extended  experience, 
having  been  designing  engineer  with  the  Niles  Tool  Works  Com- 
pany, mechanical  engineer  with  the  Cincinnati  Milling  Machine 
Company,  and  at  present  is  mechanical  engineer  with  the  Singer 
Manufacturing  Company.  He  has  written  quite  a  ninnber  of 
papers  on  the  important  subject  of  metal  cutting  and  metal 
cutters. 

John  R.  Du  Priest  is  at  present  head  of  the  Mechanical  Engi- 
neering Department  of  the  University  of  Idaho.  Moscow.  Idaho. 
He  is  a  specialist  in  gas-engine  work,  having  served  as  chief 
engineer  with  the  Columbus  Machine  Company  where  complet" 
power  plants  for  pumping,  lighting  and  manufacturing  were 
turned  out  under  his  direction.  He  is  the  inventor  of  various 
new    designs    in    gas    and    oil-engine    machinery. 

Otto  P.  Geier  became  associated  with  The  Cincinnati  Milling 
Machine  Co.  three  years  ago  to  organize  an  Employee's  Service 
department.     He  was  formerly  superintendent  of  the  Department 


of  Charities  and  Correction  at  Cincinnati,  and  has  given  a  great 
deal  of  attention  to  the  problems  of  public-health  work.  He  is 
chairman  of  the  section  on  Preventive  Medicine  of  the  American 
Medical  Association,  and  chairman  of  the  Health  Service  Section 
of  the  National  Safety  Council. 

Henry  J.  Guild  is  superintendent  of  the  paper  mills  of  the 
Eastern  Mfg.  Company,  Bangor  and  Lincoln,  Maine.  He  has  been 
associated  with  the  development  of  scientific  methods  from  the 
beginning  and  is  continuing  this  development. 

Harry  V.  Haight  is  at  present  chief  engineer  of  the  Canadian 
IngersoU-Rand  Company,  Ltd..  Sherbrooke,  Quebec,  having  for 
many  years  served  in  a  similar  capacity  with  the  Canadian  Rand 
Drill  Company.  He  has  made  a  specialty  of  compressed-air 
machinery,  including  designing  of  air  compressors,  rock  drills, 
coal  cutters,  compressed-air  locomotives,  haulage  plants  and  gen- 
eral  pneumatic  tools. 

Keppele  Hall  has  made  an  intensive  study  of  the  Taylor  system 
and  in  practice  as  a  consulting  engineer,  associated  with  Sanford 
E.  Thompson.  Mem.Am.Soc.M.E.,  specializes  in  the  same  subject. 
In  this  particular  line  of  work  he  has  been  employed  for  the  last 
three  years  as  a  resident  engineer  of  the  Eastern  Manufacturing 
Company's  paper  mill. 

.Vrthur  L.  Humphrey  is  at  present  vice-president  and  general 
manager  of  the  Westiughouse  Air  Brake  Co.  He  has  had  a  very 
wide  experience  in  railroad  engineering,  having  held  executive 
positions  with  the  Union  Pacific,  Southern  Pacific,  Colorado  Mid- 
land, Colorado  Southern  and  other  railroads.  He  has  made  a 
specialty  of  improved  shop  facilities  and  modern  appliances  for 
economical   manufacturing  operations. 

Horace  .ludd  has  been  connected  with  The  Ohio  State  Univer- 
sity for  the  past  fifteen  years.  From  190'2  to  1910  he  was  assist- 
ant professor  and  since  1910  has  been  associate  professor  of  experi- 
mental engineering.  During  that  time  his  work  has  been  chiefly 
along  the  lines  of  gas.  hydraulic,  and  steam  engineering,  with 
more  attention  during  the  past  few  years  to  hydraulic  subjects, 
especially  to  the  flow  of  fluids  through  pipes  and  orifices. 

F.  G.  Kent  is  at  present  works  manager  of  the  Lodge  &  Shipley 
Machine  Tool  Company.  He  was  formerly  for  four  years  general 
superintendent  of  manufacturing  with  the  Pierce-Arrow  Motor 
Car  Company.  Before  that  he  was  associated  with  The  Goodman 
Manufacturing  Company,  manufacturers  of  electrical  mining  ma- 
chinery, as  works  manager.  He  has  a  wide  and  varied  experience 
in  machine  shop  practice,  and  is  a  specialist  on  the  subject  of 
organization. 


Henry  Kreisinger  has  been  connected  with  the  Government  fuel 
investigation  for  the  last  thirteen  years.  He  has  made  a  large- 
number  of  steaming  tests  of  many  kinds  of  fuels  and  with  various 
boiler  equipments.  He  is  now  in  charge  of  the  fuel-efficiency 
laboratory  of  the  U.  S.  Bureau  of  Mines.  His  interest  is  prin- 
cipally given  to  the  study  of  combustion  of  coal  and  heat  trans- 
mission in  engineering  problems.  He  is  a  co-author  of  a  number 
of  government  publications  on   these  subjects. 


William  O.  Lichtner  is  a  member  of  the  firm  of  Thompson  & 
Lichtner.  Consulting  Engineers.  He  specializes  in  advice  on  man- 
agement conditions  and  on  the  introduction  of  scientific  methods 
of  management  in  construction  and  industrial  operations. 

Charles  Edward  Lucke  has  carried  out  a  great  variety  of  inves- 
tigations, both  scientific  and  commercial,  and  has  published 
numerous  papers  and  books  on  engineering  subjects,  especially 
gas-engine  design.  As  head  of  the  mechanical-engineering  depart- 
ment at  Columbia  University  he  organized  new  courses  and 
developed  new  methods  of  instruction.  He  has  also  acted  as 
consulting  engineer  to  various  important  industrial  concerns. 
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F.  W.  .Maniuis  bus  bei'U  I'ur  the  past  four  years  professor  of 
steam  engineering  at  the  Ohio  State  University.  Previous  to  that 
he  was  for  six  years  a  member  of  the  staff  of  the  Engineering 
Experiment  Station  of  the  University  of  Illinois.  In  both  of  these 
positions  he  has  devoted  much  of  his  time  to  a  study,  largely  ex- 
perimental, of  steam-using  and  steam-generating  machinery. 

Charles  Meier  has  been  connected  with  the  Cincinnati  Planer 
Company  for  the  past  sixteen  years,  serving  the  first  eleven 
years  as  chief  designer  and  superintendent  and  the  last  five 
years  as  sales  manager  and  engineer.  He  has  specialized  in  the 
developing  of  metal  planers. 

Charles  B.  Xolte  has  been  connected  with  Robert  W.  Hunt  & 
Co.  for  the  past  seven  years,  having  charge  during  the  latter  four 
years  of  the  inspection  of  general  engineering  materials.  He  has 
given  particular  attention  recently  to  the  inspection  and  testing 
of  purchases  of  artillery,  equipment  and  other  important  munition 
materials  supplied  the  European  Governments  by  this  country. 

.1.  E.  Otterson  is  at  present  first  vice-president  and  general 
manager  of  the  Winchester  Repeating  Arms  Company.  New 
Haven,  Conn.  He  graduated  from  the  Naval  Academy  and 
served  as  an  officer  in  the  Navy.  He  was  also  graduated  as 
Master  of  Science  by  Massachusetts  Institute  of  Technology  and 
served  as  Naval  Constructor  in  the  United  States  Navy. 

Victor  B.  Phillips  has  been  connected  since  1911  with  The 
Cleveland  Railway  Company  which  has  studied  very  thoroughly 
the  matter  of  power  policy.  The  company  has  investigated  a\ 
great  length  questions  of  purchased-power  rates  and  the  rehabilita- 
tion of  old  plants  or  the  construction  of  new  plants,  and  as  a 
result  enjoys  the  lowest  purchase  rates  for  steam-generated  power 
known  in  this  country.  As  assistant  to  the  Superintendent  of 
Power.  Mr.  Phillips  in  the  last  two  years  has  devoted  himself 
almost  entirely  to  the  above  problems. 

Herman  Schneider  is  Dean  of  the  College  of  Engineering.  Uni- 
versity of  Cincinnati.  He  devised  and  put  into  operation  the 
cooperative  scheme  of  education  whereby  students  spend  alterna- 
ting bi-weekly  periods  in  seventy-five  industrial,  construction,  and 
transportation  concerns,  and  at  the  Engineering  College  of  the 
University  of  Cincinnati.  The  course  has  been  in  operation  eleven 
years,  and  there  are  five  hundred  students  enrolled  in  the  work. 

Sanford  E.  Thompson  is  a  consulting  engineer  and  membi'r  of 
the  firm  of  Thompson  &  Lichtner,  Consulting  Engineers.  He  has 
advised  on  many  projects  both  in  lines  of  construction  and  investi- 
gation and  shop  management,  acting  at  the  present  time  as  con 
suiting  engineer  in  the  Introduction  of  scientific  methods  of  man- 
agement  for  various  concerns. 

Frederick  A.  Waldron  has  had  experience  with  the  Brown  iV: 
Sharpe  Manufacturing  Co.,  Beaman  &  Smith,  and  the  Yale  iV; 
Towne  Manufacturing  Co.  With  the  last  mentioned  company  he 
worked  his  way  up  to  the  position  of  superintendent.  He  has 
been  practising  as  an  industrial  engineer  for  some  years,  and  is 
chairman  of  the  Sub-Committee  on  Industrial  Buildings  of  the 
Society. 

Edward  T.  Walsh  has  had  experience  as  construction  engineer 
and  as  mechanical  engineer  of  the  Workmen's  Compensation 
Service  Bureau.  He  has  been  engaged  in  industrial  engineering  for 
more  than  ten  years.  He  is  at  present  chief  engineer  of  the 
Canadian  Car  and  Foundry  Company,  Ltd.,  in  which  capacity  he 
has  been  brought  in  close  touch  with  the  Russian  Technical  Bureau 
and  Russian  Inspection. 

S.  H.  Weaver  has  been  connected  with  the  Schenectady  works 
of  the  General  Electric  Company  for  the  past  thirteen  years.  For 
the  greater  part  of  that  period  he  has  supervised  the  mechanical- 
stress  calculations  for  the  varied  electrical  apparatus  that  com- 
pany produces. 

Frank  O.  Wells  has  been  connected  with  Wells  Brothers  Co. 
since  1S7G.  and  has  been  president  of  the  Greenfield  Tap  and  Die 
Corporation   since  its  organization.     He  has  devoted  a   great  deal 


of  his  time  during  the  past  several  years  towards  instituting  the 
United  States  Standard  thread  in  place  of  the  so-called  V-thread. 
Such  success  as  has  been  achieved  towards  this  end  is  largely 
due  to  the  efforts  of  Mr.  Wells,  not  only  in  his  individual  capacity  ■ 
on  many  occasions,  but  also  as  Chairman  of  the  Sub-Committee 
of  the  A.  S.  M.  E.,  to  which  Committee  was  referred  the  matter  of 
standardization  of  screw  thread  tolerances.  As  a  step  towards 
preparedness,  the  Government,  at  the  suggestion  of  Mr.  Wells,  and 
through  his  personal  efforts  and  the  information  he  placed  at  their 
disposal,  has  done  a  great  deal  to  standardize  and  equip  private 
plants  with  all  gages  necessary  to  manufacture  munitions  and  arms. 

Lucien  J.  Yeonians  is  practising  in  Chicago  as  an  industrial 
engineer  and  is  also  a  patent  attorney.  He  has  had  wide  experi- 
ence as  a  production  engineer,  and  specializes  in  shop  organization 
and  methods  of  cost  reduction.  He  Is  manager  of  the  Amalgamated 
Machinery  Corporation  and  patentee  of  the  machine  tools  manu- 
factured by  them. 

John  Younger  is  chief  engineer  of  the  Truck  Division  of  the 
Pierce-Arrow  Motor  Car  Company,  and  has  been  so  for  the  past 
five  and  one-half  years.  He  has  specialized  in  motor-truck  design, 
motor-truck  and  road-vehicle  transportation  for  the  past  twelve 
years. 

Enlargement  of  Engineering  Survey  Section 

In  the  Engineering  Survey  Section  of  this  issue  of  The 
Journal  is  taken  another  step  in  the  policy  of  the  Publication 
Committee  to  develop  The  Journal  along  lines  of  increasing 
usefulness. 

From  now  on  the  Survey  will  review  important  engineering 
events,  as  well  as  the  leading  articles  in  technical  periodicals, 
which  has  heretofore  been  its  distinguishing  feature.  The  new- 
department  will  be  devoted  exclusively  to  professional  matters 
and  will  include  reports  of  the  meetings  of  other  engineering 
societies,  synopses  and  lists  of  researches  conducted  by  various 
laboratories,  besides  brief  articles  and  items  having  a  more 
strictly  news  value. 

Engineers  are  busy  men.  Few  have  time  to  more  than  keep 
in  touch  with  the  developments  in  their  own  specialized  fields, 
and  too  often  in  respect  only  to  trade  conditions.  It  is  hoped 
by  the  Publication  Committee  that  the  new  development  in  the 
Engineering  Sur\ey  will  enable  its  readers  to  follow  more 
readily  the  progress  in  the  various  fields  in  which  they  may  be 
interested. 

Request  for  January  Issues 

Tiie  demands  for  copies  of  the  January  1917  issue  of  The 
Journal,  which  contains  a  full  account  of  the  37th  Annual 
Meeting,  have  now  exceeded  the  supply,  and  this  issue  is 
temporarily  out  of  stock.  Requests  for  copies  are  still  being 
made,  however,  and  members  who  do  not  desire  to  preserve 
permanently  their  copy  of  the  January  Journal  are  requested 
to  return  it  to  the  Secretary,  who  will  remit  postage  and  cost. 

Presentation  of  John  Fritz  Medal 

The  John  Fritz  Medal  was  awarded  in  January,  1917,  to 
Dr.  Henry  Marion  Howe,  for  his  "  investigations  in  metal- 
lurgy, especially  in  the  metallography  of  iron  and  steel." 

The  presentation  ceremonies  will  take  place  in  the  Audito- 
rium of  the  Engineering  Societies  Building,  at  8 :30  p.  m.,  on 
May  10. 

Ambrose  Swasey,  chairman  of  the  John  Fritz  Medal 
Board  of  Award,  will  preside  and  addresses  will  be  delivered 
by  Dr.  Rossiter  W.  Raymond,  secretary  emeritus  of  the  Amer- 
ican Institute  of  Mining  Engineers,  Dr.  Ira  N.  Hollis.  Presi- 


SPRING  MEETING   PROGRAM 

Cincinnati,  May,  21-24,   1917 

Monday,  May  21 

lo.oo  a.m.     Opening  of  headquarters  and  registration  at  Hotel  Sinton. 
2.00  p.m.     Council  Meeting. 

During  the  afternoon  there  will  be  trips  to  the  shops  of  the  city  and  an  inspection  visit  to  the   hospital. 

8.00  p.m.     Informal  Reception. 

<;.,  Tuesday,  May  22 

lo.oo  a.m.     Business  Meeting,  followed  by  Professional  Sessions. 

MACHINE    SHOP    SESSION  GENERAL    SESSION 

A  FotTNDATioN  FOR  MACHINE  TooL  Design  AND  CoNSTRUc-      Tests  OF  Uniflow  Stea-m  Traction  ENGINES,  F.  W.  Marquis. 
TioN,  a.  L.  DeLeeuw.  Relation  of  Efficiency  to  Capacity  in  the  Boiler  Room. 

Machine  Shop  Organization,  Fred  G.  Kent.  Victor  B.  Phillips. 

Metal   Planers   and   Methods    of   Production,   Charles       Radiation  Error  in  Measuring  Temperature  of  Gases. 
Meier.  Henr}"  Kreisinger  and  J.  F.  Barkley. 

Development  of  Scientific  Methods  of  Management  in 
a  Manufacturing  Plant,    Sanford    E.    Thompson    and 
Associates. 
Disk   Wheel   Stress   Determination,   S.   H.   Weaver   (by 
title  only). 

Excursion  for  the  ladies  to  Rookwood  Pottery  and  the  Art  Museum. 

2.30  p.m.     Joint  Session  with  National  Machine  Tool  Builders'  Association,  with  two    addresses: 
The  Trend  in  Engineering  Training,  Dean  Herman  Schneider. 
The  Human  Potential  in  Industry,  Dr.  Otto  P.  Geier. 

Trollej-  ride  for  the  ladies  to  Fort  Thomas. 

8.15   p.m.     Smoker  for  members  of  the  Society  and  of  the  National  Machine  Tool  Builders'  Associa- 
tion. 
Reception  for  the  Ladies. 

Wednesday,  May  23 

10.00  a.m.         FIRST  MUNITIONS  SESSION. 

Opening  remarks  by  Major  E.  D.  Bricker,  Ordnance  Department,  Frankford  Arsenal. 

and  Lieutenant  T.  S.  ^\'ilkinson,  Jr.,  U.  S.  N.  Bureau  of  Ordnance. 
Munitions  Contracts  and  Their  Financing,  Frederick  A.  Waldron. 
Organizing  for  Munitions  Manufacture,  Arthur  L.  Humphrey. 
Organization  for  Munitions  Manufacture,  Harry  L.  Coe. 
Procuring  Speci.^l  Machines  for  Munitions  Manufacture,  H.  V.  Haight. 
Practical  War-Time  Shell  Making,  Lucien  I.  Yeomans. 

Trip  for  ladies  through  leading  stores  and  visit  to  skyscraper. 

2.00  p.m.     Boat  ride  to  Fern  Bank  Dam  or  ^^'ater  Works. 
8.30  p.m.     Informal  Dance. 

Thursday,  May  24 

10.00   a.m.     Simultaneous  Sessions. 

SECOND  munitions  SESSION  GAS  POWER  SESSION                             INDUSTRIAL  SAFETY  SESSION 

The  Design  of  Munitions  for  Quan-  The   Problem   of   Aeronautical    En-    Proposed  Code  of  Safety  Standards 

tity-  Manufacture,  J.  E.  Otterson.  gine  Design,  C.  E.  Lucke.                           for  Industrial  Ladders. 

Procuring  Materials  for  Munitions,  „                 , 

C.  B.  Nolte.  Test  of  a  Motor  Fire  Engine,  Horace 

Limits  and  Tolerances  for  the  Manu-  Judd. 

facture  of  Munitions,  A.  W.  Erd-  Design    of     Motor    Truck    Engines 

„'"^"-         „  „  T?  n  w  11  ^°^  Long  Life,  John  Younger. 

Gages  and  Small  Iools,  r.  O.  Wells. 

The   Importance   of   Intelligent   In-    Relation  op  Port  Area  to  the  Power 

SFECTiON    IN    Munitions    Manufac-       of  Gas  Engines  and  its  Influence 

TURE,  E.  T.  Walsh.  ON  Regulation,  J.  E.  DuPriest. 

In  the  afternoon,  Motor  Car  Ride  to  Mt.  Storm,  U.  C.  Observatory,  Ault  Park;  visits  to  Machine  Plants. 
On  Friday,  for  those  who  remain  over,  there  will  be  an  opportunity  for  trips  to  Fort  Ancient,  Mammoth  Cave, 
or  to  Lexington. 
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dent  of  our  Society,  and  Judge  Elbert  H.  Gary,  chairman  of 
the  Board  of  the  United  States  Steel  Corporation. 

Professor  Albert  Sauveur,  chairman  of  the  Board  at  the 
time  the  award  was  made,  will  present  the  medal  and  the  cere- 
monies will  conclude  with  the  response  of  Dr.  Howe. 

The  John  Fritz  Medal  is  awarded  from  time  to  time  for 
notable  scientific  or  industrial  achievement,  and  is  provided 
for  in  a  fund  subscribed  in  memory  of  the  great  engineering 
pioneer,  John  Fritz.  The  award  of  the  medal  is  made  by  a 
permanent  Board  of  Award  composed  of  four  members  from 
each  of  the  four  societies:  the  American  Society  of  Civil 
Engineers,  the  American  Institute  of  Mining  Engineers,  The 
American  Society  of  Mechanical  Engineers,  and  the  American 
Institute  of  Electrical  Engineers. 

The  members  of  the  board  fur  1917  arc: 


A.  S.  C.  E. 
George  F.  Swain 
Charles  Warren  Hunt 
Charles  D.  Marx 
Clemens  Herschel 

A.  S.  M.  E. 
Ambrose  Swasey 
John  A.  Brashear 
Frederick  R.  Hutton 
John  R.  Freeman 


A.  I.  M.  E. 
E.  Gybbon  Spilsbury 
Charles  F.  Rand 
Christopher  R.  Corning 
Benjamin  B.  Thayer 

A.  I.  E."  E. 
C.  O.  Mailloux 
Paul  M.  Lincoln 
John  J.  Carty 
Harold  W.  Buck 


Members  of  the  engineering  societies  and  others  interested, 
including  ladies,  are  cordially  invited  to  be  present  at  the 
presentation  ceremonies. 

Committee  of  Arrangements 
C.  0,  Mailloux, 
Charles  Warren  Hunt, 
John  R.  Freeman, 
E.  Gybbon  Spilsbury,  Chairman. 

Fares  to  Spring  Meeting 

Members  of  the  Society  and  their  friends  visiting  Cincin- 
nati to  attend  the  Spring  Meeting  from  California,  Nevada, 
Washington,  Oregon  and  British  Columbia  may  avail  them- 
selves of  the  nine-months'  excursion  fares  which  are  in  effect 
daily  from  these  States  to  Chicago,  St.  Louis,  Memishis,  New- 
Orleans  and  other  eastern  terminals  of  transcontinental  lines. 
They  can  then  rebuy  tickets  to  their  final  destination,  at  fares 
in  effect  from  Transcontinental  Passenger  Association  Eastern 
Terminals.  Thus,  nine-months'  excursion  fares  approximate 
two  cents  per  mile  in  each  direction,  or  about  one  fare  and  1/3 
for  round  trip. 

Full  particulars  of  these  reduced  fares  may  be  obtained  from 
the  Transcontinental  Passenger  Association,  608  South  Dear- 
born St.,  Chicago,  111, 

Death  of  Mr.  James  Forrest 

Mr,  James  Forrest,  honorary  secretary  of  the  Institution  of 
Civil  Engineers  of  Great  Britain,  died  on  March  1,  1917. 

Mr.  Forrest  was  born  in  London  Nov.  30,  1825.  In  Ids 
sixteenth  year  he  was  articled  to  Edward  and  John  Manby, 
civil  engineers,  in  Westminster.  Later  he  became  associated 
with  Charles  Manby,  secretary  of  the  Institution  of  Civil 
Engineers.  About  1852,  after  an  interim  of  a  few  years  on 
railway  construction,  he  became  assistant  secretary  to  the  So- 
ciety of  Arts  under  Mr.  George  Grove.  He  returned  again 
to  the  staff  of  the  Institution  of  Civil  Engineers,  and  in  1860 
was  appointed  secretary.  Following  his  appointment  the  In- 
stitution immediately  took  on  new  life,  for  during  his  tenure 


of  olKce  botli  the  roll  of  membership  and  the  income  increased 
tremendously.  To  perpetuate  the  memory  of  his  long  service 
for  the  Institution  an  endowment  fund  was  raised  by  the 
members  in  1891  and,  in  accordance  with  Mr.  Forrest's  wish, 
was  devoted  to  the  founding  of  the  James  Forrest  Lectureship. 
His  death  is  mourned  by  members  of  kindred  societies  on 
both  sides  of  the  Atlantic,  and  many  of  our  members  will  long 
cherish  memories  of  the  unfailing  courtesies  and  attentions 
paid  them  by  Mr.  Forrest  when  they  visited  the  headquarters 
of  the  Institution  in  London. 

Spring  Meeting  of  New  Haven  Section 

The  Spring  meeting  of  the  New  Haven  Section  on  April 
19  was  a  successful  and  well-attended  affair.  As  is  the  cus- 
tom with  this  Section,  two  sessions  were  held,  in  Mason  Lab- 
oratory, Sheffield  Scientific  School,  dinner  beuig  served  in  the 
interval  between  at  the  Yale  Dining  Club. 

Henry  B.  Sargent,  Mem.Am.Soc.M.E.,  Chairman  of  the 
New  Haven  Section,  presided  at  the  afternoon  session,  when 
Herbert  C.  Nickerson,  Chief  Engineer  of  Pumping  Sta- 
tions, New  Haven  Water  Company,  presented  an  interesting 
paper  on  Water  Works  Pumping  Engines,  in  which  he  gave 
particulars  of  the  various  types  of  plants  that  had  been  in- 
stalled by  the  company  since  its  organization  in  1861.  Follow- 
ing this,  excursions  were  made  by  automobile  to  the  large 
pumping  stations  at  Lake  Whitney  and  Lake  Saltonstall, 
where  opportunity  was  afforded  to  inspect  all  but  the  earliest 
engines  described  by  Sir.  Nickerson. 

At  the  evening  session,  J.  Arnold  Norcross,  Mem.Am.Soc.- 
M.E., who  acted  as  chairman,  voiced  the  regret  of  the  Section 
and  its  guests  at  the  inability  of  Dr.  Ira  N.  HoUis,  President 
Am.Soc.M.E.,  to  be  present  and  address  them,  owing  to  ex- 
igencies arising  from  the  war  situation.  He  then  introduced 
F.  F.  Nickel,  Mem.Am.Soc.M.E.,  of  the  engineering  depart- 
ment of  Henry  R.  Worthington,  Harrison,  N.  J.,  who  read 
a  paper  on  The  Development  of  the  Centrifugal  Pump,  which 
was  profusely  illustrated  with  lantern  slides,  and  which  dealt 
with  the  various  types  of  pumps  of  this  class,  their  special 
uses  and  advantages,  the  interpretation  of  their  characteris- 
tics, and  with  methods  employed  to  obviate  end  thrust,  and 
other  design  problems.  Some  interesting  points  on  fire  pumps 
were  brought  out  in  the  limited  time  available  for  the  discus- 
sion of  the  paper. 

The  second  paper  of  the  evening,  by  H.  M.  Chase,  Mem. 
Am.Soe.  M.  E.,  of  the  engineering  department  of  the  Deane 
Works,  Holyoke,  Mass.,  on  Pumping  Machinery  for  Indus- 
trial Purposes,  was  devoted  to  the  reciprocating  type  of  pump, 
its  mechanisms,  and  its  adaptation  to  the  special  requirements 
of  a  wide  range  of  industries.  This  paper  was  also  abun- 
dantly illustrated. 

Among  the  audience  were  many  members  of  the  Winchester 
Engineering  Club,  which  society  had  postponed  a  meeting  of 
its  own  in  order  to  take  advantage  of  the  program  offered  by 
the  New  Haven  Section. 


The  Hardness  of  Metals.  Sir  Robert  A.  Hadfield,  Mem.Am. 
Soc.M.E.,  has  placed  in  the  hands  of  the  British  Institution 
of  Mechanical  Engineers  a  sum,  the  interest  on  which  may  be 
awarded  as  a  prize  for  the  description  of  a  new  and  accurate 
method  of  determining  the  hardness  of  metals,  especially  of 
metals  of  a  high  degree  of  hardness. 

Particulars  regarding  the  competition  may  be  obtained  by 
addressing  the  secretary  of  the  Institution,  Great  George 
Street,  Westminster,  London. 


CANDIDATES   FOR   MEMBERSHIP 


TO  BE  VOTED  ON  AFTER  JUNE  10,  1917 


THE  American  Society  of  Mechanical  Engineers  is  an 
organization  for  mutual  service  of  over  7800  engineers 
and  associates  cooperating  with  engineers.  The  membershij) 
of  the  Society  comprises  Honorary  Members,  Members,  As- 
sociates, Associate-Members  and  Juniors,  all  elected  by  ballot 
of  the  Council.  Application  for  membership  is  made  on  a 
regular  form  furnished  by  the  Secretary  which  provides  for  a 
statement  of  the  standing  and  professional  experience  of  the 
applicant  and  requires  references  from  voting  members  per- 
sonally acquainted  with  the  applicant.  The  requirements  for 
admission  to  the  various  grades  will  be  furnished  upon  re- 
quest. 

Below  is  the  list  of  candidates  who  have  filed  applications 
for  membership  since  the  date  of  the  last  issue  of  The  Journal. 
These  are  classified  according  to  the  grades  for  which  their 


ages  qualify  them,  and  not  with  regard  to  professional  qualifi- 
cations, i.e.,  the  ages  of  those  under  the  first  heading  place 
them  under  either  Member,  Associate  or  Associate-Member, 
those  in  the  next  class  under  Associate-Member  or  Junior, 
and  those  in  the  third  under  Junior  grade  only.  Applications 
for  change  of  grading  are  also  posted. 

The  Memberslii'p  Committee,  and  in  turn  the  Council,  urye 
the  members  to  scrutinize  this  list  with  care  and  advise  the 
Secretary  promptly  of  any  objections  to  the  candidates  posted. 
All  correspondence  in  this  regard  is  strictly  confidential.  Un- 
less objection  is  made  to  any  of  the  candidates  by  June  10, 
1917,  and  providing  satisfactory  replies  have  been  received 
from  the  required  number  of  references,  they  will  be  balloted 
upon  by  the  Council.  Those  elected  will  be  notified  about 
July  15,  1917. 


NEW  APPLICATIONS 

FOR    COX.SIDEKATION    AS     MEMBER,     ASSOCIATE    OR    ASSOCIATE-MEMBElt 

California 

BOND,  JOHX  M.,  Assistant  Plant  Engineer, 

The  Holt  Manufacturing  Co.,  .Stockton 

GOESER,  Edwin-  Vi\,  Cliief  Engineer, 

Union  Tool  Co.,  Torrance 

Connecticut 

BUXBAUM,    William.    Production    Superintendent,    Tool    Depart- 
ment, 
Winchester  Repeating  Arms  Co.,  New  Ha^en 

FRADENBERGEK,  Carl  F.,  Planning  Supervisor, 

Winchester  Repeating  Arms  Co.,  New  Haven 

KENYON,  Frederick  G.,  Group  Head,  Tool  Designing  Department, 
Remington  U.  M.  C.  Co.,  Bridgeport 

McQuillan,  John,  Mechanical  Engineer, 

Remington  Arms  U.  M.  C.  Co.,  Bridgeport 

VAN  YOKX,  JOH.N  H.,  .IR.,  Manager  of  Foundry, 

Bullard  Machine  Tool  Co.,  Bridgeport 

WIL.SON,  Howard  B.,  Efficiency  Engineer. 

New   Departure  Mtg.  Co.,  Bristol 

District  of  Columbia 

GILLIS,  IRVIN  v..  Commander  (retired)   U.  S.  Navy, 

Representing  Bethlehem  Steel  Co.  in  China 

Illinois 

KNAI'P.  Lelaxd  G.,  EtBciency  Engineer, 

Emerson  Co.,  Efficiency  Engineers,  Chicago 

PITT,  Alma  A.,  President, 

The  Pitt  Engineering  Co.,  Chicago 

Indiana 

BURRELL,  Benjamin  S.,  Master  Mechanic, 

Inland  Steel  Co.,  Indiana  Harbor 

COREY,  David  A.,  Executive  Engineer, 

S.  F.  Bowser  &  Co.,  Inc.,  Fort  Wayne 

N0L.\XD,  Ralph  W.,  Instructor  in  Machine  Design. 

Purilue  University,  Lafayette 

Maryland 

FOX,  Harry  K.,  Chief  Draftsman,  Motive  Power  Department. 
Western  Maryland  Railway  Co.,  llagerstown 

Massachusetts 

COGSWELL,  Lester  W.,  Engine  Designer. 

Kinney  Manufacturing  Co.,  Boston 

D-VVIS,  Sidney  L.,  Production  Engineer, 

Baush  Machine  Tool  Co..  SprinyHekl 

KNIGHT,  Frederick  D.,  Superintendent  of  Construction, 

Stone  &  Webster  Engineering  Corp.,  Boston 

MONTGOMERY,  William  J.,  Instructor  in  Machine  Work. 

Brockton  High  School,  Brocktr,n 

WILL.\RD.  Frank  H.,  Assistant  General  .Manager, 

Graton  &  Knight  Manufacturing  Co.,  Worcester 

Michigan 

GALLAGHER.  WILLIAM   H.,  Jr.,  Electrical-Mechanical   Engineer. 

Wolverine  &  Mohawk  Copper  Mining  Co.,  Kear.sarge 

ROWEX,  John  H.,  Commander  (Retired)  U.  S.  Navy,  and  Member 
of  Faculty  of  Engineering  College, 
University  of  Michigan,  Ami  .-Vrlior 

SINTZ,  Claudk, 

Engineer,  .  Detroit 


Minnesota 

POLLARD,  Lawrence  E.,  Sales  Engineer, 

L.  B.  Pollard  Co., 
RUFF,  De  Witt  C,  Vice-President, 
'Fire  Brick  Construction  Co., 
New  Jersey 

KOTTENBASH,  Ernest  E.,  Chief  Engineer, 

Schafer  Ball  Bearings  Co.,  Inc., 
MATTHEWS,  John  B.,  Marine-Power  Engineer, 

Samuel  L.  Moore  Sons  Corp., 
MOUNT,  Ralph  H.,  Manager, 
The  Okonite  Co., 
New  York 

ABELS,  Alovsics  J..  President, 

A.  J.  Abels  Co.,  Inc., 
BALDWIN,  Arthur  J.,  Publisher.  Vice-President 

McGraw-Hill  Publisliing  Co.,  Inc., 
CONNER,  William  W.,  Engineer, 

Eastman  Kodak  Co., 
CORLISS,  William  J.,  State  Locomotive  Boiler 

Public  Service  Commission, 
DIETER,  William,  Torpedo  Engineer,, 

E.  W.  Bliss  Co., 
DIVINE,  Bradford  H.,  President. 

Divine  Brothers  Co., 
KEARFOOT,  William  D.,  Marine  Engineer, 
LACy,  Robert,  Estimating  Engineer, 

Otis  Elevator  Co., 
MOEN,  Leclanche,  President, 

C.  W.  Hunt  Co.,  Inc., 
W.iTKINS,  Arthur  M.,  Secretary, 
Inter-Continental  Machinery  Corp., 
North  Carolina 

HARDESTY,  George  H.,  Engineer  in  Charge, 
State  Hospital, 
Ohio 

BICKETT,  Charles  A.,  President, 
The  Bickett  Machine  &  Mfg.  Co., 
CHRYST,  William  A.,  Chief  Engineer, 
Dayton  Engineering  Laboratories  Co., 
JUPP,  Alfred  J.,  Sales  Director. 

The  Lunkenheimer  Co., 
LYON,  George  R.,  Vice-President, 

The  Power  Equipment  Co.. 
STONE,  Julius  F.,  President, 

The  Seagrave  Co., 
WALTER,  Frank  L..  Master  Mechanic, 
Dayton  Engineering  Laboratories  Co., 
Pennsylvania 

BRESSLER,  J.  Walter,  Metallurgist, 

Tacony  Steel  Co., 
DUNN,  J.  Jat,  General    Superintendent, 

Shelby  Steel  Tube  Co., 
FORREST,  James,  Assistant  General  Foreman, 

Baldwin  Locomotive  Works, 
McNARY',  James  E.,  Staff  Engineer.   Luiiricntion  D: 

The  Texas  Co., 
SAYLOR,  JOHN  R.,  Proprietor. 
Pottstown  Machine  Co., 


Minneapolis 
Minneapolis 
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SEVEHS,  Ei.MER  r...  Power  Plant  Engineer, 

Tlie  Ijiiltcd  Cas  Improvement  Co.,  Philadelphia 

WANDLESS,  Fkanklin  W.,  Tool  Designing  Supervisor, 

lieniington  Arms  Co.,  Eddystone 

Tennessee 

CAROTIIEIJS,  Chari.es  (i.,  Senior  Mechauiial  Engineer, 
Interstate   Commerce  Commission, 

Ulvision  nt  Valuation,  Chattanooga 

DANIELS,  Stanley  H.,  Sales  Manager, 

Walsh  &  Weidner  Boiler  Co.,  Chattanooga 

WiHconsin 

MANIEItKE,  Geori;e,  Proprietor, 

Manlerrc  Engineering  &  Machinery  Co.,  Milwaukee 

MlLUli.VTII,  .Mirm'R  F.,  Secretary  and  Engineer, 

Wisconsin  Motor  Mfg.  Co.,  Milwaukee 

REVERE,  F'liANCis  ,7.,  Assistant  Engineer, 

Allls-Chalmers  Mfg.  Co.,  West  Allls 

Canada 

JOHNSON,  Herbert,  .\ssistant  General  Sales  Manager, 

Armstrong  Whitworth  of  Canada,  Ltd.,  Montreal 

KliNGSTON,  James  S.,  Heating  and  Ventilating  Engineer, 

Department  of  Public  Works,  Ottawa 

Italy 

FERRERO,   MiCHELE,   President  of 

Society,  Italiana  Macchine  Utensili,  Milano 

Scotland 

MITCHLEY,  John  W.,  Mechanical  and  Chemical  Engineer, 

Ministry  of  Munitions,  Dornock,  N.  B. 


FOR    CONSIDERATION    AS   ASSOCIATE    MEMBER    OR   JUNIOR 

.\lahania 

ROBERTS,  AitTiiuu  M.,  Assistant  Superintendent, 

Alice  Furnace,  Tennessee  Coal,  Iron  &  R.  R.  Co.,       Birmingham 
California 

LAMB,  Hawthorne  M.,  Senior  Mechanical  Engineer, 

Interstate  Commerce  Commission,  San  Francisco 

Illinois 

DR.4KE,  Robert  W.,  Steam  and  Electrical  Engineer. 

International  Harvester  Co.  of  N.  J.,  Chicago 

GOENSCH,  Otto,  Department  Head, 

Western  Electric  Co.,  Inc.,  Chicago 

STUEBING,  Albert  F.,  Western  Mechanical  IMiior. 

Railway  Age  Gazette,  Chicago 

WHITESIDE,  Victor,  Testing  Engineer, 

Western  Electric  Co.,  Chicago 

Mjiswacliusetts 

PETRIE.  Elmer  JI.,  Mechanical  Engineer, 

Fred  T.  Ley  Co,.  Inc.,  Springlieid 

WILKINSON,  James,  Consulting  Engineer, 

(ieneral  Electric  Co.,  Pittsfleld 

Montana 

WOIILENBERG,    Wali'ER   J.,    Assistant    Professor   of    Mechanical 

Engineering,  University  of  Montana,  Bozeman 

New  Jersey 

STERN,  JOSEPH  II.,  Assistant  lOnjiineer, 

Aeolian  Co.,  .  (Jarwood 

New  York 

BEINECKE,  Fritz  W.,  Supervisor  of  Automobile  Equipment, 

The  Texas  Co.,  New  York 

CH.VNDLER,  Heman  W.,  Draftsman  Maintenance  Department, 

American  Locomotive  Co.,  Dunkirk 

IIILDRETH,  Kenneth  E.,  Cliief  Electrician, 

New  York  &  New  England  Cement  &  Lime  Co.,  Hudson 

HINKICHSEN,  Arthur  F.,  Works  Manager. 

Slocum,  Avram  &  Slocum  Laboratories,  Inc.,  New  York 

LEACH,  Edgar  J.,  Engineer, 

Curtiss  .\eroplane  &  Motor  Corp..  BuETmIo 

LEISENRING.  Frank  S.,  President. 

Mechanical  Specialties  Co.,  New  York 

R.VMSEY,  James  F.,  Lubricating  Engineer, 

Vacuum  Oil  Co.,  New  York 

W.VCIIENHERG.  Lewis,  Technical  Assistant  to  Superintendent, 

Arliuckle  Bros.,  Brooklyn 

WELSH,  MiU'ORD  G.,  Superintendent, 

Mohawk  Gas  Co.,  Schenectady 

North  Carolina 

SHEARER,  David  R.,  Consulting  Engineer,  Shulls  .Mills 

Ohio 

BRDSSEL,  John  W.,  Supervisor  of  Machining, 

Dayton  Engineering  Laboratories  Co.,  Dayton 

ILVSKELL,  Allan  G.,  Sales  Engineer, 

Champion  Spark  Plug  Co.,  Toledo 

Oklahoma 

WOOBANK,  Wilered,  Sales  Engineer, 

Worthington  I'uni])  iV;  Madiiiiory  Corp.,  Tnlj;a 


Cunada 

BROOKS,  Charles  E.,  Superintendent  Motive  Power, 

Grand  Trunk  Pacific  Railway,  Transcona.  Manitolia 

STEALEY,  William  G.,  Mechanical  Superintendent. 

British  Cordite  Co.,  Nobel,  Ont. 


FOR    CONSIDER-VTION    AS    JU.MiUt 

California 

BERG,  Henning  J.,  Engineering  Department, 

Standard  Oil  Co.  of  Cal.,  Corcoran 

LILL.V,  Herbert  L.,  Machinist's  Mate,  United  States  Navy, 

V.  S.  S.  Huntington,  c/o  Postmaster,  San  Francisco 

Connecticut 

BARNETT',  Sidney  A.,  Engineering  Draftsman, 

Hugh  L.  Thompson,  Consulting  Engineer,  Waterbury 

Illinois 

STUERM.\N,  Robert  V.,  Superintendent  Heating  Department. 

Springfield  Gas  &  Eiec.  Co.,  .Springfield 

Kentucky 

SE.\TON,  Edward  W.,  Engineering  Department, 

Ashland  Iron  &  Mining  Co.,  .\shland 

Maryland 

LEDNUM,  James  M.,  Junior  Engineer, 

Davison  Chemical  Co.,  Curtis  Bay 

NELSON,  Robert  W.,  Foreman  Shrapnel  Shop, 

Bartlett  Hayward  Co.,  Baltimore 

Massachusetts 

BAKER,  Charles  H.,  Jr.,  Member  of  Firm, 

Norton  Co.,  Worcester 

BAERY,  Edward  II.,  Sales  Engineer, 

The  Elliott  Co.,  Boston 

CHURCHILL,  F.  Loring,  Instructor  in  Mechanic  Arts  &  Drafting, 

High  School,  Quincy 

Michigan 

COTTRELL,  Holmes  A.,  Carburetor  Engineer, 

Detroit  Lubricator  Co.,  Detroit 

MOSES,  Carl  A.,  Insurance  Engineering,  Detroit 

New  Jersey 

ILIFF,  William  L,,  Sales  Engineer, 

Hyatt  Roller  Bearing  Co.,  Newark 

RAUSCH,  Roswell  H.,  Engineer, 

Niles-Bement  Pond  Co.,  Plainfleld 

ROSS,  Joseph  M.,  Mechanical  Engineer, 

Thomas  A.  Edison,  Inc.,  Silver  Lake 

New  York 

BUSHNELL,  Buudge  O.,  Mechanical  Engineer, 

New  Y'ork  Quebracho  Extract  Co.,  Brooklyn 

DERRY,  Gardner  C,  Sales  Engineer.  Rochester 

ENGESSEE,  Benjamin  M.,  Apprentice  Engineer, 

Pierce-Arrow  Motor  Car  Co..  BulTalo 

MINOTTY,  Joseph  P.,  Mechanical  Draftsman, 

Combustion  Engineering  Corp.,  New  York 

MURPHY.  Ambrose  E., 

With  Remington  Typewriter  Co.,  Ilinn 

OUTTERSON,  Charles  R.,  Sulphite  Superintendent, 

Carthage  Sulphite  Pulp  &  Paper  Co.,  Carthnge 

WEBER,  Robert  L.,  Jr.,  Draftsman, 

Combustion  Engineering  Corp.,  New  York 

Ohio 

HODOUS,  Louis  W.,  Construction  Supervisor, 

The  Canfield  Oil  Co.,  Cleveland 

LANEY,  Thomas  G.,  Jr.,  Student,  Lima 

rennsylvania 

CARVIN,  Frank  D.,  Engineer  of  Tests, 

Schaum  &  Dhlinger  Co.,  Inc.,  Phihulelphia 

PARK,  John  F.,  Jr.,  with 

Dodge  Sales  &  Eng.  Co.,  Philadelphia 

WORTH,  Paul,  Mechanical  Engineer, 

Heine  Safety  Boiler  Co.,  Phoeni.xville 

Tennessee 

LYLE.  Alexander  B.,  Superintendent, 

Stickney  &  Montague  Co.,  Chattanooga 

Texas 

BL.\KESLEE,  Walter  A.,  Instructor  in  Mechanical  Engineering. 

Rice  Institute,  Houston 

Washington 

DONOVAN,  Philip  L.,  Purchasing  Agent, 

Bloedel  Donovan  Lumber  Mills,  Bellingbam 


.\PPLICATIONS  FOR  CHANGE  OF  GRADING 
promotion  from  associate  member 

New  Jersey 

KNIGHT,  William,  Assistant  Mechanical  Engineer, 

Crocker- Wheeler  Co.,  .\mpere 


May 
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I*ennH>'ivania 

MriiHAIL,  FiiAXcis  J.,  l''ounilr.v  Superintc-udent, 

Stiuthers-Wells  Co., 
Cannda 

.STKNBOL,  Caki.,  Superintendent  Steel  Dcpariinent, 

Canada  Cement  Co., 


I'UoMoriox  FKOM  jixioi: 


Warrr.ii 


Montreal 


Iiidiiiiia 

liAKKim',   W.M.TKU  A.,  Mi.-ilianical  Engineer. 

Till-  ISass  lumndry  &  Mai-hine  Co., 

Fcrt  Wayne 

Massai'hu^ells 

C.iKItOI.L,  M.  B.,  Commercial  Engineer, 

General  Electric  Co., 

Lynn 

New  Jersey 

ItOYLE,  Vernon  E.,  Meelianiial  Engineer, 

.lolin   Roylc  &  Son.s, 

Palerson 

New  York 

IIOUTON,  Chaki.es  M., 

Industrial  Writer, 

New  York 

Ohio 

MANLI']!',  SUMNKU  M.,  Jlecliauiial  Engineer, 

Tlie  Proctor  &  Gamble  Co., 

Ivorydale 

MAKOT,  EDWAiin  II.,  Sales  Engineer, 

Hyatt  Holler  Bearing  Co., 

E.  Cleveland 

TennesHee 

ALLEX,  Whakton  H.,  Secretary-Treasurer, 

.Mien-Scales  Engineering  Co., 

Nashville 

South  .\meriea 

NELSON,  Ebnest  B.,  A.ssistant  Engineer, 

.\ndes  Copper  Mining  Co., 

Clianaral,  Ciiile 

SUMMARY 


New    applications .■ 

Applications   for  change  of  grading: 

Promotion   from   .\ssociate-Meinber. 

Promotion   from   .Innior 


T<ilal 


lli; 

8 
127 


NECROLOGY 

AirmUR  BEARDSLEY 

Arthur  Beardsley  was  educated  as  a  civil  engineer  at  Rens- 
selaer Polytechnic  Institute,  and  was  graduated  in  1867  with 
the  degree  of  Civil  Engineer.  Following  his  graduation,  he 
was  employed  for  one  year  as  assistant  engineer  at  the  Hoosac 
Tunnel.  In  1868,  he  entered  private  practice  as  a  civil  en- 
gineer and  architect.  In  the  following  year,  he  was  appointed 
instructor  in  civil  engineering,  physics  and  industrial  me- 
chanics at  the  University  of  Minnesota,  and  in  1870  was 
appointed  to  the  chair  of  Civil  Engineering  and  Industrial 
Mechanics  at  the  University.  In  1872,  he  was  called  to  the 
chair  of  Mechanics  and  Engineering  at  Swarthmore  College. 

Mr.  Beardsley  was  elected  a  life  member  of  the  Society 
in  188.3,  three  years  after  its  organization.  He  died  on  .Jan- 
uary 22,  1917. 

J.  ANSLEY  HARTFORD 

J.  Ansley  Hartford  was  born  in  Pittsburgh,  Pa.,  on  October 
17, 1871.  He  received  his  early  education  in  the  public  schools 
of  Pittsburgh,  and  was  graduated  from  the  Pittsburgli  Central 
High  School  at  the  age  of  16.  He  sen-ed  a  four-years'  appren- 
ticeship as  machinist  at  the  Black  Diamond  Steel  Works.  He 
spent  the  next  five  years  with  the  Westinghouse  Electric  and 
Manufacturing  Co.,  entering  as  a  machinist  and  being  pro- 
moted through  the  tool-making  division  to  the  position  of 
outside  construction  engineer,  working  on  some  of  the  largest 
power  installations  in  the  countrj-. 

In  the  meantime  he  had  studied  mechanical  and  electrical 
engineering  at  night,  and  was  given  charge  of  the  electrical 
equipment  of  the  Westinghouse  Machine  Company  at  East 


Pittsburgli.  He  remained  at  Pittsburgh  eleven  years  in  the 
<-apaeity  of  factory  engineer  responsible  for  all  service  ma- 
iliinery.  He  designed  the  switchboard  in  use  at  the  Pittsburgh 
jilant.  He  represented  the  company  in  its  joint  betterment 
work  with  the  Westinghouse  lillectric  Co.,  organizing  the 
Casino  Technical  Night  School,  Casino  Restaurant  and  Library. 

In  1910  he  accejited  the  position  of  superintendent  of 
design  and  manufacturing  of  the  tractor  works  of  the  Smith 
Manufacturing  Co.,  of  Chicago.  Later  he  designed  the  Breese 
motor  plow  and  became  secretary  and  general  manager  of  the 
company  organized  to  manufacture  it.  In  February,  1916,  he 
accepted  the  position  of  experimental  and  productive  engineer 
with  the  Garford  Motor  Truck  Co.,  which  he  held  at  the  time 
of  his  deati). 

Mr.  Hartford  became  an  Associate  of  the  Society  in  1914. 
He  died  at  Lima,  Ohio,  on  March  17,  1917. 

ALBERT  C.  STEBBINS 

Albert  C.  Stebbins  was  born  on  September  19,  1845,  in 
Monson,  Mass.,  and  received  his  education  in  the  Monson 
Academy.  When  19  years  old,  he  came  to  New  York  City 
and  worked  for  William  Soules  in  the  wool  and  flax  business. 
Feeling  the  necessity  of  taking  up  a  trade,  he  apprenticed 
himself  as  machinist  with  Lucius  W.  Pond,  Worcester,  Mass., 
from  1865  to  1870.  In  1870  he  went  to  New  York  as  repre- 
sentative of  Mr.  Pond.  Five  years  later,  when  the  business 
changed  hands  and  Mr.  Pond's  son,  David  W.  Pond,  took 
charge,  Mr.  Stebbins  went  back  to  Worcester  as  superintend- 
ent. In  1880,  when  the  Pond  Machine  Tool  Co.  was  established, 
Mr.  Stebbins  was  made  vice-president,  and  went  to  Plainfield, 
.  N.  J.,  where  he  built  the  plant  and  had  it  running  in  the 
spring  of  1888.  In  1898,  on  the  formation  of  the  Niles- 
Bement-Pond  Co.,  Mr.  Stebbins  was  made  vice-president  and 
manager  of  the  Pond  works  and  continued  in  this  capacity 
until  the  time  of  his  death.  He  was  also  vice-president  of  the 
Pratt  &  Whitney  Co.,  director  of  the  Ridgway  Machine  Co. 
and  vice-president  of  the  Plainfield  Savings  Bank.  He  became 
a  member  of  the  Society  in  1904.  He  died  in  Plainfield,  N.  J., 
February  28,  1917. 

SILAS  E.  WEIR 

Silas  E.  Weir  was  bom  on  May  16,  1869,  in  Cookstown 
County,  Tyrone,  Ireland.  He  was  educated  at  the  Guilds 
Schools  in  London  and  served  his  apprenticeship  with  Coombe, 
Barboure  and  Coombe,  Belfast,  Ireland.  Following  this  train- 
ing, he  went  to  British  India  to  take  charge  of  the  installation 
and  operation  of  a  tea-drying  plant  located  northwest  of  Cal- 
cutta. He  had  to  give  up  this  position,  however,  owing  to 
illness,  and  he  returned  to  Ireland  for  a  period  of  about  five 
years.  He  then  came  to  the  United  States  and  worked  for 
several  firms — -as  general  master  mechanic  with  the  Griffin 
Wheel  Company,  general  superintendent  with  the  Triumph 
Electric  Company  and  works  manager  with  the  American 
Blower  Company,  retaining  the  last  [josition  until  the  time  of 
his  death.  He  became  a  member  of  the  Society  in  1914.  He 
died  in  Detroit,  on  February  13,  1917. 

WILLIAI^I  C.  WILLIAMSON 

William  C.  Williamson  was  a  member  of  the  Society  of 
long  standing,  having  been  elected  to  membership  in  1882. 
He  was  a  member  of  the  firm  of  William.son  Bros.  Company 
of  Philadelphia.     He  died  on  February  12,  1916. 


AMONG  THE  SECTIONS 


THERE  are  several  cities  where  the  number  of  members  of 
the  Society  is  not  as  yet  sufficient  to  warrant  the  estab- 
lishment of  a  Section,  but  where  a  local  organization  exists 
which  serves  as  a  medium  for  bringing  together  the  engineers 
of  the  locality.  With  the  Section's  reports  will  be  listed  in 
the  future,  therefore,  reports  of  meetings  of  such  organiza- 
tions. 

The  Engineering  Society  of  Nasliville,  Tenn.,  has  opened  its 
new  headquarters  at  Room  409,  Commercial  Club  Bldg.,  with 
secretary's  office  and  technical  reading  room.  The  association 
holds  a  luncheon  each  Monday  at  12.30  o'clock,  with  the  excep- 
tion of  the  first  Monday  of  each  month,  when  the  meeting  is 
held  at  6.30  p.  m.,  at  which  a  set  program  is  provided.  Visit- 
ing engineers  are  always  welcome  at  these  events  and  at  the 
association's  quarters. 

A  Southwestern  Society  of  Engineers  has  recently  been 
formed  at  State  College,  New  Mexico.  This  includes  all 
branches  of  the  profession.  Until  there  are  a  greater  number 
of  engineers  in  any  one  branch  than  there  are  at  present  in  a 
given  locality,  this  organization  will  serve  the  puri)0se  for 
which  Sections  in  more  thickly  populated  districts  are  estab- 
lished. The  first  convention  was  held  on  March  8,  9,  and  10 
and  was  a  complete  success.  The  papers  presented  would  have 
done  credit  to  the  general  meetings  of  some  of  the  national 
societies. 

ATLANTA 

March  S.  The  Section  was  called  to  order  for  the  electiou  of 
officers  for  the  ensuing  year,  and  the  following  were  elected :  Os- 
car Elsas.  chairman :  Cecil  P.  Poole,  secretary ;  Robert  Gregg. 
J.  N.  C.  Nesbit  and  Earl  F.  Scott. 

Methods  of  interesting  the  members  were  discussed,  and  a  trip 
was  planned  to  the  Atlantic  Steel  Co.'s  plant.  It  was  decided  that 
such  visits  to  industrial  plants  would  be  made  periodically,  and 
that  at  occasional  meetings  a  paper  prepared  and  read  by  one  of 
the  members  would  be  the  most  effectu.al  method  of  maintaining 
the  interest  of  the  members. 

March  16.  The  Section  visited  the  Atlantic  Steel  Company's 
works,  and  inspected  with  much  interest  the  plant  and  equipment. 

Eabl  F.  Scott. 

Section  Chairman. 

BIRMINGHAM 

.1/«;/  16.  The  Annual  Meeting  of  the  Birmingham  Section  ivilt 
be  addressed  hy  Dr.  ThornireU  flauncs.  President  of  Birming- 
ham   College. 

April  11.  This  w'as  one  of  the  best  meetings  ever  held  by  the 
Birmingham  Section.  It  was  addressed  by  Prof.  M.  Thomas 
Fullan.  of  Alabama  Polytechnic  Institute,  on  the  subject  of  Tech- 
nical Writing.  Professor  Fullan  emphasized  the  fact  that  engineers 
should  do  more  writing  and  the  results  would  be  profitable  to 
both  themselves  and  their  readers.  His  clear  and  forceful 
description  of  the  method  of  writing  papers  was  much  enjoyed 
and    appreciated    l>y    his    audience. 

Paul  Weight, 

Section  Secretary. 

BOSTON 

April  If  and  5.  A  two-day  Joint  Meeting  of  the  Section  and 
the  American  Institute  of  Electrical  Engineers  was  held  on 
these  dates.  The  first  session  was  held  at  the  Engineers"  Club 
on  the  evening  of  April  4.  A  buffet  supper  preceded  the  tech- 
nical session,  which  was  devoted  to  the  general  subject  of  Recent 
Developments  in   Steam   Generation. 

At   this   first   session.    Frederick   Ewing  presented   a    paper   on 


Developments  in  Fuel  Oil  vs.  Coal.  This  was  followed  hy  a 
paper  on  Up-to-Date  Stoker  Practice,  by  Sanford  Riley,  Mem. 
Am.Soc.M.E.  High  Pressures  and  Temperatures  in  a  Modern 
Station  was  then  discussed  by  I.  E.  Moultrop,  Mem.Am.Soc.M.E. 
Prof.  L.  S.  Marks,  Mem.Am.Soc.M.E.,  reviewed  the  recent  work 
of  Alessrs.  Kreisinger,  Ovitz  and  Augustine  of  the  U.  S.  Bureau 
of  Jlines.  on  Combustion  in  Hand-Fired  Boilers.  The  evening 
was  closed  by  a  paper  entitled  High  Temperature  Insulation  of 
Boiler   Settings,  by  P.  A.  Boeck. 

The  program  for  April  5  covered  Isolated  Plants  and  Central 
Stations,  at  the  afternoon  session,  and  Developments  of  Prime 
Movers,  Condensers,  Auxiliary  Equipment,  etc.,  at  the  evening 
session.  Mr.  Walter  N.  Polakov,  Mem.Am.Soc.M.E.,  opened  the 
afternoon  session  with  a  paper  on  Principal  Factors  in  the 
Selection  of  Sources  of  Power.  This  was  followed  by  a  paper 
on  Interesting  Isolated  Power  Plants,  by  A.  R.  Meek,  and  by 
a  second  paper  on  An  Isolated  Power  Plant  in  Connection  with 
a  Factory  near  Boston,  read  by  William  G.  Starkweather.  Mem. 
.Vm.Soc.M.E.  Engineering  Features  and  Results  at  the  Holyoke 
Municipal  Plant  was  presented  by  John  J.  Kirkpatrick.  and  W.  F. 
Schaller  closed  the  session  with  a  paper  on  Cooperation  between 
Isolated  Plants  and  Central  Stations,  by  Percival  R.  Moses  and 
himself. 

Following  the  afternoon  session  a  dinner  was  served,  at  which 
brief  addresses  were  made  by  several  of  the  members  and  guests. 
Mr.  Charles  F.  Weed,  president  of  the  Boston  Chamber  of  Com- 
merce, gave  figures  and  statistics  to  show  the  almost  incom- 
prehensible amount  of  munitions  being  used  in  the  war  and 
compared  this  with  the  present  quantity  of  munitions  in  this  coun- 
try. President  Hollis  outlined  what  the  mechanical,  electrical, 
civil  and  mining  engineering  societies  are  doing  in  assisting  the 
Government  to  carry  out  its  military  and  naval  program.  Prof. 
A.  L.  WiUiston,  Mem.Am.Soc.M.E..  and  Dr.  Frederick  R.  Ilutton. 
Mem.Am.Soc.M.E..  also  spoke. 

Xt  the  evening  session,  John  A.  Stevens,  Mem.Am.Soc.M.E.. 
gave  a  brief  address  upon  the  discussion  of  engineering  subjects 
by  engineering  societies.  R.  A.  Langworthy  presented  a  paper 
on  Engineering  Features  of  Combined  Heat  and  Power  Distribu- 
tion. Some  remarks  on  turbine  development  iu  recent  years 
were  made  by  Dr.  L.  C.  Loewenstein,  Mem.Am.Soc.JI.E..  iu  the 
absence  of  Richard  H.  Rice,  who  was  to  read  a  paper  on  the 
Development  of  Steam  Turbines.  The  meeting  closed  with  a 
paper  by  Charles  H.  Bromley,  entitled  Recent  Developments  in 
Condensers  and  Modern   High  Vacuum. 

William  G.  Starkweather. 

Secretary. 

BUFFALO 

March  1'/.  Before  the  Engineering  Society  of  Buffalo.  Karl  W. 
Zimmerschied.  of  the  General  Motors  Co..  talked  on  the  necessity 
of  standardization  as  a  measure  of  industrial  preparedness,  laying 
stress  upon  the  standardization  of  detail.  Mr.  Zimmerschied  said 
that  elficiency  is  the  great  slogan  of  the  times,  but  that  it  should 
be  in  evidence  all  along  the  line,  as  there  is  just  as  much  efficiency 
in  seeking  facts  which  are  of  value  and  then  utilizing  them  as  there 
is  in  anything  else.  He  also  spoke  of  the  adoption  of  the  metric 
system,  which  he  thinks  is  assured  in  machine-shop  practice  and 
engineering  design,  stating  that  the  United  States  Government 
has  recognized  its  value  by  adopting  it  in  the  aviation  service. 

.Vpril  .'/.  Arthur  S.  Hurrell,  superintendent  of  education  in  In- 
dianapolis. Ind..  spoke  on  Vocational  Training,  describing  a  sur- 
vey prepared  a  short  time  ago  which  made  clear  the  needs  of 
industry  and  the  wants  of  young  men  who  proposed  to  enter  me- 
chanical occupations.  He  thought  this  would  be  of  great  value  in 
the  development  of  vocational  education  in  other  cities  as  well  as 
Indianapolis. 

Dr.  George  Smith,  head  of  the  Buffalo  vocational-education  de- 
partment, and  other  educators  commended  the  idea  of  the  survey 
as  a  good  thing  for  Buffalo  and  agreed  that  one  of  the  needs  in 
this  city,  if  vocational  training  is  to  come  into  its  greatest  com- 
munity influence,  is  public  interest  and  support. 

Louts  J.  Foley, 
Assistant  to  Secretary. 
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May  IS.  O.  B.  Zimnurman,  Mcm.Am.f^oi-.M.lJ..  aill  /msciit  a 
paper  on  Small  InUinal  Uombustion  Enyiins.  'The  iinctiiiy  iciU 
be  held  in  the  Hotel  La  Salle. 

April  .}.  With  an  attendance  of  125  at  the  regular  dinner  meet- 
ing, J.  Philip  Furbeck,  of  the  Oxweld  Railroad  Service  Co.,  gave 
a  talk  on  Oxy-acetylene  Welding.  Mr.  Furbeck  limited  his  re- 
marks to  the  practical  application  of  oxy-acet.vlene  welding  in 
manufacturing,  maintenance  of  equipment  and  machinery,  recla- 
mation work  and  the  cutting  of  steel  and  wrought  iron.  A  large 
number  of  lantern  slides  showed  a  great  variety  of  work  that  had 
been  done  successfully  at  a  cost  considerably  below  that  entailed 
by  other  methods. 

This  address  was  followed  by  a  spirited  discussion,  joined  in  by 
a  large  number  of  those  present.  A  nomination  committee  was  se- 
lected, consisting  of  Messrs.  C.  C.  Brooks,  G.  F.  Gebhardt  and 
Lewis  M.  Ellison,  to  present  at  the  next  meeting  the  names  of 
candidates  for  the  offices  of  the  Section. 

T.   WiLSOM, 
Corrcspo nding  Secre t a ry. 


MERIDEN 

April  12.  At  the  monthly  meeting  of  the  Meriden  members  E.  P. 
Bullard,  Mem.Am.Soc.M.E.,  president  of  the  Bullard  Machine  Tool 
Company,  gave  a  talk  on  the  new  Bullard  employment  plan  which 
has  been  adopted  by  his  company.  Each  person  present  at  the 
meeting  was  given  a  pamphlet  outlining  the  several  branches  of  the 
plan,  and  Mr.  Bullard  then  explained  the  workings  in  detail.  He 
stated  the  workmen  no  longer  asked  for  promotion  or  increased 
pay,  as  under  the  system  this  was  taken  care  of  automatically.  A 
bonus  is  given  if  the  men  make  full  time  all  week,  vouchers  for 
this  being  paid  after  30  days  if  the  men  are  still  in  the  company's 
employ,  and  a  premium  is  paid  for  production  above  the  standard 
amounts.  The  employees  are  insured  without  a  medical  examina- 
tion. The  workmen's  welfare  is  looked  after,  and  this  is  not  con- 
fined to  the  shop,  help  being  given  in  case  of  sickness  in  the  home. 
Wages  are  higher  under  this  system  and  the  cost  of  production  has 
been  reduced,  both  workmen  and  company  being  benefited.  Mr. 
Bullard  said  that  while  they  were  formerly  much  troubled  with 
the  constant  loss  of  help,  and  the  consequent  necessity  of  breaking 
in  new  men,  practically  no  such  trouble  exists  under  the  new 
plan.  In  March  only  four  men  left  the  employ  of  the  company 
out  of  something  over  1,100  on  the  payroll.  The  company  has  an 
average  of  1,500  applications  for  work  per  month  and  has  closed 
its  employment  office. 

C.  K.  Deokabd, 

Ohairmiin. 


MILWAUKEE 

March  21.  Capt.  W.  A.  Moffat,  U.S.N. ,  commandant  of  the 
Navy  Training  Station  at  Great  Lakes,  111.,  addressed  the  Section. 

Captain  Moffat,  who  is  an  authority  on  naval  matters,  advocated 
the  building  of  sea  giants,  volcanoes  of  power,  by  the  United  States, 
that  would  place  the  superdreadnoughts  of  foreign  navies  in  the 
has-been  class  and  would  not  necessitate  the  constant  building  of 
new  ships.  He  considered  it  of  little  value  to  be  continually 
building  vessels  which  in  a  few  years  are  out  of  date  and  go  to 
the  scrap-heap.  The  size  of  battleships,  he  said,  should  only  be 
restricted  by  the  limitations  of  the  Panama  Canal. 

Capt.  Moffat  declared  that  a  fleet  of  ships  as  large  as  it  is  pos- 
sible to  build  would  provide  far  greater  protection  and  prestige  to 
a  nation  than  would  a  fleet  of  ships  which  are  constantly  being 
exceeded  in  size  by  those  of  other  nations.  He  proposed  ships  of 
60,000  tons  displacement  250,000  hp.,  005  ft.  long  and  with  a 
speed  of  30  knots. 

F.  R.  DORNER, 

Section  Secretary. 


NEW  ORLEANS 

April  2.  Preparedness  was  the  subject  of  a  paper  by  A.  M. 
Lockett,  Mem.Am.Soc.M.E.,  before  the  joint  meeting  of  the  Sec- 
tion and  the  New  Orleans  Association  of  Civil  Engineers.  The 
speaker  told  of  the  many  and  important  ways  in  which  the  peo- 
ple of  New  Orleans  may  aid  the  nation  in  time  of  war,  and  his 


liuijcr  was  discussed  by  Commodore  V.  S.  Nelson,  Major  J.  L. 
Schley,  Major  Richard  C.  Moore,  Captain  H.  A.  Drum,  Lieut. 
Moses,  (Jeneral  I'errillat  and  Prof.  Williamson. 

Jlr.  Lockett  said  that  the  United  States  was  now  in  the  posi- 
tion of  a  contractor  who  had  been  awarded  a  large  contract  and 
must  assemble  men,  material  and  equipment  to  carry  it  to  com- 
pletion. The  engineers  and  chemists  of  the  country  have  already 
aided  in  this  work  by  making  an  industrial  inventory  of  equip- 
ment. He  pointed  out  that  a  contractor  having  both  skilled  and 
common  labor  at  work  on  a  job  would  not  set  a  mechanic  to  do 
the  work  of  the  water  boy  nor  the  common  laborer  to  do  the 
work  of  a  mechanic,  neither  should  the  Government  use  the  engi- 
neers for  other  work  than  that  for  which  they  are  especially  fitted, 
but  should  place  each  man  where  his  knowledge  would  be  most 
valuable. 

In  discussing  the  paper,  Commodore  Nelson  spoke  of  the  need 
of  the  Navy  for  more  men,  and  explained  what  enlistment  in  the 
Navy  and  Naval  Reserve  entails  and  the  different  grades  of  ser- 
vice. He  also  pointed  out  the  need  of  men  on  shore,  such  as  radio 
operators,  electricians,  mechanics  for  machinery  and  ship-repair 
men  for  operating  mine  layers  and  mine  sweepers,  and  the  great 
need  of  men  in  the  flying  corps. 

Major  Schley  said  that  the  engineers  were  especially  suited  for 
the  work  of  "  apostles  of  preparedness,"  as  they  took  a  matter- 
of-fact  view  of  things  and  knew  something  of  the  number  of  men 
and  quantities  of  material  required  to  accomplish  large  under- 
takings. 

Major  Moore,  of  the  U.  S.  A.  Engineer  Corps,  spoke  of  the  need 
of  both  material  and  men.  Satisfactory  arrangements  for  the 
first  have  been  made,  but  there  is  need  of  many  men  both  in  the 
ranks  and  as  officers.  Captain  Drum,  of  General  Pershing's  staff, 
who  has  recently  come  here  to  create  interest  in  the  army  training 
camp,  described  the  object  of  training  camps  and  the  advisability 
of  universal  military  training  and  service,  as  this  would  giv,"  us 
an  army  of  men  "  whose  interest  is  for  peace,  whose  hopes  are 
for  peace  and  who  will  vote  for  peace  with  honor."  He  urged 
the  citizens  of  Louisiana  to  attend  the  camp  to  be  opened  at  Alex- 
andria, and  carefully  explained  the  requirements  for  such  attend- 
ance. 

Lieutenant  Moses,  U.  S.  N.,  gave  specific  advice  as  to  how  the 
organizations  in  New  Orleans  could  join  in  the  work  of  aiding  the 
Government,  and  suggested  that  the  Association  of  Commerce  es- 
tablish and  maintain  a  perpetual  stock-card  system  showing  mate- 
rial actually  on  hand  and  ready  for  immediate  delivery  to  the 
Navy  Yard,  and  that  the  merchants  cooperate  to  develop  a  trans- 
portation system  to  insure  this  delivery.  Suggestions  were  also 
made  as  to  the  facilities  for  motor-boat  repair  at  the  mouth  of 
the  river  and  the  buildiYig  of  submarine  chasers  as  well  as  plans 
for  medical  attention  at  that  point. 

General  Perrillat  pointed  out  that  the  country  now  has  in  hand 
a  gigantic  work,  and  cited  Great  Britain's  mistake  in  taking  men 
from  the  munitions  factories  for  the  front  and  then  having  to  re- 
call them.  He  considered  it  advisable  to  have  a  census  of  men 
made  and  their  abilities  listed.  Profes.sor  Williamson  followed 
w  ith  the  s;ime  thought  as  to  the  census. 

In  conclusion,  the  President  of  the  Louisiana  Engineering  So- 
ciety was  asked  to  appoint  a  committee  to  take  up  the  work  of 
making  the  roster  of  the  members  of  the  Society. 

H.  L.  HuTsoN, 

Section  Secretary. 


NEW  YORK 

May  8.  Siegfried  Ro.iensweig,  Mem.Am.Soc.M.E.,  tvill  speak  on 
The  Development  of  the  Poppet-Valve  Steam  Engine  With  Special 
Reference  to  Its  Present  Statiis  in  the  United  States. 

April  10.  The  following  Committee  was  elected  to  nominate 
officers  for  the  coming  year:  George  S.  Humphrey,  chairman, 
Philander  Betts,  F.  R.  Low,  W.  W.  Macon  and  Edward  Van 
Wrinkle. 

Secretary  Rice  described  in  detail  his  trip  to  the  various  Sec- 
tions which  had  taken  him  as  far  west  as  Oklahoma  City.  He  also 
outlined  the  work  which  engineers  are  doing  in  the  present  crisis, 
and  told  the  members  present  how  best. to  offer  their  services  to 
the  Government. 

The  paper  of  the  evening  was  presented  by  Earle  Buckingham, 
Mem.Am.Soc.M.E..  and  was  entitled  Standards  of  Business  Success. 
Mr.  Buckingham  said  that  we  are  living  in  an  age  of  combinations 
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and  mergers,  aud  it  has  been  rather  generally  assumed  and 
asserted  that  there  was  no  limit  to  the  profitable  increase  of  a 
business  concern.  He  then  presented  accessible  figures  to  show 
what  happens  to  several  departments  o£  a  concern  when  it  very 
largely  increases  the  amount  of  business  transacted.  For  the 
purchasing  department  he  showed  that,  in  every  line  of  business 
he  had  examined,  the  cost  of  materials  showed  an  increase  dis- 
proportionate to  the  growth  of  the  business.  He  said  that, 
from  experience,  a  growing  firm's  sales  costs  would  increase  faster 
than  the  gross  amount  of  business  increases.  In  like  manner  there 
can  be  no  Question  that  the  cost  of  credits  will  increase  faster 
than  the  costs  of  the  business.  Cost  of  production  involved  labor 
and  overhead  charges  and  the  complete  showing  of  the  production 
end  of  American  business  could  not  be  ascertained  at  present. 

A.  D.   Bl.\ke. 
•  Section  Sccrctarii. 


MINNESOTA 

March  9.  A  banquet  and  entertainment  was  tendered  Dr.  Ira 
N.  Hollis.  President  Am.Soc.JI.E.,  at  the  Hotel  Dyckman  in  Min- 
neapolis. The  guests  present  were  addressed  by  Dr.  Hollis,  Dr. 
G.  E.  Vincent,  President  of  the  University,  and  Dr.  Marion  L. 
Burton.  President-elect  of  the  TTniversity.  Dancing  and  a  general 
get-together  followed. 

March  10.  A  symposium  on  steam  locomotives  was  held  at  the 
Main  Engineering  Building  of  the  University  of  Minnesota.  Seven 
papers  were  read  and  many  of  them  discussed,  and  an  address 
was  made  by  Dr.  Hollis. 

J.  V.  Martenis.  Mem.Am.Soc.M.E.,  gave  the  opening  paper,  on 
Plistorical  Development  of  the  Locomotive.  Locomotive  Improve- 
ments, by  Max  Toltz,  Mem..\m.Soc.M.E.,  was  read  by  C.  F.  Shoop, 
Mem.Am.Soc.M.E.  This  w-as  followed  by  Modern  Methods  of 
Locomotive  Operation,  by  T.  A.  Foque.  Mem.Am.Soc.M.E.,  and 
Historical  Development  of  the  Superheater  on  the  Locomotive,  by 
Geo.  L.  Bourne,  Mem.Am.Soc.M.E..  read  by  E.  M.  Ostermann, 
Mem.Am.Soc.M.E.  A  paper  on  the  Use  of  Pulverized  Fuel  for 
Locomotives  was  read  by  J.  E.  Muhlfeld.  Mem.Am.Soc.M.E.,  and 
papers  on  Economy  of  the  Locomotive  Superheater  by  R.  M.  Os- 
termann. and  Feed  Water  Heating  by  George  M.  Basford,  Mem- 
Am.Soc.M.E. 

D.   JI.   FORFAB, 

Section  Secretary. 


PHILADELPHIA 

May  22.  A  joint  meeting  icith  the  Enijinecrs'  Clith  ami  Affilioleil 
Societies  at  Drei-el  Institute  will  be  addressed  by  M'illard  Behan 
on  Engineering  of  Men. 

March  27.  A  joint  meeting  of  this  Section  and  the  Philadelphia 
Chapter  of  the  American  Society  of  Heating  and  Ventilating  En- 
gineers was  addressed  by  Walter  J.  Kline,  of  the  American  Dis- 
trict Steam  Heating  Co.,  on  District  Heating. 

Mr.  Kline  gave  much  thought  to  the  design  aud  financing  of 
various  systems,  emphasizing  the  desirability  both  from  the  pro- 
ducers" and  consumers"  standpoint  of  the  installation  and  use  of 
meters. 

March  30.  The  Engineers'  Club  of  Philadelphia  celebrated  its 
fortieth  anniversary  by  a  banquet  at  the  Bellevue  Stratford  Hotel. 
Patiiotism  and  loyalty  were  the  keynotes  of  the  evening,  and  much 
was  said  of  the  part  played  by  the  engineer  in  construction  and 
destruction  in  time  of  war. 

References  to  salient  points  in  the  history  of  the  Club  were  made. 
The  Club  was  organized  in  December.  1877.  with  nineteen  mem- 
bers, at  whose  residences  the  meetings  were  held  for  the  first  few 
months,  after  which  the  Club  opened  its  own  headquarters.  After 
several  changes  it  took  possession  of  its  present  quarters  at  1317 
Spruce  Street  in  1907.  Among  receptions  tendered  by  the  Club  to 
visiting  engineers  and  engineering  societies  were  one  to  Count 
Ferdinand  de  Lesseps  in  ISSO,  and  one  to  the  delegates  from  the 
Society  of  Engineers  of  France  to  the  Chicago  World's  Fair  in 
August  1893. 

Following  proceedings  inaugurated  in  1913.  affiliation  was  ef- 
fected in  1915  between  the  Club  and  the  Philadelphia  Sections  of 
the  American  Institute  of  Electrical  Engineers,  The  American 
Society  of  Mechanical  Engineers,  American  Society  of  Civil  Engi- 


neers, Illuminating  Engineers.  Technology  Club  of  Philadelphia, 
Massachusetts  Institute  of  Technology.  Society  of  Automobile  En- 
gineers and  American  Society  of  Heating  and  Ventilating  Engi- 
neers. 

By  a  whirlwind  campaign  in  the  latter  part  of  1915,  the  club 
membership  was  increased  within  a  few  days  from  524  to  2336,  an 
increase  of  nearly  350  per  cent. 

W.  R.  Jones, 
Section  Secretary. 


PROVIDENCE 

May  21.     Subject:     Time  and  Motion  Study. 

February  2S.  An  open  meeting  to  which  ladies  were  invited  was 
addressed  by  M.  R.  Hutchison.  Mem..\m.Soc.M.E.,  engineering 
advisor  to  Thomas  A.  Edison  and  a  member  of  the  Naval  Consult- 
ing Board,  on  Edison,  His  Life  and  Achievements.  Mr.  Hutchison 
illustrated  his  lecture  with  lantern  slides  and  moving  pictures  of 
interest. 

March  26'.  The  Providence  Engineering  Society  held  a  very 
largely  attended  meeting,  at  which  Dr,  Ira  N.  Hollis.  President 
Am.Soc.M.E.,  George  H.  Pegram,  President  Am.Soc.C.E.,  and 
Harold  W.  Buck.  President  Am.Inst.E.E.,  spoke  on  The  Engineer 
and  Organization. 

Dr.  Hollis  pointed  out  the  relations  between  the  engineer  and 
democracy,  dwelling  on  the  fact  that  the  spread  of  democracy 
seems  to  have  run  parallel  with  the  growth  in  engineering  achieve- 
ments from  the  time  of  James  Watt,  inventor  of  the  steam 
engine,  down  to  the  present.  The  speaker  said  that  it  was  the 
duty  of  engineers  to  stand  for  the  principles  of  democracy  and 
use  their  influence  to  have  trained  men  picked  for  high  offices 
in  the  government :  and  in  order  to  do  this  the  cooperation 
of   engineers   throughout   the  land   is   necessary. 

Mr.  Buck  dwelt  on  the  fact  that  all  engineering  problems  are 
cooperative,  and  asked  for  cooperation  between  the  engineer  and 
the  scientist,  instancing  Faraday's  work  which  a  century  ago 
was  looked  upon  by  engineers  as  fanciful  and  pretty  but  which 
today  forms  the  basis  of  great  electrical   attainments. 

Mr.  Pegram  suggested  that  if  our  Government  had  a  depart- 
ment of  public  works  there  might  be  improvement  in  the  handling 
of  many  problems.  The  Government  has  but  recently  officially 
recognized  the  engineer,  but  without  his  services  it  is  doubtful  how 
much  progress  could  be  made. 

Following  these  addresses  General  Abbot,  of  the  Rhode  Island 
National  Guard,  spoke  on  cooperative  work  among  the  engineers 
necessary  in  time  of  war.  Dr.  Faunce,  of  Brown  University, 
also  emphasized  the  necessity  for  cooperation,  and  Major  Buxton, 
of  the  National  Guard,  advocated  compulsory  military  training. 

A.     E,     TlIOBXI.EY, 

Corresponding  Secretary. 


ST.  LOUIS 

The  St.  Louis  Section  sends  in  a  description  of  the  organiza- 
tion and  work  of  the  Engineers'  Club  of  St.  Louis,  which,  in 
its  reincorporated  form,  includes  the  Club  and  the  Local  Sections 
of  the  National  Societies  of  Civil,  Mechanical  and  Electrical 
Engineers  and  of  the  American  Society  of  Electrical  Contractors. 
The  description  was  given  in  a  recent  paper  by  Mr.  F.  G.  .Jonah, 
presented  before  the  third  conference  on  Engineering  Cooperation. 

The  Club  maintains  permanent  quarters,  containing  the  office 
of  a  secretary,  who  devotes  his  whole  time  to  Club  affairs,  a  fairly 
good  reference  library,  a  reading  room  supplied  with  all  the  tech- 
nical journals,  and  an  auditorium  equipped  with  a  motion-picture 
machine. 

Meetings  are  held  weekly  during  the  season  and  papers  for 
presentation  are  arranged  for  by  the  various  Sections  in  turn. 
The  Club  publishes  a  bi-monthly  journal  in  which  papers  and 
discussions  are  printed,  and  issues  a  bulletin  monthly,  devoted 
to   general   news. 

The  Club  has  attempted  in  a  dignified  manner  to  influence 
the  solution  of  public  questions  involving  engineering  and  scien- 
tific consideration  and  maintains,  among  others,  the  following 
standing  committees :  Civic,  City  Plan,  City  Building  Code, 
Quantity  Surveying,  and  Good  Roads.  These  committees  watch 
legislation  in  city  and  state,  and  are  frequently  requested  to 
cooperate  with   the  municipal   authorities. 
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STUDENT  BRANCHES 

Members  of  Student  Branches  are  requested  to  notify  the 
Secretary  of  any  change  in  address  as  promptly  as  possible, 
in  order  to  facilitate  delivery  of  The  Journal. 

THE  University  of  Cincinnati  Student  Branch  extends  an 
invitation  to  the  Student  Sections  in  the  vicinity  of 
Cincinnati  to  visit  that  city  at  the  time  of  the  Spring  Meeting 
of  the  Society  during  the  week  of  May  21.  This,  the  Semi- 
Annual  Meeting  of  tlie  Society,  offers  to  Student  Members  the 
opportunity  to  become  better  acquainted  with  the  manner  of 
conducting  the  work  of  the  Society.  Students  are  invited  to 
attend  the  professional  sessions  and  hear  the  discussions  of 
engineering  problems  of  the  day. 

One  of  the  important  features  of  tire  Spring  Meeting  will  be 
the  visits  to  industrial  plants,  of  which  there  are  a  number  in 
Cincinnati.  Invitations  will  be  extended  to  Student  Members 
to  accompany  the  parties  on  the  various  trips  of  inspection 
arranged  to  these  plants,  and  also  to  the  places  of  interest 
scheduled  on  the  program,  and  in  all  probability  students  will 
be  invited  to  attend  the  social  affairs. 

Plans  are  well  under  way  for  a  big  Joint  Meeting  of  the 
Student  Branches  to  be  held  at  the  University  of  Cincinnati. 
It  is  hoped  that  a  goodly  number  will  go  to  Cincinnati,  and 
that  this  .Joint  Meeting  of  Student  Sections  will  be  a  record 
breaker.  This  meeting  will  afford  an  excellent  opportunity 
for  the  men  from  the  colleges  to  become  acquainted.  The 
University  of  Cincinnati  men  are  looking  forward  to  this 
Joint  Meeting  with  a  great  deal  of  anticipation. 

On  April  13,  a  convention  of  Student  Members  was  held 
at  the  Engineering  Societies'  Building,  New  York,  and  dele- 
gates of  the  following  branches  participated :  Columbia  Uni- 
versity, Lehigh  University,  New  York  University,  Polytechnic 
Institute  of  Brooklyn,  Rensselaer  Polytechnic  Institute,  . 
Stevens  Institute  of  Technology  and  Syracuse  University. 

The  meeting  was  divided  into  two  sessions,  the  first  of 
which  was  addressed  by  Prof.  Lionel  S.  Marks,  Meni.Am.Soc. 
]\I.E.,  on  The  Explosion  Process  in  Gas  Engines,  by  Prof. 
Arthur  M.  Greene,  Jr.,  Mem.Am.Soe.M.E.,  on  Pumping  En- 
gines, and  Prof.  Charles  E.  Lucke,  Mem.Am.Soe.M.E.,  on 
Surface  Combustion.  Prof.  F.  R.  Hutton,  Mem.Am.Soe.M.E.. 
opened  the  meeting  with  an  introductory  address  in  which  he 
outlined  the  rapid  development  of  the  Student  Branches  ot 
the  Society,  and  spoke  of  the  great  benefit  derived  from  joint 
meeting's  of  branches. 

Following  the  professional  session,  those  present  were  shown 
through  the  Engineering  Societies'  Building,  after  which  sup- 
per was  served.  In  the  evening  a  Smoker  was  held,  at  which 
Mr.  "  Jack "  Armour,  of  Power,  entertained  and  made  a 
decided  hit.  All  present  joined  in  fiatriotic  and  college  songs 
and  Prof.  William  Kent,  Mem.Am.Soe.M.E.,  spoke  on  the 
opening  days  of  the  war  and  compared  them  witli  the  days 
of  '61.     A  collation  closed  the  meeting. 

The  Committee  on  Student  Branches  consists  of  Frederick 
R.  Hutton,  chairman,  George  M.  Brill,  William  Kent  and 
George  A.  Orrok;  and  John  L.  Kretzmer  and  James  G.  Man- 
ning, of  Columbia,  George  H.  Hauser,  Jr.,  and  Joseph  Gil- 
man,  of  N.  Y.  U.,  Arthur  A.  Bielek,  chairman,  and  Frank  R. 
Stamer  of  Poly,  and  Sprague  Hazard  and  Alvin  G.  Searles 
of  Stevens  formed  the  committee  on  arrangements  for  the 
joint  meeting. 

ARMOUR  INSTITUTE   OF   TECHNOLOGY 
March  H.    Mr.  S.  W.  Thsil  gave  an  elaborate  illustrated  lecture 


ou   Automobile   Iguitiou,   followed   by   (!.    M.    Fiitze   with   a   short 
t.ilk  ou  Walter  Tractors. 

March  28.  After  the  regular  business  Mr.  Taylor  gave  a  talk 
on  Thermit  Welding,  R.  E.  Marks  spoke  on  Motion  Pictures  and 
G.  M.  Pritze  discussed  Trackless  Trains  thoroughly  and  in  an 
-nteresting  manner. 

April  1.  G.  W.  Jewell,  of  the  Builders  Iron  Foundry,  gave  an 
illustrated  lecture  on  the  Venturi  Meter,  Its  History,  Development 
and  Uses.    The  lecture  was  followed  by  discussion. 

Abe  J.  Plocinsky, 

Branch  Secretary. 


BUCKNELL  UNIVERSITY 

April  !).  This  was  the  first  meeting  of  the  Spi-ing  Term,  and 
C.  D.  Maurer,  '17,  gave  an  instructive  talk  on  Power  Plants,  in 
which  he  described  the  equipment  of  the  Shamokin  Power  Plant. 

He  was  followed  by  Prof.  F.  E.  Burpee,  Mem.Am.Soe.M.E.,  who 
spoke  on  the  Engineer  Officers'  Reserve  Corps,  and  announced  that 
he  bad  offered  the  services  of  himself  and  the  graduating  class  to 
the  War  Department. 

C.  M.  Kbiner, 

Branch  Secretanj. 


CASE  SCHOOL  OF  APPLIED  SCIENCE 

April  10.  Advertising  was  the  subject  of  an  address  by  C.  II. 
Henderson,  of  the  Cleveland  Twist  Drill  Co.  The  talk  was 
full  of  snap,  and  contained  much  advice  for  the  young  engineer 
in   business. 

Alex.\nder  Trenhoft, 

Branch    Secretary. 


UNIVERSITY  OF  CALIFORNI.Y 

March  2-'i.  The  banquet  held  jointly  with  the  Student  Branch 
at  Leland  Stanford  University  was  a  great  success.  After  many 
interesting  addresses  and  excellent  music,  a  number  of  the  mem- 
bers of  this  Branch   attended  a   theatre   party. 

April  S.  William  A.  Doble,  Mem.Am.Soe.M.E.,  read  an  inter- 
esting paper  on  the  new  Doble  steam  engine  for  automobiles, 
pointing  out  the  principles  upon  which  it  is  based.  It  was  of 
timely   interest   and   was   much   appreciated. 

John  H.  Fentoist, 

Branch    Secreiary. 


CARNEGIE  INSTITUTE  OF  TECHNOLOGY 

March  21.  W.  O.  Renkine,  who  is  connected  with  A.  M.  Byers 
Co.,  addressed  the  Branch  on  the  subject  of  powdered  coal. 

Mr.  Renkine  said  that  althougli  powdered  coal  as  a  fuel  had 
been  experimented  with  as  far  back  as  a  hundred  years  ago.  the 
first  practical  application  of  it  was  not  made  until  1894  and  was 
monopolized  by  the  cement  industry.  Due  to  the  high  cost  of  oil 
and  scarcity  of  natural  gas  it  was  found  necessary,  about  two 
years  ago,  to  experiment  with  powdered  coal  in  the  production  of 
iron  and  steel. 

In  his  talk  Mr.  Renkine  described  the  various  stages  of  pulver- 
izing, storing  and  burning  powdered  coal,  and  the  obstacles  mot 
with  during  the  experimental  development  of  the  processes. 

J.\jiES  H.  Davis, 

Brinirh  Secretary. 


UNIVERSITY   OF   CINCINNATI 

March  23.  An  interesting  talk  was  given  by  Calvin  W.  Rice. 
Secretary  Am.Soc.M.E.,  on  the  work  that  engineering  societies 
are  doing  for  the  nation  in  regard  to  national  defense.  He 
described  the  formation  of  the  Naval  Advisory  Board,  the  Jluni- 
tions  Standardization  Committee  and  the  Committee  on  Industri.il 
Preparedness.  He  advised  all  students  to  participate  in  all  stu- 
dent activities  and  to  strive  for  responsible  positions  on  committees 
that  serve  the  business  world.  He  also  urged  the  students  to  make 
use  of  the  free  service  of  the  Engineering  Societies'  Library. 
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Maic}i  30.  E.  A.  Mullei-,  Mem. Am.Soc.M.E.,  devoted  part  of  a 
talk  to  the  problems  confronting  a  newly  organized  concern  in  the 
machine-tool  industry,  explaining  systems  for  numbering  parts  and 
for  routing  work  throughout  the  shop.  This  was  followed  by  a 
discussion  of  bonus  and  premium  systems  and  employment  prob- 
lems. The  remainder  of  the  talk  was  devoted  to  the  design  of  new- 
factories  and  alterations  on  old  buildings.  Location,  light,  sani- 
tation and  pleasant  surroundings  were  mentioned  as  requisites  for 
a  satisfied  working  force. 

Hexry  a.  Wolsdorf, 

Branch  Secretary. 


COLOKADO  AGRICULTURAL  COLLEGE 

March  2S.  A  lengthy  discussion  regarding  the  process  of  manu- 
facture of  ball  bearings  was  given  by  Prof.  L.  D.  Grain,  Mem. Am. 
Soc.M.E.  The  talk  was  well  illustrated  with  slides  from  the  S.  K. 
F.  Ball  Bearing  Co..  and  chief  topics  of  the  discussion  were  the 
various  operations  of  manufacture,  kinds  of  material  used  and 
the  extensive  application  of  ball  bearings. 

E.  C.   JOHNSOX, 

Branch  Secretary. 


UNIVERSITY  OF  COLORADO 

AiJril  10.  At  the  regular  meeting  of  the  Branch.  Prof.  J.  A. 
Hunter,  Mem. Am.  Soc.M.E.,  reported  on  the  convention  of  the  oil 
men  called  by  the  U.  S.  Bureau  of  Standards,  at  Washington, 
D.  C,  for  the  purpose  of  establishing  standards  by  which  gasoline 
and  oils  might  be  more  uniformly  classified.  His  report  was  sup- 
plemented by  a  description  of  the  oil-testing  equipment  used  in  the 
Bureau,  and  a  discussion  followed. 

W.  S.  Beattie, 

Branch  Secretary. 

COLUMBIA  UNIVERSITY 

February  2S.  The  United  Engineering  Societies  of  Columbia 
University  were  addressed  by  Charles  Ferguson,  who  had  accom- 
panied Colonel  House  on  a  trip  through  Europe,  and  who,  on  his 
return,  presented  a  report  on  industrial  conditions  there  to  Presi- 
dent WOson. 

Mr.  Ferguson  said  that  he  considered  the  engineer  to  be  the 
dominant  factor  in  the  future  regulation  of  society,  and  empha- 
sized the  importance  of  the  engineers'  viewpoint  on  vital  matters. 
He  said  that  those  who  conquered  in  the  struggle  of  business  com- 
petition would  be  better  fitted  to  control  the  workings  of  the  state 
than  any  other  group  of  men,  and  the  engineer  is  the  man  to  de- 
velop the  great  business  system  to  its  fullest  measure. 

John  L.  Kretzmer, 

Branch  Chairman. 

CORNELL  UNIVERSITY 

March  26.  What  is  a  Ship  was  the  subject  of  an  address  by 
Prof.  G.  R.  McDermott,  naval  architect  and  head  of  the  ship- 
design  department  of  Sibley  College. 

Professor  McDermott  pointed  out  that  the  developments  of  the 
modern  day  have  made  it  necessary  to  include  in  the  name  ship 
airships  and  submarines.  He  explained  the  advantages  of  each 
of  the  different  classes  of  ships.  He  described  the  problems  of 
building  and  launching,  and  called  attention  to  the  fact  that  every 
branch  of  engineering  is  made  use  of  in  the  construction  of  all 
vessels. 

S.  M.  Barr, 
Branch  Secretary. 

STATE   UNIVERSITY  OF   IOWA 

March  29.  F.  M.  Kolar  gave  a  talk  on  High  Speed  Steel,  deal- 
ing with  the  annealing,  hardening  and  tempering  of  it. 

C.    L.    Se\'erin, 

Branch   Secretary. 

UNIVERSITY  OF  KANSAS 

.April  3.  The  Ninth  Annual  Meeting  of  the  Branch  was  held  in 
three  sessions,  with  Dean  P.  F.  Walker,  Mem. Am. Soc.M.E.,  H.  A. 


Fitch,  W.  C.  Baxter,  Mem.Am. Soc.M.E.,  Calvin  W.  Rice,  Sec- 
retary Am.Soc.M.E.,  A.  Hurlburt.  Mem. Am. Soc.M.E.,  R.  A.  Rut- 
ledge  and  W.  W.  Walford  as  the  speakers. 

As  a  departure  from  the  usual  program,  three  illustrated  lec- 
tures were  given  by  S.  K.  F.  Co.,  on  the  Present-Day  Application 
of  Ball  Bearings :  by  the  Lodge  and  Shipley  Machine  Tool  Com- 
pany, on  the  Manufacture  and  Testing  of  Lathes,  and  by  the  Na- 
tional Tube  Co.,  entitled  From  Ore  to  Finished  National  Pipe,  re- 
spectively. Dean  Walker  made  the  opening  remarks,  and  Mr. 
Fitch  spoke  on  Industrial  Development  in  the  Southwest.  Mr. 
Baxter,  who  is  connected  with  the  Wichita  Pipe  Line  Co..  dis- 
cussed Natural  Gas  Engineering,  and  he  was  followed  by  Mr.  Rice, 
who  spoke  on  the  Engineer  in  Public  Service.  Mr.  Hurlburfs  topic 
was  Engineering  in  Public  Utilities. 

At  the  afternoon  session  and  the  banquet  in  the  evening  Mr. 
Rutledge,  Chief  Engineer  of  the  Santa  Fe  Railroad,  gave  an  ad- 
dress on  Qualifications  for  an  Engineer,  and  Mr.  Walford,  head  of 
the  advertising  department  of  this  road,  addressed  the  Branch  on 
A  Tour  Through  the  Southwest. 

April  12.  Mr.  L.  H.  Chase,  head  of  the  farm-machinery  de 
partment,  gave  a  very  interesting  talk  on  Agricultural  Engineering 
and    Its   Importance. 

Haklan  a.  Russell, 

Branch  Secretary. 


STATE  UNIVERSITY  OF  KENTUCKY 

March  11.  The  Branch  was  most  fortunate  in  securing  Samuel 
Rea,  President  of  the  Pennsylvania  Railroad,  to  speak  at  its 
meeting. 

Mr.  Rea  related  in  an  informal  way  some  of  the  tremendous 
problems  involved  in  operating  the  great  system  of  which  he  is 
head,  discussing  these  problems  from  both  financial  and  engineer- 
ing standpoints.  He  referred  to  the  expansion  of  the  system,  tell- 
ing how  it  was  found  necessary  to  build  the  two  tunnels  under  the 
Hudson  River  between  New  York  and  New  Jersey  in  order  to 
meet  the  conditions  of  growing  traffic. 

By  way  of  advice  to  the  students  present,  he  said  that  the  man 
without  a  technical  education  cannot  hope  to  compete  in  the  field 
of  engineering  or  other  professions  requiring  technical  knowledge 
with  one  having  the  advantages  of  such  a  training.  He  consid- 
ered conditions  in  the  profession  were  now  more  exacting  than 
when  he  entered  it,  and  stated  that  although  he  himself  had  been 
charged  with  supervisory  responsibility  for  more  than  nine  years 
he  would  not  undertake  the  engineering  details  of  some  of  the 
works  which  the  Pennsylvania  RaUroad  had  undertaken  in  its 
tunnel  construction. 

April  8  to  15.  Prof.  F.  Paul  Anderson,  Mem.Am.Soc.JI.E..  and 
Prof.  W.  E.  Freeman,  conducted  the  senior  class  on  an  inspection 
trip  to  Chicago  and  vicinity.  The  party  paid  visits  every  day  to 
various  industrial  plants  and  points  of  interest. 

D.   S.   SPRIJTGER. 

Branch  Secretary. 


LEHIGH  UNIVERSITY 

March  22.  W.  P.  Berg,  '17,  and  H.  E.  Kantner,  "17,  were  the 
speakers.  Mr.  Berg  gave  a  talk  on  the  Manufacture  of  Paper 
from  Wood  Pulp,  describing  how  the  paper  is  prepared  from 
chemically  treated  wood  pulp,  obtained  from  the  wood  either  b.\' 
the  soda  or  bisulphate  process,  and  so  on  through  the  various 
stages  to  the  finished  product.  Mr.  Kantner  spoke  on  Present- 
Day  Applications  of  Ball  Bearings,  bringing  out  the  points  in 
their  manufacture,  design  and  uses  by  means  of  a  large  number 
of  lantern   slides. 

F.  M.  Porter, 

Branch    Secretary. 


LELAND  STANFORD  JR.  UNIVERSITY 

March  2.}.  The  Branch  joined  with  the  University  of  California 
Branch  in  a  banquet  at  the  Engineers'  Club  of  San  Francisco.  Dr. 
W.  F.  Durand.  Mem.Am. Soc.M.E.,  acted  as  toastmaster.  intro- 
ducing as  speakers  W.  K.  Potts.  C.  E.  Grunsky,  Prof.  H.  B.  Lan- 
giUe,  Mem.Am.Soc.M.E.  and  G.  W.  Dickie,  Mem.Am.Soc.M.E. 
The  evening  was  greatly  enjoyed  by  those  present,  and  it  is  hoped 
to  make  this  an  annual  event  of  the  two  Branches. 

The  form  of  program  was  somewhat  original,  showing  a  curve 
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on  which  the  readings  indicated  the  periods  during  the  evening  at 
which  the  various  entertainment  features  would  talse  place. 

A.  L.  Morgan, 

Branch  Secretary. 


LOUISIANA  STATE  UNIVERSITY 

March  1.'/.  E.  C.  Freeland  read  a  paper  on  Burning  Bagasse, 
in  which  he  compared  the  fiber  content  of  the  cane  at  various 
stages  of  the  process  of  sugar  manufacture.  He  illustrated  the 
processes  of  burning  bagasse. 

J.  A.  Nadlee, 

Branch  Secretary. 


RENSSELAER  POLYTECHNIC  INSTITUTE 

March  5.  Dr.  Ira  N.  HoUis.  President  Am.Soc.M.E..  spoke  on 
The  Engineer  and  the  National  Crisis.  Dr.  Hollis,  referring  to 
the  adage  that  "  history  repeats  itself,"  gave  illustrations  in  the 
present  events ;  he  also  described  what  he  considered  efficiency  and 
the  attitude  of  the  people  toward  the  government,  impressing  upon 
the  minds  of  those  present  that  it  was  the  duty  of  the  engineer 
to  increase  the  efficiency  of  the  government. 

H.  M.  Hammond, 

Branch  Secretary. 


SYRACUSE  UNIVERSITY 

It  has  been  the  practice  of  the  Student  Branch  to  have  as  many 
good  talks  as  possible  given  by  men  experienced  in  the  engineering 
field  at  their  meetings  held  every  other  week,  and  a  debate  be- 
tween the  mechanical  and  electrical  Student  Branches  w-as  a  fea- 
ture of  the  year. 

R.  M.   MlLFOBD, 

Branch  Secretary. 


on  board  the  U.S.S.  New  Jersey  under  the  supervision  of  a  lieu- 
tenant detailed  on  this  ship.  Three  courses  were  being  given. 
Ordnance  and  Gunnery,  Electrical  and  Steam  Engineering,  and 
Signaling  and  Navigation,  but  with  the  declaration  of  war  these 
were  discontinued.  However,  a  course  of  signaling  is  being  es- 
tablished at  the  University  under  the  supervision  of  Prof.  C.  P. 
Bliss,  and  it  is  expected  that  most  of  the  members  will  attend. 

Joseph  Oilman, 

Branch  Secretary. 


OHIO  STATE  UNIVERSITY 

March  21.  Prof.  John  R.  Allen,  Mem. Am.Soc.M.E.,  gave  an 
interesting  lecture  on  Engineering  in  Turkey,  in  which  he  de- 
scribed the  manner  in  which  construction  work  is  done  there  and 
the  difficulties  encountered.  He  urged  the  engineers  to  become 
proficient  in  foreign  languages,  as  it  is  impossible  to  do  an  ex- 
port business  in  one  language.  He  stated  that  the  American  ox- 
porter  through  his  shortsightedness,  loses  his  greatest  opportunity 
in  the  line  of  raw  materi.als,  by  having  to  sell  his  goods  through 
European  salesmen  who  are  able  to  speak  the  required  language. 

P.    E.    Smyser, 

Branch    Srcrciary. 


OREGON  STATE  AGRICULTURAL  COLLEGE 

Mrch  15.  Mr.  Graf  described  the  interesting  things  seen  by  him 
on  his  trip  East.  Mr.  Goldman  read  a  paper  on  The  Engineer  in 
Practice,  in  which  he  called  attention  to  the  opportunities  open  to 
the  engineer. 

April  5.  After  the  transaction  of  the  regular  business,  Mr.  Peas- 
lee  gave  an  informal  talk  on  the  Engineer  Officers'  Reserve  Corps 
and  the  Opportunity  in  It  for  Engineers,  and  Mr.  Orr  gave  an 
informal  talk  on  Plant  Operation. 

Arthur  O.  Leech. 

Branch  Secretary. 


UNIVERSITY  OP  MAINE 

March  21.  N.  A.  Robblns,  Mem.Am.Soc.M.E.,  chief  engineer  of 
the  Orono  Pulp  and  Paper  Co.,  outlined  the  growth  of  the  power 
plant  of  this  company  and  described  the  problems  which  have  come 
up  for  solution  in  connection  with  it  from  time  to  time.  The 
plant  is  a  modern  one  in  every  way  and  furnishes  a  good  example 
of  an  up-to-date  power  plant  in  a  present-day  manufacturing  estab- 
lishment. 

R.  E.  Fraser, 

Branch  Secretary. 

MASSACHUSETTS  INSTITUTE  OP  TECHNOLOGY 

March  23.  John  A.  Stevens,  Mem.Am.Soc.M.E.,  was  the  speaker 
at  the  smoker  held  by  the  Branch  on  this  date.  Mr.  Stevens 
spoke  of  the  value  of  the  man  to  the  company  employing  him  and 
related  many  of  his  sea  experiences  while  chief  engineer  of  the 
S.S.  St.  Paul.  K.  C.  Richmond,  '10,  spoke  on  Rock  Tunnel 
Construction,  describing  the  machinery  used  and  stages  in  the 
■work. 

March  30.  Patent  Law  was  the  subject  of  an  address  by  a 
member  of  the  class  of  '88,  Odin  Roberts,  Mem.Am.Soc.M.E.,  a 
prominent  patent  attorney.  Mr.  Roberts  gave  examples  illustrating 
the  salient  points  of  our  patent  law  as  it  stands   today. 

E.  P.  Warner.  '17.  followed  with  a  talk  on  The  Stresses  De- 
veloped in  Aerial  Propellers,  illustrating  his  talk  with  plots  and 
diagrams  and  a  full-sized  propeller  to  show  sections  and  angles. 

May  6.  J.  A.  Moyer.  Mem.Am.Soc.M.E.,  spoke  on  Steam  and 
Gas  Turbines,  illustrating  his  talk  with  lantern  slides.  The 
speaker  answered  many  questions  about  both  types  of  turbines, 
materials  used,  efficiencies,  etc.  II.  M.  Brayton.  "17.  spoke  on 
Engineering   Charts. 

Edward  W.  Rounds. 

Branch    Secretary. 

NEW  YORK  UNIVERSITY 

It  was  decided  to  replace  the  April  meeting  by  the  courses  given 
especially  for  mechanical  engineers  at  the  Brooklyn  Navy  Yard. 
Passes  were  obtained  for  each  member,  and  instruction  was  given 


UNIVERSITY  OF  PITTSBURGH 

April  12.  Mr.  Goldberg  read  a  paper  on  the  Uniflow  Engine, 
treating  of  its  economy,  problems  of  design  and  development. 
The  paper  was  discussed  by  Messrs.  Noss  and  Lynch.  At  this 
meeting  plans  were  talked  over  regarding  the  part  to  be  taken 
by  engineers  in  the   Preparedness  movement. 

March  15.  Mr.  Hutcheson  read  a  paper  on  Superheaters,  which 
dealt  with  the  progress  and  history  of  superheated  steam.  The 
paper  was  discussed  by  Mr.  Waehter  and  Mr.  Russo. 

F.  C.  Noss, 
Branch  Secretary. 

PURDUE  UNIVERSITY 

March  15.  Mr.  Hannun,  of  the  mechanical  department,  spoke 
on  the  uniflow  steam  engine.  His  discussion  dealt  primarily  with 
the  type  of  uniflow  engine  manufactured  by  the  Skinner  Engine 
Co.,  with  which  he  was  formerly  connected,  and  with  the  Stumpf 
engine. 

March  27.  Prof.  L.  W.  Wallace,  Mem.Am.Soc.M.E.,  talked 
along  the  lines  of  locomotive  engineering,  devoting  special  atten- 
tion to  the  advantages  of  the  superheater  engine  over  that  using 
saturated  steam.  The  talk  was  based  upon  data  derived  from 
tests  in  the  Purdue  Locomotive  Laboratory  and  that  of  the  Penn- 
sylvania Railroad,  and  was  illustrated  with  many  photograiihs. 

W.  G.  Schutt, 

Branch  Secretary. 

THROOP  COLLEGE 

March  5.  A  most  successful  joint  meeting  of  the  mechanical  and 
electrical  Student  Branches  was  held,  with  Earl  Ovington  as  the 
speaker. 

Mr.  Ovington,  who  is  a  pioneer  in  aviation,  being  the  first  man 
to  fly  a  monoplane  in  the  United  States  and  the  winner  of  several 
big  races  in  exhibition  flying,  held  the  attention  of  his  audience 
with  descriptions  of  his  wide  experiences  which  he  illustrated 
with    lantern    slides. 

Reginald  Coles, 

Branch   Secretary. 
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VIRGINIA  POLYTECHNIC  INSTITUTE 


April  2.  The  King  of  the  Rails  was  the  subject  of  a  motion 
picture  of  much  interest.  The  film  was  furnished  through  the 
courtesy  of  the  General  Electric  Co. 

April  10.  G.  F.  Minor  gave  an  interesting  lecture  on  the  Pelton 
Water  Wheel,  which  was  illustrated  with  slides  supplied  by  The 
Peltou  Water  Wheel  Co. 

G.  F.  MiNOB, 

Branch  Secretary. 

UNIVERSITY  OF  WASHINGTON 

March  0.  The  Branch  held  a  meeting  in  Engineering  Hall,  when 
the  object  of  the  organization  was  outlined  and  plans  for  future 
meetings  and  trips  were  formulated.  The  following  officers  were 
elected :  Chairman,  Philip  G.  Johnson  ;  Secretary,  Claire  L.  Egt- 
vedt,  and  Treasurer,  Thomas  P.  Evans. 

March  2Z.  The  accurate  determination  of  secondary  stresses  in 
complicated  steel  castings,  particularly  truck  frames  and  body 
bolsters  of  freight  cars,  was  the  subject  of  the  lecture  before  the 
Branch  by  George  B.  Floyd,  of  the  American  Steel  Foundry  Co., 
of  Chicago. 

Jlr.  Floyd  recited  the  advantages  of  the  Berry  extensometer  in 
the  determination  of  the  weak  parts  in  castings,  and  described  in 
detail,  with  the  aid  of  blue  prints,  the  results  of  extensive  experi- 
ments conducted  by  his  company  with  this  apparatus. 

Walter  Henrt  Kuktz, 

Branch  Secretari/. 


UNIVERSITY  OF  WISCONSIN 


March  1-J.  At  the  regular  semi-monthly  meeting  of  the  Branch. 
A.  G.  Hoppe  presented  a  paper  on  Advertising,  in  which  be  dealt 
with  fake  advertisements  of  an  engineering  nature  found  in  uou- 
teehnical  journals,  using  an  example  from  a  current  magazine. 

March  26.  The  first  annual  banquet  was  held,  with  Calvin  W. 
Rice,  Secretary  Am.Soc.M.E.,  as  the  guest  of  honor;  Prof.  G.  L. 
Larson,  Mem.Am.Soc.M.E.,  as  toastmaster.  Dean  F.  E.  Turneaure 
and  Prof.  J.  G.  Callan  as  speakers. 

As  his  message  to  the  Branch,  Dean  Turneaure  emphasized 
the  value  of  Outside  Activities  for  the  Student  and  the  Engineer. 
Mr.  Rice  urged  the  technical  student  to  consider  how  be  could  best 
serve  his  country  in  the  present  crisis,  suggesting  that  the  trained 
man  should  not  rush  into  private  enlistment  but  hold  himself  in 
readiness  to  be  placed  where  he  can  do  the  greatest  amount  of 
good.  Professor  Callan  spoke  upon  the  Broader  Engineering  Edu- 
cation, and  commended  the  present  tendency  of  engineering  schools 
to  broaden  their  training  by  the  addition  of  cultural  courses.  A.  E. 
Kelty.  president  of  the  Branch,  gave  the  response. 

March  29.  Mr.  Grant  described  the  various  methods  be  had 
tried  in  analyzing  the  vibration  of  an  automobile  engine.  Maga- 
zine reviews  were  given  by  J.  M.  Wood,  on  the  manufacture  of 
steel  balls ;  Mr.  Roberts  on  the  characteristics  of  the  1917  auto- 
mobile, and  Mr.  Seelbach  on  the  conference  of  motor-boat  manu- 
facturers with  Secretary  Daniels  regarding  small  speed  power 
boats  for  the  Navy. 

.ToHX  M.  Wood, 

Branch  Sccretani. 


EMPLOYMENT  BULLETIN 

rHE  SECRET.IRY  considers  it  a  special  obligation  and  pleasant  duty  to  make  the  office  of  the 
Society  the  medium  for  assisting  members  to  secure  positions,  by  putting  them  in  touch  with 
special  opportunities  for  which  their  training  and  experience  qualify  them,  and  for  helping  any- 
one  desiring  engineering  services.      The  Society  acts  'only   as   a   clearing   house   in   these   matters. 


POSITIONS  AVAILABLE 

In  jonvarding  applications,  stamps  should  be  enclosed  for  trans- 
mittal to  advertisers;  applications  from  non-members  should  be 
accompanied  by  a  letter  of  reference  or  introduction  from  a  mem- 
ber, such  reference  letter  to  be  filed  with  the  Society.  Copy  for 
notices  must  be  in  hand  bv  the  loth  of  the  month. 


ESTIM.^TGR.  Plant  ia  Western  New  York  manufacturing  steel- 
plate  tanks  and  receptacles,  desires  the  services  of  estimator.  In  first 
letter  state  age,  experience,  training,  single  or  married,  salary,  present 
employment.     634. 


HEATING  AND  VENTILATING  ENGINEER,  young 
uate,  three  or  four  years'  experience.     Location  Ohio. 


technical 
665. 


;rad- 


SUPERINTENDENT  for  automobile-tire  factory,  man  who  under- 
stands compounding,  and  knows  machinery  and  installation.  Location 
Minnesota.     666. 

PLANNING  DEPARTMENT  AND  TIME-STUDY  MEN.  Well-estab- 
lished firm  offers  exceptional  opportunities  for  effective  and  interesting 
work  to  engineering  graduates  with. substantial  experience  with  modern 
industrial  accounting  with  special  reference  to  time  study,  determina- 
tion of  standard  tasks  and  planning  and  scheduling  production.  State 
age,  education,  experience,   present  and  expected   salary.     679. 


DR.VFTSMEN,    experienced,    preferably    not    over 
employment  and  advancement  to  capable  men.     751. 


30. 


Permanent 


POWER  ENGINEER  for  large  industrial  corporation  operating  own 
steam  and  electrical  power  plants.  Young  man  with  executive  ability, 
mechanical  or  electrical-engineering  graduate,  experienced  in  power 
plant  and  power  distribution,  design,  and  operation.  State  age, 
school,  year  of  graduation,  detailed  experience,  salary  expected.  Loca- 
tion XIichig!in.     763. 

PRODUCTION  M.\N.\GEK.  30  to  40,  married  preferred,  clean-cut. 
aggressive,  of  generous  build.  Technical  graduate  preferred.  Must 
have  had   practical   experieuce   in   every   branch,   such   as   shop   work. 


drawing-room  work,  tool  designing ;  must  also  have  had  successful 
experience  of  at  least  five  years ;  must  be  thoroughly  informed  in 
modern  cost  and  plauningdepartment  methods.  Electrical  manufac- 
turing experience  preferred,  though  not  absolutely  essential.  Location 
vicinity  of  New  York.     Salary  $3,000  to  $4,000.     890. 

ENGINEER  for  clock  company  in  New  England.  Experience  in 
handling  men,  up  to  500,  engaged  in  manufacture  of  woodworking 
parts  from  raw  timber  through  to  highly  finished  exterior,  and  super- 
vising of  numerous  small  parts  in  clocks.  Must  be  capable  of  im- 
proving quality  and  increase  output.     917. 

THREE  DRAFTSMEN,  pipe  work;  steam,  hydraulic,  watir,  ;iuU 
air  piping.  .Also  MACHINE  DESIGNERS  and  plant  layout  men, 
.\lso  first-class  STRUCTURAL  STEEL  and  POWER-PLANT  man. 
Location  Ohio.     927. 

DRAFTSMAN  familiar  with  valve  detail  and  design  and  experienced 
in  estimating  and  layout  work.  Excellent  opportunity  for  competent 
man.  State  age,  experience  in  detail,  references  and  salary  expected. 
Location  New  York  State.     92S. 

RECENT  TECHNICAL  GRADUATES  for  shop  positions  with  com- 
pany manufacturing  recording  meters,  with  opportunity  to  advance  in 
other  lines  of  work  as  business  expands.     Location  Boston.     933. 

YOUNG  TECHNICAL  GR.\DU.4^TE  with  one  or  two  years'  experience 
in  steam  engineering,  for  testing  work.  Location  New  Jersey.  State 
age,  experience  and  salary  expected.      939. 

INSPECTOR,  experienced  in  expediting  machinery  deliveries.  Giving, 
particulars,  experience,  etc.     942. 

DRAFTSMAN  on  design  of  new  machinery,  equipment,  general  work 
in  connection  with  plants  of  a  steel  and  wire  company.  945. 
.\merican  Steel  &  Wire  Co.,  Mr.  P.  Morrison,  Ch.  Draftsman,  Trenton, 
N.  J.     Telephone  3225. 

THREE  HIGH-GRADE  ENGINEERS,  thoroughly  conversant  with 
application  of  all  phases  of  production  and  cost  work,  able  to  carry 
through    alone    handling   of   contracts.      Essential   qualifications,    pro- 
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nouDced  power  of  observation  and  analysis,  ability  to  plan  and 
organize,  practical  type  of  mind,  tact  and  sound  judgment  in  dealing 
with  clients.     Headquarters  New  York.     946. 

FACTORY  ENGINEER,  technical  graduate,  with  successful  record 
as  assistant  superintendent  or  superintendent  for  concern  manufac- 
turing polishing  and  buffing  wheels,  and  employing  150.  Must  be 
conversant  with  scientific  management  and  able  to  secure,  retain  and 
handle  successfully  both  men  and  women.  Give  age,  experience, 
education,  and  salary  expected.  Permanent  position  with  splendid 
future  for  right  party.     94S. 

DR.^FTSMAN  experienced  in  factory  design  and  iustallation  of 
elevator  and  conveying  machinery  in  general  cement-plant  work. 
Location  Pennsylvania.     949. 

RECENT  ENGINEERING  GRADUATE  to  take  up  economy  studies 
in  pole-fiue  and  cable-plant  construction.  Man  having  some  experience 
in  estimating  cost  of  such  construction  given  preference.  State  ex- 
perience and  salary  desired.     New  York.     952. 

MAN  to  run  COST  OFFICE.  One  with  practical  machine-shop 
«xperience,  and  who  understands  theory  of  cost  accounting,  and  has 
had  experience  in  instructing  clerks.  Employ  about  475  in  diversified 
•work  with  foundry,  pattern  and  machine  shop.  Salary  $25  a  week. 
Location  Massachusetts.     933. 

ENGINEER.  Young  technical  graduate  to  engineer,  design  and 
take  charge  of  production  of  electro-mechanical  devices,  and  to 
conduct  performance  tests  on  standard  and  special  designs.  Salary 
to  start  $lf)0.     Location  Middle-West.      954. 

CHIEF  ENGINEER  for  industrial  power  plant  operating  10.000 
boiler  hp.  and  5,000  electrical.  Must  be  well  up  on  combustion  and 
plant  maintenance.     State  salary.     Location   North   Carolina.     950. 

ENGINEER  on  design  and  experimental  work.  Good  personality. 
Salary  to  start  .?1200.     Location  Elizabeth,  N.  J.     957. 

COMPANY  with  factory  in  western  Maryland  desires  man  with 
technical  training,  in  the  capacity  of  assistant  designer  and  works 
manager.  To  assist  in  designing  special  machinery  and  developing 
ideas ;  analyze  machine  operations,  prescribe  equipment  and  devise 
means  to  effect  speedy  and  economical  production  ;  superintend  manu- 
facturing such  machinery.  Requires  ability  of  thoroughly  practical 
master  mechanic  with  original  ideas  as  to  methods,  knowledge  of 
modern  shop  practice,  familiarity  with  design  and  application  of  time- 
saving  fixtures,  executive  ability  and  diplomacy  necessary  to  success- 
fully direct  manufacturing  plant.  No  question  of  salary  if  right  man 
applies.  In  first  letter  state  full  particulars  and  experience  from 
technical  degree  which  will  be  held  confidential.     95S. 

SALESMAN,  steam  power-plant  specialties.  College'  graduate  pre- 
ferred, and.  if  possible,  having  experience  in  similar  line  of  work  in 
Philadelphia.  Should  be  capable  of  taking  charge  of  office  eventually. 
959. 

UR.\FTSMEN  (three  or  four)  experienced  in  plant  layouts  and 
special-machinery  design.     963. 

PRODUCTION  ENGINEER  to  take  charge  of  cost-reduction  work 
in  Canadian  shop  manufacturing  air  compressors,  rock  drills.  State 
age,  experience  and  salary  expected.     974. 

INDUSTRIAL  PLANT  ENGINEER.  Mechanical  engineer,  prefer- 
ably college  graduate,  with  several  years*  all-round  experience  wliich 
would  fit  him  to  take  charge  of  design,  construction  and  maintenance 
of  factory  buildings  and  equipment.  Good  opportunity  with  large 
growing  company,  desirably  situated.     Location  New  York.     977. 

PRODUCTION  ENGINEER,  must  have  thorough  factory  experience 
on  motor-truck  construction,  organization,  production,  equipment  and 
accounting.     Live  wire.     State  age,  experience  and  salary  desired.    98S. 

DR.\FTSMAN,  technical  graduate,  familiar  with  design  of  power- 
station  installations,  steam  piping  and  fair  amount  of  structural  work. 
State  age  and  experience.     Location  Brooklyn,  N.  Y.     990. 

MECHANICAL  ENGINEER  having  had  technical  education  and  at 
least  five  years'  experience  in  plants  manufacturing  chemicals.  Work 
mainly  advisory  engineering  work  in  connection  with  manufacture  of 
chemicals.  Address,  E.  I.  duPont  de  Nemours  &  Company,  Engineer- 
ing Department,  Wilmington,  Del.     991. 

DRAFTSMAN  wanted  immediately  by  Chicago  rubber  works.  Inge- 
nuity is  prime  requisite.  To  work  from  rough  sketches  of  labor- 
saving  appliances.  Permanent.  Salary  .$25  for  six  months,  $35  for 
next  six  months,  future  advances  contingent  on  ability.  Describe 
physical  condition  and  education,  state  months  on  previous  jobs  and 
Approximate  hours  per  month  in  each  kind  of  duty.     992. 
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ENGINEER  desires  position  in  connection  with  maintenance  or 
production  of  railway  rolling  stock  and  equipment  or  production  inci- 
dent to  national  defense.  At  present  employed.  Twenty  years' 
experience  in  design  and  construction  of  industrial  and  railway 
mechanical  equipment.  Highly  specialized  in  practical  application  of 
applied  science,  locomotives,  cars,  trucks,  boilers,  engines,  turbines, 
tanks  and  special  machinery,  shop  layouts  and  power  plants,  towers 
and  structural  work.     K-l.*i8 

MECHANICAL  ENGINEER.  2T.  at  present  employed  as  assistant 
master  mechanic  with  large  packing  company.  Experienced  in  power- 
house design  and  layouts  with  refrigerating  machines  and  steam 
plant ;  also  general  packing-house  building,  machine  repairs  and 
layouts.     E-159 

MECHANIC.iL  ENGINEER,  30,  M.  E.  graduate,  practical  shop, 
power-plant,  drafting,  plant  maintenance,  and  production  experience. 
Desires  position  in  engineering,  estimating,  or  maintenance  department 
of  reliable  concern.     Location  immaterial.     E-160 

STUDENT  MEMBER,  22,  will  graduate  in  .lune  in  mechanical 
engineering.  University  of  Michigan.  Desires  position  as  assistant  to 
chief  engineer,  production  manager,  or  superintendent  for  manufactur- 
ing concern,  preferably  Ohio  or  Michigan.  Has  had  experience  iu 
drafting  and  office  work.     Will  furnish  references.     E-161 

MECHANIC.VL  ENGINEER,  28,  desires  junior  partnership  or  inter- 
est in  consulting  or  contracting  firm.  Will  make  investment  or  con- 
sider position  on  salary.  University  graduate,  3  years'  experience,  one 
year  in  Europe,  in  power-generation  design  and  construction,  indus- 
trial-plant design,  investigations.  Would  consider  locating  perma- 
nently in  Europe,  particularly  Russia.     E-162 

SUPERINTENDENT  or  CHIEF  ENGINEER,  44,  married,  technical 
education.  Twenty  years'  experience  as  chief  engineer  in  brewery, 
railroad  shops,  largest  stove  foundry  in  world,  and  chemical  works  : 
manager  electric  light  plant,  superintendent  foundry  and  machine 
shop,  superintendent  ice-machine  factory,  chief  smoke  inspector  large 
city,  and  meclianical  superintendent  of  hospital.  Combustion  engineer- 
ing specialty.  Desires  position  in  large  industrial  plant  or  other  re- 
sponsible position.     Highest  references.     Present  salary  $3600.     E-lOo 

RESEARCH  ENGINEER.  Assistant  professor  of  mechanical  en- 
gineering in  leading  university,  ten  years'  continuous  teaching  experi- 
ence, desires  to  engage  for  year  in  commercial  research  work,  either  in 
commercial  laboratory  or  with  power-generating  equipment.  Experi- 
ence previous  to  teaching  includes  several  years'  commercial  engineer- 
ing and  two  years'  sales  work.  Would  consider  instructional  work  in 
another  school.     E-164 

MASTER  MECHANIC,  29,  M.  I.  T.  graduate,  '11.  Selling  experi- 
ence, -it  present  employed.  Open  to  any  live  proposition  with  chance 
to  progress.     E-165 

PUBLIC-UTILITY  VALUATION  ENGINEER,  27,  M.  I.  T.  graduate. 
Desires  change  from  .present  position  to  one  offering  more  opportunity 
for  advancement.  Three  years'  extensive  experience  inventory  and 
nppraisal  water,  gas,  electric,  traction,  and  telephone  public  utilities 
in  East,  as  mechanical  engineer  in  appraisal  department  of  state  public 
utility  commission.  Thoroughly  familiar  with  efficient  methods  of 
construction  and  management  of  above  corporation.  Special  training 
with  unit-cost  studies,  estimation  of  annual  and  accrued  depreciation, 
and  overhead  charges.  Author  of  technical  articles  on  overhead 
charges  and  depreciation.  Good  draftsman.  Capable  taking  charge 
field  or  office  valuation  department.  Unmarried.  Salary  about  $2000. 
E-166 

ASSISTANT  TO  ENGINEER  OR  SUPERINTENDENT.  Graduate 
mechanical  engineer,  22,  shop  and  estimating  experience.  Seeks  posi- 
tion of  some  responsibility,  witli  good  future.  Location  preferred. 
Eastern  States.     E-167 

MECHANICAL  ENGINEER,  graduating  from  well-known  university 
in  June,  desires  position  wilh  future,  preferably  in  connection  with 
consulting  engineer's  office.     References  given.     E-168 

INDUSTRIAL  ENGINEER,  technical  graduate,  31,  desires  position 
as  general  superintendent  or  works  manager  in  moderate-size  plant 
with  view  to  making  permanent  connection.  At  present  employed  as 
iudustrial  engineer  by  lar.ae  Eastern  manufacturing  corporation  ;  work 
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nearing  completion  with  tbis  concern,  after  six  years'  service.  Wide 
experience  in  purcliasiug  materials,  employment  of  all  classes  of  labor, 
design  and  layout  of  factories,  and  installation  of  scientific  production 
methods,  standardization,  and  management  in  various  industrial  plants. 
E-169 

FOUNDRY  MANAGER  or  SUPERINTENDENT.  Practical  foun- 
dryman,  capable  of  filling  any  foundry  position.  Charge  of  some  of 
largest  foundries  in  country  for  past  15  years.  Best  references  as  to 
ability.     E-170 

PLANT  ENGINEER.  Graduate  mechanical  engineer,  with  good 
practical  experience  in  design,  operation,  and  maintenance  of  indus- 
trial machinery  and  power  plants.  Specialized  in  combustion  of  an- 
thracite and  bituminous  coals  and  generation  of  cheap  power.  Experi- 
enced in  use  of  electricity  in  manufacturing  plants.  Location  New 
York  or  vicinity.     E-171 

MECHANICAL  ENGINEER,  15  years'  experience  in  power  plant 
and  factory  design,  10  years  in  responsible  charge,  now  completing 
installation  of  power  plant  out  of  town,  wishes  to  return  to  New  York 
City.  Accustomed  to  take  full  charge  of  design,  purchase  of  apparatus 
and  material,  supervise  construction,  etc.  Experience  includes  fac- 
tory production  and  special-tool  design.     Salary  $300O-$4000.     E-172 

PROFESSOR  OF  MECHANICAL  ENGINEERING  desires  work  dur- 
ing vacation,  from  June  1  to  September  20,  teaching  or  practical  work. 
Has  had  machine-shop  and  drafting  experience.     E-173 

MECHANICAL  ENGINEER,  30,  married,  desires  position  with  con- 
sulting engineer  or  as  works  engineer  of  medium-sized  industral  plant. 
Experience  on  steam-power  plant  and  industrial-plant  design  and  main- 
tenance.    E-174 

MANUFACTURER'S  REPRESENTATIVE.  Graduate  engineer 
maintaining  engineering  office  in  Twin  Cities  desires  to  represent 
manufacturer  of  mechanical  line  in  Northwest.     E-175 

HIGH-SCHOOL  HEAD  OF  DEPARTMENT.  Technical  and  college 
graduate.  Seven  years  in  present  position.  Five  years'  shop  experi- 
ence. Employed  at  present,  but  desires  to  make  change  at  end  of 
semester.     E-176 

PRODUCTION  ENGINEER.  Graduate  M.  E.  One  year  preliminary 
training  with  well-known  firm  of  efficiency  engineers,  backed  up  by  5 
years'  practical  experience  in  several  industries.  Have  installed  and 
operated  cost  systems,  and  organized  and  supervised  work  of  plan- 
ning departments.  Competent  organizer  along  modern  lines,  capable 
executive,  and  can  handle  men  and  produce  results.  Employed  at 
present,  but  desires  to  form  new  connections,  preferably  as  assistant 
to  factory  manager.     E-177 

PROFESSOR  OF  MECHANICAL  ENGINEERING,  technical  grad- 
uate, 17  years'  experience  in  teaching,  engineering  and  consulting  work. 
Practical  experience  in  commercial  engineering  ;  specialized  in  steam- 
power  plants.  Head  of  department  of  mechanical  engineering  in  lead- 
ing university  for  number  of  years,  and  at  present  head  of  depart- 
ments of  mechanical  and  electrical  engineering  in  university  of  good 
standing.     Location  abroad,  China  preferred.     E-17S 


E.ViaXEER  and  SUI'EKIXTENDENT.  Cornell  graduate,  with  ex- 
tensive experience  in  designing,  purchasing,  constructing  and  operating 
power  plants,  track-work  transmission  lines,  distribution  lines,  car 
barns,  office  buldings.  foundries,  machine  shops,  chemical  plants,  tan- 
neries, cotton  mills,  gun-cotton  and  smokeless-powder  plants,  factories 
of  reinforced  concrete,  flat-slab  or  mill  construction,  also  structural- 
steel  docks,  piling,  sewers,  and  artesian  wells,  heating  and  drying 
systems.     E-lS-t 

ASSISTANT  TO  PURCHASING  AGENT.  Varied  practical  and 
office  experience,  engineering  materials,  electrical  and  mechanical  equip- 
ment and  matters  pertaining  to  construction.     E-1S5 

MECHANICAL  ENGINEER.  Stevens  graduate,  26,  married.  Ex- 
perience in  steel-rolling  mill.  Desires  position  as  works  engineer.  At 
present  employed.     East  preferred.     E-1S6 

EXECUTIVE,  until  recently  connected  with  one  of  Detroit's  largest 
automobile  concerns,  desires  responsible  position.  Experienced  in  mod- 
ern methods  of  economical,  intensive  manufacturing.  Competent  to 
organize  and  handle  large  bodies  of  men.  Selling  experience  this  coun- 
try and  abroad.  Salary  $10,000  to  $15,000,  depending  on  character 
of  employment  offered.     E-187 

AUTOMATIC  MACHINE  DESIGNER,  experienced  in  designing  spe- 
cial machinery  to  economize  labor  and  facilitate  production.  Has 
inventive  faculty.  Could  reduce  cost  and  increase  production  of  plants 
manufacturing  specialties.  Permanent  employment  not  required,  but 
will  study  problems,  make  suggestions,  and  design  special  machines, 
tools,  and  attachments.     Available  about  June  1.     E-18S 

GRADUATE  in  mechanical  engineering,  '14,  two  years'  experience 
in  general  testing  work,  with  some  machine-shop  and  foundry  experi- 
ence, desires  position  as  testing  engineer  or  assistant  to  engineer  in 
charge  of  power  plant  operation.     E-1S9 

GR.\DUATE  M.  E..  25,  Chinese,  one  and  a  half  years'  experience  in 
shops  and  office,  desires  situation  with  aeroplane  company  or  manu- 
facturing concern  with  commercial  interests  in  the  Far  East.     E-190 

MECHANICAL  ENGINEER  or  ASSISTANT  SUPERINTENDENT, 
technical  education,  31,  married.  Twelve  year-s'  experience  in  manu- 
facturing plants  as  toolmaker,  toolmaker  foreman,  machine  designer, 
chief  draftsman,  factory  superintendent,  and  now  as  mechanical  en- 
gineer in  large  rifle  factory.  Fully  conversant  with  interchangeable 
manufacture.     Salary  $2600  per  year.     E-191 

MECHANICAL  ENGINEER.  Technical  graduate,  12  years'  prac- 
tice, desires  change.  Especially  experienced  in  modern  methods  of 
boiler-room  operation  and  maintenance,  designer  on  heavy  machinery, 
designer  and  engineer  of  construction  on  steel-frame  buildings,  plain 
and  reinforced  concrete.     Experienced  executive.     E-192 

ASSISTANT  SUPERINTENDENT  or  EXECUTIVE,  American,  36, 
technical  education.  Twelve  years  in  drafting  room,  including  chief 
draftsman  ;  six  years'  shop  experience,  one  as  foreman.  Practical  me- 
chanic, familiar  with  design  of  special  machinery,  tools,  jigs,  fixtures, 
etc.,  for  manufacturing  duplicate  parts  on  interchangeable  system. 
Salary  $2000  per  annum.     Location  preferred.  Eastern  States.     E-193 


SUPERINTENDENT  or  EQUIPMENT  ENGINEER.  For  past  two 
years  with  large  rifie  works,  in  charge  of  installing  equipment,  manu- 
facturing and  heat  treating.  Thorough  knowledge  of  modern  methods 
for  producing  interchangeable  parts.     E-179 

YOUNG  TECHNICAL  GRADUATE  in  mechanical  engineering,  with 
two  years'  general  shop  practice,  wishes  to  change  from  present  posi- 
tion.    E-180 

MECHANICAL  ENGINEER,  30.  university  graduate.  Five  years' 
experience  in  factory  layout,  construction,  power-plant  design,  heating 
and  ventilating.  Familiar  with  modern  methods  of  factory  and  power- 
plant  operation.  Desires  position  as  chief  engineer  or  works  engineer 
with  manufacturing  plant.     Salary  $250  per  month.     E-lSl 

ASSISTANT  SUPERINTENDENT,  PRODUCTION  ENGINEER, 
MAINTENANCE  SUPERINTENDENT,  CHIEF  TOOL  DESIGNER. 
Twenty  years'  practical  experience  in  shop  and  drafting  room  as  ma- 
chinist, master  mechanic,  shop  foreman,  tool  designer,  chief  draftsman. 
Design  and  supervision  of  construction  tools,  labor-saving  devices, 
routing  factory  layout,  installation  and  maintenance  of  equipment. 
Now  employed  as  chief  draftsman  in  munition  plant.  Seeks  position 
with  future.     Location  immaterial.     E-182 


EXPERIMENTAL  or  WORKS  ENGINEER,  RESEARCH  EN- 
GINEER, PROFESSOR  OP  MECHANICAL  ENGINEERING.  Expe- 
rienced mechanical  and  civil  engineer,  now  engaged  in  munition  manu- 
facture, open  for  engagement.  Graduate  of  leading  university,  also 
member  S.  A.  E.,  experienced  in  teaching  and  engineering  work  of  all 
kinds.     Would  locate  in  England  or  France.     E-194 

DESIGNING  ENGINEER,  30,  married.  Ten  years'  English  and 
American  experience  in  commercial  trucks,  tractors  and  motor  fire 
apparatus :  exceptional  experience  on  front-wheel-drive  trucks  and 
interchangeable  manufacture.  Associate  Member  M.I.M.E.  Miuimuin 
salary  $2400.     E-195 

MECHANICAL  ENGINEER,  ten  years'  experience  in  coal  and 
power-plant  testing,  and  design  and  use  of  instruments  for  obtaining 
highest  economy.  Desires  position  with  consulting  engineer  or  testing 
department  of  large  operating  company.     E-196 

FUEL  ENGINEER.  Graduate  M.  E.,  28.  Three  and  a  half  years' 
shop  experience.  Three  years  with  anthracite  and  bituminous  coal 
mining  companies  :  mining,  preparation,  sales,  specifications,  contracts, 
laboratory,  and  power  plant  testing.  Experience  with  Federal  Bureau 
of  Mines  and  consulting  engineers.     At  present  employed.     E-197 


MECHANICAL  and  ELECTRICAL  ENGINEER.  Technical  grad- 
uate, 28.  Four  years  in  production  and  engineering ;  engines,  pumps, 
compressors,  motors,  and  generators.  Three  years'  municipal  work, 
electrical  and  gas.     E-183 


COLUMBIA  GRADUATE,  M.  E.,  two  years'  experience  in  produc- 
tion and  inspection  departments,  both  in  shop  and  in  office,  would 
accept  position  near  New  York  City  offering  opportunity  for  advance- 
ment.    Salary  to  start  $1300.     At  present  employed.     E-19S 
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THE  scope  of  the  Engineering  Survey  lias  now  been  ex- 
tended to  include  a  monthly  review  of  progress  and  at- 
tainment in  the  mechanical  engineering  and  related  fields,  in 
accordance  with  plans  developed  by  the  Publication  Com- 
mittee. In  this  number,  issued  at  the  beginning  of  our  par- 
ticipation in  the  great  war,  foremost  attention  is  given  to  the 
agencies  through  which  engineers  are  working  in  cooperation 
with  the  Government  to  bring  the  war  to  a  successful  issue. 
These  are  mainly  comprised  by  the  Naval  Consulting  Board. 
the  National  Research  Council,  the  Advisory  Commission  of 
the  Council  of  National  Defense,  the  Federal  Shipping 
Board,  and  the  National  Advisory  Committee  for  Aero- 
nautics; together  with  the  various  sub-committees  and  boards 
organized  under  the  direction  of  these  major  bodies.  The 
constitution  and  objects  of  these  organizations  are  described, 
as  well  as  some  of  their  most  important  accomplishments  to 
date. 

The  Naval  Consulting  Board 

THE  first  concerted  effort  toward  cooperation  between  the 
Government  and  civilian  engineers  in  this  country  was 
made  in  1915  when  Secretary  Daniels  of  the  United  States 
Navy  Department  invited  eleven  engineering  and  scientific 
societies  to  form  an  advisory  board  of  23  members,  constituting 
the  Naval  Consulting  Board,  headed  by  Thomas  A.  Edison. 
The  American  Society  of  Mechanical  Engineers  was  repre- 
sented on  this  board  by  12  members,  two,  W.  L.  R.  Emmet  and 
Spencer  Miller  representing  it  officially. 

The  Naval  Consulting  Board  resolved  itself  into  committees, 
one  of  which,  headed  by  Howard  E.  Coffin,  Mem.Am.Soc.M.E., 
was  the  Committee  on  Production,  Organization,  Manufacture 
and  Standardization.  This  Committee  formulated  a  plan  for 
a  census  and  classification  of  the  manufacturing  establish- 
ments of  the  country  which  was  effected  through  individual 
and  painstaking  work  by  members  of  the  National  Societies 
of  Civil,  Mining,  Mechanical  and  Electrical  Engineers  and 
the  American  Chemical  Society.  A  director  for  each  State  in 
the  Union  was  appointed  by  each  society,  whose  immediate 
work  was  to  obtain  an  accurate  inventory  of  the  facts  neces- 
sary to  be  known  to  the  Army  and  Navy  about  the  capabilities 
of  our  Nation  to  supply  munitions  in  ease  of  war. 

This  great  work  was  carried  through  successfully  and  the 
returns  received  from  27,000  of  the  larger  plants  showed  most 
impressively  the  almost  unlimited  resources  which  Industrial 
America  is  now  able  to  place  at  the  disposal  of  the  Govern- 
ment for  the  prosecution  of  the  war. 

The  data  collected  by  the  Committee  on  Industrial  Pre- 
paredness of  the  Naval  Consulting  Board  have  been  turned  over 
to  the  Council  of  National  Defense,  where  they  are  at  the  dis- 
posal of  Director  Walter  S.  Gifford,  who  had  charge  of  the 
tabulation  of  the  statistics  as  they  were  accumulated  by  the 
Committee  on  Industrial  Preparedness. 

The  Naval  Consulting  Board  is  now  devoting  its  attention 
mainly  to  passing  judgment  upon  inventions  submitted  to  the 


War  and  Navy  Departments,  so  that  the  Nation  may  not  only 
have  the  advantage  of  the  work  of  its  inventive  citizens,  but 
also  will  be  shielded  from  having  to  consider  worthless  or  un- 
promising inventions.  The  Secretary  of  the  board  is  Thomas 
Robins,  13  Park  Row,  New  York. 


National  Research  Council 

THE  National  Research  Council  of  the  National  Academy 
of  Sciences  was  formed  at  the  request  of  the  President 
of  the  United  States  in  September  1916,  for  the  promotion  and 
furtherance  of  scientific  research.  The  conception  of  the  Na- 
tional Research  Council  is  due  to  Dr.  George  E.  Hale,  Director 
of  Mount  Wilson  Solar  Observatory,  who  has  visited  Europe 
in  order  to  obtain  information  upon  the  steps  that  were  being 
taken  in  England  and  France  in  research  and  in  coordinating 
the  activities  of  scientific  men  for  the  purjjoses  of  war. 

The  officers  of  the  Council  are:  Chairman,  George  E.  Hale; 
First  Vice-Chairman,  Charles  D.  Waleott;  Second  Vice-Chair- 
man,  Gano  Dunn,  Mem.Am.Soc.M.E.;  Secretary,  Cary  T. 
Hutchinson,  Mem.Am.Soc.M.E.,  the  oflBce  of  the  Secretary 
being  in  the  Engineering  Societies  Building,  New  York.  The 
Chairman,  Dr.  Hale,  was  authorized  to  appoint  an  executive 
committee  to  consist  of  ten  members,  in  addition  to  the  Presi- 
dent of  the  National  Academy  of  Sciences,  Dr.  William  H. 
Welch,  the  Chairman  and  the  two  Vice-Chairmen.  Dr.  Hale 
appointed  the  following  members:  J.  J.  Carty,  Russell  H. 
Chittenden,  Edwin  G.  Conklin,  Gano  Dunn,  Mem.Am.Soc.M.E., 
Robert  A.  MiUikan,  Arthur  A.  Noyes,  Raymond  Pearl,  M.  I. 
Pupin,  S.  W.  Stratton,  Mem.Am.Soc.M.E.,  and  Victor  C. 
Vaughan. 

The  work  of  the  Council  has  been  carried  on  by  the  Execu- 
tive Committee,  which  has  held  twelve  meetings,  the  outcome  of 
which  is  principally  the  appointment  of  a  number  of  com- 
mittees to  report  upon  and  organize  research  in  different 
branches  of  science. 

Military  Committee.  First  in  importance  is  the  Military 
Committee  for  governmental  research  requirements,  composed 
of  three  representatives  of  the  Army,  General  Gorgas,  General 
Crozier  and  General  Squier,  the  heads,  respectively,  of  the 
Medical,  Ordnance,  and  Signal  Corps  Departments  of  the 
Government ;  of  four  representatives  of  the  Navy,  Admirals 
Taylor,  Griffin,  and  Earle,  and  Dr.  Gatewood,  the  heads, 
respectively,  of  the  Construction,  Engineering,  Ordnance,  and 
Medical  Departments  of  the  Navy ;  and  of  the  heads  of  certain 
civilian  bureaus  of  the  Government.  This  committee  will 
operate  more  or  less  independently. 

Census  of  Research.  This  committee,  acting  vmder  Dr. 
Stratton,  is  preparing  to  make  a  census  of  all  research  men 
and  materials  in  the  United  States. 

Research  in  Industrial  Institutions.  This  represents  an 
undertaking  of  great  importance,  under  the  direction  of  Mr. 
Carty.  This  committee  expects  to  devise  means  by  which  the 
smaller  industries   can   have   the   advantage   of   scientific   re- 
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search  tlirougb  some  scheme  of  coordination  and  the  employ- 
ment of  some  existing  research  means  for  the  purpose  of 
doing  the  work  itself. 

yitrate  Supply  Committee.  This  committee  is  directed  by 
Dr.  A.  A.  Noyes,  and  it  has  already  done  noteworthy  work.  It 
has  been  asked  to  advise  the  Government  regarding  the  ex- 
penditure of  $20,000,000  that  Congress  has  appropriated  for 
the  purpose  of  providing  a  supply  of  nitrates ;  hence  its  work 
lias  an  immediate  practical  bearing. 

The  personnel  of  an  Engineering  Committee  is  now  being 
completed,  as  explained  in  the  Society  Affairs  section  of  this 
number  in  the  communication  from  Mr.  Gano  Dunn. 

The  Engineering  Foundation,  which  is  administered  under 
the  auspices  of  the  United  Engineering  Society  and  the  na- 
tional Societies  of  Civil,  Mining,  Mechanical  and  Electrical 
Engineers  has  placed  its  funds  at  the  disposal  of  the  National 
Research  Council  for  organization  and  operation  expenses. 

The  National  Research  Council  is  maintaining  close  relations 
with  the  Council  of  National  Defense  in  its  work  and  prep- 
aration for  the  industrial  activity  which  will  accompany  the 
prosecution  of  the  war. 

Council  and  Advisory  Commission  of  National 
Defense 

COINCIDENT  with  the  Naval  Consulting  Board  there  was 
in  process  of  formation  the  Council  of  National  De- 
fense which  was  organized  as  a  result  of  the  act  of  Congress 
of  'August  29,  1916,  "  for  coordination  of  industries  and  re- 
sources for  the  national  security  and  welfare."  It  was  "  to 
consist  of  the  Secretary  of  War,  the  Secretary  of  the  Navy, 
the  Secretary  of  the  Interior,  the  Secretary  of  Agriculture,  the 
Secretary  of  Commerce  ami  the  Secretary  of  Labor." 

The  act  further  provided  for  the  appointment  by  the  Presi- 
dent of  the  United  States  of  an  Advisory  Commission  of  seven 
members  having  "  special  knowledge  of  some  industry,  public 
utility  or  the   development   of  some  natural   resources  or  be 

otherwise    specially    qualiHed "     Two    months    later, 

the  Commission  was  appointed,  as  follows : 

Daniel  AVillard,  President,  Baltimore  and  Ohio  Railroad 

Howard  E.  Coffin,  Mem.Am.Soe.M.E.,  Vice-President,  Hud- 
son ]\Iotor  Car  Company 

Dr.  Hollis  Godfrey,  Mem.Am.Soe.M.E..  President  of  the 
Drexel  Institute 

•lulius  Rosenwald,  President,  Sears.  Roebuck  and  Company 

Samuel  Gompers,  President,  American  Federation  of  Labor 

Bernard  M.  Baruch,  Financier 

Dr.  Franklin  H.  Martin,  Surgeon 

The  members  of  the  Advisory  Commission  serve  in  a  consult- 
ing capacity  without  compensation  and  are  in  practically  con- 
stant attendance  at  Washington. 

The  organization  opens  up  a  new  and  direct  channel  of 
cooperation  between  business  and  scientific  men  and  all  de- 
partments of  the  Government,  and  constitutes  a  rallying  jjoint 
for  civic  bodies  working  for  the  national  defense.  Among 
other  functions  defined  by  President  Wilson  are:  (1)  coordina- 
tion of  all  forms  of  transportation  and  the  development  of 
means  of  transportation  to  meet  the  military,  industrial  and 
commercial  needs  of  the  case,  and  (2)  the  extension  of  the  in- 
dustrial mobilization  work  of  the  Committee  on  Industrial  Pre- 
paredness of  the  Naval  Consulting  Board. 

One  of  the  chief  objects  of  the  Council  is  to  inform  Ameri- 
can manufacturers  as  to  the  part  they  can,  and  must,  play  in 
the  national  emergency.  It  has  established  and  maintained 
through    subordinate    bodies    of    specially    qualified    persons, 


auxiliary  organizations  composed  of  men  of  the  best  creative 
and  administrative  capacity. 

The  constitution  of  tlie  Council  and  Advisory  Commission 
of  National  Defense  is  as  follows : 

THE  COUNCIL 

The  Secretary  of  War,  Chairman;  the  Secretaries  of  the 
Navy,  Interior,  Agriculture,  Commerce  and  Labor. 

THE  .\DVISOUY  COMMISSIO.N 

Headquarters,  Munsey  Building,  AVashington,  D.  C. 

Daniel  Willard,  Chairman ;  and  Messrs.  Baruch,  Coffin,  God- 
frey, Gompers,  Martin,  and  Rosenwald  as  enumerated  above. 

Director  of  the  Council  and  of  the  Advisory  Commission, 
Walter  S.  Gifford. 

Secretary  of  the  Council  and  of  the  Advisory  Commission, 
Grosvenor  B.  Clarkson. 

Chief  Clerk  and  Disbursing  Otfieer,  E.  K.  Ellsworth. 

rOM.MlTTEES 

1  Transportation,  including  railroad  and  motor  transpor- 
tation, and  Communication,  Daniel  AVillard,  Chairman. 

2  Munitions,  Manufacturing,  including  standardization  and 
industrial  relations,  Howard  E.  Coffin,  Chairman. 

3  Raw  Materials,  Minerals  and  Metals,  Bernard  M. 
Baruch,  Chairman.  Sub-Committees :  Oil,  AA^ool,  Steel.  Nickel, 
Copper,  Leather,  Rubber,  Brass  and  Aluminum. 

4  Labor,  including  conservation  of  health  and  welfare  of 
workers,  Samuel  Gompers,  Chairman. 

5  Supplies,  Clothing,  etc.,  Julius  Rosenwald,  Chairman. 
Sub-Committees :  Cotton  Goods,  Woolen  Goods,  Shoes  and 
Leather. 

G  Science  and  Research,  including  engineering  and  educa- 
tion, Dr.  Hollis  Godfrey,  Mem.Am.Soe.M.E.,  Chairman:  Dr. 
Henry  E.  Crampton,  Vice-Cha:rman. 

7  Medicine,  including  general  sanitation.  Dr.  Franklin  H. 
Martin,  Chairman. 

CO-MillTTKES  OF  ADVISOKV  COMMI^SfilOX 

The  Transportation  Committee  mentioned  above  was  or- 
ganized under  the  direction  of  Daniel  AA''illard,  with  the  as- 
sistance of  the  American  Railway  Association  which  met  in 
conference  at  Washington  and  nominated  members  for  the 
committee.  There  are  four  sub-committees  working  with  the 
Department  Commander  in  each  of  the  four  military  divisions 
of  the  country,  to  provide  for  rapid  transportation  of  troops 
and  supplies  in  times  of  emergency.  Anotiier  sub-committee 
has  been  formed  representing  the  leading  telephone  and  tele- 
graph companies  of  the  country,  headed  by  Theodore  A.  A'ail. 
A  Motor  Transport  Committee,  headed  by  Alfred  Reeves.  Gen- 
eral Manager  of  the  National  Automobile  Chamber  of  Com- 
merce, has  been  appointed  for  the  purpose  of  mobilizing  the 
motor  vehicle  resources'  of  the  country  for  emergency  purposes. 

The  Munitions  Manufacturing  Committee,  of  which  Howard 
E.  Coffin,  Mem.Am.Soe.M.E.,  is  Chairman,  supervises  the  work 
of  sub-committees  on  munitions,  and  all  matters  pertaining  to 
the  selection  of  manufacturers  for  the  production  of  muni- 
tions, and  assists  manufacturers  in  getting  out  the  work  prop- 
erly and  -without  delay.  An  aircraft  board  coming  under  the 
general  direction  of  this  committee  is  now  being  formed. 

The  Baw  Materials  Committee  has  been  estimating  the 
amount  of  materials  that  would  be  needed  to  put  an  assumed 
force  of  one  million  men  in  the  field  and  the  provisions  and 
supplies  required  for  each  90  days  of  service.     Sources  of 
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supijly  are  to  be  studied  and  it  is  expected  In  be  able  to  de- 
teriuiue  iii  advance  any  deficiencies  whicii  may  exist  in  the 
resources  of  the  country.  This  committee,  at  the  instance  of 
Mr.  Baruch,  has  secured  action  whereby  copper  will  l)e  sup- 
plied to  the  Government  at  1(3  2-3  cents  per  lb.  and  steel  at 
greatly  reduced  prices. 

Committee  on  Labor.  Mr.  Samuel  Gompers,  as  Chairman, 
is  working-  in  cooperation  with  Mr.  Coflin  whose  committee  is 
charged,  among  other  duties,  with  the  question  of  industrial 
relations  and  proper  method  for  building  up  an  industrial  re- 
serve. Whereas  a  soldier  may  be  made  in  a  few  months,  it 
requires  a  corresponding  number  of  years  to  make  a  skilled 
mechanic.  Mr.  CofBn  has  recently  remarked  that  ''  in  modern 
warfare  the  blood  of  the  soldier  must  be  mingled  with  three 
parts  of  the  sweat  of  the  man  in  the  mills." 

Committee  on  Science  and  Research,  under  the  direction  of 
Dr.  Hollis  Godfrey,  Mem.Am.Soc.M.E.,  has  been  working  out 
a  fundamental  plan  for  education  in  the  higher  institutions  of 
the  country  during  the  period  of  war  which,  however,  is 
primarily  as  a  basis  for  peace.  This  plan  considers,  among 
other  matters,  the  placing  of  emphasis  on  such  branches  of 
engineering  or  other  subjects  as  pertain  to  the  efficient  pro- 
duction of  materials  of  war,  or  to  efficient  work  on  the  part 
of  young  graduates  entering  into  Government  service.  This 
committee,  also,  enlists  the  seiTiee  of  engineers  in  whatever 
capacity  they  may  be  needed  by  the  Council  during  the  period 
of  the  war.  Other  developments  of  this  committee  are  now 
reaching  the  point  of  publication  and  will  be  referred  to  from 
time  to  time. 


SUBCOMMITTEES    AND    BOARDS 

There  have  also  been  various  sub-committees  and  boards 
appointed  by  the  Council  and  Advisory  Commission,  of  which 
the  following  are  of  the  greatest  interest  to  engineers : 

Munitions  Standards  Board,  under  the  general  direction  of 
the  Munitions  and  Manufacturing  Committee,  dealing,  in 
cooperation  with  the  Government,  with  drawings  and  specifi- 
cations, jigs,  fixtures,  etc. ;  Frank  A.  Scott,  Mem.Am.Soc.M.E., 
Vice-President,  The  Warner  and  Swasey  Company,  Cleveland, 
0.,  Chairman.     The  other  members  are: 

William  H.  Van  Dervoort,  Mem.Am.Soc.J\I.E.,  President, 
Moline  Automobile  Company,  Moline,  111. 

Edward  A.  Deeds,  Mem.Am.Soc.M.E.,  President,  The  Day- 
ton Engineering  Laboratory  Company,  Dayton,  0. 

Francis  C.  Pratt,  Mem.Am.Soc.M.E.,  Assistant  to  President, 
General  Electric  Company,  Schenectady,  N.  Y. 

Samuel  M.  Vauclain,  Mem.Am.Soc.M.E.,  Vice-President, 
The  Baldwin  Locomotive  Works,  Philadelphia,  Pa. 

John  E.  Otterson,  Mem.Am.Soc.M.E.,  Vice-President,  Win- 
chester Repeating  Arms  Company,  New  Haven,  Conn. 

This  Board,  w-ith  other  agencies,  is  bringing  to  the  War  and 
Navy  Departments  the  knowledge  acquired  by  the  manufac- 
turers of  the  country  in  making  munitions  for  foreign  govern- 
ments, and  other  expert  knowledge  regarding  the  requirements 
for  quantity  production  which  is  essential  in  the  preparation 
of  the  proper  drawings  and  specifications  by  the  War  Dejiart- 
ment.  It  is  adapting  peace-time  standards  to  war-time  condi- 
tions and  endeavoring  to  avoid  the  difficulties  of  production 
which  were  encountered  at  the  outset  by  the  Allies.  At  that 
time  Germany  was  the  only  country  which  had  the  methods  of 
manufacture  carefully  worked  out  in  detail.  The  experience 
of  the  belligerent  countries  in  these  matters  is  invaluable. 

An  important  sub-committee  of  this  board  relates  to  small 


arms  and  ammunition,  of  whicli  J.  E.  Otterson  is  Chairman. 
Like  the  larger  committee,  this  one  is  endeavoring  to  coordi- 
nate the  ideas  of  manufacturers  and  of  the  Government  and 
to  standardize  materials  and  design  as  far  as  practicable  under 
the  existing  emergency  conditions.  Consideration  is  being 
given  to  the  use  of  manufacturing  facilities  as  they  now  exist, 
as  a  result  of  the  orders  placed  by  foreign  governments,  in 
order  to  render  the  promptest  service  possible. 

It  is  expected  that  the  Government  will  accept  foreign 
designs  in  some  instances  at  least,  in  order  to  bring  about 
prompt  delivery  through  the  utilization  of  equipment,  jigs, 
fixtures,  etc.,  that  are  already  in  existence  and  in  working 
order.  Where  designs  can  be  changed  to  conform  to  United 
States  Government  standards  without  causing  material  delay  in 
delivery,  this  will  probably  be  done.  In  the  case  of  rifles,  a 
foreign  design  has  been  proposed ;  but  in  the  case  of  cartridges, 
it  is  likely  that  the  Government  will  require  the  United  States 
Government  cartridge. 

General  Munitions  Board.  Following  the  appointment  of 
the  Munitions  Standards  Board,  there  was  formed  a  General 
Munitions  Board  headed  by  Frank  A.  Scott,  Mem.Am.Soc. 
M.E.,  and  comprising  in  its  membership  seven  representatives 
of  the  Army,  eight  of  the  Navy,  besides  Messrs.  Baruch.  Collhi, 
Rosenwald  and  Martin  of  the  Advisory  Commission.  The  Sec- 
retary is  Chester  C.  Bolton.  The  officers  serving  on  the  Board 
were  designated  by  the  chiefs  of  the  several  departments  and 
bureaus,  under  authority  of  the  Secretaries  of  War  and  of  the 
Navy. 

The  purpose  of  the  board  is  to  assume  the  prompt  equip- 
ping and  arming  of  whatever  forces  may  be  called  into  the 
service  of  the  country  with  the  least  possible  disarrangement 
of  normal  industrial  conditions.  Its  immediate  efforts  will  be 
directed  toward  coordinating  the  making  of  purchases  by  the 
Army  and  Navy,  to  assist  in  the  acquirement  of  raw  material 
and  manufacturing  facilities  and  to  establish  the  precedence  of 
orders ;  but  it  is  not  intended  that  the  board  shall  have  author- 
ity to  issue  purchase  orders  or  to  bind  the  Government  in  con- 
tracts for  purchase. 

Commercial  Economi/  Board,  of  which  A.  W.  Shaw,  Presi- 
dent of  A.  W.  Shaw  Company,  is  Chairman,  and  Dr.  Hollis 
Godfrey,  Chairman  of  the  Committee  on  Science  and  Research, 
is  a  member.  This  board  is  designed  to  meet  in  advance  prob- 
lems of  war-time  distribution  and  to  bring  business  men  to- 
gether in  a  scheme  of  voluntary  cooperation  to  eliminate  waste 
by  adopting  commercially  efficient  methods:  In  short,  to 
nationalize  distribution. 

Food  Board,  the  Chairman  of  which  is  Herbert  C.  Hoover. 
Mining  Engineer  and  head  of  the  American  Commission  for 
Relief  in  Belgium.  At  the  time  of  his  appointment,  Mr. 
Hoover  sent  from  abroad,  by  Associated  Press,  a  strong  state- 
ment of  the  needs  and  opportunities  of  such  a  board.  He  has 
instituted  an  inquiry  abroad  into  the  methods  used  to  control 
prices  and  for  the  ehmination  of  speculation.  From  the  fact 
that  America  must  become  the  food  source  for  a  large  part  of 
the  world's  population,  he  proposes  that  the  Food  Board  shall 
take  such  guiding  action  as  may  be  necessary  to  increase  the 
production  of  food,  to  conserve  as  well  as  to  increase  farm 
labor,  to  instill  a  willingness  for  the  elimination  of  waste,  to 
control  the  exportation  of  food  and  to  prevent  speculation  or 
undue  profits. 

SIGNIFICANCE  OP  THE  ADVISORY  COMMISSION 

The  importance  of  the  work  which  the  Advisory  Commission 
is  accomplishing  in  this  crisis  in  the  Nation's  history  is  per- 
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baps  not  fully  realized  by  the  engineeriug  public.  Legally,  the 
Advisory  Commission  has  no  executive  power;  in  point  of  fact 
it  has  at  its  command  information  to  supply  the  Nation  with 
the  same  service  that  is  rendered  to  the  British  nation  by  the 
representative  business  men  appointed  by  Mr.  Lloyd-George's 
cabinet  for  the  war  reorganization  of  the  British  industries. 
While  Mr.  Willard,  the  Chairman  of  the  Advisory  Commis- 
sion, is  not  the  equivalent  of  the  British  Minister  of  Muni- 
tions, the  service  which  he  is  rendering  in  the  capacity  of 
chairman  is  entirely  comparable  to  that  of  the  British  min- 
ister, save  the  legal  authorization  to  enforce  his  recommenda- 
tions. The  plan  is  American  in  its  conception  and  administra- 
tion. It  is  believed  that  as  the  duties  of  the  commission  are 
now  organized  no  additional  cabinet  positions  will  be  required 
in  the  conduct  of  the  war,  since,  by  informal  extension  of  the 
power  granted  to  Mr.  Willard  and  his  colleagues,  as  occasion 
may  demand,  the  growing  activities  of  the  Government  will 
be  amply  jjrovided  for. 


Soc.M.E.,  Professor  at  Columbia  University,  is  a  volume  of 
552  pages,  probably  the  most  complete  and  exhaustive  study 
of  carburetor  design  and  performances  available  in  any 
language. 

Since  the  formation  of  the  National  Advisorv'  Committee  it 
has  acted  as  the  central  source  of  information  and  research, 
as  well  as  the  clearing-house  on  all  work  on  aviation  carried 
on  by  the  Government.  In  addition  it  has  done  valuable  work 
in  bringing  together  manufacturers  of  aircraft  and  accessories 
and  officials  of  the  Government  interested  in  the  progress  of 
aviation.  These  conferences  have  been  of  great  value  in  clear- 
ing up  the  ideas  of  all  concerned. 

The  Advisory  Committee  has  also  done  yeoman  service  in 
developing  aviation  in  connection  with  the  work  of  the  Post 
Office  and  Treasury  Departments.  At  present  it  is  actively 
collaborating  with  the  War  and  Navy  Departments  and  the 
Council  of  National  Defense. 


National  Advisory  Committee  for  Aeronautics 

ANOTHER  important  board  is  the  National  Advisory 
Committee  for  Aeronautics,  organized  under  Act  of  Con- 
gress of  March  3,  1915,  from  representatives  of  Govei-nment 
departments  and  exjjert  engineers  and  scientists  nominated  by 
the  President. 

The  board  as  at  present  composed  consists  of  the  Secretary 
of  the  Smithsonian  Institution,  Dr.  Charles  D.  Walcott;  the 
Director  of  the  Bureau  of  Standards,  Dr.  S.  W.  Stratton, 
Mem.Am.Soc.M.E.;  the  Chief  of  the  Weather  Bureau,  Prof. 
Charles  T.  Marvin ;  two  officers  of  the  Navy,  two  officers  of  the 
Army,  and  an  officer  of  the  Treasury  Department.  These  rep- 
resentatives of  Government  bureaus  are  supplemented  by  four 
scientists  at  large,  namely,  Prof.  Michael  I.  Pupin,  of  Colum- 
bia University;  Prof.  Joseph  S.  Ames,  of  Johns  Hopkins  Uni- 
versity; Prof.  John  F.  Hayford,  of  Northwestern  University, 
and  Prof.  William  F.  Durand,  Mem.Am.Soc.M.E.,  of  Leland 
Stanford  Junior  University,  Chairman. 

Shortly  after  its  organization  the  National  Advisory  Com- 
mittee entered  into  an  arrangement  with  various  industrial 
companies  specializing  in  aeronautical  supplies  and  with  sev- 
eral universities  to  conduct  investigations  on  various  matters 
of  importance  in  the  new  art.  Thus  an  investigation  on  pitot 
tubes  was  entrusted  to  the  Bureau  of  Standards,  and  the 
Weather  Bureau  was  commissioned  to  undertake  the  prepara- 
tion of  a  report  on  the  jjroblem  of  atmospheric  conditions  in 
relation  to  areonautics. 

The  John  A.  Roebling  Sons  Co.  undertook  an  investigation 
of  aviation  wires  and  cables.  The  Goodyear  Tire  and  Rubber 
Co.  was  asked  to  investigate  the  relative  worth  of  improved 
fabrics,  and  the  United  States  Rubber  Co.  the  allied  subject  of 
balloon  and  aeroplane  fabrics. 

At  Leland  Stanford  Junior  University  an  aeronautics  labo- 
ratory was  equipped  and  extended  experiments  are  under  way 
on  the  performance  of  different  designs  of  propellers.  Finally, 
Columbia  University  was  given  the  difficult  and  important  sub- 
ject of  thermodynamic  efficiency  of  present  tj-pes  of  internal 
combustion  engines. 

The  reports  of  the  advisory  committee  as  a  whole,  and  the 
various  organizations  entrusted  with  special  investigations,  in 
so  far  as  they  have  been  published,  represent  contributions  to 
the  science  of  aviation  of  the  greatest  value.  Thus,  Report  No. 
11,  entitled  A  Preliminary  Study  of  the  State  of  the  Art  of 
Carburetor  Design,  prepared  by  Charles  E.  Lucke,  Mem.Am. 


Federal  Shipping  Board 

OF  the  civilian  organizations,  other  than  those  already  men- 
tioned, which  are  rendering  expert  service  to  the  Gov- 
ernment, the  most  important  and  far-reaching  in  its  pro  cable 
effect  on  the  war  is  the  Federal  Shipping  Board.  This  board 
was  organized  as  a  result  of  the  Ship  Purchase  Bill  of  August 
1916,  and  the  names  of  its  members  were  sent  to  the  Senate  by 
President  Wilson  in  December  1916.  William  Denman,  Mer- 
chants' Exchange  Building,  San  Francisco,  is  the  chairman 
of  the  board. 

As  very  fully  announced  in  the  daily  press,  plans  are  being 
completed  for  the  construction  of  wooden  cargo  vessels  on  a 
gigantic  scale,  to  be  leased  to  citizens  of  the  LTnited  States  for 
operation  in  foreign  ti'ade. 

On  April  17  the  United  States  Shipping  Board  Emergency 
Fleet  Corporation  was  chartered  in  the  District  of  Columbia, 
with  a  capital  stock  of  $50,000,000,  the  amount  authorized  by 
Congress  for  the  Shipping  Board  to  spend  on  ships.  It  is  now 
announced  that  a  bill  will  be  introduced  into  Congress  to  in- 
crease the  capital  stock  to  $225,000,000. 

Major  General  Goethals,  at  the  direction  of  President  Wil- 
son, has  agreed  to  supervise  the  building  of  the  ships,  and  in 
view  of  the  national  caU  upon  his  services  has  been  released 
by  Governor  Edge  of  New  Jersey  from  his  contract  to  super- 
vise the  $15,000,000  expenditure  for  reconstructing  the  high- 
ways of  that  State. 

The  wooden  ships  are  to  be  of  2000  to  3500  tons  displace- 
ment and  will  probably  be  equipped  for  oil  burning.  The 
ships  and  engines  will  be  standardized  as  far  as  possible,  and 
the  boats  will  carry  a  crew  of  about  thirty ,  men,  will  be 
equipped  with  wireless,  and  armed  for  protection  against  sub- 
marines. 

It  is  expected  that  the  first  of  the  vessels  will  be  ready  in 
about  six  months.  The  Shipping  Board  estimates  that  150,000 
men  will  be  needed  to  complete  the  building  program  in  the 
time  determined  on,  and  upward  of  100  private  plants  will  be 
engaged. 

As  The  Journal  goes  to  press  announcement  is  made  of  a 
newly -created  ShipjDing  Committee  of  the  Council  of  National 
Defense,  with  William  Denman,  chairman  of  the  Shipping 
Board,  at  its  head.  This  committee  will  work  in  cooperation 
with  the  Transportation  Committee  to  facilitate  transportation 
by  rail  wherever  it  seems  wise  to  transfer  coastwise  vessels  to 
trans-Atlantic  service. 
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Opening  of  Hell  Gate  Bridge 

THE  engineering  event  of  the  month,  from  the  stand- 
point of  transportation,  was  the  opening  to  traffic  on 
April  1  of  the  Hell  Gate  bridge,  the  masterpiece  of  Dr.  Gustav 
Lindenthal,  chief  engineer,  which  forms  the  final  link  of  the 


the  collaboration  between  its  designer  and  the  architect,  Henry 
Hornbostel.  The  following  data  are  from  the  Engineering 
News : 

Span,  1,016  ft.  10  in.  between  tower  faces;  995  ft.   1%  in.  be- 
tween centers  of  bearings. 

.\rch.   height  from  center  to  end  hinges  to  center  of  top  chord. 


The  Gre.4t  ARfH  of  the  Hell  Gate  Bridge.    In  the  Back  ground  is  Seen  the  Long  Approach  on  the  New  York  Side 


New  York  Connecting  Railroad  between  the  New  York,  New 
Haven  and  Hartford  and  the  Pennsylvania  systems. 

For  years  New  York  City  may  be  considered  to  have  been 
the  dividing  point  in  the  railway  lines  radiating  from  it  in  aU 
directions.  Both  passengers  and  merchandise  arriving  in 
New  York  from  the  South  or  West  had  to  be  transferred  in 
order  to  go  East  and  North. 

The  building  of  the  Pennsylvania  Station  on  Manhattan  and 
the  construction  of  the  timnel  under  the  East  River  to  connect 
with  the  Long  Island  Railroad  was  the  first  step  in  the  project 
for  through  trains  and  to  reduce  the  ferry  distance  for  the 
transshipment  of  freight  at  New  York. 

The  course  of  the  New  York  Connecting  Raih-oad  is  indi- 
cated on  the  map.  At  142d  Street  in  the  Bronx  the  line  leaves 
the  N.  Y.,  N.  H.  &  H.  R.  R.  tracks,  spans  one  after  another 
the  Bronx  Kill  and  Little  Hell  Gate,  and  crosses  Randall's 
Island  and  AVard's  Island  to  the  west  shore  of  the  East  River, 
after  a  sweeping  curve  on  the  way.  From  the  east  shore  of 
the  East  River  the  Connecting  Railroad  continues  through 
Long  Island  City  and  then  turns  to  the  west,  joining  the  Penn- 
sylvania tracks  at  the  Sunnyside  yard.  While  passenger  trains 
pass  through  the  tunnels  and  under  Manhattan  en  route  to 
the  West  or  East,  freight  is  to  go  by  belt  line  around  Brooklyn 
to  Bay  Ridge  on  New  York  Bay,  convenient  of  access  by  car 
ferry  from  the  Pennsj'lvania  terminal  at  Greenville,  N.  J. 

The  bridge  and  viaduct  portions  of  the  line  from  142d  Street 
in  the  Bronx  to  Sunnyside  yard  on  Long  Island  was  a  difficult 
part  of  the  construction.  Three  miles  of  it  consist  of  steel 
spans  on  concrete  piers,  with  one  mile  in  fill,  retained  between 
high  concrete  walls  held  together  by  tie  rods. 

Apart  from  its  importance  as  a  traffic  medium  the  Hell 
Gate  bridge  is  also  a  remarkable  engineering  construction,  if 
only  because  it  has  the  longest  and  heaviest  steel  arch  in  the 
world.    It  is  remarkable  also  for  its  beauty  of  outUne,  due  to 


Map  op  the  New  York  Connecting  Railkoad 
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140  ft.  at  ends  ;  2(>U  ft.  at  couter.  Height  to  ceuter  of  lower  chord, 
220  ft.  Greatest  height  above  mean  high  water,  310  ft.  Clearance 
above  mean  high  water,  240  ft. 

Towers,  height  above  ground,  240  ft. 

Width,  93  ft.  between  centers  of  railings ;  00  ft.  between  centers 
of  trusses. 

Bottom  chord,  Oio  ft.  wide,  11^/^  ft.  deep  at  ends.  ~\i>  ft.  deep 
at  center;   maximum  section,  1,384  sq.  iu. 

Heaviest  single  piece,  185  tons  (shipping  weight  150  tons). 

Load,  the  arch  carries  four  tracks  on  ballasted  concrete  floor ; 
total  dead-load,  52,000  lb.  per  lin.  ft.  of  bridge ;  assumed  live-load, 
E-60  on  each  truck. 

Of  unusual  interest  to  mechanical  men  are  the  machine 
shop  problems  that  were  encountered  because  of  the  unusual 
size  and  weight  of  the  bridge  members.  All  holes  and  field 
connections  were  drilled  to  match  before  shipping,  an  under- 
taking of  extreme  nicety.  The  chord  joints  are  polygonal- 
faced  to  secure  uniform  stress  distribution  and  were  planed. 
This  necessitated  having  the  roof  of  the  planer  house  remov- 
able in  order  to  handle  the  chords,  for  which  latter  purpose 
a  185-ton  gantry  crane  was  built. 

N.Y.  State  Barge  Canal  to  be  Opened 

BV  courtesy  of  Frank  M.  WiUiams,  State  Engineer,  State 
of  New  York,  the  following  data  are  published  on  the 
New  York  State  Barge  Canal,  which  will  be  opened  on  May  15 
for  through  navigation  between  tidewater  at  Troy  to  Whitehall 
on  Lake  Champlain.  The  entire  canal  will  be  opened  in  May 
1918,  at  which  time  through  navigation  wUl  be  available  on  the 
new  channel  between  Troy  and  Tonawanda,  where  the  Niagara 
River  is  entered  and  followed  to  Buffalo  on  Lake  Erie.  This 
summer,  however,  boats  using  the  Erie  will  follow  the  new 
channel  to  a  point  north  of  Syracuse  where  the  Oswego  branch 
is  encountered,  and  from  there  on  to  a  point  west  of  Rochester 
will  have  to  use  the  old  canal  at  places  owing  to  the  incom- 
pleted condition  of  the  new  channel.  From  Rochester  on  to 
Tonawanda  the  canal  is  completed. 

Regardless  of  this  feature,  however,  one  boat  line  has 
awarded  contracts  calling  for  the  construction  of  eight  self- 
propelled  barges  each  150  ft.  long  and  22  ft.  wide  with  a 
draft  of  61/^  ft.  and  a  capacity  of  upwards  of  600  tons.  These 
barges  are  to  be  completed  in  1918  and  will  be  of  steel  con- 
struction with  a  wood  lining  which  is  calculated  to  protect 
the  cargoes  from  heat.  They  will  be  driven  by  semi-Diesel 
fuel-oil  engines. 

Foremost  among  the  various  structures  on  the  canal  are  the 
locks.  These  are  all  constructed  of  concrete  and  are  operated 
by  electricity  which  is  generated  at  hydroelectric  stations  or 
gasoline-electric  plants  which  are  located  on  the  various  locks. 
A  notable  lock  is  that  located  at  Oswego.  This  has  a  lift  of 
25  ft.  and  utilizes  the  siphon  principle.  It  is  the  largest  lock 
of  this  type  in  the  world  and  the  first  to  be  constructed  in  this 
country.  Four  other  locks  of  considerable  note  are  those 
located  at  Lockport  and  Seneca  Falls,  there  being  a  flight  of 
two  at  each  place,  with  a  combined  lift  of  each  flight  of  48 
ft.  The  New  York  State  Barge  Canal  has  cost  the  State 
$150,000,000.00  to  construct. 

Curtis  Bay  Coal  Pier  at  Baltimore 

THE  new  export  coal  pier  of  the  Baltimore  and  Ohio  Rail- 
road at  Curtis  Bay,  Baltimore  Harbor,  said  to  be  the 
largest  in  the  world,  has  a  handling  capacity  of  12,000,000  tons 
a  year,  or  a  maximum  of  7000  tons  an  hour,  and  is  the  first  of 
its  type.  At  the  land  end  are  two  car  dumpers,  and  on  a  con- 
crete deck  8  ft.  above  mean  tide  are  four  loading  towers  and 


two  trimming  towers,  to  which  coal  is  delivered  by  belt  con- 
veyors from  receiving  hoppers  at  the  car  dumpers  or  from  the 
balancing  bin  interposed  between  the  dumpers  and  the  piers. 

The  tracks  leading  to  the  dumpers  are  on  a  descending  grade, 
the  cars  running  to  the  barney  pit  by  gravity.  The  barney 
pushes  the  cars  up  the  10  per  cent  grade  to  the  cradle  of  the 
car  dumpers,  where  each,  after  being  clamped,  is  turned  upside 
down,  delivering  its  contents  to  a  counterweighted  apron,  which 
is  raised  when  a  ear  is  being  dumped,  in  order  to  minimize 
breakage.  Each  ear  dumper  has  three  60-in.  belts  with  a  capac- 
ity of  2000  tons  an  hour  when  traveling  500  ft.  per  min. 

Each  loading  tower  is  equipped  with  a  cage  supporting  a 
shuttle  ram,  and  this  cage  may  be  raised  or  lowered  to  suit 
the  height  of  the  vessel  being  loaded,  thus  providing  a  further 
precaution  against  the  breaking  of  the  coal.  The  apparatus 
will  load  a  hatch  imiformly  and  reduce  trimming  to  a  mini- 
mum. 

The  two  trimming  towers,  located  on  either  side  of  the  pier, 
have  belts  48  in.  wide  with  a  capacity  of  1500  tons  an  hour 
when  the  speed  is  500  ft.  per  min.  Coal  for  these  belts  is 
taken  from  the  balancing  bin.  The  trimming  towers  have 
48-ft.  swinging  booms  and  are  used  for  loading  the  bunker  coal 
and  also  for  finishing  the  slow  work  on  a  vessel,  thereby  re- 
leasing the  loading  towers  for  work  on  another  vessel. 

The  functions  of  the  tower  are  interlocked  and  controlled 
electrically,  with  push  buttons  located  every  20  ft.  on  each 
belt-conveyor  rmiway,  and  by  pushing  a  button  all  movable 
parts  of  the  belt,  tower,  and  feeding  are  stopped.  The  opera- 
tors are  located  in  houses  on  the  shuttles.  The  master  control 
of  the  pier  is  located  in  the  superintendent's  office,  enabling 
him  to  establish  the  maximum  speed  at  which  the  belts  are  run. 

The  installation  described  here  is  interesting  not  only  be- 
cause of  its  large  capacity  and  low  drop,  but  also  because  it 
is  the  first  attempt  on  such  a  large  scale  in  this  country  at 
coal  loading  by  mechanical  means  rather  than  gravity.  (Rail- 
ivay  Review,  March  24,  1917.) 

Huge  Canadian  Air  Camp 

BEFORE  summer,  Canada  will  have  a  $5,000,000  aviation 
camp  located  at  Camp  Borden,  north  of  Toronto,  as 
reported  by  Flying,  April,  1917.  It  will  be  the  largest  perma- 
nent establishment  of  its  kind  on  this  continent.  Fifteen  con- 
crete sheds  120  by  66  ft.,  lighted  and  heated  by  electricity,  are 
now  being  finished,  and  when  the  barracks  are  done,  the  camp 
wiU  accommodate  about  2000  men.  This  camp  represents  the 
first  step  taken  by  the  Canadian  Government  in  establishing  its 
permanent  air  defenses,  for  which  $80,000,000  are  to  be  spent. 
Hitherto  the  greater  number  of  aviators  have  been  trained 
at  Valeartier,  but  this  camp  will  soon  be  given  up  for  this 
kind  of  work,  on  account  of  the  short  season  there,  with  its 
great  amount  of  snow. 

There  will  be  160  experienced  military  aviators  constantly 
on  duty  at  Camp  Borden,  either  trained  by  the  experts  of 
the  Curtiss  Company,  or  selected  from  the  600  Canadian  air- 
men now  in  ser^'ice  on  the  battle  fronts  of  Europe.  These 
600  men  form  an  available  reserve  of  pilots,  wlio  liave  heard 
the  shrapnel  swish  by  them  in  actual  battle,  and  know  every 
detail  of  organization,  as  well  as  the  work  to  be  done  in  the 
air.  Plans  include  training  5000  aviators,  but  it  is  not  ex- 
pected that  the  training  of  more  than  2000  will  be  finished 
this  year.  As  soon  as  pilots  are  graduated  from  the  school 
they  will  be  assigned  to  permanent  camps,  which  will  be 
scattered  all  over  Canada.  The  localities  of  these  camps,  ex- 
cept Camp  Borden,  have  not  been  announced. 
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Electric  Propulsion  on  Battleships 

THE  recent  decision  to  build  battleships  of  the  largest  size 
with  electric  drive  lends  interest  to  the  battleship  Cali- 
fornia, of  this  general  type,  under  construction  at  the  New 
York  Navy  Yard.  Her  displacement  is  32,000  tons  and  her 
maximum  speed  is  to  be  about  22  knots,  requiring  about  37.00(1 
shaft  hp. 

The  equipment  will  consist  of  two  turbine-driven  generating 
units,  four  propelling  motors,  one  for  each  shaft,  two  turbine- 
driven  exciting  units,  and  a  complete  e<]uipment  of  condensing 
auxiliaries  and  ventilating  blowers,  all  driven  b.y  motors  from 
the  exciting  units. 

The  generators  for  tlie  California  are  bipolar  alternators, 
and  the  motors  are  arranged  to  he  connected  either  for  24 
poles  or  36  poles.  For  economic  cruising  only  one  generator 
will  be  used,  with  motors  on  36-pole  connection.  For  higher 
speeds  the  24-pole  connection  will  be  used. 

Speed  variation  with  either  motor  connection  will  be 
effected  by  change  of  turbine  speeds  through  variable  speed 
governors.  This  arrangement  has  been  used  in  the  Jupiter  and 
entirely  prevents  racing. 

Each  of  the  auxiliary  units  is  of  300  kw.  capacity  and  a 
240-volt  direct-current  generator  geared  to  a  high-speed  non- 
condensing  turbine.  These  turbines  exhaust  into  the  heaters, 
or  main  turbines,  or  both. 

The  steam  consumptiun  guaranteed  on  the  California  covers 
the  total  steam  required  for  the  main  turbines  and  engine- 
room  auxiliaries,  at  250  lb.  gage  pressure,  dry  steam.  The 
guaranteed  water  rates  per  hp.  delivered  to  the  propeller 
shaft  vary  from  14.6  lb.  at  10  knots  to  11.1  lb.  at  19  knots. 

W.  L.  R.  Emmet,  Mem.Am.Soc.M.E.,  in  a  paper  read  before 
the  Society  of  Naval  Architects  and  Marine  Engineers  in 
November  1915,  gave  the  following  comparison  of  steam 
consumption  per  effective  hp.  between  the  California  as  guar- 
anteed, the  Florida  and  Utah,  which  are  driven  by  Parsons 
turbines,  and  the  Delaware,  which  is  driven  by  reciprocating 
engines. 

POUNDS    OF    STEA>r    TO    MAIN"    EXrilXE.S    PEE    HOUR   PEE    E.    HP. 

Prop,  speed 
12  knots     1.5  knots     19  knots     21  knots     21  knots 

Florida    31.S  24.0  23.0  328 

Utah    28.7  20.3:  21.0  323 

Delaware    22.0  18.7  21.0  122 

Standardization  of  Army  Trucks 

THE  Society  of  Automotive  Engineers  points  out  the  vital 
importance  of  military  motor  transportation  of  troops 
and  supplies.  Tens  of  thousands  of  trucks  will  be  needed  for 
the  armies  now  being  organized  in  this  country,  and  specifica- 
tions covering,  important  features  of  design  and  construction 
have  been  issued  by  the  War  Department  and  are  appended 
to  this  note. 

The  standard  truck  is  one  of  great  capabilities,  having  a 
very  low  gear  reduction  and  a  large  engine.  Particular  stress 
is  laid  on  the  inclusion  of  a  four-speed  transmission  and  on 
provision  for  adequate  ground  clearance,  making  possible  ne- 
gotiation of  the  roughest  ground  on  which  the  trucks  will 
travel.  Demountable  tires  are  considered  essential  owing  to 
operations  at  points  far  distant  from  supply  depots.  Large 
gasoline  tanks  will  be  installed.  Other  items  of  interest  are 
electric  lighting,  three-point  engine  suspension,  locking  differ- 
ential, and  large  power-plant  cooling  capacity.  Particular 
attention  has  been  given  to  the  spring  suspension  and  the  de- 


tails of  body  construction.  The  gage  of  the  wheels  will  be 
uniform.  There  is  no  doubt  that  tnicks  of  different  capacities 
excellently  suited  to  the  i)urpose  of  the  Government  have  been 
specified.  The  Quartermaster  and  other  corps  of  the  War 
Department  deserve  great  credit  for  this  result. 

The  following  are  the  principal  features  of  the  new  truck: 

Four-cylinder  engine.  312  cu.  in.  piston  displacement. 

Poppet   valves  only. 

Pressure  lubrication. 

Disk  clutch. 

Four  speed  transmission  with  low  gear  ratio  of  at  least  40 
to  1. 

Preferably  worm  final  drive. 

Highest  possible  clearance,  minimum  at  center  about  14  in. 

Some  form  of  locking  differential  acting  automatically  to  pre- 
vent wheel  spinning. 

Electric  lighting  equipment. 

Radiator  about  twice  the  size  normally  used. 

36  by  4-in.  tires,  must  tic  demountable. 

Interchangeability  of  radiators,  gasoline  tanks,  and  body- 
attaching  devices  are  points,  and  the  qualities  of  materials 
that  must  be  used  are  specified,  most  strongly  for  such  vital 
parts  as  the  springs. 


Submarine  Chasers 

INFORMATION  has  been  variously  published  regarding  the 
awarding  of  contracts  by  the  Government  for  110-ft.  sub- 
marine chasers.  The  following  specifications  are  condensed 
from  an  article  to  appear  in  The  Rudder  for  May : 

Contracts  for  the  building  of  345  of  the  110-ft.  submarine 
chasers  have  been  awarded  by  the  Navy  Department.  Of 
these  210  are  to  be  built  in  private  yards  and  the  remainder  in 
the  Navy  Yards.  The  Navy  Yard  in  Brooklyn  has  started 
work  and  will  have  the  first  of  this  fleet  ready  by  June  1. 
Nine  more  are  to  be  completed  by  July  1,  and  after  that  ten 
are  to  be  finished  each  month  until  the  sixty  are  finished  by 
December.  The  New  Orleans  Navy  Yard  is  to  build  six,  one 
a  month  after  July  1 ;  the  Charleston  Navy  Yard,  eight ;  the 
Norfolk  Navy  Yard,  twenty-one;  the  Mare  Island  Navy  Yard 
in  California,  fifteen,  and  the  Puget  Sound  Navy  Yard, 
twenty-five.  These  boats  are  to  be  built  of  wood,  of  15-ft. 
beam  and  4  ft.  6  in.  draft. 

The  total  cost  of  the  210  boats  to  be  built  outside  the  Govern- 
ment yards  will  be  $10,741,063  and  the  average  price  of  each 
boat  so  built  is  $51,100.  The  cost  of  engines,  wireless,  guns, 
fittings,  etc.,  will  be  extra. 

It  was  first  planned  to  have  the  boats  fitted  with  two  slow- 
turning  gasoline  engines  of  300  hp.  each,  giving  a  speed  of 
18  knots,  but  no  engines  of  this  type  were  available  and  it 
was  decided  to  use  three  Standard  Motor  Construction  Com- 
pany's engines  of  200  hp.  each,  and  an  8-hp.  engine  for 
auxiliaries. 

It  is  anticipated  by  builders  that  contracts  may  later  be 
placed  for  boats  of  80-ft.  length,  similar  to  those  built  in 
this  coimtry  by  the  Elco  Company,  which  recently  completed 
an  order  for  550  for  the  British  Government  in  the  record 
time  of  550  days.  While  boats  of  this  length  are  undoubtedly 
less  seaworthy  than  larger  boats,  reports  of  officers  who  have 
had  charge  of  them  in  actual  service  praise  highly  their  sea- 
going qualities.  A  marked  advantage  of  the  smaller  size  is 
the  possibility  of  rapid  production.  In  a  boat  up  to  80  ft.  in 
length,  the  great  majority  of  parts  can  be  handled  by  man- 
ual labor  without  the  aid  of  cranes.  In  the  construction  of 
boats  of  larger  size,  a  considerably  larger  number  of  elements 
must  be  handled  by  cranes,  which  materially  retards  pro- 
duction. 
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Inasmuch  as  the  nominal  output  in  this  country  of  large 
marine  gasoline  or  oil  engines  probably  does  not  exceed  250 
a  year,  the  question  has  been  raised  as  to  whether  manufac- 
turers of  engines  can  keep  pace  with  the  construction  of  hulls 
for  the  submarine  chasers,  if  put  out  in  large  numbers.  The 
Journal  has  made  mquiry  regarding  this  among  builders  of 
such  engines,  who  maintain  that  they  will  be  able  to  meet 
probable  demands.  Estimates  are  more  or  less  futile,  be- 
cause it  cannot  be  predicted  what  will  be  the  labor  conditions 
or  the  possibility  of  procuring  machine  tools.  The  Eleo  Com- 
pany had  1100  engines  constructed  for  it  in  less  than  two  years 
time. 

The  Engineering  News  Record 

The  consolidation  of  the  Engineering  News  and  the  Engi- 
neering Record  as  a  result  of  the  merging  of  the  Hill  Pub- 
lishing Company  and  the  McGraw  Publishing  Company, 
brings  together  into  one  influential  publication,  two  of  the 
oldest  technical  periodicals.  The  combined  "  Engineering 
News-Record  "  appeared  on  the  5th  of  April. 

The  Engineering  News  was  founded  in  1874  when  George  H. 
Frost  published  the  first  copy  of  the  Engineer  and  Surveyor. 
The  next  year  the  name  was  changed  to  the  Engineering  News. 
Prominent  names  successively  associated  with  the  journal  are 
D.  McN.  Stauffer,  Arthur  Mellen  Wellington,  and  in  1895 
Charles  Whiting  Baker,  who  has  since  been  its  editor  and  is 
now  the  editor-in-chief  of  the  Engineering  News-Record.  In 
later  years,  Mr.  Frost  repurchased  a  two-thirds'  interest  in 
the  paper  and  in  1911  sold  the  journal  to  the  Hill  Publishing 
Company. 

While  the  Engineering  News  has  always  been  a  paper  de- 
voted to  civil  engineering,  the  Record  until  recent  years  has 
been  more  in  the  field  of  heating,  ventilation  and  sanitary  en- 
gineering. It  was  founded  in  1877  by  Henry  C.  Meyer  as 
the  Plumber  and  Sanitary  Engineer.  It  later  became  known 
successively  as  the  Sanitary  Engineer,  the  Engineering  and 
Building  Record  and  the  Engineering  Record. 

After  conducting  the  paper  for  25  years.  Major  Meyer  sold 
it  to  James  H.  McGraw.  In  1902  John  M.  Goodell  became  the 
editor  and  in  1912  E.  H.  Mehren,  who  is  now  the  general 
manager  of  the  combined  McGraw-Hill  Publishing  Company, 
was  appointed  in  his  place. 


The  Iron  Trade  Review  calls  attention  to  a  rather  perplexing 
situation  which  exists  at  present  in  the  steel  market.  Inspec- 
tion of  the  quotations  reveals  the  surprising  fact  that  some 
finished  products  apparently  sell  for  less  than  the  cost  of  the 
raw  material  from  which  they  are  made,  and  that  this  selling 
price  seemingly  bears  but  little  relation  to  the  cost  of  manu- 
facture. Thus  wire  rods  are  quoted  at  $75.00  to  $85.00  per 
ton,  Pittsburgh.  Plain  wire  made  through  many  processes 
from  the  wire  rod  is  quoted  at  $63.00  per  ton,  while  nails 
made  from  this  wire  are  quoted  at  $64.00  per  ton.  Plates  are 
selling  at  $95.00  per  ton  and  sheet  bars,  which  in  effect  are 
narrow  thick  plates,  are  quoted  at  $65.00  per  ton.  Steel  bars 
are  $67.00  per  ton,  while  angle  bars,  which  are  only  bars  with 
holes  punched  in  them,  sell  at  $55.00  per  ton.  This  apparent 
inconsistency  is  in  part  explained  by  the  fact  that  bars,  sheet 
bars,  and  other  partly  finished  steel  are  being  bought  for 
delivery  in  months  hence  at  the  quotations  named.  Wire  and 
nails  and  sheets  now  being  sold  will  be  made  from  material 
bought  a  month  ago  at  less  than  present  prices. 


News   of  Other   Societies 

Committee  on  Engineering  Cooperation 

Third  Conference 

THE  third  annual  conference  of  the  Committee  on  Engi- 
neering Cooperation  was  held  in  the  rooms  of  the  West- 
em  Society  of  Engineers,  in  Chicago,  on  March  28  and  29. 
More  than  forty  delegates,  representing  societies  with  a  mem- 
bership aggregating  50,000,  were  in  attendance,  and  at  the 
banquet,  which  was  held  on  the  evening  of  the  second  day, 
nearly  300  were  in  attendance,  representing  the  members  of 
the  engineering  societies  in  Chicago  and  vicinity. 

On  the  first  day,  as  each  society  was  called,  the  delegate 
made  an  individual  response.  This  was  followed  by  specific 
papers,  one  by  Mr.  W.  L.  Saunders,  Mem.Am.Soc.M.E.,  on 
the  proposed  Civic  Scientific  Alliance,  and  the  Functions  of 
Engineers'  Clubs  as  illustrated  by  the  Engineers'  Club  of  St. 
Louis,  by  past-president  P.  G.  Jonah. 

On  Thursday  afternoon,  Dean  Potter,  of  the  Kansas  State 
i^gricultural  CoDege,  gave  a  report  on  the  Land-Grant  Col- 
leges. There  was  also  a  remarkable  address  by  President  J.  F. 
Dennis  of  the  Canadian  Society  of  Civil  Engineers,  and  vice- 
president  of  the  Canadian  Pacific  Railway,  on  the  relation  of 
the  engineering  societies  to  the  war.  The  resolution,  which  was 
adopted  with  respect  to  cooperation,  is  as  follows : 

RESOLVED,  That  this  conference  requests  and  urges  the 
national  engineering  societies  in  designing  the  engineering 
council  to  give  consideration  to,  and  create  as  soon  as  proper 
deUberation  may  permit,  the  machinery  necessary  to  provide 
for  a  general  permanent  body  of  representatives  of  the  various 
national,  state  and  local  organizations  of  the  country  in  the 
interest  of  the  common  welfare  and  advancement  of  the  pro- 
fession as  a  whole. 

This  refers  to  the  report  of  a  sub-committee  on  the  activities 
which  the  engineering  societies  are  urged  to  undertake,  as  is 
shown  in  the  following: 

1.  National  Societies.  As  a  preliminary  to  all  efforts  toward 
cooperation  among  existing  engineering  organizations  there  should 
be  the  expressed  intent  to  assist  in  strengthening  and  unifying  the 
work  of  the  national  engineering  societies  in  the  advancement  of 
engineering  knowledge  and  practice  and  the  maintenance  of  high 
professional  standards. 

2.  Local  Organizations.  The  invigorating  of  local  societies  is 
fundamental  because  of  the  fact  that  while  the  great  national  so- 
cieties are  important  in  setting  standards  and  in  considering 
broad  problems,  yet  local  affairs  make  up  at  least  nine-tenths  of 
the  vital  problems  of  the  engineer's  life.  In  each  locality  where 
there  may  be  a  dozen  or  more  engineers  so  situated  as  to  be  able 
to  meet  occasionally,  there  should  be  formed,  if  not  already  existing, 
an  engineering  association  embracing  all  professional  engineers 
and  others  interested  in  engineering  to  discuss  and  act  upon  these 
vital  problems. 

3.  Home  Rule.  Each  local  engineering  society  should  be  au- 
tonomous or  self-governed,  wholly  free  in  its  activities  from  any 
dictation  or  control  by  other  association  or  connections,  fully 
adapted  to  local  needs  and  conditions,  and  exemplifying  in  its  ac- 
tivities the  principle  of  complete  home  rule. 

^.  Welfare  of  Members.  Each  such  local  or  self-governing  unit 
in  its  organizations  and  activities  should  give  full  recognition  to 
the  fact  that  the  majority  of  the  membership  necessarily  con- 
sists of  men  not  yet  enjoying  complete  or  independent  professional 
status,  but  who  in  large  part  have  had  a  college  or  technical 
training,  and  who  in  time  may  become  professional  engineers  in 
the  full  sense  of  the  word.  Because  of  this  diverse  character  of 
members,  the  activities  of  the  local  society,  while  maintaining  high 
professional  standards,  should  be  so  planned  as  to  meet  the  needs 
of  the  young  men  as  well  as  the  older  and  be  directed  toward  the 
welfare  of  all  classes  of  its  members  and  through  them  of  the 
public. 
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5.  Ethics.  Each  local  engineering  society  should  adopt  and 
frequently  make  application  of  a  code  of  ethics  prepared  in  accord 
with  the  standards  established  by  the  national  organizations  or 
approved  by  other  professional  bodies.  It  is  recognized  that  while 
it  is  impossible  to  prevent  aU  violation  of  such  a  code,  yet 
eternal  vigilance  is  the  price  of  maintenance  of  high  standards. 
The  enforcement  of  such  a  code  is  essential  to  the  well  being 
of  the  community  at  large  as  well  as  for  the  protection  of  profes- 
sional men  from  the  improper  competition  of  unskilled  or  un- 
scrupulous men  tending  to  reduce  the  opportunity  for  effective 
service  to  individuals  and  to  the  public. 

6.  Civic  Affairs.  Each  engineering  society  should  devote  time 
and  thought  to  local  civic,  state  and  national  affairs  which  in- 
fluence engineering  progress. 

7.  The  Puhlic  Engineer.  Each  local  society  should  give  especial 
attention  to  the  needs  of  those  members  who  are  in  public  employ- 
ment, and  should  recognize  the  high  ideals  and  performance  of 
the  public  engineer,  seeing  to  it  that  he  is  furnished  sympathetic 
support  in  his  efforts  in  the  public  service. 

8.  Publicity.  Each  independent  association  should  maintain 
a  local  system  of  diffusing  information  on  engineering  subjects 
such  as  may  be  embraced  in  the  term  publicity  or  of  proper  ad- 
vertising of  the  profession  as  a  whole. 

9.  Employment.  For  the  benefit  of  the  great  body  of  engineers 
there  is  needed  the  development  of  a  scientifically  planned  and 
well  conducted  system  of  employment  to  be  operated  in  cooper- 
ation by  all  engineering  associations. 

10.  Conferences.  A  conference  of  representatives  from  each 
engineering  organization  should  be  held  at  least  annually,  at 
which  all  matters  such  as  those  above  noted  and  those  of  general 
interest  should  be  discussed. 

The  impression  which  I  received  was  that  a  most  earnest 
and  sincere  desire  exists  in  those  responsible  for  these  con- 
ferences, and  in  the  men  who  attend  as  representatives  of  the 
various  local  and  national  engineering  societies,  to  secure, 
first,  greater  participation  of  the  engineering  societies  in  public 
affairs  as  an  obligation  to  society;  second,  a  proper  ambition 
to  secure  recognition  for  the  work  of  the  profession  by  the 
public  in  general,  and  third,  as  a  means  to  this  end,  there 
should  be  a  definite  effort  to  so  inform  the  public  about  engi- 
neering works  that  the  average  layman  will  not  only  under- 
stand, but  be  actually  interested  in  the  manner  that  he  would 
read  other  items  of  news.  The  conference  was  naturally  grati- 
fied to  learn  the  movement  was  spreading  to  effect  cooperation 
among  the  national  societies,  which  was  very  near  completion 
in  what  is  known  as  the  Engineering  Council. 

C.  W.  R. 


Engineering  Society  Organized  in  Southwest 

At  a  convention  held  in  El  Paso,  Texas,  on  March  8,  9  and 
10,  the  Southwestern  Society  of  Engineers  was  organized  with 
more  tlian  one  hundred  charter  members.  Membership  is  open 
to  civil,  mechanical,  mining,  electrical  or  chemical  engineers, 
or  architects  or  other  persons  belonging  to  a  technical  profes- 
sion, who  are  not  less  than  27  years  of  age,  and  who  have  been 
in  active  practice  in  their  profession  for  at  least  six  years. 
Provision  is  also  made  for  associated,  honorary  and  affiliated 
members. 

In  sending  information  about  this  meeting.  Prof.  A.  F. 
Barnes,  Dean  of  Engineering  of  the  New  Mexico  College  of 
Agriculture  and  Mechanical  Arts,  State  College,  New  Mexico, 
states  that  the  idea  of  the  new  society  occurred  to  several  mem- 
bers of  the  faculty  of  the  Engineering  School,  and  that  its 
field  is  to  include  West  Texas,  New  Mexico  and  Arizona,  where 
there  is  little  opportunity  for  the  engineers  who  are  widely 
scattered  to  get  acquainted.  Engineers  residing  in  the  South- 
west are  usually  unable  to  attend  the  national  society's  meet- 
ings, and  it  was  thought  that  it  would  be  beneficial  to  all  if 
an  organization  were  perfected  by  which  they  could  come  to- 


gether and  exchange  views  on  subjects  of  common  interest.  It 
is  estimated  that  there  are  about  from  800  to  1000  engineers 
available  for  membership. 

National  Employment  Managers'  Association 

A  conference  of  the  National  Employment  Managers'  Asso- 
ciation was  held  at  the  University  of  Pennsylvania  on  April 
2  and  3,  under  the  auspices  of  Employment  Managers'  Asso- 
ciations of  various  cities,  and  several  other  organizations, 
local  and  national.  The  first  day  was  devoted  to  a  discus- 
sion of  The  Labor  Turnover  in  Industry,  with  a  banquet  in 
the  evening,  at  which  there  were  miscellaneous  addresses. 
On  the  second  day,  the  subjects  were  the  Selection  of  Em- 
ployees and  Termination  of  Employment;  and  EoUowing  Up 
After  Hiring,  the  latter  including  a  discussion  of  service 
work,  mutual  aid  associations,  etc.  A  National  Employment 
Managers'  Committee  was  formed  to  act  as  a  clearing  house 
among  the  local  associations  and  to  attend  to  such  national  af- 
fairs of  the  Society  as  may  come  up.  There  were  approx- 
imately five  hundred  in  attendance,  from  sections  as  far  away 
as  California,  Georgia  and  Ontario,  Canada.  About  fifty 
came  from  New  England  and  fifteen  from  Chicago.  The 
proceedings  of  the  conference  will  be  published.  The  Secre- 
tary is  Prof.  Joseph  H.  Willits,  Wharton  School,  University 
of  Pennsylvania. 

Technical  Textile  Conference 

The  second  Annual  Conference  of  those  interested  in  the 
consideration  of  problems  relating  to  the  testing  and  general 
technology  of  textiles  and  the  closely  allied  materials,  cordage, 
thread,  and  felt,  is  to  be  held  at  the  Bureau  of  Standards, 
Washington,  D.  C,  on  May  21,  and  to  continue  for  one  to 
three  days  as  required.  Attendance  is  free  to  all  persons 
interested.  The  meeting  may  consider  the  advisability  of 
forming  a  permanent  society  for  the  promotion  of  research. 
A  long  list  of  topics  for  discussion  is  appended  to  the  announce- 
ment of  the  conference.  One  of  the  subjects  mentioned, 
namely,  the  determination  of  the  effectiveness  of  textiles  in 
resisting  heat  transmission,  is  of  particularly  timely  interest. 
The  value  of  an  army  blanket  lies  in  keeping  the  soldier  under 
it  warm;  that  is,  in  the  effectiveness  of  the  blanket  as  a  heat 
insulator.  The  development  of  a  proper  method  for  determin- 
ing this  quality  in  textiles  would  give  the  War  Department  a 
really  scientific  and  reliable  method  for  drawing  up  specifica- 
tions for  army  blankets. 

Medals  for  Safety  Museum 

The  American  Museum  of  Safety  announces  the  following 
awards  of  the  medals  of  the  Museum  for  1917 : 

The  E.  H.  Harriman  Memorial  Medals,  awarded  annually 
to  the  American  steam  railroad  most  successful  during  the 
preceding  year  in  protecting  the  lives  and  health  of  its  em- 
ployes and  the  public :  The  gold  medal  to  the  Alabama  Great 
Southern  Railway,  Cincinnati,  O.,  whose  report  for  1916 
shows  a  remarkable  record.  Not  a  passenger  was  killed;  no 
employes  were  killed  in  train  accidents;  and  with  more  than 
2000  industrial  workers,  none  was  killed  and  only  two  were 
injured.  From  minutes  of  meetings  of  employes  submitted  as 
part  of  the  record,  a  wholesome  stimulation  of  interest  was 
evident  in  the  direction  of  accident  prevention  and  the  promo- 
tion of  good  health.  A  silver  replica  was  given  to  the  Illinois 
Division  of  the  Illinois  Central  Railway;  and  a  bronze  replica 
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to  Mr.  James  A.  McCrea.  general  manager  of  the  Long  Island 
Railroad  Company,  for  his  safety  publicity  campaign  familiar 
alike  to  those  who  motor  on  Long  Island  and  those  who  use  the 
trains. 

The  Anthony  N.  Brady  Memorial  Medals,  awarded  for  safety 
and  health  to  American  electric  railways :  The  gold  medal  and 
replicas  were  all  awarded  to  the  Connecticut  Company  or  its 
officers.  New  Haven,  Conn. 

The  Scientific  American  Gold  Medal,  awarded  for  the  most 
eflScient  safety  device  invented  within  a  certain  number  of 
years  and  exhibited  in  the  Museum:  To  the  Pullman  Com- 
pany, Chicago,  111. 

The  Travelers  Insurance  Gold  Medal,  awarded  to  the  Ameri- 
can employer  wlio  has  achieved  greatly  in  protecting  the  lives 
and  limbs  of  workmen:  To  the  Commonwealth  Steel  Com- 
pany. St.  Louis,  Mo. 

The  Louis  Livingston  Seaman  Gold  Jledal.  awarded  for 
progress  and  achievement  in  the  promotion  of  hygiene  and 
mitigation  of  occupational  diseases:  To  the  Julius  King  Opti- 
cal Company,  New  York. 

Talk  on  Aeronautics  at  Buffalo 

Charles  H.  Manly,  consulting  engineer  of  the  Ciirtiss  Aero- 
plane Company,  addressed  the  Engineering  Society  of  Buffalo 
on  April  19  on  aeroplanes  for  the  destruction  of  submarines. 
He  said  tliat  in  the  immediate  future  there  will  be  very  im- 
portant developments  in  flying  boats.  The  answer  to  the 
submarine  will  be  the  flying  boat  large  enough  to  carry  a 
gun  of  sufficient  caliber  to  sink  a  submarine  when  the  latter 
is  submerged  or  when  nothing  but  its  periscope  is  showing. 
Such  a  flying  boat  might  also  readily  be  equipped  with  tor- 
pedoes and  tubes  for  launching  them  so  that  it  could  fight 
the  submarine  with  its  weapons,  or  it  could  be  used  against 
commerce  raiders. 

The  largest  flying  machines  will  be  of  the  marine  type,  and 
machines  several  times  the  size  of  any  so  far  made  will  be 
seen  eventually.  The  Curtiss  flying  whale  now  being  tested 
by  the  United  States  Navy  in  Florida,  has  an  upper  wing 
spread  of  more  than  90  ft.;  is  driven  by  two  200-hp.  motors 
and  has  a  boat  46  ft.  long,  weighing  with  fuel  and  pilot  more 
than  5,500  pounds. 


Several  manufacturers  of  gears  met  at  Lakewood,  N.  J., 
early  in  April  and  formed  the  American  Gear  Manufacturers' 
Association,  the  objects  of  which  are  stated  to  be  to  promote 
the  interests  of  the  gear  industry  by  the  standardization  of 
gear  de.signs,  manufacture  and  application.  The  president  is 
F.  W.  Sinram,  Van  Dorn  &  Button  Co.,  Cleveland,  0.. 


The  Society  of  Terminal  Engineers  has  been  recently  incor- 
porated under  the  laws  of  the  State  of  New  York  with  head- 
quarters in  New  York  City,  to  promote  the  study  of  terminal 
engineering  and  mechanical  freight  handling  as  a  specialty. 
A  partial  organization  so  far  effected  has  H.  McL.  Harding 
for  president,  and  J.  Leonard  as  secretary.  The  oflSce  of  the 
secretarv  is  at  133  Broadwav,  New  York  City. 


With  its  April  issue.  International  Marine  Engineering  com- 
pleted its  second  decade  of  usefulness  as  a  technical  journal 
of  high  character  devoted  to  the  interests  of  the  shipbuilding 
industry.  The  double  number  marking  the  anniversary  con- 
tained special  articles  dealing  with  recent  progress  and  devel- 
opments in  the  field  of  marine  engineering. 


This  Month's  Abstracts 

One  of  the  most  significant  features  of  modern  engineering 
is  the  use  of  new  materials  of  construction.  The  nineteenth 
century  will  always  be  known  as  the  one  in  which  was  intro- 
duced commercially  the  greatest  material  of  construction  which 
most  profoundly  affected  the  life  of  mankind — that  is,  steel. 

To  the  present  centurj',  however,  belongs  the  honor  of  the 
consmnmation  of  the  art  of  production  of  composite  alloys, 
both  ferrous  and  non-ferrous,  with  definite  and  often  strikingly 
new  in'ojierties,  and  the  art  of  modifying  the  jsroperties  of 
carbon  steel  by  heat  treatment.  Among  the  abstracts  in  this 
issue  wiU  be  found  data  on  developments  in  both  of  these  latter 
directions. 

H.  W.  Gillette  and  E.  L.  Mack,  in  a  paper  to  be  read  at  the 
Kansas  City  meeting  of  the  American  Chemical  Society,  dis- 
cuss the  so-called  ferro-uranium,  of  interest  because  of  great 
claims  made  for  uranium  steel  as  a  tool  steel.  The  data  col- 
lected by  the  authors  do  not  appear  to  support  these  claims. 

Another  article,  by  James  Scott,  Mem. Am.Soc.M.E.,  dis- 
cusses the  use  of  boron  as  a  purifying  and  deoxidizing  con- 
stituent of  copper,  aluminum,  and  copper-nickel  alloys.  This 
is  of  interest  because,  as  appears  from  the  work  of  the  present 
writer,  and  especially  the  papers  read  before  the  various  so- 
cieties by  Dr.  Weintraub  of  the  General  Electric  Company, 
boron  imparts  very  remarkable  physical  and  electrical  prop- 
erties to  copper  (compare  paper  read  by  Dr.  Weintraub  before 
the  International  Engineering  Congress,  1915,  vol.  9). 

In  the  field  of  heat  treatment  of  steel  an  interesting  ten- 
dency is  disclosed  in  the  article  by  W.  H.  Phillips  discussing 
the  application  of  methods  of  heat  treatment  as  perfected  for 
automobile  gears  to  the  case  of  gear  trains  in  rolling  mills. 
This  article  suggests  a  promising  subject  for  laboratory  re- 
search, namely,  the  effect  of  dynamic  blows  on  spur  gearing 
when  running  at  high  speed  and  transmitting  heavy  loads. 

The  attention  of  those  interested  in  locomotive  design  is 
called  to  the  important  tests  of  Atlantic  type  locomotives 
recently  carried  out  at  the  testing  plant  at  Altoona  of  the  Penn- 
sylvania Railroad  Company. 

Gardner  T.  Voorhees,  Mem. Am.Soc.M.E..  in  Ice  and 
Refrigeration,  presents  the  results  of  a  highly  interesting 
investigation  into  the  still  somewhat  unexplored  region  of  the 
latent  heat  of  ammonia.  Substantially  the  work  is  based  on 
experimental  data  previously  published  by  Prof.  J.  E.  Denton 
in  the  Trans.Am.Soc.M.E.,  but  the  writer  develops  a  new 
method  for  determining  the  value  of  the  latent  heat  of  am- 
monia and  presents  a  series  of  interesting  considerations  on 
this  subject.  The  matter  of  heat  losses  in  the  expansion  valve 
is  treated  in  this  article  with  great  thoroughness. 

How  much  may  be  gained  by  a  closer  insight  into  compara- 
tively simple  phenomena  is  well  illustrated  by  F.  R.  Low, 
Mem.Am.Soe.M.E.,  on  Energy  Stored  in  a  Boiler  Under 
Pressure,  in  Power.  The  writer  discusses  essentially  the  ques- 
tion whether  the  work  done  in  forcing  back  the  environment 
when  water  changes  to  steam  should  be  included  in  calculating 
the  energy  released  by  a  pound  of  water  under  certain  assumed 
conditions.  The  interest  of  the  article  lies,  however,  in  the  fact 
that  it  brings  out  with  great  clearness  the  proper  way  of 
treating  the  various  constituents  forming  the  total  energy 
released  when  a  boiler  under  pressure  explodes. 

Attention  is  called  to  the  advance  notices  of  technologic 
papers  on  Glasses  for  Protection  of  the  Eyes  from  Injurious 
Radiations  in  the  Section  Safety  Engineering,  and  on  Tempera- 
ture Measurements  in  Bessemer  and  Open-Hearth  Practice  in 
the  Section  Measureiiie)ils,  published  by  courtesy  of  the  U.  S. 
Bureau  of  Standards. 


REVIEW  OF  ENGINEERING   PERIODICALS 


Blast- Furnace  TriiBO-BLowKRS 
Blast-Furnace    Compressor,    Control 
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Blast-Furnace   Blowers,   Governors 
Chipping  Defect.s  from  Steel  Billets 
Improved  Chipping  Chisel 
Ferro-Uranium     and     Uranium     Tool 
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Gases  in  Cast  Metal 
BoRONiZED  Metals 
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Heat  -  Treated     Gears     for     Rolling 
Mills 

Temperature  Measurements   i.\   Steel 
Manufacture 

Pyrometers 

Elastic-Curvf    Equations    and    Their 
Approximations 

Pennsylvania    Atlantic-Type    Locomo- 
TivE  Tests 


High-Speed  Ammonia   Compressors 
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Air  Machinery 

Blast-Furnace  and  Steel-Mill  Power  Plants,  Richard  H 
Rice  and  Sanford  A.  Moss 

Discussion  of  the  most  economical  type  of  plant  when  all 
costs  are  included.  A  comparison  of  turbo-blowers  for  blow- 
ing and  turbo-generators  for  generating  electric  power  for 
steel  mills  from  surplus  gas  on  one  side,  with  a  plant  using 
gas  directly  in  gas-engine-driven  blowei-s  and  generators  on 
the  other  hand.  Complete  tabulations  of  the  cost  of  operation 
of  each  plant  for  four  blast  furnaces  are  given;  compare 
Table  1. 

The  writer  discusses  the  centrifugal-compressor  blast  not 
only  from  the  point  of  view  of  cost,  but  also  from  that  of 
effect  on  the  furnace,  and  calls  particular  attention  to  its 
steadiness  and  easy  controllability. 

As  regards  the  value  of  accurate  control  of  the  rate  of  air 
flow  in  the  case  of  a  blast-furnace  compressor,  the  writer 
quotes  the  following  experience.  The  measuring  device  which 
was  relied  upon  to  determine  the  rate  at  which  the  blast  was 
being  blown  was  so  located  that  the  indications  were  inaccurate. 
This  resulted  in  an  inaccurate  adjustment  of  the  machine. 
After  a  considerable  period  of  operation  under  these  condi- 
tions the  measuring  device  was  so  relocated  as  to  make  it  more 
accurate.  As  a  result  the  quantity  of  dust  is  said  to  have 
decreased  to  normal,  and  the  output  of  the  furnace  increased. 

The  writer  describes  in  this  connection  the  governor  used  on 
blast-furnaces  blowers  built  by  the  General  Electric  Company. 
A  recent  improvement  of  this  governor  consists  of  a  means  of 
adjusting  the  index  on  the  sliding  weight  to  compensate  so  that 
the  weight  can  readily  be  set  to  take  account  of  the  variations 
in  atmospheric  conditions.  This  device  is  called  a  volume 
director. 

In  the  early  days  of  our  experience  with  centrifugal  com- 
pressors on  blast  furnaces  there  used  to  occur  the  so-called 
"  surging,"  which  appeared  when  the  machines  were  operated 
at  considerably  less  rates  of  blowing  than  those  for  which  they 
were  designed,  or  when  excessive  pressures  were  met  with  as 
in  ease  of  tightening  up  of  the  furnace.  This  "  surging " 
consists  of  an  alternate  forward  and  backward  flow  of  air 
with  the  compressor,  and  is  the  result  of  improper  function- 
ing of  the  discharge  vanes  owing  to  the  variation  of  blowing 
conditions  from  those  for  which  the  vanes  were  designed.  The 
steps  which  have  been  taken  to  eliminate  this  "  surging  "  are 
reasonable  proportioning  of  the  machine  to  the  requirements 


of  the  furnace,  and  provision  of  a  by-pass  with  an  automatic 
valve  which  in  conditions  which  would  ordinarily  permit  "surg- 
ing" leads  back  into  the  inlet  a  small  quantity  of  air. 

The  major  part  of  the  paper  is  devoted  to  a  discussion  of 


TABLE   1      COMPARATIVE  COSTS  FOR  TYPICAL  FOUR-FURNACE 

PL.'iNTS 

First  Costs 

Gas  Steam 

Engine.  Turbine. 

Primary  Washers $131,250  .?131,250 

Secondary  Wasliing  Station 300.000  

Gas  Pipe  from  Boiler  House 212,500  

Boiler  and  Piping 167,500  609.200 

Boiler    House 41,250  123,750 

Electrtc  Station  Apparatus 3,250,000  745,600 

Electric  Station   House 250,000  69,200 

Blowers,  etc 1,812,500  726,416 

Blowing   Station   House 237,.500  69,200 

Pumping  Station.  Standpipe,  Conduits 787,500  293,484 

$7,190,000  $2,768,100 

Charges.  Dollars  per  Year 

Primary   Gas   Washers $2,100  $2,100 

Secondary  Gas  Washers 42,000  

Boilers   12,000  52,750 

Electric    Station 90,000  68,250 

Blcwine   Station - 49,500  42,000 

Pumping  Station 6,000  4,000 

Running  Charges,   Total $201,600  $169,100 

Fixed  Charges  at  13  per  cent 934,500  359,800 

Coal    21,652  78,352 

Total    Charges $1,157,752  $607,252 

comparative  costs  of  the  two  types  of  plant,  turbine-  and  gas- 
engine-driven.  (Proceedings  of  the  Engineers'  Society  of 
Western  Pennsylvania,  vol.  33,  no.  2,  March  1917,  pp.  81-130, 
6  figs,  c) 


Chisels 


Chipping  Defects  from  Steel  Billets 


Chipping  is  a  costly  practice,  and  unless  properly  handled 
may  become  excessively  so. 

Unskilled  labor  of  the  cheapest  type  obtainable  provi^s  to 
be  the  best  suited  for  this  work ;  in  fact,  no  other  can  be  had, 
as  the  job  of  chipping  is  extremely  unpleasant,  because  of  the 
constant  jar  of  the  hammer  and  the  stooped-over  position 
necessitated  by  the  work.  Under  present  conditions  25  cents 
or  more  per  hour  is  an  average  price  paid  to  chippers  work- 
ing ten  hours  per  day,  and  unless  the  chippers  are  kept 
working  as  constantly  as  possible,  the  costs  mount  up 
incredibly. 
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The  job  is  a  hard  one  and  chippers  will  avail  themselves 
of  the  slightest  excuse  to  stop  work.  Aii  investigation 
recently  carried  out  in  a  large  steel  plant  in  the  Central  West 
showed  that  most  of  the  time  lost  arises  from  chisel  breakage, 
or,  in  general,  defective  chisels. 

This  investigation  is  altered  in  the  development  of  certain 
methods  which  are  said  to  have  reduced  the  cost  of  the  opera- 
tion. Where  billets  require  chipping  a  thorough  inspection 
must  cull  out  the  defective  ones. 

As  regards  the  chipping  hammers.  Fig.  1  shows  an 
improved  type  of  two-piece  nozzle  used  for  holding  the 
conical-shank  chisels  found  more  satisfactorj'  than  the  type 
formerlj'  used.  The  air  consumption  per  hammer  is  19  eu.  ft. 
per  min. 

In  order  to  keep  air  hammers  in  good  working  condition 
they  must  be  properly  cleaned  and  oiled  at  frequent  intervals. 
For  lubrication  a  small  amount  of  clean  light  machine  oil 
should  be  poured  into  the  inlet  of  the  handle,  and  when  the 
tool  is  being  constantly  used,  this  should  be  done  every  two 
or  three  hours. 

The  matter  of  chisels  is  of  very  great  importance.  A 
typical  steel  for  chipping  chisels  at  one  plant  analyzed  as 


Fig.  1    New  2-Piece  Nozzle  For  Air  Hammer 
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Fig.  2     Standard  Halp-Rouxd  Chisel 


follows:  carbon  0.70  to  0.90  per  cent,  sulphur  0.035  per  cent, 
phosphorus  0.015  per  cent,  and  manganese  0.20  per  cent. 

Each  chipper  needs  from  six  to  twelve  chisels  on  hand  at 
all  times.  Where  chisels  are  used  in  large  quantities  it  is 
found  economical  to  have  shanks  machined  outside  at  con- 
tract prices.  Forging,  shaping,  and  heat  treatment  are  best 
performed  in  the  plant,  because  of  the  necessity  for  having  a 
repair  man  on  chisels  most  of  the  time.  Chipping  chisels  are 
subject  to  severe  service  requirements  and  rough  treatment. 
Hence  the  steel  should  be  put  in  the  best  possible  condition. 
No  rule-of-thumb  heat  treatment  is  effective,  and  the  results 
of  the  tests  conducted  demonstrate  the  superioritj"  of  chisels 
treated  under  pyrometric  control. 

Experience  has  shown  that  straight  0.70  to  0.90  per  cent 
carbon  steel  is  well  adapted  for  chipping  chisels.  A  number 
of  experiments  were  carried  out  at  the  plant  referred  to  in 
this  article  for  the  purpose  of  standardizing  the  heat  treat- 
ment of  chisels.  The  following  treatment  was  finally  devised: 
Chisels  of  0.80  per  cent  carbon  steel  were  heated  to  735  deg. 
cent.,  or  just  through  the  critical  range,  in  a  gas-fired  muffle 
furnace  having  uniform  temperature.  Fifty  chisels  were 
charged  at  once  and  allowed  to  soak  until  a  pyrometer  rod  in 
the  middle  of  the  pile  showed  735  deg.  cent.  The  assumption 
was  that  the  entire  pile  of  chisels  had  attained  at  least  that 


temperature.  Readings  with  the  pyrometer  at  different  places 
in  the  pile  showed  this  assumption  to  be  sufficiently  accurate 
for  practical  purposes.  When  up  to  heat,  the  chisels  were 
quenched  by  immersing  the  point  about  1.5  in.  in  water.  The 
strains  induced  by  this  drastic  quenching  were  relieved  and  the 
resultant  hardness  mitigated  somewhat  by  drawing  the 
chisels  at  250  deg.  cent,  in  a  bath  of  high-flash  quenching  oil. 
The  drawing  temperature  was  discovered  by  trial  of  the 
chisels.  Lead  baths  for  heating  the  chisels  prior  to  quenching 
are  preferable. 

A  great  deal  of  trouble  with  chisels  is  due  to  improper 
grinding  methods.  The  steel  is  injured  by  "  drawing  the 
temper,"  which  really  means  that  sorbite  and  pearlite  are 
formed  as  the  critical  range  is  approached,  as  well  as  by 
cheeking  and  service  cracks.  For  hard  carbon  chisels  grinding 
wheels  of  fine  grain  are  recommended,  and  the  pressure  during 
grinding  should  be  light. 

As  regards  the  shape  of  the  chisels,  a  half-round  chisel 
proved  to  be  the  most  suitable  for  the  purpose.  The  one  shown 
in  Fig.  2  was  adopted  as  standard.  {The  Iron  Trade 
Beview,  vol.  60,  no.  12,  March  22, 1917,  pp.  682-684,  4  figs.,  p) 

Engineering  Materials 

Ferro-Ueanium,  H.  W.  Gillet  and  E.  L.  Mack 

General  discussion  of  uranium-iron  alloys,  their  production 
and  properties. 

According  to  the  information  collected  by  the  author  the  use 
of  uranium  in  steel  dates  back  at  least  as  far  as  1897.  Among 
other  things  Escard  repeated  nearly  ten  years  ago  a  rejDort 
that  ICi'upp  used  uranium  steel  in  armor  plate,  and  there  have 
been  various  rumors  that  Germany  is  using  uranium-steel 
liners  in  big  guns  in  the  present  war. 

In  the  United  States  commercial  use  of  uranium  steel  is  quite 
recent.  According  to  a  statement  by  R.  M.  Kenney  in  the 
"  Mineral  Industry  "  (1915),  a  high-speed  steel  showing  excel- 
lent cutting  qualities  contained  C,  0.078  per  cent;  Mn,  none; 
Si,  0.16  per  cent;  P,  0.02  per  cent;  tungsten,  8.15  per  cent; 
Cr,  3.62  per  cent;  vanadium,  1.18  per  cent;  and  uranium,  1.02 
per  cent. 

While  uranium  steel  has  been  widely  advertised  as  the  last 
word  in  high-speed  to  tool  steel,  the  reports  of  Hoffman  and 
Johnson  were  not  so  favorable,  the  former  stating  that  a 
uranium  steel  with  5  per  cent  tungsten  and  3  to  4  per  cent  Cr 
made  a  very  good  tool  and  did  good  work  for,  say,  two  grind- 
ings.  After  that  it  did  not  hold  its  efficiency  and  had  to  be 
rehardened.  Johnson  stated  that  a  40-point  carbon  steel  with 
0.3  per  cent  uranium  was  disappointing,  being  red-short  at 
ordinary  forging  heat  and  altogether  uninteresting  from  a 
practical  point  of  view.  Therefore,  in  the  opinion  of  present 
writers,  all  that  can  be  said  now  is  that  uranium  deserves  a 
careful  trial,  both  in  tool  steel  and  in  ordnance,  though  the 
former  is  probably  the  more  promising  field. 

As  regards  the  composition  of  the  so-called  uranium  steels, 
Johnson  states  that  he  has  encountered  ferro-uranium  contain- 
ing 15  to  20  per  cent  aluminum  and  that  vanadium  was  always 
present  from  2  or  3  per  cent  to  28  per  cent;  he  stated  also 
that  one  ferro-uranium  analyzed  by  him  contained  15  per  cent 
silicon. 

The  price  of  American  ferro-uranium  in  Febraaiy  [and 
April — Ed.],  1917,  was  $7.50  per  lb.  of  uranium  content. 
Partly  on  account  of  the  price,  experiments  on  uranium  steels 
seem  to  have  been  confined  to  those  with  the  maximum  of 
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about  1  per  cent  uraoium.  It  would  be  desirable  to  try  it  out 
with  a  percentage  of  10  to  12  per  cent,  similar  to  that  of 
tungsten  in  tungsten  tool  steels,  even  though  sueh  a  steel  may 
not  be  commercial. 

The  article  further  discusses  in  detail  the  method  of  produc- 
tion of  uranium  steels,  in  particular  in  an  experimental  furnace. 
(Pai)er  to  be  read  at  the  Kansas  City  Meeting  of  the  American 
Chemical  Society,  abstracted  through  the  Journal  of  Industrial 
and  Engineering  Chemistry,  vol  9,  no.  4,  April  1917,  pp. 
343-347,  ge) 

Influence  op  Gases  in  Cast  Metal,  J.  E.  Fletcher 

Practically  the  only  thing  known  about  the  constituency  of 
molten  cast  iron  and  steel  is  that  they  must  contain  in  solution 
iron,  carbon,  silicon,  manganese,  phosphorus,  and  sulphur,  but 
it  is  not  exactly  known  how  these  metals  and  metalloids  occur 
when  in  the  liquid  state.  The  iron-carbon  alloys  solidify  first 
and  are  followed  by  others  in  ordered  succession.  In  cast  iron, 
for  example,  there  is  a  constituent  which  is  a  metallic  mixture 
of  iron  carbide  and  iron  known  as  the  euteetic  containing  4.3 
per  cent  of  carbon,  and  also  another  similar  constituent  con- 
taining 0.9  per  cent  of  carbon  and  known  as  the  eutectoid 
pearlite. 

The  author  has  made  many  experiments  in  the  way  of 
quenching  various  carbon-iron  and  other  alloys  from  the 
molten  state  and  beUeves  that  there  are  definite  structures  even 
in  the  liquid  metal  itself.  Further,  he  considers  it  as  certain 
that  the  4.3  per  cent  carbon  euteetic  can  be  superheated  to 
1500  deg.  cent.,  which  is  the  melting  point  of  iron,  and  on 
being  quenched  will  still  reveal  under  the  microscope  a  char- 
acteristic stratified  honeycomb  structure.  The  silieo-ferrite 
crystallites  under  such  circumstances  are  small,  but  of  the 
characteristic  fir-tree  or  dendritic  stiTicture. 

The  gases  are  imprisoned  or  dissolved  in  all  molten  metals 
and  in  cast  iron  and  other  eutectic-containing  metals  or  alloys. 
These  gases  are  very  probably  the  formative  or  directive  ele- 
ment in  the  growth  of  a  honeycomb-like  formation  of  the 
primary  euteetic.  The  flow-line  structure  always  having  a 
direction  towards  the  upper  and  hotter  portions  of  the  freezing 
mass  of  a  euteetic  ingot,  gives  the  impression  of  fine  gas 
streams  set  in  motion  by  conventional  forces,  just  as  the  streams 
of  steam  bubbles  are  given  conventional  flow  in  a  boiler.  It  may 
be  that  the  primary  gas  streams  in  flowing  through  the  semi- 
liquid  carbide  of  iron  plate-like  crystals  make  the  paths 
through  which  the  more  or  less  carburized  ferrite  enters  and 
freezes,  such  freezing  action  being  immediately  followed  by 
that  of  the  carbide. 

The  structure  of  a  cast  iron  in  the  opinion  of  the  writer 
must  have  some  relation  to  the  primary  structure  it  received 
in  the  blast  furnace.  Wliile  the  ores  are  being  reduced  the 
iron  oxides  are  attacked  by  the  carbon  monoxide  gas  which 
is  both  the  principal  reducing  agent  and  the  chief  carburiza- 
tion  medium.  This  produces  the  spongy,  jjorous  nature  of  the 
reduced  iron  and  may  be  called  the  first  stage  of  the  gas- 
absorbing  tendency  of  the  iron.  The  hydrogen  which  is  also 
imprisoned  by  this  action  comes  from  the  moisture  evaporated 
from  the  blast  ores,  flux  and  fuel. 

In  the  study  of  the  gas  influence  the  principal  use  of  the 
microscope  is  in  tracing  the  difference  in  crystalline  structure 
between  the  outer  rapidly  cooled  and  the  inner  slowly  cooled 
zones  of  a  casting.  If  the  cooling  curves  are  taken  simultan- 
eously at  each  of  these  zones,  in  many  cases  the  difference  in 
the  freezing  behavior  with  its  action  of  the  phenomena  of 
shrinkage  and  contraction  may  be  obser\-ed. 


Just  previous  to  freezing  of  cast  iron  or  steel  the  liquid 
metal  may  be  conceived  to  consist  of  an  agglomeration  of 
liquid  particles  or  crystals  of  various  constituents  of  iron  and 
manganese.  The  crystallites  of  partly  carburized  iron  first 
separate  out  and  freeze  at  the  molten  surface  and  at  right 
angles  to  it.  Almost  immediately  afterwards  the  silicide  of 
iron  freezes  around  the  iron  crystallites  and  these  crystallites, 
as  they  freeze,  eject  their  occluded  gases  into  the  mother  liquor 
or  euteetic.  As  the  iron  or  silico-iron  crystallites  elongate  and 
grow  laterally  the  gases  are  driven  inwards.  The  volume  of 
any  such  partially  frozen  portion  of  the  metal  is  as  follows: 
Primary  crystals  A  -f-  mother  liquor  B  -j-  ejected  gases  C.  As 
A  increases,  B  decreases,  while  C  simultaneously  decreases.  In 
cast  iron  the  mother  liquor  B  contains  the  segregates,  slags, 
oxide  and  sulphide  particles,  together  with  the  graphite  flakes 
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Fig.  3    Dilation  of  Cast  Irons   (Dotted  Lines  2%  Mn) 

which  escape  with  the  gases  into  the  hot  fluid  portions,  which, 
when  frozen,  contain  the  highest  percentages  of  these  impuri- 
ties. The  gases  thus  liberated  travel  to  the  hot  zones  in  the 
eastings  which  are  the  last  to  freeze,  and  if  there  is  no  way  for 
them  to  escape  produce  gas  cavities  or  pipes. 

The  writer  raises  the  question  whether  the  phenomenon  of 
shrinkage  is  connected  with  the  volume  of  occluded  gases,  or 
rather  with  that  of  gases  escaping  during  the  freezing  of  iron 
and  steel,  and  finds  many  evidences  in  favor  of  the  latter 
conclusion. 

Such  is  the  case  of  a  mild-steel  block  which  was  cast  from  a 
ladle  of  well-melted  steel  held  in  the  ladle  accidentally  until 
close  on  the  point  of  setting  or  congealing.  The  nozzle  gave 
out  and  allowed  scarcely  any  steel  to  rise  in  the  casting  head 
or  riser.  When  cold  the  block  was  found  to  have  contracted 
less  than  1/16  in.  per  ft.  The  metal  when  planed  revealed  no 
pipe  or  cavity  and  was  free  from  blowholes,  while  the  weight 
of  the  casting  indicated  soundness.  This  case  points  to  the 
fact  that  the  gases  escape  freely  during  the  slow  rising  of  the 
steel  in  the  mold,  and  that  the  occluded  gases  finally  remaining 
in  the  metal  mass  were  in  a  fine  state  of  entanglement  between 
the  crystals  uniformly  throughout  the  mass.  A  similar  casting 
made  in  the  same  heat  from  a  more  fluid  steel  piped  deeply 
in  the  rising  head  and  contracted  normally  at  the  rate  of  0.2 
in.  per  ft. 

Whenever  castings  are  made  in  chilled  molds  there  must  be 
shrinkage  or  contraction.  Under  such  circumstances  rajjid 
freezing  has  a  tendency  to  fonn  small  primary  crystals  wliich 
become  quickly  interlocked,  imprisoning  small  gas  bubbles. 
The  cooling  of  the  mass  causes  a  shrinkage  of  tlie  gas  bubbles 
and  it  has  been  concluded  that  each  gas  globule  occujiies  much 
less  volume  at  60  deg.  fahr.  than  at  2000  deg.  fahr. 
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From  this  the  author  proceeds  to  the  discussion  of  the 
volumetric  change  during  the  freezing  and  later  cooling  of 
iron,  as  dependent  on  the  analysis  of  the  heat. 

He  bases  his  discussion  mainly  on  the  work  of  Professor 
Turner  in  this  country. 

Of  interest  is  the  part  of  the  discussion  referring  to  what 
happens  at  the  point  of  recalescence.  At  that  point  there  is 
another  expansion  (the  primary  expansion  occurs  at  the  mo- 
ment of  freezing)  generally  connected,  as  Professor  Turner 
suggests,  with  the  liberation  of  more  free  carbon,  or  temper 
carbon,  and  probably  with  the  further  increase  in  the  volume 
of  the  gases  as  a  result  of  the  heat  evolution  which  then  takes 
place. 

Baker  in  his  experiments  on  the  quantity  of  gases  drawn  off 
from  iron  and  steel  heated  in  a  vacuum,  decided  that  the 
greatest  quantity  is  ejected  at  the  recalescence  point,  thus 
confirming  the  work  of  earlier  investigators.  More  recently 
Charpy  concluded  that  the  expansion  or  dilation  of  carbon- 
iron-silicon  alloys  was  increased  at  the  freezing  point  as  the 
silicon  content  rose,  while  the  expansion  at  the  recalescence 
point  is  diminished,  as  is  shown  by  the  curves  in  Pig.  3. 

This  conclusion  confirms  experiments  made  by  tlie  author  on 
cast  irons  with  varying  silicon  contents,  in  which  it  was  found 
that  manganese  and  silicon  together  intensified  such  action. 
Generallj-  sjaeaking,  white  irons  shrink  most.  The  more  highly 
siUeious  irons  shrink  last.  But  it  would  seem  that  whenever 
the  iron  carbide  in  either  the  primary  crystals  or  in  the  eutectic 
is  retained,  as  is  the  case  when  manganese  or  chromium  is 
present,  the  speed  of  freezing  is  increased,  and  the  gases> 
liberated  are  driven  rapidly  into  the  more  fluid  portion  of  the 
metal  mass,  where  there  is  a  tendency  to  form  shrink  cavities. 
In  low-silicon  irons,  free  from  phosphorus,  high  manganese 
generally  produces  such  results,  especially  if  the  easting  tem- 
perature is  low.  The  presence  of  phosphorus  is  an  aid  to  gas 
escape  into  the  hot  interior  of  a  cooling  easting. 

The  question  of  hot-casting  is  allied  with  the  problem  of 
shrinkage  and  of  gas  exit.  Generally  speaking,  when  the 
metal  is  cast  hot  there  is  a  better  distribution  of  the  gases 
which  remain  in  the  cold  metal  and  less  risk  of  blowholes  and 
cavities. 

Hot-casting  is  especially  important  in  the  case  of  pure  irons 
of  hematite  and  cold-blast  character  low  in  total  carbon,  phos- 
phorus and  silicon.  Such  iron  cools  and  shrinks  rapidly, 
because  its  primary  crystals  freeze  at  a  high  temperature,  and 
the  mother  liquor  being  purely  eutectic  also  freezes  rapidly. 

The  author  calls  attention  to  the  fact  that  the  importance 
of  taking  into  consideration  the  influence  of  gases  in  the 
foundry  problem  can  scarcely  be  underestimated.  The  major 
portion  of  foundry  troubles  are  associated  to  a  certain  degree 
with  the  question  of  occluded  gases.  (Paper  presented  at  a 
meeting  on  November  27,  1916,  of  the  Birmingham  Branch  of 
the  British  Foimdry men's  Association,  abstracted  through  The 
Iron  Trade  Review,  vol.  60,  no.  11,  March  15,  1917,  pp.  617- 
621,  9  figs.,  et) 

BoEONiZED  METAL.S,  James  Scott 

Boron,  which  has  an  atomic  weight  of  10.9,  is  an  element 
which,  like  carbon,  is  allotropic.  It  has  a  strong  affinity  for 
oxygen  and  may,  therefore,  be  used  as  a  deoxidizer.  Boric 
acid  (BO3)  has  a  remarkable  property  that  when  dry  it  can 
be  heated  to  a  high  temperature  without  vaporizing,  but  when 
dissolved  in  water  it  readily  passes  away  in  the  steam  pro- 
duced by  boiling.  From  this  it  appears  that  its  ability  to 
prevent  the  development  of  blowholes  is  due  to  this  refrac- 


toriness. It  not  only  fails  to  generate  cavities  itself,  but  in 
some  way  attracts  fumes  which  might  otherwise  get  imprisoned 
in  solidified  metal. 

The  author  microscopically  examined  the  three  more  impor- 
tant boron  alloys,  namely,  aluminum,  copper,  and  copper- 
nickel. 

The  superficial  texture  of  these  alloys  is  shown  in  the  origi- 
nal article  in  magnified  microphotographs. 

The  form  in  which  boron  is  now  used  for  the  purification  of 
metals  is  as  a  fluoride.  (The  Metal  Industry,  vol.  15,  no.  3, 
March  1917,  pp.  115-116,  3  figs.,  de) 

Foundry 

The  American  Foundry  in  Tiiie  op  War,  Edgar  Allen 
Custer,  Jr. 

The  writer  discusses  in  a  general  manner  the  conditions 
which  American  foundries  had  to  meet  when  the  European 
demand  for  munitions  arose  in  this  country,  and  the  further 
conditions  for  which  they  should  be  ready  with  the  United 
States  itself  facing  the  problem  of  war. 

The  production  of  cast-iron  or  semi-steel  shells  presents 
difficulties  that  heretofore  few,  if  any,  foundries  have  been 
called  upon  to  meet.  The  range  of  physical  qualities  is  limited 
to  almost  one  precise  point  that  will  give  the  proper  fragmenta- 
tion, and  it  is  essential  to  obtain  and  maintain  this  point.  Too 
great  a  resistance  to  the  bursting  effect  not  only  reduces  the 
number  of  fragments,  but  necessarily  reduces  the  destructive 
capacity  of  the  shell,  since  too  great  a  proportion  of  the 
explosive  effort  is  needed  to  effect  the  bursting;  on  the  otiier 
hand,  insufficient  resistance  results  in  excessive  fragmentation 
in  which  the  pieces  are  so  small  that  they  are  not  capable  of 
serious  damage. 

In  addition  to  this,  a  sound  casting  is  absolutely  essential, 
not  only  because  unsoundness  tends  to  interfere  with  proper 
markmanship,  but  still  more  because  of  the  possibility  of  a 
weak  spot  giving  way  under  impact  in  the  gun  which  may 
result  in  tearing  the  gun  to  pieces. 

These  strenuous  conditions  call  for  a  most  exact  method  of 
procedure.  The  chemical  analysis  of  the  heats  must  be  not 
approximate,  but  exact,  and  it  is  significant  that  75  per  cent 
of  rejections  in  Frencli  factories,  while  endeavoring  to  pro- 
duce satisfactory  semi-steel  shells,  could  be  traced  directly  to 
faulty  analysis  of  the  mixtures.  To  successfully  produce  semi- 
steel  shells  designed  for  active  service  the  foundrsmien  cannot 
rely  on  approximations  or  the  analysis  of  the  irons  guaran- 
teed by  a  salesman,  but  must  use  the  services  of  a  chemist. 

The  next  point  of  importance  is  the  management  of  the 
cupola.  The  method  of  laying,  lighting,  and  burning  up  a 
fire  should  absolutely  eliminate  the  possibility  of  a  poor  start, 
for  such  a  start  may  spoU  the  whole  heat.  Thus  a  poor  start 
may  mean  that  quite  a  proportion  of  the  first  metal  charged 
is  melted  at  a  temperature  below  that  necessary  to  jsroduce 
satisfactory  semi-steel.  This  may  result  in  as  much  as  20  to 
30  per  cent  of  the  heat  being  unfit  for  use. 

The  work  of  weighing  and  charging  must  be  executed  care- 
fully and  not  left  to  the  discretion  of  the  laborer  on  the  plat- 
form. Too  often  the  given  quantity  is  measured  as  average 
pigs,  or  so  many  buckets  or  forks  of  coke,  and  generally  some 
more  for  good  measui'e.  Such  a  method  of  cupola  operation  is 
sufficient  to  set  at  naught  any  close  or  active  work  on  the  part 
of  the  chemist. 

The  melting  temperature  should  be  kept  as  constant  as  pos- 
sible and  at  a  point  slightly  above  normal.     Semi-steel  like 
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east  iron  will  absorb  or  throw  off  impurities  according  to 
its  melting  temperature.  In  liandliug  the  metal  it  was  found 
that  the  best  results  could  be  obtained  by  using  a  specially 
constructed  receiving  ladle  under  the  spout  of  the  cupola. 

Second  in  importance  to  the  chemical  analysis  and  the  means 
of  obtaining  it,  comes  the  molding  of  semi-steel  shells.  Accord- 
ing to  one  report  a  foundry  in  northern  France  failed  to  pro- 
duce a  single  satisfactory  heat  until  green-sand  molding  was 
abandoned.  Too  much  attention  cannot  be  paid  to  the  use 
of  the  trap  gate  in  molding  with  semi-steel,  especially  on  shells. 
The  position  of  the  casting  when  poured  gave  considerable 
trouble  when  the  French  factories  first  started  on  semi-steel 
shells.  At  first  it  was  considered  necessary  to  pour  the  casting 
on  end  and  to  allow  extra  metal  on  the  cope  to  collect  dirt  and 
gas  holes  and  to  provide  metal  for  possible  shrinkage,  but  later 
on  the  vertical  form  of  molding  was  largely-discontinued,  and 
this  permitted  the  use  of  the  match-plate  form  of  machine 
molding  and  molding  the  shells  in  pairs,  using  a  balanced  core. 

Among  other  things  discussed  in  the  article  are  the  methods 
of  taking  samples  of  metal,  analysis  and  inspection  of  the 
product.  (The  Foundry .  vol.  45.  no.  294/4,  April  1917, 
pp.  127-130,  p) 

Fuels  and  Firing 

The  Permeability  op  Coal  to  Air  and  Gas  and  the  Solu- 
bilities OF  Different  Gases  in  Coal,  J.  Ivon  Graham 

A  knowledge  of  the  permeability  of  coal  to  air  or  gas  is  im- 
portant for  the  comprehension  of  the  processes  of  sjion- 
taneous  heating  in  coal  and  the  production  and  discharge  of 
firedamp  and  blackdamp. 

In  experimenting  on  the  permeability  of  coal  to  gases, 
difficulty  was  at  first  experienced  in  obtaining  a  gastight  seal 
between  coal  and  any  form  of  connecting  tubes.  The  method 
finally  adopted  as  most  satisfactory  was  as  follows:  Thin 
slabs  were  sawn  off  from  a  large  lump  by  means  of  a  fiiie 
hacksaw.  Some  of  the  slabs  were  cut  in  the  direction  of  the 
cleavage  of  the  coal,  others  at  right  angles  to  it.  Pieces  of 
glass  tubing  1/2  in-  to  1  in.  in  diameter  wei'e  sealed  on  each 
side  of  the  slab.  To  obtain  an  airtight  seal,  the  following 
method  was  adopted :  The  end  of  the  glass  tube  previously 
warmed  in  a  blowpipe  flame  was  dipped  into  molten  bitumen, 
such  as  is  used  for  electrical  insulation  purposes,  and  a  small 
quantity  of  bitumen  in  an  almost  molten  condition  was  thus 
obtained  on  the  end  of  the  tube.  The  latter  was  then  quickly 
pressed  against  the  coal  slab  and  held  rigidly  until  the  bitumen 
became  quite  hard.  Successive  thin  layers  of  seeeotine  were 
next  applied  around  the  junction  and  allowed  to  dry.  A 
second  tube  was  then  sealed  on  to  the  opposite  side  of  the  slab 
in  a  similar  fashion.  It  was  found  that  by  this  method  a 
practically  airtight  seal  could  be  obtained,  sufficiently  tight  to 
hold  a  vacuum  for  several  days. 

In  the  case  of  "  softs  "  it  was  found  almost  impossible  to 
obtain  a  slab  free  from  cracks,  owing  to  the  fragile  character 
of  this  coal.     In  cannel,  cracks  also  developed  very  rapidly.  • 
The  majority  of  the  results  so  far  obtained,  therefore,  deal 
with  slabs  from  "  hard  "  coal. 

The  article  describes  in  detail  the  methods  of  experiment 
followed  with  various  gases,  and  presents  in  tabular  form  a 
summary  of  results.  These  results  are  quite  remarkable,  as 
they  show  that,  contrary  to  the  usual  supposition,  solid  coal 
is  extremely  airtight  and  lets  very  little  air  or  gas  through, 
even  with  a  driving  pressure  of  a  whole  atmosphere.  Car- 
bon dioxide  passes  through  the  slab  much  more  slowly  than 


hydrogen,  and  to  a  similar  extent  the  same  may  be  said  to  be 
true  of  methane. 

It  was  thought  at  first  that  the  solubility  of  the  gases, 
which  is  very  high  for  carbon  dioxide  and  methane,  might 
affect  the  results  for  the  initial  stages  for  the  flow  of  gas 
through  the  slab.     It  was  found,  however,  that  this  is  not  so. 

The  writer  proceeds  to  show  how  the  results  obtained  affect 
the  explanation  that  the  heatings  and  fires  which  often  occur 
in  the  walls  of  main  roads  driven  through  solid  coal,  com- 
monly many  years  after  the  roads  have  been  driven.  These 
fires  are  ascribed  to  "  breaks "  in  the  coal  which  let  in  the 
oxygen.  These  breaks  appear  to  be  just  as  dangerous  many 
years  after  the  road  has  been  made  as  with  a  freshly  made  road. 

The  article  proceeds  next  to  the  description  of  experiments 
on  the  solubility  of  gases  in  coal,  and  in  particular  on  the  solu- 
bility of  methane. 

It  has  been  found  among  other  things  that  there  is  a  con- 
siderable variation  in  the  degree  of  solubihty  of  various  gases 
and  that  this  diminishes  in  evei-y  case  with  rise  of  tempera- 
ture. For  the  less  soluble  gases  the  amount  dissolved  is  prac- 
tically directly  proportional  to  the  pressure  or  concentration 
of  the  gas  over  the  coal  (practically  Henry's  law  for  the 
aqueous  solution  of  gases).  For  the  more  soluble  gases,  as 
carbon  monoxide,  methane  and  carbon  dioxide,  "  the  amount 
dissolved — concentration  of  gas "  curves  deviated  somewhat 
from  a  straight  line,  this  deviation  being  the  more  evident 
the  greater  the  solubility  of  the  gas.  In  fact,  the  amount 
dissolved  at  low  concentration  of  gas  appears  to  be  propor- 
tionately greater  than  that  dissolved  at  high  concentration. 

Among  other  things  the  influence  of  the  coarseness  of  tlie 
dust  on  the  solubility  of  the  gas  has  been  determined,  as  well 
as  the  solubility  of  gases  in  finely  powdered  shale  dust  ( Trans. 
Inst.  Uin.  Eng.,  vol.  52,  pt.  3,  February  1917,  pp.  338-347,  e) 


Spontaneous-Ignition  Temperatures  of  Liquid  Fuels  for 
Internal-Combustion  Engines,  Harold  Moore 

Flash  points  and  burning  points  are  common  tests  used  for 
both  liquid  fuels  and  lubricating  oils.  These  properties  pro- 
vide a  measure  of  the  danger  from  fire  which  is  encountered 
in  the  handling  and  storage  of  the  fuels,  but  are  of  little  use 
as  an  indication  of  the  behavior  of  a  fuel  in  an  internal-com- 
bustion engine.  Such  an  indication,  however,  is  given  by  the 
temperature  of  spontaneous  ignition,  which  is  the  tempera- 
ture at  which  a  substance  surrounded  by  oxygen  or  air  at  the 
same  temperature  will  burst  into  flame  without  an  application 
of  any  spark  or  other  local  high  temperature. 

The  paper  describes  the  experimental  apparatus  by  which 
the  spontaneous-ignition  temperature  was  determined,  and 
Table  2  gives  the  results  obtained. 

In  a  Diesel  engine  firing  depends  upon  spontaneous  ignition 
of  the  fuel  immediately  after  it  enters  the  cylinder.  It  is, 
therefore,  necessary  to  employ  high  compression  pressures  in 
order  to  obtain  a  temperature  high  enough  to  insure  the  spon- 
taneous combustion  of  the  charge,  but  provided  the  tempera- 
ture is  obtained,  it  is  advisable  to  keep  the  compression  pres- 
sure low.  Hence,  the  temperature  at  which  the  fuel  will 
ignite    spontaneously    is    of    fundamental    importance.      By 


means  of  the  formula 


-<?:F 


it  is  possible  to  calculate  approximately  the  temperature  to 
correspond  to  any  given  compression.    In  this  formula  T.  and 
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T,  are  respectivelj-  final  and  initial  absolute  temperatures. 
Pj  and  Pi  are  respectively  final  and  initial  pressures,  and 
n  is  a  constant  approximately  equal  to  1.35. 

As  an  example  of  the  influence  of  the  ignition  temperature 

TABLE  2    TEMPERATURES  OF  SPONTANEOUS  IGNITION 


Description 

Specific 
gravity 

Spontaneous  igni- 
tion temperature, 
deg.  cent. 

Differ- 
ence, 
deg. cent. 

in  oxygen 

in  air 

Petholettm  Distillates 

Pratt's  Perfection  Spt.  No.  1 

Petrol  (Mex.)                                   .    . 

0.710 
0.718 
0.724 
0.729 
0.807 
0.814 
0.782 
0.735 

0.851 
0.890 
0.894 
0.893 
0  900 
0.908 
0  936 
0  9.39 
0.948 
0.949 
0.9.50 
0.952 
0.955 
0.961 

0.768 
0.803 

0.860 
0.863 
0.875 
0.992 
1.010 

1.036 
1.046 

0.9S7 
1.074 
1.077 

1.114 

1.123 
1.132 
1.140 
1.145 
1.172 

0.817 
0.842 

0.875 

0.894 
0.921 
0.730 

272 
279 
270 
272 

251 

251.5 

253 

254 

260 

261 

254 

256 

260 

259.5 

268.5 

269 

259.5 

258 

274 

264 

275 

262 

253 
251 

484 
516 
566 
349 
415 

473 

478 

307 

464 
415 

445 

454 
494 
488 
495 
498 
410 

395 
275 

265.5 

265.5 

273 

190 

245 

402 

348 

260 

383 
361 
371 
399 

432 
395 
392 
35S 

384 
408 
387 
430 
417 
416 
380 
424 
425 
424 

429 
420 

333 

322 

508 

518 
275 

405 

410.0 
470 

347 

-1-111 
-1-  82 

Pratt's  Spt.  No.  2 

-(-101 

Taxibus  Spt.  (A.  A.  O.  Co.,  Ltd.) 

Paraffin  Oil  from  A.  A.  O.  Co 

Petrolite  Kerosene 

-fllS 
4-180.5 

-1-142 

Gas  Oil,  A.  A.  O.  Co.,  Ltd  .           

-H04 

Petroleum  (Crude  and  Residue) 

Dijboi  Oil  (Assam) .   .     . 

-M23 

Angln-Pprsinn  Oil  Cn  *«:  Oil 

-1-154 

Crude  Petroleum  (Texas) 

-H31 

4-161 

4-157.5 

Crude  Petroleum  (Texas) 

4-147.5 

4-111 

Mexican  Fuel  Oil 

4-164.5 

4-167 

4-150 

Crude  Petroleum  (California) 

4-154 

Crude  Petroleum  (California) 

4-158 

Shale  Oils 
Oil-Engine  Oil  (Bruxbum  Oil  Cc.Ltd.). 
Lighthouse  Oil(Bruxburn  Oil  Co.,  Ltd.) 

Tar  Distillates 

4-  80 
4-  71 

Toluol.  90% 

Benzol,  100% 

Premier  Tarless  (Tar  OU). 

Creosote  Oil  (Harman  &  Holden) 

Water-Gas  Tar  Creosote  (Stainsby  & 

T.yonf^) 

Coke-Oven  Tar  Oil  (Ximon  Carves) ... . 

Tars 
Tar  (Product  of  low  temp,  carboniza- 

-f-201 

C.  W.  G.  Tar  (Stockport  Gas  Works) . . 
Oil  Gas  Tar  (Beckton) 

Horizontal  Retort  Tar  (Heywood  Gas 
Works) 

Horizontal  Retort  Tar  (Stockport  Gas 
Works) 

Coke-Oven  Tar  (Simon  Carves) 

Coke-Oven  Tar  (Copper  Co.) 

Coke-Oven  Tar  (Koppers  Type  Ovens). 
Blast- Furnace  Tar(CarIton  IronWorks) 
Blast-Furnace  Tar  (Wm.  Baird  &  Co.) . 
Miscellaneous 

4-123 

"Mirrlees-Diesel"      Compressor      Lu- 

4-139.5 

"Mirrlees-Diesel"  Engine  Lubricating 
OU 

4-135.5 

Whale  Oil 

4-197 

Ether 

4-157 

Paraffin  Wax 

Naphthalene 

of  a  liquid  fuel  the  case  of  alcohol  may  be  taken.  It  has 
been  found  in  practice  that  alcohol,  though  much  lower  than 
gasoline  in  calorific  power,  vrhen  run  in  an  engine  can  be  made 


to  yield  approximately  the  same  power  per  unit  volume  as 
gasoline. 

The  net  calorific  power  of  gasoline  is  about  10,450  calories 
per  gram,  or  7315  cal.  per  cc.  The  net  calorific  power  of  com- 
mercial alcohol  is  about  5420  calories  per  gram,  or  4440  cal. 
per  cc.  If  both  be  burnt  in  an  engine  with  the  normal  com- 
pression (i.  e.,  compression  adjusted  to  suit  gasoline),  the 
consumptions  per  b.hp-hr.  will  be  approximately  in  inverse 
proportion  to  the  calorific  powers  of  the  fuels,  and  over  II/2 
gal.  of  alcohol  will  be  required  to  do  the  same  work  that  1  gal. 
of  gasoline  will.  Now,  the  spontaneous-ignition  temperature 
of  gasoline  (in  oxygen)  is  about  272  deg.  cent.,  while  that  of 
commercial  alcohol  is  395  deg.  cent.;  therefore  alcohol  will 
withstand  a  much  higher  compression. 

The  compression  pressure  of  a  gasoline  engine  tuned  to 
run  on  gasoline  is  approximately  90  lb.  per  sq.  in.,  but  with 
alcohol  this  pressure  may  be  raised  to  200  lb.  per  sq.  in., 
and  by  this  means  the  overall  thermal  efficiency  of  the  engine 
is  raised  from  about  22  per  cent  to  35  per  cent,  when  it  is 
found  that  the  volumetric  consumption  of  alcohol  per  brake 
norsepower-hour  is  approximatelj'  the  same  as  that  of  gasoline. 
Thus  though  gasoline  possesses  65  per  cent  greater  calorific 
power  than  alcohol  per  unit  volume,  the  advantages  of  this 
high  heat  value  are  entirely  lost  on  account  of  its  low 
ignition  point.  The  ignition  temperature  is  of  general  inter- 
est to  chemists,  as  it  is  a  measure  of  the  relative  stability  of 
the  bodies  towards  heat.  The  accompanying  table  shows  the 
spontaneous-ignition  temperatures  of  several  fuels  which  have 
been  determined  with  the  instrument  described  in  the  original 
article. 

From  general  observations  the  author  has  concluded  that: 

1  Compounds  containing  simple  molecules  have  higher 
ignition  points  than  similar  compounds  containing  more  com- 
plex molecules.     This  rule  applies  to  aU  types  of  compounds. 

2  Ignition  points  of  aromatic  compounds  are  much  higher 
than  those  of  alipathic  compounds. 

3  Saturated  hydrocarbons  have  lower  ignition  points  than 
the  corresponding  saturated  hydrocarbons. 

4  Ignition  points  observed  in  air  ai'e  higher  than  those 
observed  in  oxygen.  This  difference  for  petroleum  products 
is  generally  100  to  200  deg.  cent.  (Journal  of  the  Society  of 
Chemical  Industry,  vol.  36,  no.  3,  February  15,  1917,  pp. 
IO9-II2,  2  figs.  eA) 

Internal -Combustion  Engineering 

The  Use  of  Kerosene  in  Gasoline  Engines  Installed  in 

THE  Fortifications  op  the  United  States,  Gapt. 

Charles  0.  Schudt  and  First  Lieut.  John  W. 

Wallis,  Coast  Artillery  Corps,  U.  S.  A. 

The  writers  do  not  believe  in  the  possibility  of  the  use  of 
alcohol  in  such  engines,  and  therefore  limited  their  tests  to 
kerosene  only.  These  tests  were  carried  out  in  the  laboratory 
of  the  Coast  Artillery  School,  and  were  made  on  the  following 
engines : 

Lathrop  single-cylinder,  two-cycle  marine  engine 
Ferro  single-cylinder,  two-cycle,  three-port  portable  engine 
Engine   attached  to  5-kw.   generating  set;   this  is   a   four- 
cylinder,  four-cycle  stationary  engine 
Similar  but  larger  engine  attached  to  25-kw.  generating  set. 
The  test  with  the  Lathrop  marine  engine  gave  rather  per- 
plexing results.     The  engine  had  been  operated  many  times 
previous  on  gasoline,  using  the  Prony-brake  load  at  a  speed 
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of  about  380  r.p.m.  When  the  fuel  was  changed  to  kerosene 
the  operation  was  not  satisfactory. 

The  governor  was  then  adjusted  to  give  a  speed  of  525 
r.p.m.  without  any  change  in  the  needle  valve,  or  without  in- 
take spring  when  a  load  of  33  lb.  at  a  radius  of  24  in.  was 
registered  at  the  brake.  The  fuel  was  then  changed  to  kero- 
sene while  the  engine  was  running,  and  the  speed  immediately 
went  up  to  550  r.p.m.,  while  the  load  on  the  brake  arm  re- 
mained at  33  lb.  With  the  same  adjustment,  the  engine,  for 
a  considerable  time,  carried  a  load  of  40  lb.  on  the  brake  arm. 

In  subsequent  tests  after  the  fuel  was  changed  to  kerosene, 
the  speed  drop  became  erratic  and  the  engine  finally  stopped. 
It  appears,  therefore,  that  this  engine  could  be  operated  on 
kerosene  only  by  very  skilled  operators. 

It  is  probable  that  the  principal  reason  for  the  failure  of 
this  engine  to  operate  more  satisfactorily  is  that  it  has  an 
excessive  crankcase  clearance,  resulting  in  low  crankcase  com- 
pression and  permitting  the  fuel  to  separate  from  the  air  and 
settle  while  the  mixture  is  in  the  crankcase.  That  the  fuel 
immediately  separates  from  the  air  is  proven  by  the  fact  that 
it  accumulates  very  rapidly  in  liquid  form  in  the  crankcase. 

In  the  case  of  the  four-cylinder,  four-cycle  stationary  engine 
attached  to  the  5-kw.  generator  set,  it  was  found  that  the 
operation  of  kerosene  was  quite  successful,  the  behavior  of  the 
engine  not  being  materially  different  from  its  behavior  when 
operated  on  gasoline.  Apparently,  the  only  necessary  change 
in  the  adjustments  of  the  engine  when  the  fuel  was  changed 
to  kerosene  was  approximately  to  double  the  opening  of  the 
needle  valve. 

A  supplementary  test  was  run  on  a  two-cylinder,  four-cycle 
Standard  marine  engine  of  old  design  with  a  long,  exposed  in- 
take pipe.  Notwithstanding  this  latter  featiu-e,  its  operation 
on  kerosene  was  entirely  satisfactory.  In  fact,  the  change  to 
kerosene  fuel  (the  needle- valve  opening  was  increased  50  per 
cent)  was  accompanied  by  a  material  increase  in  speed  and 
brake  horsepower.  To  determine  whether  the  engine  would 
"  idle  "  satisfactorily  on  kerosene,  it  was  operated  for  fifteen 
minutes  without  compression  released  and  spark  fully  retarded. 
At  the  end  of  this  time  the  load  was  thrown  on,  but  one  cylin- 
der missed,  and  the  engine  would  not  come  up  to  speed  until 
a  little  gasoline  was  squirted  into  the  air  intake.  This  gasoline 
caused  the  missing  cylinder  to  resume  firing  immediately,  and 
the  engine  came  up  to  speed.  The  exhaust  smoke  was  fairly 
clear,  indicating  that  the  combustion  was  good,  and  conse- 
quently little  probability  of  carbonization  troubles. 

From  the  limited  tests  conducted,  it  is  believed  entirely  prac- 
ticable for  the  enlisted  specialist  now  in  charge  of  these  engines 
to  operate  them  without  very  much  difficulty. 

One  of  the  important  things  encountered  in  the  tests  was 
the  mechanical  inaccuracy  of  the  valve  timing.  The  valves  in 
these  tests  were  timed  in  the  manner  prescribed,  and  the  set- 
ting was  then  checked  on  the  flywheel.  The  angle  past  center 
at  which  the  exhaust  valves  opened  varied  9  deg.  and  the 
intake  valves  varied  7  deg.  It  is  true  that  at  this  time  the 
piston  has  vei-y  little  motion,  but  this  error  in  the  cams  causes 
trouble  with  kerosene  fuel. 

At  no  time  was  there  trouble  from  knocking  due  to  pre- 
ignition.  Curiously,  knocking  was  accompanied  by  the  best 
combustion ;  in  other  words,  when  all  or  most  of  the  cylinders 
were  knocking  the  exhaust  was  nearly  clear.  Knocking  could 
be  increased  by  shutting  the  needle  valve.  The  influence  of 
velocity  of  flame  propagation  is  also  discussed  in  detail. 
(Journal  of  the  United  States  Artillery,  vol.  47,  no.  1,  January- 
February  1917,  pp.  24-35,  e) 


Machine  Parts 

Piston    Design    with    Speciai.    Reference    to    Aluminum 
Pistons,  Harry  R.  Ricardo 

General  discussion  of  design  of  pistons  for  internal-combus- 
tion engines  of  high  output,  and  description  of  a  "  slipper  " 
type  piston. 

The  author  establishes  the  general  conditions  with  which 
a  piston  of  a  high-speed  internal-combustion  engine  must 
comply,  and  calls  attention  to  the  fact  that  piston  friction 
depends  almost  wholly  on  the  viscosity  of  the  oil,  proved  by 
the  variation  it  undergoes  with  difference  of  temperature  of 
cylinder  walls.  He  reproduces  a  set  of  three  curves  of 
mechanical  losses  in  a  four-cylinder  Daimler  engine  that  was 
tested  by  Professor  Hopkinson  at  Cambridge  University. 

In  this  engine  piston  friction  at  the  higher  speeds  formed 
nearly  80  per  cent  of  the  total  mechanical  loss,  and  its  sus- 
ceptibility to  changes  of  temperature  is  clearly  shown.  In 
another  test  recently  made  by  the  writer  on  a  single-cylinder 
experimental  engine,  it  was  found  that  the  mean  pressure 
required  to  overcome  piston  friction  varied  from  18  lb.  per 
sq.  in.  when  the  cylinder  was  quite  cold  to  only  6  lb.  per  sq.  in. 
when  the  jacket  water  was  boiling. 

The  assumption  that  the  friction  loss  in  the  countershaft 
and  crankpin  bearings  is  greater  than  that  of  the  piston  has 
been  disproved  by  numerous  experiments;  the  explanation  of 
the  fact  that  it  is  actually  very  much  less  appears  to  be  that, 
although  the  same  oil  is  used  in  both  cases,  the  piston  lubricant 
is  largely  contaminated  by  partially  carbonized  oil  and  its 
viscosity  enormously  increased  in  consequence.  The  carboniz- 
ing and  thickening  of  the  piston  lubricant  is  mainly  (but  not 
entirely)  due  to  the  leakage  of  burned  gases  past  the  piston 
rings.  In  some  cases  this  difficulty  has  been  partly  obviated 
by  providing  immediately  below  the  lowest  piston  rings  a 
recess  having  a  number  of  holes  drilled  through  it,  so  that  any 
gases  that  succeed  in  passing  the  piston  rings  can  escape 
freely  into  the  crankcase. 

As  a  matter  of  fact,  a  trunk  piston  has  to  perform  two 
separate  functions.  The  upper  part  of  the  piston  is  required 
to  retain  and  transmit  the  gas  pressure  and  distribute  and 
dissipate  the  heat.  Hence  it  should  be  made  strong  enough 
to  withstand  the  pressure  and  thick  enough  to  transmit  the 
heat;  also  it  should  not  bear  against  the  cylinder  walls,  or 
receive  any  of  the  side  thrust  from  the  connecting  rod.  The 
piston  rings  should  be  relied  on  to  keep  it  gastight,  and  since 
any  oil  which  passes  above  the  lowest  piston  ring  wiU,  of 
necessity,  be  carbonized,  it  should  receive  as  little  oil  as  possi- 
ble, consistent  with  the  maintenance  of  the  piston  rings  and 
mechanical  conditions  of  operation. 

The  lower  portion  of  a  trunk  piston  performs  the  duty  of  a 
crosshead  and  takes  the  side  thrust  from  the  connecting  rod. 
Hence  it  should  be  fitted  as  closely  to  the  cylinder  as  is  con- 
sistent with  the  expansion  and  distortion  that  takes  place, 
should  be  freely  lubricated,  should  have  as  little  bearing  sur- 
face as  is  consistent  with  the  loading  and  temperature,  and  the 
oil  should  be  kept  clean  by  allowing  a  free  escape  of  any 
burned  gases  that  may  pass  the  ring. 

Since  the  bulk  of  the  losses  is  caused  by  the  continuous 
shearing  of  oil  film,  it  is  important  to  reduce  the  surface  to 
the  lowest  safe  limit;  while,  as  a  rule,  bearing  surface  is  pro- 
vided around  the  entire  circumference  of  the  piston,  it  is 
needed  only  around  a  small  arc  on  either  side  of  it.  The 
bearing  surface  around  the  two  sides  of  the  piston  which 
receive  no  thrust  is  particularly  objectionable  on  account  of 
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the  local  distortion  set  up  with  the  great  mass  of  metal  in  the 
gudgeon-pin  bosses  and  by  the  bending  of  the  gudgeon  pin. 

The  proper  way  is  to  regard  the  lower  part  of  the  piston  as 
a  crosshead  and  design  it  as  such;  that  is,  provide  it  with  just 
sufficient  bearing  surface  in  just  the  right  place,  have  it  freely 
lubricated  and  safe  from  the  passage  of  burned  gases  between 
its  bearing  surface  and  the  cylinder  walls. 

It  is  also  desirable  to  perforate  the  bearing  surface  with  a 
number  of  large  holes,  for  wlien  two  freely  lubricated  surfaces 
are  sliding  over  one  another  the  oil  between  them  is,  so  to 
speak,  rolled  up  and  heavy  hydraulic  pressure  set  up,  and  this 
can  relieve  itself  by  escaping  through  these  holes. 

As  regards  the  design  of  the  gudgeon  pin,  the  writer  be- 
lieves that  it  is  preferable  to  use  a  short  and  stiff  gudgeon 
supported  directly  from  the  crown  of  the  piston  and  by  points 
as  near  to  the  ends   of  the  connecting-rod  bush  as  possible. 


The  necessary  surface  required  to  carry  the  side  thrust  from 
the  connecting  rod  can  be  provided  exactly  where  it  is  needed, 
and  there  only,  in  addition  to  which  a  short  and  stiff  gudgeon 
pin  can  be  used  without  necessitating  long  and  heavy  bosses. 

In  Fig.  4  is  shown  a  design  of  piston  which  the  writer  has 
been  using  recently,  and  which  is  probably  only  suitable  for 
aluminum  pistons. 

The  particular  features  are  that  the  vertical  load  is  trans- 
mitted directly  from  the  crown  of  the  piston  to  the  center 
of  the  gudgeon-pin  bosses,  so  that  a  light  gudgeon  jiin  can  be  , 
used  without  risk  of  bending.  The  horizontal  thi-ust  from  the 
connecting  rod  is  transmitted  directly  to  the  bearing  surfaces 
and  is  distributed  over  them  by  means  of  two  transverse  ribs. 
Bearing  surface  is  provided  in  the  form  of  two  slippers,  so 
that  the  surface  of  oil  in  shear  is  reduced  to  a  minimum,  leav- 
ing an  ample  bearing  surface.  No  load  is  transmitted  through 
the  side  walls  or  past  the  piston-ring  grooves.  The  surfaces 
of  the  two  shppers  are  perforated  to  release  the  oil  and  the 
lower  piston  ring  acts  as  a  scraper  ring;  on  the  two  sides  of 
the  piston  where  there  is  no  bearing  surface  the  scraper  ring 
can  prevent  the  slippage  of  oil  almost  completely,  since  it  has 
to  deal  only  with  the  oil  adhering  to  the  cylinder  walls  and  not 
with  oil  under  pressure.  The  weight  of  the  piston  is  vei-y  low ; 
for  cylinder  bores  ranging  from  3.5  to  5  in.  in  diameter  the 
weight  of  the  piston  complete  with  gudgeon  pin  and  piston 
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Fig.  4    Experimental  Design  of  Aluminu.m  Piston 

The  loading  on  the  gudgeon-pin  bearing  in  a  high-speed  engine 
is  not  as  severe  as  is  generally  supposed;  providing  the  bear- 
ing is  kept  reasonably  cold  in  order  to  maintain  the  viscosity 
of  the  oil,  and  the  pin  is  well  supported  and  stiff  enough,  it  is 
perfectly  safe  to  use  bearing  pressures  vastly  in  excess  of  those 
now  employed.  Under  these  conditions  a  total  projected  area 
equal  to  7  per  cent  of  the  piston  area  is  amply  sufficient  for 
an  engine  running  up  to  3000  r.p.m.,  if  the  gudgeon  pin  is  not 
more  than  20  per  cent  of  the  diameter  of  the  piston. 

In  the  writer's  opinion  the  best  method  of  all  is  to  float  the 
gudgeon  pin ;  that  is,  allow  it  to  rotate  freely  in  bearings,  both 
in  the  piston  and  connecting  rod,  so  that  the  rubbing  velocity 
in  each  bearing  is  reduced  to  one-half.  Under  these  circum- 
stances the  piston  and  the  connecting-rod  bearings  may  be 
reduced  to  5  per  cent,  and  that  of  the  bearings  on  either  side 
to  3  per  cent  with  safety.  The  use  of  a  floating  pin  has  the 
further  advantage  that  the  difficult  problem  of  fixing  the  pin 
and  the  risk  of  distorting  both  the  pin  and  the  bosses  is 
obviated,  but  it  must  not  be  used  unless  the  bosses  are  sup- 
ported directly  from  the  crowns  of  the  pistons. 

As  regards  the  general  design  of  steel  pistons  the  writer 
describes  two  recent  types,  viz.,  the  Sunbeam  and  the  Zephyr. 
The  aluminum  piston  affords  a  greater  freedom  of  design, 
since  ribs  may  be  used  with  very  little  fear  of  distortion, 
and  without  adding  perceptibly  to  the  cost  of  manufacture. 
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Fig.  5    Power  and  Fuel  Consumption,  Various  Pistons 


rings  can  be  brought  down  to  0.1  lb.  per  sq.  in.  of  piston  area. 
Several  pistons  of  this  weight  have  been  in  operation  for  some 
considerable  time  in  high-speed  engines  and  have  pre  ved  them- 
selves to  be  perfectly  reliable. 

Fig.  5  shows  a  gain  in  power  and  fuel  consumption  to  be 
obtained  by  the  use  of  these  pistons,  which  is  ascribed  to  the 
reduction  in  mechanical  losses.  It  seems  probable  from  exam- 
ination of  some  of  the  pistons  which  have  been  in  operation, 
for  many  months  that  the  bearing  surface  might  be  still 
further  reduced  with  perfect  safety.  After  long  runs  on  full 
load  tlie  bearing  surface  was  found  to  be  profusely  lubricated, 
with  the  oil  showing  no  signs  of  discoloration  due  to  carboniza- 
tion. Experience  has  also  shown  a  reduction  in  the  oil  con- 
sumption; in  one  extreme  case  it  fell  from  0.06  lb.  per  b.hp- 
hour  to  0.035  lb.  per  b.hp-hour  with  no  other  change  except  in 
the  pistons.  The  fuel  consumption  dropped  4  per  cent,  while 
the  brake  horsepower  increased  by  about  4  per  cent.  (The 
Automobile  Engineer,  vol.  7.  no.  100,  March  1917,  pp.  60-63, 
7  figs,  te) 


May 

1917 


ENGINEERING  SURVEY 


469 


Gearing  Development  Through  Heat  Treatment,  W.  H. 

Phillips 

The  author  attempts  to  show  how  the  development  of  heat- 
treating  as  perfected  for  automobile  gears  may  be  usefully 
applied  to  the  case  of  rolling-mill  gear  trains. 

If  by  increasing  the  cost  of  gearing  from  25  to  50  per  cent 
a  gear  is  produced  that  will  triple  the  life  of  the  untreated 
gear,  and  at  the  same  time  eliminate  breakage,  there  can  be 
no  doubt  of  its  economy. 

The  writer  mainly  considers  carbon-steel  gearing  and  divides 
its  treatment  into  three  general  classes:  oil  treatment,  case 
hardening,  and  special  treatment,  with  particular  reference  to 
the  last  one. 

He  emphasizes  the  fact  that  poor  heat  treatment  is  worse 
than  no  treatment  at  all,  and  insists  on  the  necessity  of  an 
exact  method  of  procedure  checked  by  accurate  temperature- 
recording  instruments  and  facilitated  by  a  closely  regulated 
furnace. 

In  addition,  one  or  more  gears  in  every  lot  of  one  hundred 
should  be  taken  for  physical  test.  Since,  however,  even  this 
does  not  necessarily  insure  uniformity,  the  Brinell  hardness 
test  may  be  used  as  a  check  on  each  gear. 

Extensive  experimentation  has  shown  that  by  slight  changes 
in  the  constitution  of  the  metal  a  combination  can  be  obtained 
which,  when  subjected  to  a  special  treatment,  will  produce 
physical  properties  peculiarly  adapted  to  gearing.  The  hard- 
ness at  the  surface  of  the  steel  is  from  three  to  four  times  that 
of  untreated  steel,  and  grades  off  slightly  toward  the  center 
of  the  tooth  until  it  is  from  two  and  one-half  to  three  times 
as  hard  as  untreated  steel.  This  reduction  in  hardness  is  in  a 
straight-line  ratio,  and  each  fiber  of  the  steel  from  the  surface 
to  the  center  or  neutral  axis  of  the  tooth — which  may  be 
slightly  to  one  side  of  the  geometric  center — will  be  stressed 
in  proportion  to  its  ability  to  carry  the  load,  so  that  when  the 
tooth  receives  a  blow  or  shock  every  fiber  is  carrying  its  share 
of  the  load. 

The  effect  of  dynamic  blows  on  spur  gearing  when  running 
at  high  speed  and  transmitting  heavy  loads  has  never  been 
accurately  ascertained,  but  is  known  to  be  great,  often  exces- 
sive, and  in  such  service  forged  steel  should  always  be  used, 
whenever  possible.  (The  Blast  Furnace  and  Steel  Plant,  vol. 
5,  no.  -i,  April  1917,  pp.  152-154,  gp} 

Special  Cams  in  Aluminum  Engines  op  Premier  Car,  A.  L. 

Nelson 

The  writer  points  out  the  gradual  degrees  of  clearance 
between  the  tappet  and  cam  in  the  valve  mechanism.  The  rea- 
son for  this  reduction  of  clearance  is  that  the  motor  speeds 
have  been  greatly  increased  and  the  standard  of  quietness  of 
valve  operation  has  been  raised. 

The  clearance  between  the  end  of  the  rocker-arm  lever  and 
the  valve  stem  of  the  aluminum  motor  with  valve-in-the-head 
construction  and  camshaft  in  the  crankease  is  a  matter  of 
particular  importance.  The  vertical  expansion  of  the  alumi- 
num cylinder  case  is  about  twice  as  great  as  that  of  cast  iron. 
Hence  with  the  conventional  type  of  cam  adjusted  with  the 
valve-stem  clearance  at  the  working  temperature  of  the  motor 
that  would  give  satisfactorily  low  valve-closing  and  lifting 
velocities,  all  the  valves  would  be  held  open  when  the  motor 
was  cold. 

It  was  found  by  experiment  that  the  valve-stem  clearance 
had  to  be  at  least  0.013  in.  in  order  that  the  valves  would 
retain  sufficient  clearance  to  start  a  cold  motor,  but  with  this 
clearance  and  the  conventional   cam  the  valves  opened   and 


closed  at  such  higli  velocities  that  the  valve  action  was  entirely 
too  noisy.  In  addition,  impact  on  the  valve  seats  and  on  all 
the  valve-mechanism  parts  made  the  wear  very  appreciable. 

It  therefore  became  necessary  to  change  the  method  of 
operating  the  valves  by  designing  a  new  cam. 

Pig.  6,  upper  half,  shows  the  conventional  earn  contour, 
while  Fig.  6,  lower  half,  shows  the  new  one.  The  new 
cam  is  virtually  the  conventional  one  with  0.020  in.  taken  ofi 
the  diameter  of  the  base  circle  and  with  a  tangent  drawn  from 
a  point  to  the  new  base  circle.  The  time  of  opening  the  valve 
is  made  earlier  for  special  reasons.  Lift  of  the  valve  for  the 
added  angle  is  only  0.004  in.,  while  the  angular  increase  is  3 
deg.  52  min.     That  is,  the  first  part  of  the  lift  is  so  slow  that 


Fig.  6    Standard  and  Altered  Cams  for  Automobile 
Engines 

the  valve  has  to  be  given  an  earlier  start  corresponding  to  the 
baek-lash  angle  of  the  old  cam. 

As  the  valve-stem  clearance  increases  by  wear,  the  timing 
works  towards  the  desired  theoretical  conventional  timing  and 
then  past  it  instead  of  always  away  from  it  as  in  the  conven- 
tional method. 

An  interesting  feature  of  the  design  of  the  new  cam  is  such 
an  adjustment  of  the  valve  stem  as  to  obtain  an  opening  and 
closing  of  the  valves  at  a  cam  position  giving  practically  zero 
velocity  at  any  speed. 

From  this  the  author  proceeds  to  the  mathematical  analysis 
of  the  action  of  the  new  cam  motion,  viz.,  analysis  of  mush- 
room follower  motion  equations  for  the  upper  motion,  and 
characteristic  curves  of  the  new  cam.  {The  Automobile,  vol. 
36,  no.  14,  April  5,  1917,  pp.  689-692,  6  figs,  dtm) 
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Measurement  and  Measuring  Apparatus 


Temperature    Measurements    in    Bessemer    and    Open- 
Heakth  Practice,  George  K.  Burgess 

The  problem  of  temperature  measurement  and  pyrometric 
control  of  furnace-casting  and  ingot-teeming  temperature  is 
shown,  by  a  series  of  observations  taken  in  several  steel 
plants,  to  present  no  serious  difficulties  or  uncertainties. 

For  this  purpose  the  most  satisfactory  type  of  instrument 
is  one  of  the  optical  pyrometers  using  monochromatic  light 
and  permitting  observation  from  a  distance  of  streams  of 
metal. 

It  is  shown  that  the  necessary  corrections  to  the  observed 
optical-pyrometer  readings  for  emissivity  of  metal  and  oxides 
to  give  true  temperatures  are  sufficiently  well  known,  but  there 
may  be  uncertainty  in  the  case  of  liquid  slags. 

For  streams  of  liquid  iron  or  steel  the  most  probable  value 
of  emissivity  to  take,  with  a  pjTometer  using  red  light  of 
wave  length  X  =  0.65  (x.  is  e  =  0.40,  corresponding  to  a  cor- 
rection of  139  deg.  for  an  observed  temperature  of  1500  deg. 
cent.  The  value  of  e  for  liquid  slags  is  usually  about  0.65,  but 
varies  with  composition  of  the  slag.  A  table  of  emissivity 
corrections  is  included  in  the  text. 

Determination  of  the  temperature  of  the  charge  of  bessemer 
converters  is  not  deemed  practicable  by  pyrometric  methods. 

The  operation  of  the  open-hearth  furnace  can  be  gaged  by 
the  pyrometer,  it  being  possible  to  control  readily  the  tem- 
perature of  the  roof  and  of  the  bath  of  metal  and  slag  by 
observations  taken  through  ports;  and  the  temperature  of  the 
metal  may  be  had  at  any  instant,  with  a  fair  degree  of  exact- 
ness, by  observation  with  the  optical  pjTometer  of  metal  re- 
moved in  a  spoon. 

The  temperatures  of  the  roof  of  an  open-heai'th  furnace 
are  shown  to  bear  no  necessary  relation  to  that  of  the  metal 
bath,  which  again  is  shown  may  have  zones  of  considerable 
differences  in  temperature,  depending  upon  the  operation  of 
the  furnace. 

The  temperature  of  the  roof  of  an  open-hearth  furnace, 
dependent  upon  the  firing  practice,  may  vary  very  rapidly  and 
within  wide  limits,  1550  to  1750  deg.  cent.  The  temperature 
of  the  open-hearth  bath  is  usually  kept  between  1600  and  1670 
deg.  cent. 

There  appears  to  be  a  vei-y  remarkable  degree  of  uniformity 
in  casting  temperature  actually  acquired  by  llie  melters  in 
practice.  Thus,  for  10  consecutive  bessemer  heats  the  teem- 
ing temperatures  of  the  ingots  were  all  between  1500  and 
1550  deg.  cent.,  and  a  similar  degree  of  concordance,  iiltliowgh 
at  slightly  higher  temperatures,  was  found  in  the  open-licarlli 
practice  of  several  mills. 

It  is  believed  that  a  continuous,  systematic  following  vi 
the  temperature,  by  the  methods  above  outlined,  for  the 
various  furnace  and  casting  practices,  on  the  part  of  steel 
and  iron  mills,  would  show  the  possibility  of  improvements 
and  greater  certainty  of  production  in  quality  of  product ;  also 
changes  and  the  effects  of  variation  in  ingot  or  furnace  prac- 
tice could  undoubtedly  be  caiTied  out  with  gi-eater  certainty 
than  at  present  appears  to  be  the  case.  {Bureau  of  Standards, 
Technologic  Paper  No.  91.) 

Pyrometers,  Richard  P.  Brown 

Brief  historical  discussion  of  methods  of  measuring  high 
temperatures,  followed  by  concise  descriptions  of  modem  pyro- 
meters and  methods  of  using  them. 

The  writer  describes  in  particular  the  use  of  thermoelectric 


pyrometers,  with  and  without  comisensating  boxes;  the  two 
methods  of  measuring  the  voltage  produced  by  a  thermocouple, 
namely,  the  milhvoltmeter  and  the  potentiometer  methods; 
and  finally,  the  use  of  the  radiation  pyrometer. 

Methods  of  calibration  of  i^yrometers  are  briefly  described. 
The  writer  believes  that  the  greatest  feature  in  pyrometry  is 
along  the  line  of  automatic  temjaerature  control,  and  calls 
attention  to  the  fact  that  there  have  been  already  designed 
instruments  capable  of  maintaining  the  temperature  constant 
within  10  deg.  fahr.  He  further  suggests  that  the  steel  manu- 
facturers, who  are  interested  in  the  improvement  of  heat- 
treating  methods,  can  be  of  great  assistance  to  pyrometer 
manufacturers  in  cooperating  with  them  to  test  out  new 
devices  in  an  endeavor  to  improve  on  present  methods.  (The 
Iron  Trade  Review,  vol.  60,  no.  12,  March  22,  1917,  pp.  671- 
673,  g) 

Mechanics 

The  Comparison  of  a  Certain  Case  of  the  Elastic  Curve 
WITH  Its  Approximation,  R.  W.  Burgess 

In  the  usual  discussion  of  the  elastic  cuive  in  elementary 
textbooks  of  physics  and  engineering,  a  certain  term  in  the 
differential  equation  of  the  curve  is  neglected  and  the  curve 
resulting  from  this  approximation  is  said  to  be  a  good  sub- 
stitute for  the  real  elastic  curve.  It  is  my  purpose  in  this 
note  to  show  by  a  comparison  of  one  case  of  this  approximate 
solution  with  the  accurate  solution,  that  the  one  is  not  always 
a  satisfactory  substitute  for  the  other. 

If  a  straight,  thin  rod  in  which  I  is  the  moment  of  inertia 
of  a  cross-section  about  a  line  perpendicular  to  the  plane  of 
bending,  and  E  the  constant  of  elasticity,  is  bent  into  a  bow 
by  two  opposing  forces  each  of  magnitude  H,  acting  at  the 
ends  of  the  rod,  it  is  assumed,  or  deduced  from  more  ele- 
mentary assumptions,  that  the  resistance  to  bending  at  any 
point  is  proportional  to  the  curvature  of  the  central  axis  at 
that  point.  The  bending  moment  at  any  point  is  therefore 
proportional  to  the  curvature;  taking  the  central  axis  when 
unbent  as  the  j;-axis,  and  a  perpendicular  at  its  mid  point  as 
the  (/-axis,  we  have  Hy  =  EI/p,  that  is,  Py  =  EI/H  =  a^,  say, 
as  the  equation  of  the  central  axis.  We  can  without  difficulty 
integrate  this  equation,  subject  to  the  conditions  y  =  h, 
dy/dx  =  0  when  x  =  0.  Substituting  the  known  value  of  the 
radius  of  curvature  in  the  equation  Py  =  a,  we  obtain 

dx' 


ives  the  common  exp: 


Fru:ii  this  the  author  derives  the  common  expression 


I: 


The  Usu:il  approximation  is  to  omit  from  the  original 
exprtr,>i(in  the  term  for  the  slope  {dy/dxY,  which  is  small  if 
the  bow  IS  only  slightly  bent.     The  equation  is  then 


y 


and  the  solution  'vs,  y  =  h  cos  x/a,  which  is  said  to  be  a  good 
approximation  to  the  solution. 

Actually,  however  the  author  shows  that  for  small  deflec- 
tions the  error  of  this  solution  is  nearly  100  per  cent.  He 
thinks  therefore  that  the  cosine  curve,  with  h  determined  by  a 
formula  deduced  from  this  equation,  is  not  satisfactory,  in 
any  case  where  the  length  of  the  bow  or  column  is  one  of  the 
given  physical  constants.     The  difficulty  is  of  course  due  to 
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the  fact  that  deflection  is  of  the  same  order  of  magnitude  as 
the  slope  which  was  considered  negligible. 

Errors  of  this  nature  due  to  dropping  terms  from  a  differ- 
ential equation  probably  exist  in  other  physical  problems; 
this  one  is  unusual  in  that  both  the  exact  and  the  approximate 
equations  can  be  solved  in  terms  of  known  functions. 
(Physical  Review,  vol.  9,  no   3,  March  1917,  pp.  193-197,  tm) 

Railroad  Engineering 

Pennsylvania   Atlantic-Type   Locomotive   Tests,  Andrew 
C.  Loudon 

The  article  describes  the  most  recent  form  of  Pennsylvania 
Atlantic-type  locomotive,  as  well  as  the  tests  carried  out  at 
the  testing  plant  at  Altoona. 

During  the  period  of  development  of  the  Atlantic-type 
locomotive,  experiment  has  shown  that  if  boiler  tubes  are 
increased  in  length  without  any  increase  in  diameter,  there  is 
a  point  beyond  which  the  lengthening  of  a  tube  fails  to  pro- 
duce a  proportional  increase  in  evaporation.  For  best  results, 
the  tubes  should  be  extended  fuUy  up  to  the  point  where  the 
increase  in  evaporation  ceases  to  be  proportional  to  the  in- 
crease in  length.  It  has  been  found  on  the  Pennsylvania  that 
the  most  desirable  length  for  a  tube  is  about  100  times  its 
internal  diameter,  and  this  rule  has  been  adopted,  with  a  lee- 
way to  the  designer  of  10  or  15  per  cent  to  satisfy  other  boiler 
conditions. 

In  the  final  form  of  the  locomotive  (E6s),  the  original  14-in.- 
diameter  piston  valve  was  replaced  by  a  12-in.,  which  has  been 
found  to  be  practicable,  because  superheated  steam  flows 
through  the  steam  passages  with  greater  freedom  than  satu- 
rated steam  of  the  same  pressure. 

The  reciprocating  parts  are  very  light,  and,  although  the 
maximum  weight  on  a  pair  of  drivers  ia  now  67,000  lb.,  the 
dynamic  augment  at  70  miles  an  hour  is  less  than  30  per  cent 
of  the  static  weight  on  the  drivers. 

The  article  describes  the  tests  in  detail.  Because  of  lack 
of  space  only  the  outstanding  features  can  be  here  reported. 

The  tests  in  this  instance  (No.  51)  are  throughout  compared 
with  previously  published  tests  of  the  older  type  locomotive 
No.  89  (locomotives  of  the  latter  type  are  no  longer  in  service). 

Fig.  7  shows  comparisons  between  the  evaporations  per 
pound  of  coal  at  all  rates  of  evaporation.  This  shows  im- 
proved results  for  No.  51  up  to  the  maximum  rate  where  the 
two  lines  meet.  The  maximum  rate  of  equivalent  operation 
for  No.  51  is  17.22  lb.  per  sq.  ft.  of  heating  surface  per  hour. 

The  shorter-tube  boiler  showed  a  great  activity  of  combus- 
tion for  light  drafts,  but  there  was  very  little  difference  in 
the  rapidity  of  evaporation  in  the  two  boilers  until  a  draft  of 
5  in.  of  water  was  obtained  back  of  the  diaphragm.  The 
shorter-tube  boiler  tlius  showed  a  more  rapid  rate  until  its 
evaporation  limit  was  reached. 

As  regards  engine  performance,  the  efficiency  tests  made 
at  the  testing  plant  were  at  speeds  between  28.1  miles  per  hr. 
(120  r.p.m.)  and  84.4  miles  per  hr.  (360  r.p.m.),  the  nominal 
cut-offs  being  between  15  and  50  per  cent.  At  75  miles  per 
hr.  and  35  per  cent  cut-off,  the  i.hp.  was  2357.2,  while  in  a 
second  series  of  tests  the  i.hp.  reached  2488.9,  or  1  hp.  for  each 
96.5  lb.  of  total  weight. 

The  coal  rate  per  i.  hp-hour  did  not  exceed  3.6  lb.  in  the  first 
test,  and  was  usually  below  2.9  lb. 

The  steam  consumption  per  i. hp-hour  up  to  1800  hp.  was 
practically  the  same  for  both  No.  51  and  No.  89.  The  maximum 
steam  temperature  reached    (in   the  branch   pipe)    was   635.7 


deg.  fahr.,  or  251.3  deg.  superheat,  but  in  general  the  super- 
heat was  below  230  deg.  fahr.  Considering  the  ef5Sciency  of 
the  engine,  and  taking  the  Rankine  cycle  as  a  base  for  an  ideal 
engine,  it  is  found  that  the  actual  engines  developed  an  effi- 
ciency which  was  67.8  per  cent  of  the  ideal. 

The  maximum  drawbar  or  dynamometer  hp.  obtained  was 
2250.5,  with  the  coal  rate  of  3.8  lb.  per  dynamometer  hp-hour 
and  the  steam  rate  of  19.8  lb.  In  the  curves  of  the  drawbar 
pull.  Fig.  8,  the  advantage  of  the  larger  cylinders  of  No.  51 
is  in  evidence,  the  greater  drawbar  pull  being  maintained  by 
this  engine  at  every  speed  up  to  85  miles  per  hour.  An  in- 
teresting feature  of  the  drawbar-pull  tests  is  shown  in  Fig.  9. 
The  straight  lines  show  the  drawbar  pull  at  the  various  cut- 
offs given,  and  indicate  a  falling  off  in  pull  as  the  speed  in- 
creases. It  is  believed  that  this  effect  is  due  to  losses  of  pres- 
sure in  the  cylinder  as  the  piston  speed  increases.     (The  Rail- 
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waij  Age  Gazette,  vol.  62,  no.  12,  March  23,  1917,  pp.  635-640, 
12  figs.  eA) 

Refrigeration 

High-Speed  Ammonia  Compressors,  C.  R.  Neeson 

The  writer  discusses  the  reason  for  using  high-speed 
ammonia  compressors  and  the  main  features  of  their  design. 

In  regard  to  the  latter  he  states  that  the  only  type  of  valve 
feasible  is  one  consisting  of  a  thin  plate  of  special  steel  to 
cover  a  series  of  slots  in  the  valve  cage,  which  gives  a  maxi- 
mum opening  with  a  very  small  Uft,  thus  allowing  a  rapid 
movement  of  the  valve  without  shock  or  noise.  As  the  valves 
must  be  accessible  they  are  placed  radially  in  the  cylinder 
body  at  each  end,  suction  valves  at  the  top  and  discharge 
valves  at  bottom.    All  valves  are  alike  and  interchangeable. 

A  new  principle  has  been  adopted  in  order  to  completely 
fill  the  cylinder  to  suction-pipe  pressure.  This  is  a  series  of 
ports  around  the  center  of  the  cylinder  casting  which  are 
uncovered  by  the  piston  at  the  end  of  the  suction  stroke  when 
its  speed  is  least  and  its  acceleration  greatest,  and  where  the 
inertia  of  the  gas  in  the  suction  pipe  tends  to  build  up  the 
pressure  at  the  cylinder.  The  length  of  the  piston  is  about 
the  same  as  its  stroke.  As  there  are  no  valve  springs  to 
overcome,  it  is  possible  in  spite  of  the  so-called  high  speed 
to  fill  the  cylinder  to  the  exact  pressure  in  the  suction  line. 
Several  diagrams  are  shown  to  prove  this  statement.  These 
diagrams  show  that  the  pressure  in  the  suction  pipe  at  the 
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beginning  of  the  suction  stroke  is  slightly  above  the  pressure 
at  accumulator,  due  to  the  inertia  of  a  column  of  gas  at  high 
velocity  that  is  stopped  suddenly  when  the  piston  reaches  the 
end  of  the  stroke  closing  the  suction  valves.  (A.  S.  R.  E. 
Journal,  vol.  3,  no.  5,  March  1917,  pp.  15-29,  15  figs.,  d) 


Composition  and  Testing  of  Commercial  Liquid  Ammonia, 
E.  C.  McKelvy  and  C.  S.  Taylor 

The  present  paper  is  a  progress  report  presented  at  the 
Twelfth  Annual  Meeting  of  the  American  Society  of  Refrig- 
erating Engineers  in  December,  1916,  published  by  permission 
of  the  Director  of  the  Bureau  of  Standards. 

As  part  of  the  work  of  the  Bureau  of  Standards  upon  the 
determination  of  the  physical  constants  of  ammonia,  especially 
those  which  are  of  importance  in  refrigeration,  an  investiga- 


1  The  gas  drawn  from  the  cylinder  (gas  phase)  on  the  first 

opening  must  contain  per  100  grams  of  ammonia  not  more 
than  30  ee.  of  non-condensing  gas  (gas  unabsorbed  by 
0.2  N  sulphuric  acid). 

2  The  residue   on   free  evaporation   of   the   liquid   ammonia, 

with  due  precaution  for  e.xcluding  moisture  and  contami- 
nation of  the  sample  on  drawing,  must  be  not  more  than 
0.03  per  cent. 

3  The  amount  of  aromatic  amines  estimated  as  pyridine  must 

be  not  more  than  0.001  per. cent;  the  amount  of  organic 
acids  estimated  as  acetic  acid  must  be  not  more  than 
0.005  per  cent. 

4  The  total  organic  material  converted  into  carbon  dioxide 

must  not  give  more  than  30  milligrams  of  carbon  dioxide 
per  100  grams  of  ammonia. 
A  brief  bibliography  is  appended.     (A.  S.  B.  E.  Journal, 
vol.  3,  no.  5,  March  1917,  pp.  30-49,  2  figs,  ep) 
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tion  was  undertaken,  one  of  the  objects  of  which  was  "  the 
acquisition  of  the  necessary  information  regarding  the  state  of 
the  methods  of  testing  and  analysis  of  liquified  ammonia  "  in 
industrial  use. 

The  present  investigation  covered  the  determination  of  the 
impurities  in  commercial  ammonia,  the  methods  of  sampling, 
methods  of  analysis,  and  standards  of  quality. 

As  regards  the  composition  of  commercial  ammonia,  the 
results  of  the  present  investigation  indicate  that  about  two- 
thirds  of  the  samples  examined  are  about  equally  suitable  as 
the  starting  material  for  the  preparation  of  pure  ammonia 
to  be  used  in  exact  chemical  and  phj'sical  work. 

The  results  of  chemical  analysis  indicate  the  adequacy  of 
the  simple  evaporation  test  as  conducted  in  many  works  in 
detecting  samples  of  poor  quality,  but  such  a  test  is  useless 
in  differentiating  the  majority  of  the  samples  now  on  the 
market. 

The  following  tentative  specification  for  liquid  ammonia  is 
offered.  It  is  based  upon  determinations  that  can  be  carried 
out  in  the  chemical  laboratory,  and  will  insure  the  delivery  of 
high-grade  material.  In  large  shipments  where  the  testing  of 
each  drum  is  out  of  question,  only  a  general  indication  of  the 
quality  can  be  obtained  by  examination  of  the  contents  of  a 
few  drums  chosen  at  random. 


Latent  Heat  op  Ammonia,   Gardner   T.   Voorhees 

Derivation  by  a  new  method  of  the  values  of  the  latent  heat 
of  ammonia. 

The  writer  establishes  in  the  first  part  of  his  article  form- 
ulae for  the  latent  heat  of  ammonia  or  other  similar  substances. 
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From  this  he  proceeds  to  the  derivation  of  the  curves  shown  in 
Fig.  10.  This  work  is  substantially  based  on  the  data  of  tests 
made  by  Professor  J.  E.  Denton,  and  published  in  Trans.  Am. 
Soc.M.E.,  Vol.  12. 

Professor  Denton  gives  all  the  figures  for  his  tests  on  brine 
meters  and  the  ammonia  meter,  but  uses  a  fixed  coefficient. 
Since,  however,  the  brine  coefficient  for  brine  meter  will  vai-y 
with  the  quantity,  the  present  writer  has  surveyed  coefficients 
from  his  actual  meter  tests,  and  thus  obtained  slightly  different 
weights  of  brine  circulated.  Similarly,  a  variable  coeflScient 
has  been  derived  and  used  for  the  anunonia  meter. 

Tests  2  and  4  of  Professor  Denton  had  estimated  tempera- 
tures for  the  liquid  to  the  expansion  valve.  The  writer  reesti- 
mated  these  temperatures  by  a  different  method  and  deduced 
the  same  results  as  Professor  Denton. 

The  heat  balance  as  figured  by  Mr.  Voorhees  showed  about  4 
per  cent  for  test  2,  about  3  ]:ier  cent  for  test  4,  and  about  3 
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per  I'ent  lor  test  8,  more  heat  given  to  the  ammonia  than  taken 
from  it.  A  correction  of  less  than  a  fraction  of  one  per  cent 
of  the  quantities  involved  was  further  made  for  the  exposure 
of  the  condenser. 

On  tlie  basis  of  the  above  considerations  has  been  plotted  on 
Fig.  10  the  curve  of  high  latent  heats  of  condensation.  The 
low  latent  heats  of  vaporization,  figured  by  taking  the  dif- 
ference in  heats  of  liquid  from  the  latent  heat,  are  shown  at 
2,  4,  8/  in  the  same  figure. 

Any  peculiarities  in  the  action  of  the  ammonia  would  not 
have  any  material  effect  on  the  latent  heat,  and  therefore  the 
writer  has  averaged  the  three  high  latent  heats  and  their  cor- 
responding saturated  temperatures  given  as  2,  4,  8//  in  Fig.  10. 
Next  the  author  applied  two  previously  derived  equations  and 
has  deduced  therefrom  the  approximate  latent  heats  for  all 
conditions  from  the  freezing  point  of  ammonia  to  its  critical 
temperature.  The  approximate  curve  of  latent  heat  is  not 
shown. 

The  average  high-temperature  latent  heat  as  rejiresented  by 
point  2,  4,  8h  of  Fig.  10  is  at  79  deg.  and  is  504  B.t.u.,  the  value 
deduced  from  Denton's  tests  by  the  present  writer  for  this 
latent  heat. 

The  writer  has  also  plotted  a  curve  not  shown  here  which  is 
the  average  of  the  low-temperature  latent  heats  deduced  from 
Denton's  tests  and  equal  to  564  B.t.u.  The  low-temperature 
latent  heat  was  below  the  cui-ve  above  referred  to.  This  oc- 
curred because  the  energy  that  was  dissipated  in  passing  the 
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Fig.  10    Latent  Heat  of  Ammonia  ( — 108  to  -|-273°  F.) 

expansion  valve  was  not  taken  into  consideration,  and  this 
energy  is  equal  to  the  energy  that  we  would  have  had,  if  we  had 
had  an  expansion  cylinder.  This  energy  loss  at  the  expansion 
valve  is  made  up  of  two  parts :  First,  the  energy  that  would 
have  been  required  to  get  the  liquid  back  from  the  cylinder 
into  compression  chamber  from  the  low  pressure  to  the  high 
pressure;  and  second,  the  work  that  would  be  required  to 
snturatedly  comj^ress  vapor  formed  at  the  expansion  valve 
from  the  low  to  the  high  pressure,  and  push  the  resultant 
liquid  back  into  the  proper  chamber.  The  writer  gives  form- 
ulie  for  the  loss  of  heat  by  dissipation  at  the  expansion  valve. 

A  still  further  important  correction  is  suggested  for  the 
latent  heats.  Up  to  this  point  it  has  always  been  estimated  that 
the  evaporation  at  the  expansion  valve  was  due"  to  the  differ- 
ence of  heats  of  liquid,  as  if  the  latent  heat  used  for  so  doing 
was  entirely  at  the  low  pressure. 

To  determine  this  the  writer  deduced  successive  new  (-urves 
with  successively  closer  approximations  to  the  true  average 


latent  heat,  and  coulinued  tliis  process  until  any  further  ap- 
proximate curves  would  make  less  than  1  B.t.u.  difference  at 
any  point.  These  points  gave  what  is  believed  to  be  the  true 
latent  heat  of  ammonia  as  it  would  actually  be  in  a  practical 
refrigerating  system,  because  its  foundation  is  laid  on  actual, 
very  accurate  tests  of  a  practical  refrigerating  system  and  the 
deductions  therefrom  based  on  what  is  believed  to  be  sound 
thermodynamic  reasoning. 

These  points  have  been  plotted  on  Fig.  11  and  joined  with  a 
smooth  curve. 

The  article  gives  equations  for  useful  refrigeration  with  an 
expansion-valve  refrigerating  cycle,  and  a  table  of  figures  on 
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practical  latent  heat  of  ammonia-reproduced  in  Table  3.  {Ice 
and  Refrigeration,  vol.  52,  no.  4,  April  1917,  pp.  177-183,  3 
flgs.,  etA) 

Safety  Engineering 

Gla.sses  for  Protecting  the  Eyes  fro.m  Injurious  Radia- 
tions, W.  W.  Coblentz  and  W.  B.  Emerson 

The  object  of  the  present  paper  is  to  give  the  general  char- 
acteristics of  certain  newly  developed  glasses  sometimes  used 
for  protecting  the  eye  from  radiant  energy,  especially  the 
infra-red  or  so-called  heat  rays.  Because  of  the  difficulty  in 
reproducing  the  same  color  in  different  melts,  no  attempt  is 
made  to  give  specific  data  on  the  transmission  for  a  given 
thickness  of  glass.  In  order  to  obtain  exact  data  it  is  neces- 
sary to  examine  samples  from  each  melt. 

These  data  are  representative  of  an  extensive  group  of 
glasses  available  for  protecting  tlie  eye  from  (1)  the  ultra- 
violet, (2)  the  visible  and  (3)  the  infra-red  rays. 

For  protecting  the  eye  from  ultra-violent  light,  black,  amber 
green,  greenish-yellow,  and  red  glasses  are  efficient.  Spec- 
tacles made  of  white  glass  afford  some  protection  from  the 
extreme  ultra-violet  rays  which  come  from  mercury-in- 
quartz  lamps,  and  from  electric  arcs  between  iron,  copper,  or 
carbon.  The  vapors  from  these  ares  emit  but  little  infra-red 
radiation  in  comparison  with  the  amount  emitted  in  the  vis- 
ible and  in  tlie  ultra-violet  rays. 

For  shielding  the  eye  from  infra-red  rays  deep  black,  yel- 
lowish-green, sage  green,  gold-plated,  and  bluish -green  glasses 
are  efficient.  For  working  near  furnaces  of  molten  iron  or 
glass,  if  considerable  light  is  needed,  a  light  bluish-green  or 
sage-green  glass  is  efficient  in  obstructing  the  infra-red  rays. 
For  working  molten   quartz,  operating  oxy-acetylene  or  elec- 
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trie  welding  apparatus,  or  other  intense  sources  of  light,  it 
is  important  to  wear  the  darkest  glasses  one  can  use,  whether 
black,  green  (including  gold-plated  glasses)  or  yellowish- 
green,  in  order  to  obstruct  not  only  the  infra-red,  but  also  the 
visible  and  the  ultra-violet  rays. 

Data  are  given  showing  that  of  the  infra-red  rays  emitted 
by  a  furnace  heated  to  1000  to  1100  deg.  cent.  (1)  about  99 
per  cent  are  obstructed  by  gold-plated  glasses,  (2)  about  95 

TABLE  3     PRACTICAL  LATENT  HEAT  OF  AMMONLA 
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per  cent  by  sage-gi-een  or  bluish-green  glasses,  (3)  about  80 
per  cent  by  very-deep-black  glasses,  and  (4)  about  60  per  cent 
by  gi-eenish-yellow  glasses. 

At  higher  temperatures  these  data  would  be  somewhat  dif- 
ferent, but  not  sufficiently  so  to  modify  the  rough  estimate 
dealt  with  in  this  paper.  (Bureau  of  Standards,  Technologic 
Paper  No.  93,  November,  1916.) 

Steam  Engineering 

Energy  Stored  in  a  Boiler  Under  Pressure,  F.  R.  Low 

An  interesting  discussion  of  the  computation  of  the  energy 
that  would  be  released  by  an  exploding  boiler  per  pound  of 
contained  water  and  steam. 

It  is  known  that  when  steam  separates  from  water  out  of 
which  it  is  generated,  a  certain  amount  of  work  is  necessary 
to  overcome  the  atmospheric  pressure.  If  the  pressure  per 
square  foot  be  called  p,  and  the  difference  in  volume  between 
that  of  the  original  water  and  the  final  volume  of  water 
and  steam  be  called  )(,  the  pressure  being  in  pounds  per  square 
foot,  and  the  volume  in  cubic  feet;  if,  further,  the  mechanical 
equivalent  of  heat  be  denoted  by  A,  then  the  external  work 
done  in  forcing  back  the  environment  when  water  changes  to 
steam  will  be  Apu  (in  foot-pounds). 

The  writer  asks  whether  this  Apu  work  should  be  included 
in  calculating  the  energy  released  by  a  pound  of  water  under 
the  assumed  conditions.  There  is  no  doubt  that  the  Apu  work 
is  exerted  upon  the  environing  atmosphere,  but  pushing  it 


back  is  all  that  it  can  do.  Apart  from  that,  any  damage  that 
is  caused  or  any  disturbance  that  is  produced  must  be  at  the 
expense  of  other  heat  units.  The  Apu  work  in  itself  simply 
means  the  generation  of  a  certain  volume  against  the  atmos- 
pheric pressure,  so  that  as  far  as  the  computation  of  energy 
released  is  concerned,  i.e.,  energy  available  for  damage  or  dis- 
turbance, it  would  appear  that  the  Apu  work  should  not  be 
included. 

It  makes  a  difference,  however,  how  the  case  is  stated,  and 
Power,  in  its  editorial  work,  has  found  such  disagreement 
among  authorities  that  it  has  asked  a  score  or  more  of  authori- 
ties what  the  value  would  be  for  115  lb.  absolute  and  212  deg. 

The  writer  presents  the  matter  in  the  following  way. 

Imagine  a  pound  of  water  heated  to  338.1  deg.  fahr.  in  a 
non-conducting  cylinder  and  retained  under  115  lb.  per  sq.  in. 
absolute  pressure  by  a  diaphragm  as  in  Fig.  12.  Suppose  the 
diaphragm  burst.  Further,  assume  that  the  cylinder,  instead 
of  being  open  as  in  Fig.  12,  was  closed  at  the  top,  with  a  par- 
tition, as  in  Fig.  14,  the  space  between  the  partition  and  the 
diaphragm  retaining  the  water  being  vacuous. 

When  the  diaphragm  broke,  the  mass  of  steam  and  water 
would  be  projected  against  the  partition.  But  the  partition 
and  the  containing  wall  are  assumed  to  be  non-absorptive  and 
impervious  to  heat,  and  therefore  the  heat  represented  by  the 
kinetic  energy,  the  energy  of  motion  of  the  projected  mass,  is 
reconverted  by  impact  and  eddying  and  friction  into  heat, 
and  is  applied  to  evaporating  more  of  the  water  than  as 
though  it  went  off  Ln  the  energy  of  flying  masses.  In  this  case 
the  entire  energy  is  available  for  evaporating  water. 

Let  us  imagine  the  case  as  shown  in  Fig.  15,  in  which  a  fric- 
tionless  and  weightless  but  still  non-conducting  piston  over 
the  liquid  is  loaded  with,  say,  100  lb.  of  shot  per  sq.  in.,  with 
its  area  exerting  upon  the  water  the  combined  pressure  of  the 
shot  and  the  atmosphere,  115  lb.  per  sq.  in.,  and  allowing  it 
to  be  heated  to  328.1  deg.  without  boiling.  If  now  some  of 
the  shot  is  removed,  the  pressure  will  become  less  and  the 
water  will  boil  until,  by  evaporation,  its  temperature  is  reduced 
to  the  boiling  point  under  the  new  pressure.  When  the  shot 
is  all  removed,  there  will  be  only  the  atmospheric  pressure 
upon  the  mixture,  and  the  temperature  wiU  be  212  deg.  Of 
the  309  B.t.u.  in  the  pound  of  water  at  115  lb.,  180  are  in  the 
mixture  of  steam  and  water  at  212  deg.;  8.87  are  represented 
by  the  work  of  raising  the  piston  against  the  atmospheric 
pressure,  and  the  rest  are  consumed  in  making  a  part  of  the 
water  into  steam  and  lifting  the  shot. 

The  question  raised  by  the  author  is  whether  the  8.87  B.t.u. 
used  to  push  back  the  atmosphere  is  to  be  credited  to  the 
effective  work  of  this  steam.  This  question  is  answered  in  the 
following  manner. 

Imagine  a  pound  of  steam  at  115  lb.  to  change  places  with 
an  equal  volume  of  free  atmosphere.  All  that  it  can  do  is  to 
expand,  to  generate  energy  equivalent  to  the  portion  of  the 
pressure-volume  diagram,  Fig.  16,  beneath  the  expansion  line; 
the  area  BCDEB.  The  energy  represented  by  ABEFA  was 
generated  when  the  steam  was  made  and  is  developed  during 
the  admission  of  this  pound  of  steam  into  an  engine  cylinder 
or  turbine  nozzle  by  the  simultaneous  generation  of  an  equal 
volume  of  steam  in  the  boiler,  pushing  this  one  out ;  otherwise 
the  pressure  would  not  remain  constant.  A  pound  of  steam 
changing  places  with  an  equal  volume  of  free  atmosphere  can 
do  none  of  this  work;  it  can  simply  expand,  and  if  the  expan- 
sion is  adiabatic  or  isentropic  (that  is,  without  the  gain  or  loss 
of  heat),  the  heat  accounted  for  will  be  the  same  in  the  initial 
and  final  conditions. 

The  internal  heat  (that  is,  the  difference  between  the  total 
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heat  and  the  heat  equivalent  of  the  Apu  work)  is  given  in  the 
tables  under  the  designation  E,  and  since  the  action  is  by  defi- 
nition to  take  place  without  gain  or  loss  of  heat,  the  difference 
between  these  internal  or  intrinsic  lieat  energies  before  and 
after  expansion  will  be  the  heat  equivalent  of  the  work  per- 
formed; that  is,  of  the  area  BCDEB.  For  a  pound  of  dry 
saturated  steam  at  115  lb.,  this  is  given  by  the  table  as  1106.5 
B.t.u.  After  expansion,  if  it  were  still  all  steam,  we  could 
take  the  tabular  value  of  E  at  the  lower  value  away  from 
1106.5  and  find  the  heat  available  for  performing  work.  But 
during  the  expansion  a  part  of  the  steam  will  have  condensed 
and  the  quality  and  consequent  internal  energy  will  have  to  be 
computed. 


ED) ;  in  other  words,  wliether  for  the  ease  of  the  steam  the 
energy  available  for  damage  and  disturbance  should  be  taken 
as  that  represented  by  the  area  BCDEB  or  by  the  shaded  area 
BCH.  {Power,  vol.  45,  no.  15,  April  10,  1917,  pp.  475-477, 
6  figs,  t) 

Thermodynamics 

Exhaustive  Tests  on  Electric  Water  Heaters,  Stanley  V. 

Walton 

The  article  gives  details  of  tests  of  various  types  of  electric 
water  heaters.     It  is  of  considerable  interest  to  mechanical 


FiG.s.  12  TO  15    Methods  of  Change  of  Water,  from  115  lb.   and  338  deg.  to  Atmosphere  and  212  deg. 


The  difference  between  the  internal,  or  inherent,  energies  in 
the  initial  and  final  conditions,  x,  in  this  case  being  0.885,  is 

E,  —  E,  =  1106.5  —  974.34  =  132.16  B.t.u. 
This  is  represented  by  the  area  BCDEB.    Power  asked  if  the 


14.7  lb. 


Volume- 


Fig.  16    P]'  Diagram  for  Steam 

person  addressed  agreed  that  the  energy  released  (that  is, 
available  to  produce  disaster  and  disturbance)  is  that  repre- 
sented by  this  whole  area,  or  whether  it  should  be  reduced  by 
taking  out  that  represented  by  the  area  HCDEH  (that  is,  the 
energy  absorbed  in  pushing  back  the  atmosphere  with  a  pres- 
sure  proportional   to   CD  through   a  volume   proportional   to 


engineers  in  view  of  the  fact  that  incidentally  valuable  data 
were  obtained  on  heat-transfer  phenomena. 

Among  other  things  tests  were  run  on  heat-insulating  mate- 
rials,' in  particular,  the  so-called  Economy  boiler  covering. 
This  material  consists  of  hair  felt  sewed  up  in  canvas  jackets, 
formed  to  fit  a  standard  30-gal.  domestic  boiler  and  held  in 
position  by  lacing.  A  single-ply  covering  consists  of  a  single 
jacket  1  in.  thick.  The  three-ply  covering  consists  of  three 
separate  concentric  jackets  applied  one  over  the  other.  The 
magnesia  was  applied  in  the  form  of  bricks  to  a  total  thickness 
of  2  in.  with  an  outer  cloth  covering. 

The  jjurpose  of  the  test  was  to  determine  radiation  losses 
from  the  boiler  alone,  disconnected  from  all  piping.  For  this 
purpose  the  boiler  was  insulated  and  filled  with  water  which 
was  heated  approximately  to  the  boiling  point  and  the  time- 
temperature  curve  in  cooling  was  determined.  From  this  curve 
and  known  quantity  of  water  the  radiation  loss  can  be  readily 
calculated.    The  results  of  the  tests  are  given  in  Pig.  17. 

Another  test  was  run  on  uninsulated  boilers,  either  bare  or 
painted,  and  the  results  are  given  in  Figs.  18-19. 

A  number  of  similar  tests  on  heat  losses  from  water  piping, 
either  bare  or  insulated,  were  run,  the  results  being  given  in  the 
form  of  curves.  {The  Journal  of  Electricity,  vol.  38',  no.  7, 
April  1,  1917,  pp.  227-2.35,  illustrated,  e) 

Varia 

Intake  Well  at  the  Dubuque  Electric  Company's  PiiANT, 

E.  M.  Walker 

General  description  of  the  central  power  station  at  Du- 
buque, Iowa.     This  station   has   been  recently  reconstructed 
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and 


has 


and  modernized  without  interruption  of  seiNice 
a  generating  capacity  of  9500  kw. 

An  interesting  feature  of  this  station  is  an  intake  well 
shown  in  cross-section  in  Fig.  20.  This  station  is  located  on  a 
slough  of  the  Mississippi  River,  about  2500  ft.  away  from  the 
main  river,  and  the  supply  of  water  for  the  condensers  was 
a  source  of  trouble  for  a  number  of  years.     The  new  well  has 


sion  in  England  arranged  for  trials  of  commercial  vehicles, 
so  as  to  give  British  makers  an  idea  of  the  unusually  severe 
conditions  to  be  met  with  in  Russia  where  roads  are  in  most 
eases  either  poor  or  entirely  absent. 

All  the  vehicles  submitted  for  the  tost  had  to  carry  a  30 
per  cent  overload  over  an  exceptionally  poor  stretch  of  ground. 
The  heavy  machines  were  unable  to  negotiate  several  stretches 
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provided  a  solution  and  removed  the  possibility  of  a  scarcity 
of  water  at  low  stages  of  the  river,  which  frequently  occurs 
in  midwinter  and  late  midsummer. 

This  well  is  designed  to  overcome  the  difficulty  of  low  water, 
and  also  by  the  whirlpool  action  of  the  water  in  passing 
through  the  well  to  remove  automatically  a  large  percentage 
of  the  sediment  in  the  river  water.  The  well  is  built  on  the 
spiral  principle,  the  water  traveling  around  it  many  times, 
and  thus  allowing  the  sediment  to  settle  into  a  sump  in  the 
center,  from  which  it  can  be  periodically  removed  by  an 
ejector  pump. 

The  well  is  20  ft.  in  diameter  and  3C  ft.  deep,  the  bottom 
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Fig.  20     Cross-Sectios  of  Intake  Well 

being  6  ft.  below  zero  stage  of  the  river.  The  intake  pipe  is 
36-in.  flanged  cast-iron.  (Electrical  Review  and  Western  Elec- 
trician, vol.  70,  no.  12,  March  2-1,  1917,  pp.  485-487,  6  figs.,  d) 

Russian  Te.sts  of  British  Trucks,  R.  Douglas-Viekers 
Some  time  last  November  the  Russian  Purchasing  Commis- 


of  very  soft  ground,  while  the  lighter  machines  were  better 
able  to  get  over  the  difficult  places. 

It  is  believed  that  this  test  showed  the  British  makers  that, 
if  the  bad  stretches  of  road  refeiTcd  to  were  anything  like 
those  which  were  commonly  met  in  Russia,  the  Russian  Com- 
mission was  fully  justified  in  calling  for  special  requirements. 
These  special  requirements  are  as  follows : 

More  i)0werful  engines 

Stronger  frames  and  sjirings 

Greater  clearance 

Larger  wheels  and  twin  tires  on  all  rear  axles  for  pas- 
senger cars 

Especially  strong  bodies 

Accessibility  of  all  jiarts  for  repairs  and  simplicity  to 
enable  reimirs  to  be  effected  without  carrying  a  large 
amount  of  special  material. 

The  wiiilir  believes  tliat  vehicles  used  on  bad  roads  should 
not  be  of  greater  load  capacity  than  5000  lb.,  should  drive 
on  all  four  wheels,  and  if  not,  some  means  of  locking  the 
differential  should  be  provided.  {The  Commercial  Vehicle, 
vol.  10.  no.  5,  April  1.  1917,  p.  23,  g) 
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American  Gas  Engineering  Journal,  vol.  106,  no.  12,  whole  no. 
30.SO,  March  17,  1917,  pp.  273-274. 

Some  Notes  on  Efficiencies  and  Costs  of  Steam  and  Electric 
Winding  Plant.  Harold  W.  Clayden,  A.M.I.E.E.  The  Transactions 
of  the  South  African  Inst,  of  Elec.  Engineers,  vol.  7,  part  10, 
December  1916,  pp.  312-318. 

HYDRAULICS 

Welding  Steel  Mains,  E.  E.  Lungren.  The  Gas  Industry,  vol.  17, 
no.   4,  April  1917,  pp.   292-296,   4  figs. 

Motion  op  Fluids  When  the  Flow  is  not  Irrotational,  G.  I. 
Taylor.  Proceedings  of  the  Royal  Society,  Series  A,  vol.  93, 
no.  A   648,   Mathematical   and   Physical    Sciences,   pp.   99-113. 

On  the  Dynamics  of  Revolving  Fluids,  Lord  Rayleigh.  Proceedings 
of  the  Royal  Society,  Series  A,  vol.  93,  No.  A  648,  Mathematical 
and  Physical  Sciences,  pp.   148-154. 

Flow  of  Fluids  and  Frictional  Resistance  in  Pipes — I,  J.  M. 
Spitzglass.  The  Armour  Engineer,  vol.  9.  no.  3,  March  1917,  pp. 
223-231,  2  figs. 

Mathematical  Note  on  the  Fall  op  Small  Particles  through 
Liquid  Columns,  Prof.  C.  G.  Knott.  Proceedings  Royal  Society 
of  Edinburgh,  Session  1915-16.  parts  3  and  4,  vol.  36,  pp.  237-239. 

ScR  le  calcul  des  grands  surpressions  dans  les  conduites  munies 

D'UN    RESERVOIR   D'AiR,    M.    C.    Carmichel.      Comptes    Rendus    des 

Stances  de  I'Acadgmie  des  Sciences,  Tome  164,  no.  8   (19  Fevrier 

1917)    pp.  331-333. 

Computation  of  large  peak  pressures  in.  conduits  provided  with   air 

reservoirs. 

The  Test  and  Study  of  the  Hydraulic  Shunt  Flow  Tube,  W.  R. 
Spencer  and  A.  d'Amorin.  The  Rose  Technic,  vol.  26,  no.  6, 
March  1917,  pp.  176-181. 

Cement  Joints  for  Cast-Iron  Water  Mains.   Clark  H.   Shaw.     Pro- 
ceedings of  the  American  Society  of  Civil  Engineers,  vol.  43,  no.  3, 
March   1917,   pp.   432-443,   illustrated. 
Synopsis:  Method  of  Making  the  Joint;  Removing  Cement;  Jointed 
Pipes. 


INTERNAL-COMBUSTION  ENGINEERING 

Special  Cams   Designed  for  Aluminum   Engine  of  Premier.  A.   L. 

Nelson.     The  Automobile,  vol.  36.  no.  14,  April  5,   1917.  pp.  689- 

692.  6  figs. 
Improving  Design  of  Waterjackets,  J.  Edward  Schipper.  The  Auto- 
mobile, vol.  36,  no.  13,  March  29,  1917,  pp.  642-644,  illustrated. 
Piston   Design,    with    Special   Reference   to   Aluminum    Pistons, 

Harry    R.    Ricardo.      The    Automobile    Engineer,    vol.    7.    no.    100, 

March  1917,  pp.  60-63,  5  flgs. 
A  "  slipper  "   type  piston. 
Crankshaft  Problems  in  Automobile  Engines,  A.   P.   Brush.     The 

Gas  Engine,   vol.   19,   no.   4,   April  1917,    pp.    178-185,   7   figs. 
Continental  Engines.     The  Automobile,   vol.   36,   no.   11,  March   15, 

1917,  pp.  560-564. 


LUBRICATION 

Lubrication  of  Superheated  Engines.  Railway  and  Locomotive 
Engineering,  vol.  30,  no.  4.  April  1917.  pp.  112-114. 

Valve  Stem  Lubricators.  The  Autocar,  vol.  38,  no.  1115.  March  3, 
1917,  pp.  224-225. 


MACHINE  PARTS 

Gearing    Development   through   Treatment,    W.    H.    Phillips.      The 
Blast  Furnace  and  Steel  Plant,  April  1917,  pp.   152-154. 

DETER.MINATION  OF   SpRING   LENGTH,  AN   EMPIRICAL  METHOD  BaSED  UPON 

THE  Substitution  of  One  Spring  for  Another  of  the  Samh 
OR  A  Differen't  Type — II,  David  Landau  and  .\sher  Golden.  The 
Horseless  Age,  vol.  40.  no.  1.  April  1,  1917,  Engineering  Section, 
pp.   4-8,  6  figs. 


MACHINE   SHOP 

Shafting   and  Belting   for  Machine   Shops,    Joseph    Horner.     The 
American  Drop  Forger,  March  1917,   pp.   83-89. 


Workshop  Precision  Grinding,  H.  H.  Asbridge.  The  Mechanical 
Engineer,  vol.  .39,  no.  1001,  March  30,  1917,  pp.  240-244,  figs. 
9-15    (continued). 

MARINE    ENGINEERING 

Marine  Machine  Shop  Equipment,  Tools  Ranging  from  the  Small- 
est and  Finest  to  the  Large.st  and  Heaviest  Required  in 
Shipyard  Machine  Shops.  W.  D.  Forbes.  Marine  Engineering, 
vol.  22,  no.  4,  April  1917,  pp.  179-181. 

Four-Year  Test  of  Motorship  Fleet.  The  Marine  Review,  vol.  47, 
no.  4,  April  1917,  pp.  122-124. 

Improvements  in  Marine  Engine  Room  and  Fire  Room  Auxiliary 
Machinery.  Marine  Engineering,  vol.  22,  no.  4,  April  1917. 
pp.   140-145,   16  flgs. 

The  Future  Ship,  A  Motor  Vessel.  The  Motor  Boat,  vol.  14,  no.  7, 
April  10,   1917,  pp.   12-16. 

1  P\ill  Powered  Motorship,  D.  W.  and  R.  Z.  Dickie. 

2  The  Future  and  Motorships.  H.  V.  Haymann. 

3  The  Answer  to  the  U-Boat  Blockade,  J.  Murray  Watts. 

4  Three  Predominant  Motor  Types,   C.    S.    Snyder. 

5  Some  of  the  Advantages,  T.  W.  Campbell. 


MEASURING  APPARATUS 

Scales   and   Weighing   Methods    in    Industrial   Establishments, 
Herbert  T.   Wade.      Industrial  Management,  vol.  52.   no.   6,  March 
1917,  pp.  817-833,  illustrated. 
II.     Design,  Construction,  Operation,  and  Test  of  Scales  of  Moderate 

Capacity. 

Pyrometers — Past,  Present  and  Future,  Richard  P.  Brown.  The 
Iron  Trade  Review,  vol.  60,  no.  12,  March  22,  1917,  pp.  671-673. 

The  Manufacture  of  Gauges.  The  Journal  of  the  Institution  of 
Mechanical   Engineers,   no.    3,   March   1917,    pp.   57-119,    22   flgs. 

MECHANICS 

On  Waves  in  an  Elastic  Plate,  Horace  Lamb.  Proceedings  of  the 
Royal  Society.  Series  A,  vol.  93.  no.  A  64S  Mathematical  and 
Physical  Sciences,  pp.   114-128,  illustrated. 

Force  and  Shrink  Fits,  Sanford  A.  Moss.  General  Electric  Review, 
vol.   20,  no.   4,  April  1917,   pp.   320-332,   5  figs. 

La  theorie  des  quanta  et  sa  place  dans  l'histoire  des  theories 

physiques     modernes,    Daniel    Berthflot.       Revue    Generale    de 

TElectricite,  1  re  ann^e,  tome  1,  no.  10, 10  Mars,  1917.  pp.  363-365. 

The  theory  of  quanta  and  its  place  in  the  history  of  modein  physical 

theories. 

Vibration  in  Buildings  Proves  Less  Where  Concrete  is  Used, 
Morton  C.  Tuttle.  Cement  World,  vol.  2.  no.  3,  March  1917, 
pp.    40-44. 

MOTOR  CARS 

New  Burner  in  Doble  Steamer — Kerosene  Flows  by  Air  Pressure 
FROM  A  Float  Chamber,  Combustion  now  so  Complete  that  no 
Soot  is  Deposited  on  Generator  Tubing.  The  Automobile, 
vol.  36,  no.  14,  April  5,  1917.  pp.  700-703,  illustrated. 

An  Analysis  of  the  Tractor  Situation,  Hugh  McVey.  S.  .\.  E. 
Bulletin,  vol.   11,  no.  6,  March  1917,   pp.  640-649. 

Analysis  of  Year's  Progress  as  Observed  at  Automobile  Shows, 
J.  Edward  Schipper.  S.  A.  E.  Bulletin,  vol.  11.  no.  6,  March 
1917,    pp.    653-672.    I    fig. 


MUNITIONS 

Projectiles  Containing  Explosives,  Commandant,  A.  R.  United 
States  Naval  Institute  Proceedings,  vol.  43,  no.  170,  April  1917, 
pp.  665-681. 

Translated   from   Revue  Generale  des  Sciences   Purcs  et   .Vnpliqu^es. 
vol.  27,  pp.   213-221,  April  15,  1916,  by  Charles  E.  Monroe. 

Ammunition  for  American  Merchantmen,  Lieut.  A.  G.  Dibrell. 
.American  Machinist,  vol.  46,  no.  15,  April  12,  1917,  pp.  617-625. 
28  figs. 

United  States  Munitions.  The  Springfield  Model  1913  Service 
Rifle,  Leaf  II.  Slide  and  Cap.  American  Machinist,  vol.  46, 
no.  15,  April  12,  1917,  pp.  641-647,  Ulustrated. 

Machine  Tools  Developed  for  Shrapnel  Manufacture.  Canadian 
Machinery  and  Manufacturing  News,  vol.  17,  no.  1,3.  March  29, 
1917,  pp.  305-308,  9  flgs. 

Munition-Plant  Poisons.  Archie  Rice,  .\merlcan  Journal  of  Public 
Health,  vol.  7,  no.  3.  March  1917,  pp.  273-281,  1  flg. 
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60-PouNDER  Shbll  HEAD.  DIVERSE  METHODS  OF  MACHINING.  Ma- 
chinery, vol.  9,  no.  231,  March  1,  191V.   pp.   620-623. 

FiiRGiNG  4.5  Ins.  60  PDR.  and  6  I.ns.  Howitzer  Shell.  Canadian 
Machinery  and  Manufacturing  News,  vol.  IT,  no.  15,  April  12, 
1917,  pp.  363-366.  illustrated. 

POWER    GENEE.\TION    AND    POWER    PLANTS 

Power  Equipment  for  Blast  Furnaces..  Charles  L.  Hubbard.  Na- 
tional Engineer,  vol.  21,  no.  4,  April  1917,  pp.  134-137,  S  flgs. 

Power  Equipment  for  Steam  Plants  :  VII — Vacuum  Pumps.  Cool- 
ing Towers  and  Soot  Blowers.  Robert  L.  Streeter.  Industrial 
Management,  vol.  52,  no.  6,  March  1917,  pp.  .S53-8(iS,  24  figs. 

Power  Equipment  fob  Steam  Plants  :  VIII — Purification,  Heating 
AND  Pumping  Feed  Water.  Robert  L.  Streeter.  Industrial  Man- 
agement, vol.  53,  no.  1.  April  1917,  pp.  81-99,  27  flgs. 

Blast  Furnace  and  Steel  Mill  Power  Plants,  Richard  H.  Rice 
and  Sanford  A.  Moss.  Proceedings  ot  the  Engineers'  Society  of 
Western  Pennsylvania,  vol.  33,  no.  2,  March  "f917,  pp.  81-130, 
illustrated. 

Hydro-Electric  Plant  of  the  Cedar  Rapids  Hidraulic  Manufac- 
turing Company  at  Cedars,  P.  Q..  Henry  Holgate  (p.  440), 
Julian  C.  Smith  (p.  449).  and  R.  M.  Wilson  (469-500),  Trans- 
actions of  the  Canadian  Society  of  Civil  Engineers,  vol.  29,  pt.  2, 
October-December   1915,   illustrated. 

The  Stave  Falls  Power  Development  of  Western  Canada  Power 
Company,  Ltd.,  R.  F.  Hayward.  Transactions  of  the  Canadian 
Society  of  Civil  Engineers,  vol.  29.  pt.  2,  October-December  1915, 
pp.  387-437,  29  figs. 

Dubuque  Electric  Company's  Plant,  E.  M.  Walker.  Electrical 
Review  and  Western  Electrician,  vol.  70.  no.  12,  March  24,  1917, 
pp.  485-7.  6  flgs. 

Dodge  Brothers  Power  Station.  Practical  Engineer,  vol.  21,  no.  8, 
April  15,  1917,  pp.  337-340.  5  flgs. 

RAILROAD    ENGINEERING 

Pennsylvania  Locomotive  Tests,  Andrew  C.  Loudon.  Railway 
Mechanical  Engineer,  vol. '91,  no.  4,  April  1917,  pp.  177-181,  12 
figs. 

Pennsylvania  58-Ton  Hopper  Cars.  Railway  Mechanical  Engineer, 
vol.   91,   no.   4,   April   1917,    pp.    191-194.   illustrated. 

A  Successful  Gasoline  Locomotive.  Coal  Age,  vol.  11,  no.  14, 
April  7,  1917,  pp.  609-110. 

Locomotive  Fire  Boxes.  Proceedings  of  the  First  Bi-Monthly 
Meeting,  1917,  Southern  &  Southwestern  Railway  Club,  vol.  14, 
no.   1,  January   1917,  pp.  3-40. 

The  Effect  of  Fire  Box  Design  Upon  Boiler  Capacity  and 
Economy,  J.  T.  Anthony.  Official  Proceedings  of  the  Railway 
Club  of  Pittsburgh,  vol.  16.  no.  4.  February  23,  1917,  pp.  87-122. 

Tests  op  Western  Yellow  Pixe  Car  Sills,  Joists.  ,\xd  Small 
Clear  Pieces,  C.  W.  Zimmerman.  U.  S.  Dept.  of  Agriculture 
Bulletin,  no.  497,  April  4,  1917,  16  pp. 

Babbitt  Furnace  fob  Locomotive  Shops,  D.  C.  F.,  Railway  Review, 
vol.  60,  no.  13,  March  31,  1917.  p.  449. 

Counterbalancing  the  Reciprocating  and  Revolving  Parts  of 
Locomotives,  Old  and  New  Methods.  Location  of  the  Weights. 
Railway  and  Locomotive  Engineering,  vol.  30,  no.  4  .4pril  1917, 
pp.  115-117,  9  flgs. 

Railway  Water  Supply,  C.  R.  Knowles.  New  York  Railroad  Club, 
Advance  copy  of  paper  presented  at  the  meeting  of  Friday,  April 
20,   1917,   12   pp. 

Convention  op  Railway  Engineering  Association.  Railway  Review, 
vol.  60,  no.  12,  March  24,  1917,  p.  416-424,  illustrated. 
Signals  and  Interlocking — Electricit.v — Signs — Fences  and  Crossings 
— Water  Service — Wooden  Bridges  and  Trestles — Stresses  in  Railroad 
Track — Conservation  of  Natural  Resources — Track — Ballast — Ties — 
Roadway — Uniform  General  Contract  Forms — Economics  of  Railway 
Location — Yards  and  Terminals — Records  and  Accounts — Buildings — 
Ash  Pits — Rail — Grading  of  Lumber — Masonry — Iron  and  Steel 
Structures — Rules  and   Organization — Wood   Preservation — Election. 

Pennsylvania  .Atlantic  Type  Loco.motive  Tests,  Andred  C.  Loudon. 
Railway  Age  Gazette,  vol.  62,  no.  12,  March  23,  1917,  pp.  635-640. 

REFRIGERATION 

Latent  Heat  op  Ammonia,  Gardner  T.  Voorhees.  Ice  and  Refrigera- 
tion, vol.  52,  no.  4,  April  1917,  pp.  177-183. 


Heat  Balance  of  an  .Absorption  Plant,  Julian  C.  Smallwood.  Power, 
vol.  45,  no.  15.  April  10,  1917,  pp.  482-484,  2  flgs. 

Accidents  in  Refbigebatino  Plants,  John  E.  Starr.  American 
Society  of  Refrigerating  Engineers'  Journal,  vo\.  3,  no.  5.  March 
1917,  pp.  5-14. 

High  Speed  Ammonia  Compbessobs,  C.  R.  Neeson.  .\merieau  Society 
of  Refrigerating  Engineers'  Journal,  vol.  ".,  no.  5,  March  1917, 
pp.  15-29.  15  flgs. 

Co.MposiTiON  and  Testing  op  Commebcial  Liquid  Ammonia,  E.  C. 
McKelvey  and  C.  S.  Taylor.  American  Society  of  Refrigerating 
Engineers'  Journal,   vol.   3,   no.  5,  March   1917,   pp.  30-49,  2  flgs. 

SAND   BLAST 

The  Sand  Blast.  Its  History  and  Development — II..  Frederick 
George.  Cassier's  Engineering  Monthly,  vol.  51,  no.  3,  March 
1917,  pp.  167-175,  10  flgs. 

STEAM  ENGINEERING 

Energy  Stored  in  a  Boiler  under  Pressure,  F.  R.  Low.  Power,  vol. 
45,  no.  15,  April  10.  1917,  pp.  474-477,  6  figs. 

Efficiency  of  Wa.ste  Heat  Boilebs,  H.  A.  Reichenbach.  Iron  Age, 
.\pril  12,  1917,  vol.  99,  no.  15,  pp.  902-905,  Illustrated. 

THE  Composition  of  Klingebit  Steam  Packing.  The  India  Rubber 
World,  vol.  54,  no.  1,  April  1,  1917,  pp.  385. 

Steam  Turbines  for  Land  Purposes.  Engineering.,  vol.  103,  no.  2672, 
March  16.  1917.  pp.  244-246  and  248,  illustrated. 

Uniflow  Steam  Engine  for  Rod  Mill  Drive,  Charles  C.  Lynde.  The 
Blast  Furnace  and  Steel  Plant,  April  1917,  pp.  143-146,  4  figs. 

Heat  Transmission  thru  Boiler  Tubes,  Edwin  Allan  Fessenden  and 
Jiles  William  Haney.     The  University  of  Missouri  Bulletin,   vol. 
17,  no.  26.  74  pp..  30  flgs. 
Engineering  Experiment  Station  Series  18. 

North-East  Coast  Institution  Guidance  Specification  (1917)  fob 
Cargo  Boat  Triple-expansion  Engines.  The  Shipbuilder,  vol. 
16,  no.  79,  March  1917,  pp.  108-111. 

Feed  Water  Control — II.  Practical  Engineer,  vol.  21,  no.  6.  March 
15,  1917,  pp.  263-264. 

Practical  Engineer,  vol.  21.  no.  6.  March  1.".,   HUT.  pp. 


Economizers. 
265-6. 

Use  op  Mine  Water  as  Boiler  Feed,  Edwin  M.  Chance, 
vol.  2,  no.  14,  April  7,  1917,  pp.  600-601. 


Coal  Age, 


THERMODYNAMICS 

Exhaustive  Tests  on  Electric  Water  Heaters,  Stanley  V.  Walton. 
Journal  of  Electricity,  vol.  38,  no.  7.  April  1,  1917.  pp.  227-235, 
illustrated. 

.\N  Outline  of  the  Theory  of  Heat  Transmission  and  Absoepiion 
in  Application  to  Ordinaby  Engineering  Problems,  John  E. 
Bell.  Proceedings  of  The  Engineers'  Society  of  Western  Pennsyl- 
vania, vol.  32,  no.  10,  January  1917.  pp.  797-845. 


VARIA 

Mobilization  of  Automobile  Industries.  S.  A.  E.  Bulletin,  vol.  11. 
no.  6,  March  1917,  pp.  697-699. 

Hiring  for  Hawthorne,  a  Few  Details  Involved  in  the  Job  of 
Giving  Out  Jobs.  Western  Electric  News,  vol.  6,  no.  2.  April 
1917.  pp.  6-9,  illustrated. 

The   Economic   Efficiency   op   a   Workman,   Leonard   M.   Passano. 

The  Technology  Monthly  and   Harvard  Engineering  Journal,   vol. 

3.  no.  S,  March  1917,  pp.  5-13.  4  tables. 

Introduction  and  Definition — Thcorotiial  Formulae:  Spoilage  Treated 

as  Reducing  the  Product — Theoretical    Formulae  :   Spoilage  Treated   as 

Increasing  the  Cost — Typical  Factory — Varying  and  Standard  Rate  of 

Gain — Efliciency  and  Bonus — Adjusting  Wages  or  Docking — Conclusion. 

Precision  Spacing  Machine.  The  Iron  Trade  Review,  vol.  60.  no.  13, 
March   29,   1917,  pp.  734-735,   3  figs. 

Winter  Grinding  and  Screening,  Ernest  W.  Enapp.  Brick  and  Clay 
Record,  vol.  50,  no.  7.  March  27,  1917,  pp.  635-639,  7  figs. 

A  Glossary  op  Terms  Used  in  the  Ri'bb'er  Ixdi^stry.  Frederick 
Dannerth.  Metallurgical  and  Chemical  Engineering,  vol.  16,  no. 
7,  April  1,  1917,  pp.  380-383. 

Chicago's  Co-operative  Administrative  Research,  F.  M.  Simons. 
Jr.    Industrial  Management,  vol.  53,  no.  1.  April  1917,  pp.  107-117. 

Technical    Words    and    Phrases    Defined    by    Special    Institute 
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CHARTS 
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Chart  Used  in  Testing  Indoor  .\ik  Conditions.  The  Heating  and 
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Wilkes-Barre,  Penn.     Superintendent  of  Department  of  Accounts  and 
Finance.     Annual  Report,  2d,   1915. 

Proceedings  of  the  17th  Annual  Convention  of  the  League  of 

Cities   of   the    Third   Class    in    Pennsylvania,    held    at    Johnstown, 
Aug.  29-31,  1916.     Gift  of  Wilkes-Barre  City  Clerk. 

Wilmington,    Del.      Water    Commissioner.      Annual    Report.      46th, 
1914-15. 

Chief  of  Police.     Report  1916. 

Park  Commissioners.     Report  of  the  Board.  1915. 

Street    and    Sewer    Department.      Annual    Statement    of    the 

Board  of  Directors.     1916.     Gift  of  Water  Commissioners. 

Wilmington,  N.   C.   Report  of  Audit  for  year  ending  May   31,   1916. 
Wilmington.  ^.  C.  WI6.     Gift  of  City  Council. 

Y-MiK    Mixixr,    Camp.       Bi'itish    Columbia.    Canada.       Departniout    of 
Mines,  Geological  Survey.     Memoir  94.     Ottatca,  1917.     Purchase. 


TRADE  CATALOGUES 

AciEEAL  Company  of  America.     New  York,  N.  Y. 
Descriptive  booklet  of  Acieral. 

American  Type  Founders  Co.    Jersey  City,  N.  J. 

ADCUTS.      A    new    process    for    reproducing   trade    marks,    signa- 
tures and  all  devices  now  being  electrotyped. 

Bird,  J.  A.  &  W.  &  Company.    New  York,  N.  Y. 

Colonial  Series  no.  14-24.     RIPOLIN  Enamel  Paint. 

Chicago  Steel  Tape  Company.     Chicago,  III. 
Descriptive  booklet  giving  prices. 

Fairbanks  Company.    New  York,  N.  Y. 
Catalog  No.  800.     Trucks. 

National  Tube  Company.     Pittsburgh,  Pa. 

"  National  "  Pipe  Standards  appendix  to  1913  Book  of  Standards. 

Texas  Company.     New  York,  N.  Y. 
Lubrication.     February  1917. 

Under-Feed  Stoker  Company  of  America.     Chicago,  III. 
Publicity  Magazine.     March  1917. 

Westinghouse   Electric   &   Manufaciueing    Company.      East   Pitts- 
burgh, Pa. 
Catalogue  8-A.     Westinghouse  Electric  Fans.   1917. 
Leaflet  1610.     Auto-starters,  Type  A. 

3825.     Electric  Power  Plants  for  the  Oil  Fields. 

3955.      Direct     Current     magnetic     contractor     controllers 

for  steel  mill  and  crane  service. 

3890.     Elevator  equipment  in  the  Cleveland  City  Hall. 

-3956.     Direct  current  Magnetic  Contractor  Controllers  for 


Steel  Mil!  and  .Crane  Service-Classification  and  Operation. 


PERSONALS 


/iV  these  columns  are  inserted  items  concerning  members  of  the  Society  and  their  professional 
activities.  Members  are  always  interested  in  the  doings  of  their  fellow-members,  and  the 
Society  welcomes  notes  from  members  and  concerning  members  for  insertion  in  this  section.  All 
communications  of  personal  notes  should  be  addressed  to  the  Secretary  and  items  should  be  re- 
ceived by  May  16  in  order  to  appear  in  the  June  issue. 


CHANGES  OF   POSITION 

ANDEEW  C.  Loudon  has  accepted  a  position  with  the  Locomotive 
Superheater  Company,  New  York.  He  was  until  recently  associate  editor 
of  the  Railway  Age  Gazette,  New  York. 

Channing  Turner,  formerly  assistant  industrial  engineer  with  the 
Winchester  Repeating  Arms  Company,  New  Haven,  Conn.,  has  be- 
come ranch  manager  at  Clearwater,  Mont. 

Leon  P.  .\i.ford  is  now  associated  with  Industrial  Management, 
formerly  Engineering  Magazine,  as  editor-in-chief.  He  was  editor  of 
the  American  Machinist  for  about  ten  years. 

Ralph  S.  Barnaby,  formerly  with  The  EIco  Company,  Bayonne. 
N.  J.,  as  inspector  of  material,  has  joined  the  engineering  department 
of  the  Standard  .\ero  Corporation,  Plainfield,  N.  J. 

.Albert  W.  Bissell  has  resigned  as  assistant  sales  manager  of  the 
American  Refractories  Company,  Chicago,  111.,  to  enter  the  employ 
of  the  Colorado  Fuel  and  Iron  Company,  Pueblo,  Colo. 

David  Van  .\lstyne,  until  recently  assistant  to  vice-president  of 
the  N.  Y.,  N.  H.  and  H.  R.  R.,  New  York,  has  accepted  a  position 
with   the   American   Locomotive   Company,    New   York. 

John  W.  BrassingtON,  formerly  engineer  with  The  Pusey  and  Jones 


Company,  Wilmington,  Del.,  has  assumed  the  duties  of  chief  engineer 
of  the  .American  Writing  Paper  Company,  Holyoke,  Mass. 

Charles  J.  Tehle  has  accepted  a  position  with  the  Kerr  Turbine 
Company  of  Wellsville,  N.  Y.  He  was  until  recently  in  the  employ 
of  the  Chicago   Pneumatic  Tool  Company  of  Franklin,   Pa. 

La  Veen  J.  Charles,  until  recently  construction  engineer  with  the 
U.  S.  Reclamation  Service,  Lakewood,  New  Mexico,  has  assumed  the 
duties  of  assistant  state  highway  engineer  of  Santa  Fe,  New  Mexico. 

Frederick  .\.  Otto,  superintendent  of  the  electrical  department 
of  the  St.  Paul  Gas  Light  Company,  St.  Paul,  Minn.,  has  become 
affiliated  with  the  Minnesota  Gas  and  Electric  Company,  Albert  Lea, 
Minn. 

James  McNaughton  has  become  affiliated  with  the  Eddystone  .Am- 
munition Company,  Eddystone,  Pa.,  as  assistant  to  the  president.  He 
was  formerly  vice-president  of  the  -American  Locomotive  Company, 
New  York. 

P.  M.  Smith  has  resigned  his  position  with  the  William  Tod  Com- 
pany of  Y'oungstown,  O.,  to  become  connected  with  the  Standard  En- 
gineering Company  of  Ellwood  City,  Pa.,  in  the  capacity  of  chief 
draftsman. 

Andrew  Westwater.  formerly  marine  engine  and  boiler  drafts- 
man  with   the  Moore  and   Scott   Iron  Works,   Alameda,   Cal.,   has   be- 
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come    Identified    witb    the    Columbia    River    Shipbuilding    Corporation, 
Portland,  Ore. 

GiLBEEir  I.  Vincent  has  accepted  the  position  ot  engineer  with  the 
Syracuse  Lighting  Company,  Syracuse,  N.  Y.  He  was  until  recently 
connected  with  the  Des  Moines  Gas  Company,  Des  Moines,  la.,  In  a 
similar  capacity. 

Forrest  E.  Cardui^uo,  formerly  chief  draftsman  of  the  Fierce- 
Arrow  Motor  Car  Company,  Buffalo,  N.  Y.,  has  assumed  the  duties  of 
engineer  of  tests  with  the  Curtiss  Aeroplane  and  Motor  Corporation 
of  the  same  city. 

Frederic  C.  Holmgren,  material  engineer  with  The  Remington 
Arms  Union  Metallic  Cartridge  Company,  Bridgeport,  Conn.,  has  as- 
sumed the  duties  of  automobile  expert  with  the  Rock  Island  Arsenal, 
Rock  Island,  111. 

Harold  E.  Rowe  has  left  the  employ  of  The  Carborundum  Com- 
pany, Niagara  Falls,  N.  Y'.,  and  has  again  become  associated  with 
The  Sinclair  Refining  Company,  witb  headquarters  at  their  main 
offlce  in  Chicago,  111. 

Edwin  J.  Lanham,  formerly  employed  as  mechanical  engineer  for 
the  Elyria  Machine  Company,  Elyrla,  O.,  has  recently  become  asso- 
ciated with  the  B.  F.  Goodrich  Company,  Akron,  O.,  in  the  capacity 
of  estimating  engineer. 

Herbert  R.  Lucke  has  resigned  his  position  as  manager  of  the 
De  La  Vergne  Engine  Company,  Houston,  Tex.,  to  assume  the  duties 
of  vice-president  and  assistant  general  manager  of  the  Hughes  Tool 
Company.   Houston.  Tex. 

Frank  L.  Dalas,  formerly  witb  the  Youngstown  Sheet  and  Tube 
Company,  Youngstown.  O.,  in  the  capacity  of  Inspector  of  the  elec- 
trical and  mechanical  department,  has  become  head  electrician  at 
the  Burma  Mines,   Burma,   India. 

Orlo  L.  Waugh  has  accepted  a  position  with  The  Crown  Cork  and 
Seal  Company.  Toronto,  Out.,  Canada.  He  was  until  recently  em- 
ployed by  the  Curtiss  .\eroplane  and  Motor  Company,  Buffalo,  N.  Y., 
in  the  capacity  of  testing  engineer. 

Thomas  M.  Roberts  has  resigned  bis  position  as  electrical  en- 
gineer's assistant,  Interborougb  Rapid  Transit  Company,  New  i'ork, 
and  has  become  associated  with  the  Navy  Department,  Bureau  of 
Yards  and  Docks,  Washington,  D.  C. 

P.  T.  SowDEN  has  resigned  as  works  manager  of  the  Torsion  Bal- 
ance Company.  New  York  and  Jersey  City,  to  accept  the  position 
of  assistant  general  manager  of  Arkell  and  Smith,  Canajoharie,  N. 
Y..   manufacturers  of  paper  bag  machinery. 

Bruce  M.  Swoi'E  has  accepted  the  position  'of  assistant  master 
mechanic  of  the  Renovo  Division  of  the  Pennsylvania  Railroad  Com- 
pany. He  was  formerly  motive  power  inspector  of  the  Pitcairn  Car 
Shops  of  the  same  company,  at  Pittsburgh,  Pa. 

John  H.  Wynne  has  assumed  the  duties  of  vice-president  of  E. 
B.  Cadwell  and  Company,  Inc..  New  York,  Mr.  Wynne  was  formerly 
connected  with  the  American  Locomotive  Company,  New  Y'ork,  in  the 
capacity  of  sales  manager  of  construction  equipment. 

Edwin  Frank,  formerly  instructor  in  mechanical  engineering.  Uni- 
versity of  Illinois,  Urbana,  111.,  has  become  afiiliated  witb  the  C.  H. 
Wheeler  Manufacturing  Company,  North  Philadelphia,  Pa.,  in  the 
capacity  of  centrifugal  pump  designer  in  the  marine  department. 

R.  J.  S.  PiGOTT,  until  recently  associated  with  the  Interborougb 
Rapid  Transit  Co.  in  a  consulting  capacity,  and  for  the  last  two  years 
power  superintendent  of  the  Remington  Arms  and  .\minunition  Com- 
pany, has  become  associated  with  the  Sanford-Riley  Stoker  Company. 
New  York,  in  a  consulting  capacity  on  power  and  service. 


ANNOUNCEMENTS 

E.  C.  Henn  has  been  elected  one  of  the  directors  of  the  Cleveland 
Chamber  of  Commerce. 

Sir  Robert  A.  Hadfield  has  offered  200  pounds  to  provide  for  a 
prize  for  a  new  and  accurate  method  for  determining  the  hardness 
of  various  metals. 

W.  B.  Gregory,  professor  of  experimental  engineering,  Tulane 
University  of  Louisiana,  New  Orleans,  has  been  commissioned  Major 
of  the  engineer  section  of  the  Officers'  Reserve  Corps. 

James  G.  Scbugham,  Dean  of  the  Engineering  College  of  the  Uni- 


versity  of   Nevada,   Reno,   Nevada,   is   to   take   a   two   years'   leave   of 
absence  to  accept  the  position  of  state  engineer  of  Nevada. 

Paul  M.  Lincoln,  Jack  S.  Herbert  and  Elmer  K.  Hiles  have 
received  commissions  signed  by  President  Wilson,  making  them  officers 
in  the  engineering  division  of  the  Officers'  Reserve  Corps  of  the 
United  States  Army. 

Paul  C.  Philii'i>  has  taken  into  partnership  H.  K.  Beach.  Mr. 
Beach  has  had  a  wide  exijerience  along  power  plant  work  and  general 
engineering  for  industrial  concerns,  especially  designing  of  brass  and 
copper  mills.  Mr.  Philipp  has  been  in  private  practice  for  a  number 
ot  years,  specializing  in  the  valuation  of  public  utility  and  industrial 
properties  and  preparing  financial  reports.  The  partnership  will  be 
conducted  under  the  firm  name  of  Philipp  and  Beach,  with  office  head- 
quarters at  Philadelphia,  Pa. 


APPOINTMENTS 

Jacob  A.   Teach   has   recently   been   appointed   mechanical   engineer 
of  the  Minneapolis  Steel  and  Machinery  Company,  Minneapolis,  Minn. 


AUTHORS 

C.  R.  Knowles  presented  a  paper  on  Railway  Water  Supply  at  the 
April  20  meeting  of  the  New  York  Railroad  Club. 

Julian  C.  Smallwood  has  contributed  an  article  on  Heat  Balance 
of  an  Absorption  Plant  to  the  April  10  issue  of  Power. 

Harold  B.  Bernard  has  contributed  an  article  on  Natural-Gas 
Pumping  Station  at  Roystone  to  the  .\pril  17  issue  of  Power. 

Donald  A.  Hampson  is  contributing  a  series  of  articles  on  Tlie 
Tools  of  the  Automobile  Repair  Shop  to  the  Horseless  Age. 

Gardner  T.  Voorhees  is  the  author  of  Latent  Heat  of  .Ammonia, 
which  appears  in  the  April  number  of  Ice  and  Refrigeration. 

Charles  C.  Ltnde  is  the  author  of  Uniflow  Steam  Engine  for  Rod 
Mill  Drive,  which  appears  in  the  April  issue  of  The  Blast  Furnace 
and  Steel  Plant. 

Calvin  W.  Rice  and  Leon  Goldmekstein  (Cammen)  are  the  joint 
authors  of  an  article  on  Mechanical  Engineering  in  The  American 
Year  Book,  1916. 

Alanson  p.  Brush  is  the  author  of  an  article  on  Crankshaft  Prob- 
lems in  Automobile  Engines,  which  appears  in  the  .\pril  number  of 
The  Oas  Engine. 

Paul  A.  Bancel  has  contributed  a  brief  article  entitled  World's 
Two  Largest  Steam  Hoists,  to  the  .\pril  7  issue  of  the  Engineering 
and  Mining  Journal. 

Frederick  W.  O'Neil  is  the  author  of  Recent  Developments  in  the 
Design  of  Hoisting  Engines,  which  appears  in  the  April  7  issue  of 
the  Engineering  and  Mining  Journal. 

Henry  M.  Hobart  has  contributd  an  article  on  Electrical  Machin- 
ery Tests  and  Specifications  Based  on  Modern  Standards  to  the  April 
issue  of  the  General  Electric  Review. 

Allen  F.  Brewer  is  the  author  of  an  article  on  The  Principles  of 
the  Calculation  of  "  Straight  Line "  Depreciation,  which  is  published 
in  hidnstrinl  Management  for  -Vpril. 

P.  C.  Idell  presented  an  illustrated  paper  on  Development  of 
Boilers  and  Modern  Boiler-Room  Construction  at  the  April  12  meet- 
ing of  the  Engineers'  Club  of  Trenton,  Trenton,  N.  J. 

George  W^  Fuller  has  contributed  to  the  .\pril  5  number  of 
Engineering  News-Record,  an  article  entitled  Relations  Between  Sew- 
age Disposal  and  Water  Supply  Are  Changing,  in  which  an  appraisal 
of  progress  is  made,  viewed  in  the  light  ot  recent  developments  in 
the  field  of  sanitary  engineering. 

W.  D.  Forbes  is  the  author  of  Marine  Machine  Shop  Equipment, 
published  in  the  April  issue  of  Marine  Engineering.  This  article 
deals  with  tools  ranging  from  the  smallest  and  finest  to  the  largest 
and  heaviest  required  in  shipyard  machine  shops. 

Power  Losses  in  Pneumatic  Tires  by  E.  H.  Lockwood,  read  before 
the  January  25th  meeting  of  the  Pennsylvania  Section  of  the  Society 
of  .\utomobile  Engineers,  was  published  in  the  February  Bulletin  of 
the  Society  of  Automobile  Engineers,  and  republished  In  the  Febru- 
ary Proceedings  of  the  Philadelphia  Engineers'  Club,  the  February  1 
issue  of  The  Automobile  and  the  March  31  number  of  Automobile 
Top  (c*. 


THE   NEW   BOOKS 


ALL  books  received  by  The  Journal  will  be  listed  under  this  heading,  generally  accompanied  by 
■«*  brief  descriptive  notes.  Works  of  special  importance  to  mechanical  engineers  will  be  com- 
mented on  at  length  by  members  and  others  peculiarly  qualified  by  reason  of  their  experience  and 
training. 


KiTeted  ISoUer  .Joints.  Hy  S.  F.  .Teter,  B.S.M.S.,  Member  of  Boiler 
Code  Comniittae,  Am.Soc.M.E.,  Chief  Engineer,  The  Hartford 
Steam  Boiler  Inspection  and  Insurance  Company.  McGraw-Hill 
Book  Co.,  Inc.,  New  York.  1917.  Cloth,  11  x  8  in.,  52  figures  and 
75  full-page  plates.     .$3   net. 

The  twofold  aim  of  the  author  is  to  give  a  graphical  treat- 
ment of  riveted-joint  design  and  to  determine  the  best  arrange- 
ment of  rivets  in  a  given  joint.  The  graphical  treatment  is 
extensive  and  charts  are  given  for  nearly  all  diameters  of  riv- 
ets used  in  practice.  The  method  of  constructing  additional . 
charts  is  given  should  there  be  need  for  these  in  cases  other 
than  those  given  in  the  text.  The  best  arrangement  of  rivets 
is  attempted  by  the  author,  and  is  indicated  by  a  statement 
rather  than  by  proof.  In  this  connection  the  chapter  on 
Riveted  Joints  of  Maximum  Efficiency  requires  much  polishing 
before  the  treatment  becomes  clear.  The  discussion  refers 
mainly  to  lap  joints,  and  the  author  does  not  state  always 
whether  the  analysis  is  general  or  specific,  thus  leaving  the 
reader  to  decide  this  question.  If  the  book  is  intended  for 
those  who  do  not  wish  to  undertake  an  intensive  study,  the 
previous  criticism  carries  its  maximum  weight. 

According  to  the  author,  the  book  is  intended  for  boiler 
designers,  boiler  inspectors,  students,  and  to  some  extent  for 
structural  engineers.  For  the  latter  class,  however,  the  book 
seems  to  offer  little,  since  structural  engineers  use  rivets  mainly 
in  compressive  members,  and  the  joints  subject  to  tension  are 
rare. 

The  treatment  is  both  analytical  and  graphical.  The  mathe- 
matics required  of  the  reader  consists  of  simple  algebraic 
transformations  and  only  a  slight  suggestion  of  analytic  geom- 
etry. One  accustomed  to  the  use  of  cross-section  paper  will 
perhaps  meet  with  little  difficulty  in  plotting  the  linear  equa- 
tions given  in  the  text.  Moreover,  the  author  works  out  a 
sufficient  number  of  examples,  so  that  the  reader  could  hardly 
go  astray,  even  though  the  explanations  are  extensive  rather 
than  explicit. 

The  grajihical  treatment  is  original,  although  it  has  been 
published  previously  by  the  author  in  the  columns  of  Power. 
A  discussion  of  limiting  pitches  is  given,  and  this  is  a  de- 
sirable asset. 

The  author  does  not  devote  any  attention  to  the  question 
of  eccentrically  loaded  joints.  In  fact,  lap  joints  are  shown 
with  the  same  prominence  as  double  butt-strap  joints  with 
equal-width  cover  plates.  Even  the  double  butt-strap  joints 
with  unequal-width  cover  plates  are  shown,  and  these  have 
the  same  disadvantages  as  the  ordinary  lap  joints.  It  will  be 
remembered  that  lap  joints  are  going  out  of  use  rapidly,  and 
in  many  states  are  prohibited  by  law.  The  reviewer  concludes 
from  the  text  that  it  makes  little  or  no  difference  in  the  author's 
mind  which  are  to  be  advocated. 

Whether  this  book  will  be  of  service  to  the  designer  de- 
pends entirely  on  the  designer's  point  of  view.  If  one  wishes 
to  select  joints  with  little  or  no  calculation,  the  charts  are  of 
service.  If,  on  the  other  hand,  the  designer  prefers  to  cal- 
culate the  joints  from  first  principles,  the  book  is  of  less 
service,  since  this  part  is  not  given  with  utmost  clearness. 
One  objection  to  the  use  of  charts  for  boiler  designers  is  that 


in  drawing  them  the  values  of  the  resistances  in  tension,  shear, 
and  crushing  must  be  fixed.  Hence  such  charts  would  become 
obsolete  should  eases  arise  in  the  future  when  these  values 
might  be  changed.  They  may  be  redrawn  for  the  new  valuef, 
however.  This  disadvantage  does  not  hold  for  the  analytical 
treatment. 

Alphonse  a.  Adler. 


Meolianical  Equipment  of  Uuildiitgs — Vol.  I,  Heating  and  Ventilation 
nf  Buildings.  By  Louis  Allen  Harding.  B.S..  M.E..  and  .Arthur 
Cutts  Willard,  S.E.  John  Wiley  &  .Sons.  Inc.,  New  York,  1916. 
Leather,  9ii  x  0^4  in.,  000  pp.,  00  illustrations  and  charts.     $4  net. 

Volume  I  of  this  work  deals  with  the  heating  and  ventilat- 
ing of  buildings,  and  subsequent  volumes  will,  it  is  said,  relate 
to  power  plants,  elevators,  lighting  systems,  refrigerating 
plants,  sprinkler  systems,  vacuum  cleaning,  and  plumbing. 
The  object  of  the  authors  is  to  produce  a  reference  book  for 
engineers  and  architects  which  will  contain  sufiicient  theoretical 
and  commercial  data  for  practical  use  in  the  designing  room, 
and  at  the  same  time  serve  to  show  the  student  the  relation 
between  the  theoretical  principles  involved  and  their  prac- 
tical application  to  actual  problems.  The  various  chapters 
cover  the  properties  of  water,  steam,  and  air,  the  mechanics 
of  their  movement,  heat  transmission  of  building  materials 
and  of  radiators,  fuels  and  combustion,  boilers,  heating  water 
in  tanks  and  pools,  chimneys,  direct  steam  and  hot-water  heat- 
ing, electrical  heating,  ventilation,  warm-air  furnaces,  fan 
heating,  air  conditioning,  temperature  and  humidity  control, 
exhaust-steam  heating,  district  heating,  pipe  fittings,  valves, 
covering,  the  cost  of  equipment,  and  the  preparation  of  plans 
and  specifications. 

While  a  great  deal  of  information  in  the  book  is  of  value 
to  the  trained  engineer,  many  of  the  rules  given  are  so  com- 
plex as  to  puzzle  the  average  architect  and  the  heating  engi- 
neer without  a  thorough  technical  training.  As  a  matter  of 
fact,  the  work  cannot  help  but  impress  one  familiar  with  the 
subject  that  it  will  be  of  far  more  value  in  the  classroom  and 
in  the  hands  of  a  technically  trained  engineer  with  the  patience 
to  digest  the  information  contained  in  it,  than  it  will  be  to 
the  heating  engineer  that  has  graduated  from  the  bench,  and 
even  the  technically  trained  engineer  seeking  formulfe  for  his 
work  that  may  be  easily  understood  and  easily  applied.  A 
great  deal  of  the  matter  in  the  book  has  been  taken  from  other 
sources.  Much  of  the  matter  so  obtained  could  have  been 
omitted  to  advantage.  In  fact,  one  might  well  question  the 
advisability  of  encumbering  the  book  with  tables  of  valve 
and  pipe-fitting  dimensions  and  the  various  dimensions  of 
proprietary  articles.  As  this  information  can  be  obtained 
from  catalogues  obtainable  for  the  asking,  it  hardly  seems  fair 
for  the  purchaser  of  the  work  to  pay  for  so  much  information 
that  could  be  obtained  elsewhere  without  cost.  Again,  there 
is  a  complete  chapter  on  fuels  and  combustion.  It  would  seem 
preferable  to  present  instead  a  brief  summary  of  the  essential 
data  required  by  the  heating  engineer  and  refer  him  for  further 
information  to  the  many  excellent  treatments  of  this  subject 
in  other  books.     In  many  cases  a  number  of  rules  proposed 
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by  different  authors  for  solving  the  same  problem  are  given, 
and  it  is  to  be  regretted  that  their  advantages  and  disadvan- 
tages and  their  limitations  are  not  commented  upon  by  the 
authors,  for  their  presentation  without  such  comment  leads 
to  perplexity  in  the  mind  of  users  of  the  book.  The  selection 
of  rules  given  might  here  and  there  be  improved.  For  in- 
stance, one  finds  no  reference  to  the  data  on  heat  transmission 
through  building  substances,  and  to  the  rules  for  determining 
radiating  surfaces  as  used  by  the  late  Alfred  R.  Wolff.  When 
one  considers  the  effect  these  data  ha'd  on  the  science  of  heat- 
ing in  the  United  States,  their  omission  in  a  work  of  this  mag- 
nitude is  to  be  regretted.  This  criticism  should  not  obscure 
the  fact  that  the  work  contains  a  great  deal  of  very  useful 
information,  a  most  excellent  and  lavish  selection  of  illustra- 
tions, and  a  good  deal  of  matter  that  cannot  be  found  in  other 
works  on  the  subject. 

A  Member. 

To  THE  Editor  : 

The  authors  belie\e,  in  eonnuun  witli  many  other  engineers, 
that  the  subject  of  heating  and  ventilation  is  of  such  commer- 
cial importance  that  a  somewhat  more  comprehensive  treat- 
ment is  warranted  than  has  thus  far  appeared. 

This  volume  is  now  in  use  in  many  engineering  offices,  and 
from  the  reports  the  publishers  and  authors  have  received  the 
method  of  treatment  employed  has  apparently  been  justified. 

Tlie  work  is  distinctly  not  a  set  of  "Rules,"  and  we  are 
inclined  to  agree  with  the  reviewer  that  the  book  was  written 
for  the  man  of  technical  training,  or  one  who  is  acquiring  such 
a  training.  Engineering  subjects  fortunately,  perhaps,  require 
some  study  to  grasp,  and  this  branch  of  engineering  appar- 
ently is  no  exception  to  the  rule. 

Engineers  in  general,  we  believe,  prefer  to  have  the  deriva- 
tion of  the  forrnulse  and  constants  used  stated  in  the  text, 
rather  than  the  bare  statement  of  rules  or  formulae.  For  this 
reason  we  have  included  such  matter  as  our  experiments  on  the 
heat  transmission  of  building  construction,  which  we  believe 
are  more  complete,  in  many  respects,  than  any  heretofore 
published  data  in  this  connection. 

The  section  devoted  to  hot-blast  heating  can  hardly  be 
reduced  if  one  is  to  cover  the  subject  properly. 

Particular  attention  is  directed  to  fan  testing  and  the  appli- 
cation of  fan  tables — a  subject  that  comparatively  few  engi- 
neers are  familiar  with.  This  is  the  first  treatise  on  the  sub- 
ject to  include  complete  data  on  air  washing  and  humidifica- 
tion,  as  well  as  a  number  of  other  subdivisions  of  heating. 

The  Authors. 


Elenientiiry  Course  in  Lagrange's  Equations.  By  N.  W.  Akimoff,  Me- 
chanical Engineer.  Philadelphia  Book  Co.,  Philatielphia,  Fa.,  1917. 
Cloth,  GxO  in.,  195  pp.,  58  illustrations.     $2. 

In  the  preparation  of  this  book  the  author  had  in  mind  to 
present  the  methods  of  analysis  of  Lagrange  in  such  form  that 
the  average  engineer  might  have  a  ready  reference  for  the 
formulation  of  the  fundamental  problems  of  dynamics  arising 
in  engineering  practice.  It  is  therefore  essentially  a  condensed 
selection  of  fundamental  equations  in  dynamics,  developed 
from  foundational  principles,  and  familiarity  with  the  methods 
of  the  calculus  and  a  ready  interpretation  of  symbolic  notation 
are  essential  to  its  reading. 

The  work  is  divided  into  five  chapters  which  treat  of  the 
following  subjects:  Synopsis  of  principles  of  dynamics,  85 
pp. ;  Lagrange's  equations  for  a  particle,  27  pp. ;  Lagrange's 
equations  for  a  system,  31  pp. ;  Lagrange's  equations  for  rela- 


tive motion,  Iti  pp.;  small  oscillations,  35  pp.  The  method 
of  treatment  is  quite  similar  to  that  found  in  the  usual  mathe- 
matical texts  of  this  sort,  in  that  tlie  bases  for  the  derivation 
of  the  several  formulated  relationships  arrived  at  are  certain 
general  and  fundamental  concepts  symbolically  expressed,  and 
the  usual  applications  of  the  laws  of  numbers  are  resorted  to 
in  their  treatment  and  transformation. 

Aside  from  the  references  to  the  embodiment  of  certain 
dynamic  problems  in  the  ca.se  of  the  gyroscope,  the  automobile, 
and  the  balancing  machine  devised  by  the  author,  there  are 
hardly  any  references  to  engineering  practice  illustrative  of  the 
problems  dealt  with.  The  treatment  of  the  subject  may 
therefore  be  characterized  as  academic.  It  would  appear  there- 
fore that  the  main  purpose  of  the  book — to  promote  a  use  of 
Lagrange's  method  in  the  solution  of  dynamic  problems — has 
been  defeated.  There  never  has  been  any  lack  of  material  of 
the  sort  this  book  contains.  The  difficulty  does  not  seem  to 
lie  in  this  direction.  Since  the  capacity  to  recognize  in  engi- 
neering problems  certain  fundamental  principles  needs  more 
cultivation  than  the  faculty  of  dealing  with  laws  of  numbers, 
it  appears  that  the  value  of  the  book  would  have  been  enhanced 
for  the  engineer  if  more  attention  had  been  given  to  engineer- 
ing problems.  It  is  a  simple  matter  for  the  student  to  learn 
that,  given  a  beam  of  certain  material,  proportions,  loading 
and  methods  of  support,  the  moments  and  stresses  arising  are 
fomid  "  thus "  and  the  relations  are  formulated  "  so."  But 
one  able  to  solve  this  sort  of  a  problem  is  wholly  at  sea  if 
given  a  machine  and  told  to  determine  the  nature  and  magni- 
tude of  the  loadings  of  certain  members,  the  rigidity  of  their 
support,  the  probability  of  maximum  stress,  where  found  and 
how  much.  This  latter  sort  of  text  writing  is  rare  and  is  very 
much  needed. 

The  value  of  the  book  would  be  very  much  increased  if  there 
were  a  number  of  engineering  applications  given  to  illustrate 
the  different  problems.  As  it  is,  the  engineer  reading  the 
book  will  naturally  ask  himself  the  question,  "  If  this  sort  of 
analysis  is  so  valuable  for  the  solution  of  dynamic  problems 
arising  in  engineering  practice,  why  are  there  not  some  engi- 
neering problems  given  in  illustration  ?  It  is  hoped  that  in 
future  editions  the  author  will  more  intimately  associate  the 
purely  mathematical  with  the  engineering  problem,  and  thus 
show  engineers  how  this  work  of  Lagrange  may  be  used  to  a 
greater  extent  than  it  is  today. 

The  book  is  well  bound  and  neatly  printed  on  good  paper. 
The  figures  are  clear  and  neatly  made. 

Walter  Rautbnstrauch. 


Fatigue  Study.  The  Elimination  of  Humanity's  Greatest  Waste.  A 
First  Step  in  Motion  Study.  By  Frank  B.  Gilbreth,  Mem.Am.Soc. 
M.E,  and  Lillian  M.  Gilbreth,  Ph.D.  Sturgis  &  Walton  Company. 
New  York,  1916.     Cloth,  SxTys  in.,  159  pp.,  33  illustrations.     $1.50. 

This  little  book  should  be  read  by  the  president  and 
directors  of  every  industrial  corporation,  and  copies  of  it 
sliould  be  presented  to  the  superintendent  of  each  department, 
with  instructions  to  read  it  and  then  hand  it  to  the  foremen. 
A  copy  of  it  should  be  in  every  works  library.  "  It  is  a  good 
thing,  pass  it  along."  "  Safety  first "  is  the  motto  of  every 
well-conducted  factory :  "  fatigue  study  next "  should  be  added 
to  it. 

Fatigue,  the  authors  say,  is  a  necessary  by-product  of 
activity.  A  little  fatigue  is  easily  overcome  if  proper  rest  is 
supplied  immediately.  Twice  the  amount  of  fatigue  requires 
more  than  twice  the  amount  of  rest.  Excessive  fatigue  requires 
a  rest  period  that  might  have  to  be  prolonged  indefinitely. 
It  is  this  fact  that  lies  at  the  basis  of  the  great  unnecessary 
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waste  in  accumulated  fatigue.  Fatigue  study  is  an  attack 
upon  this  unnecessary  waste.  It  aims:  1  To  determine  accu- 
rately what  fatigue  results  from  doing  various  types  of  work; 
2  To  eliminate  all  unnecessary  fatigue ;  3  To  reduce  the  neces- 
sary fatigue  to  the  lowest  amount  possible;  4  To  provide  all 
possible  means  for  overcoming  fatigue;  5  To  put  the  facts 
obtained  from  the  study  iuto  such  form  that  every  worker  can 
use  them  for  himself  to  get  more  out  of  life. 

This  book  will  outline  a  method  of  attack  and  furnish  a 
working  practice  for  attacking  tlie  fatigue  problem  in  an 
industrial  plant.  "  What  has  been  done  is  worth  while  when 
we  know  how  it  has  been  done,  and  why  it  has  been  done." 
The  authors  discuss,  in  simple  language  that  a  child  can  under- 
stand, the  what,  the  how,  and  the  why  of  fatigue  study  and 
fatigue  elimination.  Fatigue  elimination  in  a  factory  serves 
a  double  purpose.  It  makes  money  for  the  owner,  by  decreas- 
ing the  waste  of  time  which  is  caused  by  unnecessary  fatigue, 
and  increases  the  number  of  "  happiness  minutes "  of  the 
worker;  and  in  order  to  begin  fatigue  study  and  fatigue  elimi- 
nation the  best  thing  to  do  is  to  get  the  ideas  that  are  so  ably 
expressed  in  Mr.  and  Mrs.  Gilbreth's  little  book.  For  those 
readers  of  the  book  who  are  not  personally  acquainted  with  Mr. 
Gilbreth,  it  may  be  well  to  state,  what  is  not  stated  in  the 
book,  that  the  picture  of  the  man  in  shirtsleeves  examining  the 
micro-motion  film,  is  an  excellent  photograph  of  Mr.  Gilbreth 
himself  in  one  of  his  characteristic  attitudes. 

Wm.  Kent. 

Oxy-Acet.vlene  Weliling:.     By  C.  W.  Miller.     The  Industrial  Press,  New 
York,  1916.     Clotli,  6x9  in.,  287  pp.,  192  illustrations.     $2.50. 

During  the  little  more  than  ten  years  that  oxy-aeetylene 
welding  and  cutting  of  metals  have  been  attaining  importance 
as  commercial  industrial  processes,  considerable  has  been  pub- 
lished concerning  them.  It  has  taken  the  form,  however,  for 
the  most  part  of  separate  articles  in  the  technical  papers 
bearing  on  specific  pieces  of  work  that  have  been  accomplished, 
or  of  the  special  forms  of  apparatus  that  have  been  developed 
from  time  to  time  for  doing  the  work.  The  few  books  that 
have  appeared  have  been  rather  limited  in  their  scope  as  a 
rule  or  else  lacking  in  detail  when  they  attempted  to  cover 
the  whole  broad  field. 

The  publisher  of  machinery  felt  therefore  that  there  was 
room  for  a  comprehensive  book  on  the  art — entitled  to  a  place 
in  its  Mechanical  Library — and  in  compiling  this  Vol.  XII 
of  that  series  has  supplemented  what  the  author  prepared  with 
text  and  illustrations  taken  from  miscellaneous  articles  pre- 
viously printed  in  Machinery. 

Mainly  the  purpose  has  been  to  make  the  work  of  practical 
utility  to  prospective  users  of  the  welding  and  cutting  torches, 
and  to  that  end  highly  scientific  and  technical  treatment  of 
the  subject  has  been  avoided.  This  intention  appears  to  have 
been  consistently  adhered  to,  while  at  the  same  time  enough 
has  been  included  relative  to  the  principles  involved  so  that 
an  intelligent  understanding  may  be  had  of  the  functions  of 
the  apparatus  and  how  to  use  it  successfully. 

As  would  be  expected,  the  forepart  of  the  book  is  elementary, 
describing  the  construction  of  the  torches  and  the  means  for 
producing  and  storing  the  gases  used.  Then  comes  an  account 
of  the  accessories  desirable  in  a  shop  equipped  for  handling 
repair  work,  for  this  use  of  the  process,  rather  than  its  appli- 
cation in  manufacturing,  comes  more  within  the  experience 
of  the  author.  In  fact,  it  would  be  difficult  within  the  covers 
of  any  one  book  to  deal  adequately  with  manufacturing  uses, 
since  they  are  always  more  or  less  special  and  necessarily 
developed  experimentally,  hence  no  individual  would  be  compe- 


tent to  discuss  more  than  a  limited  field  of  such  applications. 
If  this  were  not  so  obvious  it  would  be  more  an  occasion  of 
criticism  that  the  title  of  the  book  does  not  indicate  that  it  is 
practically  confined  to  repair  work. 

One  chapter  embraces  the  contents  thus  far  specifically 
alluded  to,  and  the  next  nine  deal  with  repair  welding.  A 
supplementary  chapter  describes  the  lead-burning  process 
which,  though  much  older  and  more  familiar,  is,  after  all,  the 
original  fusion-welding  process;  and  finally,  the  last  chapter 
takes  up  that  distinctly  different  use  of  the  oxy-acetylene  torch, 
the  cutting  of  metals  by  an  oxygen  jet  actually  burning  its 
way  tkrough. 

The  section  on  repair  work  is  the  most  valuable  part  so  far 
as  practical  usefulness  is  concerned.  It  begins  with  the  prep- 
aration of  the  work,  which,  being  so  essential  to  successful 
results,  would  have  been  better  were  it  more  fully  treated. 
Expansion  and  contraction  effects  are  referred  to  and  direc- 
tions given  to  allow  for  them  in  a  few  specific  jobs,  but  since 
it  is  a  lack  of  understanding  the  underlying  principles  of  these 
effects  and  anticipating  them  with  proper  provisions  that 
accounts  for  most  of  the  failures  in  welded  repairs,  it  would 
have  added  value  to  the  book  had  there  been  a  few  well-chosen 
typical  examples  with  illustrations  explaining  the  fundamental 
principles  of  contraction  in  cooling.  Knowing  the  whys  and 
wherefores  and  when  to  look  out  for  them,  the  reader  could 
be  put  in  position  to  work  out  his  own  problems  as  to  the 
proper  handling  of  almost  any  casting  that  he  might  be  called 
upon  to  repair.  It  is  a  knowledge  of  just  this  element  that 
makes  the  difference  between  a  good  and  a  poor  welder. 

On  the  matters  of  materials  and  fluxes  and  the  obtaining 
of  a  properly  adjusted  neutral  flame  the  discussion  is  excellent. 
The  chapter  on  cast-iron  welding  which  follows  is  also  very 
commendable.  It  is  one  of  the  longest  in  the  book,  and  justifi- 
ably so,  for  it  deals  with  the  most  common  class  of  repairs. 
Steel,  malleable  iron,  copper,  and  copper  alloys  are  metals 
less  frequently  welded,  and  one  chapter  suffices  to  cover  the 
special  precautions  needful.  Another  whole  chapter  deals  with 
that  most  difficult  of  metals,  aluminum,  and  its  extensive  use 
in  automobile  parts  makes  skill  in  its  repair  a  worth-while 
accomplishment. 

Sheet-metal  and  plate  welding,  as  of  boilers,  tanks,  tubes, 
etc.,  is  the  nearest  approach  to  manufacturing  uses  referred 
to  and  is  sufficiently  treated,  considering  the  avowed  scope  of 
the  book.  Boiler  welding  is  as  yet  not  accepted  as  safe  enough. 
State  laws,  insurance  companies,  and  the  A.  S.  M.  E.  Boiler 
Code  forbid  it.  Probably  it  will  not  be  countenanced  untU 
some  trustworthy  means  is  discovered  for  proving  the  integrity 
of  a  weld  without  testing  it  to  destruction,  when  it  is  too  late 
to  .put  it  in  service,  and  we  cannot  be  sure  of  duplicating 
results  with  what  appear  to  be  identical  conditions.  Tank 
welding,  however,  is  usually  permissible. 

Some  very  useful  general  considerations  are  given  in  the 
last  chapter  of  this  section.  They  include  such  important 
subjects  as  unusual  difficulties,  qualifications  and  training  of 
welders,  care  of  apparatus,  overhead  costs,  commercial  limita- 
tions of  the  welding  process,  safety  precautions  in  the  use  of 
apparatus,  and  other  things  that  should  .be  brought  to  the 
attention  of  the  beginner  to  guard  him  against  the  pitfalls.  A 
more  than  usually  complete  index  is  especially  valuable  in 
guiding  the  reader  to  those  parts  of  the  section  on  repair  work 
where  he  will  find  the  information  needed  for  work  in  hand. 

Assuredly,  there  is  a  field  for  such  a  book  as  this,  and  while 
it  may  not  be  perfect,  nothing  better  of  its  kind  has  yet  been 
brought  out  to  the  best  knowledge  of  the  reviewer. 

Henkt  R.  Cobleigh. 


OIL   BURNING 


Some  Practical  Details  of  Burning  Oil  Under  Boilers  to  Produce  Steam,  with  Particular 

Reference  to  Stationary  Boilers,  with  Discussion 


By  B.  S.  nelson,  NEW  ORLEANS,  LA. 
Member  of  the  Society 


THE  subject  of  oil  burning  sliould  be  particularly  inter- 
esting to  engineers  in  the  South  because  Louisiana  can 
take  credit  for  originating  the  widespread  commercial  use  of 
oil  as  fuel  in  the  United  States.  While  a  great  deal  of  oil 
•was  produced  in  Pennsylvania  fields  and  some  of  it  was 
utilized  for  fuel  purposes  before  the  discovery  of  oil  here,  the 
Pennsylvania  oils  were  of  such  high  grade  as  to  make  them 
more  valuable  when  refined  into  illuminating  and  lubricating 
oils  than  as  fuel.  In  fact,  it  has  been  stated  that  for  a  con- 
siderable time  oil  companies  in  Pennsylvania  burned  coal 
under  their  boilers. 

With  the  discovery  of  Spindle  Top  in  1901  and  the  rapid 
de\elopment  of  the  California  fields,  the  sujiply  of  crude  oil 
became  greater  than  the  demand  for  refined  products;  hence 
the  use  of  oil  as  fuel.  The  recent  development  of  the  Mexican 
oil  fields  has  given  the  South  an  additional  supply  of  oil  to 
draw  on  as  fuel. 

Fuel  oil  is  oil  which  is  more  valuable  to  the  producer  as  fuel 
than  as  a  refined  jaroduct.  Due  to  the  rapid  increase  in  use  of 
gasoline  in  motor  vehicles  and  the  use  of  distillates  in  station- 
ary engines,  and  also  to  the  improvements  in  refining  crude 
oils,  it  is  probable  that  very  little  crude  oil  will  be  used  for 
fuel,  and  that  the  fuel  most  used  will  be  some  sort  of  residuum 
or  scalped  oils;  that  is,  the  oil  from  which  the  lighter  constit- 
uents have  been  distilled  off.  Though  the  Mexican  oils  are,  as 
a  rule,  heavier  and  contain  less  of  the  lighter  constituents  than 
American  oils,  even  they  are  now  being  distilled  and  the  residue 
used  as  fuel.  The  result  of  this  will  be  that  more  attention 
will  have  to  be  paid  to  the  oil-burning  system  than  was  neces- 
sary with  the  lighter  crude  oils  used  heretofore,  because  a 
scalped  oil  is  heavier  and  more  viscous  than  crude  oil.  One 
advantage  in  using  a  scalped  oil  is  that  there  is  less  fire  risk, 
because  its  flash  point  is  higher  than  the  flash  point  of  the 
crude  oil. 

Fuel  oils  may  be  classified  according-  to  several  of  their  char- 
acteristics, which  are  more  or  less  dependent  upon  each  other. 
Some  of  these  are  the  flash  point,  or  temperature  at  which  an 
oil  will  give  off  inflammable  vapors;  the  viscosity,  which  may 
be  explained  as  the  molecular  friction;  the  specific  gi'avity ; 
the  heat  value,  and  the  sulphur  content. 

The  flash  point  of  an  oil  is  of  interest  particularly  from  the 
standpoint  of  safety.  On  land  installations,  where  the  oil  is 
usually  buried  in  a  closed  tank,  the  flash  point  is  of  less  im- 
jiortance  than  on  shipboard,  where  inflammable  vapors  are  apt 
lo  accumulate  in  the  hull  or  to  be  freed  in  a  closed  boiler 
louui,  due  to  leaky  piping. 

The  \iscosity  of  an  oil  is  the  principal  consideration  in  the 
actual  burning  of  that  oil,  because  the  success  of  the  burner 
or  atomizer  depends  largely  on  its  ability  to  atomize  the  fuel 
into  sufficiently  fine  particles  to  insure  satisfactory  combustion, 
and  the  more  viscous  the  oil  the  more  difficult  this  atomization. 
There  are  various  methods  of  expressing  the  viscosity,  one  of 
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the  most  used  hein;;-  in  terms  of  the  Engler  scale.  Degi'ees 
Engler  means  simply  the  ratio  of  the  time  it  takes  a  given 
quantity  of  an  oil  to  flow  through  a  standard  orifice  as  com- 
pared to  the  time  it  would  take  the  same  volume  of  water  to 
flow  through.  Oil  is  usually  sold,  however,  on  the  basis  of  its 
specific  gravity  (generally  measured  in  degrees  Baume)  and 
its  heat  value  and  moisture  content.  It  is  usually  assumed  that 
the  heavier  an  oil  in  degrees  Baume,  the  more  viscous  is  that 
oil,  but  this  is  not  always  strictly  true. 

Through  the  courtesy  of  E.  H.  Peabody,  Mem.Am.Soc.M.E., 
in  Fig.  1  is  reproduced  a  very  interesting  chart  giving  the  char- 
acteristics of  some  thirty  different  oils.  This  chart  gives  the 
temperature-viscosity  diagram  of  these  fuels,  the  specific 
gravity,  the  degrees  Baume  and  the  flash  point.  Comparing 
two  crude  oils  from  these  curves  bring-s  out  the  relation,  or 
rather  lack  of  relation,  between  degrees  Baume  and  degrees 
Engler: 

Deg.  B.  Flash        Deg.  Eng.  at 

Pt.  230  Deg.  Fahr. 

Panuca  Crude 13.7  140  13.75 

No.  18  California 12.7  285  5.2 

It  is  to  be  regretted  tiiat  oil  is  not  specified  in  terms  of 
specific  gravity  instead  of  degrees  Baume,  because  in  any  cal- 
culations involving  the  weight  of  the  oil  per  gallon  or  per 
barrel  it  is  necessary  to  refer  back  to  specific  gravity.  Further, 
the -heaviest  oil  that  can  be  designated  on  the  Baume  scale  for 
liquids  lighter  than  water  is  10  deg.  B.,  or  unit  specific  gravity. 
There  are  oils  being  used  now  of  10  and  12  deg.  B.,  and  no 
doubt  still  heavier  oils  will  be  used,  which  will  call  for  two 
different  Baume  scales  and  cause  confusion. 

Spindle  Top  oil  has  a  specific  gravity  of  about  0.92,  corre- 
sponding to  22  deg.  B.,  and  its  heat  value  averages  about  19,700 
B.t.u.  California  oil  is  somewhat  heavier,  the  average  grade  of 
that  oil  having  a  specific  gravity  of  about  0.95,  or  18  deg.  B., 
heat  value  about  18,500  B.t.u.  The  Mexican  oils  vary  consid- 
erably in  specific  gravity  and  heat  value,  but  as  a  rule  they 
are  much  heavier  than  either  the  California  or  Texas  oils;  a 
typical  oil  now  used  has  0.99  sp.  gr.,  or  12  deg.  B.,  with  a 
heat  value  of  about  18,200  B.t.u. 

Table  1  compares  the  prices  of  coal  and  oil,  taking  as  a 
basis  coal  of  the  quality  of  Pratt,  Alabama,  and  Pittsburgh 
coal,  sold  in  the  New  Orleans  market.  While  with  these  coals 
an  evaporation  of  10  lb.  from  and  at  212  deg.  can  be  realized 
with  well-designed  water-tube  boilers  when  the  boilers  have 
ample  heating  surface  and  are  in  the  hands  of  skillful  firemen, 
it  is  extremely  doubtful  if  any  boilers  in  regular  service  are 
showing  better  than  8  lb.,  and  the  great  majority  are  below 
this  figure.  Therefore,  if  we  lake  8  lb.  as  a  basis,  we  are  giv- 
ing the  coal  its  full  value.  Now,  with  oil  giving  19,500  B.t.u. 
per  lb.,  an  evaporation  of  14.5  lb.  should  be  readily  obtained 
if  the  apparatus  for  supplying  the  oil  to  the  furnaces  is  of 
first-class  design  and  if  the  furnaces  are  properly  arranged. 
With  this  ratio  as  a  basis,  it  is  apparent  that  a  pound  of  coal 
is  equivalent  to  8/14.5  or  0.541  lb.  of  oil.  A  barrel  of  crude 
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oil  weighs  approximately  325  lb.,  iherefore  one  ton  (2000  lb.) 
of  coal  is  equivalent  in  practical  heating  value  to  3.34  bbl. 
of  oil. 

TABLE  1     COMPARISON  OF  PRICES  OF  COAL  AXD  OIL 


Coal,  Dollars  per  Tod,  2000  lb. 


Oil,  Dollars  per  Bbl. 


5  00 

1.50' 

1.66  = 

4.75 

1.43 

1.60 

4.50 

1.35 

1.50 

4.25 

1.28 

1.42 

4.00 

1.20 

1.33 

3.75 

1.13 

1.25 

3.50 

1.05 

1.02 

3.25 

.98 

1.01 

3.00 

.90 

1.00 

2.75 

.83 

.92 

2.50 

.75 

83 

2.25 

.68 

75 

2.00 

.60 

.66 

'  Not  allowing  for  labor  saving. 

■  Assuming  10  per  cent  of  cost  of  fuel  in  labor  of  firing  and  handling 
asbes  saved  by  using  oil,  a  conservative  estimate  for  plants  of  over 
300  hp. 

An  interesting  point  to  note  with  reference  to  the  heat  value 
of  an  oil  is  that  the  B.t.u.  usually  given  is  the  high  heat  value 
or  heat  value  determined  in  a  bomb  calorimeter.  The  actual 
heat  value  available  in  a  boiler  furnace  is  less  because  all  fuel 
oil  contains  a  considerable  percentage  of  hydrogen,  and  the 
latent  heat  of  the  steam  formed  by  the  combustion  of  this 
hydrogen  passes  up  the  stack  as  waste  heat. 

In  all  the  heavier  grades  of  fuel,  particularly  the  Mexican 
oils,  water  mixed  with  the  oil  is  in  the  form  of  an  emulsion  and 
will  not  settle  out  in  a  tank  as  it  will  with  the  lighter  American 
crudes.  This  is  not  so  much  a  disadvantage  as  it  would  seem, 
other  than  causing  a  lowering  of  the  heat  value.  With  an  oil 
light  enough  for  the  water  to  settle  out  of  its  own  accord,  this 
water  will  frequently  accumulate  in  the  tank  and  piping  and 
go  over  into  the  burners  in  a  slug,  putting  the  burners  out; 
but  with  heavy  oil  a  very  considerable  amount  of  water  can 
go  through  the  burner  with  no  bad  effect.  The  writer  is  in- 
clined to  believe  that  a  small  quantity  of  water  in  heavy  oil 
is  an  advantage  in  that  these  oils  are  usually  heated  above  the 
boiling  point  of  water  to  effect  atomization,  and  the  vaporizing 
of  the  moisture  in  the  oil  as  it  leaves  the  burner  tip  probably 
helps  to  atomize  the  oil  more  thoroughly. 

Oil  has  numerous  other  advantages  over  coal  than  cost  of 
fuel.  The  storage  space  required  is  much  less  for  an  equal 
number  of  heat  units;  there  are  no  ashes  to  be  disposed  of; 
less  boiler-room  help  is  required  for  firing;  the  wear  and  tear 
on  the  furnace  lining  is  smaller  because  the  firedoors  do  not 
have  to  be  opened,  with  the  consequent  chilling  of  the  hot  brick- 
work. Very  little  repairs  are  necessary  to  the  gi'ate  bars;  a 
much  smaller  stack  can  be  used  for  the  same  boiler  horse- 
power ;  the  boiler  can  be  forced  with  natural  draft  considerably 
beyond  what  it  can  with  coal,  an  important  feature  where  boiler 
capacity  is  scant;  where  feedwater  is  bad,  it  is  often  possible 
to  carry  a  load  with  two  oil-fired  boilers  which  would  require 
three  boilers  were  coal  used,  thus  allowing  the  cleaning  and 
repairing  of  one  dirty  boiler  at  a  time.  Steam  can  be  raised 
much  more  quickly  and  with  no  loss  due  to  banking  fires.  It 
takes  about  10  per  cent  of  the  fuel  normally  consumed  by  a 
boiler  at  rated  load  to  keep  its  fire  banked  with  coal.  In  case 
of  an  emergency  the  fire  can  be  instantly  extinguished;  any 
one  who  has  had  to  draw  a  hot  coal  fire  in  an  emergency  can 
appreciate  this  particular  advantage. 


THE    SUCCESSFUL    OIL-BURNING    INSTALLATION 

There  are  several  factors  entering  into  the  successful  oil- 
burning  installation,  some  of  which  ali'ect  the  reliability  of  the 
system  and  others  its  etiflcient  operation. 

The  first  consideration  for  reliability  is  the  oil  supply  to  the 
burners,  involving  the  storage  tanks,  pumping  outfit,  and  heat- 
ers. The  size  of  a  storage  tank  varies,  of  course,  with  the  size 
of  the  boiler  plant,  but  it  should  be  large  enough,  at  least,  to 
hold  a  carload  of  oil.  A  very  popular  size  of  tank  is  a  10,000- 
gal.  tank,  which  is  about  8  ft.  in  diameter  and  about  30  ft. 
long.  These  tanks  are  usually  built  of  '^'\-\\\.  steel  with  ■''^-iu. 
heads,  though  if  the  tank  is  subject  to  corrosion  from  the  out- 
side it  should  be  made  of  heavier  material.  The  tank  slionld 
be  equipped  with  a  manhole  and  filling  pipe,  a  suction  open- 
ing, a  vent  opening,  and  openings  for  steam-heating-eoil  con- 
nections. The  insurance  requirements  call  for  the  tank  to  be 
below  the  level  of  the  pumps  and  burners,  which  means  that 
it  is  usually  buried  in  the  ground.  The  tank  should  be  prefer- 
ably not  less  than  50  ft.  from  the  nearest  building. 

The  oil  pumps  are  the  nest  consideration.  The  pump  that 
has  given  the  best  results  is  a  duplex  steam  pump,  piston- 
liattern  type,  with  brass  valves,  metallic  packing  in  the  oil 
piston  and  special  gaskets  and  piston-rod  packing.  The  size 
oi  jiump  should  be  based  on  a  very  low  piston  speed. 

The  pump  should  be  fitted  with  an  air  chamber  on  the  dis- 
charge side  to  steady  its  pulsations  of  pressure,  and  a  governor 
on  the  steam  end  to  maintain  the  jjressure  constant.  The  pres- 
sure at  which  the  oil  is  delivered  to  the  burners  depends  largely 
on  the  character  of  the  oil,  varying  from  40  lb.  for  oil  of  26 
to  30  deg.  B.  to  80  lb.  for  oil  of  12  deg.  B.  The  pump  should 
also  be  equipped  with  strainers  on  the  suction  side  to  keep 
trash  from  getting  under  the  pum)i  vahes.  Duplicate  pumps 
should  always  be  installed,  so  that  if  anything  goes  wrong  with 
one  pump  the  other  may  be  put  in  service  without  shutting 
down  the  plant. 

The  pump  should  be  set  as  near  the  level  of  the  oil  as  pos- 
sible to  give  the  minimum  suction  lift,  and  the  suction  pipe 
should  be  as  straight  as  possible,  preferably  with  bends  in- 
stead of  elbows.  Where  the  suction  pipe  is  long,  a  foot  valve 
at  the  bottom  of  the  suction  line  in  the  tank  is  desirable.  This 
should  be  a  valve  without  leather  seats,  as  fuel  oil  deteriorates 
leather.  A  very  good  valve  to  use  is  a  horizontal-swing  check 
used  in  a  vertical  position.  In  addition  to  air  chamber  and 
governor,  the  pump  should  be  equipped  with  a  relief  valve  set 
at  a  pressure  heavier  than  the  working  pressure,  so  as  to  inini- 
niize  the  danger  of  breaking  the  pump.  This  relief  valve 
should  be  of  the  enclosed  type,  so  that  its  overflow  can  be  piped 
back  to  the  tank. 

The  heavier  oils  require  heating  in  the  suction  tank  in  order 
to  enable  the  pump  to  lift  them.  The  temperature  must  not 
be  high  enough  to  cause  the  oil  to  vaporize  under  the  suction 
pull  of  the  pump.  The  writer  has  found  a  temperature  of 
110  to  130  deg.  about  right  for  Mexican  oil  of  12  to  18  deg.  B. 
According  to  Commander  .John  J.  Hyland,  U.S.N.  [Jour. 
A.  S.  N.  E.,  May  1914),  the  viscosity  of  the  oil  had  to  be 
reduced  to  375  deg.  Eng.  in  order  to  obtain  full  capacity  from 
a  Blake  pump.  In  order  to  gage  this  temperature  accurately, 
a  thermometer  should  be  installed  in  the  suction  line  near  the 
pump.  If  this  suction  line  is  long,  or  has  several  elbows  in 
it.  it  should  be  made  one  or  two  sizes  larger  than  the  suction 
opening  of  the  pump. 

The  next  question  is  that  of  the  heater.  Practically  all  the 
oil  now  burned  as  fuel  requires  heating  in  order  to  reduce  its 
viscosity  and  facilitate  atomization  at  the  burner.  There  is 
a  wide  choice  of  lieaters.  but  the  principal  considerations  are, 


490 


OIL  BURNING,  B.  S.  NELSON 


The  Journal 
Am.Soc.ISI.E. 


first,  to  have  the  heater  of  ample  heating  surface,  and  second, 
to  be  sure  that  this  heating  surface  is  all  utilized.  In  heating 
oil  with  a  steam  coil  in  a  vessel  of  oil  there  is  a  tendency  to 
local  heating,  that  is,  the  oil  next  to  the  coils  may  be  very- 
warm;  but  this  heat  is  not  readily  transmitted  to  the  adjacent 
oil,  so  that  a  heater  in  which  the  oil  is  kept  in  rapid  motion 
over  all  the  heating  surface  in  the  coil  is  apt  to  give  best  re- 
sults. In  one  type  of  heater  the  oil  is  sent  at  high  velocity 
through  a  long  coil  of  brass  pipe  heated  by  steam  on  the 
outside. 

There  are  several  pumping  sets  on  the  market  which  com- 
bine all  the  requisites  enumerated  above  in  one  self-eontamed 
unit.     Fig'.  2  shows  such  an  outiit  which,  it  will  be  noted,  con- 


length  of  time,  a  bypass  should  always  be  provided  from  the 
farthest  end  of  the  oil  supply  to  the  burners  back  to  the  pump 
suction,  or  preferably  to  the  tank.  The  function  of  this  is  to 
be  able  to  fill  the  oil  header  with  heated  oil  before  attempting 
to  light  the  burners.  With  much  of  the  heavy  oil  now  used, 
it  will  be  found  impossible  to  even  light  the  burner  until  hot 
oil  reaches  the  burner  tip.  If  the  above  bypass  is  not  used, 
there  will  be  considerable  messing  up  of  the  furnace  and 
ashpit  with  unburned  oil. 

More  stress  has  probably  been  laid  on  the  oil  burner  than 
on  any  other  part  of  the  installation,  which  has  led  to  the  be- 
lief on  the  part  of  peojjle  unfamiliar  with  the  burning  of  oil 
that  the  burner  is  the  whole  thing,  whereas,  as  a  matter  of 


Fig.  2    Oil-Pumpixg  Set,  Showing  Duplicate  Pumps  with  Pressure  Governor.  Air  Chajiber,  Gage.  Suction  Strainers, 

Relief  Valve  axd  Heater 


sists  of  duplicate  pumjis  with  pressure  governor,  air  chamber, 
gage,  suction  strainers  on  pumps,  relief  valve  and  heater. 

The  temperature  to  which  the  oil  must  be  heated  naturally 
varies  with  its  viscosity.  For  fuel  oil  usually  burned  in  the 
South,  a  temperature  from  180  to  220  deg.  is  satisfactory,  the 
liigher  temperature  being  for  oil  of  12  deg.  B.  As  far  as  we 
laiow,  ;  o  experiments  have  been  made  to  determine  the  degrees 
Engler  to  which  oil  must  be  heated,  but  judging  from  our  ex- 
perience and  with  the  aid  of  the  temperature-viscosity  dia- 
gTams,  we  should  say  that  about  8  to  9  deg.  Eng.  is  the  vis- 
cosity required  for  a  steam-atomizer  burner.  It  has  been 
stated,  however,  that  any  oil  which  can  be  pumped  readily  can 
be  atomized  by  a  steam  atomizer.  After  the  oil  is  heated 
at  the  pump  (and  its  temperature  should  be  read  by  a 
thermometer  permanently  fixed  in  the  discharge  line  from 
the  pumps),  care  should  be  taken  to  keej)  the  oil  hot 
until  it  reaches  the  burner  by  proper  covering  of  the  pipes. 
Where  the  discharge  line  is  very  long  or  the  oil  pump  is  a 
considerable  distance  from  the  burners,  a  very  helpful  device 
is  to  run  a  small  live-steam  pipe  inside  the  oil-discharge  pipe. 
When  this  is  done,  a  stuffing  box  should  be  placed  at  one  end 
of  the  steam  pipe  to  take  care  of  expansion,  which  will  be 
greater  on  the  steam  than  on  the  oil  pipe. 

In  an  installation  where  tlie  burners  are  shut  down  for  anv 


fact,  the  burner  contributes  but  a  very  small  part  to  the  suc- 
cess of  the  installation.  The  term  burner  is  really  a  misnomer, 
because  the  only  function  the  burner  performs  is  to  atomize 
the  fuel  into  sufficiently  fine  particles  to  effect  complete  com- 
bustion in  the  furnace. 

For  land  installations,  the  type  of  burner  which  has  proved 
best  is  the  steam-atomizer  burner  with  oil  supplied  to  it  under 
pressure.  The  essentials  of  such  a  burner  are  simplicity, 
cheaply  renewable  wearing  parts,  economy  in  steam  for  atomiz- 
ing, and  the  production  of  a  flame  of  such  shape  that  makes 
good  combustion  and,  hence,  high  boiler  efficiency  possible. 
The  burners  may  be  of  either  the  round-flame  or  flat-flame 
type.  The  flat-flame  type  is  preferable  because  it  uses  less 
steam  for  atomizing  and  produces  a  flame  of  such  shape  as 
to  permit  proper  mixture  of  air  to  support  combustion  without 
excess  air,  which  is  not  the  case  with  a  round-flame  burner. 

The  use  of  a  target  wall  is  not  necessary  and  may  cause 
injury  to  the  heating  surface  of  the  boiler  by  causing  the 
flame  to  concentrate  on  a  small  portion  of  the  surface,  result- 
ing in  what  is  termed  "  blowpipe  "  action. 

The  general  type  of  flat-flame  burner  is  a  tip  in  which  are 
two  narrow  parallel  and  horizontal  slots,  the  oil  flowing  out 
of  the  upper  slot  in  fan  shape  on  to  the  fan-shaped  jet  of 
steam  issuing  from  the  lower  slot. 


June 
1917 


OIL  BURNING,  B.  S.  NELSON 


491 


The  position  of  the  burner  depends  largely  on  the  type  of 
boiler.  For  a  boiler  with  a  long  unobstructed  furnace,  such  as 
a  horizontal  return  tubular,  or  a  boiler  of  the  Heine  or  Erie 
City  tyi.)e,  a  burner  set  in  the  firing  door  is  very  satisfactory. 
For  boilers  wliere  the  furnace  is  short  and  the  travel  of  the 
gases  is  upward,  such  as  in  the  Babcock  &  Wilcox  or  Stirling 
boiler,  the  best  arrangement  is  to  put  the  burner  at  the  back, 
shooting  toward  the  front  of  the  boiler.  In  either  case  air 
should  be  admitted  to  tlie  furnace  through  a  checkerwork  of 
firebrick  laid  on  the  grate  bars.  The  shape  of  this  checker 
work  should  approximate  the  shape  of  the  flame  and  thus  re- 
duce excess  air,  and  the  area  of  all  the  holes  should  be  equal 
fo  4  sq.  in.  per  boiler  horsepower. 

Steam  and  oil  connections  to  a  burner  should  be  made  to 
allow  for  the  expansion  and  contraction  of  the  oil  and  the 
steam  headers,  and  should  have  unions  above  and  below  the 
burner  to  enable  the  latter  to  be  taken  out  quickly  for  cleaning. 
A  very  essential  point  in  installing  a  burner  is  to  see  that  it 
gets  dry  steam.  The  simplest  way  to  do  this  is  to  take  the 
steam  from  the  top  of  the  auxihary  steam  header.  A  steam 
connection  should  be  provided  on  each  burner  for  blowing  the 
oil  out  of  the  burner  when  it  is  shut  down,  as  otherwise  this 
oil  will  carbonize,  due  to  the  heat  radiated  from  the  hot  fur- 
nace. 

The  principal  consideration  affecting  the  efficiency  of  an 
oil-burner  installation,  other  than  the  choice  of  a  burner  eco- 
nomical in  the  use  of  steam  (and  giving  the  proper  shape  of 
flame),  is  the  proper  control  of  the  air  supply.  One  of  the 
advantages  of  burning  oil,  mentioned  above,  was  the  possibil- 
ity of  reducing  the  excess  air  to  effect  combustion.  Conversely, 
one  of  the  principal  losses  is  the  ease  with  wliich  excess  air  can 
be  admitted.  For  any  particular  installation  (assuming  the 
setting  is  tight  and  checkerwork  properly  arranged),  the  best 
draft  should  be  determined  by  installing  a  draft  gage  on  each 
boiler  connected  to  the  furnace,  then  gi-adually  closing  the 
damper  until  there  appears  just  a  faint  trace  of  black  smoke 
at  the  stack,  and  finally  maintaining  the  draft  at  that  point. 
It  should  be  noted,  however,  that  there  can  easily  be  smoke 
with  excess  air  for  two  reasons,  first,  if  the  checkerwork  is 
not  properly  arranged  in  the  furnace  there  will  be  excess  air, 
even  though  the  combustion  be  incomplete,  and  second,  poor 
atomization  of  the  oil  at  the  burner  will  give  a  grayish-white 
smoke,  which  is  often  mistaken  for  insufficient  air.  A  more 
accurate  method  of  gaging  the  air  supply  is  to  make  periodical 
analyses  of  the  stack  gases  and  keep  a  record  of  the  stack 
temperatures.  The  stack  gases  should  not  be  over  100  deg. 
hotter  than  the  steam,  and  no  difficulty  should  be  experienced 
in  getting  13  to  14  per  cent  CO,  in  regular  operation. 

DISCUSSION 

mi:,  snypp  gives  tub  requirements  for  successfully 
firing  iie.wy  crudes 

Charles  E.  Snypp  spoke  of  the  difficulties  experienced  in 
handling  and  firing  heavy  Mexican  crude  oils.  He  recited  an 
experience  in  which  these  heavy  crude  oils  were  substituted  foi 
the  lighter  crude  oils,  such  as  Spindle  Top,  Beaumont  and 
Louisiana  oils,  in  a  plant  especially  adapted  to  the  burning 
of  Mghter  grades.  Fortunately  for  the  continuous  working  of 
the  plant,  the  change  came  about  gradually  over  a  period  of 
a  couple  of  years,  and  thus  the  machinery  was  corrected  and 
adapted  from  time  to  time  to  the  heavy  grades. 

Owing  to  the  rigid  insurance  requirements,  the  supply  tank 
was  located  about  400  ft.  distant  from  the  boilers,  and  about 
2  ft.  beneath  the  level  of  the  burners.     This  tank  was  buried 


and  dirt  arched  over  the  top  to  supply  the  necessary  weight 
to  overcome  its  buoyancy  when  empty,  as  the  ground  was 
more  or  less  saturated  with  water. 

The  pump  which  supplied  the  burners  was  located  in  the 
boiler  room,  and  light  crude  of  22  deg.  B.  could  be  easily 
drawn  tkrough  a  1%-in.  pipe  by  pump  suction  without  heating. 
For  heavy  crudes  a  3-in.  pipe  was  substituted  and  a  large- 
capacity,  slow-motion  pump  was  used.  This  would  handle 
medium  gTades,  but  in  cold  or  wet  weather  the  arrangement 
was  too  delicate  to  be  relied  upon.  A  booster  pump  was  then 
located  at  the  tank,  and  oil  was  heated  to  130  deg.  fahr.  and 
forced  through  this  3-in.  pipe.  This  relayed  the  oil  to  the 
burners.  A  2-in.  overflow  pipe  was  laid  from  the  pump,  lo- 
cated in  the  fireroom,  to  a  return  pipe  to  the  ground  tanks. 
This  slow-motion  pump  was  speeded  by  allowing  oil  to  flow 
freely  through  a  %-in.  vent  pipe  located  in  the  tojj  of  the 
pump  chamber  and  controlled  by  a  gate  valve,  and  this  oil 
circulated  through  the  2-in.  pipe  to  the  ground  tank.  This 
proved  to  be  a  very  satisfactory  arrangement  for  handling 
Mexican  crudes. 

Mexican  crudes  of  12  to  13  deg.  B.  should  be  heated  to  120 
to  130  deg.  fahr.  and  delivered  to  the  burners  just  under  the 
distilling  temperature,  which  is  about  250  deg.  fahr. 

Superheated  steam  was  found  to  be  beneficial  in  atomizing 
this  oil  and  delivering  it  to  the  fires.  (The  speaker  had  no 
data  on  the  amount  of  preheat  used,  but  believed  that  the  oil 
sliould  be  delivered  in  a  gaseous  state  to  the  fires.) 

A  3-in.  closed  tube  about  8  ft.  long  was  located  in  the  bot- 
tom of  the  firebox  between  two  burners,  and  protected  with 
one  thickness  of  firebrick.  Steam  from  the  boilers  was  led 
through  the  front  end  of  this  tube  through  a  V2-U1.  pipe,  and 
the  pipe  extended  to  the  rear  end.  A  %-in.  pipe  was  led  from 
the  steam  space  of  this  tube  to  the  burners.  The  fuel  oil  was 
fed  through  a  1.4-in.  pipe  into  the  rear  end  of  a  ^i-in.  pipe 
which  was  inserted  into  this  tube,  extending  the  full  length 
of  the  tube.  Thus  the  oil  was  preheated  by  superheated  steam 
nnd  the  superheated  steam  was  used  for  atomizing. 

The  oil,  flowing  from  the  pump,  located  in  the  fireroom,  was 
heated  by  the  usual  exhaust  heater  at  the  pump,  then  passed 
through  a  live-steam  heater  before  entering  the  superheated 
tube. 

The  requirements  for  successfully  firing  heavy  crude  oils 
seem  to  be,  first,  large  pipe  lines  and  slow-moving,  large- 
capacity  pumps;  and  second,  proper  preheating;  third,  super- 
lieated  steam  to  atomize  the  oil. 

-MR.      BURWELL     BRINGS      OUT      POINTS      NEEDING      SPECI.\L 
ATTENTION    IN    OIL    BURNING 

Robert  T.  Bukwell.  Wherever  any  trouble  with  oil  burning 
under  boilers  has  occurred,  it  has  generally  been  of  a  local 
nature,  due  to  the  impinging  of  the  flame  on  some  portion  of 
the  boiler,  or  to  the  scaling  of  the  boiler,  more  than  to  anything 
else,  and  where  the  oil  is  proiierly  distributed,  we  may  expect 
as  much  life  from  the  oil-fired  as  from  the  coal-fired  boiler. 

We  thought  when  the  Beaumont  field  was  discovered  that, 
inasmuch  as  this  oil  gave  such  a  driving-hot  fire — boilers  could 
l)e  forced  so  easily — the  boiler  would  show  defects  much  more 
quickly,  but  we  have  not  met  with  anything  of  that  kind  in 
our  experience.  The  railroads  now  drive  their  boilers  rather 
hard,  and  yet  they  do  not  seem  to  have  any  such  trouble.  They 
have  to  be  careful  that  the  oil  is  well  distributed  so  that  the 
flame  will  not  impinge  against  the  tubes,  and  for  that  reason 
most  of  them  place  the  burner  at  the  front  of  the  fii-ebox  so 
that  the  flame  passes  to  the  rear  first. 

As  to  the  type  of  burner,  Mr.  Nelson  has  pointed  out  the 
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advantages  of  the  flat  burner.  It  has  the  additional  advantage 
that  it  is  not  so  apt  to  force  the  flame  against  the  boiler  as  is 
a  round  burner;  the  flat  burner  seems  to  distribute  the  tire 
more  equally  across  the  chamber.  I  am  glad  to  see  that  they 
are  doing  away  with  the  target,  which  formerly  caused  us  a 
good  deal  of  uneasiness  because  the  flame  would  strike  the 
target  and  be  deflected  for  a  long  time  on  one  portion  of  the 
boiler,  a  condition  that  does  not  exist  in  a  coal  fire. 

Those  who  are  using  oil  should  bear  in  mind  that  they  can 
force  a  boiler  very  easily,  and  in  forcing  it  they  should  also 
bear  in  mind  that  the  more  it  is  forced,  the  more  important  it 
is  that  the  feedwater  be  of  good  quality. 

In  reading  over  the  Government  Report  on  oil  burning,  one 
is  struck  with  the  emphasis  placed  on  the  importance  of  having 
good  men  in  charge  of  the  burners.  This  factor  does  seem 
more  important  than  in  the  case  of  burning  coal,  and  yet  we 
Imow  that  there  is  frequently  considerable  difference  in  effi- 
ciency of  men  firing  coal. 

An  eSicient  fireman  is  vei-j-  important  to  the  economical 
operation  of  a  plant.  One  of  the  best  illustrations  of  the  sav- 
ing by  a  good  fireman  was  shown  in  a  test  made  at  Milwaukee 
burning  coal,  where  very  accurate  data  were  taken  covering  a 
period  of  twenty-four  hours.  This  test  was  started  at  9  a.  m., 
when  fireman  A  was  on  duty,  and  his  showing  at  the  end  of 
five  hours  was  9.98  lb.  of  water  per  lb.  of  dry  coal.  Fireman  B 
then  came  on  and  his  watch  lasted  8  hours,  during  which 
time  the  rate  was  9.23  lb.  At  10  p.m.  fireman  C  came  on 
for  8  hours,  and  showed  exactly  the  same  amount  as  B.  namely, 
9.23  lb.  It  was  thought  that  the  discrepancy  was  due  to  the 
boilers  being  cleaner  during  .I's  watch,  but  he  came  on  the 
next  morning  at  six,  and  during  the  three  hours  to  the  end  of 
the  test  made  a  showing  of  9.87  lb.  At  the  average  price  of 
coal  this  plant  would  save  $2.40  per  day  by  having  firemen 
like  A  instead  of  B  or  C.  and  yet  these  three  firemen  were  sup- 
posed to  be  in  the  same  class.  It  is  quite  probable  that  many 
of  our  plants  which  have  to  select  practically  a  new  crew  every 
year,  such  as  our  sugarhouses,  must  suffer  in  economy  from 
this  source. 

Mr.  Nelson  has  also  pointed  out  the  importance  of  a  proper 
distribution  of  the  air  and  a  reg-ulation  of  the  air  to  reduce 
the  excess  air  to  a  minimum,  to  which  we  might  pay  more  at- 
tention with  a  view  to  developing  a  system  by  which  we  can 
determine  exactly  what  we  are  doing  in  a  plant.  Mr.  C.  R. 
Weymouth,  in  Vol.  30  of  Trans. Am.Soc.M.E.,  gives  a  table 
showing  the  boiler  efficiency  corresponding  to  varying  per- 
centages of  excess  air. 

Referring  to  burners,  while  it  appears  that  it  does  not  make 
much  difference  about  the  type  of  burner,  yet  the  Government 
Report  gives  the  results  of  a  test  of  the  Korting  mechanical 
burner  showing  an  evaporation  of  16.13  lb.  of  water  from  and 
at  212  deg.  fahr.  The  temperature  of  the  oil  at  the  burners 
was  162  deg.  fahi-,  and  its  pressure  was  105  lb.  per  sq.  in.;  the 
temperature  of  the  air  entering  the  furnace  was  250  deg.  on 
one  side  and  290  deg.  on  the  other,  and  the  temperature  of  the 
gases  at  the  fan  suction  was  465  deg.  This  result  (16.13  lb. 
water)  is  unusually  high,  and  with  a  burner  that  uses  neither 
air  nor  steam  to  atomize  the  oil.  The  oil  under  pressure  is 
forced  through  screw  threads  to  the  nozzle,  the  orifice  of  which 
somewhat  resembles  an  injector.  Most  authorities  place  a 
limit  of  130  deg.  fahr.  to  which  the  oil  shall  be  heated,  and  yet 
in  this  test  the  oil  was  heated  to  162  deg.,  giving  the  best  re- 
sults that  I  have  been  able  to  find. 

One  point  not  yet  touched  on  is  the  importance  of  having 
ample  room  in  the  combustion  chamber.  As  a  matter  of  fact, 
I  think  a  small  Dutch  oven  would  give  better  results.     I  recall 


a  power  ]>lant  in  this  city  where  the  boilers  equipped  with 
Mur]ihy  stokers  were  fitted  uji  some  years  ago  to  burn  oil — 
simply  by  lining  the  bed  of  the  stoker  with  brick  the  fire  had 
a  clear  sweep  to  the  combustion  chamber  beneath  the  boilers. 
It  was  apparently  the  most  perfect  fire  I  have  ever  seen. 

The  form  of  furnace  undoubtedly  has  considerable  effect 
upon  the  temperature  of  the  fire ;  in  the  ease  of  a  fuel  in  which 
a  considerable  portion  burns  as  a  gas,  if  these  gases  come  in 
contact  with  a  cool  surface  such  as  the  boiler,  before  combus- 
tion is  complete,  there  is  a  corresponding  loss.  It  requires  a 
temperature  of  about  1500  deg.  fahr.  to  burn  carbon  monoxide, 
and  it  would  therefore  seem  desirable  that  the  furnace  be  of 
such  proportions  as  to  keep  the  gases  above  this  temperature 
until  complete  combustion  is  assured. 

An  interesting  illustration  of  the  effect  of  the  temperature 
of  the  fire  on  the  burning  of  a  fuel  is  seen  in  the  case  of 
bagasse.  Green  cane  contains  about  76.5  per  cent  water,  thus 
if  10,000  lb.  of  cane  were  dried  and  the  water  caught,  we  would 
have  7650  lb.  of  water.  The  dry  matter  will  burn  readily  and 
produces  sufficient  heat  to  evaporate  more  than  7650  lb.  of 
water  yev  10.000  lb.  of  cane.  The  reason  green  cane  will  not 
burn  is  because  the  water  in  contact  with  the  combustible  mat- 
ter prevents  the  temperature  from  attaining  a  point  necessary 
for  combustion. 

My  observations  indicate  that  there  is  a  practical  operating 
condition  against  the  use  of  oil  in  a  bagasse  furnace;  as  a  rule, 
the  man  in  charge  is  too  prone  to  wait  until  the  blowing  of  the 
safety  valves  notifies  him  that  it  is  time  to  shut  oft'  the  burner, 
whereas  in  using  coal  he  is  not  apt  to  add  it  any  more  fre- 
quently than  the  condition  of  the  bagasse  fire  demands.  I 
recall  one  house  that  burned  coal  with  bagasse  with  good  re- 
sults, but  reported  unsatisfactory  results  with  oil.  Of  course, 
this  is  a  condition  that  can  be  improved  by  careful  supervi- 
sion; it  emphasizes,  however,  the  importance  of  capable  men 
in  charge  of  the  burners. 

Speaking  of  forcing  boilers,  the  Government  Report  calls 
attention  to  the  fact  that  a  bmiier  has  a  limit,  and  it  is  im- 
possible to  force  a  boiler  with  an  insufficient  number  of  burn- 
ers. This  suggests  the  idea  that  in  many  instances  more  burn- 
ers might  be  used  to  advantage ;  a  greater  number  might  also 
permit  a  wider  range  of  regulation. 

PROFESSOR   WILLI.^MSON   DISCISSES    THE    HEATING    OF  THE 
OIL..   AND  ALSO  ITS  ATOMIZATION   BY  AIR 

Propessoe  C.  S.  Williajisox.  I  do  not  know  much  about 
tests  on  oil  burning,  but  it  stands  to  reason  that  provided  you 
do  not  reduce  the  oil  to  the  elemental  condition,  in  which  case 
carbon  would  be  deposited,  the  more  nearly  broken  the  oil  is, 
the  greater  the  heat  value  obtained,  for  this  reason:  we  are  all 
perfectly  familiar  with  the  fact  that  if  a  certain  product — 
take  a  chemical  compound,  for  instance — requires  so  many 
heat  units  to  decompose  it,  we  have  put  in  that  many  heat 
units  before  we  begin  to  get  back  any  heat  units  from  its 
actual  combustion.  Oils  should  not  be  heated  above  their  flash 
points  nor  to  a  temperature  at  which  carbon  is  separated. 
This  temperature  depends  upon  the  property  of  the  particular 
oil  undergoing  use  or  test,  and  so  the  flash  temperature  will 
vary. 

Another  point  is  the  free  play  of  the  flame.  It  might  not  be 
accurate  to  so  designate  it,  but  it  often  causes  a  loss  to  the 
boiler  efficiency,  for  if  you  impinge  the  oil  flame  on  the  boiler, 
the  oil  will  split  and  produce  a  tarry  residuum  which  di-ops 
into  the  pit,  thereby  losing  a  portion  of  the  oil,  although  get- 
ting the  best  heat  value  possible  for  the  oil  actually  consumed. 
There  is  a  certain  point,  which  varies  for  different  oils,  at 
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which  the  separation  will  take  place,  but  one  would  have  to 
determine  this  point  for  each  oil  to  tell  at  what  temperature 
the  oil  can  be  most  economically  preheated.  If  then  the  oil  is 
preheated  too  highly,  causing  separation  at  this  point  and. 
further,  the  flame  is  allowed  to  impinge  against  the  boiler  plate, 
we  have  the  formation  of  a  residuum  at  two  places,  one  (the 
former)  of  which  may  clog  the  burner,  and  the  other  produce 
the  tarry  residue  in  the  pit  below  the  furnace.  The  tempera- 
ture of  the  flame  at  the  point  of  combustion  is  considerably 
above  that  of  the  boiler  plate,  which  possibly  does  not  exceed 
300  deg.  fahr.  in  most  eases.  Hence  the  boiler  plate  will  act 
as  a  condenser  to  the  tarry  residue,  which  has  a  higher  boiling 
point  than  the  surface  upon  which  it  is  formed,  and  the  cause 
of  inefficient  burning  may  be  this  mechanical  arrangement  in- 
stead of  the  oil  being  low  in  heat  units.  There  is  a  splitting 
point  then  for  different  oils,  which  varies  as  mentioned. 

There  is  a  method  of  atomization  which  has  not  been  spoken 
of,  but  which  also  gives  good  results  where  the  installation  is 
large  enough  to  warrant  putting  it  in,  and  that  is  compressed 
air.  If  you  do  your  atomizing  with  compressed  air,  you  do 
away  with  the  steam  you  have  accounted  for  in  the  absorption 
of  heat.  So  where  the  plant  is  large  enough,  this  method  can 
be  worked  very  successfully.  It  is  somewhat  a  question  of  the 
amount  of  water  which  you  introduce,  in  case  of  steam,  as 
pitted  against  the  nominal  amount  of  water  introduced  in  the 
case  of  air;  also  of  thoroughly  mixing  the  oxygen  with  the 
particles  of  oil  as  they  are  atomized. 

MR.  LEBERMUTH  DISCUSSES  COMBINATION  OIL  AND  BAGASSE 
FURNACES 

C.  D.  Lebermuth.'  Mr.  Burwell  has  struck  the  keynote  in 
bagasse  burning  when  he  mentioned  getting  rid  of  the  water. 
Not  only  is  the  heat  value  per  pound  of  bagasse  raised  with 
a  reduction  of  water,  but  also  the  heat  value  per  pound  of 
fiber.  This  has  been  worked  out  theoretically  and  experi- 
mentally by  Prof.  E.  W.  Kerr,  Mem.Am.Soc.M.E.  In  practice 
it  has  been  equally  well  demonstrated,  where  factories  have  re- 
duced the  moisture  from  52  to  5C  per  cent,  the  limits  in  or- 
dinary Louisiana  six-roller  mill  work  down  to  47  per  cent,  now 
obtained  by  the  best  nine-roller  mill  plants. 

It  has  been  shown  that  under  normal  Louisiana  conditions, 
75  per  cent  excess  air  is  about  the  minimum  practicable  in 
order  to  keep  fires  burning,  this  excess  air  being  necessary  in 
order  to  dry  the  water  out  of  the  bagasse.  It  can  readily  be 
seen  that  with  this  as  a  minimum  and  with  the  ordinary  operat- 
ing condition  being  about  100  per  cent  excess,  bagasse-fumaee 
conditions  are  not  at  all  suited  for  burning  oil.  In  every  ease 
where  these  fuels  have  been  tried  together  the  results  have  been 
poor.  At  Meeker,  built  as  recently  as  1912,  such  combination 
furnaces  could  never  keep  up  steam  until  they  were  changed 
and  the  oil  and  bagasse  fired  separately. 

At  the  Gramerey  Refinery,  some  years  ago,  they  found  when 
they  were  grinding  cane  about  1000  tons  a  day,  the  fuel  rate 
in  the  refinery  was  practically  the  same  as  when  they  were  not 
grinding.  They  felt  that  the  bad  influence  of  the  bagasse  on 
the  oil-furnace  conditions  overbalanced  all  the  fuel  value  that 
they  got  from  the  bagasse.  Now  that  no  grinding  is  done 
they  have  some  well-perfected  furnaces  using  oil  which  give 
them  from  72  to  74  per  cent  total  furnace  and  boiler  efficiency 
right  along,  and  I  saw  the  results  of  a  72-hour  test  there,  where 
they  obtained  a  total  furnace  and  boiler  efficiency  of  80.4  per 
cent  with  return  tubular  boilers.  From  any  other  source  than 
their  chief  engineer,  such  a  figure  looks  almost  too  good  to 


accept  on  its  face  value.    But  as  I  received  it  I  feel  sure  of  its 
validity. 

What  is  needed  in  the  way  of  a  combination  furnace  is  one 
which  will  burn  bagasse  efficiently  and  permit  of  burning  oil 
to  run  boilers  full  load,  efficiency  not  counting  in  this  case  at 
all.  For  oil  will  only  be  used  when  the  milling  tandem  is 
stopped,  which  occurs  only  at  infrequent  intervals.  It  is  sim- 
ply a  matter  of  getting  the  same  horsepower  out  of  the  bagasse 
boilers  during  these  stops. 

MR.  HUTSON  DISCUSSES  THE  HANDLIN(?  OF  MEXICAN  OIL 

H.  L.  HuTsox.  When  the  Mexican  oil  companies  first  sent 
men  up  here  to  sell  their  oil,  they  sent  an  engineer  to  give 
instructions  as  to  how  the  people  should  arrange  to  handle  ii. 
and  I  remember  that  his  instructions  were  about  as  follows: 
Where  the  consumer  had  a  large  tank  near  the  river,  as  most 
sugarhouses  have,  and  was  in  the  habit  of  gravitating  the  oil 
from  the  storage  tank  to  the  suction  tank,  he  told  them  that 
they  must  put  in  a  large  pipe  between  those  two,  and  put  a 
pump  and  boiler  at  the  storage  tank,  with  heating  coils  in 
the  storage  tank,  and  force  that  oil  from  the  storage 
tank  to  the  suction  tank,  as  it  would  not  flow  by  gravity 
in  cold  weather.  He  said  also  that  they  should  provide 
compressed  air  from  some  source,  and  when  they  shut  down, 
particularly  in  the  winter,  they  must  blow  all  the  oil  out  of  the 
pipe  line  with  compressed  air,  because  if  it  froze  on  a  cold  day 
they  would  not  get  it  started  again.  That  surprised  me  very 
much,  and  for  the  first  time  I  appreciated  that  they  were  fur- 
nishing us  a  semi-solid  instead  of  a  real  liquid  fuel. 

PROFESSOR      GREGORY      CONSIDERS       STEAM      ATOMIZATION 
MORE  SATISFACTORY  THAN   AIR 

W.  B.  Gregory.  Professor  Willianison  has  suggested  the  use 
of  compressed  air  as  an  atomizer.  In  the  pumping  plant  of 
the  Neches  Canal,  near  Beaumont,  Texas,  they  first  used  steam 
as  an  atomizer,  and  then  later  installed  a  Connersville  blower 
and  thoroughly  tried  out  burners  with  air  as  an  atomizer. 
Whether  the  work  was  handled  with  great  skill  and  intel- 
ligence I  do  not  know,  but  I  do  know  that  they  abandoned 
the  use  of  air  after  some  months  of  trial,  and  have  ever  since 
used  steam  instead.  I  think  that  in  general,  and  for  stationary 
plants  at  least,  steam  has  been  found  by  experiment  to  be  far 
more  satisfaetoi-y  than  air. 

MR.   DUSENBURY   ENDORSES   OIL  AS  FUEL 

Allen  T.  Dusenbuey.'  Our  plants  are  scattered  about 
through  the  waterways  of  South  Louisiana,  and  we  can  handle 
oil  to  much  greater  advantage  than  we  can  coal.  For  small 
pumping  plants,  if  I  order  a  carload  of  coal  and  take  it  to 
the  plant,  sometimes  it  will  last  a  year  or  more,  but  the 
deterioration  in  the  common  line  of  coal  is  very  great ;  whereas 
with  a  carload  of  oil,  you  put  it  in  a  tank  and  you  may  keep  it 
indefinitely.  For  that  reason  alone,  for  our  work,  and  also  in 
getting  fuel  oil  to  the  dredgeboats,  it  has  been  very  convenient, 
and  I  would  be  willing  to  pay  a  considerable  premium  to  get 
oil  rather  than  coal  for  the  purposes  for  which  I  have  need  of 
fuel. 

THE  AUTHOR  GIVES  HIS  CLOSURE 

B.  S.  Nelson.  In  regard  to  the  handling  of  heavy  fuels, 
it  may  be  stated  as  a  general  rule  that  heavy  oils  have  to  be 
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heated  every  time  they  are  moved  through  a  pipe.  Assuming 
tlie  case  of  an  ordinary  plant  which  gets  its  oil  in  tank  cars, 
if  the  plant  is  so  located  that  the  tank  car  reaches  the  plant 
within  a  day  after  it  leaves  the  refinery,  it  will  usually  be 
found  warm  enough  to  run  out  by  gravity,  as  the  oil  is  well 
heated  when  it  is  put  into  the  tank  car.  In  ease  the  oil  is  too 
cold  to  run  out  by  gravity,  every  tauk  car  is  fitted  with  heating 
coils,  and  a  steam  connection  should  be  provided  at  the 
unloading  switch  to  connect  to  these  coils.  A  V2-in.  or  %-in. 
steam  line  is  usually  ample  to  heat  up  the  oil  in  the  tank. 

As  to  precautions  to  render  storage  of  oil  safe,  most  of  the 
oil  now  burned  is  of  such  high  flash  point  that  there  is  very 
little  danger  of  gas  accumulating.  The  curves  in  Fig.  1  give 
the  flash  points  of  various  oils.  However,  any  one  can  find  the 
information  required  on  this  point  in  a  new  book  entitled  Fire 
Prevention  and  Protection,  Rules  for  the  Safe  Storage  of  Oil.' 
Aside  from  insurance  requirements,  it  is  well  to  always  keep 
the  oil  tank  closed  and  have  a  vent  pipe  extending  up  out  of 
danger  from  sparks  or  matches.  Where  oil  storage  is  particu- 
larly dangerous,  as  on  shipboard  or  barges,  it  is  well  to  provide 
the  storage  tank  with  a  large  live-steam  smothering  connection, 
the  function  of  which  is  to  cover  the  oil  with  steam  and  so 
e.xclude  the  air.  The  refineries  which  have  in  the  past  suffered 
large  loss  from  lightning  setting  their  tanks  afire  now  use  an 
ingenious  method  of  extinguishing  fire  by  the  use  of  foam 
made  by  pumping  simultaneously  to  the  top  of  the  tanks  two 
liquids  which,  when  mixed,  produce  a  heavy  foam,  which 
blankets  the  surface  of  the  oil,  thus  excluding  the  air  and 
extinguishing  the  fire. 

With  reference  to  the  burner  mentioned  by  Mr.  Burwell, 
one  reason  that  type  is  not  used  more  is  because  it  operates  on 
the  mechanical-atomizer  principle,  and  the  characteristic  of  it 
is  high  oil  temperature  and  high  pressure.  I  have  seen  cases 
where  oil  was  heated  as  high  as  240  deg.  and  carried  240  lb. 
of  pressure  on  it.  It  is  used  a  good  deal  in  the  Navy,  but 
the  oil  has  to  be  heated  to  such  a  high  temperature  and  carry 
such  a  high  pressure  that  it  makes  it  dangerous.  The  burner 
used  is  a  round-flame  burner,  usually,  and  requires  forced 
draft,  though  in  the  naval  vessels  they  use  forced  draft 
in  any  case. 

The  mechanical  burner  has  been  tried  in  stationary  furnaces. 
Mr.  Lockett  and  I  did  a  little  work  on  a  mechanical  flat-flame 
burner,  but  we  did  not  get  very  far.  A  burner  of  that  kind 
would  be  a  desirable  thing.  Most  of  the  mechanical  burners 
depend  on  centrifugal  force,  and  the  oil  comes  out  at  the  end 
of  the  burner  as  a  diverging  radial  spray,  and  it  is  thrown 
out  in  a  mist,  which  means  that  you  get  a  round  flame. 

The  average  amount  of  steam  used  by  the  burner,  to  atomize 
the  oil,  depends  on  a  good  many  things,  for  instance,  whether 
the  boiler  is  being  run  at  full  capacity  or  at  part  capacity. 
For  a  good  burner,  working  under  favorable  conditions,  you 
should  not  use  over  11/2  to  2  per  cent  of  the  steam  generated 
by  the  boiler  to  atomize  the  fuel.  With  a  poor  burner,  you 
may  use  8  or  10  per  cent.  I  have  heard  of  some  using  as  high 
as  15  per  cent.  The  highest  I  ever  got  on  a  burner  was  7  or  8 
per  cent. 

With  regard  to  the  quantity  of  air  required  in  the  burning 
of  oil,  we  figure  on  about  250  eu.  ft.  to  a  pound  of  oil,  allowing 
for  excess. 


ern  British),  and  Brazil  (east  central).  For  a  large  number 
of  years  these  three  countries  have  outranked  all  other  pro- 
ducing countries  in  the  output  of  manganese  ores.  For  the 
five  years  preceding  the  European  war,  Russia  produced 
annually  about  844,000  long  tons,  India  694,000  long  tons,  and 
Brazil  200,000  long  tons. 

The  history  of  the  manufacture  of  ferromanganese  in  the 
United  States  dates  from  the  outbreak  of  the  European  war, 
summer  of  1914.  It  appears  that  in  no  other  substance  enter- 
ing intimately  into  the  manufacture  of  steel  have  the  war  and 
the  conditions  brought  about  thereby  produced  such  a  radical 
effect  upon  domestic  production  and  demand  as  in  ferro- 
manganese. The  war  itself,  and  coincident  industrial  activi- 
ties, showed  clearly  the  dependence  of  American  steel  makers 
upon  European  sources  to  furnish  an  adequate  supply  of  one 
of  the  most  essential  ingredients  in  steel-making  processes. 
Nor  was  there  any  vital  reason  for  this,  other  than  the  excuse 
that  foreign  fen-omanganese  was  cheap  and  abundant  and 
prior  to  1914  there  was  no  indication  that  the  supply  would 
ever  be  cut  off.  As  in  the  dye  industry,  this  indicates  the 
alarming  improvidence  of  American  manufacturers.  England 
and,  in  a  lesser  degree,  Germany,  who  have  furnished  the 
greater  part  of  the  ferromanganese  used  in  this  country,  have 
made  the  alloy  from  imported  ores,  coming  from  Russia, 
India,  and  Brazil.  It  appears,  in  the  light  of  the  develop- 
ments of  the  past  two  years,  that  the  manufacture  of  ferro- 
manganese on  a  commercial  scale  has  come  to  be  an  important 
domestic  industry,  but  it  will  remain  so  only  so  long  as  we 
have  an  abundant  supply  of  ores.  The  closer  trade  relations 
which  have  been  secured  with  South  American  countries  seem 
to  indicate  that  the  greater  portion  of  our  manganese  ore 
will  come  from  Brazil  in  the  future. — Journal  of  the  Franklin 
Institute,  May,  1917. 


Pres.  George  W.  Dunham  of  the  S.A.E.  and  his  collaborators 
have  presented  arguments  that  it  is  entirely  feasible  through 
the  proper  use  of  tractors  to  furnish  any  quantity  of  small 
grains  that  may  be  required  for  the  world's  food  supply.  Even 
with  the  3.'i,000  tractors  now  available  the  production  may  be 
materially  increased  by  furnishing  operators  and  Government 
supervision  of  the  use  of  the  tractors. 

The  present  manufacturing  equipment  of  the  country  is 
capable  of  producing  at  least  75,000  tractors  a  year  under 
Government  aid,  and  these  additional  tractors  are  estimated 
to  be  capable  of  cultivating  in  one  year  sufficient  land  to 
produce  1,000,000,000  bushels  of  small  grain. 

As  regards  farm  labor,  it  is  said  that  one  man  with  a  tractor 
can  accomplish  more  than  two  men  with  horses.  This  makes 
the  labor  problem  involved  in  securing  an  increased  yield 
relatively  less  serious  with  tractors  than  with  animal  power. 


The  manganese  ore  used  in  this  country  in  the  manufacture 
of  ferromanganese  has  been  hitherto  mainly  secured  from 
three  principal  sources;  viz.,  Russia  (southern),  India  (south- 
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The  Bureau  of  Standards  is  undertaking  to  compile  the 
present  state  of  knowledge  and  practice  concerning  the 
numerical  values  used  by  engineers  and  others  for  the  prop- 
erties of  metals  and  alloys,  with  a  view  to  making  generally 
available  the  most  acceptable  values  of  these  constants  and 
also  as  a  basis  for  further  experimental  investigation.  A 
form  sheet  is  furnished  containing  the  various  items  required. 
These  cover  the  mechanical,  thermal,  electrical,  and  optical 
properties  of  value  to  the  investigator  and  engineer.  A  sheet 
of  instructions  for  comi:)iling  the  table — with  an  illustrative 
fllled-out  form  for  commercial  electrolytic  copper — is  included. 
This  contains  a  list  of  the  alloys  on  which  data  are  particu- 
larly desired. 


BY-PRODUCT  COKE  AND  COKING   OPERATIONS 
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ON  JANUARY  1,  1915,  there  were  in  operation  G438  by- 
product recovery  ovens  of  various  sizes  in  the  United 
States  and  Canada,  having  a  capacity  to  carbonize  24.000,000 
tons  of  coal  per  annum,  and  to  produce  therefrom  approxi- 
mately 18,800,000  tons  of  coke.  Despite  the  fact  that  in  the 
interim  practically  five  hundred  ovens  have  been  discarded,  on 
January  1,  1918,  there  will  be  in  operation,  if  present  con- 
tracts are  completed.  9900  ovens,  having  a  capacity  to  car- 
bonize 47,400,000  tons  per  annum,  giving  a  coke  production  of 
35,000,000  tons.  In  this  three-year  period  by-product  coke 
production  will  have  practically  doubled,  and  there  will  have 
been  as  much  gain  in  capacity  as  in  the  previous  twenty  years. 
The  cause  of  this  rapid  increase  ha:;  not  been  a  desire  to 
take  advantage  of  the  inflated  prices  for  by-products  due  to 
war  conditions,  but  a  financial  condition  favoring  large  in- 
vestments brought  about  by  the  war,  and  making  it  possible 
to  carry  forward  plans  made  previously. 

The  most  impressive  fact  is  the  conservation  of  our  local 
supply  brought  about  by  the  introduction  of  modern  methods. 
It  may  be  of  interest  to  make  a  few  calculations  simply  from 
the  standpoint  of  fuel  values;  and  to  put  the  matter  on  the 
most  conservative  basis  possible,  let  us  figure  such  values  in 
terms  of  coal. 

Table  1  shows  a  total  fuel  saviaig  of  825  lb.  of  coal  per  ton 
of  furnace  coke.  The  fuel  value  of  the  gas  is  put  as  against 
raw  coal,  B.t.u.  for  B.t.u.  There  is  a  further  saving  in  the 
blast  furnace  of  200  lb.  of  coke  per  ton  of  beehive  coke  for- 
merly used.  Figured  back  on  a  coal  basis,  these  200  lb.  of 
coke  represent  2821/2  lb.  of  coal  at  the  beehive  oven,  so  that 
the  total  saving  amounts  to  approximately  1100  lb.  of  coal — 
0.55  ton — for  each  ton  of  by-product  coke  made  in  the  modern 
plant.  Since  the  ovens  added  from  January  1,  1915,  to  1918 
will  produce  practically  16,200,000  tons  of  coke  per  annum,  it 
follows  that  they  will  save  annually  the  fuel  equivalent  of 
9,000,000  tons  of  coal. 

Looking  backward  over  the  years  consumed  in  bringing  the 
coke  oven  to  its  present  stage  of  development  in  America,  there 
are  some  events  which  stand  out  preeminently.  The  first  of 
these  dates  back  to  1906.  In  that  year  the  United  States  Steel 
Corporation  was  brought  face  to  face  with  the  necessity  of 
formulating  a  definite  policy  as  to  its  coke  supply,  and 
appointed  a  committee  to  study  beehive  coking  and  by-product 
coking  and  to  make  a  recommendation  to  the  company.  The 
advice  of  this  committee  was  quickly  acted  upon  by  the  cor- 
poration in  the  decision  to  build  a  by-product  oven  plant  at 
Joliet,  111.,  in  connection  with  the  blast  furnace  and  steel 
plant  of  the  Illinois  Steel  Company,  and  to  build  that  type 
of  oven  which  they  had  found  to  give  the  most  efficient  results 
in  European  countries. 

The  success  of  this  Joliet  plant  was  so  immediate  that  the 
corporation  without  delay  proceeded  with  the  construction  of 
additional  plants  of  the  same  type,  including  the  largest  by- 
product coke  plant  in  the  world  at  Gary,  Ind.,  consisting  of 
560  Koppers  ovens,  and  a  plant  of  approximately  the  same 
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size  as  the  Joliet  plant   (280  ovens)   at  Ensley,  Ala.,  for  the 
Tennessee  Coal,  Iron,  and  Railroad  Company. 

The  second  event  was  the  selection  of  silica  material  for  one 
of  the  oven  batteries  at  Joliet.  The  value  of  the  silica  in  this 
connection  is  due  to  four  characteristics. 


TABLE  1  BY-PRODUCT  YIELDS  FROM  CO.\L  SUCH  AS  -VOW  USED  TO 
MAKE  FIRST-CLASS  BY-PRODUCT  COKE  IN  THE  MIDDLE  STATES 
DISTRICT 

S5  Per  Cent  High  Volatile,  15  Per  Cent  Low  Volatile 


Fuel  value  equivalent, 
lb.  of  coal 


To  make  1  Ton  Furnace 
Coke.  1.4  to  1.6  Tons 
Coat  are  Required. 

By   beehive  coking,    the , 
by-products        wasted 
have     a    heat     value 
equivaleiit   to  6S6  lb. 
of  coal. 


Surplus  Gas.  9000  cu.  Jt.,  oSO 
B.t.u.     Used  as  fuel. 

Tar,  IB  tjallons.  Used  to  malie 
creosote  oil,  pitch,  lampblack, 
various  oils  and  dye  materials. 

Ammonium  Sulphate.  33  lb.  (or,  in 
form  of  25  per  cent  ammonia 
hquorSS  lb.).  Used  for  fertilizer, 
for  refrigeration,  and  for  nitric  . 
acid  and  other  chemical  manu- 
factures. 

Benzols  (as  light  oil).     i-S  Gallons. 

Used  for  motor  fuel,  dye-material 
base,  phenol  and  other  chemical 
manufacture,  solvent  and 
cleanser. 

Coke  Breeze.    120  lb.    Used  as  fuel. 


13.3 


(.Vo  fuel  equivalent) 


42 


I 

Total 625 

.\dd  cohI  equivalent  wasted  in  beehive  oven 200 


Total  economy  of  by-product  oven  per  ton  cuke . 


S25 


1  The  conductivity  at  high  temperatures  is  superior  to  that 

of  clay  brick 

2  The  fusing  or  softening  temperature  is  much  higher  than 

that  of  fireclay 

3  The  action   under  heat   may   be   calculated   with   scientific 

exactness,  due  to  its  practically  constant  composition 

4  The  expansion  and  contraction  of  silica  material  between 

2000  and  2600  deg.  fahr.  is  practically  negligible,  so  that 
when  the  material  has  once  been  heated  to  within  this 
temperature  range  (under  which  condition  the  coking 
operations  are  conducted)  no  further  appreciable  move- 
ment takes  place. 

The  third  event  was  the  realization  that  with  uniform 
heat  distribution  in  the  ovens  and  with  the  use  of  silica  mate- 
rial much  higher  heats  and  consequent  higher  coking  velocities 
could  be  employed,  and,  further,  that,  with  the  lower  coking 
periods,  higher  volatile  coals  could  be  used,  with  increased 
yields  of  by-products  and  equally  satisfactory  coke. 

The  result  can  be  demonstrated  by  the  fact  that  the  Joliet 
plant  of  the  United  States  Steel  Corporation,  put  into  opera- 
tion in  1908,  was  originally  planned  to  use  from  70  to  80  per 
cent  of  low-volatile  coal,  and  the  coking  time  was  figured  at 
24  hours.  A  coke  plant  of  640  ovens,  now  building  at  Clair- 
ton,  Pa.,  near  Pittsburgh,  is  so  designed  that  it  may  be  oper- 
ated on  15  hours'  coking  time  and  is  expected  to  use  100  per 
cent  high-volatile  coal.     Even  if  this  does  not  make  quite  as 
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high-grade  furnace  coke  as  the  coke  at  Joliet,  its  use  will  work 
out  on  broad  lines  to  better  purpose,  and  time  will  tell  where 
the  comparison  lies  after  opportunity  has  been  given  the  fur- 
nace operators  to  adjust  themselves  to  the  new  type  of  coke. 

The  effect  on  the  products  can  best  be  shown  by  reference  to 
Table  2. 

TABLE  2    YIELDS  OF  BY-PRODUCTS  PER  TOX  OF  COKE 

Coal  Mixture  A  Coal  Mixture  li 

SO  per  cent  low  volatile  100  per  cent 

20  per  cent  high  volatile  high  volatile 

Tar 6.5  gal.  13.5  gal. 

Ammonium  sulphate 23.3  lb.  38.0  lb. 

Surplus  gas  (debenzolized) . ,  7500  cu.  ft.  10.000  cu.  ft. 

B.t.u.  per  cu.  ft.  gas 500-  560 

Total  B.t.u.  in  surplus  gas 3.750,000  5,600.000 

Light  oU  (benzols) 2.6  gal.  5.4  gal. 

A  comparison  in  value  of  by-products  on  a  basis  of  normal 
values  shows  a  credit  per  ton  of  furnace  coke  of  approximately 
$1.25  in  favor  of  the  high-volatile  coal. 

The  fourth  event  was  the  awakening  to  the  fact  that,  while 
an  increase  in  the  cubical  content  of  an  oven  tends  to  a  re- 
duction in  plant  cost  and  in  operating  labor  due  to  handling 
larger  units,  a  decrease  in  oven  width  would  more  than  offset 
this  imit-size  advantage  because  of  absolutely  different 
conditions. 

The  reason  for  this  becomes  apparent  with  an  understanding 
of  the  factors  involved.  Increased  length  of  oven  gives 
increased  cubical  content,  and  the  ultimate  economic  length 
depends  upon  the  mechanical  and  structural  limits.  Of  in- 
creased height  the  same  may  be  said,  except  that  this  involves 
questions  of  time  of  contact  of  volatile  products  and  speed  of 
their  flow  which  modify  the  advantage  and  which  are  yet  to  be 
finally  worked  out. 

Increased  oven  width  involves  an  entirely  different  consid- 
eration. Practically  all  the  heat  supplied  for  the  coking  of 
the  coal  mass  flows  from  the  two  walls  toward  the  center.  This 
flow  of  heat  depends  to  a  large  extent  on  the  resistance  and 
temperature,  and  in  the  coke  oven  the  average  rate  of  coking 
depends,  of  course,  on  the  rate  of  heat  penetration.  For 
example,  it  becomes  apparent  at  once,  in  a  comparison  between 
a  16-in.  oven  and  a  20-in.  oven,  that  the  following  is  true: 

a  With  the  same  temperature  of  wall  the  average  velocity  of 
coking  in  the  20-in.  oven  will  be  less  than  in  the  16-in. 
oven,  and  the  time  required  to  coke  the  20-in.  oven  will  be 
more  than  proportionally  greater  than  the  16-in.  oven 

b  To  coke  the  20-in.  oven  in  the  same  time  as  the  16-in.  oven, 
the  wall  temperature  must  be  increased  very  markedly 

c  To  coke  the  coal  in  the  two  ovens  at  the  same  average  rate, 
the  wall  of  the  wider  oven  must  be  considerably  hotter 
than  that  of  the  narrower  one 

d  With  the  same  wall  temperatures,  more  coke  can  be  made 
per  day  in  the  narrower  oven  than  in  the  wide  one 

e  To  make  the  same  amount  of  coke  per  day,  the  wall  tem- 
perature in  the  16-in.  oven  would  be  lower. 
Four  points  are  of  great  value  in  this  connection : 

1  Overcoked  material  is  of  less  value  in  a  furnace  than  a 

greener  coke 

2  The  wider  the  oven  the  more  overcoked  the  outside  layers 

wiU  be  and  the  larger  the  proportion  of  overcoked  mate- 
rial for  a  given  output 

3  The  production  of  by-products  is  enhanced  by  reducing  the 

wall   temperatures 

4  The  life  of  oven  brickwork  is  increased  by  being  operated  at 

lower  temperatures. 


The  result  of  this  reasoning  was  the  decision,  in  1914,  to 
reduce  the  width  of  oven  from  19%  in.,  average  then  being 
built,  to  I8I4  in. 

Plants  of  the  reduced  width  are  now  in  operation  as  follows : 


Toledo  Furnace  Company 

Youngstown  Sheet  and  Tube  Company 

United  Furnace  Company 

River  Furnace  Company 


Ovens 
94 

304 
47 

•204 


There  is  no  doubt  among  those  who  have  been  acquainted 
with  the  wider  ovens  that  the  narrower  oven  has  the  following 
distinct  advantages : 

1  Less  sponge  in  the  coke 

2  Better  coke  from  the  same  coal 

3  As  good  coke  from  liigher  volatile  mixtures 

4  Higher  yields  of  tar.  ammonia,  and  benzols 

5  Low  temperatures  for  the  same  coking  velocity. 

The  fifth  event  in  coke-oven  development  is  the  universal 
recovery  of  benzols.  The  war  furnished  the  primary  induce- 
ment to  developing  this  phase  of  the  industry;  but  the  fact 
that  the  material  might  be  disposed  of  advantageously  for 
motor  fuel  after  the  demand  for  explosives  would  cease  had 
an  important  bearing  in  stabilizing  the  large  investments 
demanded. 

Previous  to  the  war  comparatively  few  plants  were  equipped 
for  benzol  recovery;  in  fact,  outside  the  plants  of  the  Semet 
Solvay  Company,  operated  for  their  own  account,  there  was 
comparatively  little  benzol  extracted,  and  this  was  used,  for 
the  most  part,  in  enriching  illuminating  gas.  Today  prac- 
tically every  coke-oven  plant  in  America  has  installed  this 
recovery,  and  the  production  in  1917  will  be  in  excess  of 
40.000,000  gal.,  rated  as  light  oil.  if  continued  at  the  present 
rate. 

While  the  removal  of  benzol  reduces  the  heat  units  in  the 
gas,  the  loss  in  this  manner  is  a  very  small  factor,  and  the 
return  to  be  secured  from  the  sale  of  this  product  is  likely  to 
be  greater  than  that  secured  from  the  recovery  of  tar. 

One  feature  of  the  benzol  credit  as  related  to  motor  fuel  is 
the  smallness  of  the  quantity  compared  with  gasoline  pro- 
duction, and,  since  benzol  and  gasoline  are  miscible,  the  utility 
of  benzol  will  be  enhanced  by  increasing  the  quantities 
available. 

Experiments  recently  conducted  by  a  large  oil  company  on 
its  trucks  and  passenger  automobiles  proved  that  not  only  is 
benzol  more  valuable  than  gasoline  as  a  motor  fuel  when  used 
straight,  but  its  effective  value  is  increased  by  being  mixed 
with  gasoline.  While  these  experiments  are  not  complete, 
nevertheless  they  indicate  that  a  mixture  of  equal  parts  of 
gasoline  and  benzol  gives  a  value  over  16  per  cent  greater 
tliat  that  of  straight  gasoline,  which  shows  32  per  cent 
increased  value  for  the  benzol  half.  In  1917  there  will  be 
produced  in  this  country  over  1.000,000,000  gal.  of  gasoline, 
so,  while  the  value  of  benzol  is  stabilized,  for  this  reason  it 
eaimot  be  a  very  great  factor  in  the  motor-fuel  situation. 
Every  means  should  be  taken  not  only  to  secure  additional 
quantities  from  a  standpoint  of  preparedness,  but  from  a 
standpoint  of  motor-fuel  supply. 

In  connection  with  the  value  of  benzol  as  a  motor  fuel  there 
is  an  interesting  fact  which  may  in  the  future  have  a  very 
marked  influence.  In  many  quarters  alcohol  is  looked  upon  as 
the  ultimate  fuel,  but  it  cannot  be  employed  except  with 
less   efficiency   and   with   greater   difficulties,   due   to   its    high 
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hydrogen  content.  Commercial  alcohol  and  gasoline  are  not 
miscible.  Alcohol  and  benzol  are  miscible  and  make  a  most 
efficient  fuel,  and,  further,  after  the  addition  of  benzol  to 
alcohol  the  mixture  will  carry  quite  a  high  proportion  of  gaso- 
line. The  future  may  see  benzol  as  the  tie  between  gasoline 
and  alcohol,  permitting  a  piecmg-out  of  the  gasoline  supply 
and  an  introduction  of  alcohol  as  a  commercial  motor  fuel. 

Taking  up  in  somewhat  more  detail  the  study  of  by-product 
coke  and  its  use  in  blast  furnaces,  the  phenomenal  growth  of 
the  by-product  industry  has  stimulated  a  renewed  interest  in 
the  main  product.  This  interest  is  due,  first,  to  the  recent  revo- 
lutionizing of  ideas  regarding  the  relative  values  of  by-product 
and  beehive  coke.  The  tardy  recognition  of  the  fact  that 
by-product  coke  of  a  fairly  wide  range  of  origin,  when  prop- 
erly used  in  the  blast  furnace,  gives  results  not  merely  as 
good  as,  but  much  superior  to,  those  obtained  from  beehive 
coke,  was  accompanied  by  a  realization  that  the  limit  of  effi- 
ciency had  by  no  means  been  reached ;  that  Griiner's  "  ideal 
performance  " —  long  the  ne  plus  ultra  of  blast-furnace  men 
— was  actually  being  surpassed  by  many  blast  furnaces,  and 
that  much  regarding  the  question  of  coke  economy  still 
remained  to  be  learned.  In  the  renewed  study  of  the  subject 
that  this  realization  is  just  beginning  to  stimulate,  we  have  the 
inestimable  advantage  that  the  by-product  coke  plants  are 
being  located  in  proximity  to.  and  usually  under  the  same 
management  as,  the  blast  furnaces  that  they  are  intended  to 
supply,  instead  of  at  the  coal  mines  as  was  the  case  with  the 
beehive  ovens.  Thus  the  blast-furnace  operator  knows  better 
the  sources  of  the  material  that  he  has  to  use  and  the  con- 
ditions under  which  it  was  produced,  while  the  coke-plant 
operator  can  more  intelligently  regulate  the  performance  of 
his  ovens  and  the  quality  of  his  product,  according  to  the 
requirements  of  the  furnace.  Above  all,  the  combination  and 
cooperation  of  the  two  plants  result  in  a  regularity  of  per- 
formance that  is  perhaps  more  to  be  desired  than  any  specific 
quality  of  material.  It  is  to  be  hoped  that  this  cooperation 
may  soon  be  extended  to  the  foundry  and  other  industries 
using  coke  as  fuel. 

It  will  assist  in  following  the  few  descriptive  studies  of 
coke  that  we  have  to  present,  to  give  a  brief  account  of  the  gen- 
erally accepted  theory  of  the  coking  process.  The  t'evelopment 
of  this  theory  is  due  to  several  German  investigators,  notably 
Much,"  Hilgenstock,"  Ran,''  and  Simmersbach,*  and  it  has  re- 
ceived such  abundant  confii-mation  from  every  practical  stand- 
point that  there  can  be  no  question  of  its  soundness. 

Let  Fig  1  represent  a  section  across  a  by-product  coke  oven 
immediately  after  the  charge  of  coal  is  introduced.  The  layer 
of  coal  next  to  each  wall  A  and  B  is  very  rapidly  heated.  A 
complicated  process  of  destructive  distillation  begins,  and  at  a 
temperature  of  about  375  to  400  deg.  cent,  the  layer  becomes 
soft  and  pasty.  The  pasty  mass  is  for  a  while  in  a  state  of 
violent  ebullition,  due  to  the  rapid  expulsion  of  its  volatile 
matter,  and  then  rapidly  solidifies,  the  indurated  residue 
retaining  the  vesicular  form  and  structure  of  the  pasty,  foam- 
ing stage. 

The  adjacent  layer  toward  the  interior  has  in  the  meantime 
reached  the  pasty  stage,  the  fusion  being  assisted  by  the  pene- 
tration of  some  of  the  soft  material  forced  over  from  the  outer 
layer.  The  gases  and  vapors  follow  always  the  line  of  least 
resistance  and  pass  through  the  porous  outer  layer  and  up 


along  the  wall  of  the  oven  instead  of  forr-ing  their  way  through 
the  viscous  inner  portion  of  the  fused  layer,  and  then  through 
the  mass  of  coal.  In  pa.ssing  through  the  highly  heated  i)orous 
layer,  the  hydrocarbons  undergo  a  partial  secondary  decom- 
position, depositing  part  of  their  carbon  on  the  cellular  sur- 
faces just  formed,  thus  building  up  and  strengthening  the 
coke.     The  coking  process  is  thus  to  be  conceived  as  involving 


'  Chemie  der  Steinkohle. 

=  Journal  fur  Gasbeleuchtung.  vol.  45.  (1902),  p.  617. 

'  Stahl  und  Elsen,  1910,  p.  1240. 

« Grundlagen  der  Kokschemie,  Berlin,  Julius  Springer,  1914. 


Figs.  1  to  3    Diagram  of  the  Coicixg  Process 

the  formation  of  a  fused  zone,  and  the  gradual  aih  ance  of  this 
zone  toward  the  center  of  the  oven,  the  evolved  gases  and 
vapors  depositing  part  of  their  carbon  in  the  vesicular  mass 
left  as  the  zone  progresses.  The  condition  of  the  material 
in  the  oven  when  the  coking  has  fairly  well  advanced  may  he 
represented  by  Fig.  2:  c  is  the  portion  already  coked,  </  is 
the  fused  zone  merging  into  an  adjacent  zone  e.  which,  being 
in  a  state  of  incipient  fusion,  is  more  viscous ;  /  is  the  uncoke<l 
coal. 

The  actual  thickness  of  the  fused  zone  is  probably  not  o\er 
1/2  in.  The  drop  of  temperature  across  this  narrow  zone  is 
very  great,   and   the  interior  of  the   oven    remains   compara- 
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tively  coul.  even  at  an  ailvanced  stage  in  the  coking  process. 
Simmersbach's  experimeuts'  on  a  Koppers  oven  of  500  mm. 
(197$  i"-)  mean  width,  operating  on  29  hours'  coking  time 
with  a  final  maximnm  temperature  of  1120  deg.  cent.,  showed 
that  the  temperature  in  the  middle  of  the  oven,  1  meter  above 
the  floor,  remained  about  10  deg.  cent,  for  2.5  hours  after 
charging;  then  rose  to  100  deg.  cent.,  and  remained  at  this 
temperature  until  13  hours  after  charging.  At  20  hours  the 
temperature  was  only  410  deg.  cent. 

The  rate  of  advance  of  the  two  zones  toward  the  center  of 
the  oven  depends  principally  upon  the  temperature  of  the 
walls  A  and  B.  In  present  practice,  with  ovens  18  in.  wide 
and  wall  temperatures  about  1000  deg.  cent.,  the  average  rate 
is  about  1 2  in.  per  hour.     Tlie  initial  rate  is.  however,  much 


Fig.  4    Coke  ix  Bt-Product  Ovex  Just  After  Removing 

Door 

more  rapid  than  this,  and  decreases  as  the  center  of  the  oven 
is  approached. 

As  the  coking  progresses,  cracks  or  joints  develop  perpen- 
dicular to  the  walls  of  the  oven,  thus  determining  the  blocks  of 
coke  as  they  are  eventually  formed  when  the  oven  is  dis- 
charged. These  cracks  form  avenues  of  escape  for  a  large 
percentage  of  the  gases,  hence  the  amount  of  deposited  carbon 
is  gi-eater  in  proportion  on  the  surfaces  of  the  blocks  than  in 
the  interior.  Eventually  the  two  zones  merge  at  the  center 
of  the  oven  (Fig.  3),  and,  with  the  practically  complete 
expulsion  of  the  last  of  the  volatile  matter,  the  coking  process 
is  finished.  There  is  always  a  distinct  parting  in  the  center 
of  the  oven,  so  that  the  length  of  the  blocks  is  equivalent  to 
about  half  the  width  of  the  oven.  Fig.  4  shows  a  view  of  the 
coke  as  it  appears  when  the  door  of  the  oven  is  removed. 
Most  of  the  coke  immediately  adjacent  to  the  walls  of  the 
oven  is  covered  with  a  skin  of  carbonized  pitch.     The  true 


Fig.  5    Blast-Furnace  Coke,  Atlantic  District 

form  of  the  blocks  may  be  seen  in  a  few  places  where  this 
has  been  broken  away. 

Fig.  5  shows  a  view  of  a  typical  coke.  In  this  figure  the 
individual  blocks  may  be  seen  distinctly.  A  few  characteristic 
blocks  are  shown  in  Fig.  6.  The  three  smaller  pieces  in  this 
figure  are  cross-sections.  The  end  of  the  block  (Fig.  7)  origi' 
nally  adjacent  to  the  wall  of  the  oven  may  always  be  dis- 
tinguished by  its  cauliflower-like  appearance  and  dense  layers 
of  deposited  carbon.  We  shall  designate  it  as  the  wall  end 
and  shall  call  the  other  extremity  the  center  end,  for  want 
of  a  better  term.  The  structure  of  the  coke  toward  the  center 
end  is  always  more  open,  and  occasionally  is  somewhat  spongy. 

The  shape  of  the  coke  is  quite  characteristic,  depending 
upon  the  coal  from  which  it  is  produced,  and  also,  to  a  con- 
siderable extent,  upon  the  method  of  heat  treatment.  The 
coke-oven  man  classes  his  product  as  either  hlocky  or  fimjery, 
coke  of  the  former  character  being  preferred.  Some  typically 
fingery  coke  is  shown  in  Fig.  8.  As  a  rule,  the  coke  from 
coals  of  over  30  per  cent  volatile  matter  is  apt  to  have  a 
fingery  tendency — and  this  becomes  highly  pronounced  if  the 
coal  has  a  high  oxygen  content.  By  coking  such  coals  very 
slowly  at  temperatures  somewhat  lower  than  used  in  ordinary 
practice,  the  fingery  tendency  may  be  disguised  or  in  many 
cases  entirely  eliminated.  By  disguising  it,  we  mean  that  the 
product   will  actually   appear  to   form   large,  massive  blocks, 


'St,ihl  iind  Enen.  Jun?  U.  1D14.  p.  95i. 


Fig.  C     Typical  Bt-Pkoduct  Coke 


June 
1917 


BY-PRODUCT  COKE,  C.  J.  RAMSBURG  AND  F.  VV.  SPERR,  JR. 


499 


but  these  blocks,  if  closely  examined,  will  be  found  actually 
to  be  bundles  of  slender  pieces  more  or  less  firmly  cemented 
together.  However,  if  the  heat  treatment  be  very  carefully 
regulated  during  the  coking  process — especially  in  oveus  de- 
signed and  adapted  to  this  particular  type  of  coals — genuine, 
firm,  blocky  coke  may  be  made  from  many  coals  usually 
regarded  as  producing  only  the  fuigery  variety. 

The  size  of  the  blocks  is  affected  to  a  certain  extent  by 
almost  all  the  conditions  pertaining  to  the  manufacture  of 
coke.  The  length  is,  of  course,  dependent  upon  the  width  of 
the  oven,  the  average  being,  on  account  of  shrinkage,  a 
little  less  than  half  the  width  of  the  oven.  The  blocks  from 
the  top  of  the  oven  are  usually  (especially  with  high- volatile 
coals)  shorter  than  those  from  the  bottom.  Overcoking  and 
high   temperatures   tend  to  produce   small-sized   coke. 

(^'(imiug  now  to  an  examination  of  the  natural  surfaces  of 
the  blocks,  we  may,  in  the  first  place,  disregard  the  color  as 
being  relatively  unimportant.  It  depends  largely  upon  the 
method  of  quenching,  and,  to  some  extent,  on  the  quality  of 
the  water  used,  the  use  of  large  amounts  of  water  causing  a 
dark  color,  while  with  the  careful  use  of  a  minimum  quantity 
of  water  a  light  gray  color  can  always  be  preserved.  The 
majority  of  cokes  produced  from  the  standard  coking  coals 
rich  in  hydrocarbons  and  low  in  oxygen  have  close-textured, 
even  surfaces,  with  possibly  a  few  narrow,  transverse  zones  oJ 
slightly  larger  cell  openings  interspersed  between  the  two 
extremities.  Many  cokes  from  coals  of  the  Connellsville  (Pa.) 
type  show  the  same  silvery,  glossy  skin  that  used  to  be  so  much 
prized  in  beehive  coke.  This  is  probably  indicative  of  a  very 
heavy  deposit  of  carbon,  especially  favored  by  slow  and  uni- 
form evolution  of  a  \ery  rich  gas. 

Other  cokes  fully  equal  in  value  to  the  above  are  character- 
ized by  a  peculiar  shaggy  appearance,  as  if  they  were  covered 
with  blotches  of  dark  moss.  This  appearance  is  usually  found 
in  cokes  produced  from  mixtures  of  eastei'n  coking  coals  with 
the  somewhat  more  highlv  oxygenated  coals  of  the  central 
field.  Oddly  enough,  both  types  of  coal  usually  make  smooth 
coke  if  carbonized  separately. 

Certain  cokes  present  transverse  pebbly  seams — usually 
not  more  than  two  or  three.  These  seams  are  very  narrow  and 
quite  coherent,  and  may  be  shown  to  be  composed  of  small 
globules  of  quite  pure  carbon,  with  no  apparent  cellular  struc- 
ture. This  phenomenon  again  appears  to  be  characteristic  of 
(he  more  highly  oxygenated  coals. 

The  surfaces  always  show  more  or  less  transverse  and  longi- 
tudinal cracks,  significantly  at  right  angles — either  parallel  or 
perpendicular  to  the  wall  of  the  oven.  Naturally  these  are 
an  element  of  weakness,  and  their  presence  to  an  excessive 
•degree  is  one  of  the  surest  "  first-hand "  indications  of  an 
inferior  grade  of  coke  that  we  have.  The  amount  of  fracturing 
can  be  controlled  to  a  surprising  extent  by  proper  methods  of 
heat  treatment. 

By  breaking  a  piece  of  coke  and  examining  the  fresh  sur- 
faces we  find  revealed  the  cellular  structure  that  is  character- 
istic of  all  cokes  and  which  cannot  be  seen  in  its  true  devel- 
opment simply  by  inspecting  the  dense  natural  surfaces.  No 
definition  of  coke  is  complete  that  does  not  take  this  cellular 
structure  into  account. 

The  usual  way — and  the  easiest — to  examine  the  cell  struc- 
ture is  to  break  a  piece  of  coke  crosswise  and  note  the  appear- 
ance of  the  fresh  surfaces.  Great  care  must,  however,  be 
taken,  in  comparing  one  coke  with  another  by  this  method, 
to  break  the  pieces  at  approximately  the  same  distance  from 
the  wall  end,  since  the  cells  are  apt  to  increase  considerably 


in  size  from  the  wall  to  the  center.  Oddly  enough,  in  many 
cokes  there  is  a  characteristic  difference  in  the  two  surfaces 
of  a  break.  No  matter  where  the  piece  is  fractured,  the 
surface  on  the  wall  side  has  always  a  granular  appearance, 
with  a  steel-gray  luster  and  well-defined  cell  openings.  The 
opposite  surface  {i.e.,  looking  toward  the  center  of  the  oven) 
has  a  characteristic  graphitic  luster,  with  the  cell  openings 
flatter  and  possibly  not  so  sharply  defined. 

Although    this    difference   is   rather   hard    to   depict    photo- 


Fig.  7    Wall  End  of  a  Block  of  Coke 
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Fig.  8    Fixgery  Coke  and  Sponge  (Colorado  Coal) 

graphically  in  a  satisfactory  manner,  we  have  attempted  to 
do  so  in  Figs.  9  and  10,  which  will  also  show  the  variation 
of  the  sizes  of  cells  from  wall  and  to  center.  The  sections 
have  been  made  with  a  1/16-in.  emery  wheel  at  2,  4,  and  6  in. 
from  the  wall  end  of  one  block  of  coke.  (This  is  a  standard 
blast-furnace  coke  made  from  a  mixture  of  West  Virginia  and 
Pennsylvania  coals,  and  is  the  same  as  shown  in  Fig.  13.) 

For  any  accurate  comparison  of  the  cell  structure  of  differ- 
ent cokes  we  prefer  to  make  longitudinal  sections  with  a  thin 
emery  wheel — such  sections  as  are  shown  in  Figs.  12  to  17. 
If  this  is  done,  the  danger  of  confusing  sections  made  at  dif- 
ferent distances  from  the  wall  will  be  largely  eliminated.  It 
must  be  mentioned  that  breaking  a  piece  of  coke  longi- 
tudinally so  as  to  reveal  the  real  cell  structure  is  a  decidedly 
difficult  matter.  Almost  always  the  break  will  be  found  to 
be  made  along  the  plane  of  a  natural  longitudinal  fracture. 
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Fig.  y    LEOSS- Sections  of  Coke  Showing  Surfaces  Towaro 

Center 

(At  marked  distances  from  wall) 

and  the  exposed  surfaces  will  be  found  to  be  covered  witli 
deposited  carbon. 

Great  importance  has  been  attributed  to  the  cell  structure 
of  coke  by  all  authorities  on  the  subject,  and  especially  by 
blast-furnace  operators,  and  yet  the  subject  is  very  poorly 
defined  and  no  standards  of  comparison  have  been  established. 
We  have  recently  begun  the  use  of  a  simple  system,  analogous 
to  the  scale  of  hardness  used  in  the  study  of  metals,  which  we 
hope  may  come  into  general  favor.  At  present  we  employ  a 
set  of  four  standards,  shown  in  Fig.  11.  These  are  all  longi- 
tudinal sections,  cut  from  blocks  of  typically  different  cokes. 


The  sections  are  the  same  length,  and  each  is  cut  beginning 
1^2  in.  from  the  wall  end.  The  sections  are  numbered  1  to  4 
in  order  of  increasing  cell  size.  With  such  a  set  of  standards 
it  is  easy  to  grade  any  coke  according  to  its  cell  structure, 
and  the  grading  will  convey  a  much  more  definite  idea  than 
the  loose  terms  of  "  dense,"  "  close,''  "  rather  close,"  "  fairly 
open,"  "  medium,"  etc.,  hitherto  used. 

In  addition  to  grading  cokes  according  to  size  of  cells,  we 
may  also  classify  them  as  regular  or  irregular  in  cell  structure. 
The  standards  would  all  be  considered  as  regular  in  structure. 
This  does  not  mean  at  all  that  the  cells  are  of  the  same  size, 


Fig.  10    Cross-Sections  of  Coke  Showing  Susfaces  Facing 
Toward  Wall 

(At  marked  distances  from  wall) 


Fig.  11    Standards  for  Gaging  Cell  Structure 

(No.  1  at  bottom  ;  No.  4  at  top) 

but  their  general  arrangement  gives  an  easily  perceived  impres- 
sion of  regularity.  What  we  mean  by  irregular  structure 
is  illustrated  by  the  sections  shown  in  Fig.  12.  This  sort  of 
coke  has  alternate  patches  of  close  and  open  texture,  and  is 
frequently  produced  by  the  more  highly  oxygenated  class  of 
coking  coals,  as  well  as  by  mixtures  of  coals  having  decidedly 
different  characteristics. 

It  might  possibly  be  thought  now  that  an  interesting  table 
could  be  prepared  gi'ading  the  cell  structure  of  cokes  pro- 
duced from  various  typical  coals.  Such  a  table  would  be  well- 
nigh  valueless  unless  the  data  were  carefully  qualified  by 
details  regarding  preliininary  treatment  of  each  coal,  dimen- 
sions of  ovens,  temperatures,  coking  time,  and  several  other 


June 
1917 


BY-PROCrCT  COKE,  C.  J.  EAMSBIRG  AND  F.  W.  SPERR,  JR. 


501 


lac-tors,  each  of  wliich  plays  a  part  in  the  development  of  cell 
structure.     It  may  be  more  profitable  to  show  a  few  sections 


Figs.  12  to  17,  inclusive,  illustrate  some  specimens  carefully 
selected  to  be  as  representative  as  possible. 


Fig.  12    Coke  from  Elkhorn  Coal,  with  35  Pee  Cent 
pocahoxtas 


Tig.  15    Coke  prom  Kentucky  Coal,  with  15  Per  Cent 
Pocahontas 


Fig.  13     Coke  from  Mixture  of  Pennsylvania  and  West      Fig.  16     Coke  from  Pittsburgh  Coal,  with  20  Pee  Cent 
Virginia  Coals  Pocahontas 


Fig.  14     Coke  from  Alabama  Coals 
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Fig.  17    Coke  from  Pittsburgh  Coal,  with  40  Pee  Cent 
Pocahontas 


of  ditJerent  cokes  that  have  given  successful  results  in  blast-  Sometimes  too  much  reliance  is  placed  in  the  determination 

furnace  and  foundry  practice  in  various  parts  of  the  country.      of  the  specific  gravity  and  porosity  of  coke.     Figures  as  to- 
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Fig.  18    Staiv^dard  No.  1  Enlarged  10  Diameters 


Fig.  19     Standard  No.  2  Enlarged  10  Diameters 


porosity  oi-  the  percentage  of  cell  space  in  the  total  volume  of 
coke  are  almost  valueless  unless  supplemented  by  an  examina- 
tion of  the  actual  size  of  cells  and  tliiekness  of  cell  walls.  A 
coke  of  close  texture  and  thin  walls  may  have  the  same  per- 
centage of  cell  space  as  one  having  large  cells  and  relatively 
thick  walls.  As  John  Fulton'  the  pioneer  investigator  of 
coke,  said,  34  years  ago:  "Mere  cellular  space  .  .  .  cannot 
be  used  as  an  element  in  the  practical  determination  of  the 
value  of  cokes  for  blast-furnace  use.  Furnace  gases  cannot 
act  on  cell  spaces ;  they  can  only  act  on  exposed  surfaces." 
It  is  the  cell  walls  and  surfaces  that  are  the  most  important. 
Cell  space  and  porosity,  which  is  the  measure  of  it,  are 
merely  incidental. 

Table  3.  which  gives  the  specific  gravities  and  porosities  of 
coke  specimens,  will  show  that  there  is  really  no  relation 
between  cell  structure  and  porofeity. 

For  ordinary  purposes  in  gi-ading  cell  structure  magnifica- 
tion is  unnecessary.  Photographic  enlargement  gives  some 
interesting  information  as  to  the  character  of  the  cell  walls. 
Figs.  18,  19,  20  and  21  show  portions  of  standards  Nos.  1,  2, 
3,  and  4,  respectively,  each  enlarged  10  times.  There  is  con- 
siderable  apparent   irregularity  of  cell   diameter,   due   to   tlic 


fact  that  the  cells  are  cut  in  different  planes,  but  the  com- 
parison of  the  four  types  of  coke  is  fairly  good. 

In  passing  from  this  subject  of  the  examination  of  coke  sec- 
tions we  would  take  occasion  to  point  out  the  interesting  field 


TABLE   3 


SPECIFIC  GRAVITIES  AND  POROSITIES  OF  COKE 
SPECIMENS 


Cell 

Apparent 

True 

grading 

Figure 

specific  gravity 

specific  gravity 

Porosity 

1       (Standard ) 

11 

1.097 

1.917 

42.8 

1 

0.924 

2.006 

53.7 

l.-> 

12 

0.974 

1.891 

48.5 

2      (Standard) 

11 

1.007 

2.028 

50  4 

2 

14 

1.138 

1.948 

41.6 

2.5 

0.857 

1.979 

56.7 

.■!      (Standard) 

11 

1.071 

1.831 

41.6 

3 

16 

1.053 

1.917 

45.1 

3 

17 

0.854 

1.862 

54.1 

4      (Standard) 

11 

0.943 

1.988 

52  6 

4 

13 

0.943 

1.988 

52.6 

i 

15 

0.917 

1.921 

52.3 

'  Bull.  Am.  Inst.  Min.  Eng.,  October,  1SS3. 


open  here  for  the  application  of  petrographie  methods  to  an 
exhaustive  investigation  of  the  material.  The  actual  chemical 
and  physical  state  of  the  carbon  produced  from  various  coals 
under  various  conditions  is  an  important  matter  from  a  prac- 
tical standpoint.  Differences  in  the  true  specific  gravity  of 
coke  are  fref|uently  found  that  cannot  be  ex]ilained  by  varia- 


FiG.  20     Standard  No.  3  Enlarged  10  Diameters 


Fig.  21     Standard  No.  4  Enlarged  10  Diamhters 
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tion  in  tlie  content  of  inorganic  matter.  The  actual  condi- 
tion of  this  inorganic  matter  after  carbonization,  the  amount 
of  reduction  of  the  various  oxides,  the  possible  effect  of  the 
finely  disseminated  mineral  matter  in  strengthening  or  weak- 
ening the  cell  walls  are  all  very  important.  Inorganic  matter 
does  not  necessarily  constitute  an  element  of  weakness.  Large 
particles,  especially  if  segregated,  are  injurious,  but  finely 
divided  mineral  matter  may  actually  strengthen  the  cell  walls. 
High-ash  cokes  are  frequently  stronger  than  low-ash  cokes 
from  the  same  kind  of  coal.  Some  experiments  in  washing 
and  coking  coals  of  moderate  ash  content  have  shown  that 
where  the  original  coal  gave  a  strong  coke,  the  washed  coal 
gave  a  weaker  coke,  the  difference  being  undoubtedly  due,  to 
some  extent,  to  the  removal  of  some  of  the  mineral  matter, 
although  the  high  moisture  content  of  the  washed  coal  might 
have  had  some  effect.  Simmersbach  gives  some  evidence  to 
show  that  iron  present  in  combination  with  carbon  and  silicon, 
and  silicon  present  as  a  silicon  carbide,  may  be  the  cause  of 
the  remarkable  hardness  of  some  coke. 

Studies  of  this  character  will,  however,  be  largelj'  of  academic- 
interest  unless  correlated  with  studies  of  the  behavior  of  dif- 
ferent types  of  coke  in  the  blast  furnace  and  in  other 'types 
of  apparatus  in  which  the  material  is  used.  Let  us  choose  the 
blast  furnace  for  consideration  here  on  account  of  its  tre- 
mendous industrial  importance. 

There  is  at  present  some  disagreement  among  blast-furnace 
men  as  to  the  exact  function  of  the  coke  in  the  most  efficient 
and  economical  reduction  of  iron  ore.  The  majority  probably 
still  accept  Griiner's  theory  of  ideal  working,  viz.  (as  stated 
by  Richards'),  "All  the  carbon  burnt  in  the  furnace  should 
first  be  oxidized  at  the  tuyeres  to  CO,  and  all  reduction  of 
oxides  above  the  tuyeres  should  be  caused  by  CO,  which  thus 
becomes  CO,,"  It  is  well  known  that  the  reduction  of  iron 
oxide  by  carbon  monoxide  is  the  most  efficient  from  the  stand-  ■ 
point  of  heat  economy.  Richards,  however,  has  pointed  out 
that  the  direct  reduction  of  iron  oxide  by  carbon  is  three 
times  as  efficient  from  the  standpoint  of  carbon  required  as 
the  indirect  reduction,  and  says: 

"  The  ordinary  furnace  produces  at  the  tuyeres,  in  order 
to  get  heat  enough  to  melt  down  the  charges,  more  CO  gas 
than  is  needed  to  abstract  all  the  oxygen  from  the  charges ; 
under  these  conditions  it  is  uneconomical  to  oxidize  any  carbon 
at  all  above  the  tuj'eres.  The  exceptional  furnace,  because  of 
pure  ores,  small  amount  of  slag,  pure  fuel,  high  temperature 
of  blast,  or  dry  blast,  gives  heat  enough  at  the  tuyeres  to  melt 
down  the  charges  without  producing  enough  CO  gas  to  reduce 
all  the  charges;  under  these  conditions,  more  or  less  reduction 
is  effected  by  solid  carbon  and  with  the  greatest  economy  in 
quantity  of  carbon  required  in  the  furnace." 

About  a  year  ago  H.  P,  Howland  prepared  an  interesting 
paper,"  entitled  Calculations  With  Reference  to  the  Use  of 
Carbon  in  Modern  American  Blast  Furnaces,  calling  attention 
to  the  fact  that  many  furnaces  are  actually  operating  with 
higher  economy  of  coke  than  would  be  calculated  from 
Griiner's  theory;  in  fact,  his  calculations  on  the  performance 
of  26  furnaces  seem  to  show  that  what  Richards  regarded  as 
the  exceptional  furnace  is  the  rule  rather  than  the  exception 
in  modern  practice.* 

Howland's  tabulation  of  data  on  these  26  furnaces  is  so 
interesting  and  pertinent  to  the  subject  that  a  portion  of  it  is 
reproduced  in  Table  4. 

Note  incidentally  the  performance  of  the  once-despised  by- 


product coke  in  modern  practice.  Of  the  19  furnaces  using 
less  than  a  ton  of  coke  per  ton  of  pig  iron,  13  are  burning  by- 
product coke  and  6  beehive  coke.  1 

Howland  calculates  that  all  the  furnaces  burning  less  than 
1350  lb.  of  carbon  at  the  tuyeres  are  not  making  enough  CO 
to  reduce  all  the  Fe^Oj  and  hence  some  of  the  latter  must  be 
reduced  directly  by  carbon.  He  concludes :  "  It  seems  clear, 
therefore,  that  in  low-coke  furnaces  one  of  the  most  important 
(if  not  the  most  important)  functions  of  the  carbon  burned  at 
the  tuyeres  is  to  produce  heat  to  enable  the  carrying  on  of  the 
direct  reduction,  rather  than  to  produce  CO  for  indirect  re- 
duction. 

"  On  this  basis,  it  becomes  very  essential  that  our  carbon 
shall  bum  instantaneously  to  CO  in  order  that  the  resulting 
heat  may  be  localized  where  needed.  This  should  not  be  a 
question  of  seconds,  but  of  a  fraction  of  a  second.  If  our 
carbon  is  of  such  a  nature  that  this  burning  to  CO  is  a  com- 
paratively long  process,  more  of  it  will  be  required  than   of 


TABF.E    4 


PART   OF   HOWLAND'S    DATA    ON    AMERICAN    BLAST 
FURNACE.S 
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2,615 

301 

86.3 

BH 

Stonega 

2,254 

'2110 

1868 

82.8 

2 

2,551 

272 

84.4 

BP 

Solvay 

2,153 

2049 

1751 

81.4 

86.6 

3 

2,472 

482 

86.1 

BH 

Conn. 

2,128 

1996 

1728 

81.2 

86.8 

4 

2,247 

450 

87.1 

BH 

Conn. 

1,957 

1846 

1605 

82.0 

87.0 

5 

2,198 

499 

86.9 

BH 

Conn. 

1,908 

1810 

1494 

78.7 

82.6 

6 

2,123 

541 

88.3 

BH 

Conn. 

1,875 

1764 

1498 

79.8 

84.9 

7 

2,115 

360 

84.3 

BP 

Solvay 

1,782 

1683 

1427 

80.1 

84.8 

8 

1,996 

490 

86.3 

BP 

Koppers 

1,722 

1611 

1298 

75.4 

80.6 

9 

1,936 

376 

85.7 

BP 

Solvay 

1,659 

1657 

1305 

78.8 

83.7 

10 

1,905 

393 

88.7 

BP 

Solvay 

1,690 

1575 

1252 

74.1 

79.5 

11 

1,901 

517 

85.5 

BP 

Koppers 

1,625 

1524 

1280 

78.8 

84.1 

12 

1,863 

504 

86.6 

BP 

Koppers 

1,614 

1513 

1230 

76.2 

81.3 

13 

1,780 

426 

84.9 

BP 

Koppers 

1,511 

1414 

1124 

74.4 

79.5 

14 

1,742 

503 

84.6 

BP 

Koppers 

1.474 

1382 

1133 

76.9 

82.0 

15 

1,716 

542 

87.1 

BH 

Benham 

1,494 

1396 

1194 

80.0 

87.0 

16 

1,715 

585 

84.6 

BP 

Koppers 

1,451 

1357 

1114 

76.6 

82.2 

17 

1,702 

543 

87.5 

BP 

Koppers 

1,490 

.1388 

1130 

75.9 

81.5 

18 

1,699 

572 

87.0 

BP 

Koppers 

1,479 

.1387 

1155 

78.2 

83.4 

19 

1,673 

580 

88.6 

BH 

Benham 

1,482 

1384 

1182 

79.9 

85.0 

20 

1,658 

590 

88.3 

BH 

Benham 

1,464 

1366 

1182 

80.8 

86.5 

21 

1,636 

442 

89.5 

BP 

Koppers 

1,463 

1369 

1124 

76.8 

82.1 

22 

1,635 

593 

88.5 

BH 

Benham 

1,447 

1349 

1124 

77.7 

83.4 

23 

1,624 

592 

87.3 

BH 

Benham 

1,417 

{1317 

1118 

79.0 

85.0 

24 

1.623 

457 

89.6 

BP 

Koppers 

1,454 

.1360 

1090 

75.0 

80.2 

25 

1,589 

608 

88.3 

BH 

Benham 

1,403 

il307 

1100 

78.5 

84.2 

26 

1,584 

466 

89.2 

BP 

Koppers 

1,413 

1324 

1057 

74.8 

79.9 

'  Metallurgical  and  Chemical  Calculations,  p.  248. 
'  Bull.  Am.  Inst.  Mia.  Eng.,  March,  1916,  p.  627. 


Note — BH  =  Beehive.     BP  =  By-product.     Conn.  =  Connellsville. 

the  quick-burning  carbon  in  order  to  obtain  the  same  concen- 
tration of  heat  at  the  desired  point. 

"  We  would,  therefore,  say  that  the  most  desirable  thing 
about  a  coke  is  that  quality  in  the  carbon  which  will  allow  of 
its  being  instantaneously  burned  to  CO  and  thus  result  in  the 
maximum'  concentration  of  heat  where  needed." 

W.  H.  Blauvelt,  in  a  discussion  of  Howland's  paper,'  says : 
"  In  studying  the  combustion  of  coke  in  the  furnace,  it  is  clear 
that  the  jaroduction  of  the  maximum  quantity  of  heat  is  not 
of  tiie  first  importance  in  blast-furnace  operation,  or  in  the 
utilization  of  the  fuel  charged  into  the  furnace.  To  my  mind, 
the  production  of  a  high  thermal  head  at  the  tuyeres  is  of  the 
first  importance,  and  the  best  coke  is  that  which  reaches  the 
tuyeres  in  proper  condition  to  produce  the  highest  temperature 
at  the  tuyeres,  and  in  just  sufficient  quantity  to  do  the  amount 
of  work  required  there  under  the  conditions  produced  b.v  this 

•Bull.  .\m.  Inst.  Min.  Eng..  Octolicr.  1916. 
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Fig.  22    Coke  feom  Straight  High-'^'olatile  Coal, 
Showing  Sponge 

masimum  temperature.  The  combustion  of  a  much  larger 
amount  of  fuel  at  the  tuyeres,  under  conditions  that  -will  fall 
short  of  producing  the  highest  possible  temperature,  cannot 
produce  as  good  results,  either  in  fuel  economy  or  output. 
.  .  .  Nothing  is  more  fatal  to  obtaining  the  highest  tem- 
perature than  an  excess  of  combustion.  In  the  blast  furnace 
an  excess  of  air  dilutes  and  cools  the  products  of  combustion, 
reducing  the  maximum  thermal  head  at  the  tuyeres,  and  the 
larger  volume  carries  the  high  temperature  zone  too  high  in 
the  furnace.  ...  It  will  probably  be  generally  admitted 
that  furnace  coke  should  be  of  nearly  uniform  size,  and  many 
furnace  managers  are  eliminating  all  coke  below  %  in.  and 
above  4  or  4%  in. ;  also,  that  the  best  coke  is  that  which  is 
sufficiently  strong  to  resist  undue  abrasion  and  crumbling  by 
attrition  with  the  stock,  and  of  an  open  porous  structure  that 
will  permit  the  most  rapid  combustion  when  it  reaches  the 
tuyeres.  Many  large  users  agree  that  the  coke  should  never 
be  overeoked  beyond  the  point  of  producing  a  sufiBciently 
strong  structure,  as  overcoking  quickly  reduces  the  combusti- 
bility. 

"  If  Griiner  s  ideal  gives  the  best  furnace  operation,  we 
should  want  a  coke  that  is  resistant  to  the  oxygen  in  the  ore, 
but  easily  combustible  at  the  tuyeres,  which  is  a  contradiction 
of  qualities.  If  my  argument  is  correct,  that  the  furnace  man 
wants  the  greatest  thermal  head  at  the  tuyeres  rather  than  the 


Fig.  23    Coke  from  Same  Coal  as  Fig.  22,  with  20  Per 
Cent  Pocahontas 

production  of  the  greatest  quantity  of  heat  in  the  furnace  as 
a  whole,  then  he  is  willing  to  sacrifice  some  coke  by  solution 
in  the  oxidizing  gases  in  the  upper  part  of  the  furnace,  pro- 
vided he  can  obtain  a  sufJScient  quantity  of  coke  at  the  tuyeres, 
of  a  quality  that  will  permit  rapid  combustion  with  the  mini- 
mum amount  of  air,  thereby  giving  him  the  maximum  thermal 
head." 

The  desirability  of  the  condition  which  Blauvelt  aptly  terms 
a  high  thermal  head  in  the  zone  of  the  tuyeres  will  be  readily 
granted  even  by  those  who  adhere  to  Griiner's  theory.  This 
condition  should  be  attained  even  at  a  sacrifice  of  some  carbon 
by  solution  loss  (CO,  -|-  C  =  2C0),  and  we  are  of  the  opinion 
that  the  importance  of  this  solution  loss  is  frequently  over- 
estimated. Most  laboratory  experiments  made  to  determine 
the  loss  imdergone  by  different  cokes  liave  been  of  little  value, 
because  they  have  been  mostly  made  with  pulverized  samples, 
so  that  their  original  physical  condition  has  been  greatly 
altered. 

We  have  lately  tested  the  resistance  of  a  number  of  cokes 
to  the  action  of  CO^  at  tempeiatures  of  800  and  900  deg., 
and  find  the  loss  of  coke  pulverized  to  40  mesh  to  be  very 
much  greater  than  the  same  coke  prepared  in  small  test  pieces, 
%  in.  by  %  in.  by  lYo  in.,  so  as  to  retain  the  original 
structure. 

As  furnace  conditions  are  better  understood,  the  possibility 


Fig.  24    Coke  from  Colorado  Coal,  Showing  Sponge 


Fig.  25    Coke  prom  Same  Coal  as  Fig.  24,  Properly  Made 
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of  the  use  of  coke  uf  a  wider  instead  of  a  more  restricted 
range  of  quality  will  become  better  recognized,  with  the  ex- 
press limitation  that  the  supply  for  each  furnace  must  always 
be  absolutely  uniform  in  quality.  This  requirement  of  uni- 
formity cannot  be  too  strongly  emphasized,  and  it  is  almost 
equally  necessary  for  the  proper  operation  of  the  coke  plant 
as  the  blast  furnace;  but  this  does  not  mean  that  there  is  one 
standard  grade  of  coke  to  which  all  plants  should  conform 
so  far  as  possible.  As  a  matter  of  fact,  the  range  of  cokes 
that  successfully  qualify  in  practical  operation  is  continually 
being  extended,  through  necessity  of  one  sort  or  another,  with 
little  general  realization  of  the  fact.  In  Figs.  12  to  17  we 
have  already  shown  the  cell  structure  of  some  cokes  that  are 
giving  good  results  in  different  American  blast  furnaces,  and 
the  difference  is  fairly  remarkable. 

However,  for  each  kind  of  coke  there  is  evidently  some  limit- 
ing size  for  efificient  service,  i.  e.,  just  large  enough  to  offer 
such  a  minimum  surface  of  attack  for  CO^  that  the  loss  on  this 
account  is  negligible,  and  small  enough  so  that  complete  com- 
bustion may  be  effected  in  a  minimum  of  time  at  the  tuyeres. 
Hardness  of  body  is  usually — though  possibly  not  necessarily 
— proportional  to  the  resistance  of  a  given  coke  to  oxidation 
by  CO,  or  oxygen.  The  harder  grades  of  coke  should  be  useil 
in  smaller  sizes — and  this  is  a  compensation  automatically 
provided  to  some  extent  by  the  opej-ation  of  the  by-product 
oven.  Similarly,  cokes  of  dose  cell  structure  are  more  resist- 
ant to  oxidation,  but  this  may  be  offset  to  a  large  extent  by 
softness.  The  coke  of  more  open  cell  structure  will  probably 
require  less  rigid  attention  to  sizing  than  the  denser  coke. 
The  important  thing  is  to  determine  the  practical  limits  of 
these  elements  of  size,  hardness,  and  cell  structure.  It  may  be 
found  that  a  coke  of  such  structure  as  No.  1  of  our  scale  may 
be  unsuitable,  no  matter  what  may  be  its  size  or  softness;  but 
this  ought  to  be  proved  by  actual  test  and  not  taken  for 
granted. 

These  considerations  are  of  the  utmost  importance  and  en- 
couragement to  the  coke-oven  man,  because,  with  a  reasonable 
choice  of  coal,  his  control  over  the  quality  of  his  coke  is  almost 
unlimited,  and,  even  with  a  very  restricted  source  of  supply, 
the  possibilities  of  conforming  to  the  desired  standard  by 
proper  oven  construction  and  regulation  are  still  remarkably 
great.  We  propose  to  conclude  this  paper  by  showing  two 
or  three  examples  of  what  can  be  accomplished  in  the  way  of 
control  of  this  sort. 

One  proposition  that  frequently  jiresents  itself  is  that  of 
eliminating  sponge.  Sponge  is  a  characteristic  honeycombed 
mass  formed  in  the  center  of  rich  volatile  matter.  It  seems  to 
be  caused  by  an  excess  of  pitchy  material  moving  along  with 
the  fused  zone  in  the  coking  process,  and  finally  accumulating 
in  the  center  of  the  oven,  where  it  is  eventually  gasified,  with 
the  production  of  this  light  porous  material.  Sometimes  this 
sponge  is  found  in  loose,  detached  masses  scattered  all  over  the 
coke  as  it  lies  on  the  wharf  after  quenching,  or.  again,  it  may 
be  found  adhering  very  closely  to  the  ends  of  the  pieces  of 
coke,  and  sometimes  blending,  without  any  clear  line  of  demar- 
cation, into  the  body  of  the  coke  itself. 

Although  the  amount  of  this  sponge  often  appears  to  be 
very  large,  it  is  so  bulky  that  its  actual  percentage  by  weight 
is  small.  In  one  case  where  the  amount  of  sponge  seemed  to 
be  very  large  it  was  actually  found  that  it  amounted  to  1,65 
per  cent  of  the  total  coke.  Small  amounts  of  sponge  probably 
do  no  harm,  most  of  the  material  being  soon  broken  up  in  the 
operations  of  handling  the  coke,  but  the  presence  of  the 
material  undoubtedly  occasions  a  certain  loss  of  carbon,  and 
so  we  usually  try  to  get  rid  of  it.     The  customary  remedy— 


and  one  that  always  works — is  to  mix  with  llie  high-volatile 
coal  sufficient  low-volatile  coal,  wliich  has  the  effect  of  absorb- 
ing the  excess  of  bituminous  material  and  eliminating  the  con- 
ditions of  sponge  formation.  Pocahontas  coal  is  the  standard 
low-volatile  coal  that  is  employed  by  many  of  our  plants.  It 
is  to  be  noted  that  different  coals  require  considerably  different 
percentages  of  Pocahontas  coal  to  completely  eliminate  the 
sponge.  Fig.  22  shows  a  coke  from  unmixed  high-volatile 
coal  (about  34  per  cent  volatile  matter).  A  large  amount  of 
sponge  is  readily  apparent.  Fig.  23  shows  the  coal  from  a 
mixture  containing  80  per  cent  of  this  same  coal  with  20  per 
cent  of  Pocahontas.  The  sponge  is  entirely  eliminated  and  the 
structure  of  the  coke  improved. 

Frequently   it   is  too  expensive  a  proposition   to   buy   low- 
volatile  coal  for  the  sake  of  eliminating  a  little  sponge,  and 


Fig.  26     Same  Coal  Mixture  Coked  at  Different  Plants 
Under  Different  Conditions 

sometimes  the  low-volatile  coal  may  be  altogether  inaccessible 
for  jjractical  purposes.  This  does  not,  however,  leave  us  at 
the  end  of  our  resources.  By  proper  methods  of  control, 
sponge  may  be  eliminated  from  a  wide  variety  of  coals  that 
produce  it  under  ordinary  conditions.  If  the  oven  is  correctly 
designed  and  proportioned,  and  the  temperature  and  coking 
time  carefully  regulated,  very  satisfactory  results  may  be 
obtained  without  the  necessity  of  making  a  special  coal  mix- 
ture. Fig.  24  shoW'S  the  coke  from  one  coal  which  was  made 
in  a  type  of  oven  unsuited  to  it.  and  coked  at  unfavorable 
temperatures.  Fig.  25  shows  coke  made  from  the  same  coal 
under  proper  conditions.  The  sponge  has  been  entirely  elimi- 
nated. 

Occasionally  one  of  the  most  difficult  problems  to  be  m-er- 
come  is  that  of  too  great  density  of  cell  structure.  Here, 
again,  we  can  approach  the  problem  in  two  ways :  one,  by 
mixing  in  one  or  more  other  coals  that  have  a  tendency  to  the 
production  of  a  more  open  cell  structure,  and  the  other  way 
by  suitable  preliminary  preparation  of  the  coal,  careful  heat 
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control,  and  special  design  of  the  oven.  Fig.  26  shows  coke 
made  from  the  same  coal  mixture  coked  at  different  plants 
under  different  conditions.  The  dense  coke  shown  in  the  lower 
part  of  the  figure  was  greatly  improved  upon  when  the  nature 
of  the  coal  was  better  understood,  and  the  excellent  product 
shown  in  the  upper  part  of  the  figure  was  then  made  when  the 
coal  was  treated  in  the  right  kind  of  ovens  and  under  proper 
conditions. 

To  insure  the  best  results  a  special  study  must  be  made  of 
each  kind  of  coal  it  is  proposed  to  use,  and  it  would  be  well, 
in  all  cases  where  a  new  plant  is  contemplated,  to  make  this 
study  previous  to  design  of  the  plant,  because  the  results  may 
suggest  some  necessary  changes  in  design  that  would  not  other- 
wise be  foreseen. 


Technical   Education  in  Great  Britain' 

IN  THE  early  days  of  our  Institution  most  engineers  were 
trained  entirely  in  the  shops.  Theoretical  knowledge  was 
uncalled  for,  and  even  held  to  be  antagonistic  to  practical  suc- 
cess. There  was  no  supply  of  scientific  engineers.  It  was  only 
in  1840  that  the  chair  of  engineering  was  established  at  Glas- 
gow University.  There  were  engineering  courses  in  London  at 
King's  College,  and  courses  dealing  more  particularly  with 
mining  and  shipbuilding  at  the  School  of  Mines  and  at  the 
School  of  Naval  Architecture.  In  the  provinces  there  were  a 
few  technical  colleges.  It  was  not  till  1877  that  the  livery 
companies  of  London  appointed  a  committee  to  consider  a 
national  scheme  of  tecbnical  education.  The  City  and  Guilds 
Central  College  was  the  result.  Then  came  the  appointment 
of  the  Royal  Commission,  which  reported  in  1884.  the  forma- 
tion of  the  National  Association  for  the  Promotion  of  Tech- 
nical Education  in  1887,  and  the  Technical  Education  Act  of 
1889,  which  refused  to  the  schools  it  governed  the  means  of 
teaching  the  practice  of  any  trade.  In  1890  only  was  a  real 
foundation  laid  by  the  transfer  of  the  control  of  technical 
education  from  the  school  boards  to  the  local  authorities. 

The  result  has  been  a  vast  expenditure  on  technical  schools, 
ranging  from  the  technical  school  of  the  small  borough  to 
institutions  of  university  rank  like  the  Municipal  School  of 
Technology  in  Manchester.  Besides  these  we  have  provided 
engineering  courses  in  most  of  our  older  universities,  and 
endowed  new  ones.  To  Oxford,  Cambridge,  St.  Andrews,  Glas- 
gow-, Aberdeen,  Ijoinburgh,  Dublin,  Durham,  London,  we  have 
added  Manchest' r,  Wales,  Birmingham,  Liverpool,  Leeds, 
Shelfleld,  Bristol.  Belfast,  and  the  National  University  of 
Ireland. 

With  all  these  schools  and  colleges,  the  problem  of  educat- 
ing engineers  and  engineering  workmen  has  not  been  solved. 
Our  innate  conservatism  ties  us  too  much  to  traditions.  Manx- 
stUl  fail  to  understand  that  the  manual  training  which  enabled 
an  apprentice  to  become  a  master  craftsman  does  not  suffice 
to  turn  a  schoolboy  into  an  engineer.  Moreover,  differentia- 
tion is  needed  in  training.  Designers  and  scientific  advisers 
require  a  knowledge  and  experience  which  managers  and  busi- 
ness organizers  can  forego,  etc.  This  lack  of  differentiation 
seems  to  be  one  cause  of  the  inefficiency  of  our  technical  edu- 
cation. Another  certainly  is  insufficient  preparation  of  those 
entering  the  technical  schools. 

The  education  available  for  the  higher  ranks  seems  fairly 
satisfactory;  at  all  events,  it  has  produced  men  capable  of 
solving  many  problems  presented  by  the  war.     I  would  give 

'  From  Presidential  Address,  Institution  of  Meclianical  Engineers. 
April  I'd.  1917,  by  Michael  Longridge. 


one  caution  and  make  one  complaint.  There  are  many  Eng- 
lishmen of  the  best  type  with  initiative,  ability  to  organize, 
etc.,  but  incapable  of  assimilating  much  book  learning,  espe- 
cially higher  mathematics.  Do  not  let  us  force  these  men 
through  the  same  collegiate  course  as  men  of  different  men- 
tality, but  keep  them  to  more  elementary  work  and  require 
a  high  standard  in  examination.  We  must  not  underrate  these 
men.  Many  of  them  are  of  our  very  best.  The  Institution 
recognizes  their  value  by  admitting  them  without  examination 
at  30  years  of  age. 

My  complaint  is  against  retaining  Greek  as  a  compulsory 
subject  at  Oxford  and  Cambridge  Universities. 

The  education  provided  for  the  workmen  is  most  unsatisfac- 
tory. Trade  apprentices  who  enter  the  shops  at  14  years 
of  age  seldom  have  subsequent  opportunities  for  learning 
other  than  at  evening  classes.  I  have  seen  in  some  paper  that 
technical  education  in  England  and  Wales  is  provided  in  6,87f) 
evening  and  similar  schools,  but  that  the  average  attendance 
is  about  one  hour  per  week.  The  workman  must  have  better 
education  to  qualify  him  to  rise  if  capable,  and  to  give  those 
who  have  not  the  ability  to  rise  some  interests  outside  their 
daily  work  and  football  matches.  Unless  an  antidote  be  pro- 
vided, the  monotony  of  repetition  work  will  crush  initiative 
and  mental  vigor,  and  instead  of  skillful  workmen  we  shall 
breed  incompetent  machines. 

The  interests  of  engineers  require  two  classes  of  institutions 
giving  technical  instruction,  each  with  its  definite  purpose:  (1) 
technical  "colleges,"  ('2)  technical  "schools"  (senior  and 
junior).  The  technical  "colleges"  should  be  of  university 
rank,  and  should  be  departments  or  faculties  of  universities, 
like  the  Municipal  School  of  Technology  in  Manchester,  not 
independent  of  them,  as  in  Germany.  They  should  provide 
two  courses,  one  for  the  scientific  advisers  and  designers,  the 
other  for  the  managers  and  business  organizers.  They  would 
receive  their  students  mainly  from  the  higher  secondary 
schools.  The  gate  should  be  opened  only  to  those  capable  of 
jirofiting  by  the  teaching.  The  idea  of  university  education 
for  the  million  is  most  pernicious  nonsense.  The  technical 
'•  schools,"  both  senior  and  junior,  should  also  have  two  courses, 
one  for  men  likely  to  become  foremen  or  supervisors,  the  other 
for  those  likely  to  remain  manual  workers.  These  courses 
should  not  be  purely  technical.  The  schools  would  receive 
their  students  from  the  elementary  and  lower  secondary 
schools.  They  should  remain  under  the  local  authorities,  so 
that  the  technicaj  teaching  might  be  varied  in  accordance  with 
the  local  trades. 

Another  desideratum  is  coordination,  especially  between 
the  higher  secondary  schools  and  the  technical  colleges,  and 
between  the  elementary  and  lower  secondary  schools  and  the 
technical  schools,  so  that  pupils  passing  from  the  one  to  the 
other  would  be  lirojierly  prepared  for  the  change. 


The  U.  S.  Bureau  of  Mines  has  received  an  offer  of  the 
complete  laboratories  and  working  staffs  of  the  Minnesota 
School  of  Mines,  Minnesota  Mines  Experiment  Station,  New 
York  State  School  of  Clay  Work  and  Ceramics,  Department 
of  Chemistry,  University  of  Texas,  University  of  Cincinnati. 
Department  of  Chemistry,  Louisville  University,  State  Board 
(if  Health  Laboratory,  Ohio  State  University,  and  the  Johns 
Hopkins  Universitj. 

Commercial  and  other  laboratories  have  also  offered  their 
services,  among  them  being  the  Mellon  Institute  for  Industrial 
Research;  the  General  Electric  Company:  the  Central  Testing 
Laboratory,  New  York;  the  Fuel  Engineering  Society,  New 
York. 


PREPAREDNESS 

By  a.  M.  LOCKETT,  NEW  ORLEANS,  LA. 
Member  of  the  Society 


THE  word  Preparedness  carries  the  idea  of  doing  some- 
thing in  advance  of  an  expected  event  in  order  that  such 
event  may  be  successful.  Preparedness  for  the  defense  of 
the  nation  at  a  time  of  peace  and  witli  no  immediate  prospect 
of  war  is  an  abstract  proposition  which  may  be  properly 
discussed  as  such.  But  when  the  nation  is  in  a  state  of  war, 
preparedness  is  no  longer  an  abstract  proposition  but  a  con- 
dition which  calls  not  for  discussion  but  for  action. 

With  this  understanding  of  the  proposition  the  subject 
becomes  a  question  of  not  how  we  should  prepare  for  a 
possible  war  but  how  we  shall  conduct  a  war  which  is  now 
on  our  hands. 

1  have  no  technical  knowledge  to  qualify  me  for  advancing 
any  views  as  to  the  manner  in  which  militai'y  operations 
should  be  carried  out.  All  that  I  can  do  is  to  give  my  per- 
sonal view's  as  to  what  I  conceive  to  be  the  things  which 
engineers  can  and  should  do  to  ser\e  their  country. 

While  it  has  always  been  the  universal  desire  of  the  Amer- 
ican people  to  avoid  war.  it  certainly  is  also  the  intention  of 
all  Americans  to  win  any  war  in  wl  i  ':  I' ey  are  forced  to 
engage. 

It  is  useless  now  to  waste  time  discussing  the  causes  which 
led  up  to  the  war — the  proposition  before  us  is  to  discuss 
the  ways  aiul  means  of  winning  the  war  which  is  now 
beginning. 

Many  of  us  undertake  work  involving  engineering  design 
and  construction  varying  in  character  and  magnitude,  but 
none  of  us  has  ever  undertaken,  or  even  conceived,  of  so 
large  a  contract  as  the  American  people  are  now  called  upon 
to  execute. 

This  is  not  a  jab  upon  which  we  have  the  option  of  bid- 
ding or  not  bidding.  T!.e  contract  has  been  awarded  to  us 
and  our  certified  cheek,  which  is  nothing  less  than  the  sacred 
honor  of  our  country,  has  been  deposited  and  will  be  forfeited 
unless  the  job  is  successfully  carried  out. 

The  plans  for  this  undertaking  have  been  made  by  the 
Army  and  Navy.  It  is  not  for  us,  the  American  people,  to 
find  fault  with  these  plans;  our  work  is  to  carry  them  out  with 
dispatch  and  completeness.  The  men  who  have  made  these 
plans  have  been  trained  from  their  boyhood  in  this  line  of 
work,  and  it  would  be  foolish  for  us  to  assume  that  these 
plans  are  in  any  degree  defective  or  incomplete.  Therefore, 
the  first  duty  in  my  opinion  for  all  the  people  of  this  coun- 
try is  to  get  behind  the  Army  and  Navy  and  back  them  up 
to  the  absolute  limit  if  we  hojie  to  e.xecute  the  work 
successfully. 

Every  citizen  of  the  United  States  is  in  theory,  and  in 
fact,  in  the  service  of  the  Government,  whatever  may  be  his 
occupation,  or  even  if  he  has  no  occupation  whatever.  Every 
American  citizen  recognizes  the  obligation  of  coming  to  the 
defense  of  the  nation  in  time  of  war,  and  if  he  is  of  sound 
mind  he  must  know  that  such  defense,  to  be  effective,  must 
be  preceded  by   the  necessary  preparations. 

In  war  patriotic  fervor  and  enthusiasm  play  a  prominent 
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part,  but  the  real  work  must  be  done  by  the  men  who  have 
a  clear  understanding  of  the  task,  a  full  knowledge  of  the 
sacrifices  to  be  made  and  a  grim  detennination  to  carry  out 
the  program  whatever  the  cost. 

All  men  desire  to  win  in  any  contest  in  wliich  they  engage. 
They  may  regard  with  equanimity  the  possibility  of  defeat 
when  the  penalty  involves  only  loss  of  money  or  personal 
prestige,  but  when  defeat  involves  loss  of  national  integrity 
or  national  honor,  no  patriotic  citizen  can  ever  entertain  the 
thought  of  defeat. 

This  being  the  case,  any  man  who  deliberately  blocks  or 
attempts  to  prevent  the  carrying  out  of  any  measure  of  pre- 
paredness which  in  any  degree  reduces  the  danger  of  defeat, 
is  no  more  nor  less  than  a  traitor. 

There  may  be  differences  of  opinion  as  to  whether  a  certain 
measure  may  in  fact  improve  the  chances  of  victory,  but 
when  all  men  agree  that  if  certain  things  are  done  the  prob- 
able outcome  of  this  war  is  more  to  our  advantage,  to  gamble 
upon  the  ijossibility  of  such  measures  not  being  needed  is  the 
height  of  folly. 

It  is  fortunate  for  us  in  this  emergency  that  we  have  had 
the  opportunity  to  witness  the  practical  demonstration  which 
has  been  taking  place  in  Europe  for  more  than  two  years,, 
because  many  theoiies  previously  advanced  on  the  subject, 
of  military  preparedness  and  national  security  have  been 
proved   untenable. 

Germany  has  been  able,  by  reason  of  the  preliminary  ar-- 
rangements  which  we  call  Preparedness,  to  resist  with  marked 
success  enemies  many  times  more  numerous,  and  it  would  be 
foolish  for  this  country  to  fail  to  profit  by  her  example  in  so 
far  as  practical  preparations  with  respect  to  land  operations  are 
concerned.  Likewise  the  British  Navy  has  demonstrated  that 
superiority  of  equipment  is  absolutely  conclusive  with  respect 
to  naval  operations.  We  are  confronted  with  a  war  which 
may  involve  both  land  and  naval  operations,  and  it  is  our 
duty  to  profit  by  what  we  have  learned  from  these  other 
great  nations. 

No  comprehensive  plan  of  preparedness  can  be  carried  out 
without  the  full  cooperation  of  the  whole  people.  The  people 
will  not  back  up  any  project  which  they  do  not  believe  sound 
in  principle  and  necessary  for  the  good  of  the  country. 
There  are  some  propositions  involving  merely  economic  poli- 
cies upon  wliich  the  people  will  take  sides  and  follow  leaders, 
more  or  less  blindly,  although  they  may  not  fully  understand 
tiie  principles  involved;  but  when  it  comes  to  the  question 
of  war  which  calls  for  the  sacrifice  of  aU  they  hold  dear, 
even  to  their  lives,  they  must  be  roused  not  only  to  under- 
stand the  necessity  but  they  must  have  such  a  deep-seated 
conviction  of  the  righteousness  of  the  cause  as  they  have  in 
their  religion. 

It  devolves  upon  us  who  are  converted  to  convert  those 
who  have  not  yet  seen  the  light,  and  one  of  the  purposes  of 
this  paper  is  to  attempt  to  point  out  the  way  the  non-military 
engineers  can  assist  in  bringing  the  people  to  a  proper  under- 
standing of  the  situation  so  that  they  will  do  what  they 
should  do. 

In  determining  what  is  the  duty  of  us  engineers  in  this 
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emergency  I  make  the  suggestion  that  we  can  serve  in  two 
capacities — one  as  ordinary  citizens,  having  an  equal  part 
with  other  citizens  in  influencing  the  actions  of  Congress, 
and  the  other  in  the  capacity  of  engineers  having  technical 
knowledge  and  practical  experience  in  work  closely  allied  to 
the  operations  of  the  military  engineers. 

I  believe  that  as  citizens  we  should  take  the  lead  in  the 
campaign  of  con\erting  the  people  in  general  to  a  full  realiza- 
tion of  the  situation,  because  we  are  qualified  by  our  training 
to  gather  together  in  intelligible  shape  the  facts  and  figures 
bearing  upon  the  subject  and  to  present  them  to  the  public 
in  a  manner  which  may  be  more  easily  understood  by  the 
average  citizen  than  if  those  same  facts  and  figures  were 
included  in  a  more  or  less  technical  explanation  such  as  would 
ordinarily  be  made  by  military  engineers. 

As  I  have  already  said,  the  people  will  not  get  behind  this 
movement  with  the  proper  spirit  unless  they  are  thoroughly 
convinced,  first,  that  the  ineparedness  movement  is  sound  in 
principle,  and  second,  that  the  actual  necessity  now  exists. 

I  take  it  that  no  man  who  has  made  any  attempt  to  post 
Himself  regarding  the  actual  condition  of  this  country  with 
respect  to  preparedness,  denies  that  the  country  is  not  pre- 
pared to  bring  to  a  successful  conclusion  a  war  with  a  first- 
class  power. 

If  there  be  any  who  have  any  doubt  upon  this  subject,  I 
refer  them  to  the  report  of  a  board  of  officers  and  civilians 
made  through  the  War  Department  to  the  U.  S.  Senate  in 
the  early  part  of  January,  this  year.  This  committee  con- 
sisted of  three  Army  officers  and  two  civilians  appointed  by 
Congress  to  investigate  the  subject  of  the  feasibility,  desira- 
bility, and  practicability  of  the  Government  manufacturing 
arms,  munitions,  and  equipment,  and  certain  other  allied 
questions. 

This  committee  made  examinations  of  all  the  Government 
arsenals  and  the  principal  private  plants  capable  of  manu- 
facturing the  class  of  articles  required  by  the  Army  and 
Navy,  held  conferences  with  heads  of  leading  industrial  insti- 
tutions, and  through  all  practicable  sources  sought  informa- 
tion not  only  upon  the  question  of  whether  the  Government 
could  manufacture  its  own  arms,  munitions,  and  equipment, 
but  secured  accurate  data  as  to  the  supply  of  such  articles 
now  on  hand  and  the  time  necessary  to  secure  such  supplies 
from  all  sources  in  the  case  of  aii  emergency. 

The  report  of  this  committee  is  in  much  detail  and  is  very 
complete. 

What  I  gather  from  the  facts  brought  out  is  as  follows: 

1  The  various  departments  of  the  Government  have  on  hand 

at  the  present  time  the  necessary  equipment  only  for  the 
present  regular  army  and  the  militia 

2  That  to  properly  equip  an  army  of  500,000  men  will  re- 

quire six  months 

3  To  equip  an  army  of  1,000,000  men  will  require  one  year 

4  To  equip  an  army  of  2,000,000  men  will  require  18  months 

These  are  facts  and  are  not  open  to  argument,  and  the 
thing  for  the  American  people  to  do  is  to  accept  them  as 
facts  and  to  act  accordingly.  Every  military  and  naval 
authority  allowed  to  express  an  opinion  publicly  has  in  the 
most  unqualified  terms  testified  in  general,  and  in  detail,  to 
the  fact  that  we  are  pitifully  unprepared.  If  it  requires  six 
months  to  prepare  the  equipment  for  an  army  of  500,000 
men,  we  must  start  now. 

Every  engineer  ought  to  post  himself  as  to  the  actual 
fac*s  in  this  connection  and  use  his  verv  best  efforts  to  con- 


vince the  jjublic  in  general  of  tiie  absolute  necessity  of  backing 
up  the  Amiy  and  Navy  in  their  plans,  and  should  bring 
such  pressure  to  bear  upon  Congress  that  the  necessary 
legislation  shall  be  promptly  passed.  The  great  trouble  with 
the  people  of  this  country  is  that  they  are  suffering  with  that 
fatal  complaint  designated  by  Mr.  Homer  Lea  as  "  the  valor 
of  ignorance." 

The  average  American  has  the  mistaken  idea  that  one 
American  soldier  is  equal  to  at  leas*;  six  soldiers  of  any  other 
nation,  when  as  a  matter  of  fact  six  American  soldiers  in- 
sufficiently trained  and  improperly  equipped  would  not  be 
equal  to  one  soldier  of  any  other  nation  not  handicapped  by 
these  deficiencies. 

In  olden  times,  when  men  fought  hand-to-hand  conflicts 
with  various  kinds  of  weapons,  the  strong  and  brave  could 
easily  conquer  the  weak,  but  in  modern  warfare  battles  are 
won  by  machinery  and  implements  which  can  be  handled  only 
by  men  trained  to  a  high  degree,  and  personal  bravei'j'  as 
well  as  physical  strength  go  down  in  defeat  when  pitted 
against  intelligence  and  experience  armed  with  modern 
engines  of  war. 

It  is  gratifying  to  be  able  to  say  that  some  very  important 
steps  have  been  taken  toward  national  preparedness,  and 
.  while  up  to  the  present  time  very  little  has  been  actually 
accomplished  in  the  way  of  definite  and  positive  results,  we 
can,  with  some  degree  of  truth,  at  least  say  that  so  far  as 
the  plans  for  mobilization  of  the  great  industries  of  the 
country  for  the  backing  up  of  the  Army  and  Navy  operations 
are  concerned,  they  have  been  well  prepared  and  the  actual 
results  will  quickly  follow  if  the  proper  cooperation  is  shown 
by  Congress. 

As  all  of  you  know,  the  engineers  and  chemists  of  the 
United  States  completed  and  delivered  to  the  Naval  Con- 
sulting Board  on  the  first  of  September  last,  an  inventory  of 
the  industrial  resources  of  the  United  States. 

As  Chairman  of  the  Board  for  the  State  of  Louisiana  I 
have  been  in  close  touch  with  this  work,  and  I  can  say  that 
while  the  information  obtained  was  not  as  complete  as  was 
desired,  it  was  sufficiently  accurate  to  enable  the  Naval  Con- 
sulting Board  to  formulate  plans  which,  when  carried  out, 
will  accomplish  the  purpose  intended. 

I  desire  to  take  this  opportunity  to  express  to  the  engineers 
of  Louisiana,  144  of  whom  volunteered  to  assist,  and  did  in 
fact  give  their  time  liberally  to  tliis  work,  that  I  believe  it  is 
quite  probable  we  will  again  be  called  upon  to  do  other  work 
of  this  same  character;  and  I  hope  that  our  efforts  will  be 
clothed  with  sufficient  Governmental  authority  to  require, 
where  necessary,  the  industrial  plants  which  show  the  dis- 
position either  to  withhold  information  or  to  take  the  matter 
lightly,  to  answer  all  questions  put  up  to  them,  the  answers 
to  which  will  be  of  value  to  the  Government. 

Now,  coming  down  to  the  definite  proposition  of  what  you 
and  I,  as  engineers,  can  and  should  do  in  the  present  emer- 
gency, it  seems  to  me  the  first  step  for  us  to  take  is  to  furnish 
to  the  Government  full  information  regai'ding  our  qualifica- 
tions, and  the  Government  should  then  point  out  to  us  the 
department  of  the  Army  or  Navy  to  which  our  services  should 
be  offered. 

DISCUSSION 

Commodore  V.  S.  Nelsox.  Last  August,  Congress  passed 
an  act  establishing  a  naval  reserve  corps,  which  act  was 
approved  on  the  29th  of  August,  for  the  purpose  of  filling 
out  the  Navy,  of  expanding  the  Navy  during  time  of  war. 


June 
1917 


PREPAREDNESS,  A.  M.  LOCKETT 


509 


It  seems  that  a  great  many  people  do  not  underetand  the 
diiference  between  the  Naval  Reserve  and  the  regular  Navy. 
They  do  not  understand  what  they  liave  to  do.  When  they 
enlist  in  the  Navy,  for  instance,  they  agree  to  serve  for  four 
years.  They  are  sent  to  sea  immediately,  and  they  have  to 
stick  out  that  full  time.  When  they  enroll  in  time  of  peace, 
they  simply  obligate  themselves  to  enter  the  Navy  in  time 
of  war.  They  leave  their  address  with  the  commandant  of 
the  naval  district  in  which  they  enroll,  and  they  agree  to 
come  in  for  service  whenever  he  calls  for  them,  and  he  would 
not  call  for  them  unless  the  President  had  decided  that  a  state 
of  war,  or  some  other  national  emergency,  existed. 

The  man  enrolling  in  the  Naval  Reserve  in  time  of  peace 
is  not  subject  to  the  laws  and  regulations  of  the  Navy,  except 
during  the  time  that  he  is  on  actual  duty — in  actual  service. 
While  it  is  the  desire  of  the  Navy  Department  that  every 
man  or  officer  enrolled  should  serve  at  least  three  weeks, 
they  are  enrolled  for  four  years,  and  they  are  supposed  to 
serve  at  least  three  months  during  that  four  years.  The  three 
months  can  be  served  in  one  year,  or  three  weeks  in  each 
year,  but  in  time  of  peace  they  are  not  eomijelled  to  serve 
at  all.  They  simply  agree  to  come  in  in  case  of  war.  But 
everybody  believes  that  the  people  who  enroll  now  will  have 
to  come  in. 

It  is  our  object  to  get  in  as  many  men  as  possible.  Of 
course,  if  the  war  lasts  a  short  time,  the  people  who  enroll 
in  the  Naval  Reserve  will  be  allowed  to  go  home  and  attend 
to  their  business,  but  as  long  as  the  war  lasts  they  will  be 
in  the  Navy,  just  as  much  as  those  people  enlisted  in  the  Navy. 
Congress  has  established  six  classes  in  the  Naval  Reserve : 
The  first  class  is  composed  of  those  officers  and  men  who  have 
been  honorably  discharged  from  the  service,  or  who  have 
resigned,  or  who  have  been  discharged  for  other  reasons;  but 
the  men  who  have  been  discharged  must  be  American  citizens. 
For  the  last  ten  or  fifteen  years  nobody  has  been  taken  in 
the  Navy  except  American  citizens,  but  before  that,  there 
were  some  good  men  in  the  Navy  who  were  not  American 
citizens,  and  who  received  their  honorable  discharge,  but  they 
are  not  eligible  to  enroll  now.  They  must  be  American  citi- 
zens— take  the  oath  of  allegiance  to  the  United  States,  and 
pass  physical  examination  before  a  naval  doctor  who  will 
be  detailed  for  that  duty. 

The  second  class  is  known  as  the  Naval  Reserve — the  first- 
class  officers  and  men  who  have  already  served,  and  the 
second-class  Naval  Reserve,  and  that  is  composed  of  officers 
and  men  who  have  had  experience  at  sea.  A  man  to  be 
enrolled  as  an  officer  must  have  had  two  years'  service  at  sea, 
as  an  officer  in  a  lake-going  or  sea-going  vessel,  and  must  pass 
a  certain  examination.  He  must  also  have  had  experience  at 
sea,  and  must  pass  an  examination  in  order  to  establish  his 
rating.  Officers  are  enlisted  at  ages  from  21  to  35  years,  and 
the  men  go  in  from  18  to  35  years.    That  is  the  second  class. 

The  third  class  is  the  Naval  Auxiliary  Reserve.  That  class 
is  composed  of  men  and  officers  who  are  serving  on  American 
merchant  vessels,  who  are  suitable  for  naval  purposes — naval 
auxiliaries  in  time  of  war,  and  they  must  have  served,  and 
must  be  serving,  on  board  of  ships  of  that  class.  Now,  in  order 
to  secure  a  commission  as  an  officer,  a  man  must  have,  in 
some  -way,  served  on  one  of  those  ships,  or  be  serving  now, 
that  is,  to  be  enrolled  in  that  class.  The  intention  is  not  to 
make  those  officers  enroll  from  those  merchant  vessels  to 
serve  in  the  regular  navy  unless  they  desire  to  do  so,  but  to 
have  these  men  who  enroU  for  the  auxiliary  service  serve  in 
the  same  kind  of  ships  that  they  have  been  serving  in  before 
they  are  enrolled. 


The  fourth  class  is  what  we  call  the  Coast  Defense  Naval 
Reserve.  This  is  composed  of  men  who  have  not  necessarily 
had  any  experience  at  sea,  but  who  can  be  of  some  service  to 
the  Navy,  either  at  sea  or  on  shore.  They  could  serve,  for 
instance,  in  the  coast-defense  vessels,  in  scout  vessels  and  in 
patrol  vessels — the  harbor  patrol  and  the  outside  patrol — or 
they  may  serve  as  radio  operators,  paymasters,  clerks  ashore 
— almost  any  duty  a  man  can  perform  will  be  of  use  to  the 
Navy  and  will  entitle  him  to  enroll  in  this  class. 

Then  we  have  the  fifth  class,  which  is  composed  of  men  in 
the  flying  corps.  I  don't  think  there  is  much  flying  done 
around  here,  but  most  of  them  have  been  taught  in  the  naval 
schools,  and  these  amateurs  who  have  had  experience  are 
eligible  as  officers. 

Then  there  is  the  class  of  volunteers  who  simply  volunteer 
to  come  in  in  case  of  war.  They  don't  have  to  come  in  and 
serve  during  peace  times.  But  as  we  are  now  at  war,  every- 
body ought  to  be  prepared  to  serve  in  some  capacity  or 
another. 

It  will  take  a  great  many  men  to  man  patrol  boats,  sub- 
marine chasers,  and  all  these  smaller  boats  in  the  coast-defense 
service.  Take,  for  instance,  this  New  Orleans  district,  which 
extends  all  the  way  from  Tampa  to  the  mouth  of  the  Rio 
Grande.  Patrol  boats  must  be  obtained  to  patrol  that  whole 
coast,  and  men  have  to  be  found  to  man  those  boats;  and 
what  we  want  to  do  as  much  as  possible  is  to  get  men  to 
enter  the  service — if  they  won't  enter  directly  into  the  Navy, 
to  enter  into  the  reserve  navy. 

There  will  be  a  retainer  paid  every  man  and  officer.  They 
will  get  $12  a  year,  simply  a  nominal  sum.  Then,  after 
three  months'  service,  the  men  and  the  officers  are  given 
provisional  appointment  for  the  first  time,  untU  they  have 
done  three  months'  service.  After  that,  the  officers  are 
examined  by  a  board  appointed  by  the  Secretary  of  the 
Navy,  and  they  are  given  the  rank  which  they  are  qualified 
to  fill,  and  then  they  receive  a  commission  from  the  President 
and  are  regularly  commissioned  in  the  Naval  Reserve.  The 
men  are  examined  in  the  same  way,  and  rated  in  the  rating 
which  they  are  able  to  fill — as  machinists,  or  firemen,  or  ordi- 
nary seamen,  or  whatever  they  can  do,  they  are  so  graded. 
After  they  have  been  confirmed,  that  is,  after  they  have 
done  the  three  months'  service,  both  the  men  and  the  officers, 
while  they  are  on  active  duty,  receive  the  same  pay  and 
allowances  as  the  regular  officers  in  the  Navy,  and  the  retainer 
pay  in  addition. 

Now,  of  course,  it  is  going  to  be  necessary  to  find  men  to 
man  all  of  these  patrol  boats,  mine  layers,  mine  planters, 
mine  sweepers,  to  sweep  for  mines  and  protect  the  mines  we 
plant  ourselves — if  it  is  necessary  to  plant  any — and  patrol 
the  harbors,  or  the  river  here,  and  patrol  all  the  coasts.  We 
think  that  this  section  of  the  country  certainly  ought  to  pro- 
vide men  to  help  guard  the  coast  on  this  side.  Of  course. 
New  Orleans  cannot  do  it  all.  All  those  sections  along  the 
coast  ought  to  furnish  men  to  patrol  the  coast. 

Major  J.  L.  Schley.  I  think  the  two  things  which  Mr. 
Lockett  brought  out  which  are  very,  very  important  are, 
first,  the  work  organizations,  and  second,  a  means  of  getting 
before  the  Government  some  method  of  procedure  whereby 
they  can  get  at  the  members  of  the  organizations  who  are 
qualified  to  do  certain  kinds  of  work.  Those  are  the  two 
points  which  are  most  important  for  you  to  carry  away  with 
you.  The  first  of  those  he  mentioned  in  a  way  that  would 
lead  you  to  believe  that  a  great  many  people  are  not  cognizant 
of  the  facts  as  they  exist  today;  that  is,  that  we  are  unpre- 
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pared,  and  we  are  so  badly  unprepared  that  we  have  got  to 
make  haste  quickly  to  get  in  proper  shape.  And  the  fii-st 
thing,  of  course,  to  do  is  to  persuade  a  man  that  this  is  a 
fact,  and  I  think  that  probably  an  engineer  takes  things  more 
in  a  matter-of-faet  way  and  sees  them  as  they  exist  better, 
probably,  than  members  of  other  professions.  In  his  daily 
work  he  meets  with  problems  in  which  he  must  place  on  the 
one  side  the  things  which  he,  has  to  build,  to  construct,  and 
on  the  other  side  he  is  opposed  by  the  laws  of  nature;  and 
he  knows  that  in  order  to  accomplish  something  he  must  face 
those  problems,  and  if  anything  goes  wrong,  the  laws  of 
nature,  he  knows,  will  come  into  play.  For  that  reason,  he 
brushes  aside  the  unessentials,  and  usually  arrives  at  a  solu- 
tion of  the  problem.  Therefore,  the  engineers  throughout  the 
country  have  probably  weighed  the  question  on  one  side  and 
the  other,  and  have  probably  come  to  a  conclusion  in  their 
own  minds  that  something  should  be  done,  and  each  man  has 
probably  reached  a  conclusion  more  or  less  definitely  as  to 
what  should  be  done.  So  I  think  the  first  point  to  be  empha- 
sized is  that  of  convincing  people  who  have  not  looked  at 
things  from  our  point  of  view  of  the  actual  conditions,  and 
that  something  must  be  done  and  done  promptly. 

The  second  point  of  great  value  is  to  formulate  the  method 
of  making  it  possible  for  the  Government,  as  you  might  say, 
to  put  its  finger  on  the  individual  and  assign  him  to  the  work 
of  a  mechanic,  or  any  other  position  to  which  he  is  especially 
adapted. 

If  each  engineer  should  write  personally  to  any  one  of 
the  Government  offices,  for  instance,  the  office  of  the  Chief 
of  Engineers,  you  can  imagine  what  a  mass  of  correspondence 
would  be  presented,  and  what  a  problem  it  would  be  to 
attempt  to  get  anywhere  with  it;  whereas,  if  an  organization 
of  this  kind  would,  through  a  committee,  get  in  touch  with 
some  one  and  present  the  names  of  men  who  are  willing  to 
do  something  in  their  particular  lines,  it  would  be  very  much 
more  simple  for  the  Department  to  assign  some  work  to  eacli 
group  of  men,  or  to  each  institution,  or  each  organization. 
In  other  words,  it  is  the  difference  between  an  organization 
and  a  mob.  In  a  mob  it  is  difficult  to  get  hold  of  the  indi- 
vidual, whereas  in  the  well-organized  army,  or  weU-organized 
industry,  through  the  different  means  of  control  and  super- 
vision, each  man  is  assigned  to  the  work  which  he  can  do 
best,  and  the  results  are  to  gather  together  to  a  common  end. 
and  I  think  that  through  your  associations  forming  organiza- 
tions for  that  purpose  you  can  get  in  touch  with  the  Govern- 
ment and  the  Government  can  get  in  touch  with  the 
individuals. 

Captain  H.  A.  Drum.  I  appreciate  very  much  the  honor 
of  being  given  this  opportunity  to  carry  out  a  duty  which 
has  been  assigned  to  me.  General  Pershing  has  sent  me  to 
this  part  of  his  department  in  order  to  interest  you  in  training 
camps.  The  training  camp,  as  you  are  well  aware,  started 
in  New  York,  about  two  years  ago,  through  the  patriotism 
and  the  individual  realization  of  a  national  duty  by  a  number 
of  men  in  New  York.  It  came  to  them  suddenly  that  there 
was  going  to  be  a  time  when  they  would  have  to  respond  to 
their  individual  duty  to  the  nation.  They  felt  that  when  that 
time  arrived  they  wanted  to  know  something  about  the  pro- 
fession of  soldiery.  A  few  of  them,  about  four  hundred, 
gathered  together  and  asked  the  regular  Army  to  give  them 
some  of  this  training.  That  was  based  first  on  patriotism, 
second  on  an  individual  realization  of  a  national  duty. 

Before  taking  up  the  details  of  the  camp,  I  want  to  bring 
home   one   or  two   little   points   to   you   about   the   citizens- 


training.  The  President,  in  his  message  of  December,  1914, 
stated  that  this  country,  in  time  of  peril,  should  not  depend 
on  a  standing  army,  or  on  a  reserve  army,  but  should  depend 
upon  a  citizenry  trained  and  accustomed  to  arms.  If  any 
of  you  will  go  back  into  our  past  history  and  study  it  care- 
fully, you  will  find  that  has  been  our  policy.  If  you  go  into 
the  history  of  Europe  and  of  other  nations,  you  will  find 
that  has  been  the  policy  of  the  European  nations.  They  have 
depended  upon  a  citizenry  accustomed  to  anns.  This  means 
a  citizenry  trained  for  and  accustomed  to  the  duty  of  defend- 
ing the  country.  It  cannot  have  any  other  meaning  in  a 
country  like  ours,  in  a  country  that  is  governed  for  the  people 
and  by  the  people.  I  don't  see  anything  that  can  be  more 
democratic  than  that  the  citizenry  should  defend  the  nation. 

With  these  two  thoughts  in  your  minds,  I  would  like  you 
to  think  what  your  duty  as  a  citizen  of  the  nation  is.  I 
believe,  first  of  all,  your  duty  is  to  have  adopted  a  policy  of 
defending  the  nation  for  the  people,  of  the  people,  and  by 
the  people.  Second,  if  you  agree  to  that,  I  think  you  should 
have  a  policy  of  having  your  Government  train  you  for  the 
defense  of  the  nation.    If  one  is  true,  the  other  is  true  also. 

Certain  civilians  with  whom  I  have  talked  about  universal 
service  have  seemed  to  have  the  impression  that  the  young  man 
entered  the  service  at  about  eighteen  and  stayed  there  until 
he  was  forty-five — spent  his  whole  life  in  military  service. 
That  is  not  so.  The  General  Staff  Bill  provides  for  one  period 
of  eleven  months  and  three  periods  of  two  weeks  each,  prac- 
tically a  total  of  one  year  of  actual  service,  except  service 
in  time  of  war. 

This  is  nothing  new  to  us,  this  conscription,  this  actual 
service  by  compulsion.  In  the  Civil  War  we  had  it.  The 
Confederacy  adopted  it  in  the  first  year  of  the  war,  and  the 
North  adopted  it  in  1862.  If  you  analyze  what  universal 
service  means,  it  is  nothing  more  than  producing  a  citizen 
army  instead  of  a  standing  army.  It  is  nothing  more  than 
having  an  army  to  defend  your  nation  whose  interests  are 
peace,  whose  hopes  are  peace,  and  whose  vote  will  be  for 
peace  as  long  as,  in  their  judgment,  the  nation's  honor  and 
duty  are  safeguarded.  It  seems  to  me  that  it  is  the  most 
democratic  thing  that  you  could  have.  It  seems  to  me  that  it 
brings  the  rich  and  poor,  capital  and  labor,  on  the  same 
level  in  the  defense  of  the  nation.  It  brings  them  down  to  a 
common  level  of  duty,  and  is  the  production  of  an  army  of 
the  people,  for  the  people,  and  by  the  people. 

As  to  the  past,  we  have  never  as  a  nation  been  prepared 
for  any  war,  principally  because  the  people  of  the  nation 
have  never  made  it  their  business  to  look  into  it.  We  are  a 
democracy,  and  the  basis  of  all  democracy,  the  essence  of 
democracy,  is  that  movements  shall  start  from  the  bottom  and 
work  up;  that  is,  they  will  start  from  the  people;  whereas 
in  an  autocracy  it  is  the  opposite;  they  start  from  the  top 
and  are  imposed  on  the  nation  below.  The  United  States, 
except  in  one  case,  has  never  carried  a  war  to  a  conclusion 
in  which  it  has  not  had  to  use  at  least  two  men  to  the  enemy's 
one.  In  the  Revolutionary  War  we  employed,  all  told,  395,000 
men.  The  enemy  had  a  total  in  this  country  of  150,000. 
In  the  War  of  1812  we  passed  through  our  ranks  575,000 
luen ;  the  total  force  of  the  enemy  in  this  country  was  67,001). 
In  the  Mexican  War  we  had  140,000  men ;  the  total  Mexican 
force  was  46,000.  In  the  Civil  War  the  North  employed  a 
little  over  two  and  a  half  millions,  and  the  South  a  million. 
It  seems  to  me  that  the  marked  difference  in  the  numbeis 
and  the  success  on  both  sides  in  that  war  was  due  to  the 
early  adoption  of  conscription  by  the  South.  The  only  excep- 
tion was  the  Spanish-American  War,  in  which  we  had  under 
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arms  280,000  men.  There  were,  all  told,  in  the  Spanish 
forces — not  in  this  country,  but  in  the  whole  forces — not  over 
220,000. 

if  you  will  look  back  in  the  history  of  the  Navy  you  will 
see  that  the  Navy  has  been  successful  all  through.  It  has 
had  very  few  reverses,  first  and  foremost  because  it  has  been 
an  absolute  Federal  force.  It  has  nothing  to  do  with  the 
forty-eight  subordinate  Governments.  Second,  it  has  had  prac- 
tically the  same  officers,  the  same  skilled  men  in  peace  as  in 
war.  The  expansion  of  the  Navy  for  war  is  generally  from 
the  bottom. 

The  fine,  large  preparedness  movement  all  over  this  coun- 
try stirred  people  in  an  industrial  way,  worked  up  mobiliza- 
tion of  tools,  materials  and  all  that,  but  it  lacked  one  thing. 
Have  you  heard  of  any  organization  being  formed  for  the 
mobilization  of  the  fighting  man-power  of  the  country?  Have 
you  joined  any  organization  for  producing  the  fighting  man- 
jiower  of  the  country?  There  is  where  we  have  fallen  down. 
It  certainly  is  essential  that  we  work  on  the  production  of 
munitions  and  mobilization  of  the  industrial  forces  of  our 
country.  But  there  is  one  essential  element  and  that  is  the 
flgliting  man. 

We  are  now  called  upon  to  organize  an  army  of  a  million 
men,  and  will  need  from  .30,000  to  40,000  officers.  We  have 
today  in  the  army  a  little  over  8000.  Where  are  we  going 
to  get  the  others?  You  cannot  go  ahead  and  organize  an 
army  without  first  having  officers,  and  you  cannot  pick  officers 
off  the  trees  any  more  than  you  can  pick  engineers  off  the 
trees.  You  have  to  have  men  who  have  the  fundamentals  of 
education,  whose  brains  have  been  developed  in  such  a  way 
that  they  are  receptive  and  can  pick  up  something  new,  work 
on  it  and  get  something  tangible  out  of  it.  The  point  has 
been  brought  up  here  as  to  what  the  engineer  can  do.  It  is 
not  a  question  of  all  of  you  staying  home  and  working  up 
the  industries — the  majority  of  you  should  get  into  that 
society  of  the  fighting  man-power  and  prepare  to  be  officers. 
And  the  means  for  training  men  to  be  officers  are  these  train- 
ing camps.  So  the  regular  Army  has  put  itself  at  the  dis- 
posal of  the  citizens,  to  give  you  everything  there  is  in  us, 
and  try  to  make  you  into  the  best  officers  you  can  be  in  the 
siiort  time  that  we  have. 

Now,  I  claim  that  that  disposition  on  our  part  throws  a 
duty  on  you.  Your  duty  is  to  come  or  to  send  some  one  to  us, 
and  we  give  you  everytliing  we  have  if  you  will  come  there 
to  receive  the  training.  These  camps  are  primarily  for  the 
infantry.  After  that,  they  are  for  the  training  of  every  other 
Ijranch  of  the  service — cavalry,  artillery,  signal  corps,  and 
engineer  corps.  The  medical  corps  have  their  training  in 
tliese  camps  too.  So  if  you  want  to  start  in  the  same  line  in 
which  you  have  started  your  civil  profession  you  can  get 
your  training  in  these  military  camps  as  a  starter.  The 
camps  are  free.  There  is  no  expense  about  them.  The  Gov- 
ernment furnishes  your  transportation  from  your  home  to  the 
camp,  furnishes  your  food  and  uniform  and  equipment  while 
lit  the  camp.  The  only  requirement  is  that  you  will  deposit, 
(in  arrival  at  the  camp,  $10  as  guarantee  for  the  return  of  the 
iM|iiipment  that  the  Government  furnishes  you.  You  aie 
iiutliorized  to  buy  your  uniform,  according  to  the  regulation 
standards,  and  the  Government  will  reimburse  you  at  tlie 
rate  of  one-third  of  the  cost  for  each  camp  that  you  attend. 
I'he  uniform  will  cost  you  about  $15.  One  camp  lasts  for 
thirty  days.  The  only  obligation  that  you  have  to  take  upon 
yourself  is  an  oath  of  enrollment,  that  you  will  serve  the 
President  of  the  United  States  and  the  officers  over  you 
cliiiina'  the  tliirly  days  of  instruction  at  the  camp.     The  camp 


wiiich  you  go  to  is  designated  in  the  oatli.    After  those  tliirty 
days  are  over,  you  are  through. 

Lieutenant  E.  S.  Moses.  A  few  days  ago  Mr.  Lockett 
was  talking  to  Commodore  Nelson,  and  he  was  very  anxious 
to  find  some  definite  points  that  the  engineers  could  start  on, 
for  work.  So  I  wrote  a  few  notes  for  Mr.  Lockett,  and  I 
didn't  e-Kpect  to  speak  tonight;  I  thought  he  would  bring 
that  out.  The  first  point  was:  start  at  once  intensive  training 
for  young  men  who  are  ready  to  go  ahead  with  actual  pre- 
paredness but  do  not  wish  to  bind  themselves  until  they  have 
maturely  determined  the  work  for  which  they  are  best  fitted. 

The  second  point  was  this:  study  facilities  for  a  motor-boat 
repair  base  at  the  mouth  of  the  river  and  the  personnel  for 
same.  Also  a  supply  system  for  boats  operating  at  the  mouth 
of  the  river — fuel,  food  and  stores,  as  well  as  plans  for 
medical  attention.  No  doubt  the  Quarantine  Station  can 
furnish  the  personnel,  but  the  Red  Cross  can  probably  aid 
with  special  equipment  or  nurses.  Accommodations  may 
have  to  be  enlarged  and  provision  made  for  taking  care  of 
people  suffering  from  exposure  in  open  boats. 

I  understand  it  will  take  several  motor  boats  to  form  a 
scouting  ring  around  the  mouth  of  the  river,  and  if  there  is 
anything  sunk  out  there  we  will  need  large  facilities  for  repair 
work  and  hospital  work,  and  also  in  order  to  keep  a  steady 
chain  of  supplies  going. 

Third,  thoroughly  canvass  aero  resources.  If  practicable, 
have  the  Country  Club  finance  as  many  aeroplane  instructors 
as  can  be  obtained  and  have  as  many  members  as  possible 
qualify  as  air  pilots.  My  suggestion  of  the  Country  Club  is 
only  for  illustration,  but  I  consider  it  practical  for  some 
group  of  wealthy  men  or  women  to  start  such  a  movement, 
and  its  immense  importance  is  obvious. 

You  aU  know  the  relation  of  supply  and  demand  of  people 
who  can  operate  aeroplanes  and  man  aeroplanes.  We  can 
make -the  aeroplanes,  but  we  cannot  make  our  pilots. 

Now,  the  next  point  that  is  particularly  interesting  to 
engineer-s — and  to  any  wholesale  dealers  and  manufacturei-s 
here — is  to  establish  and  maintain  a  perpetual  stock-card 
system,  showing  the  material  actually  on  hand  and  ready  for 
immediate  delivery.  Tliis  is  a  large  order,  but  its  benefit  to 
the  city  under  normal  conditions  would  be  so  great  that  it  is 
well  worth  while  to  press  the  matter  in  the  present  emer- 
gency, both  as  a  patriotic  measure  and  as  an  economical 
advantage  to  the  city,  so  that  the  local  dealers  will  get  their 
share  of  war  business.  The  Association  of  Commerce  should 
be  able  to  handle  this. 

The  nest  point  is  developing  a  transportation  system  for 
immediate  delivery  of  material.  At  the  time  of  writing,  a 
case  is  brought  to  my  attention  of  material  ordered  from  the 
stock  of  a  local  firm  seven  days  ago,  wliicli  is  yet  undelivered. 
The  large  volume  of  business  now  being  done  at  the  Naval 
Station  would  seem  to  justify  the  city  dealers  in  cooperating 
by  having  a  large  motor  truck  leave  the  corner  of  Canal  and 
Camp  Streets  at  9  :00  a.  m.  and  1  p.  m.  daily,  call  at  each  of 
the  dealers  subscribing  to  its  maintenance,  and  thence  to  the 
Navy  Yard.  This  is  only  a  suggestion  of  one  of  the  thousands 
of  details  of  rapid  transportation  which  must  be  solved  now 
tiiat  we  are  at  war.  I  suggest  the  appointment  of  local  trans- 
portation committees  to  devise  some  means  of  transporting 
stores  and  men  from  one  place  to  another. 

The  concluding  paragraph  in  my  letter  to  Mr.  Lockett  is 
this :  "  I  presume  your  Committee  has  gone  very  thoroughly 
into  the  question  of  increasing  the  production  capacity  of  tiie 
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plants  now  in  existence,  aud  that  you  have  gone  into  the 
question  of  assigning  to  individual  jslants  constant  production 
repeat  orders  in  order  to  reduce  the  variety  of  work  iu 
jobbing  plants.  An  eCBeient  organization  should  be  formed 
to  control  output  so  that  there  will  not  be  an  excess  of  one 
product  and  a  scarcity  of  another  equally  important.  I  doubt 
if  it  will  be  practicable  to  exercise  the  necessary  authority 
over  individual  plants  by  any  private  combination,  but  much 
advance  work  can  be  done  to  plan  a  scheme  of  control  should 
it  become  necessary  for  the  Government  to  take  over  all 
plants.  The  question  of  standardizing  gages,  fixtures,  etc., 
comes  under  this  general  head,  and  if  it  is  at  all  practicable 
I  think  it  would  be  well  worth  while  to  call  in  the  service  of 
an  efficiency  engineer  to  make  a  general  industrial  survey." 

General  A.  Peeilliat.  The  talks  we  have  had  this  evening 
from  gentlemen  who  are  well  posted  in  their  professions  in 
the  art  of  war  have  shown  how  much  is  to  be  done,  and  I  fear 
how  much  is  to  be  done  very  quickly,  and  at  once.  All  of  us 
knew  that  there  was  a  gigantic  woi'k  in  front  of  us,  but  these 
gentlemen  who  belong  to  the  profession  of  the  soldier  have 
thrown  a  little  additional  light  on  how  much  has  to  be  done 
by  this  nation  and  this  country  to  meet  the  crisis  now  on  our 
hands.  It  goes  without  saying  that  every  man  in  this  room, 
from  a  sense  of  patriotism,  from  his  love  of  his  country,  is 
going  to  do  everything  in  his  power  to  help  out  the  situation. 

We  engineei-s  are  going  to  give  the  best  that  there  is  in  us. 
Mr.  Lockett  has  outlined  very  wisely  and  with  a  gi'eat  deal  of 
thought  what  we  might  do.  Major  Moore  has  stated  that, 
after  all,  the  man  on  the  front  has  to  be  a  soldier.  He  has 
to  know  what  to  do  with  the  things  that  are  given  to  him  to 
fight  with.  Sir  Douglas  Haig  has  said  that  for  every  man  on 
the  firing  line  it  took  five  men  to  equip  him  and  to  keep  him 
furnished  with  suppUes,  munitions,  quartermasters,  commis- 
sary department,  things  which  are  needed  for  him  to  fight 
successfully. 

We  are  about  to  raise  an  army  of  one  million  men.  It  will 
become  necessary,  then,  to  select  various  kinds  of  men.  It 
will  be  necessary  to  see  that  men  do  not  go  on  the  firing  line 
when  they  are  better  equipped  to  remain  behind  the  firing  line 
and  do  the  work  of  these  five  men  wlio  are  necessary  to  pre- 
pare and  furnish  the  fighting  man  with  what  is  necessary  to 
accomplish  or  win  his  fight.  I  am  told  that  in  England,  at 
the  beginning  of  this  war,  thousands  and  tens  of  thousands  of 
men  volunteered  and  went  to  the  firing  line,  and  then  it  was 
found  that  they  were  better  fitted,  better  suited,  to  be  at  home, 
preparing  munitions  and  supplies  and  supplying  the  army 
with  that  which  was  needed  to  fight.  I  think  I  see  a  little  day- 
light through  the  various  talks  which  we  have  had  before  us 
this  evening.  The  only  dark  spot,  and  that  is  very  dark,  in- 
deed, is  time.    It  takes  time  to  do  things,  to  accomplish  things. 

The  work  of  selection  and  making  a  census  of  the  industries 
which  would  be  useful  and  necessary  in  the  conduct  of  war 
has  been  very  ably  performed,  in  this  case,  by  Mr.  Lockett  and 
his  committee.  The  Government  at  Washington  has  a  very 
complete  record  of  the  plants  and  factories  that  can  be  eon- 
verted  into  the  manufacture  of  that  equipment  which  is  neces- 
sary to  an  army.  Something,  however,  is  very  necessary  in 
addition  to  this,  and  I  think  Major  Moore  has  touched  upon 
it.  Mr.  Lockett  has  also  touched  upon  it.  We  want  a  census 
of  men  who  can  do  things,  and  we  want  to  know  what  they 
can  do.  We  want  to  know  the  name,  the  address,  the  age,  the 
capacity  of  every  civil  engineer,  of  every  mechanical  engineer, 
of  every  chemist,  of  every  mechanic,  of  every  electrician.  We 
want  that  so  that  when  the  call  comes  the  right  men  will  find 


their  right  places  and  their  proper  places  without  the  necessity 
of  first  sending  them  to  the  wrong  place  and  then  bringing 
them  back  to  do  the  work  for  which  they  are  best  fitted. 

I  think  that  the  societies  of  engineers,  both  mechanical  and 
civil,  should,  by  the  nature  of  their  profession,  come  in  touch 
with  technical  men  of  all  kinds,  that  our  Society  could  easily, 
under  the  direction  of  a  committee,  of  its  president,  resolve 
itself  into  committees,  not  only  in  the  city,  but  throughout  the 
State,  and  make  a  census.  It  is  quite  possible  that  the 
Government  has  already  issued  instructions  for  this.  If  the 
Government  has  issued  instructions,  we  can  place  ourselves 
subject  to  the  officers  of  the  United  States  Army  or  of  the  Gov- 
ernment, to  work  in  that  direction.  In  that  way  we  can  Be 
immediately  useful.  Upon  our  shoulders,  or  upon  the 
shoulders,  perhaps,  of  the  older  men  of  our  profession,  will 
devolve  the  duty  of  finding,  of  equipping,  of  directing  the 
efforts  of  these  five  other  men  who  are  necessary  to  supply  the 
one  man  on  the  firing  line.  The  duty  of  organization  of  the 
work  behind  the  firing  line  is  going  to  be  an  immense  under- 
taking, and  the  training  of  engineers,  the  training  which  we 
have  received  in  our  profession,  I  believe,  renders  us  especially 
fitted  to  perform  this  work,  mider  the  direction,  of  course,  of 
the  military  heads,  who  must  command  and  direct  everything. 

Professor  C.  S.  Williamsox.  I  realize  perfectly  well  that 
men  must  be  had,  and  that  trained  men  must  be  had,  officers 
must  be  had,  patrols  must  be  maintained  on  our  coasts,  patrols 
must  be  maintained  on  land  at  certain  points,  but  back  of  all 
of  that  is  the  serious  side,  that  we  must  furnish  the  material 
which  has  been  spoken  of  here  tonight,  with  which  these  men 
who  patrol  may  actually  carry  out  the  patrol.  Now,  we  have 
a  survey  which  has  been  spoken  of  also,  that  was  made  by  the 
Naval  Consulting  Board,  through  its  various  State  organiza- 
tions, in  which  144  of  us  have  participated  iu  this  State,  and 
we  have  that  on  file  in  Washington,  as  a  fairly  complete  sur- 
vey ;  but  even  with  that  there  is  yet  a  serious  consideration 
that  some  of  those  materials  iu  that  survey  are  not  inexhausti- 
ble in  the  United  States.  It  may  become  necessary  for  us  as 
engineers  to  be  called  into  service  in  the  actual  manufacturing 
of  certain  supplies  very  much  more  intensively  than  we  have 
spoken  of  tonight. 

I  don't  think  this  is  the  time  to  lay  bare  any  actual  facts 
and  figures,  but  there  are  some  commodities  which  we  do  not 
produce  in  the  United  States  which  are  absolutely  essential 
to  either  land  or  naval  warfare.  There  are  certain  commodities 
which  are  at  hand  and  can  be  readily  put  into  use.  I  know 
one  plant  in  this  state  that  has  a  certain  by-product  that  goes 
into  the  sewers,  that  with  a  very  small  equipment  could  be 
turned  into  one  of  the  essentials  for  making  cordite.  I  know 
one  other  concern  here  that  could  turn  another  by-product  to 
a  useful  purpose  which  is  not  listed  in  our  survey — and  was 
not  so  stated.  These  are  by-products  which  have  not  been 
actually  thought  of  as  being  turned  into  use. 

Now,  the  point  I  want  to  bring  out  is  this:  there  are  certain 
manufacturing  plants  that  could  be  turned  to  immediate  use 
if  it  became  necessary.  We  have  not  a  sugarhouse  in  the  State 
of  Louisiana  that  could  not  be  turned  to  the  manufacture  of 
materials  to  be  used  in  making  explosives.  We  have  one  cer- 
tain product  that  could  be  made  in  our  sugarhouses  here.  We 
have  a  second  product  which  could  be  made  in  the  sugar- 
house  which  is  absolutely  essential  to  the  manufacture  of  ex- 
plosives. We  have  here  in  Louisiana  a  natural  resource  for 
the  manufacture  of  explosives  which  has  not  been  exploited, 
which  I  believe  could  be  put  up  and  operated  on  fairly  short 
notice,  a  certain  product  which  could  be  manufactured  here. 
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POWER-TRANSMISSION   MACHINERY^ 

Rules  and  Requirements  for  the  Protection  of    Industrial    Workers    from    Hazards    Commonly 

Presented  by  Mechanical  Equipment  Used  for  Transmitting  and  Distributing  Power  from 

the  Prime  Movers  to  the  Various  Power-Utilizing  Machines,  Tools  and  Devices 


Note — The  use  of  piopei'ly  designed,  constimted  aud  installed  indi- 
vidual motor-driven  equipment  with  electrical  pov.er  distribution  not 
only  eliminates  many  of  the  hazards  demanding  this  Code,  but  also 
gives  an  uninterrupted  distribution  of  natural  and  artificial  light,  and 
a  greater  flexibility  and  range  of  speeds  than  is  possible  with  mechan- 
ical power-distributing  systems. 

The  following  si:)ecifloations  describe  standard  guards  for 
all  power-transmission  equipment  hereinafter  mentioned,  and 
ajjply  to  all  main  shafting,  jack  shafting,  drive  shafting  and 
countershafting,  and  their  belts  and  other  attachments  up  to 
but  not  including  belts  actually  driving  machines." 

2  Class  A  Guards:  If  the  clearance  between  the  guard  and 
the  guarded  part  is  less  than  five  (5)  inches,  a  metal  guarding 
material  that  will  not  admit  objects  larger  than  one-half  (V2) 
inch  in  diameter,  strong  enough  to  withstand  loads  to  which 
it  may  be  subjected,  durable  enough  to  withstand  ordinary  wear 
and  tear,  substantially  fabricated  and  erected,  and  free  from 
sharp  points  and  edges. 

3  Class  B  Guards:  If  the  clearance  between  the  guard  and 
the  guarded  part  is  five  (5)  inches  or  more,  a  metal  guarding 
material  that  will  not  admit  objects  larger  than  two  (2)  inches 
in  diameter,  strong  enough  to  withstand  loads  to  which  it  may 
be  subjected,  durable  enough  to  withstand  ordinary  wear  and 
tear,  substantially  fabricated  and  erected,  and  free  from  sharp 
points  and  edges. 

4  Handrails:  If  the  clearance  between  the  guard  and  the 
guarded  part  is  fifteen  (15)  inches  or  more  (measured  hori- 
zontally from  extreme  parts  within  six  (6)  feet  of  floor),  a 
handrail  forty-two  (42)  inches  in  height  with  at  least  one 
intermediate  rail,  supported  at  least  every  eight  (8)  feet,  sub- 
stantially fabricated  and  erected,  with  no  sharp  points  or  edges. 

5  If  constructed  of  pipe,  the  raUs  and  posts  shall  be  at 
least  equal  in  strength  to  one  and  one-fourth  (li4)-inch  stand- 
ard-weight pipe. 

6  If  constructed  of  structural  metal,  the  rails  and  posts 
shall  be  at  least  equal  in  strength  to  two  by  two  by  one-fouitii 
(2  X  2  X  14) -inch  angles. 

7  If  constructed  of  wood,  the  top  rail  shall  be  two  inches 
by  four  inches  (2x4),  the  center  rail  one  inch  by  four  inches 
(1x4),  and  the  posts  four  inches  by  four  inches  (4x4),  all 
straight-gi-ained  lumber  dressed  on  four  sides,  or  other  con- 
struction of  equal  strength. 

8  Toe  Boards.  When  power-transmission  equipment  ex- 
tends through  floors  or  into  pits.  Class  A  and  B  guards  shall 
extend  to  the  floors,  or  toe  boards  six  (6)  inches  in  height  shall 
be  provided  around  the  floor  opening  in  addition  to  standard 
handrails.     (See  Figs.  6,  7,  11,  14,  30,  31,  34,  48.) 

9  Sanitary  Bases.  Class  A  and  B  guards,  for  power-trans- 
mission equipment  not  extending  through  floors,  shall  enclose 
exposed  sides  to  two  (2)  inches  below  the  bottom  of  the  lowest 
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moving  part  when  the  clearance  between  that  part  and  the 
floor  is  less  than  eight  (8)  inches;  or  when  the  clearance  be- 
tween the  lowest  moving  part  and  the  floor  is  eight  (8)  inches 
or  more,  the  guards  shall  be  closed  on  the  bottom,  or  extended 
on  all  sides  down  to  six  (6)  inches  above  the  floor.  (See  Figs. 
15,  26,  .36-40.  42,  43,  49-54.) 

10     Gears    and    Sprockets.      All    power-driven    gears    and 
sprockets  shall  be  comi'.letely  enclosed  on  exposed  sides  with 


flafe 


FiG.s.  1  TO  3    GuARD.s  FOR  Gears  and  Sprockets 


standard  guards  as  specified  in  Class  A  or  B,  except  in  cases 
where  the  design  and  operation  of  the  parts  to  be  guarded 
make  a  complete  enclosure  clearly  impractical ;  in  which  case 
the  face  of  the  gears  or  sprockets  shall  be  covered  with  a  band 
guard  surrounding  all  exposed  teeth,  with  flang-es  on  both 
sides  extending  inward  beyond  the  roots  of  the  teeth,  and  there 
shall  be  a  continuous  smooth  web  cast  or  fitted  between  the 
hubs  and  rims  of  the  gears  or  sprockets.  (See  Figs.  1,  2,  3.) 
11  Vertical  and  Inclined  Belts.  Ropes,  Chains.  All  vertical 
and  inclined  belts,  ropes  and  chains  used  for  transmitting  or 
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distributing  power  (except  belts  traveling  less  than  120  feet 
per  minute,  or  transmitting  so  little  power  that  accidental 
contact  therewith  could  cause  no  accident)  shall  be  provided 
with  standard  guards  as  specitied  in  Class  A  or  B,  six  (6)  feet 
high  on  exposed  sides,  or  on  exposed  sides  and  top,  or  with 
a  standard  handrail  on  exposed  sides.  (See  Figs.  4  to  46, 
inclusive.) 

12  Horizontal  Belts,  Bopes,  Chains.  All  horizontal  belts, 
ropes  and  chains  used  for  transmitting  or  distributing  power 
(except  belts  traveling  less  than  120  feet  per  minute,  or  trans- 
mitting so  little  power  that  accidental  contact  therewith  could 
cause  no  accident)  shall  be  guarded  as  follows: 

13  Low  Belts.    If  the  upper  part  of  the  belt  is  lower  than 


and  bottom,  or  with  standanl  handrail  on  exposed  sides.     (See 
Figs.  59,  60.) 

16  Belts  over  Driveways.  Where  a  horizontal  belt  is  located 
over  a  driveway  or  passageway,  the  highest  floor  of  any  wagon 
or  truck  passing  beneath  the  belt  shall  be  considered  a  working 
platform. 

17  Belt  Fasteners.  All  belts  not  provided  with  guards  as 
specitied  in  Class  A  or  B  and  within  seven  (7)  feet  of  the  floor 
or  working  platform  shall  be  free  from  metal  lacings  and  metal 
fasteners. 

18  Belt  Shifters.  Belt  shifters  shall  be  provided  for  all 
tight-  and  loose-pulley  belts,  and  shall  be  so  designed  and  con- 
structed that  ordinary  vibrations  or  accidental  contact  will  not 


(i5l  (le)  ^^ 
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Figs.  4  to  27    Guards  for  Vertical  Belts 


Figs.  28  to  46    Guards  for  Inclined  Belts 


six  (6)  feet  above  the  floor  or  working  platform,  it  shall  be 
provided  with  standard  guards  specified  in  Class  A  or  B,  six 
(6)  feet  high  on  exposed  sides,  or  on  exposed  sides  and  top,  or 
with  a  standard  handrail  on  exposed  sides.     (See  Figs.  47-50.) 

14  Medium  Belts.  If  the  upper  part  of  the  belt  is  higher 
than  six  (6)  feet  above  the  floor  or  working  platform  and  the 
lower  part  of  the  belt  is  lower  than  six  (6)  feet  above  the  floor 
or  working  platform,  it  shall  be  provided  with  standard  guards 
as  specified  in  Class  A  or  B,  six  (6)  feet  high  on  exposed  sides, 
or  with  a  standard  handrail  on  exposed  sides.  (See  Figs.  51- 
58.) 

15  High  Belts.  If  the  lower  part  of  the  belt  is  higher  than 
six  (6)  feet  above  the  floor  or  working  platform  and  lower 
than  seven  (7)  feet  above  the  floor,  it  shall  be  provided  with 
standard  guards  as  specified  in  Class  A  or  B,  on  exposed  sides 


alter  the  set  position,  and  shall  have  a  controlling  handle  con- 
veniently located.     (See  Figs.  61-63.) 

19  Pulleys.  Pulleys  belted  from  above  or  from  the  #ide  in 
such  a  way  as  to  allow  passage  beneath  the  pulley,  and  within 
seven  (7)  feet  of  the  floor  or  workmg  platform  and  not  com- 
pletely enclosed  by  standard  belt  guards  or  handrails,  shall  be 
guarded  to  the  top  of  the  pulley  or  to  a  height  of  seven  (7) 
feet  above  the  floor  or  working  platform  on  exposed  sides  and 
beneath  by  guards  as  specified  in  Class  A  or  B,  or  be  enclosed 
on  exposed  sides  by  standard  handrails.     (See  Figs.  64-67.) 

20  Bearing  Clearance.  The  clearance  on  shafting  between 
pulleys  and  bearings  or  between  pulleys  and  fixed  objects  shall 
be  not  less  than  thirty-six  (36)  inches  and  wider  than  the  belt, 
or  the  pulleys  shall  be  guarded  on  the  near  side  with  station- 
an'  guards  as  specified  in  Class  A  or  B,  and  all  revolring  ob- 
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jects  in  the  clearance  shall  be  smooth,  cylindrical  and  concentric 
with  shafting.     (See  Figs.  68-73.) 

21  Belt  Clearance.  The  clearance  on  shafting  between  pul- 
leys and  pulleys,  collars,  couplings  or  other  revolving  attach- 
ments shall  be  wider  than  the  widest  belt  used,  or  the  pulleys 
shall  have  flanges  or  guards  to  prevent  the  belt  from  droiijiing 
into  the  clearance.     (See  F"'igs.  68-73.) 

22  Abandoned  Pulleys.  Pulleys  without  belts  shall  be 
guarded  as  though  belted,  or  removed  from  revolving  shafts. 

23  Clutches.  Friction  clutches,  jaw  clutches  and  compres- 
sion clutches  within  seven  (7)  feet  of  the  floor  or  working 
platform  or  within  thirty-six    (36)    inches  of  a  beiuing  shall 


27  Clamp  CouijUugs.  Clamp  couplings  and  makeshift  de- 
vices of  irregular  shape  or  unknown  strength  are  prohibited 
on  power-driven  shafting. 

28  Collars.  Assembled  collars  shall  be  smooth,  cylindrical 
and  concentric  with  shafting,  with  no  projecting  parts  or  at- 
tachments.    (See  Figs.  76,  77.) 

29  Set  Screws.  All  set  screws  in  revolving  parts  not  en- 
closed by  standard  guards  as  specified  in  Class  A  or  B  shall 
be  flush  with  or  countersunk  below  the  periphery  of  the  part 
retaining  the  set  screws.     (See  Fig's.  76,  77.) 

30  Keys.  All  keys  or  keyways  in  revolving  shafting  not  en- 
i-losed  by  standard  guards  as  specified  in  Class  A  or  B  shall 
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Figs.  47  to  60    Guards  for  Horizontal  Belts 


Figs.  61  to  82    Guakds  i-on  ^Miscellaneous  Equipment 


liave  their  operating  mechanism  completely  enclosed  in  station- 
ary guards  as  specified  in  Class  A  or  B,  or  in  smooth,  concen- 
tric revolving  guards  of  solid  construction  with  no  projecting 
parts  or  attachments. 

24  Couplings.  All  couplings  within  seven  (7)  feet  of  the 
floor  or  working  platform  or  within  thirty-six  (36)  inches  of 
a  bearing  shall  be  guarded  as  follows : 

25  Rigid  Couplings.    Sleeve  couplings  and  flange  couplings      78 
shall  be  cylindrical  and  concentric  with  the  shafting  and  with 
no  parts  or  attachments  projecting  beyond  the  largest  periphery 
of  the  coupling  or  its  projecting  flanges.     (See  Figs.  74,  75.) 

26  Flexible  Couplings.  Flexible  and  universal  couplings 
shall  be  completely  enclosed  in  standard  stationary  guards  as 
specified  in  Class  A  or  B,  or  in  smooth  concentric  revolving 
guards  nf  solid  construction. 


be  made  flush  with  the  end  and  periphery  of  the  shaft   or 
enclosed  by  smooth,  cylindrical  concentric  giiards. 

31  Vertical  Shafting.  Vertical  shafting  with  or  without 
collars,  couplings,  clutches,  pulleys,  or  other  attachments  shall 
be  enclosed  on  exposed  sides  with  standard  guards  as  specified 
in  Class  A  or  B  to  a  height  of  six  (6)  feet  above  the  floor  or 
working  platform,  or  with  a  standard  handrail.  (See  Figs. 
78,  79.) 

32  Horizontal  Shafting.  Horizontal  shafting  with  or  with- 
out collars,  couplings,  clutches^  pnlleys,  or  other  attachments, 
including  dead  ends,  within  seven  (7)  feet  of  the  floor  or  work- 
ing platform,  shall  be  enclosed  on  all  exposed  sides  with  stand- 
ard guards  as  specified  in  Class  A  or  B  or  with  standard  hand- 
rail, or  with  freely  revolving  tubing.     (See  Figs.  80-82.) 

33  Shafting  over  Ih-ivewnys.     Where  horizontal  shafting  is 
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located  over  driveways  or  i^assagewajs,  the  highest  floor  of  a 
wagon  or  truck  passing  beneatli  the  shafting  shall  be  consid- 
ered a  working  platform. 

34  Emergency  Stop  Stations.  A  station  or  stations  shall  be 
provided  in  each  room,  section,  or  department  to  stop  imme- 
diately all  power-transmission  equipment  therein.  Such  sta- 
tion or  stations  shall  be  properly  marked  and  easily  accessible 
and  provided  with  means  for  locking  in  "  stop  "  position. 

35  Bearings.  Where  possible,  bearings  shall  be  of  a  self- 
oiling  type  with  resen'oir  capacities  for  at  least  24  hours'  run- 
ning or  shall  have  other  methods  of  oiling  which  do  not  bring 
the  oiler  in  the  danger  zone,  and  shall  have  necessary  drip  cups 
and  pans  securely  fastened  in  position. 

36  Lubrication.  Oiling  which  brings  the  oiler  in  a  danger 
zone  shall  be  done  only  by  an  authorized  person,  and  while  the 
machinery  is  not  in  motion. 

37  Oiler's  Clothes.  The  oiler  must  not  wear  loose  or  flowing 
clothing. 

38  Oiler's  Lock.  The  oiler  shall  be  provided  with  a  lock 
and  key  or  with  a  key  to  the  locks  at  the  emergency  stop  sta- 
tions, and  with  a  warning  sign  to  display  at  the  stations  when 
at  work  on  machinery  controlled  by  that  station.  He  shall 
be  required  to  lock  the  station  in  a  "  stop  "  position  and  dis- 
play the  sign  before  going  to  work,  and  unlock  and  remove 
the  sign  when  the  work  is  completed  and  all  men  have  left 
dangerous  places. 

39  Starting  Signals.  Ample  notice  should  be  given  by 
means  of  an  effective  alarm  or  signal  in  all  departments  before 
power-transmission  equipment  is  started. 

40  Inspection.  All  power-transmission  equipment  should 
be  carefully  inspected  at  frequent  and  regular  intervals  by 
foremen  or  authorized  inspectors,  and  defective  equipment 
should  be  reported  for  repair  and  records  kept  of  inspections. 

41  Repairs  and  Adjustments.  Repairs  and  adjustments  to 
power-transmission  equipment  or  guards  therefor  shall  be  made 
only  when  the  power  is  cut  off  from  that  equipment,  and 
guards  shall  be  replaced  in  protective  position  before  the  power 
is  cut  on. 

42  Removing  Guards-  Guards  installed  in  accordance  with 
this  Code  shall  not  be  removed  or  rendered  ineffective. 

Respectfully  submitted, 

Chairitian 
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Corrosion  Research  Laboratory  in  England 

A  new  corrosion  research  laboratory  has  been  equipped 
from  a  grant  from  the  Department  of  Scientific  and  Industrial 
Research  in  England  at  Brighton,  and  the  Royal  School  of 
Mines,  with  the  purpose  of  prosecuting  further  the  investiga- 
tion begun  by  Capt.  G.  B.  Bengougli  and  Dr.  0.  F.  Hudson 
under  the  auspices  of  the  Corrosion  Research  Committee. 

From  explanations  given  by  Capt.  Bengough  to  some  tech- 
nical journalists  it  appears  that  at  the  present  time  the  work 
is  being  concentrated  on  the  cduses  of  corrosion  in  condenser 
tubes.  Copper-zinc  tubes  are  being  subjected  to  investigation 
chiefly  with  the  view  of  determining  the  causes  that  lead  to 
dezincification,  which  is  the  beginning  of  many  corrosive 
troubles.     Ordinary  70 :30  tubes  were  exhibited  which  showed 


dezincification  arising  from  spills  in  the  wall,  the  presence  of 
oxide  in  the  metal  annealing  at  wrong  temperatures,  improper 
pitching,  and  the  presence  of  swarf  holes.  Capt.  Bengough 
also  showed  a  sample  made  from  an  alloy  which  was  prepared 
in  such  a  way  that  an  oxide-free  tube  was  drawn  from  it, 
another  which  was  90  per  cent  copper  and  10  per  cent  nickel, 
and  a  third  of  92.5  per  cent  copper  and  7.5  per  cent  aluminum. 
These  special  tubes  were  under  experimental  tests  and  were 
kept  under  close  observation  and  extremely  valuable  informa- 
tion was  expected  from  the  investigation.  It  was  known  that 
98:2  copper-nickel  was  unsuitable  for  condenser  work;  like- 
wise an  80.20  alloy,  since  they  failed  in  the  laboratory  to  attack 
a  90:10  tube  and  intended  to  transfer  that  experiment  shortly 
to  Brighton. 

Among  other  things  which,  according  to  Page's  Engineering 
Weekly  of  April  20,  1917,  were  shown  by  Capt.  Bengough  to 
the  technical  journalists,  was  an  optical  instrument  designed 
for  determining  the  position  of  every  discernible  surface  flow 
in  each  tube  that  is  put  into  the  experimental  condenser;  also 
an  annealing  furnace  and  the  sea-water  tanks  in  which  the 
preliminary'  corrosion  tests  are  made. 


New  Malleable  Castings  Method 

According  to  the  Iron  Age,  April  19,  1917,  a  new  method  of 
making  malleable-iron  castings,  doing  away  with  the  air  fur- 
nace, will  be  used  m  the  plant  now  being  built  by  the 
National  Malleable  Castings  Company,  Cleveland.  The  metal 
will  be  melted  in  a  cupola  and  a  portion  of  the  melted  charge, 
depending  on  the  amount  of  carbon  and  other  impurities  to 
be  removed  (usually  about  one-fifth  of  the  total),  will  then  be 
run  into  a  side-blow  bessemer  converter,  in  which  the  carbon, 
manganese  and  silicon  wiU  be  partially  or  whoUy  blown  out. 
The  treated  metal  is  then  to  be  combined  in  a  ladle  with  the 
remainder  of  the  metal  from  the  cupola,  and  the  charge  trans- 
ferred to  an  electric  furnace  in  which  the  refinement  of  the 
metal  will  be  completed.  If  such  complete  refinement  is  not 
required  the  metal  may  be  east  without  being  subjected  to  the 
final  refinement  in  the  electric  furnace.  The  melting  equip- 
ment will  consist  of  four  72-in.  Whiting  cupolas,  bessemer 
converters  built  by  the  company,  and  four  6-ton  Heroult  elec- 
tric furnaces. 

The  method  of  pouring  will  also  be  a  radical  departure  from 
the  usual  practice.  Instead  of  pouring  directly  into  small 
ladles,  the  metal  will  be  poured  from  the  electric  furnaces  into 
ladles  of  12,000  to  14,000  lb.  capacity  and  carried  a  consider- 
able distance  with  traveling  cranes  and  then  poured  into  small 
ladles.  From  the  latter  the  metal  will  be  poured  into  the 
molds.  This  practice  will  necessitate  the  installation  of  a 
gi'eater  number  of  cranes  than  would  otherwise  be  required. 
Twelve  or  fourteen  traveling  cranes,  up  to  20  tons  capacity, 
will  be  provided.  The  plant  is  expected  to  be  ready  for  opera- 
tion about  .Januarv  1.  1918. 


The  seventh  Edison  Medal,  awarded  to  Nikola  Tesla  for 
meritorious  achievements  in  his  early  original  work  in  poly- 
phase and  high-frequency  electric  currents,  was  presented  to 
him  at  the  annual  meeting  of  the  American  Institute  of  Elec- 
trical Engineers  in  the  Auditorium  of  the  Engineering  Socie- 
ties Building,  New  York,  on  the  evening  of  May  18.  Presi- 
dent H.  W.  Buck  presided  and  addresses  were  made  by  Dr. 
A.  E.  KenneUy,  Chairman  of  the  Edison  Medal  committee, 
Charles  A.  Terry,  and  B.  A.  Behrend.  Mem.Am.Soc.M.E. 
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THE  COUNCIL  of  the  Society  has  directed  that  the  pro- 
posed changes  in  the  Boiler  Code  be  published  in  The 
Journal  with  the  request  that  any  desired  discussion  on  the 
proposed  changes  be  mailed  to  the  Boiler  Code  Conamittee  for 
consideration.  These  proposed  changes  embody  suggestions 
made  at  the  meetings  held  at  the  Society  headquarters. 
December  8  and  9.  1916,  at  which  all  those  interested  were 
invited  to  attend  and  participate  in  the  discussions. 

At  the  last  meeting  of  the  Boiler  Code  Committee  it  was 
decided  to  publish  all  revisions  so  far  agreed  on  by  the  Com- 
mittee. There  are  other  revisions  which  will  be  published  later 
on,  with  the  request  that  they  also  be  discussed.  This  will 
make  it  possible  for  any  one  to  discuss  the  proposed  revisions 
before  they  are  brought  to  the  final  form  and  presented  to  the 
(Council  of  the  Society  for  approval. 

Note.  Only  such  portions  of  the  Code  as  are  subject  to 
revision  are  here  presented,  mth  references  to  their  proper 
paragraph  numbers. 
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Par.  12.     Change  Par.  12  to  read  as  follows  : 

12  Cast  iron  shall  not  be  used  for  nozzles  or  flanges 
attached  directly  to  the  boiler  at  any  ]iressure  or  tem- 
perature. Cast  iron  shall  not  be  used  for  boiler  and  super- 
heater mountings  such  as  connecting  pipes,  fittings,  valves 
and  their  bonnets,  for  steam  temperatures  of  over  450 
deg.  fahr. 

Par.  13.     Change  Par.  13  to  read  as  follows: 

13  Water-leg  and  door-frame  ring's  of  vertical  fire- 
tube  boilers,  and  of  locomotive  and  other  type  boilers, 
shall  be  of  wrought  iron  or  steel,  or  cast  steel  of  Class  A 
or  Class  B  grade,  as  designated  in  the  Specifications  for 
Steel  Castings.  The  OG  w  other  flangeil  construction 
may  be  used  as  a  substitute  in  anv  case. 


PAGE  9 

Par.  19.     Change  Par.  19  to  read  as  follows  : 

19  The  minimum  thickness  of  butt  straps  shall  be 
given  as  in  Table  1.  Intermediate  values  shall  be 
determined  by  interpolation.  For  plate  thicknesses 
exceeding  1^  in.,  the  thickness  of  the  butt  straps  shall  be 
not  less  than  three-quarters  of  the  thickness  of  the  plate. 
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Par.  164.     Make  the  following  change  in  Par.  164: 

In  Par.  164  after  the  word  "  knobbled  "  insert  a  comma. 
Par.  167.     Change  Par.  167  to  read  as  follows: 

167  Flange  Test,  a  For  tubes  not  more  than  6  in.  di- 
ameter a  test  specimen  not  less  than  4  in.  in  length  shall 
have  a  flange  turned  over  at  right  angles  to  the  body  of 
the  tube  without  showing  cracks  or  flaws.  This  flange  as 
measured  from  the  outside  of  the  tube  shall  have  a  width 
of  from  i/g  in-  to  Vo  in.  The  width  between  these  limits 
to  be  not  less  than  10  per  cent  of  the  outside  diameter  of 
the  tube.  For  tubes  more  than  6  in.  diameter  the  flange 
test  is  not  required. 

b  In  making  the  flange  test,  the  flaring  tool  and  die  block 
as  shown  in  Fig.  7,  may  be  used. 
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Par.  169.     Change  Par.  169  to  read  as  follows  : 

169  Hydrostatic  Tests.  Tubes  under  5  in.  in  diameter 
shall  stand  an  internal  hydrostatic  pressure  of  1000  lb. 
per  sq.  in.  and  tubes  5  in.  in  diameter  or  over,  an  internal 
iydrostatic  pressure  of  800  lb.  per  sq.  in.,  provided  that 
the  fibre  stress  does  not  exceed  16,000  lb.  per  sq.  in.  in 
which  case  the  test  pressure  shall  be  determined  by  the 
following  formula 

where  t  is  the  wall  thickness  in  inches;  D  is  the  inside 
diameter  in  inches.  Lapwelded  tubes  shall  be  strack  near 
both  ends,  while  under  the  test  p)ressure,  with  a  2  lb.  steel 
hand  hammer,  the  blow  to  be  equivalent  to  2  lb.  falling 

2  ft. 
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Par:  174.     Change  Par.  174  to  read  as  follows: 

174  Workmanship.  Finished  tubes  31/2  in.  or  under 
in  outside  diameter  shall  be  circular  within  0.02  in.  and 
the  mean  outside  diameter  shall  not  vary  more  than  0.015 
in.  from  the  size  ordered.  For  tubes  over  31/2  in.  in 
outside  diameter,  these  variations  shall  not  exceed  0..5  per 
cent  of  the  outside  diameter.  All  tubes  shall  be  carefully 
gaged  with  a  B.W.G.  gage  and  shall  not  be  less  than  the 
gage  specified.  Tubes  on  which  the  standard  slot  gage, 
specified,  will  go  on  tightly  at  the  thinnest  point,  will  be 
accepted.  The  length  shall  not  be  less,  but  may  be  0.125 
in.  more  than  that  ordered. 
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Par.  25.    Make  the  following  changes  in  Par.  25: 

Strike  out  the  word  "  Copper  "  in  the  table,  and  under 
"  Firebox  "  strike  out  "  not  over  0.05  per  cent." 
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Par.  123.     Make  the  following  change  in  Par.  123o : 

Change  the  percentage  of  yield  |ioint  from  0.6  tensile 
strength  to  0.5. 
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Par.  141.    Make  the  following  change  in  Par.  141 : 

Change  the  percentage  of  yield  point  from  0.6  tensile 
strength  to  read  0.5  tens.  str. 
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Par.  184.     Change  Par.  184  to  read  as  follows: 

184  Circumferential  Joints,  a  The  strength  of  cir- 
cumferential joints  of  boilers,  the  heads  of  which  are  not 
stayed  by  tubes  or  through  braces,  shall  be  at  least  50  per 
cent  of  that  required  for  the  longitudinal  joints  of  the 
same  structure. 

h  When  50  per  cent  or  more  of  the  load  which  would 
act  on  an  unstayed  solid  head  of  the  same  diameter  as  the 
shell,  is  relieved  by  the  effect  of  tubes  or  through  stays  in 
consequence  of  the  reduction  of  the  area  acted  on  by  the 
pressure  and  the  holding  power  of  the  tubes  and  stays, 
the  strength  of  the  circumferential  joints  in  the  shell  shall 
be  at  least  35  per  cent  of  tltat  required  for  the  longitudinal 
joints. 

c  In  circumferential  joints  of  horizontal  return  tubular 
boilers  the  shearing  strength  of  the  rivets  shall  be  not 
less  than  50  per  cent  of  the  full  strength  of  the  plate 
corresponding  to  the  thickness  at  the  joint. 
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Pak.  186.     Change  Par.  186  to  read  as  follows: 

186  Welded  Joints.  The  ultimate  strength  of  a  joint 
which  has  been  properly  welded  by  the  forging  process, 
shall  be  taken  as  28,500  lb.  per  sq.  in.,  with  steel  plates 
having  a  range  in  tensile  strength  of  47,000  to  55,000  lb. 
per  sq.  in.  Autogenous  welding  may  be  used  in  boilers  in 
eases  where  the  strain  is  carried  by  other  construction 
which  conforms  to  the  requirements  of  the  Code  and  where 
the  safety  of  the  sti-ueture  is  not  dependent  upon  the 
strength  of  the  weld.  Autogenous  welding  shall  not  be 
used  in  place  of  caulking  or  girth  joints. 

Par.  187.     Change  Par.  187  to  read  as  follows  : 

187  Riveted  Longitudinal  Joints.  The  riveted  longi- 
tudinal joints  of  a  shell  or  drum  which  exceeds  36  in.  in 
diameter,  shall  be  of  butt  and  double-strap  construction. 
This  rule  does  not  apply  to  the  portion  of  a  boiler  shell 
which  is  staybolted  to  the  firebox  sheet. 

Par.  190.     Change  Par.  190  to  read  as  follows: 

190  In  horizontal  return  tubular  boilers  with  lap  joints 
no  course  shall  be  over  12  ft.  long.  With  butt  and  double 
strap  construction  longitudinal  joints  of  any  length  may 
be  used  provided  the  tension  test  specimens  are  so  cut 
from  the  plate  that  their  lensthwise  direction  is  parallel 
with  circumferential  seams  of  the  boiler  and  the  tests 
meet  the  standards  prescribed  in  the  specifications  for 
boiler  plate  steel. 

Par.  194.     Change  the  first  section  of  Par.  194  to  read 
as  follows  : 

194  Domes.  The  longitudinal  joint  of  a  dome  24  in. 
or  over  in  diameter  shall  be  of  butt  and  double-strap  con- 
struction irrespective  of  pressure.  When  the  maximum 
allowable  working  pressure  exceeds  100  lb.  per  sq.  in.  the 
flange  of  a  dome  24  in.  or  over  in  diameter  shall  be  double 
riveted  to  the  boiler  shell. 
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Par.  195.     Add  after  notation  following  formula  in  Par. 
195: 

Where  two  radii  are  used  the  longer  shall  be  taken  as 
the  value  of  L  in  the  formula. 

Add  at  the  end  of  Par.  195: 

When  a  dished  head  has  a  manhole  opening,  the  thick- 
ness as  found  by  these  Rules  shall  be  increased  by  not  less 
than  yg  in.  over  that  called  for  by  the  formula. 
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Par.  199.    Add  the  following  to  the  list  of  values  of  C 
IN  Par.  199 : 

C  =  150  for  stays  screwed  through  plates  or  made  a 
taper  fit  and  having  the  heads  formed  on  the  stays  before 
installing  them  and  not  riveted  over,  said  heads  being 
made  to  have  a  true  bearing  on  the  plate  and  the  diameter 
of  the  heads  being  not  less  than  1.4  times  the  diameter  of 
the  stays. 

Revise  m.^tter  following  list  of  values  of  C  to  make  it 
read  as  follows  : 

If  flat  boiler  plates  not  less  than  %  in.  thick  are 
strengthened  with  doubling  plates  securely  riveted  thereto 
and  having  a  thickness  of  not  less  than  2/3  t,  then  the 
value  of  f  in  the  formula  shall  be  three-quarters  of  the 
combined  thickness  of  the  boiler  plate  and  doubling  plates 
but  not  more  than  one  and  one-half  times  the  thickness  of 
the  boiler  plate,  and  the  values  of  C  given  above  may  also 
be  increased  15  per  cent. 

When  two  sheets  are  connected  by  stays  and  but  one  of 
these  sheets  requires  staying,  the  value  of  C  is  governed 
by  the  thickness  of  the  sheet  requiring  staying. 

Par.  200.     Change  Pap.  200  to  read  as  follows: 

200  Staybolts.  The  ends  of  screwed  staybolts  shall  be 
riveted  over  or  upset  by  equivalent  process.  Staybolts 
must  be  hollow  or  the  outside  ends  of  solid  stavbolts  shall 


be  drilled  with  a  hole  at  least  3/16  in.  diameter  to  a  depth 
extending  at  least  1,2  i"-  beyond  the  pressure  side  of  the 
plates,  except  on  boilers  having  a  grate  area  not  exceeding 
15  sq.  ft.,  or  the  equivalent  in  gas  or  oil  fired  boilers,  where 
the  drilling  of  the  staybolts  is  optional.  Flexible  stay- 
bolts  of  either  the  jointed  or  ball  and  socket  type  need  not 
be  drilled. 

Par.  201.  Add  to  Par.  201  the  following  : 

If  the  outstanding  legs  of  the  two  members  are  fastened 
together  so  that  they  may  act  as  one  member  in  resisting 
the  bending  action  produced  by  the  load  on  the  rivets 
attaching  the  members  to  the  head  of  the  boiler,  and  pro- 
vided that  the  spacing  of  these  rivets  attaching  the  mem- 
bers to  the  head  is  approximately  uniform,  the  members 
may  be  figured  as  a  single  beam  uniformly  loaded  and 
supported  at  the  points  where  the  through  braces  are 
attached. 
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Fab.  203.    Change  Par.  203  to  read  as  follows: 

203a  The  maximum  spacing  between  centers  of  rivets 
or  between  the  edges  of  tube  holes  and  the  centers  of  rivets 
attaching  the  crowfeet  of  braces  to  the  braced  surface, 
shall  be  determined  by  the  formula  in  Par.  199,  using  1.35 
for  the  value  of  C. 

b  The  maximum  distance  between  the  edges  of  tube 
holes  and  the  centers  of  other  types  of  stays  shall  be 
determined  by  the  formula  in  Par.  199  using  the  value  of 
C  given  in  Par.  199  which  applies  to  the  thickness  of  plate 
and  type  of  stay  used. 

c  The  maximum  spacing  between  the  inner  surface  of 
the  shell  and  lines  parallel  to  the  surface  of  the  shell 
passing  through  the  centers  of  the  rivets  attaching  the 
crowfeet  of  braces  to  the  head  shall  be  determined  by  the 
formula  in  Par.  199,  using  175  for  the  value  of  C. 

d  The  maximum  distance  between  the  inner  surface  of 
the  shell  and  the  centers  of  braces  of  other  types  shall  be 
determined  by  the  formula  in  Par.  199  using  a  value  of  C 
equal  to  1.3  times  that  value  of  C  in  Par.  199  which 
applies  to  the  thickness  of  plate  and  type  of  stay  as 
therein  specified. 

e  In  applying  these  rules  and  those  in  Par.  199  to  a 
head  or  plate  having  a  manhole  or  reinforced  opening,  the 
spacing  applies  only  to  the  plate  around  the  opening  and 
not  across  the  opening. 

Under  Table  3  insert: 

For  the  application  of  Pars.  205,  206  and  207,  see 
Appendix  (Par.     .     .     .)    (illustrations  in  Case  No.  13). 
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Par.  214.     Change  Par.  214  to  read  as  follows  : 

214  Areas  of  Segments  of  Heads  to  be  Stayed.  The 
area  of  a  segment  of  a  head  to  be  stayed  shall  be  the  area 
enclosed  by  lines  drawn  2  in.  from  the  tubes  and  a  dis- 
tance d  from  the  shell  as  shown  in  Figs.  13  and  14.  The 
value  of  d  shall  be  the  larger  of  the  following  values  but 
not  less  than  3  in. 

(Note: — Dimensions  marked  3"  in  Figs.  13  and  14  to 
be  changed  to  d.) 

(1)  d  =  the  outer  radius  of  the  flange  not  ex- 
ceeding eight  times  the  thickness  of 
the  head 


(2)     d  = 


AVhere 


d  =  distance  in  inches 
t  =  thickness  of  head  in  sixteenths  of  an  inch 
P  =  maximum  allowable  working  pressure  in  lb. 
per  sq.  in. 

Par.  215.    Change  Par.  215  to  read  as  follows  : 

215  When  drum  heads  of  water  tube  boilers  ate  30  in. 
or  less  in  diameter  and  the  tube  plate  is  stiffened  by 
flanged  ribs  or  gussets,  no  stays  need  be  used  if  a  hydro- 
static test  to  destruction  of  a  boiler  or  unit  section  built 
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ill  accordance  with  the  construction,  shows  that  the  factor 
of  safety  is  at  least  5. 

Par.  21().     Change  Par.  216  to  make  it  head  as  tollovv.s: 

21G  Stays  shall  be  used  in  the  tube  sheets  of  a  fire 
tube  boiler  if  the  distance  between  the  edges  of  the  tube 
holes'  e.xceeds  the  maximum  pitch  of  staybolts  for  the  cor- 
responduig  jjlate  thickness  and  pressure  given  in  Table  3. 
That  part  of  the  tube  sheet  which  comes  between  the 
tubes  and  the  shell  need  not  be  stayed  if  the  nearest 
tangent  common  to  two  tube  holes  when  measured  on  any 
I'adius  of  the  tube  slieet  that  intersects  the  tangent  between 
the  holes  does  not  exceed  this  maximum  pitch  by  more 
than  3  in.  The  tube  holes  to  which  a  common  tangent 
may  be  drawn  in .  applying  this  rule  shall  not  be  at  a 
greater  distance  from  edge  to  edge  than  the  maximum 
pitch  referred  to. 


cent   greater   than    the   "  I'equired   cross-sectional   area   of 
the  brace." 

5.  Make  the  combined  cross-sectional  area  of  the  rivets 
at  each  end  of  the  brace  at  least  one  and  one-quarter  times 
the  "  required  cross-sectional  area  of  the  brace." 

6.  Design  each  branch  of  a  crowfoot  to  carry  two- 
thirds  the  total  load  on  the  brace. 

7.  Make  the  net  sectional  areas  through  the  sides  of 
the  crowfoot,  tee  irons,  or  similar  fastenings  at  the  rivet 
holes  at  least  equal  to  the  required  rivet  section,  that  is,  at 
least  equal  to  one  and  one-quarter  times  the  "  required 
cross-sectional  area  of  the  brace." 

8.  Make  the  cross-sectioual  areas  through  the  blades  of 
diagonal  braces  where  attached  to  the  shell  of  the  boiler 
at  least  equal  to  the  required  rivet  section,  that  is,  at  least 
equal  to  one  and  one-quarter  times  the  "  required  cross- 
sectional  area  of  the  brace." 
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Pak.  218.     Add  the  following  to  Par.  218 : 

The  distance  in  the  clear  between  the  bodies  of  the 
braces,  or  of  the  inside  braces  where  more  than  two  are 
used,  shall  not  be  less  than  10  in.  at  any  point. 

Par.  220.     Chaxge  Par.  220  to  read  as  follows  : 

220((  Tlie  full  pitch  dimensions  of  the  stays  shall  be 
employed  in  determining  the  area  to  be  sujjported  by  a 
stay  and  the  area  occupied  by  the  stay  shall  be  deducted 
therefrom  to  obtain  the  net  area.  The  product  of  the  net 
area  in  square  inches  by  the  maximum  allowable  working 
pressure  in  lb.  per  sq.  in.  gives  the  load  to  be  supported 
by  the  stay. 

b  Where  stays  come  near  bounding  surfaces  and 
special  allowances  are  made  for  the  spacing,  the  load  to 
be  carried  by  such  stays  shall  be  determined  by  neglecting 
the  added  area  provided  for  by  these  special  allowances. 
For  example,  if  the  minimum  jjitch  by  Table  3  would 
make  a  staybolt  come  6  in.  from  the  edge  of  the  plate  and 
a  special  allowance  would  make  it  come  7  in.,  the  distance 
of  6  in.  should  be  used  in  computing  the  load  to  be 
carried. 

c  The  maximum  allowable  stress  per  square  inch  net 
cross  sectional  area  of  stays  and  staybolts  shall  be  as  given 
in  Table  4. 

d  The  leng-th  of  the  stay  between  supports  shall  be 
measured  from  the  inner  faces  of  the  stayed  plates.  The 
stresses  are  based  on  tension  only.  For  computing 
stresses  in  diagonal  stays,  see  Pars.  221  and  222. 

Table   4.     Add   line   after   item    h    in  "  Table   to   read   as 
follows  : 

c     Steel  througji  stavs  exceeding  II/2  in- 

diameter  ....." ~ .. .   10,400        9000 

Change  present  item  <•  in  Table  to  item  </. 
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Pak.  223.     Change  Par.  223  to  read  as  follows: 

223  Diameter  of  Pins  and  Area  of  Rivets  in  Brace. 
All  rivet  and  pin  holes  shall  conform  with  the  require- 
ments in  Par.  253  and  the  pins  shall  be  made  a  neat  fit. 
To  determine  the  sizes  that  shall  be  used  proceed  as 
follows : 

1.  Determine  the  "  required  cross-sectional  area  of  the 
brace  "  by  first  computing  the  total  load  to  be  carried  by 
the  brace,  and  dividing  the  total  load  by  the  values  of 
stresses  for  unwelded  stays  given  in  Table  4. 

2.  Design  the  body  of  the  brace  so  that  the  cross- 
sectional  area  shall  be  at  least  equal  to  the  "  required 
cross-sectional  area  of  the  brace  "  for  unwelded  braces. 
Where  the  braces  are  welded,  the  cross-sectional  area  at 
the  weld  shall  be  at  least  as  gi-eat  as  that  computed  for  a 
stress  of  6000  lb.  per  sq.  in.  (see  Table  4). 

3.  Make  the  area  of  pins  to  resist  double  shear  at  least 
three-quarters  of  the  '"  required  cross-sectional  area  of  the 
brace." 

4.  ilake  the  combined  cross-section  of  the  eye  at  the 
side  of  the  ]>m    (in  crowfoot  braces)   of  at  least  25  per 
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Par.  231.     Change  Par.  231  to  read  as  follows  : 

231  Maximum  Allowable  Working  Pressure  on  Trun- 
cated Cones,  a.  Upper  combustion  chambers  of  vertical 
submerged  tubular  boilers  made  in  the  shape  of  a  frustum 
of  a  cone  when  not  over  38  in.  diameter  at  the  large  end, 
may  be  used  without  stays  if  figured  by  the  rule  for  plain 
cylindrical  furnaces  (Par.  239)  making  D  in  the  formula 
equal  to  the  diameter  at  the  large  end. 

b  When  over  38  in.  in  diameter  at  the  large  end,  that 
portion  which  is  over  30  in.  in  diameter  shall  be  fully 
supported  by  staybolts  or  gussets  to  conform  to  the  pro- 
visions for  staying  flat  surfaces.  In  this  case  the  top  row 
of  staybolts  shall  be  at  a  point  where  the  cone  top  is  30  in. 
or  less  in  diameter. 

In  calculating  the  pressure  jjcrmissible  on  the  unstayed 
portion  of  the  cone,  the  vertical  distance  between  the  hori- 
zontal planes  passing  through  the  centers  of  the  rivets  at 
the  cone  top,  and  through  the  center  of  the  top  row  of 
staybolts  shall  be  used  as  L  in  Par.  2.39,  and  D  in  that 
paragraph  shall  be  the  inside  diameter  at  the  center  of  the 
top  row  of  staybolts. 
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Par.  239.     Change  first  paragraph  of  Par.  239  to  read  as 
follows  : 

239  Plain  Circular  Furnaces.  Unstayed  furnaces 
more  than  18  in.  diameter  when  riveted  or  of  seamless 
construction  or  such  furnaces  when  lapwelded  by  the 
forging  process  shall  have  walls  not  less  than  5/16  in. 
thick.  The  maximum  allowable  working  pressure  for  such 
furnaces  shall  be  determined  by  one  or  the  other  of  the 
following  formulie: 

Make  definition  of  L  read  as  follows  : 

L  =  total  length  of  furnace  between   centers  of  head 
rivet  seams  (not  length  of  a  section),  in. 
Insert  after  the  formula  and  just  preceding  the  Example 
IN  Par.  239,  eliminating  the  present  sentence  : 

Where  the  furnace  has  a  riveted  longitudinal  joint,  it 
may  be  of  the  lap  type  for  inside  diameters  not  exceeding 
30  in.  but  shall  be  of  butt  and  strap  construction  for  inside 
diameters  exceeding  30  in.  The  efficiency  of  the  joint 
shall  be  areater  than : — 

PXD 
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Par.  246.     Change  Par.  246  to  Par.  246a 

Par.  247.     Change  Par.  247  to  Par.  2466 

Change  Par.  247  to  read  as  follows  : 

247  Where  it  is  impossible  to  calculate  with  a  rea- 
sonable degree  of  safety  the  strength  of  a  boiler  structure 
or  any  part  thereof,  a  full  sized  sample  sliall  be  built  by 
the  manufacturer  and  tested  to  destruction  in  tlie  presence 
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of  the  Boiler  Code  Committee  or  a  representative  of  the 
Boiler  Code  Committee  appointed  to  witness  such  test. 

Par.  250.    Change  Pab.  250  to  read  as  follows  : 

250  A  fire-tube  boiler  shall  have  the  ends  of  the  tubes 
substantially  rolled  and  beaded,  or  rolled  and  welded,  at 
the  firebox  or  combustion  chamber  end. 
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Par.  253.     Change  Par.  253  to  read  as  follows  : 

253  Riveting.  Rivet  holes  shall  be  di-illed  full  size  or 
they  may  be  punched  not  to  exceed  %  in.  less  than  full 
diameter  for  material  over  5/16  in.  in  thickness,  and  %  in. 
less  than  full  diameter  for  material  not  exceeding  5/16  in. 
in  thickness,  and  then  drilled  or  reamed  to  full  diameter. 

Par.  255.    Add  to  Pae.  255  the  following  : 

Forms  of  rivet  heads  that  will  be  acceptable  are  shown 
in  Fig  17a. 
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Par.  257.     Change  Par.  257  to  bead  as  follows  : 

257  Calking.  The  calking  edges  of  plates,  butt  straps 
and  heads  shall  be  beveled.  Every  portion  of  the  sheared 
surfaces  of  the  calking  edges  of  plates,  butt  straps  and 
heads  shall  be  planed,  milled  or  chipped  to  a  depth  of 
not  less  than  Vg  in.  Calking  shall  be  done  with  a  round- 
nosed  tool. 
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Par.  266.     Change  Par.  266  to  j«ead  as  follows  : 

266  A  vertical  fire-tube  boiler,  except  boilers  of  steam 
fire-engines,  or  boilers  24  in.  or  less  in  diameter  shall  have 
not  less  than  seven  handholes,  located  as  follows:  Three 
ill  the  shell  at  or  about  the  line  of  the  cro\vn  sheet;  one  in 
the  shell  at  or  about  the  water-line  or  opposite  the  fusible 
plug  when  used;  three  in  the  shell  at  the  lower  part  of 
the  vpaterleg.  A  vertical  firetube  boiler,  submerged  tube 
type,  shall  have  two  or  more  handholes  in  the  shell,  in 
line  with  the  upper  tube  sheet.  All  boilers  24  in.  or  less 
in  diameter,  shall  have  at  least  one  opening  for  inspection 
and  one  opening  in  addition  to  the  blow-off.  for  washing 
out  the  boiler,  these  openings  to  be  fitted  with  brass  plugs. 
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Par.  268.     Change  Par.  268  to  read  as  follows  : 

208  Threaded  Openings.  An  opening  in  a  boiler  for  a 
threaded  pipe  connection  1  in.  in  diameter  or  over  shall 
have  not  less  than  the  number  of  threads  given  in  Table  7. 

INSERT  TABLE  HERE 

If  the  thickness  of  the  material  in  the  boiler  is  not  suf- 
ficient to  give  such  number  of  threads,  there  shall  be  a 
jiressed  steel  flange,  bronze  composition  flange,  steel-cast 
flange  or  steel  plate,  so  as  to  give  the  required  number  of 
threads. 

Par.  269.     Change  Par.  269  to  read  as  follows  : 

269  Safety  Valve  Requirements.  Each  boiler  shall 
have  two  or  more  safety  valves,  except  a  boiler  for  which 
one  safety  valve  2  in.  size  or  smaller  is  i-equired  by  these 
Rules;  ift  which  case  one  or  more  mav  be  used. 
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Par.  273.     Change  Par.  273  to  read  as  follows  : 

273  Each  safety  valve  shall  be  plainly  marked  by  the 
maufacturer.  The  markings  may  be  stamped  on  the  body, 
cast  on  the  body  or  stamped  or  cast  on  a  plate  or  plates 
riveted  to  the  body  and  shall  contain  the  following: 

a.     The  name  or  identifying  trademark  of  the  manu- 
facturer 


h.  The  nominal  diameter  with  the  words  "'  Bevel 
Seat  "  or  "  Flat  Seat  " 

c.  The  steam  pressure  at  which  it  is  set  to  blow 

d.  The  lift  in  inches  of  the  valve  disc  from  its  seat, 
measured  at  a  pressure  3  per  cent  higher  than 
that  at  which  the  valve  is  set  to  blow 

e.  The  weight  of  steam  discharged  in  pounds  per 
hour  at  a  pressure  3  per  cent  higher  than  that  for 
which  valve  is  set  to  blow 


PAGES  70-71-72 
Table  8.     Table  8  to  be  omitted. 
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Par.  275o.     Change  Par.  275a  to  read  as  follows  : 

275  Safety  valve  capacity  may  be  checked  in  any  one 
of  three  different  ways,  and  if  found  sufficient,  additional 
capacity  need  not  be  pi'ovided : 

a.  By  making  an  accumulation  test,  that  is,  by  shutting 
off  all  other  steam  discharge  outlets  from  the  boiler  and 
forcing  the  fires  to  the  maximum.  The  safety  vahe 
equipment  shall  be  sufficient  to  prevent  an  excess  pressure 
beyond  that  specified  in  Par.  270. 

Par.  279.    Add  to  Par.  279  the  following: 

279  Where  discharge  pipes  are  used  ample  drainage 
shall  be  provided  at  or  near  the  safety  valve. 
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Par.  282.     Change  Par.  282  to  read  as  follows  : 

282  For  purposes  of  inspection  and  to  insure  the  valve 
being  free,  each  safety  valve  used  on  a  boiler  shall  have  a 
substantial  lifting  device  by  which  the  valves  may  be 
raised  by  an  amount  equal  to  one-twentieth  of  the  nominal 
diameter  of  the  valve  up  to  the  maximum  limit  of  1/16  in. 
when  there  is  no  pressure  on  the  boiler. 

Par.  283.     Add  to  Par.  283  the  following: 

The  seats  and  discs  of  safety  valves  shall  be  non-ferrous 
material.  The  seat  of  a  safety  valve  shall  be  fastened  to 
the  body  of  the  valve  in  such  a  way  that  there  is  no  possi- 
bility for  the  seat  to  Uft. 

Add  to  Par.  284  the  following: 

Springs  used  in  safety  valves  shall  not  show  a  per- 
manent set  exceeding  1/32  in.  ten  minutes  after  being 
released  from  a  cold  compression  test  closing  the  spring 
solid.  And  the  spring  shall  be  so  constructed  that  tfie 
valve  can  lift  from  its  seat  one-tenth  the  diameter  of  the 
seat  before  the  coils  are  closed  or  before  there  is  other 
interference. 

Par.  286.     Change  Par.  286  to  read  as  follows  : 

286  All  dimensions  shall  conform  to  the  American 
Standard  given  in  Tables  15  and  16  of  the  Apjiendix  for 
the  pressure  therein  specified,  except  that  the  face  of  the 
safety  valve  flange  and  the  nozzle  to  which  it  is  attached 
shall  be  flat  and  without  the  raised  face  for  pressures  up 
to  and  including  250  lb.  per  sq.  in.  For  higher  pressure, 
the  raised  face  shall  be  used. 
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Par.  291.     Add  to  Par.  291  the  following: 

The  lowest  permissible  water  level  for  various  classes  of 
boilers  is  given  in  Par.  430  of  the  Appendix. 

Par.  292.    Change  Par.  292  to  read  as  follows  : 

292  No  water  glass  connection  shall  be  fitted  with  an 
automatic  shut-off  valve,  except  when  the  automatic  shut- 
off  valves  are  so  constructed  that  the  two  connections  to 
the  water  glass  can  be  blown  through  separately  and  the 
steam  connection  cannot  be  entirely  closed  thereby. 

Par.  296.    Add  to  Par.  296  the  following  : 

Where  the  use  of  a  long  pipe  becomes  necessary  a  shut- 
off  valve  or  cock  arranged  so  that  it  can  be  locked   or 
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sealed  open  may  be  use  J  near  the  boiler.  Such  a  pipe 
shall  be  of  ample  size  and  arranged  so  that  it  may  be 
cleared  by  blowing  out. 
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Par.  299.     Change  Par.  299  to  read  as  follow.s  : 

299  Nozzles  and  Fittings.  '  Flanged  cast  iron  pipe 
fittings  used  for  boiler  parts,  for  pressures  up  to  and 
including  160  lb.  per  sq.  in.  shall  conform  to  the  American 
Standard  given  in  Tables  15  and  16  of  the  Appendix, 
except  that  the  face  of  the  flange  of  a  safety  valve  as  well 
as  that  of  a  safety  valve  nozzle,  shall  be  fiat  and  without 
the  raised  face.  For  pressures  above  160  lb.  per  sq.  in., 
steel  cast  and  wrought  steel  fittings  shall  be  used  for 
boiler  parts  with  exceptions  specified  in  Pars.  9  and  12. 
An  allowable  variation  of  20  per  cent  from  the  flange 
tliickness  required  by  Tables  15  and  16  may  be  made  for 
steel  cast  and  forged  steel  flttings,  leaving  the  drilling  of 
bolt  holes  unchanged.  For  pressures  above  250  lb.  per 
sq.  in.,  the  flange  thickness  and  the  thickness  of  the  bodies 
shall  be  increased  to  keep  within  the  same  deflection  limits 
and  to  give  at  least  the  same  factor  of  safety  as  the  flttings 
specified  in  Tables  15  and  16.  The  face  of  the  flange  of  a 
safety  valve,  as  well  as  that  of  a  safety  valve  nozzle,  shall 
have  a  flat  face  for  pressures  up  to  and  including  250  lb. 
per  sq.  in.  and  shall  have  raised  face  at  higher  pressures. 
Tables  15  and  16  do  not  apply  to  flanges  on  the  boiler 
side  of  steam  nozzles  or  to  flanges  left  by  the  manu- 
facturer as  part  of  the  boiler,  and  do  not  apply  to  fittings 
designed  as  part  of  the  boiler. 

Par.  307.     Change  Par.  307  to  read  as  follows  : 

307  Blow-Off  Piping.  A  surface  blow-off  pipe  shall 
not  exceed  11/2  in.  pipe  size  and  shall  form  a  continuous 
passage  with  the  blow-ofl:'  pipe  external  to  the  boiler.  The 
internal  and  external  pipes  shall  be  separate  with  clear- 
ance between  their  ends  and  arranged  so  that  the  removal 
of  either  will  not  disturb  the  other.  A  brass  or  steel 
bushing  as  shown  in  Fig.  19,  or  flanged  connection  shall  be 
used. 
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Par.  311.     Change  Par.  311  to  read  as  follows  : 

3II0.  When  the  maximum  allowable  working  pressure 
exceeds  125  lb.  per  sq.  in.,  on  all  boilers  except  those  used 
for  traction  and  portable  purposes,  each  bottom  blow-off 
]:)ipe  shall  have  two  valves,  or  a  valve  and  a  cock,  and  such 
valves,  or  valve  and  cock,  shall  be  extra  heavy,  except  that 
on  a  boiler  having  multiple  blow-off  pipes,  a  single  master 
valve  may  be  placed  on  the  common  blow-otf  pipe  from 
the  boiler,  in  which  ease  only  one  valve  on  each  individual 
blow-off  is  required. 

h.  On  all  traction  and  portable  boilers  when  the  maxi- 
mum allowable  working  pre-ssure  exceeds  125  lb.  per  sq. 
in.,  each  bottom  blow-off  pipe  shall  have  one  extra  heavy 
valve. 

Par.  315.     Make  the  last  sentence  of  Par.  315  read  as 

FOLLOWS  : 

The  feed  pipe  shall  be  carried  through  the  head  or  shell 
near  the  front  end  in  the  way  specified  for  a  surface  blow- 
off  in  Par.  307  and  be  securely  fastened  inside  the  shell 
above  the  tubes. 
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Par.  325.     Change  Par.  325  to  read  as  follows  : 

325  Lugs  or  brackets,  when  used  to  support  boilers  of 
all  types  shall  be  properly  fitted  to  the  surfaces  to  which 
they  are  attached.  The  shearing  and  crushing  stresses  on 
the  rivets  used  for  attaching  the  lugs  or  brackets  shall  not 
exceed  8  per  cent  of  the  streng-th  given  in  Pars.  15  and  16. 

Par.  328.     Change  Pae.  328  to  read  as  follows  : 

328  A  water  tube  boiler  which  is  fired  by  hand  shall 
have  the  firing  door  or  doors  of  the  inward  opening  type 
unless  such  doors  are  provided  with  substantial  and  effect- 


ive latching  devices  to  prevent  them  from  being  blown 
open  by  pressure  on  the  furnace  side. 
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Fig.  20.     Change  Fig.  20,  Par.  332,  to  read  as  follows  : 


(Name  of  State) 

STD 

Year  put  into  service. 

Safe  Working  Pressure. 

(Name  of  Builder) 


Par 
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339.     Change  Par.  339  to  read  as  follows: 

339  A  boiler  to  be  used  exclusively  for  low  pressure 
steam  heating  may  be  constructed  either  of  cast  iron,  steel 
cast,  or  wrought  iron  or  steel  or  any  combination  of  these, 
but  in  all  cases  the  connecting  rods  and  bolts  shall  be 
wrought  iron  or  steel. 
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Par.  343.     Change  Par.  343  to  read  as  follows  : 

343  In  a  hot-water  boiler  to  be  used  exclusively  for 
heating  buildings  or  hot  water  supply,  when  the  diameter 
does  not  exceed  60  in.  and  the  grate  area  does  not  exceed 
10  sq.  ft.,  or  equivalent,  as  defined  in  Pars.  359  and  360, 
longitudinal  laji  joints  will  be  allowed. 

When  the  grate  area  exceeds  10  sq.  ft.,  or  equivalent,  as 
defined  in  Par.  360,  and  the  diameter  of  the  boiler  does 
not  exceed  60  in.  longitudinal  lap  joints  will  be  allowed, 
providing  the  maximum  allowable  working  pressure  does 
not  exceed  50  lb.  per  sq.  in. 
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Title  of  Table  9  to  be  changed  to  read  as  fol- 


Table  9. 
lows  : 

Allowable  Sizes  of  Safety  Valves  for  Steam  Heating 
Boilers,  of  Water  Relief  Valves  for  Water  Heating  Boil- 
ers, and  of  Hot  Water  Supply  Boilers. 
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Pars.  3.59  and  360.     Insert  the  following  center  head: 

GRATE  AREA 
Par.  359.     Change  Par.  359  to  read  as  follows  : 

359  Double  Grate  Down  Draft  Boilers.  In  boilers  of 
this  type  the  grate  area  shall  be  taken  as  one  and  one- 
quarter  times  the  area  of  the  lower  grate. 

Par.  361.     Change  Par.  361  to  re.ad  as  follows  : 

361  Steam  Gages.  Each  steam  boiler  shall  have  a 
steam  gage  connected  to  the  steam  space  or  to  the  water 
column  or  its  steam  connection,  by  means  of  a  syphon  or 
equivalent  device  of  sufficient  capacity  to  keep  the  gage 
tube  filled  with  water  and  so  arranged  that  the  gage  can- 
not be  shut  off  from  the  boiler  except  by  a  cock  placed 
near  the  gage  and  provided  with  a  tee  or  lever  handle 
arranged  to  be  parallel  with  the  pipe  in  which  it  is  located 
when  the  cock  is  open.  Connections  to  gages  shall  be  of 
brass,  copper  or  bronze  composition.  The  dial  of  a  steam 
gage  for  a  steam,  heating:  boiler  shall  be  graduated  to  not 
less  than  30  lb. 
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Par.  365.     Change  Par.  365  to  read  as  follows  : 

365  Damper  Regulators.  When  a  pressure  damper 
regulator  is  used,  it  shall  be  connected  to  the  steam  space 
of  the  boiler. 
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Par.  373.     Change  Pae.  373  to  read  as  follows  : 

373.  Hot-water  boilers  for  a  maximum  allowable  work- 
ing pressure  not  exceeding-  30  lb.  per  sq.  in.  used  exclu- 
sively for  heating  buildings  or  for  hot-water  supply,  when 
constructed  of  cast  iron,  steel  cast,  or  wrought  iron  or 
plate  steel  or  any  combination  of  these,  shall  be  subjected 
to  a  shop  test  of  60  lb.  per  sq.  in.  hydrostatic  pressure 
applied  to  the  boiler  or  the  section  thereof. 

Par.  374.    Change  Par.  374  to  read  as  follows  : 

374  A  maximum  allowable  working  pressure  in  excess 
of  30  lb.  per  sq.  in.  will  be  allowed  on  a  hot-water  boiler 
constructed  of  east  iron,  steel  cast,  or  wrought  iron  or 
plate  steel  or  any  combination  of  these,  used  exclusively 
for  heating  buildings  or  for  hot-water  supply,  provided 
such  boilere  or  their  sections  have  been  subjected  to  a 
shop  hydrostatic  test  of  two  and  one-half  times  the  actual 
working  pressure. 

Par.  377.     Change  Par.  377  to  read  as  follows: 

377  i\'oj»e.  All  boilers  referred  to  in  this  section  shall 
be  jjlainly  and  permanently  marked  with  the  manufac- 
turer's name  and  the  maximum  allowable  working  pres- 
sure. 

All  beating  boilers  built  according  to  these  rules  may 
be  marked  A.S.M.E.  standard. 
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Par.  391«.     Change  Par.  391o  to  read  as  follows  : 

391  Safety  valve  capacity  may  be  cheeked  in  any  one 
of  three  different  ways,  and  if  found  sufficient,  additional 
capacity  need  not  be  provided; 

a  By  making  an  accumulation  test,  that  is,  by  shutting 
off  all  other  steam  discharge  outlets  from  the  boiler  and 
forcing  the  fires  to  the  maximum.  The  safety  valve  equip- 
ment shall  be  sufficient  to  prevent  an  excess  pressure  be- 
yond that  specified  in  Par.  270. 
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Par.  402.     Change  Par.  402  to  read  as  follows  : 

402  When  the  maximum  allowable  working  pressure 
exceeds  12.5  lb.  per  sq.  in.,  the  blow-off  pipe  shall  be  extra 
heavy  from  Ijoiler  to  valve  or  valves,  and  shall  run  full 
size  without  reducers  or  bushings.  All  fittings  between 
the  boiler  and  valve  shall  be  steel  or  extra  heavy  fittings 
of  bronze,  brass,  malleable  iron  or  cast-iron. 


Par.  422.     Change  Par.  422  to  read  as  follows: 

422  The  maximum  quantity  of  fuel  C  that  can  be 
burned  per  hour  at  the  time  of  maximum  forcing  is  deter- 
mined by  a  test.  The  maximum  number  of  heat  units  per 
hour,  or  C  X  -ff  is  then  determined,  using  the  \alues  of  H 
given  in  Par.  427.  The  weight  of  steam  generated  per 
hour  is  found  by  the  formula : 

C'XHX  0.75 


W 


1,100 


The  sum  of  the  safety  vahe  capacities  marked  on  the 
valves  shall  be  equal  to  or  greater  than  W. 
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Par.  423.    Replace  hatter  after  statement  of  Example  by  : 

C'XH  =  2150  X  12,100  =  26,015,000 
TF  =  C  X  -ff  X  0.75  -^  1100  =  17,740 
A  31/2   in.   bevel  seated  valve  with  0.11  in.   lift  would 
discharge  in  heat  units 

U  =  161,000  X  239.7  X  3y.  X  0.11 
=  14,858,000 
and  in  weight  of  steam 

W  =  110  X  239.7  X  31/2  X  0.11 
=  10,150 

From  which  it  can  be  seen  that  either  method  indicates 
that  two  such  valves  will  give  the  proper  relieving  capac- 
ity. 

Par.  424.     Replace  matter  after  statement  of  example  by  : 

CXS  =  2000  X  6400  =  12,800,000 
W  =  CXHX  0.75  ^  1100  =  8730 
A  bevel  seated  3%  io.  valve  is  marked  by  the  manufac- 
turer 0.11  in.  lift  and  discharge  capacity  for  100  lb.  pres- 
sure =  4840  lb. ;  hence  two  such  valves  would  be  required. 

Par.  425.     Replace  matter  after  statement  of  example  by: 

CXH  =  1000  X  18,500  =  18,500,000 
W  =  CXHX  0.75  -^  1100  =  12,620 
A  bevel  seated  2V2  iu-  valve  is  marked  by  the  manufac- 
turer 0.08  in.  lift  and  discharge  capacity  for  275  lb.  pres- 
sure ^  6350  lb. ;  hence  two  such  valves  would  be  required. 

P.iR.  426.     Replace  jiatter  after  statement  of  example  by  : 

CXS  =  3000  X  960  =  2,880,000 
TF  =  C  X  S  X  0.75  -^  1100  =  1960 
A  bevel  seated  2  in.  valve  is  marked  by  the  manufac- 
turer 0.07  in.  lift  and  discharge  capacity  for  150  lb.  pres- 
sure =  2500  lb. ;  hence  one  such  valve  would  be  required. 
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Par.  421.     Change  Par.  421  to  read  as  follows  : 

421  Method  of  Computing  Discharge  Capacity.  The 
required  discharge  eapacitj'  of  a  safety  valve  or  valves  for 
a  boiler  may  be  based  either  on  the  heat  units  in  the  fuel 
consumed  or  on  the  amount  of  steam  generated. 

The  number  of  heat  units  that  each  safety  valve  will 
handle,  for  valves  of  the  ordinary  types  in  which  the  dis- 
charge capacity  is  proportioned  to  the  lift,  may  be  ob- 
tained as  follows: 

V  =  161,000  X  -P  X  £»  X  i  for  Bevel  Seats  at  45  deg. 
U  =  227,500  X  -P  X  -D  X  i  for  Flat  Seats 
The  amount  of  steam  that  a  valve  will  discharge  may  be 
found  as  follows: 

W  =  llQXPXIiXL  for  Bevel  Seats  at  45  deg. 
TF  =  155  X  -P  X  i*  X  i  for  Flat  Seats 
Where 

TJ  =  Number  of  heat  units  per  hour  that  a  safety  valve  will 

handle,  B.t.u. 
TF  =  Quantity  of  steam  that  a  safety  valve  will  handle  per 

hour,  lb. 
P  =  Absolute  boiler  pressure  or  gage  pressure  plus  14.7  lb. 

per  sq.  in. 
D  =  Inside  diameter  of  valve  seat,  in. 
L  =  Vertical  lift  of  valve  disc,  measured  with  3  i^er  cent 
excess  pressure,  in. 
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Par.  427.     Change  Par.  427  to  make  first  sentence  read 
AS  follows: 

For  the  purpose  of  checking  the  safety  valve  capacity 
as  described  in  Par.  422,  the  following  values  of  heats  of 
combustion  of  various  fuels  may  be  used. 
Also  change  headings  in  tables  which  follow  to  make 

THEM  read: 

B  =  B.t.u.  per  lb. 
and 

H  =  B.t.u.  per  cu.  ft. 

PAGES  113-114 

Par.  430.     Make  first  line  of  Par.  430  to  read  as  follows  : 
430     Each  boiler  may  have  one  or  more  fusible  plugs 
located  at  the  lowest  permissible  water  level  as  follows : 

Add  at  the  bottom  of  p.  114  (Par.  430) : 

V  Fire  Engine  Boilers  are  not  usually  supplied  with 
fusible  plugs.  Unless  special  provision  is  made  to  keep 
the  water  above  the  firebox  crown  sheet  other  than  by  the 
natural  water  level,  the  lowest  permissible  water  level 
shall  be  at  least  3  in.  above  the  top  of  the  firebox  crown 
sheet. 
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THE  SPRING  MEETING  AT  CINCINNATI 


THE  largest  audience  at  any  Spring  Meeting  of  the  Society 
was  present  at  the  joint  meeting  with  the  Machine  Tool 
Builders'  Association  on  Tuesday  afternoon,  May  22.  The 
meeting  was  addressed  by  Dean  Heitnan  Schneider,  of  the 
University  of  Cincinnati,  on  The  Trend  in  Engineering  Train- 
ing, and  by  Dr.  Otto  P.  Geier,  social  physician  of  the  Cin- 
cinnati Milling  Machine  Company,  on  The  Human  Potential 
in  Industry. 

Dean  Schneider  outlined  various  educational  plans  for  bring- 
ing the  student  in  contact  with  practical  work  in  the  industries 
and  witii  the  workmen.  He  illustrated  with  lantern  slides  the 
work  of  his  own  students  of  the  University  of  Cincinnati, 
under  the  well-luiown  cooperative  plan  which  he  has  so  suc- 
cessfully carried  out  with  Cincinnati  firms  for  regular  employ- 
ment in  the  shops  during  the  college  course. 

Dr.  Geier's  address  was  an  inspiration  in  showing  the  im- 
portant service  which  the  social  physician  can  render  in  main- 
taining the  health  of  the  workers  and  removing  physical 
causes  leading  to  lack  of  interest  or  loss  of  time;  and  by 
developing  intimate  relations  in  a  way  to  be  genuinely  helpful 
to  the  employees. 

The  two  addresses  were  delivered  to  indicate  the  attention 
which  industrial  Cincinnati  is  givuig  to  the  human  side  of 
industrial  problems.  The  visitors  were  urged  to  remain  longer 
in  the  city  in  order  to  study  these  methods  at  first  hand. 

The  meeting  concluded  with  some  excellent  and  unusual  mov- 
ing pictures  of  the  manufacture  of  9.2  shells,  arranged  for  and 
contributed  by  the  publishers  of  Machinery. 

Notes 

Council  Meet  ill  (J.  The  Council  directed  the  issuing  of  a  ques- 
tionnaire to  the  membership,  to  provide  for  the  enlisting  of 
members  in  the  public  service  in  the  present  emergency,  and 
also  for  the  future  needs  of  the  Society. 

Business  Meeting.  Amendments  to  the  Constitution  pro- 
posed by  the  Constitution  and  By-Laws  Committee  were  an- 


nounced. It  was  stated  by  the  President  that  the  Council,  as 
expressing  the  obvious  desire  of  the  whole  membership,  had 
voted  to  invest  in  Liberty  Bonds  part  of  the  money  necessarily 
needed  in  the  running  of  the  Society,  even  at  some  possible 
inconvenience. 

General  Session.  President  Hollis,  Vice-President  Benjamin 
and  Manager  Toltz  presided  alternately.  At  the  close,  Mr. 
Toltz  spoke  of  his  recent  trip  to  Honolulu  and  his  reception 
by  the  A.S.M.E.  members  there  and  the  Hawaiian  Engineering 
Association.  He  brought  the  greetings  of  the  latter  to  the 
Society.    Attendance  about  220. 

Registration.  Indications  are,  at  time  of  going  to  press,  that 
the  registration  will  exceed  that  at  any  jirevious  Spring  con- 
vention. Tile  total  number  of  members  registered  at  end  of 
the  second  day  was  370,  and  the  total  of  guests  490.  Attend- 
ance at  previous  largest  Spring  Meetings:  Chicago  (1904); 
350;  Pittsburgh  (1911),  305. 

At  the  Machine  Shop  Session  there  were  200  in  attendance 
throughout,  many  standing  in  the  room. 

An  enthusiastic  conference  of  delegates  from  local  Sections 
was  held,  at  which  each  man  from  each  city  recited  briefly  the 
expieriences  of  his  organization  for  the  year  and  outlined  plans 
of  future  work.  Sections  Committee  Chairman  Yarnall  de- 
scribed plans  of  the  Sections  Committee  to  make  the  Sections 
the  -strongest  factor  in  the  Society  work.  Both  President 
Hollis  and  Secretary  Rice  told  the  delegates  frankly  that  their 
first  aim  should  be  service  to  their  eonununities.  The  delegates 
accorded  a  rising  vote  of  thanks  of  the  Sections  to  the  Cin- 
cinnati Local  Committee  for  the  splendid  arrangements  for 
the  Spring  Meeting. 

The  University  of  Cincimiati  Student  Branch  held  an  en- 
thusiastic meeting  at  the  University  on  Tuesday  evening. 
About  75  were  present.  Secretary  Rice  opened  the  meeting. 
President  Hollis,  Mr.  William  Kent,  Mr.  Carl  G.  Earth,  and 
Mr.  L.  P.  Alford  gave  good  talks  to  the  men.  These  were  fol- 
lowed by  an  entertainment  and  smoker,  arranged  for  and  car- 
ried out  bv  the  students. 


THE  SECRETARY'S  MONTHLY  LETTER 


THE  cooperation  of  the  Society  with  the  Government,  as 
was  outlined  in  last  month's  Journal,  is  developing  still 
more  intimately.  Calls  from  the  departments  directly  and  by 
firms  responding  to  Government  emergency  orders  are 
frequent. 

As  an  outgrowth  of  the  activity  of  members  of  our  Society 
in  their  relation  as  citizens  of  Fairfield  County,  Connecticut, 
in  the  Fairfield  County  Resource  Mobilization  Committee,  a 
meeting  of  The  American  Society  of  Mechanical  Engineers 
from  not  only  Bridgeport  but  all  of  the  surrounding  towns 
was  held  this  month,  attended  by  the  members  of  the  Sections 
Committee    with    the    result,    as    elsewhere    reported    in    this 


issue,  that  an  Organization  Committee  has  been  appointed 
with  representatives  from  each  of  the  big  centers  in  Connecti- 
cut, to  draw  up  a  plan  whereby  the  whole  State  of  Con- 
necticut will  be  provided  with  section  meetings.  With  this  as 
a  precedent,  it  is  hoped  to  extend  the  Society  organization 
through  many  other  similarly  thickly  populated  districts  so 
that  the  benefits  of  membership  will  be  still  further  extended. 
As  is  stated  in  another  place,  and  of  such  importance  that 
it  should  be  repeated  here,  the  National  Academy  of  Sciences 
has  just  elected  four  engineers,  which,  so  far  as  I  am  in- 
formed, is  the  first  time  that  an  engineer  as  such  has  been 
elected  to  the  highest  body  of  men  of  science  of  any  country. 
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Neither  are  physicians,  as  such,  elected,  the  reason  always 
having  been  because  of  the  sharp  distinction  drawn  between 
pure  and  applied  science.  The  two  members  of  our  Society 
who  were  elected  are  Prof.  W.  F.  Durand  and  Dr.  S.  W. 
Stratton;  the  member  of  the  Mining  Engineers  was  Dr. 
Henry  M.  Howe,  and  of  the  Electrical  Engineers,  Mr.  J.  J. 
Carty.  It  has  been  indicated  previously — and  particularly  in 
the  last  number  of  The  Journal — that  the  engineering 
societies  are  closely  cooijerating  through  the  Engineering 
J'oundation  with  the  National  Research  Council  appointed  by 
the  President  of  the  National  Academy  of  Sciences.  This 
cooperation  is  destined  to  be  very  close,  and  in  fact  the  re- 
sources of  the  entire  Soc-iety  will  sooner  or  later  be  called 
on  by  the  Research  Council. 

The  sole  ambition  of  the  Society  is  to  render  the  greatest 
possible  service  to  the  Government,  under  all  circumstances. 

As  an  outcome  of  the  extraordinary  activity  of  the  Gov- 
ernment in  munition  manufacture,  several  pieces  of  stan- 
dardization work,  wliich  are  now  especially  urgent,  will  un- 
doubtedly be  started  or  revived,  and  the  cooperation  of  the 
members  of  the  Society  is  specially  urged  for  the  sake  of 
the  country.  Obviously,  inconvenience  and  perhaps  some 
actual  loss  of  stocks  will  follow  the  processes  of  standardiza- 
tion, but  with  the  proper  attitude  on  the  part  of  all,  these 
losses  can  be  minimized  and  the  greatest  good  secured. 

The  Secretary  also  wishes  to  ask  the  assistance  and  the  co- 
ojieration  of  the  membership  in  the  Industrial  Census  supple- 
menting that  taken  last  year  but  undertaken  now  under  the 
auspices  of  the  states.  The  members  are  requested  to  kindly 
notify  the  Secretary  of  all  such  requests  so  that  the  machinery 
of  the  Society  can  always  be  availed  of  to  the  fullest  extent. 

Calvin  W.  Rice, 

Secrelani. 


Council  Notes' 

THE  following  members  were  jiresent  at  the  meeting  of 
the  Council  on  April  20 :  Ira  N.  Hollis,  President,  John 
H.  Barr.  C.  E.  Benjamin,  R.  H.  Fernald,  W.  F.  M.  Goss, 
A.  M.  Greene,  Jr.,  F.  R.  Hutton,  W.  B.  Jackson,  D.  S.  Jaco- 
bus, C.  T.  Main,  C.  T.  Plunkett,  John  A.  Stevens,  and  Calvin 
W.  Eice,  Secretary.  Louis  C.  Marburg,  member  of  the  Sec- 
tions Committee,  and  F.  R.  Low,  chairman  of  the  Publication 
Committee,  were  also  present  by  invitation. 

In  view  of  the  present  national  emergency,  it  was  voted 
that  authority  be  given  to  the  President  to  nominate,  subject 
to  confiniiation  of  the  Council,  such  additional  committees 
and  representatives  as  may  be  requested  from  time  to  time 
by  either  the  Council  ot  National  Defense  or  the  National 
Research  Council. 

Council  of  National  Defense.  In  response  to  an  invitation 
from  the  Advisory  Commission  of  the  Coimeil  of  National 
Defense,  it  was  voted  that  the  President  and  Secretary  be 
nominated  to  represent  this  Society  (in  the  Commission's  Com- 
mittee on  Science  and  Research,  including  Engineering  an<l 
Education, 

Engineering  Committee  of  y<ilii>iinl  Research  Council.  In 
response  to  the  invitation  of  tlie  National  Research  Council, 
W.  F.  Durand  and  (Miarles  D.  Young  were  nominated  to  rep- 
resent tliis  Society  on  tlie  Engineering  Committee  of  the 
Council.  The  Secretary  armounced  that  John  R.  Freeman 
had  been  elected  a  memher-at-large  on  tlie  National  Research 
Council. 

'The  Ma.v  JoniNAi.  weut  t"  pn'ss  hcliii-r  the  April  moftiiis. 


.Ldvisory  Committee  on  Gunmounts.  The  Council  acknowl- 
edged and  accepted  as  a  command  from  the  Secretary  of 
War,  the  appointment  of  President  Hollis  and  Past-President 
Jacobus  to  act  on  a  special  advisory  committee  on  gunmounts. 

Conserving  Engineering  Resources.  Dr.  Jacobus  spoke  of 
the  desirability  of  placing  on  record  an  opinion  that  for  the 
best  interests  of  the  country  etiort  should  be  made  to  con- 
serve the  engineering  talent  as  represented  in  the  colleges  of 
the  country,  both  in  graduate  and  undergraduate  bodies,  and 
to  prevent  if  possible  too  hasty  enlistment  in  the  regular  army 
and  naval  militia  service.  It  was  voted  that  Dr.  Hollis  God- 
frey be  invited  to  address  a  letter  to  the  various  colleges,  in- 
forming them  -of  the  best  use  to  which  students  and  graduates 
can  be  put  at  this  time,  and  advising  that  these  men  be  con- 
served for  the  special  fields  in  which  their  training  would  be 
especially  useful  and  adaptable. 

Engineer  Officers'  Reserve  Corps.  The  name  of  the  Joint 
Committee  on  Engineer  Officers'  Reserve  Coi-ps  was  changed 
to  Committee  on  National  Defense,  the  committee  to  co- 
operate with  similar  committees  of  the  other  societies.  The 
committee  has  recently  addressed  instructions  to  the  members 
of  the  Society  who  contemplate  enlistment  in  the  Army  or 
Navy. 

Military  Engineering  Committee.  In  response  to  the  request 
of  the  chairman,  and  uniform  with  the  action  of  the  other 
three  national  engineering-  societies,  the  members  of  this 
Society  now  serving  on  the  Military  Engineering  Committee 
of  New  York  were  authorized  and  appointed  to  represent  the 
Society.  These  members  are :  Messrs.  Gano  Dunn,  Alexan- 
<ler  C.  Humphreys,  D.  S.  Jacobus,  John  W.  Lieb,  Ralph  D. 
Mershon,  Calvin  W.  Rice,  W.  L.  Saunders,  Bradley  Stoughton, 
and  W.  H.  Wiley. 

Xational  Academy  of  Sciences.  The  Secretary  announced 
that  Prof.  W.  F.  Durand  had  been  elected  a  member  of  the 
Academy. 

r.  <S'.  Bureau  of  Mines.  In  response  to  a  request  from  the 
Bureau  of  Mines  for  the  appointment  of  a  special  Advisory 
Committee  to  the  Bureau,  and  two  sub-committees  on  Fuel 
and  Mine  Equipment,  the  Research  Committee  was  appointed 
as  the  Special  Advisory  Committee. 

Engineering  Council.  Amendments  to  the  By-Laws  of  The 
United  Engineering  Society,  creating  The  Engineermg  Coun- 
cil, "  to  consider  means  for  more  intimate  relations  between 
engineers  for  discussion  of  questions  of  general  interest  and 
for  united  action,"  were  approved. 

Constitution  and  By-Laws.  Important  changes  in  the  Con- 
stitution and  By-Laws  of  the  Society  were  proposed  by  the 
Committee  on  Constitution  and  By-Laws  and  will  be  pre- 
sented at  the  Council  meeting  to  be  held  at  Cincinnati  on 
May  21,  in  connection  with  the  Spring  Meeting. 

Memhersiiip  Committee.  The  Secretary  reported  difliculty 
and  embarrassment  on  the  part  of  the  Membership  Committee 
to  meet  regularly,  on  account  of  the  extraordinary  pressure 
of  personal  business  and  national  affairs,  and  it  was  voted 
that  a  statement  be  made  in  The  -Journal  that  on  account 
of  present  conditions  the  matter  of  election  to  membership 
must  necessarily  proceed  more  slowly  tha-n  usual. 

A.S.M.E.  Boiler  Code.  Interpretations  in  cases  Nos.  136 
to  145  were  approved  and  ordered  published  in  The  Journal. 
They  were  included  in   the  May  issue. 

Sections.  The  formation  of  a  Section  in  Toronto,  Canada, 
to  inclu  'e  all  members  residing  within  a  radius  of  sixty  miles 
but  not  outside  the  Province  of  Ontario,  and  in  the  following 
cities  in   Ontario:   Ashburnham,   Collingwood,   Cobourg,   Oril- 


June 
1917 


SOCIETY  AFFAIRS 


525 


lia,  Palmerston,  Port  Dover,  Peterborough,  and  Waterford, 
was  approved. 

Oscar  Elsas,  chairman,  Cecil  P.  Poole,  secretary,  Earl  F. 
Scott,  Robert  Gregg,  and  J.  N.  G.  Nesbit  were  approved  as 
the  Executive  Committee  of  the  Atlanta  Section,  to  continue 
in  office  until  July  1,  1918. 

P.  N.  Engel  was  appointed  secretary  of  the  Chicago  Sec- 
tion, to  succeed  R.  E.  Thayer. 

George  I.  Rockwood,  chairman,  R.  G.  Williams,  secretary, 
V.  P.  Edwards,  H.  P.  Fairfield,  and  F.  W.  Parks  were  ap- 
pointed as  the  Executive  Committee  of  the  Worcester  Section, 
to  take  office  July  1,  1917. 

Spring  Meeting,  1918.  It  was  voted  to  accept  the  invitation 
of  the  City  of  Worcester,  Mass.,  to  hold  the  Spring  Meeting, 
1918,  in  that  city. 

Graphics  Committee.  H.  E.  Crainpton,  representing  the 
American  Genetic  Association,  and  Henry  H.  Norris,  repre- 
sentino-  the  Society  for  the  Promotion  of  Engineering  Educa- 
tion, weie  appointel  as  members  of  the  Joint  Committee  on 
Standards  for  Graphic   Presentation. 

Calvin  W.  Rice, 

Secretary. 

Past-Presidents  in  Hawaii 

We  have  now  received  an  account  of  the  visit  of  Past- 
Presidents  Brashear,  Swasey,  and  Freeman  to  Hawaii,  in  con- 
nection with  their  tour  of  the  Orient.  The  party  was  enter- 
tained by  the  Hawaiian  Engineering  Association  at  a  number 
of  affairs.  They  were  met  by  a  committee  from  the  associa- 
tion, consisting  of  Messrs.  W.  G.  Hall,  Mem.Am.Soc.M.E., 
Carl  B.  Andrews,  R.  R.  Hind,  Mem.Am.Soc.M.E.,  S.  T.  Carr, 
B.  F.  Howland,  J.  M.  Young,  Mem.Am.Soc.M.E.,  and  E. 
Kopke,  Mem.Am.Soc.M.E. 

Their  stay  at  the  Island  is  best  described  in  the  following 
letter  from  Mr.  Swasey,  just  received: 

My  Dear  Mb.   Rice  : 

Our  excursion  to  the  Hawaiian  Islands  was  especially  inter- 
esting, made  doubly  so  by  Messrs.  B.  F.  Howland  and  E.  Kopke, 
who  were  delegated  by  the  Hawaiian  Engineering  Society  to  accom- 
pany us. 

We  first  stopped  at  the  Island  of  Maui,  and  there  visited  the 
Crater  of  Haleakala  (House  of  the  Sun),  the  largest  extinct  vol- 
cano in  the  world.  The  crater  is  about  71/2  miles  long ;  2%  miles 
wide,  and  i/^  mile  deep.  We  went  by  automobile  to  the  Half-way 
House,  about  5,000  ft.  in  elevation,  and  Mr.  Brashear  remained 
there  all  night.  The  rest  of  us  took  ponies  and  went  on  to  the 
summit.  We  were  fortunate  in  having  a  beautiful  view,  and  we 
remained  uvei-  night,  returning  to  the  Half-way  House  about  noon 
the  next  day.  and  then  on  down  to  the  sea  level. 

We  also  visited  one  of  the  most  up-to-date  sugar  refineries  on 
the  island,  and  were  given  every  opportunity  to  see  the  most 
advanced  methods  and  processes  for  extracting  sugar  from  the 
cane. 

That  night  we  went  by  boat  to  Hilo,  on  the  Island  of  Hawaii, 
where  a  special  train  was  awaiting  us  for  a  trip  along  the  coast, 
through  interesting  sugar  plantations,  a  distance  of  about  3.5  miles. 
Returning  to  Hilo,  we  took  autos  and  went  to  the  volcano  of 
Kilauea.  about  30  miles  distant,  and  about  4,000  ft.  high,  which 
is  one  of  the  most  wonderful  sights  of  the  world.  The  crater  is 
about  1.200  ft.  in  diameter,  and  the  lake  of  fire  is  about  125  ft. 
from  the  top.  When  I  was  there  about  six  years  ago,  it  was  about 
450  ft.  from  the  top.  We  remained  at  the  Volcano  IIouso  over 
night,  and  thus  had  a  chance  to  see  the  crater  by  ni^lit.  It  is 
even  more  wonderful  then  than  by  day. 

The  next  morning  we  returned  to  Hilo.  and  then  took  the  boat 
for  Honolulu,  arriving  there  Saturday  morning.  The  whole  trip. 
extending  from  Monday  afternoon  until  Saturday  morning,  was 
extremely  interesting,  and  gave  us  an  opportunity  to  see  something 


of  the  wonderful  productive  possibilities  of  those  rich  islands. 
The  ten  days  we  spent  in  Honolulu  and  in  visiting  the  various 
islands  were  among  the  most  pleasant  of  our  entire  trip,  and  I 
shall  ever  have  happy  memories  of  the  good  friends  who  did  so 
much   for   us    while    we    were   there. 

Very  truly  yours, 

(Signed)      Amehose  Swasey. 

To  add  to  the  distmction  of  having  our  three  past-presi- 
dents at  the  islands,  Mr.  Max  Toltz,  member  of  the  Council 
of  the  Society,  was  also  at  Honolulu,  and  he  too  was  the 
guest  of  the  local  engineering  association. 


Engineers  and  the  Government 

Last  month  we  published  an  account  of  the  agencies  through 
which  the  membership  of  the  national  engineering  societies  is 
in  contact  with  the  Government  in  the  present  emergency.  We 
reproduce  herewith  a  chart  wliieli  visualizes  the  relationship 
of  these  agencies. 


President  of  United  States 


Oificera 
Reserve  Corps 


National  Enf  ineerinsr  Societies 


Connections  Between  the  Government  and  the  Engineers 

The  Military  Engineering  Committee  of  New  York,  shown 
on  the  left  of  the  diagram  as  connecting  the  societies  airectly 
with  the  Army,  is  the  outcome  of  the  military  engineering  lec- 
tures organized  in  New  York  City  some  twelve  months  ago  in 
the  interest  of  Preparedness.  The  committee  is  organizing  a 
regiment  of  engineers  in  the  metropolis  to  be  sent  to  France  as 
soon  as  equipped. 

The  members  of  our  Society  on  this  committee  are  Messrs. 
Gano  Dunn,  Alex  C.  Humphreys,  D.  8.  Jacobus,  John  W. 
Lieb,  Ralph  D.  Mershon,  Calvin  W.  Rice,  W.  L.  Saunders, 
Bradley  Stoughton,  and  W.  H.  Wiley. 

There  has  also  just  been  organized  by  President  Hollis  a 
Committee  of  oirr  Society  on  Military  Personnel.  This  com- 
mittee will  procure  and  classify  information  regarding  the 
qualifications  of  the  members,  particularly  with  reference  to 
their  ability  to  serve  the  country. 

Engineers  Elected  to  Academy 

The  National  Academy  of  Sciences  has  conferred  a  distinct 
honor  upon  the  engineering  profession  by  electing  to  its  mem- 
bership four  engineers:  Prof.  W.  F.  Durand,  Mem.Am.Soc. 
M.E..  Dr.  S.  W.  Stratton,  Mem.Soe.M.E.,  Dr.  Henry  M. 
Howe  and  Mr.  J.  J.  Carty.  The  Academy  lias  also  con- 
ferred upon  Dr.  Stratton  the  Publii-  Welfare  Me.lal. 
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The  Academy  is  uot  so  well  known,  perhaps,  among  engi- 
neers, but  the  significance  of  these  elections  may  be  judged 
from  the  facts  that  new  members  are  chosen  from  the  most 
distinguished  men  of  the  United  States,  and  that  the  Academy 
is  analogous  to  the  Royal  Society  of  London. 

The  Academy  was  incorporated  in  1863  for  the  purpose  of 
examining  and  investigating  any  subject  of  science  or  art 
and  for  making  reports  of  special  investigations  at  the  call 
of  the  United  States  Government.  It  has  about  150  members 
and  45  foreign  associates,  and  a  number  of  standing  com- 
mittees, including  mathematics,  physics  and  engineering,  and 
weights,  measures  and  coinage. 

A  new  president  of  the  academy  has  just  been  elected,  Dr. 
Charles  D.  Walcott,  seeretarj'  of  the  Smithsonian  Institution, 
who  succeeds  Prof.  William  H.  Welch.  Dr.  A.  A.  ^Michelson 
has  been  elected  to  the  vice-presidency  to  till  the  vacancy 
caused  b3'  this  election. 

The  Academy  is  now  in  contact  with  the  Government 
through  the  National  Research  Council  which  was  recently 
appointed  at  the  request  of  President  Wilson.  An  account 
of  the  formation  and  work  of  the  council  was  given  in  the 
last  issue  of  The  Journal. 

Presentation  of  the  John  Fritz  Medal 

The  John  Fritz  Medal,  awarded  to  Dr.  Henry  Marion  Howe, 
in  January  of  this  j'ear,  for  "  his  investigations  in  metal- 
lurgy, especially  in  the  metallography  of  iron  and  steel,"  was 
presented  to  him  in  the  Auditorium  of  the  Engineering  So- 
cieties Building,  New  York,  on  the  evening  of  Thursday,  May 
10.  A  full  account  of  the  ceremonies  will  appear  in  the  July 
issue  of  The  Journal. 

Patriotic  Dinner  at  Providence 

The  second  annual  dinner  of  the  Providence  Engineering 
Society,  affiliated  with  the  Am.Soc.M.E.,  held  on  the  evening 
of  May  2,  was  characterized  as  an  expression  of  "  rampant 
patriotism."  At  the  head  tables  were  representatives  of 
Belgium,  Canada,  France  and  the  United  States.  Each 
speaker  received  his  full  meed  of  praise,  but  it  fell  to  the 
lot  of  Capt.  M.  de  Jarny,  a  French  military  officer  sent  to 
this  counti-y  after  18  months'  service  in  the  trenches  to  in- 
struct the  Harvard  training  camp,  to  receive  round  after 
round  of  applause.  A  few  minutes  later,  Capt.  Nathan  Horo- 
witz, representing  the  United  States  Army,  received  almost  as 
enthusiastic  a  reception.  Prof.  Albert  Van  Hecke,  of  the 
University  of  Louvain,  spoke  for  Belgium  and  showed  motion 
pictures  of  efficiency  methods  adopted  in  the  refugee  camps 
in  Holland,  and  which  had  been  worked  out  by  himself. 

On  the  stage,  behind  the  speakers'  table,  was  a  representa- 
tion of  a  bivouac,  with  stacked  rifles,  shelter  tents,  packs  and 
other  military  equipment.  Also  in  evidence  was  a  new  pro- 
jection machine,  given  to  the  society  by  John  R.  Freeman, 
Mem.Am.Soe.M.E. 

Mayor  Gainer  was  the  first  speaker,  after  R.  W.  Adams, 
the  vice-president  of  the  society,  had  presented  Col.  H.  An- 
thony Dyer  as  toastmaster.  The  Mayor  welcomed  the  distin- 
guished guests  of  the  evening. 

Captain  de  Jarny  followed,  saying  in  part : 

"  The  United  States,  the  greatest  engineering  country  in  the 
world,  is  sure  to  play  a  great  part  in  the  war  because  it  is 
an  engineers'  war.  Here  in  Rhode  Island,  engineering  has 
been  developed  to  a  greater  extent  than  in  any  other  part  of 


the  country,  for  it  is  here  that  are  built  those  delicate  ma- 
chines, without  which  we  would  not  have  been  able  to  continue 
the  war. 

"  One  of  your  most  important  duties  is  to  supply  all  the 
Allies  with  materials,  and  I  feel  sure  that  your  work  will  be 
well  done." 

Captain  Horowitz  declared  that  the  word  "  engineer "  is 
a  synonym  for  efficiency,  and  that  efficiency  must  guide  every 
action  taken  by  the  citizens  of  this  country,  so  that  all  our 
resources  may  be  used  to  the  best  advantage. 

President  Hollis  was  also  among  the  speakers  and  said 
on  behalf  of  the  United  States : 

"  Many  of  the  young  men  have  asked  me  during  the  last 
few  weeks  how  they  could  do  their  share.  Our  country  must 
provide  a  man  for  every  place,  and  we  must  have  an  agency 
of  the  Government  to  allot  the  men  to  the  places  where  they 
can  best  serve.  We  serve  best,  in  this  funeral  procession  oh 
the  way  to  the  burial  of  the  divine  right  of  kings,  when  we 
fit  into  the  place  where  we  can  do  the  most  good." 

Professor  Van  Hecke  closed  the  evening  with  a  vivid  por- 
trayal of  the  part  Belgium  has  played  in  the  war. 

Spring  Meeting  of  Boston  Section 

THE  Spring  Meeting  of  the  Boston  Section  of  the  Amer- 
ican Society  of  Mechanical  Engineers  was  held  on  Thurs- 
day afternoon  and  evening.  May  17,  1917. 

It  was  originally  planned  to  make  this  a  machine-tool 
meeting,  but  the  crisis  in  the  life  of  the  country  made  it  appear 
that  a  staid,  theoretical  discussion  would  be  rather  out  of 
place  at  the  present  hour.  The  program  was  therefore  devoted 
to  one  of  the  most  vital  subjects  in  the  scheme  of  National 
Defense :  namely,  heavier-than-air  flying  machines. 

In  the  afternoon  the  Section,  on  special  train,  visited  the 
works  of  The  Burgess  Company  at  Marblehead,  Mass.,  where 
the  visitors  were  shown  about  the  plant  and  given  very  frank 
and  thorough  explanations  by  the  engineers  of  the  company. 

The  Burgess  Company  was  originally  started  by  Mr.  Bur- 
gess to  manufacture,  in  this  country,  the  Dunn  self-stabilizing 
aeroplane,  but  is  now  making  aeroplanes  for  The  Curtiss 
Company,  practically  exclusively  on  orders  from  the  Federal 
Government  and  units  affiliated  with  it. 

The  visiting  engineers  were  shown  all  over  the  place,  and 
had  a  chance  to  inspect,  both  in  their  final  shapes  and  in 
various  stages  of  construction,  hj'droaeroplanes  and  land 
machines  of  various  types.  In  the  water,  just  ready  to  start 
for  its  altitude  test  previous  to  acceptance  by  the  Federal 
Government,  was  a  huge  Dunn-type  hydroaeroplane  specially 
built  for  canning  out  experiments  with  the  John  Hays  Ham- 
mond method  for  the  wireless  direction  of  torpedoes.  And 
right  by,  in  the  shed,  suspended  from  the  ceiling,  was  what 
is  probably  the  smallest  seaplane  in  the  world,  a  tiny  machine 
in  which  every  other  consideration  except  safety  is  sacrificed 
for  speed,  and  which  can  develop  95  miles  an  hour  without 
much  trouble. 

While  the  explanations  were  given  by  Mr.  Russell.  Engineer 
of  the  Burgess  Company,  and  various  questions  of  the  mem- 
bers answered,  a  big  Dunn  machine  appeared  in  the  air  and 
circled  overhead  at  a  speed  estimated  at  about  70  miles  an 
hour.  The  interesting  feature  of  that  particular  flight  was 
the  fact  that,  as  stated  by  Mr.  Russell,  the  pilot  in  it  had 
only  three  hours  of  preliminary  training. 

The  evening  program  comprised  the  meeting  of  the  Section 
at  Wentworth  Institute,  Boston,  Prof.  A.  L.  Williston.  Mem. 
Am.Soc.M.E.,  in  the  chair. 
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Maj.  W.  P.  Wooten,  of  the  Corps  of  Engineers,  U.  S.  A., 
was  scheduled  to  speak,  but  was  prevented  through  illness, 
and  instead  Judge  M.  J.  Murray  gave  an  impassioned  talk  on 
national  unpreparedness,  the  conditions  which  confronted  the 
United  States  expeditionaiy  force  in  Mexico,  and  wliich  con- 
front its  military  establishment  now.  In  conclusion,  he  called 
upon  the  engineers  to  stick  to  their  work,  but  at  the  same  time 
try  to  acquire  the  information  which  would  prove  useful  to 
them,  if  called  to  actual  service. 

This  address  was  followed  by  a  talk  on  Wings  for  the 
American  Eagle,  by  W.  B.  Stout.  Chief  Engineer,  Aircraft 
Division,  Packard  Motor  Car  Company,  Detroit.  Mr.  Stout 
called  attention  to  the  great  change  wliich  the  automobile 
wrought  in  the  state  of  mechanical  education  of  the  average 
public.  Twenty  years  ago  the  average  man  hardly  knew  what 
a  monkeywrench  was  used  for,  and  let  his  wife  oil  the  sewing 
machine.  At  present,  there  are  actually  in  the  country  hun- 
dreds of  thousands  of  men  in  various  walks  of  life  who  can 
understandingly  take  care  of  the  rather  complicated  mechani- 
cal and  electrical  equipment  of  an  automobile.  The  automo- 
bile not  only  educated  the  public  in  the  fundamentals  of 
machinery,  but  also  taught  alertness  to  men  who  were  for- 
merly largely  dreamers.  The  aeroplane  is  going  to  continue 
what  the  automobile  began  and,  in  fact,  is  already  teaching 
its  users  entirely  new  conceptions  of  space  and  motion.  Man 
is  rapidly  becoming  a  real  three-dimensional  being;  and  as 
the  speaker  exjjressed  it,  a  new  heaven  is  being  opened 
through  the  aeroplane,  just  as  a  new  earth  was  made  by  the 
automobile. 

In  the  course  of  his  address  Mr.  Stout  gave  some  interesting 
statistical  data  on  the  present  aircraft  activities  in  Europe. 
He  stated  that  aeroplanes  are  now  made  to  climb  steadily  at 
the  rate  of  1000  ft.  per  min.  and  upward  and  there  is  in  the 
field  a  small  Italian  machine  wliich  can  climb  at  an  angle  of 
45  deg.  The  development  of  aeroplane  construction  is  so 
rapid  that  a  new  type  of  aeroplane  is  created  on  the  average 
of  about  every  eleven  weeks,  and  it  is  by  no  means  rare  that 
when  a  batch  of  machines  come  from  the  factory,  on  orders 
placed  only  three  or  four  months  before,  the  planes  are  found 
to  be  antiquated  to  such  an  extent  that  they  are  simply  burned 
up  without  being  used  at  all.  The  production  of  machines 
has  reached  the  impressive  figure  of  1000  machines  a  week, 
and  the  only  real  limitation  to  a  still  greater  production  is  the 
problem  of  the  engines. 


ROLL  OF  HONOR 

THE  Committee  on  Engineer  Officers'  Reserve  Corps,  now 
the  Committee  on  National  Defense,  has  just  issued  to  the 
membership  two  circulars  giving  instructions  to  those  who  con- 
template offering  their  services  in  the  Army  and  Navy.  The 
Committee  requests  that  those  members  who  apply  for  appoint- 
ments in  the  national  service,  report  this  fact  to  the  Society, 
so  that  their  names  may  be  included  in  the  Roll  of  Honor  and 
so  that  the  Committee  may  keep  track  of  the  men. 

Last  month  we  published  the  first  list  of  those  members  of 
the  Society  who  had  enlisted  in  the  national  service,  and  we 
supplement  that  with  the  following  names  since  received : 

Barker,  George  S.,  Coast  .\rtiUery,  Officers'  Reserve  Corps.* 
Belcher,  P.  W.,  First  Lieutenant,  Engineer  Officers'   Reserve  Corps. 
Cattell.  William  A.,  Major,  Engineer  Officers'  Resei've  Corps. 
Campbell,   B.   D.,   Captain,   Engineer  Officers'   Reserve  Corps. 
CONARD,    Frederick     U.,    Second    Lieutenant,    Engineer    Officers'     Re- 
serve  Corps. 
Ckonemeyer,  Henry  C,  Captain,  Engineer  Officers'  Reserve  Corps." 
EnniSj  William  D.,  Major.  Officers'  Reserve  Corps   (Ordnance  Dept.). 
Farrington.  Thomas   H..  Captain,  Engineer  Officers'   Reserve  Corps.' 
Francis,  Harris  S.,  Lieutenant,  Engineer  Officers'   Reserve  Corps.* 
Glenn,  Edward  K.,  First  Lieutenant,  Engineer  Officers'  Reserve  Corps.* 
Harris,  Murray  W.,  Ordnance  Dept.,  Officers'  Reserve  Corps.* 
Hechler,    F.    G.,    Mechanical    Engineer,    United    .States    Naval    Engi- 
neering  Experiment  Station.  Annapolis.   Md. 
Hill,    Edward   L.,   Captain,    Engineer   Officers'    Reserve   Corps.* 
HOBART,  J.  C,  Jr.,  First  Lieutenant,  Engineer  Officers'  Reserve  Corps.* 
HoLCOMBE,  Amasa  M.,   Captain,    Officers'   Reserve   Corps. 
Hulbcrt,    Wynne   D.,    Second   Lieutenant.    Engineer   Officers'    Reserve 

Corps.* 
Jone.s.   Reid,  Captain,  Engineer  Officers'   Reserve  Corps.* 
Lacy,   Robert,   Captain,   Engineer  Officers'    Reserve   Corps.* 
Leistner,  August,  First  Lieutenant,  Engineer  Officers'  Reserve  Corps.* 
LoNN,  J.  M.,  Reserve  Officer,  Engineer  Officers'  Reser%'e  Corps.* 
McNeal,  D.  Raymond,  Engineer  Officers'  Reserve  Corps.* 
Merkt,  Theo.  B.   J.,  Ordnance  Dept.,  Officers'   Reserve  Corps.* 
MuLLER,    Raymond    W.,    Mechanical    Engineer,    Engineer    Officers'    Re- 
serve Corps.* 
Rathjens,   George  W.,   Captain,   Engineer  Officers'    Reserve  Corps. 
Rhys,  C.  O.,  Captain,  Engineer  Officers'   Reserve  Corps.* 
Ross,   Henry  B.,  First  Lieutenant,  Engineer  Officers'  Reserve  Corps.* 
Streeter,   Robert  L.,   Major,  Officers'   Reserve  Corps.* 
Stuart,   Thomas   E.,   Central   Department,   Engineer   Officers'    Reserve 

Corps.* 
Taylor,  Charles  F.,  First  Artillery,  Officers'  Reserve  Corps. 
Thornhill.    Theodore    W.,    First    Lieutenant,   Engineer   Officers'    Re- 
serve Corps.* 
Trimmer,  James  W.,  Ensign   (Engineer),  U.S.N. R.F.,  Class  2. 
Van  Valkeneurgh,  Meeritt,  Ordnance  Dept.,  Officers'  Reserve  Corps.* 
Weinberg,  George  S.,  Major,  Engineer  Officers'  Reserve  Corps.* 
Wieber,  George  A.,  Second  Lieutenant,  Officers'  Reserve  Corps.* 
Wilber,  Dana  W.,  Capfciin,  Engineer  Officers'  Reserve  Corps. 
YoDER,  Thomas  M.,  Captain,  Officers'   Reserve  Corps. 


Cooperation  with  Bureau  of  Mines 

The  Society's  Standing  Committee  on  Research  has  been  ap- 
pointed a  Special  Advisory  Committee  of  the  U.  S.  Bureau 
of  Mines,  and  the  following  Sub-Committees  have  also  been 
appointed  to  cooperate  with  the  Bureau : 
Sub-Committee  on  Mining  Equipment : 

Frederick   K.    Copeland,    Chairman,    President,    Sullivan 
Machinery  Company,  122  S.  Michigan  Ave.,  Chicago,  111. 

Frank   H.   Armstrong,  Mechanical   Engineer,   Penn   Iron 
Mining  Company,  Republic  Iron  Company,  Vulcan,  Michigan. 

Douglas    Bunting,    Chief    Engineer,    Lehigh    &    Wilkes- 
Barre  Coal  Co.,  Wilkes-Barre,  Pa. 
Sub-Committee  on  Fuels: 

Charles  Russ  Richards^  Professor  of  Mechanical  Engi- 
neering, University  of  Illinois,  Urbana,  Illinois. 

Joseph  Harrington,  Advisory  Combustion  Engineer,  208 
S.  La  Salle  St.,  Chicago,  Illinois. 

Ch.^rles  J.  Bacon,  Engineering  Department,  E.  I.  du  Pont 
de  Nemours  &  Co.,  Wilmington,  Delaware. 


Our  Members  and  National  Service 

The  members  of  this  Society,  in  common  with  those  of  the 
three  other  Founder  Societies,  received  during  the  past  month 
from  the  Joint  Engineer  Committee  on  National  Defense, 
formerly  the  Joint  Committee  on  Engineer  Reserve  Corps,  two 
pamphlets  instructing  them  how  best  to  apply  for  service  in 
the  military  and  naval  forces  of  the  United  States. 

Reviewing  the  pamphlet  describing  the  Ai-my  service,  it 
appears  that  the  general  place  for  the  members  of  our  Society 
is  as  officers  in  the  Ordnance  Department  of  the  Officers'  Re- 
serve Corps,  as  the  following  extracts  show : 

ORDNANCE  DEPARTMENT 

Officers  of  the  Ordnance  Department  of  the  Army  are  mechanical 
engineers  especially  trained  for  the  production  of  war  munitions. 
The  Department  offers  one  of  the  best  fields  in  which  mechanical 
engineers   can   serve   as   reserve   Ordn.Tnce   offic<'rs   iu   tlie   OfTicers' 


*  -Acceptance  of  commission  pending  at  date  of  latest  list  from  War 
Department. 
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Reserve  Corps.  In  addition  to  mechanical  engineers,  chemists  and 
metallurgical  engineers  will  be  of  great  assistance  to  the  Depart- 
ment in  the  event  of  war.  The  following  may  therefore  be  of 
interest  in  this  connection  : 

Although  the  pi'oject  has  not  yet  taken  definite  form,  it  is 
hoped  that  reserve  Ordnance  officers  may  be  divided  into  groups, 
each  group  being  identified  with  some  particular  arsenal  which 
will  become,  as  it  were,  the  home  station  of  that  group,  to  which 
arsenal  they  will  probably  -be  assigned  during  the  active  period 
of  instruction. 

The  Ordnance  Department  is  charged  with  the  duty  of  procuring 
by  purchase  or  manufacture  and  distributing  the  necessary  ord- 
nance and  ordnance  stores  for  the  Army  and  the  Organized 
Militia  and  for  this  purpose  establishes  and  maintains  arsenals 
and  depots  for  their  manufacture  and  safekeeping. 

Ordnance  and  ordnance  stores  include  cannon  and  artillery 
vehicles  and  equipments,  such  as-  the  great  guns  used  in  the  sea- 
coast  defenses,  with  their  carriages,  as  well  as  the  lighter  guns 
used  by  the  mobile  artillery ;  apparatus  and  machines  for  the 
service  and  maneuver  of  artillery  ;  small  arms,  ammunition,  and 
accoutrements,  horse  eijuipraents  and  harness  for  the  artillery,  and 
horse  equipments  foi'  cavalry  and  for  all  mounted  men  except 
those  in  the  Quartermaster  Corps;  tools,  machinery,  and  materials 
for  the  ordnance  service:  and  all  property  of  whatever  nature 
supplied  to  the  military  establishment  by  the  Ordnance  Department. 

The  duties  of  Ordnance  officers  are  generally  those  connected 
with  the  direction,  management,  control  and  supervision  of  the 
work  of  manufacture,  test  and  repair  of  ordnance  and  ordnance 
stores  at  manufacturing  arsenals  and  depots,  w^ith  the  issuing  and 
receiving  of  such  suppli>s  and  with  the  inspection  and  fest  of 
such  materials  when  purchased  by  contract. 

Applicants  for  the  Oflicers'  Reserve  Corps.  Ordnance  Section, 
desiring  technical  duty  should  have  both  a  theoretical  and  practical 
knowledge  of  steam  boilers,  engines,  shop  tools,  including  the 
handling  of  such  tools ;  electricity  and  electrical  machines,  particu- 
larly dynamos  and  motors ;  and  experience  in  the  manufacture 
of  articles  composed  of  steel,  of  wood,  and  of  leather. 

They  should  have  had  practical  experience  in  the  management 
of  shops  and  the  handling  of  operatives.  Their  experience  should 
also  be  such  as  to  enable  them  to  take  up  the  work  of  inspection 
of  all  classes  of  ordnance  stores  if  manufactured  by  private  con- 
cerns under  contract,  to  insure  that  such  materials  are  of 
standard  design  and  workmanship  and  in  accordance  with  Ordnance 
Department  drawings  and   specifications. 

Full  infonnation  regarding  the  Corps,  may  be  obtained 
from  the  Adjutant  General,  United  States  Army,  Washington, 
D.  C,  as  the  pamphlet  states. 

The  booklet  describing  service  in  the  Navy  states  that  mem- 
bers of  the  engineering  societies  are  probably  best  fitted  to 
serve  in  the  Naval  Coast  Defense  Reserve,  full  particulars  of 
which  are  given  in  a  pamphlet  entitled  Circular  Relating  to 
Enrollment  in  the  Naval  Coast  Defense  Reserve,  to  be  obtained 
by  addressing  the  Commandant  of  anv  Naval  District. 


The  U.  S.  Bureau  of  Mines,  in  cooperation  with  the  Ameri- 
can Institute  of  Mining  Engineers  and  the  American  Chemical 
Society,  has  undertaken  a  census  of  mining  engineers,  metal- 
lurgists and  chemists  with  a  view  of  ascertaining  the  qualifi- 
eatiims  uf  each  and  the  line  of  work  in  which  each  can  be 
of  the  most  service  to  the  country  in  time  of  emergency.  The 
classification  will  embrace  27  specific  groups  of  industrial 
chemists.  16  groups  of  engineering  specialists,  and  15  groups 
in  the  metallurgical  field.  By  such  minute  classification  the 
bureau  will  be  in  a  position  to  furnish  on  short  notice  the 
names  of  specialists  for  service  under  the  classification,  so 
that  in  ease  of  necessity  these  technical  men  can  be  available 
to  industrial  plans  where  they  would  be  of  most  assistance  to 
the  country.  European  experience  has  shown  that  nothing  is 
more  important  in  time  of  national  emergency  than  a  knowl- 
edge of  the  qualifications  and  experience  of  expert  technical 
men. 


Request  for  January  Issues 

The  demands  for  copies  of  the  January  1917  issue  of  The 
Journal,  which  contains  a  full  account  of  the  37th  Annual 
Meeting,  have  now  exceeded  the  supply,  and  this  issue  is 
temporarily  out.  of  stock.  Requests  for  copies  are  still  being 
made,  however,  and  membere  who  do  not  desire  to  preserve 
permanently  their  copy  of  the  January  Journal  are  requested 
to  return  it  to  the  Secretary,  who  will  remit  postage  and  cost 
to  them. 


Commission  on  Gunmounts 

The  following  is  the  personnel  of  the  Commission  to  deter- 
mine the  style  on  gunmounts  for  the  U.  S.  Army:  Gen. 
Joseph  E.  Kuhn  (of  the  Line),  President  of  the  War  College; 
Col.  Charles  B.  Wheeler  from  the  Ordnance  Department,  for- 
merly head  of  the  Watertown  Arsenal;  two  representatives 
of  the  Coast  Artillery,  Major  John  W.  Gulick  from  Fortress 
Monroe  and  Capt.  Walter  R.  Wilson;  representative  from  the 
Navy,  Capt.  Charles  P.  PLunkett ;  the  two  civilian  appointees 
from  the  Am.Soc.M.E.,  Dr.  Ira  N.  HoUis  and  Dr.  D.  S. 
Jacobus. 


In  an  editorial  tmder  date  of  April  12,  1917,  the  Iron  Age 
discusses  the  utilization  of  slags  from  steel-making  processes. 
From  statistics  adduced  it  appears  that  each  year  in  the 
United  States  over  2,000,000  tons  of  basic  slag  is  obtained 
from  basic  open-hearth  steel  furnaces,  and  in  this  slag  is  con- 
tained not  less  than  111,000  tons  of  oxide  of  manganese. 

The  loss  is  estimated  by  one  producer  to  amount  to  $8  per 
car  for  each  car  dumped,  or  a  total  loss  of  $320,000  per  year 
if  all  the  country's  basic  slag  is  discarded;  and  when  it  is 
recalled  that  the  railroads  now  charge  for  removing  all  slags 
this  matter  becomes  still  more  serious.  The  value  of  acid  slag 
is  much  less. 

The  utilization  of  slag  in  blast-furnace  burdens  appears  to 
be  promising,  but  the  writer  does  not  think  much  of  the  use 
of  slag  as  a  source  of  metallic  manganese  or  substitute  for 
ferromanganese. 


Lawrence  Y.  Benet,  Mem. Am.Soc.M.E.,  vice-president  of 
the  Societe  Anonyme  des  aneiens  Etablissements  Hotchkiss  & 
Cie.,  Paris,  France,  is  coming  to  this  country  as  the  repre- 
sentative of  the  American  Chamber  of  Commerce  in  Paris,  of 
which  he  is  president.  He  is  accompanying  M.  Andre  Tardieu, 
the  newly  appointed  French  High  Commissioner  to  the 
United  States,  who  has  gathered  elaborate  statistics  of  the 
requirements  of  France  for  presenting  detail  information  to 
the  American  authorities.  M.  Benet  is  the  Paris  representa- 
tive of  our  Special  Committee  on  International  Standard  Pipe 
Threads. 

Construction  of  a  new  building  for  the  Engineers'  Club', 
Dayton,  Ohio,  will  be  begun  shortly  and  is  expected  to  be 
finished  by  January  1.  It  will  cost  about  .1<170,000,  of  which 
$130,000  is  for  the  building  alone.  It  will  be  two  stories  high, 
with  basement,  of  Georgian  design,  of  buff  gray  brick  and 
with  carved  stone  trimmings. 


Oil  engines  working  at  high  altitudes  cannot  develop  the 
same  power  as  at  sea  level  owing  to  the  smaller  weight  of 
oxvaen  contained  in  the  cvlinder. 
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The  Use  of  Bessemer  Steel  Boiler  Tubes  as  a 

Substitute  for  Tubes  of  Open-hearth 

Steel  as  Required  by  the  A. 

S.  M.  E.  Boiler  Code 

Ay  a  result  of  the  unprecedented  demand  for  steel  and 
its  present  scarcity,  efforts  have  been  made  to  provide  for 
the  use  of  boiler  tubes  manufactured  of  bessemer  steel  in  place 
of  the  open-hearth  steel  tubes  as  required  by  the  A.S.M.E. 
Boiler  Code.  Tlie  National  Tube  Company,  in  a  letter  ad- 
dressed to  the  trade  early  in  March,  requested  that  wherever 
possible  bessemer  steel  tubes  be  used  in  plate  uf  those  made 
of  open-liearth  steel  in  order  to  relie\e  the  ijie.suic  of  demanl 
upon  this  latter  material.  It  was  pointed  out  in  this  letter 
that  the  present  industrial  situation  has  led  to  a  demand  for 
tubes  of  the  open-hearth  material  which  had  grown  to  sucli  an 
extent  that  the  company  was  nearly  two  \ears  behind  m  it.s 
orders,  and  the  use  of  bessemer  steel  was  sug  ieste  1  as  a  means 
of  relief. 

The  impression  was  gixeii  that  this  was  an  at'empt  to  re- 
plaie  the  material  required  by  the  Boiler  Code  b>'  an  inferior 
material.  Tlie  matter  was  brought  before  the  Council  of  the 
Society  at  a  meeting  on  March  16,  with  the  result  that  a  Com- 
mittee was  appointed  to  confer  with  the  National  Tube  Com- 
pany.    This   Committee  consisted   of  the   following  members: 

Iia  X.  llollis,  President,  American  Society  of  Mechanical 
Engineei  s. 

Charks  S.  Blake,  Hartford  Steam  Boiler  Inspecfion  &  In- 
surance Co. 

J.  B.  Ennis,  American  Locomotive  Co. 

E.  R.  Fish,  Heine  Safety  Boiler  Co. 

F.  R.  Hutton,  American  Museum  of  Safety  (Member  of 
Council). 

.Julian   Kennedy,  Member  of  Council. 

Frank  E.  Law,  The  Fidelity  &  Casualty  Co. 

•I.  W.  Lieb,  National  Electric  Light  Assn. 

Geo.  A.  Orrok,  National  Electric  Light  Assn. 

W.  M.  McFarlanl,  Babcock  &  Wilcox  Co. 

H.  deR.  Parsons,  Consnltins  Engineer  (Member  of  Coun- 
cil). 

•lames   Paitinaton,   Ameiiiaii   Locomotive   Co. 

H.   ^'.   W'ille.    Baldwin   Lo(onioti\e    Woik^. 

Dr.  Hcillis  appointed  Mr.  II.  deR.  Parsons  Chairman  of  tiu' 
Committee. 

Meetings  were  held  by  this  Council  Committee  in  conference 
with  ottiiials  of  the  National  Tube  Company  in  which  the 
entire  situation  was  thorouihly  canvassed  and  efforts  were 
made  to  outline  a  proper  solution  of  the  i^roblem.  The  Coun- 
cil Committee  pointed  out  tie  unquestionable  advantages  ot 
open-l  eaitli  steel  as  coiiqjaied  with  besseiner  steel  for  use  in 
boiler  tubes,  and  urged  u]ion  the  ('cmipany  the  neressitv  of 
e.xertino-  its  greatest  effort  to  cope  with  the  situation.  Inas- 
much as  the  National  Tube  Company  had  been  instrumental 
in  assisting  to  develop  the  present  boiler-tube  specifications 
contained  in  the  Code,  and  as  these  specifications  ha  1  been 
found  to  work  out  satisfactorily,  it  was  felt  that  to  abandon 
the  requirement  of  open-hearth  steel  would  be  a  retrograde 
movement.  The  officials  of  the  National  Tube  Comnany  ex- 
plained that  this  suggestion  was  merely  an  effort  on  their  part 
to  1  oint  out  a  means  of  relief  for  those  cases  where  it  could 
be  taken  advantage  of  without  conflicting  with  rules  or  re- 
quirements based  on  the  A.S.M.E.  Code.  This  statement  was 
supiilemented  by  one  to  the  effect  that  efforts  were  being  made 
to  rush  to  completion  additional  open-hearth-steel  furnaces 
which  would  undoubtedly  be  in  operation  in  the  middle  of  the 


summer  and  wliich  would  then  greatly  increase  the  open- 
hearth-tube-producing  capacity  of  their  works.  It  was  further 
stated  that  the  tube-manufacturing  capacity  of  the  Company 
was  far  in  excess  of  the  capacity  of  tlicir  sources  of  material 
supjjly. 

The  result  of  the  conference.s  was  a  thorough  understanding 
between  the  National  Tube  Company  and  the  Council  Com- 
mittee relative  to  the  situation.  Assurances  were  given  that 
there  was  no  intent  to  sell  tubes  of  bessemer  material  with 
the  claim  that  they  conform  to  the  siiecifieations  of  the  A.S. 
M.E.  Boiler  Code,  and  a  circular  letter  was  drafted  by  the 
National  Tube  Company  to  be  sent  out  by  its  branch  offices 
to  founterait  any  erroneous  impression  that  may  have  been 
given.  The  letter  was  submitted  to  the  Council  Committee 
and  with  sliuht  modifications  it  was  agreed  to  by  the  Com- 
mittee and  was  finally  approved  by  the  Couin-il  in  the  follow- 
ina  f(n  in : 


Nation.^!,  Tube  Company 
Pittsburgh,  Pa. 

Circular  Letter  No.  8.57 


April  16,  1917 


To  Manager  of  Sales. 
Gentlemen : 

As  you  are  aware,  about  four  years  ago  we  decided  to  in 
future  manufacture  all  of  our  boiler  tubes  from  open  hearth 
steel.  This  action  was  taken  because  our  experience  had  taught 
us  that  for  locomotive  boilers  and  for  water  tube  boilers  the 
open  hearth  steel  tube  was  better  than  the  Bessemer  steel  tube. 
For  fire  tube  boilers  we  have  never  had  any  experience  that 
leads  us  to  believe  one  is  any  better  than  the  other,  but  in 
order  that  our  output  might  be  satisfactory  for  all  purposes 
we  decided  to  make  all  tubes  from  open  hearth  steel.  Later  on 
a  code  was  prepared  by  The  American  Society  of  Mechanical 
Engineers  covering  this  whole  question  both  as  to  material  and 
gage.  We  gave  our  hearty  cooperation  to  this  Society  to  bring 
about  the  change  which  they  proposed,  and  we  have  been 
cooperating  with  them  in  the  various  states  so  that  this  code 
should  be  the  universal  code  throughout  the  United  States,  it 
being  our  firm  conviction  that  boilers  with  all  their  appurte- 
nances made  under  the  code  of  that  Society  are  preferable  to 
those  made  under  any  other  code  heretofore  in  use.  A  situa- 
tion has  now  arisen  due  to.the  war  in  Europe  that  has  made  it 
im]iossible  for  us  to  secure  enough  open  hearth  steel  for  this 
purpose,  and  we  are  pressed  as  never  before  for  delivery  of 
tubes.  Up  to  the  present  moment  we  have  endeavored  to 
supply  ourselves  with  enough  open  hearth  steel  to  fill  our 
orders  for  locomotive  tubes  and  for  tubes  for  water  tube 
boilers,  and  have  succeeded  fairly  well.  We  have  been  obliged, 
however,  to  ask  many  of  our  customers,  who  insisted  upon 
deliveries  that  we  could  not  make  if  we  dejiended  upon  open 
hearth  steel,  to  accept  tubes  made  from  Bessemer  steel  so  that 
we  could  give  the  greatest  ])ossible  service  in  enlarging  the 
power  of  the  country.  The  information  regarding  our  desire 
to  supply  Bessemer  steel  tubes  where  the  customer  would  agree 
to  it  has  not  been  conveyed  generally  in  the  same  manner,  and 
an  ini]iression  has  gotten  abroad  that  we  are  endeavoring  to 
avoid  the  code  of  the  A.S.M.E.  and  is  causing  us  some  embar- 
rassment as  well  as  the  members  of  that  Society.  I  wish  there- 
fore that  you  would  issue  this  letter  verbatim  in  circular  form 
to  your  customers,  one  and  all,  that  each  may  understand  the 
situation  just  as  it  is.  If  they  do,  we  feel  quite  sure  that, 
where  they  are  not  called  upon  to  su]iply  boilers  in  accordance 
with  the  A.S.M.E.  Code,  they  would  readily  agree  to  accept 
Besseiner,  and  if  they  do  it  will  enable  us,  until  we  can  supply 
onr.selves  with  a  full  amount  of  open  hearth  steel,  to  run  our 
furnaces  full  and  for  the  general  good.  Just  when  we  will  be 
able  to  go  back  fully  to  the  u-se  of  open  hearth  in  the  manu- 
facture of  boiler  tubes  I  am  unable  at  this- writing  to  say,  but 
we  are  rushing  the  construction  of  some  additional  open  hearth 
furnaces  and  if  nothing  unforeseen  occurs  we  expect  by  July 
to  be  able  to  supply  our  requirements,  and  if  so  wc  shall  do  so 
because  we  believe  it  altogether  the  best  practice. 

Yours  truly. 

Isl    \' iit'-l'residciil . 


WILLIAM   LODGE 


WILLIAM  LODGE,  President  of  the  Lodge  &  Shipley 
Machine  Tool  Company,  of  Cincinnati,  Ohio,  passed 
away  at  his  home  on  Monday,  April  30.  His  death  was 
sudden  and  came  as  a  great  surprise  to  his  many  friends, 
since  less  than  a  week  before  he  was  in  attendance  at  the 
annual  convention  of  the  National  Metal  Trades  Associa- 
tion in  New  York  City,  where 
as  usual  he  was  one  of  the  lead- 
ing spirits. 

Mr.  Lodge  was  born  in  Leeds, 
England,  in  1848,  the  son  of 
George  Lodge,  a  skilled  me- 
chanic in  the  textile  industry. 
He  had  the  advantages  of  what 
we  call  a  common  school  edu- 
cation. After  serving  his  ap- 
prenticeship in  the  shops  of 
Fairbairn  &  Company,  Leeds, 
he  came  to  Philadelphia,  where 
he  worked  for  Chambers  Broth- 
ers from  1869  to  1872,  making 
paper-folding  maehinerj'.  He 
came  to  Cincinnati  in  1872  and 
worked  for  Steptoe,  McFarlan, 
Nottingham  &  Co.  for  eight 
years,  first  as  a  journej-man 
machinist  and  later  as  a  fore- 
man. Having  saved  $1,000,  he 
fonned  a  partnership  with 
William  Barker,  under  the  title 
of  Lodge  &  Barker,  at  Fifth 
street  at  the  junction  of  the 
C.  H.  &  D.  tracks,  and  they 
started  in  business  the  firsf 
day  of  January,  1880.  Asso- 
ciated with  them  for  a  short 
time  was  Mr.  Bechle,  another 
Steptoe  workman.  Their  first 
task  was  to  true  up  a  few 
second-hand  machines  which 
they  liad  bought,  and  since 
they     had     no     one     in     their 

employ,  they  were  obliged  both  to  secure  their  own  order's 
and  to  execute  them.  Part  of  tliis  first  business  was 
making  some  opening  dies  for  Powell  and  a  small  turret 
lathe  for  the  Lunkenheimer  Company.  The  latter  im- 
mediately ordered  three  more,  and  during  the  following 
year  eighteen  lathes  were  made  and  sold.  Beginning  with 
$1,000,  the  business  inventoried  at  the  end  of  the  first 
year  $7,000;  at  the  end  of  the  second  year  $32,000;  and  at 
the  end  of  ten  years  $400,000.  Fifteen  months  after  start- 
ing they  employed  75  men.  There  is  little  doubt  that  this 
rapid  success  induced  quite  a  number  of  the  better  and  more 
ambitious  mechanics  in  Cincinnati  to  take  up  similar  work. 
Mr.  Lodge  was  well  known  among  the  mechanics  of  the  city 
and  had  been  president  of  their  union.  If  one  of  their  num- 
ber could  build  up  a  successful  busiriess,  why  could  they 
not  do  the  same?  Some  of  the  best  known  of  the  Cincin- 
nati tool-building  firms  were  established  during  the  few 
years  after  Mr.  Lodge's  start. 

In    1886   Mr.    Barker   sold    his   interest   to    Charles    Davis. 
Lodge  and   Davis  oontiinied   in   partnership   until  1892.  wlien 


Mr.  Lodge  severed  liis  connection  witli  the  firm  and  it  later 
became  the  American  Tool  Works.  They  were  emjiloying  at 
that  time  between  300  and  400  men.  Mr.  Lodge,  in  March, 
1892,  organized  the  Ohio  Machine  Tool  Company,  and  in 
Augu.st,  1892.  became  associated  with  Murray  Shipley,  form- 
ing the  present  The  Lodge  &  Shipley  Machine  Tool  Company. 

Mr.  Lodge's  fii'st  export 
order  was  received  in  1889. 
Alfred  Herbert,  who  had  just 
started  in  Coventry,  sent  an 
inquiry  in  regard  to  drill 
presses  to  Cincinnati,  which 
was  forwarded  to  Mr.  Lodge 
ill  London.  Mr.  Lodge  went 
down  to  see  him  and  asked 
whether  the  inquiry  was  for 
the  purposes  of  information  or 
for  purchase.  Mr.  Herbert 
said  that  if  Lodge  had  a  better 
machine  he  would  buy.  Mr. 
Lodge  asked  to  see  his  machine 
and  after  a  little  hesitation  he 
was  taken  out  into  the  shop. 
The  first  machine  he  saw  was  a 
planer.  He  said  he  could  save 
thirty  per  cent  on  the  work  as 
it  was  being  done,  and  would 
sell  them  a  machine  which 
would  do  it  for  £100.  He  was 
told  that  the  planer  they  were 
looking  at  cost  only  £65,  and 
replied  that  that  was  all  it  was 
worth.  He  sp^it  several  hours 
in  the  shop  and  left  the  plant 
not  only  with  an  order  but 
with  the  check  in  payment 
thereof.  This  was  the  begin- 
ning of  a  large  export  business. 
While  the  firm  was  Lodge  & 
Davis,  it  built  lathes,  planers 
and  drill  presses.  Mr.  Lodge 
wanted  to  manufacture  rather 
than  build,  and  to  specialize  upon  lathes.  Mr.  Davis,  who 
was  a  business  man,  wanted  a  complete  line  of  tools,  as  he 
saw  the  opportunity  of  selling  other  machines  with  the  lathes. 
This  led  to  the  policy  of  concentrating  upon  the  manufacture 
of  engine  lathes,  and  placing  orders  for  other  types  of  tools 
with  mechanics  just  starting  up,  or  with  workmen  from  their 
own  plant  whom  they  helped  to  start  in  business.  For  in- 
stance, to  Smith  &  Mills,  who  had  been  foremen  with  John 
Steptoe  and  had  started  making  set  screws  and  cap  screws, 
they  gave  an  order  for  300  shapers.  To  R.  K.  LeHloiid. 
who  had  served  his  apprenticeship  with  Brown  &  Shar[>H 
Manufacturing  Co.,  and  had  come  to  Cincinnati  to  make  print- 
ers' machinery  and  supplies.  Lodge  &  Davis  gave  a  large 
order  for  slide-rests.  To  William  Owen,  one  of  their  work- 
men, they  gave  an  order  for  Fox  monitors.  Owen  went  into 
partnership  with  Philip  Montanus  and  started  the  Springfield 
Machine  Tool  Company,  and  Lodge  &  Shipley  bought  their 
entire  product  for  eight  years.  Through  Mr.  Lodge's  influ- 
ence, Frank  Kempsmith  came  from  Warner  &  Swasey  as 
one  of  the   partners  in   this   firm.     He   afterwards   moved   to 
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Milwaukee  and  started  the  Kempsmitli  Manufafturing  Com- 
pany. 

Mr.  Lodge  bad,  during-  liis  apprenticeship  in  the  shops  of 
Fairbairn  &  Co.,  where  specialization  of  manufacture  was 
carried  out  to  a  marked  degree,  completely  absorbed  the  idea 
of  the  manufacture  of  machinery  in  large  lots.  He  was  par- 
ticularly well  known  for  the  fact  that  he  was  one  of  the  tii-st, 
if  not  tlie  first,  to  specialize  in  the  manufacture  of  one  type 
of  machine  tool  only,  instead  of  making  a  few  of  many  kinds 
of  machine  tools. 

Some  of  the  firms  whose  principals  ha\e  in  one  way  or 
another  been  associated  with  Mr.  Lodge  are  the  Fosdiek  Ma- 


chine Tool  Company,  Boye  &  Emmes  Machine  Tool  Company, 
Dreses,  Mueller  and  Company  and  the  Cincinnati  Planer 
Company. 

Mr.  Lodge  was  a  member  of  The  American  Society  of 
Mechanical  Engineers  for  27  years,  was  a  member  of  the 
Engineers'  Club  of  Cincinnati,  the  Machinery  Club  of  New 
York,  the  Ohio  Manufacturers'  Association  and  various  other 
organizations ;  and  was  especially  active  in  the  National  Metal 
Trades  Association,  of  which  he  was  treasurer  for  three 
years.  He  was  one  of  the  organizers  of  the  National  Machine 
Tool  Builders'  Association  and  served  as  its  president  for  two 
vears. 


CANDIDATES   FOR  MEMBERSHIP 

TO  BE  VOTED  ON  AFTER  JULY  10,  1917 


THE  American  Society  of  Mechanical  Engineers  is  an 
organization  for  mutual  service  of  over  7800  engineers 
and  associates  cooperating  with  engineers.  The  membership 
of  the  Society  comprises  Honorary  Members,  Members,  As- 
sociates. Associate-Members  and  Juniors,  all  elected  by  ballot 
of  the  Council.  Application  for  membership  is  made  on  a 
regular  form  furnished  by  the  Secretary  which  provides  for  a 
statement  of  the  standing  and  professional  experience  of  the 
applicant  and  recjuires  references  from  voting  members  per- 
sonally acquainted  with  the  applicant.  The  requirements  for 
admission  to  the  various  grades  will  be  furnished  upon  re- 
quest. 

Below  is  the  list  of  candidates  who  have  filed  applications 
for  membership  since  the  date  of  the  last  issue  of  The  Journal. 
These  are  classified  according  to  the  erades   for  which   their 


ages  qualify  them,  and  not  with  regard  to  professional  qualifi- 
cations, i.e.,  the  ages  of  those  under  the  first  heading  place 
them  under  either  Member,  Associate  or  Associate-Member, 
those  in  the  next  class  under  Associate-Member  or  Junior, 
and  those  in  the  third  under  Junior  grade  only.  Applications 
for  change  of  grading  are  also  jiosted. 

The  Memhership  Committee,  and  in  turn  the  Council,  urge 
the  members  to  scrutinize  this  list  with  care  and  advise  the 
Secretary  promptly  of  any  objections  to  the  candidates  posted. 
All  correspondence  in  this  regard  is  strictly  confidential.  Un- 
less objection  is  made  to  any  of  the  candidates  by  July  10, 
1917,  and  providing  satisfactory  replies  have  been  received 
from  the  required  number  of  references,  they  will  be  balloted 
upon  by  the  Council.  Those  elected  will  be  notified  about 
August  15,  1917. 


NOTE.  The  Council  -desires  to  impress  iipon  applicants  for  membership  that  under  the  present 
national  conditions  the  procedure  of  election  of  members  may  be  somewhat  slower  than  under  normal 
conditions.  The  first  step  in  the  consideration  of  an  application  is  taken  by  the  Membership  Committee, 
and  this  committee  is  composed  of  busy  men,  witli  fewer  opportunities  to  meet  together  in  tliese  strenuous 
times. 


NEW  APPLIC.'iTIONS 

FOB    C0N.SIDEEAT10N     A.S     MEMBER,    AS.SOCIATE    OR    AS.SOCIATE-MEMBER 


Oroville 


California 

HANSON,  Fred  P.,  Shop  Superintendent  and  Engineer, 

.\mei'icau  Gold  Dredging  Co., 
KEY.  James  F.,  President. 

Ke.v  .\dding  Machine  Co.,  Los  .\ngeles 

KILGORE,  Edwin  R.,  Division  Superintendent,  Pipe  Line  Depart- 
ment, 
Standard  Oil  Co.,  Patterson 

IjAMPM.^N,  Jay  B.,  Assistant  Generai   Sales  Manager. 

Worthington  Pump  &  Machinery  Corp., 
ROLPH,  George  M.,  General  Manager, 

California  Sc  Hawaiian  Sugar  Refining  Co., 
Colorado 

SALISBURY,  ROVAI.  D.,  Consulting  Engineer, 

Denver 
Connecticut 

.\NDERSON,    Robert  E.,  Production  Engineer, 

Winchester  Repeating  Arms  Co.,  New  Haven 

BL.\KESLEE,  RissELL  C,  Mechanical   Superintendent, 

Chase  Metal  Works,  Waterbury 

D.\1{T,  Harry  E.,  Superintetdent  Engineering  Department, 
The  Hartford  Steam  Boiler  Inspection  &  Insurance  Co., 

Hartford 
HENDERSON,  George  A.,  Foreman,  Emergency  Machine  Shop, 

Winchester  Repeating  .^rms  Co.,  New  Haven 

K.\NN,  H.  E.  Arthur,  Tool  Department, 

Winchester  Repeating  .Arms  Co.,  New  Haven 

Cieorgia 

I\LEIN.  Edward  W.,  Heating  Engineer, 

Bishop  Babcock  Becker  Co.,  .\tlanta 


Los  Angeles 
San  Francisco 


Illinois 

Mcelroy.  Joseph  W..  Comnierci.Tl  Sales  Engineer, 

Westinghouse  Elec.  &  Mfg.  Co.. 
NOLTE.  Charles  B..  Mechanical  Engineer, 

Robert   W.    Hunt  &  Co., 
S.AVEHi",  Thomas  H.,  Jr.,  Consulting  Engineer, 

SHIELDS,  Harry  C,  Western  Sales  Engineer, 

Fuller- Engineering  Co., 
WEBER,  Fraxk  E.,  Industrial  Engineer, 

Indiana 

GRIMES,  Ora  L.,  Engineer  and  Superintendent, 

Johnson  &  Miller,  .\rcbts., 
Kentueky 

HOUSTON,  Herman  M.,  Secretary  and  Treasurer, 

The  Houston  Stanwood  &  Gamble  Co., 

Louisiana 

MOODY,  Howard  N.,  Contracting  Engineer, 


Chicago 
Chicago 
Ch  icago 
Chicago 
Chicago 

Terre  Haute 

Covington 

New  Orleans 


Massachusetts 

CH.\PM.\N.  .\lbert  P..  Superintendent  Power  and  Repairs, 

Ludlow  Mfg.  Associates,  Ludlow 

HE.\LD,  JA.MES  N.,  Treasurer  and  General  Manager, 

The  Ileald  Machine  Co..  Worcester 

M.\RTIN,  George  R..  .Assistant  General   Manager, 

-Vmeriian   Steam  (Jauge  &  Valve  Mfg.  Co.,  Boston 

Michigan 

HEWITT.  Richard  B..  Secretary-Manager, 

('.eneral  Fire  E.stinguisb'T  Co.,  Detroit 

MEDHURST,  Authlr  W..  .Assistant  General  Factory  Manager  and 
Mechanical  Engineer, 

.Anderson  Electric  Car  Co.,  Detroit 
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SQUIRES,  JoHXj  Consulting  Engineer,    • 
Signal  Motor  Trucli  Co., 
Minnesota 

EMEKSON,  George  H.,  General  Manager, 
Great  Nortbern  Railway  Co., 


Detroit 


St.  Paul 


Missouri 

BATEMAN,  Paul,  Assistant  Chief  Estimator, 

American  Car  &  Fdy.  Co.,  St.  Louis 

LILJEGREN,  Gcxx-^R  O.,  Manager  Sprinliler  Department. 

Urbauer-Atwood  Heating  Co.,  St.  Louis 

New  Hampshire 

FLATHER,  Ernest  J.,  President  and  Treasurer, 

E.  J.  Flather  Mfg.  Co.,  Nashua 

TILTON,  Henrt  B.,  Superintendent  and  Works  Man,iger. 

Morley  Button  Mfg.  Co.,  Portsmouth 

New  Jersey 

ACKERM.\N,  Albert  A.,  Jr.,  Chief  Draftsman, 

The   Singer  Manufacturing  Co..  Elizabethport 

BROWX.  Albert  T.,  Engineering  Assistant.  Mechanical  Dept., 

Public  Service  Elec.  Co.,  Newark 

BUHDICK,  Herbert,  Designing  Engineer,  Chief  Draftsman, 

DeCamp   &   Sloan,   Inc.,  Newark 

HOW.iRD.  AuTHLR  E.,  Manager  Rate  Service  Dept., 

T.  A.  Edison  Afliliated  Interests,  Orange 

MUSSO,  .\LFRED,  Factory  Consulting  Engineer, 

Edison  Battery  Co.,  ijrange 

PATTERSON,  Edgar  H.,  Assistant  to  Chief  Engine'-r. 

New  York  Shipbuilding  Corp.,  Camden 

New  Torli 

CHAMBERLAIN,  William  T..  Chief  Draftsman. 

Standard  Aniline  Products.  Inc.,  Wapiiiuger.^  I'alls 

HALL.  Charles  R..  Manager  Mechanical  Sales  Dept.. 

Diamond  Rubber  Co..  New  York 

LAENCHER,  Frederick  W.,  Chief  Engineer, 

W.  C.  Ritchie  &  Co.,  Brooklyn 

LOCKWOOD,  Marql-is  H.,  Mechanical  E-\pert  and   Patent 

Attorney,  New  York 

MANNING,  James  H.,  Superintendent  Motive  Power, 

The  Delaware  &  Hudson  Co.,  Watervliet 

MULCARE.  James  J..  Assistant  Engineer  in  Charge  Drafting 

Dept.,  (jeneral  Electric  Co..  Schenectady 

QUIRK,  Clinton  H.,  Engineer, 

Howard  &  Morse,  New  York 

ROBINSON,  Thomas  R.,  Engineer, 

W.   S.  Barstow  &  Co.,  Inc.,  New  York 

ROWL.\ND,  George  R.,  Supervising  Engineer.  Lubricating  Div,, 

The  Texas  Co.,  New  York 

STAFFORD.  Hal  R.,  Mechanical  Engineer, 

Economy  Devices  Corp..  New  York 

STRATTON,  David  V.,  Production  Manager, 

Pyrene  Manufacturing  Co.,  New   York 

North   Carolina 

STATES,  Louis  A.,  Consulting  Engineer,  (iastonia 

Ohio 

GORDON.  Byron  B..  Scale  Inspector, 

Pennsylvania  Lines  West,  Columbus 

SHIPLEY,  MiRRAV.  Vice-President  and  Secretary, 

The  Lodge  &   Shipley  Mcb.   Tool   Co..  Cincinnati 

SNYDER,  Herbert  W.,  Assistant  to  Vice-President, 

Lima  Locomotive  Works,  Inc., 


Pennsylvania 

EOY'l).  Frank  F.,  Consulting  Engineer, 

Ballinger  &  Perrot, 
clintClI.  AUTHiR  L.,  Assistant  to  President. 

Tiie  Baldwin  Lotoniotive  Vorks. 
HAARBYE,  Storm  B.,  Assistant  Engineer, 

-American  Sheet  &  Tin  Plate  Co., 
JAMES,  Richard  L..   Constructor, 

The  United  Gas  Improv^Miient  Co.. 
KENYON,  John  T..  Consulting  Rifle  Expert. 

Remington  .Xrms  Co..   D-laware. 
LAWRENCE,  John  S.,  Manufacturing  Superintende 

General  Electric  Co., 
LINNING,  Frank,  Works  Manager, 

Tacony  Steel  Co.. 
MAHONEY.  Jo.SEPH  N..  Engineer  with 

Westinghouse  Elec.  &  Manufacturing  Co., 
RASCHE,  Charles  M.,  Superintendent  Toolroom, 

Remington  Arms  Co.  of  Del.. 
SELKIRK,   William  M..   Chief  Engineer. 

Pittsburgh  Steel  Products  Co.. 
STETSON.  John  E.,  Jr.,  President, 

Defiance  Manufacturing  Co., 

Utah 

LEDDELL,  William  A.,  Engineer, 

United  States  Smelting,  Refining  &  Mining  Co., 


Lima 

Philadelphia 

Philadelphia 

Pittsburgh 

Philadelphia 

Eddystone 

nt,  Erie  Works, 

Erie 

Tacony 

Pittsburgh 

Eddystone 

Monessen 

Philadelphia 

Salt  Lake  City 


Norfolk 


Springfield 


Clintonville 


Sydney,  N.  S. 


Toronto 


Port  .\rthur.   Ont. 


Virg:inia 

M.\SI,  Frank  H..  President  &  Treasurer, 
Atlantic  Iron  Works,  Inc., 
Vermont 

LOVEJOY,  Fred  P..  President, 
Lovejoy  Tool  Co.,  Inc., 
Wisconsin 

COItWIN,  Llotd  a..  Efficiency  Engineer, 
Four  Wheel  Drive  -Vuto  Co., 
Canada 

MACDOUGALL,  George  D.,  Chief  Engineer, 

Dominion  Iron  &  Steel  Co., 
MELDRUM,  Malcolm  R.,  General  Manager, 

The  Herbert  Morris  Crane  &  Hoist  Co..  Ltd., 
P.ilGE,  James  F..  General  Manager, 
Port  Arthur  Shipbuilding  Co..  Ltd., 
Hawaii 

RAMSAY,  William  A.,  Manager, 

Catton,  Neill  &  Co.,  Ltd.,  Honolulu 


for  consider.\tiox  as  a.sssociatk-member  or  jc.vior 

California 

GUH.\,  Kamini   K..  Student,   University  of  California,        Berkeley 
KASPAR,  Joseph  J.,  Structural  Engineer, 

Llewellyn  Iron  Works,  Torrance 

Connecticut 

BANKS,    Frederick    R.,    Engineer 
Division)    Remington  Arms. 
U.  M.  C.  Co., 
Illinois 

CHEYNEY,    Charles   C 
Buffalo  Forge  Co., 
Carrier  Air  Conditioning  Co., 
MILLER.  EWELL   B..   Department   Head, 
Western  Electric  Co..  Inc., 
Massachusetts 

BL.\KELEY',   Gerald  W.,   Power   Specialties  Engineer 

II.   W.   Johns-Manville  Co.. 
BROUILLETTE.  Albert  V..  Engineer. 

New  England  Westinghouse  Co.. 
GREENWOOD.  Talma  T.,  Patent  Solicitor, 

With  B.  J.  Noyes, 
H.\RT,  Leon  A.,  Industrial  Engineer, 

N.  E.  Westinghouse  Co., 
STRICKLAND,   Frank   S.,    Rate   Department, 
N.  E.  Westinghouse  Co., 
Missouri 

.\YCOCK.  Robert  V..  Proprietor. 

R.  V.  Aycock  &  Co.. 
DOLL,  William  E.,  Engineering  Salesman, 
Henry  R.  Worthington, 
New  Jersey 

DRAKE,  Charles  L.,  Sales  Engineer. 

S.  K.  F.  Ball  Bearing  Co.,  Newark 


of 


Engineer    and 


Equipment  (Commercial 
Bridgeport 

Manager   Chicago   Office, 

Chicago 

Hawthorne 


Boston 
Chicopee  Falls 

Boston 

Chicopee  Falls 

Springfield 

Kansas  City 
St.  Louis 


HOPKINS.  George  J.,  Mechanical  and  Industrial  Engineer. 

The  Celluloid  Co..  Newark 

MBHR,  Joseph,  Fuel  Inspector, 

Public  Service  Electric  Co.,  Newark 

Nevada 

GIGNOUX.   Frank  C.  Master  Mechanic, 

Seven  Troughs  Coalition  Mining  Co.,  Seven  Troughs 

M.\RTIN,  Henry.  Jr.,  Assistant  Professor  Mechanical  Engineering, 

University  of  Nevada,  Reno 

New  Mexico 

HARLEY.  George  T..  Efficiency  Engineer, 

Burro  Mt.  Copper  Co.,  Tyrone 

New  York 

BR.\YTON.  Harold  M..  Student  Mechanical  Engineering. 

Mass.  Inst.  Tech..  Syracuse 

CLENDON,  George  W..  Mechanical  Engineer. 

Locomotive  Pulverized  Fuel  Co.,  New  York 

DEXTER,  Harris  E..  Resident  Managing  Enginjer. 

Sprague    Electric    Section    Ind.    Control    Dept..    General    Electric 
Co.,  Schenectady 

MINICH,  Hexry  D..  Consulting  Engineer,  Troy 

REYNOLDS.  George  B.,  Industrial  Engineer, 

Eastman  Kodak  Co..  Rochester 

SAXBY',  Lewis  E..  Mechanical  and  Electrical  Engineer. 

Standard  Oil  Co.  of  N.  J.,  New  York 

SCHWARTZ.  Ernest.  .Assistant  Chief  Draftsman, 

McGraw-Hill  Publishing  Co.,  Inc.,  New  Y'ork 

SMITH.  Albert  C,  Jr.,  Draftsman, 

Combustion   Engineering  Corp.,  New  York 

STITZER,  ARTHt-R  B.,  Chief  Engineer, 

I.'epublic  Railway  &  Light  Co.,  New  York 
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Ohio 

BOWMAN,  Robert  B.,  Factory  Representative, 

The  White  Co.,  Cleveland 

Pennsylvania 

CURLY.    Raymond   B.,    Supcrintentlent    Artillery    Case    Shop    and 
Mechanical  Engineer, 
Franlitord  Arsenal,  Franlsford 

PRITCUETT.  Carl  E.,  Heating  and  Ventilating  Engineer, 

Wostinghouse  Blec.  &  Mfg.  Co.,  E.  Pittsburgh 

Texas 

TOMPKINS,  H.  K.  V.,  Chief  Engineer, 

Texas  Gas  &  Electric  C-^.,  Houston 

Wisconsin 

WOLLENSAK.  H.  P.,  Sales  Engineer, 

Wisconsin  Motor  Mfg.   Co.  Milwaul;ee 

Wyoming 

SQUIRES,  Jics.sE  C,  Mechanical  Engineer, 

Wyoming  Electric  Co..  Casper 

FOR   CONSIDER.ITIOX    AS   JfXlOR 

Alabama 

BOYD,  Walter  R.,  with 

Worthington  Pump  &  Machinery  Corp.,  Birmingham 

California 

MOORHEAU,  Archibald  C,  Engineering  Corp., 

Richmond  Refinery,  Standard  Oil  Co.  of  Cal.,  Richmond 

Connecticut 

PETERSON,  John  W.,  Tool  and  Machine  lifsiguor. 

The  Harris  Engineering  Co.,  Bridgeport 

SHELDON,  James  R.,  Jr.,  Apprentice  in  Mi-eh.  Engrg., 

Waterbury  Clock  Co.,  Waterbury 

TAYLOR,  Edward  N., 

With  Winchester  Repeating  Arms  Co.,  New  Haven 

Cuba 

GIANELLONI.  Vivian  J,.  Ccnoral  Superintendent. 

Central  Florida.  Conipania  .\zucarera.   Floriila,  Camaguey 

Illinois 

COOPER,  Howard,  Lubrication  Engineer, 

The  Texas  Co.,  Chic.igo 

PLOCINSKY,  ABE  J..  Student. 

.\rmour  Institute  of  Technology.  Chicago 

REYMOND,  Martin  H.,  with  Western  Electric  Co.,  Chicago 

VANDEN  BOOM.  Berry  C,  Installation  Sales, 

The  Prest-0-Lite  Co.,  Inc.,  Chicago 

Indiana 

LONN,  Julius  M.,  Mechanical  Engineer, 

Great  Western  Mfg.  Co.,  La  Porte 

Maine 

TUTTLE,  G'eouge  W.,  Assistant  Mechanical  Superintendent. 

Eastern  Mfg.  Co.,  Lincoln 

Massachusetts 

BOSNIAN,  Hther  H.,  Assistant  to  Consulting  Engineer, 

New  England  Westinghouse  Co..  Springfield 

BROWN,  Willis  C,  Engineer-Salesman, 

The  Foxboro  Co.  Inc.,  Foxboro 

CLAUSSEN,  HOWARD  P.,  with  Bemis  Bro.  Bag  Co.,  Boston 

COLE,  Raymond  A.,  Designer. 

New  England  Westinghouse  Co.,  Springfield 

DROBISCH,  Raymond  W.,  Student  Mechanical  Engineering, 

Massachusetts  Institute  of  Technology,  Boston 

Missouri 

BENJAMIN  R.,  Sales  Engineer, 

McQuay-Norris  Mfg.  Co.,  St.  Louis 

Nebraslta 

GEORGE,  Vincent  C,  Private  Electric  Wiring  Business, 

Seward 
New  Jersey 

FLETCHER,  Andrew  Jr.,  with 

The  W.  &  A.  Fletcher  Co..  Hoboken 

SMITH.  ALBERT  K..  Assistant  Chief  Draftsman. 

Westinghouse  Lamp  Co..  Bloomfield 

WADE,  Alfred  D..  EfBcienry  Engineer. 

Schwarzenbacii-Huber  C'l.,  West  Hoholicn 

New  York 

B.VSSETT,  Charles  K.,  Secretary. 

Buffalo  Meter  Co.,  Butralo 

BASSETT,   ROBERT  S.,  Treasurer. 

Buffalo  Meter  Co.,  Buffalo 

CHURCH,  F.  O.,  Mechanical  Engineer. 

Hill  &  Ferguson.  Cons.  Engrs..  New  York 

DRESSLER,  Li.  Richard,  Inspector, 

.\merican  Arch  Co.,  New  York 

HILL,   Maxwell   H.,   Machine   Designer  and   l>raftsman. 

Camera  Works,  Eastman  Kodak   Co.,  Rochester 


KUAUSE,  William  A.,   Laboratorian. 

Navy  Yard,  Brooklyn 

LIPTAY,  John  M.,  Mechanical  Engineer, 

They  Kny-Scheerer  Corp.,  New  Y'ork 

MacNABB,  Clifton  B.,  Sales  Engineer, 

Worthington  Pump  &  Machinery  Corp.,  New  York 

MEYLER,  Robert  G.,  Instructor. in  Industrial  Engineering, 

Cornell  University.  Iihaca 

MURI;HY,  Edward  S.,  Draftsman, 

Honolulu  Iron  Works  Co.,  New  York 

ijMITH,  Raymond  P.,  Student, 

Otis  Elevator  Co.,  Yonkers 

WARDROP,  George  D.,  Editor,  Aerial  Age  Weekly, 

Aerial  Age  Co.  Inc.,  New  York 

WARNER,  Douglas  K.,  Graduate  Student, 

Sheffield   Scientific   School,   Yale   University,  Brooklyn 

Oliio 

JAYNES,  Luther  L.,  Chief  Clerk, 

Whitaker-Glessner  Steel  Co.,  Portsmouth 

Pennsylvania 

ADDLEMAN,  Clarence  L.,  Mechanical  Draftsman, 

H.  Koppers  Co.,  Pittsliurgh 

JARRETT,    Hillard    W.,    Instructor,    Mechanics    &    Materials    of 

Construction,  Pennsylvania  State  College,  State  College 

KELLER,  John  O.,  Instructor  in  Industrial  Engineering, 

Pennsylvania  State  College,  State  College 

M.\LONEY,  Charles  A.,  Power  Plant  Efficiency  Engineer. 

United  Gas  Improvement  Co.,  Philadelphia 

WILLIAMS,     George     B.,     Designer     for     United     Engineering    & 

Foundry   Co.,  Pittsburgh 

Rhode  Island 

\-\t'.Mi;Ul;G.  lioBiRT  E..  Efficiency  Engineer. 

Revere  Rubber  Co..  Providence 

Te.\as 

DORRANCE,  George  W.,  Mechanical  Engineer, 

The  Texas  Co.,  Port  Arthur 

Vermont 

STU.VRT,  H.  Howland,  Assistant  to  Factory  Superiutendent. 

E.  &  F.  Fairbanks  &  Co.,  St.   Johnsbury 

"Wisconsin 

J.iCKIJ.X.   Harold  -M..  Instiuctcu-  in  Enginr<ering. 

T'niversiry  uf  Wisconsin.  Madison 

Philipplre  Islands 

F.VYMONVILLE,  Philip  R.,  First  Lieutenant, 

Ordnance  Department,  U.  S.  -\rmy,  .Manila 


APPLICATIONS  FOR   CHANGE  OF  GRADING 

rROMOTIOX    FROM    ASSOCIATE 

New  York 

TRABOLD.  Frank  W.,  Works  iManager, 

J.   H.  Williams  &  Co.,  Brooklyn 


PROMOTION    FROM    ASSOCIATE-MEMBER 

Massachusetts 

MURRAY'.  Arthur  F.,  Mechanical  Engineer, 

N.  E.  Westinghouse  Co.,  Springfield, 

Ohio 

QU.\YLE.  LeRoy  A.,  Chief  Mechanical  Engineer, 

Dept.  of  Public  Utilities,  Div.  of  Water,  Cleveland 


PROMOTION  FROM  JUNIOR 

Connecticut 

PLEASONTON,  Frank  R.,  Chief  Engineer, 

The  Remington  Arms,  U.  M.  C.  Co.  Inc.,  Bridgeport 

Michigan 

IIINKLEY,  Carl  C,  Works  Manager  and  Chief  Engineer, 

Chalmers  Motor  Co.,  Detroit 

New  Jerse.v 

GIELE,  Walter  S..  Mechanical  Engineer, 

Palmyra 
New  York 

CHALMERS,  John  B.,  Instructor  Steam  and  Applied  Mechanics, 

Pratt  Institute.  Brooklyn 

LYM.AN,  Elihu  R.,  Assistant  Works  Manager, 

Dexter  Folder  Co.,  Pearl   River 

MERRILL,  George  H.,  Secretary, 

Merrill  Brothers,  Maspeth 

Peiins.vlvania 

B.\UHAN.  Alexander  E..  Station  Superintendent. 

Pennsylvania  Water  &  Power  Co.,  Holtwood 
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SUMMARY  this  company  for  about  six  years,  resigniug  to  accept  the  posi- 
tion of  vice-president  and  general  manager  of  the  Lavine  Steer- 

1Z^:S1::-<^,.ot  Vraaiug^ '  ing  Gear  Company,  Racme,  Wis.     In  1913  he  became  presi- 

Promotion  from  Associate 1  dent  and  general  manager  of  the  Racine  Manufacturing  Com- 

Promotiou  from  Associate-Member 2  pany^  and  retained  this  position  until  1916,  when  he  formed 

I*rumotion   froui   Juuior *  -^i     -xr       t              ^^                 2   ^      1                 ii           i^- 

a  partnership  with  Mr.  James  Cram  and  took  over  the  sales 

Total ^'^1  agency  of  the  Allen  Motor  Car  Company.    He  was  connected 

with  this  company  at  the  time  of  his  death. 

NECROLOGY  He  became  a  member  of  the  Society  in  1908.     He  died  on 

March  12.  1917. 
ORVILLE  G.  BENXET 

Orville  G.  Bennet  was  born  in  New  York  City  on  August  JOHN  SEDGWICK  HYDE 
17   1881.    He  received  his  early  education  in  the  Horace  Mann 

School  and  was  graduated  from  Cornell  University  in  1904.  John   Sedgwick  Hyde  was  born  in  Bath,  Me.,  March  25, 

^-r.     „              T-                  ■..    ITT    i-     1      <-„    (^i,„^„i,    iZa,-,-  Xr  1867.  He  was  a  graduate  of  the  Massachusetts  Institute  of 

His  first  position  was  with  Westinghouse,  Church,  iveu  &  ^  -,00c      xx                       *  j      -^v,  *i     u  n 

„,„,,„       ^    ,                      ■  ,.  „.n,  fi,^  T.TOQvc^ii  Technologv,  class  ot  1888.     He  was  connected  with  the  Bath 

Co.    He  left  that  farm  to  become  associated  with  the  Ingei soil-  t         ttt    ;       t  .  1     ■     .,                  •                 -i-        £ 

^      ,  ^  .,,   ^                    ,         ,              .      ,   .•,,  inna    ,,,1,0.1  ho  Iron  Works,  Ltd.,  in  the  successive  capacities  ot  apprentice. 

Rand  Drill  Company,  where  he  remained  till  1900,  when  he  '          '                                            ■   .      ,•                • 

.'      ,,      ,        •        n,     i;„„  ('„„i.,Q„,-  ,-or,  draftsman,     pavmaster,     assistant     superintending     engineer, 

accepted  a  position  with  the  American  Irading  Company,  ie_p-  ■        ',     .  "    •              -j     .       j               ,                        j     ■ 

...                      .      T                 ^■t   lono    ..i,;„fl,r   ;„   tiio  superintendent,  vice-president  and  general  manager  and  since 

resenting  that  company  in   Japan   until  1909,   chiefly   in  the  i                      '           i                          &                      j        f        *Ho 

f  .        ,,•!.■■               1  ■              xT^t   wioiij^n-  t-r^  -1-905  as  president  of  that  company.     He  was  a  director  ot  the 

sale   and  installation   of  mining  machinery.     Not   wishing   to  ^t          1  r   -i       ^ 

become  permanently  identified  with  the  Orient,  he  resigned  in  ^^1^"^^  Central  Railroad. 

1910  to  accept  a  position  with  the  Akonite  Company,  New  Mr.  Hyde  was  a  member  of  the  New  York  Engineers'  Club, 

York  City.    In  1911  he  took  over  the  management  of  the  ex-  Society  of  Naval  Architects  and  Marine  Engineers,  American 

port  business  of  the  General  Motors  Company,  later  becoming  Society   of   Naval   Engineers,  and  the   Institution   of  Naval 

president  and  general  manager  of  the  company.    He  resigned  Architects  of  Great  Britain.     He  became  an  Associate  of  the 

this  position  in  1916,  and  at  the  time  of  his  death  was  organiz-  Society  in  1892.     He  died  at  St.  Augustine,  Fla.,  March  17, 

ing  a  company  for  the  distribution  of  the  output  of  the  Nash  191/. 
Motors  Company  in  the  state  of  Texas. 

He  became  a  junior  member  of  the  Society  in  1907.     He  BRUCE  C.  McALPINE 

died  February  28,  1917.  /-,    -nr    ».    ■               ^                t         .-.   10-.-.     i.  n-        ^ 

Bruce  C.  McAlpine  was  born  on  June  2,  18/2,  at  Pierceton, 

Ind.     He  received  his  early  education  in  the  high  schools  of 

EDWIN  J.  HADDOCK  Peoria,  111.,  and  Charlotte,  Mich.    From  the  latter  he  entered 

^ ,    .     ^   „   . ,    ,           ,         ■     -M       t  -tr^           M   V     T„.,o  the  Michigan  Agricultural  College,  and  was  gi-aduated  from 

Edwin  J.  Haddock  was  born  in  Mount  Vernon,  N.  \.,  June  ,    " .     ,    ^  .        .               ^.'      „„.         * 

,,    -,r,„„      TT               T       i  J  •     iu        u     1      *  XT  „  V,  „i.  n;!-.,  the  mechanical-enaineermg  course  in  190.3. 

13,  1868.    He  was  educated  m  the  schools  of  New  lork  City.  =            = 

He  obtained  his  early  experience  in  the  shops  and  drafting  He  entered  the  employment  of  George  D.  Walcott  &  Sou, 
rooms  in  the  vicinity  of  New  York,  completing  this  training  builders  of  machine  tools  at  Jackson,  Mich.,  as  draftsman,  and 
with  seven  years  spent  under  the  immediate  direction  of  later  became  successively  chief  draftsman  and  geiieral  man- 
Thomas  A   Edison  ager.     Owing  to  changes  in  the  ownership  of  the  Walcott  firm, 

-,^    ,    , ,               ■     ,     i,            -i-           c    I  ■  e  J     tt 4!  n,„  he  moved  to  Detroit,  where  he  was  engaged  in  the  design  of 

He  held  successively  the  positions  of  chief  draftsman  of  the  •  ,  ,     ,        •          .     t     nr      -.r,-.o  1     u              ,  ■  e  /  ^^ 

„  ,  .       ^,           .       ,-,,,,                  XT       T-     1    /  't         I  •  *      „;  special  tool  equipment.     In  May  1913  he  became  chief  dratts- 

Robins  Conveying  Belt  Company,  New  \ork  City;  chief  engi-  ^                     ,      •     ,         •          ..',.,     ir      .^  n        p  r'          n 

„    ,       '     °      ,r       i.^     ■       /^                  <•  1      u        n  man  and  mechanical  engineer  tor  the  irost  Gear  &  -borge  Co., 

neer  of  the  Jeffrey  Manufacturing  Company,   Columbus,   0.,  „   .,     ,           ,,.  ,         ,  .",          .,.       ,      ,    ,-,     ^  .n      ^-          c  ,■ 

,,..-,„               J,  .,     rr,                 r.     1    T             J  13   •!„  ol  JacKSou,  Mich.,  which  position  he  held  at  the  time  ot  his 

and  chief  draftsman  of  the  Tennessee  Coal,  Iron  and  Railway  t     ., 

Company.   Birmingham,   Ala.     Later,   he   engaged   in   private 

jiractise'in  Milwaukee,  Wis.,  building  numerous  stone-crushing  He  became  a  member  of  the  Society  in  1911.     He  died  on 

plants  in  that  region.    At  the  time  of  his  death  he  was  chief  December  27.  1916. 

engineer  of  the  Edgewater  Steel  Company,  Pittsburgh. 

He  became  a  member  of  the  Society  in  1906.    He  died  April  WILLIAM  F.  MATTES 

11,  1917. 

William  F.  Mattes   was  born   on   September  29,   1849,  in 

Scranton,   Pa.     When  seventeen  years  of  age  he  was  made 

CLINTOlM   A.  HAMlblON  superintendent  of  a  small  mining  railroad  near  Mount  Hope, 

Clinton  A.  Hamilton  was  born  on  October  5,  1873,  at  East  N.  J.,  and  he  continued  in  the  iron-mining  industry  in  New 

Oranse,  N.  J.     He  was  a  graduate  of  the  high  school  of  East  Jersey,  and  later  in  Virginia,  untU  1882,  when  he  was  made 

Oranse.     He  served  a  three-years'  apprenticeship  in  the  E.  P.  «'»ef  engineer  of  the   Lackawanna   Iron   &   Steel   Works,   of 

Allis  Company's  shops  at  Milwaukee,  and  then  went  to  Pitts-  Scranton.     In  1888  he  became  general  manager  of  the  West 

burah  to  take  a  position   with  the  National  Tube  Company.  Superior  Iron  and  Steel  Works.  West  Superior,  Wis.     He  was 

When  he  severed  his  connection  with  this  firm  he  entered  into  director  of  the  First  National  Bank,  president  of  the  Manu- 

consulting  engineering  in  New  York  City,  under  the  firm  name  tacturers.  Shippers'  and  Jobbers'  Association,  and  park  com- 

of  McClave,  Hamilton  &  Remmer.     Later  he  became  general  missioner,  of  that  city. 

sales  manager  for  the  International  Steam  Pump  Company,  In  1893  failing  health  compelled  him  to  move  to  Colorado, 

with   headquarters   at   Pittsburgh.     In   1906   he   accepted   the  where  he  was  interested  in  mining  enterprises  for  several  years. 

position   of  vice-president  and  general  manager  of  the  Wis-  Later  he  returned  to  Scranton  and  was  made  chief  engineer 

consin    Engine   Company,    Corliss,   Wis.,   and   remained   with  of   the   Lackawanna   &  Wyoming  Valley   Railroad    Co.   while 
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the  Laurel  line  was  in  the  process  of  eonstruetion.  When  his 
brother,  Charles  C.  Mattes,  died,  he  succeeded  him  as  general 
manager  of  the  Lackawanna  Iron  &  Coal  Co. 

He  was  a  member  of  the  American  Institute  of  Mining  En- 
gineers, The  Franklin  Institute,  and  the  New  York  chapter 
of  the  Sons  of  the  Revolution.  He  became  a  life  member  of 
the  Society  in  1882.    He  died  on  February  3,  1917. 

EDWARD  J.  MARTIN 

Edward  J.  Martin  was  born  at  West  Roxbury,  Mass.,  Sep- 
tember 7,  1882.  He  was  educated  in  the  public  schools  of 
Boston.  He  then  served  an  apprenticeship  as  machinist.  He 
was  a  graduate  of  the  mechanical  engineering  course  of  the 
International  Correspondence  Schools,  and  also  of  the  Emer- 
son Institute  of  Efficiency.  At  the  time  of  his  death  he  was 
secretary  and  manager  of  the  Connecticut  Electric  Manufac- 
turing Company.  He  became  an  associate-member  of  the 
Society  in  1915.     He  died  on  April  7,  1917. 

LEWIS  R.  POMEROY 

Lewis  R.  Pomeroy,  well  known  as  a  consulting  mechanical 
engineer,  especially  expert  in  matters  relating  to  the  construc- 
tion, maintenance  and  efficiency  of  locomotives  and  the  neces- 
sary shop  equipment,  died  suddenly  at  his  home  in  Orange, 
N.  J.,  May  7. 

Mr.  Pomeroy  was  born  at  Port  Byron,  N.  Y.,  February, 
1857,  and  was  graduated  from  the  Irving  Institute,  Tarry- 
town,  N.  Y'.  He  early  entered  the  railroad  field,  where  his 
work  attracted  considerable  attention.  From  1886  to  1890  he 
was  a  special  representative  of  the  Carnegie  Steel  Company, 
introducing  basic  boiler  steel  for  locomotives  and  special  forg- 
ing's  for  railways.  For  nine  years  he  was  engaged  in  similar 
work  with  the  Cambria  Steel  Company  and  the  Latrobe  Steel 
Company  jointly.  He  then  became  connected  with  the  Sche- 
nectady Locomotive  Works  as  assistant  to  the  general  manager, 
a  position  he  held  until  1902.     • 

During  the  following  six  years  he  was  a  special  representa- 
tive for  the  General  Electric  Company  in  the  railway  field, 
this  work  covering  the  electrification  of  steam  roads  and  rail- 
way shops  and  general  application  of  electricity  to  all  railway 
purposes.  Subsequently,  for  two  years,  he  was  assistant  to 
the  president  of  the  Safety  Car  Heating  and  Lighting  Com- 
pany, leaving  to  become  chief  engineer  of  the  railway  and 
industrial  division  of  J.  G.  White  and  Company.  Late  in 
lull,  he  resigned  to  open  an  office  in  New  York  City  as  a 
consulting  engineer.  In  1914  he  became  associated  with  the 
U.  S.  Light  and  Heat  Company  as  manager  of  the  New  Y^ork 
office.  For  the  past  year  or  so  he  had  again  been  engaged  in 
consulting  work  along  lines  in  which  he  was  qualified  by  his 
wide  exjjerienee. 

Mr.  Pomeroy  was  possessed  of  an  enormous  fund  of  in- 
formation, and  was  ever  ready  to  give  unprejudiced  help  of 
a  most  dependable  character.  He  was  serious-minded,  yet 
always  cheerful;  prompt  in  action  yet  painstaking  and  thor- 
ough; delightful  in  companionship,  yet  loyal  to  his  convic- 
tions. 

He  joined  the  Society  in  1890  and  was  Chairman  of  its 
Membership  Committee  at  the  time  of  his  death.  He  was  also 
a  member  of  the  American  Institute  of  Electrical  Engineers, 
the  Ajnerican  Master  Mechanics  Association,  the  Railroad  Club 
of  New  Y'ork,  the  Engineers'  Club  of  New  York,  and  the  New 
Y'ork  Railroad  Club. 


WILLIAM  C.  WILLIAMSON 

William  C.  Williamson  spent  his  early  youth  in  Phila- 
delphia, attending  high  school  there.  After  leaving  school  he 
began  his  engineering  experience  by  associating  himself  with 
a  jeweler  and  watchmaker  in  repairing  watches.  This  work 
was  not  especially  to  his  liking  and  so  he  apprenticed  him- 
self to  the  old  firm  of  Reaney,  Neafie  &  Co.,  at  that  time 
one  of  the  foremost  engineering  firms  of  the  entire  Atlantic 
seaboard. 

In  18G1  he  entered  the  United  States  Navy  as  3rd  assistant- 
engineer,  serving  throughout  the  war.  He  resigned  June  10, 
18C6,  to  engage  in  the  engineering  business  with  his  two 
brothers,  founding  the  fii-m  of  Williamson  Brothers.  His 
engineering  talents  soon  showed  in  the  Williamson  type  of 
clutch  and  frictional-geared  cargo  hoists.  In  the  early  eighties 
he  introduced  in  a  ship  building  at  the  yard  of  the  William 
Cramp  and  Sons  Ship  and  Engine  Building  Company,  for 
the  Metropolitan  Steamship  Company  of  New  York,  a  steam 
engine  to  supersede  the  old  type  of  hand  steering  wheel  for 
the  control  of  sliips.  It  was  an  immediate  success  and  entitles 
him  to  be  classed  among  the  foremost  naval  engineers  of 
his  day. 

He  was  prominent  also  in  financial  affairs,  being  one  of 
the  oldest  directors  of  the  Kensington  National  Bank,  and 
director  and  vice-president  of  the  Industrial  Trust,  Title  and 
Savings  Company  of  Philadelphia. 

He  was  a  member  of  the  Naval  Order  of  the  United  States, 
Post  No.  2,  G.  A.  R.,  and  the  Engineers'  Club  of  Phila- 
delphia. He  was  a  member  of  the  Society  of  long  standing, 
having  been  elected  to  membership  in  1882.  He  died  Decem- 
ber 2,  1916. 


The  present  inability  of  farmers  to  raise  more  grain  is  due 
to  the  lack  of  sufficient  farm  power  and  the  scarcity  of  farm 
labor.  For  farm  power  farmers  are  dependent  upon  either 
animal  power  (horses  and  mules)  or  tractors.  But  the  ani- 
mal power  will  necessarily  decrease,  owing  to  the  demand  of 
the  armj'  for  horses  and  mules.  Hence  the  necessity  for  the 
intelligent  use  of  farm  tractors  on  a  large  scale. 

Statistics  collected  by  the  Bureau  of  Farm  Management  of 
the  Department  of  Agriculture  show  that  there  are  now  avail- 
able in  the  United  States  approximately  35,000  tractors. 

The  limiting  factors  in  the  production  of  tractors  are  today 
the  shortage  of  materials,  machine  tools  and  labor.  The 
Government  has  been  asked  by  the  Tractor  Standards  Division 
of  the  S.A.E.  to  devise  means  whereby  the  tractor  manufac- 
turers can  be  furnished  with  the  materials,  machine  tools  and 
labor  in  suitable  quantities. 


Tentative  plans  for  an  organization  to  be  known  as  the 
National  Committee  of  Industrial  Safety,  to  act  as  an 
auxiliary  to  the  advisory  commission  of  the  Council  of  Na- 
tional Defense,  were  drawn  up  at  a  meeting  under  the  aus- 
pices of  the  American  Museum  of  Safety  in  New  York, 
Tuesday,  April  24.  The  committee  is  to  have  15  members, 
selected  because  of  activities  in  fire  protection,  structural 
safety,  dust  and  fume  control,  etc.  Among  those  already 
named  are:  Colonel  T.  L.  Bryant,  Arthur  H.  Young,  Lew 
R.  Parmer,  C.  L.  Close,  Dan  H.  Manning,  M.  A.  Dow, 
Robert  B.  Kolui,  J.  L.  Mauran,  Owen  Brainard,  Elmer  Jen- 
sen, and  D.  Everett  Waid.  Headquarters  will  be  in  the  Oc- 
tagon Building,  Washington.  {Daily  Iron  Trade  and  Metal 
Market  Report,  vol.  7,  no.  82,  April  26,  1917,  p.  4) 


AMONG  THE  SECTIONS 


THE  Entertainment  Committee  of  the  New  York  Section 
made  very  complete  arrangements  for  the  Annual  Social 
Evening  which  was  held  in  the  large  dining  hall  of  the 
Machinery  Club,  New  York  City.  The  speakers  of  the  even- 
ing were  Edwin  J.  Prindle,  Toastmaster ;  President  Ira  N. 
Hollis,  Commander  E.  P.  Jessop,  and  John  J.  Swan.  All 
of  the  speeches  related  to  the  part  of  the  engineer  in  the 
enormous  task  confronting  the  country  in  the  war.  These 
are  busy  times  and  a  large  percentage  of  the  New  York  mem- 
bership were  evidently  unable  to  attend;  nevertheless  those 
present  were  well  rewarded  as  the  occasion  was  a  most 
enjoyable  one.  The  Entertainment  and  Accjuaintanceship 
Committees  of  the  New  York  Section  have  been  doing  excel- 
lent work  in  providing  opportunity  for  more  of  the  "  human 
element,"  and  the  committees  are  to  be  congratulated  upon 
their  latest  success. 

THE  FIRST   SECTION   IN  CAN.\DA 

The  first  Section  of  the  Society  outside  of  the  domain  of 
the  United  States  was  established  recently  at  Toronto, 
Canada.  The  Council  at  its  April  meeting  approved  the 
petition  of  the  members  of  the  Society  in  the  Province  of 
Ontario  for  permission  to  hold  meetings. 

The  Executive  Committee  of  the  Ontario  Section,  as  it 
will  be  known,  is:  G.  V.  Ahara,  Prof.  R.  W.  Angus,  C.  R. 
Burt,  L.  H.  Fletemeyer  and  C.  B.  Hamilton. 

A   CONNECTICUT    STATE    SECTION 

A  meeting  was  held  at  Bridgeiiort  on  May  2.  at  which 
were  present  members  from  most  of  the  prominent  cities 
of  the  State  of  Connecticut.  The  object  was  to  consider  the 
advisability  of  forming  a  State  Section,  with  branches  at 
several  centers.  The  existing  New  Haven  Section  was  rep- 
resented by  Messrs.  Henry  B.  Sargent,  Chairman,  Joseph 
W.  Roe,  and  J.  A.  Norcross.  It  was  agreed  to  formulate  a 
plan  whereby  a  Connecticut  State  Section  will  be  organized, 
with  headquarters  probably  at  New  Haven,  where  at  least 
two  meetings  will  be  held  annually,  as  at  present,  and  in 
addition  it  is  planned  to  hold  each  year  at  least  one  meeting 
at  each  of  the  following  centers :  Bridgeport,  Hartford,  Meri- 
den  and  Waterbury.  A  committee  was  appointed  to  arrange 
the  necessary  details  for  putting  the  idea  uito  effect,  con- 
sisting of  Messrs.  Henry  B.  Sargent,  Chairman,  C.  K. 
Decherd,  H.  E.  Harris,  S.  F.  Jeter  and  E.  S.  Sanderson. 

A  quorum  of  the  Committee  on  Sections  was  present  at  the 
meeting,  D.  Robert  Yarnall,  Chairman,  L.  C.  Marburg  and 
Walter  Rautenstrauch.  Secretary  Rice  acted  as  chairman 
of  the  evening,  and  an  address  was  made  by  Judge  Edward 
K.  Nicholson  on  ways  in  which  engineere  can  cooperate  in 
the  mobilization  of  the  resources,  industrial  and  agricultural, 
of  the  United  States. 

The  meeting  ajijiroved  a  motion  to  petition  the  Council 
to  take  a  referendum  vote  of  the  members  of  the  Society  to 
determine  whether  we  should  support  national  prohibition 
during  the  period  of  the  War  as  a  means  toward  greater 
industrial  effectiveness  and  a  saving  in  spoiled  material. 

P.ALTIMORE 

.l;))i7  1!.  .\t  the  nioi'ting  of  the  Section  held  ,it  the  Engineers' 
("liih    tlie    follciwiiis    oHicei-s    were    elected    lor    the    ensuing    year: 


Clniiinian.  \V.  W.  Varney :  vice-chairman,  A.  B.  Robertson ; 
secretary.  A.  O.  Christie  :  and  treasurer,  C.  C.  Thomas.  William 
Chatard  was  elected  a  member  of  the   Executive  Committee. 

.\lten  T.  Miller,  Vice-President  of  the  Bartlett  Hayward  Co., 
of  Baltimore,  gave  a  most  interesting  address  on  Munitions  and 
Preparedness,  and  the  discussion  of  the  subject  which  followed 
was  of  much  interest  and  proved  most  instructive  to  all  present. 

A.  Kkxnedy. 
Temporary  Branch  Secretary. 


BUFFALO 

April  IS.  A  History  of  Aviation  was  the  subject  of  the  paper 
delivered  before  the  Engineering  Society  of  Buffalo  by  Charles  M. 
Manly,  Mem.Am.Soc.M.B.  Mr.  Manley,  who  has  been  actively 
engaged  in  aeronautics  for  many  years,  was  associated  with  Pro- 
fessor Langley  when  the  latter  developed  his  ideas  of  the  physics 
of  the  air  and  the  art  of  fiying.  His  paper  treated  particularly  of 
the  early  development  of  aviation  and  included  the  present  military 
problems  being  met  in  flying. 

The  following  resolution  was  adopted  at  this  meeting : 

"  Resolved,  that  the  Engineering  Society  of  Buffalo  express  its 
approval  of  the  principle  of  universal  and  obligatory  military  train- 
ing and  service,  and  that  we  urge  the  Senators  and  Representatives 
in  Congress  of  the  State  of  New  York,  and  particularly  the  Rep- 
resentatives of  the  Buffalo  districts,  to  support  in  every  way  possi- 
ble this  principle,  especially  as  it  is  embodied  in  the  Administration 
measures  looking  to  the  raising  of  an  army  on  this  basis." 

Hay  2.  At  the  annual  meeting  .John  Younger,  Mem.Am.Soc.M. 
E.,  resigned  from  the  office  of  president,  which  he  has  held  for  three 
years,  during  which  time  the  society  has  become  known  as  one  of 
the  most  energetic  and  useful  engineering  bodies.  The  election 
resulted  in  the  choice  of  the  following  officers  for  the  coming  year : 
President.  F.  A.  Lidbury,  Mem.Am.Soc.M.E. :  first  vice-president, 
D.  W.  Sowers.  Mem.Am.Soc.M.E. :  secretary,  F.  B.  Hubbard.  Mem. 
Am.Soe.M.E. :  treasurer.  W.  M.  Dollar.  Mem.Am.Soc.M.E.  :  direc- 
tors, H.  B.  Alverson.  Mem.Am.Soc.M.E.,  and  F.  E.  CarduUo, 
Mem.Am.Soc.M.E. 

Lotris  J.  Foley, 

Assistant  to  Secretary. 


DETROIT 

April  20.  A  number  of  the  members  and  several  ladies  attended 
the  dinner  on  this  date,  which  was  followed  by  an  address  by 
John  W.  Lieb.  Mem.Am.Soc.M.E..  on  Leonardo  da  Vinci — Artist, 
Philosopher  and  Engineer.  Mr.  Lieb's  address  was  most  interest- 
ing, as  it  was  based  upon  his  researches  during  a  residence  of 
ten  years  in  Italy,  in  the  early  days  of  electric  railroading. 

.T.   W.  Parker, 
Section   .Secretary. 


MERIDEN 

May  3.  An  illustrated  lecture  on  the  Steam  Turbine  was  given 
liy  J.  Breslav.  Mem.Am.Soc.M.E.,  before  the  Meriden  members  of 
the  Society.  This  lecture  proved  of  much  interest  and  general  dis- 
cussion by   those  present   followed. 

R.   S.   Brotherhood. 

Secretary. 


NEW  YORK 

.1/(11/  S.  Jlr.  Siegfried  Rosenzweig.  >lciii..\ni.S.i.-.M.i:..  ad- 
dressed the  meeting  on  The  Development  of  the  Poppet  Valve 
Steam  Engine  with  Special  Reference  to  its  Present  Status  in 
the  United   States. 

V'nder  the  heading  of  thei-mal  considerations,  the  iintlna-  eniimer- 
••ited  the  advantages  of  high  steam  pressures  and  high  super- 
heats, and  gave  reasons  why  under  such  working  conditions  t'lie 
poppet-valve   engine   is   the   most   suitable   type.      lie   showed   how 
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jiiid  why  tbo  iiiipliciitidii  of  high  steam  pressures  and  superheats 
and  the  development  of  the  poppet-valve  engine  eliminate  the 
mnltiple-cylinder  arrans'ement.  leading  to  oompound  engines  and 
finally  to  single-cylinder  engines,  [larticnlarly  of  the  uniflow 
type.  The  advantages  and  disadvantages  of  each  type  were 
defined  and  explained.  t?'omparative  steam  consnmptions  of 
Corliss,  poppet-valve  and  uniflow  poppet-valve  engines  were  given, 
and  also  the  economies  of  small  and  medium-size  turbines  and 
uniflow   engines   were  compared. 

This  part  of  the  paper  was  fidlowed  by  a  consideration  of 
structural  features,  in  which  the  stationary  engine,  the  Iocomol)ile. 
the  marine  engine,  and  the  locomotive  were  described  in  a 
general  wa.v,  and  in  a  number  of  designs  the  development  of  these 
important  types  explained.  The  paper  concluded  with  an  explana- 
tion of  a  number  of  the  different  and  most  prominent  t.vpes  of 
valve  gears  and  detail  constructions,  tlie  latter  with  special 
reference  to  the  best  forms  of  cylinder  designs.  Both  American 
and   European  types  were   shown. 

The  lecture  was  fully  illustrated  by  lantern  slides  and  diew 
forth   considerable  discussion. 

A.  D.  Blake. 

Section   Hecreliii-ii. 

PHILADELPHIA 

April  2.').  D.  Robert  Yarnall,  Mem.Am.Soc.M.E..  the  speaker 
at  this  meeting,  presented  a  paper  on  Kecent  Developments  in 
\'-Xotch   Weir  ileasurement. 

The  paper  was  fully  illustrated  with  lantern  slides  and  the 
speaker  traced  the  early  history  of  the  V-noteh  weir,  showing  the 
various  steps  in  its  evolution  up  to  the  present  time.  Particular 
emphasis  was  put  on  the  fact  that  the  V-notch  weir,  irrespective 
of  the  particular  make  of  the  instrument,  furnishes  the  most 
successful   method   of   measuring   liijuids. 

The  results  of  the  tests  at  the  University  of  Pennsylvania,  in 
which  a  Lea  instrument  was  used,  were  given.  Here  the  accuracy 
curve  for  various  rates  of  flow  was  practically  a  straight  line. 
The  water  used  in  the  test  was  weighed  by  very  accurate  scales 
and  the  percentage  of  error  during  the  entire  test  was  about  0.6 
|)er  cent.,  while  the  guaranteed  accurac.y  of  most  instruments  of 
this  type  is  about  1..5  per  cent.  A  discussion  followed  in  which 
.1.  W.  LeDoux.  Mem.Am.Soc.M.E.  ;  T.  C.  McBride,  Mem.Am.Soc. 
M.E.,   and   L.    F.   Moody.   Mem.Am.Soc.M.E..   participated. 

Moy  22.  The  closing  meeting  of  the  season  was  held  on  this 
date,  and  in  order  to  continue  the  helpful  spirit  of  cooperation 
now  prevailing  in  Philadelphia.  Mr.  Willard  Beahan.  First  Assist- 
ant Engineer,  Lake  Shore  and  Michigan  Southern  Railway,  ad- 
dressed  this  Section  on   Engineering  of  Men. 

All  the  Members  of  the  Engineers'  Club  of  Philadelphia  and  all 
the  engineering  organizations  affiliated  with  the  club  were  invited 
to  hear  Mr.  Beahan,  and  the  response  was  general. 

In  order  to  further  promote  barmon.v  and  to  tie  the  various 
organizations  together  more  closely,  a  dinner  was  given  to  the 
chairmen  of  the  several  affiliated  societies,  the  president  of  the 
Engineers'  Club,  and  the  president  and  secretary  of  The  Franklin 
Institute. 

W.    K.    .TONE.S, 

Hecrrlary. 

PROVIDENCE 

May  2.  The  second  annual  banfjuet  of  the  Providence  Engi- 
neering Society,  held  in  Elks  Hall,  surged  with  patriotic  enthu- 
siasm as  the  representatives  of  four  of  the  allied  countries  ad- 
dressed   the   audience. 

Mayor  Gainer,  the  first  speaker  of  the  evening,  welcomed  the 
distinguished  guests  and  declared  that  the  United  States  was  in 
tlie  war  to  stick   until  victory  was  assured. 

Capt.  M.  de  Jarny,  a  French  military  officer  sent  here  after 
many  months'  service  in  the  trenches  to  instruct  the  Harvard 
Training  Camp,  acted  as  the  representative  of  Ambassador  .lus- 
serand.  He  said  that  the  war  is  an  engineers'  war  and  that  the 
I'nited  States,  the  greatest  engineering  country  in  the  world,  is 
sure   to   play  a   great   part   in   it   for   that   reason. 

Capt.  Nathan  Horowitz.  U.S.A..  declared  that  the  word  "engi- 
neer "  was  a  synonym  for  efficiency,  and  that  efficiency  must  guide 
every  action  taken  by  the  citizens  here  .so  that  all  the  resources 
may  be  used  to  the  best  advantage.     His  brief  talk  closed   with   a 


reassurance  that  the  coast  defences  of  the  country  were  sufficient 
as  our  harbors  are  amply  protected  by  nets.  He  also  said  that  we 
were  not  awake  to  the  reality  of  war  and  that  the  sight  of  a 
submarine  or  Zeppelin  might  arouse  us  more  fully  to  a  realization 
of  our  duty. 

M.  S.  Davidson,  of  Toronto,  prefaced  his  talk  with  "  Comrades- 
in-arms,"  which  was  greeted  with  applause.  He  said  that  the 
-Vllies  had  been  confident  of  winning  with  or  without  the  United 
States,  but  that  \\v  thought  the  war  should  be  considerably  short- 
ened by  the  entrance  of  this  country  into  the  combat.  The  speaker 
said  that  the  greatest  good  derived  from  the  war  was  the  new 
conception  of  life  which  all  of  the  fighting  countries  are  gaining. 

Dr.  Ira  N.  Hollis,  Pres.Am.Soc.M.E..  spoke  on  behalf  of  the 
United  States.  Dr.  Hollis  said:  "Many  young  men  have  asked 
me  in  the  last  few  weeks  how  the.v  could  do  their  share.  Our 
country  must  provide  a  man  for  every  place  and  we  must  have 
an  agency  of  the  Government  to  allot  the  men  to  the  places  where 
they  can  best  serve.  We  serve  best  in  this  funeral  procession 
on  the  way  to  the  burial  of  the  divine  right  of  kings,  when  we 
fit  into  the  place  where  we  can   do  the  most  good." 

Prof.  Albert  Van  Hecke.  of  the  University  of  Louvain,  was 
Belgium's  representative.  He  told  of  the  sufferings  that  Belgium 
has  undergone  since  the  outbreak  of  the  war  and  something  of  the 
atrocities,  and  followed  with  motion  pictures  of  scenes  in  the 
refugee  camps  in  Holland.  These  pictures  gave  views  in  the 
different  workshops,  homes,  schools  and  playgrounds,  and  showed 
how   the  work   has   been   systematized   by   Professor   Van   Hecke. 

Albert  Thohnley, 
Corresponding  Secretary. 


ST.  LOUIS 

Xpril  11.  H.  R.  Setz,  Mem..\m.SocM.E.,  read  a  most  inter- 
esting paper  on  Some  Unusual  Applications  of  the  Diesel  Engine, 
before   the  joint  meeting  of  the   Section   and   the   Ehigineers'   Club. 

The  paper  dealt  with  the  application  of  the  Diesel  engine  to 
fr.-iction  problems  on  railroads.  The  greatly  varying  relations  be- 
tween train  speeds  on  level  and  rising  or  falling  tracks,  engine  hp., 
point  of  cut-off  and  tractive  effort  were  first  explained  by  means 
of  a   typical   dynamometer   test  chart  from   a   steam   locomotive. 

Gasolene  engines  have  for  some  time  been  used  for  traction 
service  and,  as  far  as  the  technical  solution  of  the  problem  is  con- 
cerned, have  been  an  entire  success.  Mr.  Setz  explained  why 
Diesel  engines,  owing  to  their  greater  flexibility,  lend  themslves 
even  more  readil.v  to  this  class  of  work. 

He  then  gave  particulars  of  three  methods  by  which  the  Diesel 
engine  can  be  made  use  of  for  traction  purposes,  as  follows  : 

Direct  drive,  in  principle  similar  to  the  present  practice  with 
steam  locomotives.  Since  at  the  slower  speeds  the  Diesel  engine 
would  be  unable  to  i)roduce  the  necessary  tractive  effort,  pro- 
visions must  be  made  to  increase  artificially  the  mean  effective 
pressure  in  the  engine  cylinder  hejond  that  resulting  fiom  the 
regular  cycle  of  operation.  This  is  accomplished,  while  running, 
by  the  admission  of  extra  charges  of  .fuel  oil  together  with  high- 
pressure  air,  while  for  starting,  the  range  cut-off  of  the  starting 
valve  must  lie  extended  to  about  70  per  cent  of  the  piston 
stroke. 

Mechanical  drive,  obtained  by  speed-change  gears  similar  to 
present  practice  in  automobile  construction.  For  the  purpose  of 
smooth  operation  it  is  important  that  the  engine  hp.  as  well  as 
the  momentar.v  tractive  effort  resulting  fiom  a  change  of  speed  be 
the  same  both  before  add  after  shifting  the  gear.  Particular  atten- 
tion is  to  be  paid  to  a  suitable  form  of  clutch.  As  modifications 
of  the  mechanical  drive  should  he  mentioned  the  various  methods 
of  hydraulic  and  compressed-air  transmissions,  which  are  pri- 
marily to  increase  the  tor<|ue  in  starting  and  at  slow  speeds. 

Electric  drive,  consisting  of  a  regular  Diesel-electric  generating 
unit  located  independently  on  the  car  or  locomotive  without  regard 
to  the  driving  axles,  which  latter  are  driven  b.v  a  suitable  number 
of  motors  through  gears.  Here  the  tori|ue  may  be  varied  either 
by  varying  the  voltage  or  the  spe('<l  of  the  engine. 

-Mr.  Setz  explained  by  n\eans  of  diagrams  and  lanleni  slides  the 
theoretical  considerations  nncleil.\  ing  the  ditTerent  forms  of  Diesel 
engine    propulsion. 

.\  lively  and  extended  disciissii>ii  followi'd.  showing  that  the 
sulijei-t    was    l)iith    intei'esfing   and    IImkI.v. 

I-.   A.   D.w. 
Section    Secretary. 
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STUDENT  BRANCHES 

Members  of  Student  Branches  are  requested  to  notify  the 
Secretary  of  any  change  in  address  as  promptly  as  possible, 
in  order  to  facilitate  delivery  of  The  Journal. 

The  Society  has  received  from  the  Student  Branches 
accounts  of  the  measures  taken  by  the  student  bodies  regard- 
mg  preparedness  for  national  defense.  That  each  university 
and  college  is  ''  doing  its  bit "  in  this  respect  is  shown  by  the 
summarized  reports  below. 

Armour  Institute  of  Technology.  Entire  student  body  meeting 
once  a  week  for  drill ;  military  training  compulsory.  One  hundred 
undergraduates  to  enlist  in  Navy.  Plans  in  formation  for  instruc- 
tion to  be  given  in  internal-combustion  engineering  for  men  train- 
ing for  service  in  United  States  Coast  Defense  Patrol. 

BuclcncU  Univeisity.  Student  branch  offered  services  to  War 
Department,  with  request  as  to  how  to  be  of  greatest  service. 

University  of  California.  Cadet  corps  numbers  1263;  35  imme- 
diately available  for  commissions  and  300  within  the  year.  One 
of  the  universities  designated  by  the  War  Department  as  training 
school  for  aviators ;  school  to  start  shortly. 

Case  School  of  Api)lied  Science.  All  students  taking  military 
drill  each  day.  Work  to  be  increased  toward  end  of  term. 
Application  now  in  for  Government  to  establish  senior  unit  of 
the  Officers'  Reserve  Corps  in  this  institution.  Two  instructors 
received  commissions  in  Officers'   Reserve  Corps. 

University  of  Cincinnati.  Military  problems  being  introduced 
in  all  courses  in  civil,  chemical,  electrical,  and  mechanical  en- 
gineering. 

University  of  Colorado.  Engineers  corps  of  50  men  formed. 
Company  of  cavalry  organized ;  to  be  increased  to  full  squadron 
shortly. 

Colorado  State  Agricultural  College.  Nearly  half  student  body 
applying  for  membership  in  Officers'  Reserve  Corps ;  some  have 
received  commissions.  Military  instruction  given  daily  to  under- 
graduates. 

Columbia  University.  Aerial  Coast  Patrol  Unit  No.  4  in  forma- 
tion. Six-week  courses  in  military  and  naval  subjects  started,  to 
include  trench  warfare,  map  reading,  radio  telegraphy,  mining, 
trench  signal  service,  infantry  drill,  military  law,  practical  naviga- 
tion, electric  steering,  turret  control,  gyroscopic  compass,  sub- 
marine signals,  etc.  Ambulance  unit  plans  in  formation.  Signal 
corps  in  training.  Agricultural  volunteer  system  inaugurated,  with 
credit  given  to  students  volunteering.  Military  census  being  taken. 
Cornell  University.  Cadet  corps  numbers  2000 ;  training  in 
charge  of  regular  United  States  officers ;  equipment  up-to-date  and 
complete ;  corps  comprised  of  regiment  of  infantry,  engineering 
division,  machine  gun  division,  signal  corps,  ambulance  division, 
and  military  band ;  officers  of  corps  are  students  holding  commis- 
sions. Six  hundred  students  enlisted  in  Government  service ;  ma- 
jority in  mosquito  fleet  at  Newport.  Cornell  ambulance  imit  for 
service  in  France  enrolled  and  equipped  and  now  in  service ;  second 
unit  to  leave  in  a  few  weeks.  Plans  for  new  field  battalion  of 
signal  corps  in  formation.  Complete  military  census  of  under- 
graduate body  taken.  One  of  the  universities  designated  by  the 
War  Department  as  training  school  for  aviators ;  school  to  start 
shortly. 

Georgia  School  of  Technology.  School  offered  to  Government  as 
military  training  center  for  officers.  Aviation  school  in  formation. 
Government  expected  to  take  advantage  of  offer  shortly. 

University  of  Illinois.  Usual  military  training  being  pushed  to 
the  limit.  Student  aviation  corps  in  formation,  with  many  appli- 
cations for  membership.  One  of  the  universities  designated  by 
War  Department  as  training  school  for  aviators :  school  to  start 
shortly. 

Johns  Hopkins  University.  Reserve  Officers'  Training  Corps 
organized  at  beginning  of  collegiate  year ;  battalion  of  2.50  men 
drill  under  officer  from  War  Department.  Five  men  have  commis- 
sions in  the  Reserve  Corps  and  thirty  have  enlisted  in  the  naval 
reserve  and  state  militia.  Credit  for  balance  of  year  given  to  all 
enlisting. 

University  of  Kansas.  Courses  in  military  science  and  engineer- 
ing organized  under  direction  of  Dean  of  Engineering.  Many 
undergraduates  applying  for  admission  to  Officers'  Reserve  Corps 
and  to  the  Quartermaster's  Department.     Credit  for  the  balance  of 


school  year  being  given  students  enlisting  or  taking  industrial  posi- 
tions in  the  service  of  the  country. 

Leland  Stanford  Junior  University.  Credit  being  given  stu- 
dents entering  intensive  military  training  or  active  service.  About 
800  students  now  in  training.  Large  number  of  advanced  engi- 
neering students  excused  to  take  up  industrial  work  in  connec- 
tion with  federal  contracts.  Officers'  Reserve  Corps  has  many 
applications  for  admission.  A  few  students  taking  up  aviation. 
Two  complete  ambulance  corps  now  in   France. 

Lehigh  University.  Class  in  military  training  held  four  times  a 
week.  Chemists  have  list  of  men  classified  for  industrial  positions. 
University  of  Maine.  Two  years*  military  training  required  o£ 
all  students ;  courses  rearranged  to  permit  of  entire  student  body 
taking  military  training  two  hours  daily.  Courses  in  map  making 
and  reading,  problems  of  intrenchment,  use  of  high  explosives,  and 
signal  corps  work  established  and  well  attended.  Many  students 
enlisting  in  Coast  Patrol.    Cadet  battalion  of  532  men. 

Massachusetts  Institute  of  Technology.  Trains  all  constructors 
for  Navy.  All  seniors  graduated  in  advance  and  now  in  service. 
Military  department,  existing  for  fifty  years,  now  being  enlarged. 
Engineering  courses  being  reorganized  on  war  basis  to  train  men 
for  technical  departments  of  the  army,  engineering  division,  coast 
artillery,  signal  corps,  and  ordnance.  Laboratories  placed  at  dis- 
posal of  Government.  One  of  the  universities  designated  by  War 
Department  as  training  school  for  aviators ;  school  to  start 
shortly.  Industrial  survey  of  alumni,  started  last  year,  now  being 
completed. 

University  of  Michigan.  Seven  companies  of  engineers  organ- 
ized ;  drilling  twice  a  week.  Special  courses  being  given  in  mili- 
tary engineering,  camp  sanitation,  transportation  of  supplies  and 
munitions,  high  explosives,  etc.  Many  students  leaving  to  join 
various  military  and  naval  units. 

University  of  Missouri.  Special  company  of  fifty  cadets  now  in 
intensive  training ;  eight  immediately  available  for  commissions, 
and  thirty  more  within  the  year. 

University  of  Minnesota.  Military  corps  numbers  1250 ;  50  im- 
mediately available  for  commissions ;  300  to  attend  officers'  training 
camp  this  summer.  Resolutions  passed  by  students  pledging  them- 
selves ready  and  willing  for  active  service. 

University  of  Nebraska.  Cadet  corps  numbers  800  men ;  46  im- 
mediately available  for  commissions  and  100  within  the  year. 

yeiv  York  University.  Red  Cross  ambulance  company  of  100 
men  formed :  drill  three  hours  a  week  under  regular  army  officer. 
Four  companies  of  Reserve  Officers'  Training  Corps  formed,  sev- 
enty men  to  a  company,  receiving  three  hours'  drill  a  week. 
Courses  in  ordnance  and  gunnery,  electrical  and  steam  engineer- 
ing, signaling,  and  navigation  on  board  battle  ship  2iew  Jersey  dis- 
continued.    Course  in  signaling  to  be  given  in  university. 

Ohio  State  University.  About  one  thousand  student:,  leaving 
either  for  Officers'  Reserve  Corps,  industrial  positions,  or  agricul- 
tural pursuits ;  full  credit  being  given  these  students.  Sophomore 
regiment  of  cadets  have  open-order  drill  on  Saturdays,  besides  reg- 
ular drill  periods.  One  of  the  universities  designated  by  War  De- 
partment as  training  school  for  aviators ;  school  to  start  shortly. 

University  of  Oklahoma.  Compulsory  military  drill  established 
throughout  university.  Engineering  school  forming  signal  corps 
for  two  upper  classes.  Sixty-four  students  to  enter  officers'  train- 
ing camp  at  Fort  Logan  H.  Root,  Arkansas.  Intercollegiate  Intel- 
ligence Bureau  making  complete  investigation  of  alumni  aud  under- 
graduates as  to  fitness  for  Government  service. 

Oregon  Agricultural  College.  About  fifty  per  cent  of  the  seniors 
and  twenty  per  cent  of  the  junior  engineering  students  qualified 
for  Reserve  Officers'  Training  camp  at  San  Francisco.  Full 
university  credit  being  given  these  students.  Many  undergrad- 
uates leaving  to  take  up  work  on  farms. 

Pennsylvania  State  College.  Cadet  corps  numbers  1.500 ;  300 
men  available  for  commissions  and  300  more  within  the  year. 
Courses  being  given  in  aeronautics,  navigation,  ordnance,  and  quar- 
termaster work.  Special  instruction  in  ambulance  and  first-aid 
medical  field  service. 

University  of  Pittsburgh.  Survey  of  all  students  and  alumni 
prepared  and  forwarded  to  National  Intelligence  Bureau.  Univer- 
sity wireless  plant  now  at  the  service  of  the  Government.  Base 
hospital  formed  in  school  of  medicine.  Lectures  given  on  camp 
sanitation.  Regiment  of  six  companies  has  700  students  enrolled : 
daily  driU.  Agricultural  bureau  of  the  university  enlisting  stu- 
dents for  farm  work.  Full  credit  being  given  to  those  enlisting 
and  to  those  taking  up  agricultural  or  industrial  work. 
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Poliitechiiic  Institute  of  Brooldijn.  Training  corps  of  100  estab- 
lished;  drills  three  hours  a  week  at  loth  Regiment 'armory.  About 
twenty  students  in  Naval  Reserve  and  about  12  per  cent,  of  the 
student  body  in  active  service. 

Purdue  University.  Cadet  corps  numbers  1000 ;  300  to  attend 
officers'  training  camp  and  will  be  available  for  commissions ;  300 
more  within  the  year. 

Rensselaer  Pohjtcehnie  Institute.  Course  in  military  engineering 
established.  Military  instruction  to  be  instituted  immediately. 
Over  one  hundred  undergraduates  leaving  for  Officers"  Reserve 
Corps,  Naval  Engineering  Corps,   regular  army,   or  state  militia. 

Stevens  Institute  of  Technology.  All  students  being  drilled  five 
times  a  week.  Commencement  advanced  to  permit  of  students  en- 
tering camps. 

Syracuse  University.  Eight  hundred  students  drilling  twice  a 
week ;  150  graduate  students  to  enter  Officers'  Reserve  Corps. 
Ambulance  corps  being  formed.  Credit  being  given  students  enlist- 
ing or  entering  agricultural  or  industrial  work. 

Virginia  Polytechnic  Institute.  Course  of  lectures  by  Red  Cross 
representative  attended  by  student  body.  Four  hours  of  military 
drill  daily.  About  one  hundred  students  certified  for  admission  to 
Fort  Myer  officers'  training  camp.  Cadet  corps  a  unit  of  Reserve 
Officers'  Training  Corps. 

Washington  University.  Plans  are  now  being  made  to  form 
Reserve  Officers'  Training  Corps,  modeled  after  Yale's,  to  be  under 
authority  of  War  Department.  About  one  hundred  men  already  in 
national  service  and  about  one  hundred  more  to  be  enrolled  in 
reserve  officers'  training  camps.  Many  students  to  go  as  ambulance 
drivers  to  France. 

University  of  Washington.  Cadet  corps  numbers  800 ;  100  avail- 
able for  commissions  within  the  year ;  85  to  attend  officers'  training 
camp  at  San  Francisco.  Complete  census  of  undergraduates  and 
alumni  taken. 

University  of  Wisconsin.  Courses  offered  in  intensive  military 
training  with  full  credit  allowed.  Cadet  corps  numbers  1200 ;  140 
available  immediately  for  commissions  and  600  within  the  year. 

Worcester  Polytechnic  Institute.  MDitary  training  of  students 
under  experienced  drill  officer.  Number  of  seniors  to  take  forth- 
coming examinations  for  commissions  in  regular  army ;  such  stu- 
dents excused  from  all  regular  institute  work.  Work  of  engineer 
officers  outlined  in  address  by  Captain  Williford,  of  Coast  Artillery  . 

Yale  University.  About  1500  men  engaged  in  military  work : 
300  immediately  available  for  commissions  and  600  within  the  y.':ir. 
Regular  army  officers  in  command  of  the  men.  Aerial  coast  patrol 
unit  formed  and  in  training.  Naval  training  unit  enrolled.  Hos- 
pital unit  organized  and  ready  for  service  abroad.  Signal  corps 
unit  in  active  training.  Many  students  already  in  active  service 
abroad.  Laboratories  offered  to  Government.  Intercollegiate  In- 
telligence Bureau  work  being  forwarded. 

Preparedness  in  its  different  phases  is  not  confined  to  any 
group  of  universities  or  colleges,  but  throughout  the  country 
there  is  a  general  movement  among  college  men  to  make 
themselves  ready  for  tlie  call. 

Broun  University.  Military  unit  of  2.50  in  training;  150  men 
organized  for  agricultural  work.  University  equipped  several  am- 
bulances for  use  in  France.  Many  undergraduates  to  go  to 
Plattsburg. 

Colgate  University.  Military  drill  being  instituted  for  all  stu- 
dents under  Plattsburg  men.  Full  credit  being  given  to  all  stu- 
dents enlisting  or  taking  up  agricultural  or  industrial  work.  Labo- 
ratories and  other  facilities  of  the  university  offered  to  Govern- 
ment.    Special  military  courses  being  given. 

Dartmouth  College.  Five  hundred  withdrawn  to  enter  Naval 
Reserve,  Reserve  Officers'  Training  Corps,  and  Aviation  Corps. 
Two  complete  ambulance  units  equipped  and  on  the  way  to 
France.  One  thousand  drilling  daily.  Military  census  being 
taken.     Vacant  land  being  intensively  cultivated. 

Delaware  College.  Ambulance  corps  organized  and  equipped. 
Military  census  of  undergraduates  and  alumni  taken.  Many  stu- 
dents leaving  to  enlist  in  active  service. 

Fordham  University.  Military  training  compulsory.  Over  1000 
students  drilling  daily,  about  100  applying  for  admission  to  Platts- 
burg.    Ambulance  Corps  No.  G  in  formation. 

(leorge  Washington  University.  First  Company,  Coast  Artillery, 
District  of  Columbia   Guard,   formed   in   1915.   in   active   District 


service.    Many  students  to  enter  Fort  Myer  Officers'  Reserve  camp. 
Military  census  taken. 

Harvard  University.  Officers'  Training  Corps  numbers  1200 
men,  under  regular  array  command.  Five  French  army  officers 
assisting  in  training.    Ambulance  unit  now  in  service  in  France. 

I  nirersity  of  Indiana.  Training  corps  numbers  312;  50  per  cent, 
of  this  number  to  be  available  within  the  year  for  commissions. 

Massachusetts  Agricultural  College.  Cadet  corps  numbers  426 ; 
47  are  available  for  commissions  and  have  enrolled  in  the  Govern- 
ment officers'  training  camps. 

Michigan  Agricultural  College.  Cadet  corps  numbers  875;  150 
men  are  immediately  available  for  commissions ;  250  within  the 
year. 

New  Hampshire  College.  Cadet  corps  numbers  380;  12  imme- 
diately available  for  commissions  and  75  more  within  the  year. 

New  Mexico  School  of  Agriculture  and  Mechanic  Arts.  Inter- 
collegiate Intelligence  Bureau  taking  census  of  alumni  and  stu- 
dents. Agricultural  school  in  full  charge  of  agricultural  resources 
of  the  state  for  greater  crop  returns.  Practically  all  of  engineer- 
ing students  applying  for  admission  to  Officers'  Reserve  Corps. 

College  of  the  City  of  New  Yorl:.  Complete  equipment  of  chem- 
istry building  and  services  of  faculty  offered  to  Government.  Reso- 
lutions adopted  expressing  students'  willingness  for  national  serv- 
ice.    Ambulance  unit  plans  in  formation. 

North  Carolina  College  of  Agriculture  and  Mechanic  Arts.  Ca- 
det corps  numbers  400:  60  available  for  commissions,  60  more 
within  the  year. 

Norwich  University.  Cadet  corps  numbers  200.  Ten  seniors 
designated  for  regular  army  commissions  and  four  as  second  lieu- 
tenants in  the  Marine  Corps. 

University  of  Notre  Dame.  Cadet  battalion  in  training ;  90  im- 
mediately available  for  commissions  and  at  least  one-fourth  of  the 
whole  battalion  within  the  year. 

Pennsylvania  College.  Cadet  corps  numbers  314 ;  35  immedi- 
ately available  for  commissions  and  120  within  the  year.  Many 
students  to  attend  officers'  training  camps  this  summer. 

University  of  Pennsyhania.  Twenty-two  hundred  students 
drilling  daily  under  regular  United  States  officers.  University  Base 
Hospital  No.  20  ready  to  sail  for  France.  Over  two  hundred  stu- 
dents enrolled  in  army  of  commissary  for  work  on  farms.  Military 
census  just  completed. 

Princeton  University.  Military  drill  established.  Aviation 
school  started,  with  more  than  tvv-o  hundred  applying  for  admis- 
sion. About  two  hundred  to  enter  officers'  reserve  training  camps. 
Four  ambulance  units  of  twenfy-five  men  each  to  sail  for  France 
the  end  of  May  for  field  service  with  the  American  Ambulance 
Corps.    Full  credit  allowed  those  enlisting.  u 

h'l.ode  Island  State  College.  Cadet  corps  numbers  252;  15  imme- 
diately available  for  commissions  and  50  more  within  the  year. 

Rose  Polytechnic  Institute.  Military  training  started.  Plans 
being  worked  out  in  connection  with  National  Defense  Council 
.and  National  Research  Council.  Laboratories  well  equipped  for 
preparedness  work. 

Rutgers  College.  Reserve  Officers'  Training  Corps  numbers  300; 
37  immediately  available  for  commissions.  Students  being  released 
for  farm  work.  Plans  in  formation  for  students  not  in  direct 
military  service  to  enter  munitions  making. 

Trinity  College.  Unit  of  Officers'  Reserve  Corps  established. 
Half  of  undergraduate  body  drilling  ten  hours  a  week.  Courses 
established  in  military  science.  Twenty-five  men  enrolled  in  Con- 
necticut National  Guard  and  others  in  ambulance  and  machine- 
gun  divisions. 

Tufts  College.  Military  census  taken  of  students  and  gradu- 
ates. About  fifty  enrolled  in  Naval  aud  Coast  Defense  Reserves. 
Division  of  ambulance  field  service  now  being  organized.  Twenty 
students  accepted  for  Officers'  Reserve  Corps.  Credit  being  given 
to  those  enlisting  or  taking  up  agricultural  or  industrial  work. 

Tulune  University  of  Louisiana.  All  facilities  of  laboratories 
offered  to  Government.  Questionnaire  sent  to  3300  alumni  to 
determine  number  willing  to  enlist.  Many  graduates  of  Medical 
Department  enlisted  in  service.  Large  number  of  engineering 
alumni   in   officers'   training  camps. 

Union  College.  Two  hundred  and  twenty-five  students  drilling 
four  hours  a  week :  non-commissioned  officers'  class  for  seventy- 
five.  Courses  of  lectures,  with  field  work,  given  on  military  en- 
gineering, code  and  flag  signaling,  and  military  topography.  Mili- 
tary census  taken. 
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University  of  Vermont.  Student  cadet  corps  of  250  men ;  80 
arailable  for  commissions  within  the  year.  University  sent  a  com- 
plete infantry  company  and  medical  detachment  to  Mexican  border 
last  summer. 

^yHliams  College.  Training  corps  consisting  of  420  men  ;  200 
available  for  Federal  service  within  the  year ;  20  seniors  to  go  to 
Plattsburg. 


ARilOl'R    INSTITITK   OF    TECHNOLOGV 

A/iril  i'l.      Robert  Randoliih  was  the  spiMkn-  at  the  joint  meeting 
of  all  the  engineering  societies,  speaking  on  the  I'otential  Resources 


short  talk  on  Ice  Plants  and  Refrigeration,  and  was  followed  by 
-Ml-.  .Morse,  who  spoke  on  Speed-boats  and  Hydroplanes.  Both 
talks   were   inK'resting  and   well   illustrated   with   lantern   slides. 

H.   C.    DiESERUD, 

Branch   Secretory. 

KA.NSAS    STATE    AlJRKTLTrRAL    COLLEGE 

Miiil  l-'i.  Engineers'  week  was  celebrated  by  the  students 
stinting  with  open  house  and  a  band  concert,  moving  pictures 
siiowing    many    manufacturing    pioeesses    and    engineering    works. 

.\t    the    regul::;'    I'r:;ach    raes-tiug    .Toseph    Harrington.    Mem..\m. 
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University   of   Cincinnati   Student   Branch   Aji.Soc.M.E. 


of  the  Ihainage  Canal  in  Time  of  War.  After  the  lecture  which 
was  illustrated  with  lantern  slides.  Mr.  Randolph  answered  many 
questions  concerning  military  matters  and  his  explanations  were 
most   enlightening. 

May  7.  A  b'siness  meeting  was  held  at  which  the  following 
officers  were  elected :  \V.  H.  Bretting.  president :  K.  A.  Taylor, 
vice-president :  V.  A.  Kerr,  secretar.v ;  N.  L.  Marvin,  treasurer. 
The  newly  elected  officers  gave  short  talks  following  their  appoint- 
ment. 

Abe  J.  Tlocin.sky. 

Brunrh    Secretary. 

BUCKNELL    UNIVERSITY 

J/hi/  7.  C.  C.  Kepple  gave  an  interesting  and  instructive  talk 
on  the  Field  and  Future  of  the  Low-Pressure  Steam  Turbine. 
The  most  important  point  in  the  discussion  was  the  showing  of 
the  increased  efficiency  of  a  plant  due  to  the  installation  of  a 
low-pressure  turbine.  Prof.  F.  E.  Burpee.  Mem.Am.Soc.M.E..  gave 
a   short   discussion   on   the   same   subject. 

C.    M.    Krineb, 
Branch   Secretary. 

IXHERSITY    OF   COLORADO 

.4/iri7  21).  Organization  was  the  subject  of  an  address  before 
the  Branch  by  Prof.  .lohn  .V.  Hunter.  Mem.Am.Soc.M.E.  Later 
the  annual  election  of  officers  took  place,  resulting  as  follows : 
President.  H.  T.  Sears :  vice-president.  R.  B.  Burlingame :  secre- 
tary. H.  O.  Croft.     The  elei'tion  w.-is  followed  b.v  a  big  get-together 

II.  O.  Croft. 

Branch    St'crctari/. 

UNIVERSITY  OF  ILLINOIS 

Ai>ril  19.  In  competition  for  prizes  offered  the  Junior  and 
Sophomore  classes  b.v  Pi  Tau   Sigma.   Mr.   Shonkwiler  delivered  a 


Soc.M.E..  gave  an   interesting  talk   on   IioIKt   srttings  and   furnace 
combustion. 

■\  p.-irade  was  held  with  nimiy  interesting  and  attractive  floats, 
one  of  which  was  a  small  gas  tractor,  built  complete  in  the 
college  shojjs  and  consisting  of  a  H^-hp.  gas  engine  mounted  on 
siiecially  built  trucks,  which  gave  a  small  but  powerful  tractor. 
There  were  man.v  novel  features  among  the  floats,  such  as  one 
u  hich  carried  the  power  plant  which  furnished  power  and  light 
for  the  other  floats  another  with  a  small  mill  in  operation,  one 
showing  an  electrical  "  wash  day  "  as  ccmipared  with  the  old-style 
kitchen,  and  many  othei-s  of  equal  interest.  The  closing  event 
of    the    week    was    the    annual    engineers'    ball. 

William  N.  Caton, 
liranch    Secretary. 


.\L\ss.\(iirsi:T'rs  institute  of  technology 

Mail  •(.  The  close  of  a  very  successful  year  was  celebrated  by 
th"  .\nnnal  Bampiet.  at  which  the  |)rincipal  speakers  were  Ira 
.v.  llollis.  Pres..  Am.Soc.M.E..  Rowland  W.  Boyden.  and  Prof. 
K.   F.   Miller.   Jlem.Am.Soc.M.E. 

Professor  Miller  sounded  a  warning  to  the  men  going  out  from 
the  Institute  into  the  Covernment's  service  in  the  capacity  of 
munition  ins]ieclors.  as  they  are  opi']!  to  many  temptations  in 
the  way  of  graft. 

Jlr.  Boyden  said  that  it  was  now  time  for  us  to  consider  facts 
sanely  and  with  calm  judgment,  as  we  receive  jiroofs  every  day 
of  the  stupendousness  of  the  task  confronting  us.  Those  in  high 
authority  in  the  Army  and  Navy  must  now  have  broad  vision 
and  administrative  and  executive  powers  in  order  to  make  an 
impression  on  the  enemy,  and  we  can  congratulate  ourselves  on 
the  number  of  men  we  have  who  jiossess  these  powers.  The  so- 
called  "  captains  of  industry  "  are  just  the  men  of  this  type  who 
will  ])rodvice  efficiency,  and  Mr.  Boyden  cited  several  examples 
of  both  young  and  older  men  who  are  proving  their  iiatriotic 
spirit   and  devotion  to  their  work. 

Dr.    Hollis   advised    the    men    to    read    history    to    see    what    the 
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end  <■!'  lilt'  vviir  is  di'Stini'd  tu  lir.  He  ciiiisidiTcd  tlii'  di'liiiitiiiii  o( 
(■ix'ili/.ntiiiu  ;is  sivi'n  by  Louis  I'Mstciir  tlie  best — " 'I'lint  iMvilizatiun 
ill  wbicli  till'  iiidividmil  is  iierniittcd  tu  di'vi'liip  liiiiisclf  to  tin- 
niiiximtim  CMiiiicity  for  the  benefit  of  iiiankiiid."  As  the  l)lood  was 
to  many  of  us  tlie  symbol  of  the  vvashiiif!  away  of  the  siiis'of  the 
woild.  now  bloodshed  may  again  be  worthy  lo  fnllill  the  oom- 
iiiaiid.  "  l.ove  thy  neighbor  as  thyself."  The  develo|)ment  of  the 
eusineer.  I>r.  Ilollis  said,  has  gone  hand  in  hand  witli  demooraoy. 
and  there  is  a  tendency  of  science  to  weld  tlic  nations  together. 
The  mechanical  engineer  has  a  peculiar  right  to  claim  that  his 
share  in  this  war  is  preeiuineut.  and  each  individual  should  pre- 
pare himself  for   whatever  he  is  best  fitted. 

.Vnnouncemciu  was  made  of  the  result  of  the  election  of  othcers 
for  the  coming  year,  as  follows:  Chairman.  A.  Saunders,  vice- 
chairman,  .\.  I..  Hamilton,  treasurer.  H.  \V.  Fitch,  secretary. 
8.   II.  Caldwell.  S.   H.  C.vLDWEi.r.. 

H lunch    t^cfrvtitrij. 


strain.       The    methods    of    avoiding    tbi'iii    liy    proper    illumination 
were   al.so   exphiiued. 

To.M     L.    Siiliiov. 

linliich    Srcri  tin'!/. 


l'OI,YTK(TlMC   INSTrrrTK   (IF    HKOOKIA'N 

Mill/  .).  Samuel  1'.  Hlakeman.  Meiii..\m.Soc.M.F.,  gave  a  most 
interesting    talk    on    S.K.F.    Hall    Hearings. 

Mr.  Blakeman  described  in  detail  the  manufacture  ami  various 
uses  of  the  ball  bearings  and  illustrated  his  points  with  many 
interesting  lantern  sliiles. 

The  following  ollicers  were  elected  for  the  coming  year:  I'resi- 
dent.  Frederick  II.  Kromm  :  vice-president,  Charles  L.  Schweizer ; 
treasurer,  .loseph   I..   Kopf:   secretary.   Nathan   X.  Wolpert. 

(iEOKliE   Cherr. 
f  'nrri  Kjionilinif   Si'm-fiiri/. 


OHIO    STATE    UNIVERSITY 

April  25.  Mr.  Fikret.  instructor  in  the  mechanical-engineering 
department,  gave  a  well-illustrated  lecture  on  the  construction  and 
equipment  of  the  Essex  Power  Station  of  the  Puldic  Service  Elec- 
tric Company  of  Xew  .lersey.  with  which  company  he  was  formerly 
I'onnected. 

F.    E.    SYiMseh. 
liriiiirh    Srvrrtiir}/. 


()l!F(i()X    STATE    AtililCt 


UAL   COLLEGE 


A/nil  I'.K  \  general  business  meeting  was  htdd  and  oflicers  for 
next    year    nominated. 

1/(11/  In.  .\fter  the  regular  routine  of  business  the  following 
4itiicers  were  elected  for  next  .vear  :  President.  A.  O.  Leech  :  vice- 
president.  F.  P.  Myers:  secretary.  II.  W.  Fish;  treasurer.  H.  B. 
Alorris. 

.\RcnER  O.  Leech, 

Biinich    Secrctarii. 


OKLAHOMA    FXIVEHSITY 

.1/(11/  N.  K.  W.  Pembleton  addressed  a  joint  meeting  of  the  elec- 
trical and  mechanical  branches  on  (Jasolene  Extraction  from 
•  Jas.  and  was  followed  by  Prof.  L.  W.  W.  Morrow,  who  spoke  on 
illumination. 

The  latter  paper  was  illustrated  by  lantern  slides  and  di.scussed 
the  mechanical  operation  of  the  eye.  the  limited  number  of  light 
■waves    which    can    be    seen,    and    the    causes    and    results    of    eye 


SYK.VCFSE   rXHEKSlTY 

.Urn/  7.  .\fter  a  few  general  remarks  addressed  by  the  Presi- 
dent to  the  new  members  of  the  P.raneh  concerning  its  principles 
and  aims,  short  talks  were  given  by  Messrs,  M.  P,  Whitney,  JI. 
I'.  Ferguson.  Smith,  and  Lanigan.  \V.  I.  Rodgers,  Jr,,  followed 
with  a  report  of  the  .loint  Student  P>ranch  Conference  in  Xew 
York. 

The  oflicers  for  next  year  were  elected  as  follows:  President. 
Maurice  P.  Whitney  :  viiv-president.  Walter  I.  Rodgers.  .Ir.  : 
secretary.  T.  Dean  Ilowland  :  treasurer.  .Malcolm  P.  Ferguson. 

T.  Dean  Howland, 
Branch  Secretary. 


VIRGINIA    POLYTECHNIC    IXSTITFTE 

.)/«//  1.  City  Management  was  the  siiliject  of  a  most  interesting 
and  informing  paper  presented  by  K.  S.  Royer.  I'ity  Manager  of 
Fredericksburg,  Va.  This  is  a  new  field  of  woik  for  engineers 
;ind  the  paper  was  received  with  much  interest  by  the  members 
of  the   branch. 

(i.  F.  Minor. 
Hniiivh    SrrrrtiiriJ. 

rXIVERSITY   OF   WISCONSIN 

1/(11/  ■!.     Prof.  W.  .1.  Mead  of  the  tiecdogy   Department  gave  an 
interesting  illustrated  lecture  on  Landslides  at  this  meeting. 

JoiiN'  M.  Woon 

Hriiiirh    Scrntiirii. 


EMPLOYMENT  BULLETIN 

rllE  SECRETARY  considers  it  a  special  obligation  and  pleasant  duty  to  make  the  office  of  the 
Society  the  medium  for  assisting  members  to  secure  positions,  by  putting  them  in  touch  with 
special  opportunities  for  which  their  training  and  experience  qualify  them,  and  for  helping  any- 
one  desiring   engineering  services.      The   Society  acts   only   as   a   clearing   house    in    these   matters. 


I'OSITIO.VS    .\VAIL.\I1LE 

III  lorwanUiig  applicnrioii.<i.  xtiinips  should  be  enclosed  for  trans- 
mittiil  lo  advertisers;  npiilicaiions  jrom  nun-members  should  be 
accompanied  by  a  letter  of  refvience  or  introduction  jrom  a  mem- 
ber, such  reference  letter  to  be  filed  with  the  Society.  Copy  for 
notices  must  be  in  h.and  by  the  loth  of  tlie  month. 

IN.STIIUCTOR.S  for  school  of  mechanical  trades  in  Iowa.  Salaries 
$1.00<l  to  .$1,200.  Promotion  dependent  to  large  extent  upon  commer- 
cial work  wliieli  can  lie  turned  out  «Uiriii,u  year.  .Men  wanted  now  are 
as  follows  : 

(a)  Energetic  young  man  with  some  business  ahility  to  take  charge 
of  autoiiKiliile  depurtinent  doing  large  repair  liusini  ss  ;  must  know  sub- 
ject thoroughly  anil  be  able  to  build  up  department  educationally  and 
commercially.  CVmipetent  to  teach  automobile  lines,  including  electric- 
cranking,  lighting  and  ignition  course,  to  m-gani/.e  material  and  work  in 
such  way  that  maximum  number  of  students  can  he  handled  with 
minimum  teaching  tone  and  expense. 


t6)  Man  to  handle  foundry  and  machine  shop  and  possibly  forge. 
676. 

TIX'H.NK.'AL  ENtilNEEIt.  with  experience  in  steam  engineering. 
to  act  as  assistant  operating  engineer  in  large  industrial  plant 
located  near  Chicago.     State  age,  experience  and  salary  expected.     938. 

YOUNti  TECHNICAL  (iltADUATE  with  one  or  two  years'  expert 
ence  in  steam  engineering,  for  testing  work :  location  New  Jersey. 
State  age,  experience  and  salary  expected.     9:^9. 

MASTER  MECH.^NIC  for  steel  mill;  experienced  In  this  line  of 
work  and  able  to  handle  (iO  to  7.5  men.  Age  2,^  to  40,  and  a  hustler. 
Salary  about  .i>2400.     Locution   Pennsylvania.      1000. 

DKAFTS.MEN  AND  DESIGNERS.  Experienced  men  with  knowl- 
edge of  valves  and  fittings  :  good  future  with  large  concern.  State  ex- 
perience in  full,  salary  expected  and  references.      1002. 

DSTIM.VTdK.    g.'neral    jobbing    and    inalulfacturiiig    sbo[i  ;    man    e\ 
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IJfrU'UtTcl     in    general    machine    plate    and    structural    work.       State 
experience,  salary  desired  and  when  available.     Location  New  Jersey. 

(iENERAL  CORRESPONDENT  to  be  located  in  New  York  office  of 
concern  doing  business  with  South  American  countries.  Must  speak 
Spanish.  Prefer  South  American  or  one  who  has  resided  in  South 
America  and  is  familiar  with  conditions  and  language  from  personal 
experience.     Salary  depends  on  man.     1007. 

FARM  TRACTOR  MANUFACTURER,  well  established,  wishes  to  get 
in  touch  with  large  manufacturing  property  whose  foundries  and 
machine  shops  are  capable  of  manufacturing  at  least  10,000  tractors 
per  year  including  internal-combustion  motors  of  30  hp.     1016. 

SUPERINTENDENT  AND  FOREMAN  of  power  plant.  Capable  of 
taking  complete  charge  of  large  smelter  plant  consisting  of  steam  tur- 
bines, large  blowing  engines  and  rotary  blowers,  Diesel  engines, 
waste  heat  and  oil-fired  boilers,  pumping  plant,  high  and  low  tension 
electrical  equipment,  etc.  Must  be  familiar  with  combustion  and  oper- 
ating problems ;  and  have  organizing  and  executive  ability.  Salary 
about  $2500.     Location  Arizona.     1025. 

DRAFTSMEN  on  miscellaneous  mine  and  smelter  equipment.  Prac- 
tical men  with  ten  to  fifteen  years'  mechanical  and  structural  experi- 
ence in  shops,  industrial  plants  and  contract  work,  to  act  as  squad 
leaders.  Salary  $190  per  month,  transportation  refunded  ;  44  working 
hours  per  week  ;  living  expenses  about  $35  a  month.  Duration  of 
employment  not  less  than  5  months.  Single  men  preferred.  Location 
Coppercliff,  Ont.,  Canada.     1028. 

(iENERAL  SUPERINTENDENT  for  plant  with  over  1200  em- 
ployees near  New  York.  Highly  developed  technique  involving  wide 
field.  Applicant  must  have  keen  sense  of  justice  and  obvious  ability 
to  he  successful  executive  in  democratic  organization.  Thorough  appre- 
ciation of  importance  of  making  deductions  from  facts  alone ;  tech- 
nical training.  Men  chosen  for  the  position  will  be  given  opportunity 
to  learn  technique  and  establish  himself  in  the  confidence  and  esteem 
of  the  personnel.  He  will  probably  not  be  given  full  responsibility 
within  a  year.  Plant  is  part  of  very  large  organization  and  affords 
ample  opportunity  for  advancement.     1030. 

ADVERTISING  MAN.  Boston  advertising  agency.  Must  be  tech- 
nically trained  with  advertising  experience,  preferably  as  advertising 
manager,  and  capable  of  taking  full  charge  of  accounts  in  engineering 
field.      1032. 

DRAFTSMAN  to  make  measurements  and  drawings  of  machine  tools. 
Work  will  require  considerable  time.  Good  promise  for  the  future. 
Young  man  of  technical  education  and  some  practical  experience, 
especially  in  machine  tool  work.     Location  Buffalo,  N.  Y'.     1033. 

PRODUCTION  MANAGER.  Age  35  to  45  ;  married  man  preferred. 
Clean-cut,  aggressive,  of  generous  build  preferred,  executive  ability. 
Technical  graduate  preferred,  not  absolutely  required.  Must  have  had 
actual  shop  experience  in  all  departments,  such  as  machine  shop,  draw- 
ing-room, tool  designing,  die  making,  etc.  Thorough  knowledge  of  de- 
sign and  operation  of  tools  for  press  work  absolutely  necessary  and 
familiarity  with  modern  efficiency  methods,  including  time  studies, 
costs,  planning,  etc.  Experience  in  electrical  work  desirable.  Loca- 
tion vicinity  New  York  City.  Salary  $3000  to  $4000  or  more  according 
to  qualifications.     1034. 

FACTORY  MANAGER,  experienced  in  rubber  industry,  familiar 
with  compounding  and  the  different  compounds.  Salary  $3000  to 
$4000.     Location  New  Jersey.     1036. 

MEN  experienced  in  mill-room  and  press-room  work  of  rubber  in- 
dustry. Day  mill-room  foreman.'  1037.  Night  mill-room  foreman. 
1038.     Foreman  for  press  department.     1039, 

MECH.\NIC.\L  ENGINEER  of  some  experience  wanted  for  manu- 
facturers of  vegetable  oils — linseed,  castor,  cocoanut,  etc.,  crushing 
plants  producing  the  raw  material  and  refineries  ;  young  man  out  of 
college  for  five  or  six  years,  and  engaged  in  manuacturing  plant  work. 
Knowledge  of  chemistry  desirable,  preferably  both  organic  and  inor- 
ganic. Absohitely  trustworthy.  Salary  about  $1800.  Location  New 
York  State.     1040. 

MASTER  MECHANIC  in  long  established  manufacturing  concern 
located  near  New  Y'ork  to  take  entire  charge  of  construction,  main- 
tenance and  repair  departments,  consisting  of  approximately  350  men. 
Must  have  experience  and  ability  in  organization,  direction  and  effi- 
ciency methods.     Excellent  opportunity.     1041. 


facturer's  agents,  macliinery  and  supplies.     Would  be  required  to  spend 
about  three  months  in  Cuba.     Knowle<lge  of  Spanish  essential.     1043. 

MECHANICAL  ENGINEER  for  about  six  months'  position  having 
several  years'  experience  in  the  efficient  use  of  steam  in  industrial 
plants,'  to  systematize,  distribute,  run  tests  and  economize  on  steam 
used  for  power,  cooking  and  evaporation  in  various  departments  of 
large  chemical  plant.  Hours  :  7 — 5.30.  .Salary  $175.  Location 
Brooklyn,  N.  Y.      1044. 

SEVERAL  INSTRUCTORS  in  mechanical  engineering  are  needed  by 
one  of  the  large  state  universities  in  middle  West,  men  having  spe- 
cialized training  and  experience  in  machine  design,  gas  power  engi- 
neering, and  general  laboratory  work.  Give  complete  statement  of 
training,  experience,  minimum  salary  expected,  and  recent  photograph. 
1045. 

INSTRUCTOR  IN  DRAWING,  in  large  university  in  middle  West, 
Technical  graduate,  preferably  with  drafting  room  experience.     1046. 

YOUNG  ORGANIZING  ENGINEERS,  for  intensive  management 
work,  general  manager's  office,  in  one  of  the  large  units  of  the  rubber 
industry.  Opportunity  decidedly  promising.  State  initial  salary  ex- 
pected, age,  experience,  qualifications,  etc.     1047. 

OFFICE  EXECUTIVE  for  steel  mill  near  Pittsburgh,  competent  to 
run  office  and  direct  men.  Salary  $125  monthly,  .\pply  tiy  letter. 
1048. 

MACHINE  DESIGNER  for  automatic  machinery  for  large  rubber  con- 
cern in  northern  Ohio.  Prefer  man  with  experience  on  machine 
tools.  Pleasant  surroundings,  permanent  position,  opportunity  for 
advancement.  State  age,  education,  experience,  present  and  expected 
salary.      1049. 

RESIDENT  ENGINEER  to  superintend  installation  of  foundations, 
buildings,  gas  machinery  and  piping.  State  experience  and  salary.  1054. 

COMPANY'  manufacturing  well-known  food  products  desires 
mechanical  engineer  to  study  and  improve  methods  of  manufacture. 
Should  have  practical  factory  experience  and  be  able  to  handle  men. 
Good  opportunity  for  energetic  man.    Location  Long  Island  City.     105.S. 

TECHNICAL  GRADUATE  approximately  30  to  38  years  of  age  with 
experience  of  sufficient  breadth  to  be  posted  on  problems  of  manufac- 
ture in  more  than  one  line.  Man  steadied  b.v  experience,  yet  ambitious 
to  push  ahead  and  interested  in  the.  various  problems  of  manufacture 
and  construction.     Location  Mnssacbusetts.      1059. 

ASSISTANT  in  mechanical  laboratory  of  technical  school  in  Greater 
New  York.  Recent  mechanical  engineering  graduate  with  one  or  more 
years  of  practical  work  since  graduation.  .Single  man  about  25  years 
of  age  preferred.  Position  offers  exceptional  opportunity  for  advance- 
ment. State  age.  education,  experience,  present  employment  and  refer- 
ences.    Enclose  photograph  with  application.     Sal.-iry  $1200.      1060. 

DESIGNER  and  lay-out  man.  Technical  graduate  with  at  least 
four  or  five  years'  experience  in  designing  preferably  on  tools  and  fix- 
tures, labor-saving  and  semi-automatic  machinery.  Location  Michigan. 
1061. 

YOUNG  MECHANICAL  EN(;INEER  in  cement  plant,  capable  of  de- 
signing machinery  layouts,  following  up  same  in  field  and  working 
into  position  of  assistant  superintendent.  Give  age,  references  and 
salary  expected.     Location  Kansas.      1062. 


SUPERINTENDENT    for    shipyard, 
struction  of  wooden  boats  and  barges. 


Man    experienced    in    the    con- 
Eastern  location.     1064. 


FOREMAN  in  tool  room  of  large  factory  m:iking  steel  stampings. 
Salary  to  start  $2000  to  $2500.     Location  central  New  York.     1070. 

YOUNG  ENGINEERS  desiring  positions  in  which  they  might  gain 
experience  and  advancement  according  to  merit,  in  drafting  room,  in 
development  of  new  and  useful  ideas  and  the  improvement  of  old 
lines  pertaining  to  oil  well  drilling  tools.  Salary  .$125  per  month  to 
start.     Advancement   according  to   capacity.     Location   Texas.      1071. 

DRAFTSMAN  familiar  with  piping  layout  of  steam  power  plauts. 
also  assistant  to  chief  draftsman  capable  of  designing  industrial 
buildings.     Location  Connecticut.     1074. 


STEAM    BOILER    DESIGNER,    experienced    in    water 
Location  Erie,  Pa.      1042. 


tube    work. 


REPRESENTATIVE  AND   SALES   ENGINEER,   especially   in    sugar 


ELECTRICAL  TESTER  wanted  immediately  by  Chicago  blower 
manufacturer :  will  work  as  draftsman  20  per  een-t  of  time.  Per- 
manent with  opportunity  for  prfimotion  to  salesman,  designer  or 
foreman.      Salary  $15.00  for  first  twenty  weeks.      Experience  unneces- 


house,  and  mill  supplies  :  man  from  25  to  35  years  of  ago  for  manu-       sary.     Describe  education  and  physical  condition.     1075. 
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GENEHAL  SUPERINTENDENT  of  shop  employing  about  DOO  men. 
Age  between  35  and  42  ;  technical  education  in  mechanical  engineer- 
ing. Some  knowledge  of  electrical  and  power-plant  engineering. 
Experience  in  machine  shop  work,  ranging  from  small  fine  inter- 
changeable work,  tool  and  jig  design  and  manufacture,  intricate 
raachiner.v,  to  finish  machining  work  weighing  30  tons  calling  for  the 
use  of  100"  lathes  and  kindred  machines.  Well  educated,  of  good 
presence,  self-confldent,  self-reliant,  and  energetic.  New  York  State. 
Apply  by  letter.     1076. 

MEN  AVAILABLE 

Only  members  of  the  Society  are  listed  in  the  published  notices 
in  this  section.  Copy  for  notices  should  be  in  hand  by  the  15th 
of  the  month,  and  the  form  of  the  notice  shoidd  be  such  that  the 
initial  words  indicate  the  classification.  Notices  are  not  repeated 
in  consecutive  issues. 

TECHNICAL  GRADUATE,  E.E.  and  M.E.,  some  power  plant  expe- 
rience :  for  last  six  years  engaged  as  instructor  in  mechanical  engi- 
neering in  two  leading  technical  schools.  Desires  position  which  offers 
opportunity  for  advancement  in  power  plant  or  research  work.  Will 
be  free  after  June  15th.     F-199. 

INDUSTRIAL  ENGINEER  AND  DRAFTSMAN.  Single,  age  29. 
F.ive  years  experience  on  modern  industrial  accounting,  planning  and 
scheduling  production,  stores,  determining  standard  tasks,  standard- 
izing equipment ;  designing  draftsman  industrial  plants,  special  ma- 
chinery and  transmission  work.  At  present  employed.  Good  reason 
for  desiring  change.     Interview  New  York  City.     F-200. 

SHOP  EXECUTIVE.  Practical  superintendent  and  technical  grad- 
uate. Desires  to  locate  in  New  York  State  or  New  England.  Salary 
$3,000.     F-201. 

ASSISTANT  TO  EXECUTIVE.  Graduate  mechanical  engineer,  with 
eight  years  experience  and  some  business  training,  can  plan  and  fol- 
low up  productive  operations,  wishes  to  engage  with  a  growing  manu- 
facturing concern.     F-202. 

CONSTRUCTION  ENGINEER.  Stevens  graduate,  age  28,  wishes 
connection  with  industrial  company  in  construction  or  maintenance 
work.  Has  had  seven  years  experience  with  large  construction  com- 
pany for  which  he  is  now  acting  as  purchasing  engineer.  Familiar 
with  costs,  specifications,  and  commercial  as  well  as  technical  and 
practical  features  of  building  construction.     F-203. 

HEATING  AND  VENTILATING  ENGINEER.  Technical  graduate. 
Seven  years  experience  in  design,  installation  and  writing  specifications 
for  heating  and  ventilating  and  power  plant  equipment  for  group  of 
buildings,  industrial  and  public.  Age  29,  married.  Minimum  salary 
$2,000  a  yeaf.     At  present  employed.     Location  immaterial.     F-204. 

MECHANICAL  ENGINEER.  Age  25.  Technical  graduate  ;  power 
plant  consulting,  teaching,  and  some  shop  experience.  Desires  position 
with  manufacturing  concern  where  there  is  opportunity  for  advance- 
ment.    At  present  employed.     F-205. 

TECHNICAL  GRADUATE.  Three  years  practical  experience  in 
boiler,  gas  and  power  plant  work.  Availalde  latter  part  of  June. 
F-206. 

WORKS  MANAGER.  Graduate  M.LT.,  age  39.  Thoroughly  exp(^ 
rienced  in  the  manufacture  and  design  of  electrical  devices  and  fittings, 
special  and  automatic  machinery,  armored  cable,  flexible  metallic  tub- 
ing and  conduits,  electro-galvanizing,  sherardizing.  etc.  Specialized 
in  the  manufacture  of  interchangeable  parts,  applied  for  fifty  patents, 
and  had  experience  in  patent  litigation.  Thoroughly  conversant  with 
modern  shop  organization,  efliciency  methods,  production  and  handling 
men.     At  liberty  June  1st.     F-207. 

MECHANICAL  ENGINEER.  Fifteen  years  experience  in  combus- 
tion and  maintenance  engineering.  Would  like  to  connect  with  large 
concern  who  wishes  to  improve  conditions.     F-208. 

PRODUCTION  ENGINEER  OR  SUPERINTENDENT.  Successful 
executive.  Technical  graduate  :  20  years  experience  in  positions  from 
foreman  to  manager.  Experienced  In  revising  plant  management  and 
in  the  introduction  of  modern  systems.     F-209. 

-MECHANICAL  AND  ELECTRICAL  ENGINEER.  Experienced  in 
railway  management.  Twenty-four  years  practical  experience.  Can 
give  good  service  in  office  management  and  administrative  service,  and 
assistance  in  organizing,  engineering,  maintenance  or  construction 
work.  Knowledge  and  experience  with  materials  ot  construction. 
F-210. 

MECHANICAL  ENGINEER.  Age  47.  Thorough  and  wide  experi- 
ence  of    25   years    in    design    and    manufacture    of    general    machinery. 


steam  shovels,  tank  work,  boilers,  etc.,  including  departments  of  corre- 
spondence, estimating,  drawing  room  and  shop  construction.  Desires 
agency  or  representation  in  City  of  Cleveland  for  outside  representa- 
tive and  responsible  firm.     F-211. 

ASSISTANT  SUPERINTENDENT  OR  ENGINEERING  EXECU- 
TIVE. American,  age  34.  Eight  years  general  engineering  experience 
covering  complete  design,  construction  and  maintenance  of  public 
utility  properties.  Energetic  and  ambitious.  Has  reached  limit  ot 
advancement  with  present  employers.  Desires  to  connect  with  indus- 
trial concern  within  oOO  miles  of  Chicago.  Available  upon  three 
weeks  notice.     F-212. 

SUMMER  POSITION  wanted  by  Junior  Member  with  practical  and 
teaching  experience  in  drafting  room,  shop  and  laboratories.     F-213. 

EXECUTIVE  OR  SALES  ENGINEER.  Technical  graduate.  Past 
15  years  responsible  charge  of  engineering  work,  construction,  opera- 
tion and  management,  together  with  several  years  experience  as  sales 
engineer.  Desires  position  more  or  less  executive.  Salary  to  be  com- 
mensurate with  position.     F-214. 

MECHANICAL  ENGINEER.  Age  27.  Columbia  graduate.  Five 
years  experience  in  design,  construction,  and  inspection  with  promi- 
nent concerns.  Desires  position  in  executive  capacity,  or  as  assistant 
with  good  chance  of  advancement.  Employed  at  present,  but  will 
consider  any  fair  offer.     F-215. 

WORKS  MANAGER  OR  CHIEF  ENGINEER.  Graduate  Ste- 
vens Inst,  of  Tech.  Especially  experienced  along  mechanical  and 
operating  lines ;  charge  of  design  and  tests  of  cars  for  city  railway 
company,  and  operation  of  large  steel  mill  for  number  of  years.  As- 
.sistant  superintendent  and  chief  engineer  with  well  known  firm  of 
power  transmission  machinists  and  engineers.  Experienced  in  produc- 
tion work  in  several  types  of  industries  for  firm  of  consulting  engi- 
neers. Salary  $3,000-.f4.000  depending  upon  character  of  employment. 
F-216. 

ASSISTANT  TO  SUPERINTENDENT  OR  WORKS  MANAGER. 
Technical  graduate.  27.  Four  years  experience  as  graduate  student  ap- 
prentiie,  time  study  man,  rate  setter  and  foreman  ot  methods,  with 
large  manufacturing  company.  Available  July  1st.  Salary  $1,800- 
$2,000.     F-217. 

MAINTENANCE-MECHANICAL  ENGINEER.  Graduate  M.E.  Co- 
lumbia University.  Design,  inspection,  shop  maintenance  and  power 
house  experience.     Employed  at  present.     Salary  $30.     F-21S. 

YOUNG  ENGINEER.  Age  2C.  Five  years  general  machine  shop 
experience,  tool  designing,  and  production  work,  graduating  in  mechan- 
ical engineering  this  June.  Desires  to  locate  with  reputable  concern 
in  Southeast  in  production,  efliciency  w'ork,  or  metallurgy.     F-219. 

ENGINEER,  with  experience  in  testing,  operating,  erecting,  and  re- 
pairing power  house  and  boiler  house  equipment.  Also  experienced 
in  various  shop  work.  Technical  graduate  in  steam  and  electrical 
engineering.  At  present  employed  but  desires  position  with  concern 
where  there  is  chance  ot  advancement.  Location  preferred  in  West- 
ern states.     F-220. 

MECHANICAL  ENGINEER.  Experienced  in  steam  power  plants, 
water  works,  compressing  engines,  rope  drives,  screw  and  pan  con- 
veyors, elevators  and  crushing  machinery,  and  general  mill  machinery. 
Desires  position  with  industrial  manufacturing  plant,  in  capacity  of 
superintendent  or  master  mechanic.  Competent  organizer  and  capable 
of  handling  men.  Salary  to  be  commensurate  to  position  offered. 
F-221. 

SALES  ENGINEER.  Practical  machinist,  technical  graduate,  expe- 
rienced in  drafting  room,  plant  operation  and  selling.  Age  31,  mar- 
ried. Now  holding  position  requiring  salesmanship  and  good  engineer- 
ing ability.  Desires  change  and  would  be  available  in  30  days  to  one 
looking  for  aggressive,  capable  man  of  integrity  to  push  a  line  with 
merit,  preferably  on  salary  and  commission  basis.  Willing  to  enter- 
tain straight  salary  or  straight  commission.     P-222. 

EXECUTIVE,  ASSISTANT  TO  EXECUTIVE  OR  GENERAL  MAN- 
AGER. Over  15  years  experience  in  positions  covering  chief  executive, 
office  and  works  manager,  consulting,  construction,  and  etficiency  en- 
gineering. Recent  work  has  been  in  connection  with  manufacture  of 
munitions.     At  present  employed.     F-223. 

STUDENT  MEMBER.  Bucknell  University.  Graduate  '17  in  me- 
chanical engineering  course.     Two  years  shopwork  experience.     F-224. 

MECHANICAL  ENGINEER.  American,  age  31,  married.  Univer- 
sity graduate.  Six  years  experience  designing  medium  and  light  ma- 
chinery. At  present  employed.  Best  references.  Desires  permanent 
and  responsible  position  as  designer  or  in  any  capacity  in  which  expe- 
rience will  be  available.     F-225. 
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MECHAiNR'AL  ENGINEER  OH  I'UOFESSOR.  Graduate  M.E.,  age 
34.  niarrioii.  Three  years  erecting  buildings  and  maeliinery.  Ten 
ye.irs  teacliing  niecbanioal  subjects  as  steam  and  gas  engine  laboratory 
and  tbeory.  operating  and  erecting  during  summers.  Has  first-class 
steam  engineer's  license  and  practical  experience  in  operating  and 
erecting  boilers,  engines,  turbines,  condensers,  etc.  Can  plan  work  and 
direct  workmen.     At  present  employed.     F-226. 

INDUSTRIAL  I>LANT  ENGINEER.  Technical  education  :  age  25. 
married.  Five  years  practical  experience.  Desires  position  as  super- 
intendent of  construction  and  maintenance,  of  factory  buildings,  and 
etiuipraent  with  growing  manufacturing  concern  where  opportunity  for 
advancement  exists.  Experience  as  designer  of  modern  factory  build- 
ings and  construction  engineer  on  erection.  At  present  emplnyi  d.  with 
good  reason  for  making  change.  Salary  expected  not  less  than  $2.U0(J 
per  annum.      F-22T. 

WORKS  MANAGER  OR  ASSISTANT  TO  EXECUTIVE.  Mechanical 
engineer,  age  37.  Technical  graduate.  Fourteen  .years  varied  experi- 
ence in  design,  construction,  and  installation  work,  including  ordnance 
design,  ballistic  apparatus,  hydraulic  machinery  and  structural  steel. 
Well  grounded  in  fundamentals  of  steam  and  electrical  engineering. 
Thoroughly  practical,  with  executive  ability,  not  afraiil  of  work  or 
responsibility.     Location  preferably  East  or   South.     F-22f<. 

STUDENT  MEMBER  graduating  in  June  from  the  mechanical  engi- 
neering course  of  well  known  university,  de.sires  position  in  any  me- 
chanical engineering  line  in  New  York,  New  Jersey  or  Connecticut. 
F-22!). 

PRODUCTION  SUPERINTENDENT.  Twenty  years  experience  in 
manufacture  of  interchangeable  parts  and  designing  of  tools  and  fix- 
tures for  rapid  production.  Experience  in  engine  and  automobile  parts 
manufacturing.  At  present  located  with  large  factory  in  Middle  West. 
F-230. 

1!.\ILWAY  ENGINEER.  Age  37.  Technical  education.  Seventeen 
years  experience  as  railway  machini.st.  draftsman,  chief  draftsman  and 
mechanical  engineer.  Desires  position  with  railway  company,  supply 
house  or  industrial  plant,  with  greater  responsibility  and  opportunity. 
At  present  employed.     Location  immaterial.      Salary  $2.4(10.     F-231. 

FUEL  TESTING  ENGINEER.  Desires  position  as  coml>ustion  engi- 
neer for  large  user  of  coal.  At  present  employed.  Tecbnic'l  graduate 
age  :;4.  Seven  and  a  half  years  experience  in  scientific  testing  of  coal 
in  industrial  plants,  for  large  coal  I'ompany  in  Middle  West.     F-232. 

SALES  ENGINEER.  Desires  position  as  sales  manager  for  coal- 
operating  company.  Graduatt?,  experienced  in  scientific  testing  and 
selling  of  coal.     At  present  employed.     F-233. 

WORKS  MANAGER  OR  SUPERINTENDENT.  American,  age  45. 
Praitical  and  technical.  Thoroughly  familiar  with  all  branches  of  the 
manufacturing  business  from  drawing  board  to  sales,  on  steam,  gaso- 
line and  oil  engines — standard,  marine  and  tractor — mining  machinery, 
electric  motors  and  generators  A.C.  and  D.C.  Vacuum  machinery  and 
since  the  war  on  IS  Pr.  shrapnel  18  Pr.  H.E.  6-in.  and  8-in.  Howitzer 
Specialized  on  efficiency  methods,  piece,  premium  and  bonus  systems, 
using  unskilled  labor  as  specialty  men  on  accurate  interchangeable 
parts,  building  and  power  plant  construction.  At  present  employed. 
Best  of  references.     F-234. 

DRAFTSMAN.  MECHANICAL.  Age  24.  Experienced  in  the  design 
and  erection  of  steam  power  plants,  wishes  permanent  position  witi 
power  company,  with  chance  of  advancement.  Not  less  than  .$115  per 
month  to  start.     At  present  employed.     F-235. 

MECHANICAL  ENGINEER.  Sixteen  years  varied  experience  in 
testing,  design,  foundry,  chemistry,  metallurgy,  special  devices.  Spe- 
cial aptitude  for  investigation  work.  Desires  permanent  connection 
with  reputable  loncern  leading  to  technical  executive  position.     F-23(S. 

RESEARCH  OR  EXECUTIVE  POSITION.  Technical  graduate, 
eight  years  Industrial  plant  experience,  largely  in  chemical  and  steel 
industries.  Demonstrated  ability  in  work  requiring  originality,  in- 
ventive ability  and  thorough  uniierstanding  of  technical  principles. 
Effected  important  improvements  factory  and  power  plant  designs  and 
operations.  Capable  in  halndling  of  men  and  development  of  subor- 
dinates. Position  should  offer  not  less  than  .$3,300  and  opportunitv 
F-237. 


EXPERT  ENGINEER-SALESMAN.  Graduate  of  leading  technicil 
school.  Age  35.  Desires  connection  as  salesman  or  sales  manager  wit'i 
concern  manufacturing  pumping  machinery,  air  compressors,  or  in- 
ternal combustion  engines.  Fourteen  years  sales  experience  in  this 
line.  Thorough,  capable  and  aggressive  and  can  secure  results.  Best 
of  references  from  past  and  present  employers  as  to  integrity,  honesty 
and  ability.  Minimum  salary  considered  .$2,500  per  annum.  New 
York  City  or  vicinity  :  available  on  reasonable  notice.     F-238. 


SUPERI.XTENDENT.  Age  3(5.  Practical  tool-maker  with  Is  years 
experience  in  light  and  medium  interchangeable  manufacture  and  has 
held  all  positions  up  to  and  including  superintendent.  Desires  change. 
F-239. 

.MANA<;ER.  .mechanical  and  marine  engineer:  designer; 
college  graduate,  age  3ii,  married,  American  citizen,  speaks  English, 
French,  Italian,  SiJanish,  some  knowledge  of  German.  Three  years 
prac-tical  experience  as  marine  engineer.  Six  years  district  manager 
of  electric  illuminating  and  manufacturing  company.  Six  years  expe- 
rience in  mechanical  design  of  electrical  machines  with  two  leading 
American  manufacturing  concerns ;  expert  calculating  engineer.  At 
present  employed  ;  five  years  in  present  position  :  open  for  engagement 
in  U.  S.  or  abroad.     New  Y'ork  City  preferred.     F-240. 

CEMENT  MANUFACTURING'  DESIGNING  ENGINEER.  Cornell 
graduate  with  20  years'  experi;'ncc  designing,  constructing  and  operat- 
ing cement  manufacturing  plants  both  wet  and  dry  processes;  broad 
engineering  and  executive  experience,  wishes  to  make  permanent  con- 
nection where  results  count.     F-241. 

INDUSTRIAL  ENGINEER.  CHEMICAL  PLANT  EXPERIENCE. 
Nine  years'  experience  in  design,  construction,  operation  and  nuiinte- 
nance  of  industrial  plant  machinery  and  power  plants.  Wide  experi- 
ence in  purchasing  materials,  handling  all  classes  of  labor  and  che^n- 
ical  plant  design  and  maintenance.     F-242. 

WORKS  MANAGER.  Mechanical  engineering  graduate.  37  years  of 
age.  having  had  several  years'  successful  experience  as  factory  mana- 
ger, desires  to  make  change.  Prefers  New  England  location  with 
growing  concern  in  which  an  interest  may  be  secured.     F-243. 

EXECl'TIVE  POSITION  wanted  by  American,  technical  graduate. 
Twelve  years'  experience  in  stcc]  plant  and  general  engineering  work. 
At  present  employed.      Will  arrange  for  New  York   interview.      F-244. 


The  question  may  naturally  be  asked  by  the  busy  manufac- 
turer: "Of  what  special  eeonoraii-  value  is  all  this  careful 
adherence  to  system  and  detail  in  the  tiaining-  of  boys  for 
factory  work,  and  what  are  the  results  obtained  for  the  outlay 
of  money  required  to  maintain  the  training  department  and 
school,  with  the  necessary  corps  of  foremen,  assistant  foremen, 
instructors  for  the  class  rooms,  clerk,  stenographer,  etc.?" 
The  answer  is  this :  Every  manufacturer  knows  there  are 
times  when  it  is  jiractically  impossible  to  secure  enough  good 
journeymen  to  fill  the  departments  of  his  factory  with  com- 
petent, skilled  help.  He  is  often  compelled  to  take  into  his 
shops  unskilled  labor  and  break  them  in  on  one  or  two  opera- 
tions in  order  to  turn  out  the  required  amount  of  product. 
Furthermore,  there  is  a  demand  at  all  times  in  the  larger  estab- 
lishments of  the  country  for  skilled  labor,  and  this  is  where 
the  economic  value  of  training  l)oys  and  young  men  Ls  jilaiiily 
demonstrable. 

Out  of  a  force  of  400  to  .'lOO  ajiprentices,  approximately  120 
will  graduate  eacii  year  from  the  four-year  course  and  hold 
certificates  as  journeymen.  From  60  to  80  per  cent,  of  this 
number  will  remain  in  the  factory  for  a  longer  period  than  one 
year,  and  it  is  safe  to  assume  that  a  reasonable  percentage  will 
remain  for  an  indetinite  period. 

What  is  the  result?  There  is  a  constant  influx  into  the  fac- 
tory of  young  men  possessing  not  only  a  knowledge  of  one  of 
the  several  trades  necessary,  but  trained  in  the  various  shop 
practices  and  routine  of  the  factory  in  which  they  have  been 
schooled,  li  these  young  men  remain  for  a  term  of  year.s, 
the  emjiloyer  gains  the  advantage  of  their  services  during  the 
most  active  period  of  life,  when  the  energies  of  mind  and  body 
aie  al  their  best.  Furthermore,  the  chances  of  their  continuing 
loyal  and  faithful  to  their  employer's  interest  during  their  term 
of  employment  are.  on  the  average,  much  greater  than  would 
be  the  case  with  newly  engaged  employees  coming  from  other 
and  distant  localities  and  having  little  or  no  interest  either  in 
the  city  or  the  factory  in  which  they  are  employed. — American 
Macliinist. 
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Notes    from   the    Engineering   Colleges 

Equipment   of  Laboratories — Investigations  in 
Progress — Changes  in  Curricula 

AS  a  result  of  inquiries  by  The  Journal,  data  have  been 
secured  from  many  of  the  schools  and  colleges  wliich 
give  courses  of  instruction  in  engineering,  upon  certain 
features  of  the  professional  work  which  they  are  under- 
taking. In  particular,  information  was  sought  upon  (1) 
characteristics  of  the  laboratory  equipment  and  the  kinds  of 
investigations  in  which  the  different  institutions  specialize; 
(2)  tests  or  researches  which  have  recently  been  under  way  or 
which  are  in  prospect;  (3)  important  changes  in  curriculum. 
The  replies  have  been  summarized  and  the  first  installment 
ot  tlie  information  received  is  given  below.  In  tliis  connection, 
attention  is  called  to  the  summary  of  what  is  being  done  by 
student  bodies  of  the  various  colleges  in  military  prepared- 
ness and  service  to  the  country,  as  recorded  in  the  Student 
Sections'   Department  of  this   number  of  The  Journal. 

Johns  Hopkins  University 
research  work 

Separation  of  Tar  from  Coal  Gas:  It  is  hoped  to  develop  a 
type  of  separator  which  will  be  simpler  than  those  now  in 
use  and  show  an  improvement  over  present  methods  of  re- 
covering the  very  valuable  residues  from  the  gas-manufactui- 
ing  processes. 

Cooling  Water  for  Power-Plant  Purposes:  A  new  type  of 
spray  head  or  spray  nozzle  has  been  developed  for  finely  di- 
viding large  quantities  of  warm  water  (Fig.  1).  This  can 
satisfactorily  handle  about  2.50  g.p.m.  as  compared  with  40 
or  50  g.p.m.  in  the  case  of  other  types.  The  capacity  of  the 
new  nozzle  and  the  fineness  of  division  of  the  water  are  con- 
trollable from  the  side  of  the  spray  pond,  and  the  nozzle  can 
be  flushed  or  freed  from  sediment  or  solid  matter  by  operating 
the  adjusting  means.  Probably  the  most  effective  known  means 
for  cooling  water  in  large  quantities  is  found  in  the  forced- 
draft  cooling  tower,  which  is  |iarticulaily  effective  because  the 
cooling  effect  is  controlled  according  to  requirements.  The 
newly  developed  sj>ray  head  i)rovides  for  complete  control  in 
a  manner  comparable  to  that  of  the  forced-draft  tower.  The 
expense  of  installation  and  operation  of  a  pond  is  very  much 
smaller  than  that  of  a  forced-draft  tower.  The  investigation 
of  the  whole  question  of  cooling  water  is  still  in  progress. 

Pumping  Water  with  the  Discharge  from  a  Gas-Engine 
Cylinder:  A  device  has  been  developed  by  means  of  which 
water  can  be  elevated  by  attaching  a  spring-loaded  relief  valve 
to  the  cylinder  of  an  internal-combustion  engine  and  connect- 
ing it  with  the  combustion  chamber.  Immediately  after  each 
explosion  this  valve  discharges  a  certain  portion  of  the  hot 
gases  through  a  nozzle  similar  to  that  of  an  ejector,  and  by  the 
expansion  of  these  hot  gases  through  the  nozzle,  water  is 
drawn    from    a    suitable   supply    reservoir   and    is    discharged 


through  a  pipe  leading  away  from  the  relief  valve.  By  this 
means  large  quantities  of  water  have  been  elevated  to  a  height 
of  about  75  ft.  Enough  of  the  hot  gas  of  explosion  is  left  in 
the  cylinder  at  each  working  stroke  to  cause  the  engine  to 
continue  to  operate,  in  addition  to  pumping  water.  Upon 
closing  the  relief  vahe,  the  engine  can  carry  the  full  load  for 
which  it  is  designed.  This  pump  may  have  application  in  vari- 
ous regions  where  irrigation  and  reclaiming  worki^  are  under 
way. 

Concentration  of  Mctal-Bcaring  Ores  by  Flotation:  It  is 
supposed  that  flotation  is  caused  by  the  fact  that  certain  oils 
will  wet  metal,  while  they  will  not  wet  or  adhere  to  non-metal- 
bearing  rock  dust.  Ordinarily  compressed  air  is  blown  into 
the  mixture  of  ore  and  water  and  oil.  It  has  been  found  nec- 
essary in  many  cases  to  heat  the  air  or  the  water,  and  further. 


Fig.  1     New  Type  op  Spray  Nozzle 

tt>  supply  some  carbon  dioxide  with  the  air.  The  dischaige 
from  a  gas-engine  cylinder  is  not  only  hot,  but  it  contains  some- 
thing like  10  per  cent  of  carbon  dioxide,  and  the  gas-engine 
discharge  makes  an  excellent  agitating  medium,  because  of 
the  high  velocity  with  which  it  is  discharged  from  the  cylinder. 
These  facts  have  led  to  the  develoi)ment  of  an  agitator  for  use 
in  the  flotation  ])rocess.  The  means  are  similar  to  those  above 
<lescribed  for  jjumping  water.  In  both  cases  _^it  is  not  the 
ordinary  exhaust  from  the  engine  which  is  used,  but  high- 
jiressure  gases  which  would  otherwise  remain  in  the  cylinder 
during  the  working  .stroke  of  the  engine.  Tests  made  show 
that  a  very  satisfactory  concentration  is  obtainable,  and  tenta- 
tive arrangements  have  been  made  for  ti'ying  the  method  at  a 
mine. 

Cleaning  of  Used  Lubricating  Oils:  A  new  type  of  agitator 
for  liquids  has  been  developed,  suitable  for  producing  very 
minute  subdivisions  of  liquids  containing  finely  divided  solids. 
It  has  been  applied  to  clean  used  lubricating  oils,  particularly 
those  of  automobiles,  trucks  and  the  like.  By  the  use  of  tlie 
agitator  the  finely  divided  carbon  or  other  solid  matter  can 
be  very  easily  and  cheaply  separated  and  the  oil  rendered 
suitable  again  for  its  original  pui'pose. 

Smoke-Stack  Design:  Tlie  smoke  stack  of  the  university 
power  plant  was  designed  with  a  view  to  investigating  impor- 
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tant  problems,  and  means  were  provided  for  taking  accurate 
and  extensive  measurements  of  pressures,  velocities,  tempera- 
tures, etc.,  during  the  operation  of  the  plant.  Various  prob- 
lems are  being  investigated. 

Measurement  of  the  Air  Required  for  Combustion  in  Fur- 
naces: Means  have  been  provided  for  measuring  all  of  the 
air  supplied  to  the  Taylor  stokers  under  two  of  the  boilers 
in  the  power  station.  The  determination  of  the  size  of  blow- 
ers and  the  engines  for  operating  them  depends  directly  upon 
a  knowledge  of  the  amount  of  air  required.  This  matter 
atfects  not  only  the  operation  of  boiler  furnaces,  but  also 
furnaces  used  in  connection  with  the  iron  and  steel  industry 
in  metallurgical  processes.  Some  tests  have  already  been  con- 
cluded. 

Losses  in  an  Ammonia  Refrigeration  System:  A  vei-y  com- 
plete ammonia-compression  system  for  artificial  refrigeration 
is  available  in  the  mechanical  laboratory,  and  an  investigation 
is  under  way  for  the  determination  of  the  losses  of  energy  and 
the  locations  at  which  they  take  place.  Means  have  been  pro- 
vided for  accurately  measuring  the  quantity  of  brine  circu- 
lated in  the  refrigerating  pipes;  and  this  means  of  measure- 
ment is  being  utilized  for  another  investigation,  namely,  the 
determination  of  the  coetBcient  of  discharge  of  a  hydraulic 
weir  when  brine  of  varying  temperatures  and  densities  is  pass- 
ing the  weir. 

Cracking  of  Petroleum  Vapors:  The  12.5-hp.  Diesel  engine 
in  the  laboratory  has  been  used  for  compressing  petroleum 
vapors  to  a  high  pressure  in  a  very  brief  period  of  time,  with 
t^e  object  of  producing  separation  of  the  vapors  into  such 
products  as  gasoline,  etc.  An  investigation  of  this  problem 
has  been  carried  on,  and  it  is  expected  that  the  results  will  be 
published  at  an  early  date. 

Recovery  of  By-Products  from  the  Distillation  of  Carbon  in 
the  Manufacture  of  Coke  and  Gas:  In  response  to  the  demand 
among  the  industries  for  specific  information  for  the  produc- 
tion of  artificial  dyes,  drags,  explosives,  etc.,  a  laboratory  is 
being  equipped  for  work  in  this  important  field.  A  fund  of 
about  $6,000  has  been  subscribed  by  the  principal  gas  and 
coke  companies  of  this  country,  and  the  equipment  is  now  in 
process  of  erection.  The  instruction  and  operation  of  the 
plant  will  be  conducted  jointly  by  the  Department  of  Mechan- 
ical Engineering  and  the  Department  of  Chemistry. 

Lehigh  University 

Equipment:  Engineering  testing  laboratory,  also  physical, 
electrical,  chemical,  metallurgical  and  mining  laboratories. 
The  engineering  laboratory  has  a  boiler  equipment  of  two 
water-tube  boilers  rated  at  about  100  hp.  each.  In  the  heat 
and  light  plant  there  are  three  250  hp.  Stirling  boilers.  The 
engine  room  of  the  laboratory  contains  a  vertical  triple- 
expansion  engine  of  75  hp.,  a  60  hp.  compound  two  stage 
Ingersoll  air  compressor,  a  complete  set  of  Westinghouse  air- 
brake apparatus,  two  large  condensers,  a  large  belt  dyna- 
mometer, a  Cochrane  feed-water  heater  of  250  hp.  capacity. 
The  engine  room  of  the  power  house  contains  units  of  50 
and  100  kw.  rating.  Simple  horizontal  Ball  engines  are 
direct  connected  to  General  Electric  alternating  current 
generators. 

The  laboratory  for  testing  materials  contains  a  general 
testing  section  for  iron  and  steel,  a  cement  and  concrete 
section,  and  a  hydraulic  section.  An  electric  traveling  crane 
of  10  ton  capacity  commands  the  entire  central  portion  of 
the  building  in  which  the  testing  of  large  specimens  is 
carried  on.     The  general  testing  section  is  equipped  with  an 


8()0,000-lb.  Riehle  vertical  screw  testing  machine;  an  Olsen 
universal  testing  machine  of  300,000-lb.  capacity;  smaller 
machines  for  ordinary  tension,  compression,  transverse  and 
torsion  tests. 

The  mining  laboratory  consists  of  a  gj'ratorj'  crusher, 
rolls,  screens,  jigs,  Huntington  mill,  classifiers,  concentrators, 
gravity  stamps,  amalgamating  plates,  grinding  pan,  and 
cyanide  plant,  with  the  necessary  apparatus.  The  laboratory 
for  testing  samples  contains  a  small  jaw  crusher,  a  small 
gyratory  crusher,  rolls,  sample  grinder,  a  magnetic  separator, 
and  a  small  air  compressor.  A  special  department  is  equipped 
for  flotation  methods. 

Experimental  Work:  Determination  of  the  coefflcient  of  ex- 
pansion of  silica  brick;  physical  tests  on  properties  of  con- 
crete columns. 

Columbia  University 

Equipment:  Only  about  10  per  cent  of  the  research  work  in 
the  mechanical-engineering  department  is  done  at  the  uni- 
versity, so  that  the  laboratory  equipment  is  used  mainly  for 
teaching. 

E.rperimenlol  Work:  Tests  for  obtaining  data  alone  are  only 
casually  undertaken  and  then  only  under  special  circumstances. 
The  regular  laboratory  work  for  students  is  conducted  on  lines 
which  are  distinctly  research  in  character.  Ninety  per  cent  of 
the  research  work  is  done  in  the  iield  and  consists  not  so  much 
in  research  but  in  what  is  called  development  work — taking  an 
invention,  putting  it  into  practical  form  to  see  whether  it  will 
work  and  modifying  it  until  it  does  work.  This  work  is  all 
done  for  interested  parties. 

Development  Work:  The  skill  an<l  experience  of  the  re- 
search staff  is  reserved  for  development  work  in  which  there 
is  a  distinct  commercial  or  scientific  end  clearly  in  sight  be- 
fore the  start.  People  who  do  the  work  are  the  instructing 
staff  and  the  employees  of  the  fii-ms  interested  in  results.  The 
work  is  paid  for  by  the  tirms.  Students  are  rarely  used  and 
when  they  are  used,  they  are  only  permitted  to  make  readings 
or  make  calculations  on  results.  All  kinds  of  researches  are 
undertaken  except  on  material  of  construction  and  on  pure 
mechanism.  The  former  are  taken  care  of  in  the  civil  engi- 
neering and  metallurgical  and  mechanical  engineering  depart- 
ments of  the  university.  The  latter  are  also  taken  care  of  else- 
where. Some  design  work  in  pure  mechanism  m  developing 
new  machines  is  undertaken,  however,  this  desig-n  going  hand 
in  hand  with  the  shop  work.  The  nature  of  the  subject-matter 
of  the  researches  undertaken  is  almost  entireh-  thermal  or 
chemical.  The  work  is  concentrated  on  processes  of  a  thermal 
or  chemical  nature  and  equijiraent  for  properly  carrying  thein 
out.  The  work  ranges  from  small  isolated  problems  to  prob- 
lems of  large  plant  installations.  Following  is  an  outline  of 
the  organization  as  proposed : 

Industrial  Development  Laboratories:  These  are  to  be 
created  for  the  purpose  of  promoting  the  welfare  of  American 
manufacturing  institutions  through 

a     Furnishing'  equipment  and  the  services  of  the  best  scientific 
thought  in  creating,  perfecting  and  introducing  imj^roved 
methods  of  economic  production  of  commodities  and  in- 
dustrial services 
b     Training  engineers  in  the  science  of  industrial  development 
to  the  establishment   of  more  economic  operating  condi- 
tions in  manufacture. 
This  service  might  be  rendered  through  the  following  means : 
a     Transposition  of  new  and  important  principles  into  indus- 
trial and  operating  units  and  their  perfection  into  com- 
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mevcial  possibilities;  foi-  example,  the  discoveries  made  by 
the  chemist  in  his  laboratoray  migiit  be  worked  out  on  a 
manufacturing  scale  and  jdans  and  specifications  may  be 
made  available  to  the  manufacturer  in  developins'  new 
lines  of  industry  or  in  jierfecting  old  ones 

Analysis  and  development  of  old  processes  and  their  modi- 
fication and  improvement  to  meet  modern  economic 
requirements 

Improvement  of  physical  erjuiiimenl  uf  plants  and  methods 
of  business  management  thereof 

Plant  appraisals  and  reports  for  financial,  legal  and  cnvner- 
ship  intei'ests 

Public  service;  for  example,  through  these  laboratories  may 
be  had  the  best  information  on  the  engineering  problems 
arising-  in   municipal   and   state   governments;    municipal 


Chemical  Industries:  Electrochemical  laboratory,  furnace  lab- 
oratory, distillation  laboratory,  wet-reaction  laboratory, 
destructive-distillation  laboratory 

Mining  Industries :     Mining  laboratory 

Metallurgical  Industries:  Metallurgical-processes  laboratory, 
ferrous  and  non-ferrous;  metallurgical-analysis  laboratory 

Electrical  Industries:     Electrical-development  laboratories 

Manufacturing  and  Transportation  Industries:  Aeronautical 
laboratory,  marine  laboratory,  transportation  building, 
machine-design  building,  hydraulic  laboratories,  refrigera- 
tion and  compressed-air  building,  steam-engineering  build- 
ing, steam-boiler  and  furnace  building,  gas-power  building, 
heat-transfer  laboratory,  mechanical-standard  building 
and  development  shops 

Administration  :  Administration  building,  power,  heating  and 
lighting  plant. 
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Fig.  2    Proposed  Industrial  Development  Laboratories  for  Columbia  University 
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engineers  and  engineering  commissioners  will  be  able  to 
avail  themselves  of  the  best  assistance  in  the  erection  and 
maintenance  of  public  works,  municipal  light  and  gas 
properties,  drainage,  sewers,  garbage  disjiosal,  street 
cleaning,  paving  and  many  other  engineering  activities  of 
a  municipality. 

/  Laboratory  research  on  problems  of  allied  interests;  as,  for 
example,  ascertaining  the  cause  of  the  failure  of  rails,  the 
failure  of  concrete  structures,  the  coiTOsion  of  steel  struc- 
tures, the  rational  conservation  of  natural  resources,  such 
as  more  economic  methods  of  mining,  more  economic 
power  generation,  more  economic  methods  of  distributing 
commodities  and  such  problems 

g  Service  to  the  national  government  in  connection  with  the 
Army  and  Navy  equipment,  etc. 

The  plant  proposed  for  this  purjiose  includes  the  following 
buildings: 


The  approximate  cost  is  given  at  roughly  two  million  dollars, 
to  which  must  be  added  a  like  sum  for  the  purchase  of  the 
necessary  land.    A  proposed  layout  is  given  in  Fig.  2. 

Publications:  Most  of  the  material  of  the  researches  is  not 
published  because  it  is  obtained  for  private  parties.  However, 
sometimes  some  of  the  results  are  in  the  form  of  principles  of 
general  interest  which  could  properly  be  published,  and  the 
department  promises  in  future  to  ask  permission  of  its  clients 
to  publish  material  through  the  Society. 

Curriculum:  Theses  are  no  longer  required,  and  the  time 
thus  gained  is  devoted  to  direct  work.  This  year  is  the  last  of 
the  four-year  courses  of  the  old  style.  There  is  still  one  class 
left  to  be  graduated  this  year.  Next  year  is  the  beginning  of 
the  complete  operation  of  the  three-year  engineering  courses 
preceded  by  three  years  in  college.  This  will  put  engineering 
in  Columbia  on  the  same  basis  as  law  and  medicine.  So  far 
Columbia  is  the  only  institution  in  America  which  has  estab- 
lished the  three-year  courses  in  engineering. 
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Massachusetts  Ixstitutk  of  Technology 

Equipment :  The  new  eiigineerino;  laboratories  cover  an  area 
(if  about  70,000  sq.  ft.  Before  planning-  tlie  laboratories  a 
study  was  made  of  the  equipments  of  other  engineering 
schools  both  in  this  country  and  abroad.  Leading  steam, 
hydraulic,  and  refrigerating  engineers  were  asked  to  criticise 
the  preliminary  plans  and  assistance  of  great  value  was  ob- 
tained tlirough  this  means.  The  equipment  of  the  laboratories 
was  selected  with  the  following  objects  in  view :  first,  to  gi\  e 
a  student  practice  in  such  experimental  work  as  an  engineer 
in  the  pursuit  of  his  profession  is  called  upon  to  perform; 
and  second,  to  provide  ample  facilities  for  original  investi 
gation  and  -research  in  engineering  subjects.  The  labora- 
tory is  divided  into  six  branches,  material  testing,  steam  and 
compressed  air,  hydraulics,  power  measurement,  refrigera- 
tion and  gas  engine,  and  an  expert  in  the  particular  line  of 
experimental  work  is  in  charge  of  each  branch. 

E.rperinierital  Worh:  Design  and  construction  of  a  machine 
for  testing  the  crimp  in  tire  fabric;  tests  of  the  relative  wear 
of  knit  goods  and  design  of  machine  for  this  purjiose;  econtiraic 
investigation  of  central  station  conditions  in  several  towns  to 
determine  whether  or  not  the  respective  loads  can  be  more 
economically  operated  from  a  common  source;  study  of  the 
effect  of  pressure  on  the  temperautre  at  which  spontaneous 
combustion  of  liquid  fuel  (gasoline,  kerosene  and  some  heavy 
oil)  takes  place;  investigation  of  the  heating  of  an  auto- 
mobile tire;  study  of  the  relative  strength  of  rolled  and  cut 
screw  threads  in  soft  steel  bolts;  study  of  the  theoretical 
possibilities  of  the  different  refrigerants  and  of  various 
domestic  refrigerating  machines  on  the  market,  to  determine 
those  most  desirable  for  domestic  use ;  investigations  of  the 
effects  of  high-pressure  steam  on  power  plant  operation : 
investigation  of  the  strength  of  rivets  due  to  duration  of 
heating;  determination  of  the  respective  lengths  of  copper, 
iron  and  brass  pipes  to  give  best  economy  in  water  heaters ; 
investigation  of  the  physical  proijerties  and  performance 
of  the  Baush  Universal  joints;  investigation  concerning  the 
effect  of  rest,  after  over-straining,  on  the  elastic  limit  of 
steel;  design  of  a  hygrometer;  investigation  of  the  strength 
of  phosphor  bronze  under  varying  thermal  conditions;  in- 
vestigation of  the  strength  of  steel  in  the  blue  heat  region ; 
et!feet  of  reabsorbed  moisture  on  fir  and  pine  timber;  stu<ly 
of  woo:l  preservatives;  investigation  of  the  effect  of  different 
sizes  and  aggregates  in  bituminous  pavements;  investigation 
of  skew  and  plain  arches  of  the  same  general  dimensions; 
investigation  of  oyster  sliell  cimcrete;  effect  on  concrete  of 
the  time  of  mixing;  study  of  the  effect  of  various  water- 
proofing compounds  on  concrete;  efTect  of  steam  on  concK^e; 
strength  of  various  types  of  rope;  study  of  substances  to 
prevent  cement  from  setting;  strength  of  magnesium  alloys; 
strength  of  composite  cables;  strength  of  glue. 

Lelano  Stanford  .Jinioi!  University 

Equipmenl :  Tlie  laboratory  includes  a  good  selection  of 
apjiaratus  for  exi  erimental  work  in  fuel  analysis,  power  plant 
work,  automobile  testing,  friction  and  lubrication,  refrigera- 
tion, hydraulics,  hydraulic  machinery,  and  aerodynainics. 
The  laboratory  for  aeronautics  has  been  developed  along  orig- 
inal lines  in  many  resjiects.  While  it  comprises  the  usual 
tunnel  for  testing  models  in  an  air-current,  the  main  purpose 
at  present  is  to  carry  out  tests  of  various  propellers.  In  this 
connection  sexeral  novel  instruments,  permitting  to  carry  out 
measurements   of   very    high    precision,    have   been    developed. 


An  interesting  feature  of  some  of  these  instruments  is  the 
application  of  the  telephone  receiver  for  location  of  the  exact 
points  in  space  or  time  which  it  is  desired  to  determine  for 
the  purpose  of  measurement.  The  use  of  the  telephone  re- 
ceiver in  such  connection,  by  no  means  usual  in  mechanical 
measurements,  permits  a  considerable  simplification  of  the 
measurement  itself  without  sacrificing  of  the  precision  and  to 
a  certain  extent  eliminates  the  personal  equation  of  the  experi- 
menter. 

Ej-perimentu]  ^yorl■:  Tests  on  oil  heaters  and  coolers:  in- 
vestigation relating  to  thickness  of  oil  film  in  journal;  investi- 
gation on  flow  of  oil  in  pipes  in  coo])eration  with  the  U.  S. 
Bureau  of  Mines;  investigation  of  air  propellers  for  National 
Advisory  Committee  for  Aeronautics;  research  on  strength 
and  durability  of  gear  teeth  under  grant  from  Engineering- 
Foundation. 

Curriculum:  Tlie  courses  of  instruction  have  been  recast  to 
fit  in  -with  the  four-quarter  system  which  the  Univei-sity  has 
adopted,  to  become  effective  in  the  next  academic  year. 

Case  School  of  Applied  Science 

Experimenta]  Worh:  During  the  past  year  the  mechanical 
engineering  department  has  made  a  special  study  of  the  fuel 
problem  in  Cleveland,  and  has  been  devoting  its  energy  to 
the  saving  of  coal  in  several  of  the  small  and  moderate-sized 
independent  powei-  stations  in  and  around  Cleveland.  The 
fuel  problem  has  been  a  very  acute  one  in  Cleveland  during 
the  past  year,  as  indeed  it  has  been  all  over  the  country. 
Since  the  department  is  very  well  equipped  to  handle  such 
problems,  it  can  do  the  most  good  in  devoting  its  energy  in 
this  direction. 

Curricuhim :  Additions  have  been  made  as  follows:  a  special 
course  on  the  manufacture  of  high  explosives  and  sln-apnel, 
shells  and  time  fuses:  a  course  in  field  surveying  adapted  to 
military  needs;  modifications  of  the  courses  in  physics  and 
electrical  engineering,  directing  the  attention  of  the  students 
to  the  application  of  electricity  in  warfare. 

University  of  Washington  (Seattle) 

Equipment :  Usual  apparatus  for  student  experiments  on 
steam  and  gas  engines,  air  compressors,  and  structure  of  ma- 
terials; provision  for  research  work  on  a  27-hp.  gas  producer, 
involving  the  use  of  mill  refuse  and  bark;  on  a  2-ton  refrig- 
erating compressor  plant:  on  lubricating  oils;  and  on  fuels. 
A  dynamic  balance  for  measuring  wind  pressures  is  being 
installed  in  the  Aviud  tunnel  and  it  is  expected  to  carry  on 
an  extensive  series  of  tests  on  aerodynamical  engineering  prob- 
lems. 

The  growth  of  shiji  building  in  this  vicinity  has  been  so 
great  that  the  depai-fment  expects  to  add  a  number  of  naval 
architecture  subjects  for  the  coming  school  year,  and  a  new 
man  to  carry  on  some  of  this  work  and  to  handle  the  aero- 
dynamic laboratory  will  lie  apjiuinted  dm-ing  the  coming- 
summer. 

Curriculum :  Changes  are  proposed  involving  reduction  in 
hours  for  mathematics,  so  as  to  have  calculus  for  a  year  only, 
unifying  the  engineering  courses  for  the  first  year  at  least, 
and  the  addition  of  a  course  involving  engineering  problems 
for  the  freshmen.  This  course  is  to  be  so  arranged  as  to  at- 
tempt a  training  in  method  and  concentration,  as  well  as  to 
give  insight  into  the  nature  of  the  work  to  be  found  in  each  of 
the  engineeiing  departments. 
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News  of  Other  Societies 

National  Association  of  Cotton  Manufacturers' 
Convention 

THE  convention  met  at  the  Copley  Plaza  Hotel  i.n  Boston, 
April  25  and  26,  and  was  one  of  the  most  notable  in  the 
history  of  the  organization  as  regarded  attendance  and  in- 
terest of  the  program.  It  was  also  more  diversified  than 
usual,  as  it  included  in  its  numbers  many  representatives  of 
other  textile  associations,  from  the  South,  West,  and  Canada. 

The  most  important  feature  of  the  convention  involved 
the  report  of  the  Conunittee  on  Enlarging  the  Scope  of  the 
Association.  The  general  idea  of  broadening  the  activities 
of  the  association  met  the  hearty  approval  of  practically 
the  whole  membership.  An  essential  feature  of  this  broaden- 
ing is  the  creation  of  a  new  class  of  membership — to  be 
known  as  Sustaining  Members,  who  sliall  contribute  to  the 
funds  of  the  association  on  a  payroll  basis,  no  annual  assess- 
ment being  less  than  $50,  nor  more  than  $500.  These  sus- 
taining members  will  enjoy  the  full  privileges  of  active  mem- 
bers and  will  also  be  entitled  to  such  direct  service  as  the 
National  Council  may  be  able  to  render. 

The  program  differed  materially  in  general  character 
from  those  usual  in  former  years.  No  printed  i)apers  were 
distributed,  and,  with  the  exception  of  the  session  on  Wednes- 
day afternoon,  the  topics  under  consideration  were  arranged 
in  groups  under  the  direction  of  different  chairmen,  who 
opened  the  discussion  of  subjects  on  which  various  members 
had  come  prepared  to  speak.  This  plan  proved  of  greater 
interest  and  led  to  wider  participation  in  the  debate. 

A  number  of  technical  papers  were  presented.  John  A. 
Stevens,  Mem.Am.Soc.M.E.,  discussed  the  evolution  of  the 
steam  turbine  in  the  textile  industry.  He  pointed  out  how 
from  surprisingly  small  beginnings  in  1883  the  steam  tur- 
bine has  grown  to  such  proportions  that  it  has  invaded 
practically  every  field  formerly  oecujiied  by  the  steam  engine, 
which  is  due  to  its  many  advantages  as  compared  with  the 
reciprocating  engine,  which  advantages  he  carefully  enumer- 
ated. It  is  an  undisputed  fact  that  the  turbine  in  sizes  over 
1000  kw.  has  superseded  the  steam  engine,  and  even  in  sizes 
200  to  1000  kw.  tlie  advantage  is  still  in  favor  of  the  tur- 
bine, particularly  in  sizes  of  over  500  kw.  He  covered  the 
subjects  of  low-pressure  turbines,  mixed-pressure  and  bleeder 
types,  and  the  use  of  reducing  gear,  and  gave  illustrated 
descriptions  of  repi'esentative  mill  installations.  It  is  ex- 
pected that  a  more  complete  abstract  of  the  technical  features 
of  the  paper  will  be  given  in  an  early  issue  of  The  Journal. 

Representatives  of  the  Federal  and  Canadian  Bureaus  of 
Forestry  and  of  tlie  Southern  Pine  Growers"  Association  gave 
several  papers  on  mill  roofs  and  decay  of  timliers. 

Arthur  N.  Slieldon.  Mem.Am.Soc.M.E.,  discussed  the  con- 
ductivity of  mill  roofs  and  methods  for  preventing  condensa- 
tion. He  brought  out  that  a  certain  thickness  of  roof  is 
necessary  for  a  given  humidity,  the  thickness  increasing  as 
the  humidity  increases.  The  paper  is  based  on  experiments 
with  concrete  and  plank  roofs  with  various  kinds  of  in- 
sulation. In  the  course  of  the  paper  the  speaker  pointed 
out  that  if  the  temperature  of  the  underside  of  the  roof 
coincides  with  the  dewpoiut  for  the  jiarticular  humidity  and 
temperature  in  use,  there  will  be  condensation.  If  tlie  tem- 
perature of  the  underside  of  the  rOof  is  above  the  dewpoiut, 
there  will  be  no  condensation  on  the  underside  of  the  roof, 
but  condensation  will  take  jilaie  somewhere  in  the  interior 
of  the  plank,  depending  \\\miu   the   heat  gradient   between   tlie 


inside  and  outside  temperatures  of  the  roof  plank.  Hence, 
while  it  is  easy  to  design  a  roof  which  would  have  no  con- 
densation on  the  underside,  it  is  practically  impossible  (unless 
at  considerable  expense)  to  design  a  plank  roof  with  no 
condensation  on  the  upper  surfaces,  or  somewhere  in  the 
interior  of  the  jdank.  The  speaker  proceeded  to  give  a  eom- 
|iarison  of  a  concrete  roof  projierly  insulated  and  a  wood 
roof  of  proper  thickness  and  insulation  to  prevent  condensa- 
tion. A  diagram  was  shown  indicating  that  a  thickness  of 
the  roof  plank  of  a  little  over  3  in.  would  be  required, 
while  a  4-in.  concrete  roof  plus  1  in.  of  cork  board  would 
give  approximately  the  same  insulation.  The  prevention  of 
condensation  on  the  underside  of  the  roof  planks  does  not, 
however,  eliminate  the  possibilities  for  decay,  because  there 
is  always  condensation  between  the  roof  covering  and  the 
roof  boards  during  cold  weather.  It  would  therefore  seem 
absolutely  necessary  to  treat  the  wood  timber  to  prevent 
decay. 

Methods  for  identifying  fungus  growths  wei'e  discussed 
by  H.  N.  Lee,  of  the  Forest  Products  Laboratory,  McGill 
University,  Montreal.  The  speaker  outlined  a  course  of  in- 
vestigation from  which  he  hopes  to  be  able  to  determine  just 
what  fungus  is  doing  the  damage  to  any  wood,  even  if  the 
fungus  has  not  produced  any  characteristic  fruiting  body 
by  which  it  would  be  immediately  identified.  He  even  hopes 
to  be  able  to  tell  it  from  the  effect  on  the  wood  itself  when 
the  fine  threads  of  the  fungus  do  not  show.  When  this  is 
done,  any  one  having  trouble  from  wood  decay  will  have  only 
to  send  to  the  laboratory  a  sample  of  the  wood  and  the  laboi-a- 
tory  should  be  able  to  tell  what  fungus  is  at  work;  then  as 
soon  as  this  matter  is  worked  out,  it  can  be  deteruuned  what 
change  of  lunnidity  conditions  is  necessary  to  stop  the  de- 
velopment of  the  fungus,  and  with  it  the  rotting  of  the 
wood. 

At  the  banquet  on  Wednesday  evening,  April  25,  Henrj-  E. 
'  Crampton  delivered  an  address  on  the  Council  of  National 
Defense  and  the  Cotton  Industry.  The  speaker  stated  that 
thei'e  is  a  comprehensive  i)lan  being  followed  by  the  ad- 
visory commission  of  the  Council,  and  a  great  deal  more  is 
being  done  than  gets  into  the  newspapers. 

The  papers  of  the  Thursday  session,  April  20,  were  de- 
voted to  commercial  matters  and  questions  of  health  insurance, 
factory  safety  and  sanitation. 

A  veiy  complete  and  careful  account  of  the  proceedings 
of  the  convention  will  be  found  in  the  Textile  World  Journal 
for  April  28,  1917,  from  which  the  facts  of  the  present  account 
were  mainly  taken. 

National  Electric  LightAssociation  Convention 

INSTEAD  of  meeting  at  Atlantic  City,  as  originally 
arranged,  the  National  Electric  Light  Association  changed 
its  plans  because  of  the  war  and  held  this  year's  convention  in 
the  Engineering  Societies  Building,  New  York,  May  9  and  10. 
As  characterized  by  the  Electrical  World  of  May  12,  from 
wiiich  the  main  facts  of  tlie  following  account  are  taken,  it 
was  essentially  a  war  convention.  From  the  o))ening  words 
of  the  president.  Herbert  A.  Wagner,  to  the  final  adjourn- 
ment, half  a  day  earlier  than  anticipated,  the  serious  re- 
sponsibility resting  upon  the  industry  to  make  the  best  use  of 
its  facilities  for  the  country  was  the  dominant  note  of  the 
business  transacted. 

The  jmiceedinys  of  this  fimveution  in  their  oujwaiil  inaiii- 
festatioiis  were  vastly  different  from  the  usual  solier  and 
liiniidriin.  (durse  (if  meetings  of  engineering  bcidies.      Follow- 
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ing  tlie  appointment  of  the  oommittee  on  the  President's 
address,  a  bugle  was  sounded,  a  squad  of  kliaki-elad  men 
marched  in  and  the  flag  was  raised,  while  the  convention 
joined  in  the  patriotic  strains  of  "  America." 

The  question  uppermost  in  the  minds  of  those  in  attend- 
ance, as  to  "  How  can  we  best  serve  ?  "  was  answered  in  the 
Public  Policy  Committee  Report  by  saying  that  both  as  com- 
panies and  as  an  industry  the  members  of  the  N.E.L.A.  can 
most  effectively  serve  the  nation  by  a  continued  maintenance 
of  reliable  service  on  the  jiart  of  the  public-service  utilities, 
by  conserving  the  health  and  safety  of  the  public,  and  also 
by  furnishing  information  and  assistance  to  the  Government 
through  its  organizations  and  technically  trained  men. 

John  W.  Lieb,  Mem.Am.Soc.M.E.,  who  was  elected  war 
president  of  the  association,  spoke  informally  and  presented 
interesting  information  on  experiences  in  England,  where 
the  arguments  of  the  companies  supplying  electricity  se- 
cured temjjorary  exemjitions  from  call  to  the  colors  for  their 
most  important  men,  which  gave  them  time  to  rebuild  their 
organizations.  He  also  called  attention  to  the  great  difficulty 
of  making  the  proper  adjustments  for  the  care  of  dependents 
of  employees  who  go  to  the  front  without  at  the  same  time 
bankiupting  the  companies,  and  stated  that  it  is  still  a  moot 
question  as  to  what  may  be  exactly  the  best  policy  to  be 
jnirsued. 

The  same  problem  was  discussed  by  J.  E.  Aldred,  who 
has  large  business  interests  in  Montreal,  Canada.  While 
the  original  intention  was  to  pay  the  men  who  went  to  the 
front  the  difference  between  their  regular  wage  and  what 
the  Government  gave  them  in  the  service,  the  plan  was 
abandoned  afterwards,  to  some  extent,  in  favor  of  what  is 
known  as  the  Patriotic  Fund.  This,  however,  was  not  be- 
cause the  burden  imposed  on  the  companies  bj'  the  former 
plan  was  excessive.  In  fact,  the  proposition  not  only  stimu- 
lated enlistment,  but  also  helped  maintain  the  efficiency  of 
the  force  left  at  home,  so  that  in  the  case  of  the  Montreal 
Light.  Heat  &  Power  Co.  30  per  cent  more  business  was 
done  than  iu  any  previous  year  of  its  history.  The  change  to 
what  is  known  as  the  Patriotic  Fund  resulted  from  pressure 
from  the  agricultural  sections. 

L.  A.  Ferguson,  Commonwealth  Edison  Co.,  Chicago, 
described  a  plan  adopted  by  that  company,  but  tentative  to 
the  extent  that  it  is  definite  only  until  August  1.  This  is 
based  on  the  theorj'  that  the  company  shall  not  pay  anything 
to  the  man  himself  who  goes  to  the  front,  but  that  it  shall 
provide  for  the  dependents  he  leaves  at  home. 

Of  the  papers  presented  in  the  technical  sections,  the  one 
of  gi-eatest  interest  to  mechanical  engineers  is  the  report  of 
the  Prime  Mover  Committee,  of  which  J.  M.  Graves,  Mem. 
Am.Soc.M.E.,  is  chairman.  The  report  discusses  turbines, 
condensers,  station  auxiliaries,  stokers,  refractory  materials, 
coal  handling  and  storage,  weathering  and  spontaneous  com- 
bustion of  coal,  etc.  Feasibility  and  practicability  of  higher 
steam  pressures,  condenser  cleaning,  economical  steam  veloci- 
ties and  pressure  drops,  station  instruments,  analysis  of 
power  requirements  of  station  auxiliaries,  and  treatment  of 
boiler  feedwater  are  also  discussed,  and  comments  made  re- 
garding Diesel  engines,  progTess  of  waterjjower  development, 
operation  and  maintenance  of  hydroelectric  stations,  ice- 
handling  methods  and  waterwheel  testing. 

The  report  states  that  there  has  been, a  great  increase  in 
the  number  of  orders  for  large  prime  movers,  the  develop- 
ment of  large  condensers,  boilers,  stokers,  and  auxiliaries 
keeping  pace  with  the  development  of  the  turbine.  The 
largest  turbine  so  far  developed  is  rated  at  70,000  kw.,  and 


the   largest   condenser   on   order   has   100,000   sq.    ft.   of   tube 
surface. 

The  tendency  in  regard  to  circulating  pumjis  is  in  the 
direction  of  more  water  per  pound  of  steam.  With  steam- 
turbine  drive  the  general  trend  is  toward  high  turbine  speeds. 
Development  work  during  the  past  year  has  been  along  the 
lines  of  adapting  the  underfeed  stoker  to  high-ash  Middle 
Western  coal  and  to  lignite,  both  of  which  are  now  being 
handled  with  entire  satisfaction. 

Owing  to  the  increased  rating  of  boilers  the  firebrick  sur- 
faces have  been  proportionately  increased  and  higher  tem- 
peratures have  produced  greater  expansion  and  contraction  in 
them,  so  there  are  more  frequent  failures,  both  in  arch  and 
side  walls.  Various  methods  have  been  tried  to  strengthen 
the  flat  walls,  but  with  little  success.  Buttresses  built  inside 
of  the  combustion  chamber  were  burned  off  in  a  very  short 
time.  Sheet-iron  linings  were  also  tried,  but  were  melted 
down  as  soon  as  the  firebrick  inside  had  been  burned  away 
or  partly  destroyed  by  slag. 

Several  pages  of  the  report  are  devoted  to  an  extensive 
discussion  by  J.  A.  Walls  on  the  question  of  protection  against 
different  forms  of  ice,  including  frazil  and  anchor  ice.  It 
is  pointed  out  that  if  the  first  formation  of  frazil  ice  is 
not  quickly  observed,  the  ice  will  accumulate  so  fast  as  to 
make  a  shutdown  inevitable.  One  means  of  detecting  the 
onset  of  frazil  or  ground  ice  is  to  immerse  a  chain  in  the 
flowing  water  of  the  forebay  and  examine  it  every  half  hour 
or  oftener.  Frazil  or  anchor  ice  cannot  form  until  the  tem- 
perature of  the  water  drops  to  freezing;  hence  a  graphic  ther- 
mometer will,  in  many  cases,  serve  as  a  warning  against  any 
danger  which  may  threaten  from  this  cause. 

National  Fire  Protection  Association 

AT  the  ainuial  meeting  of  the  National  Fire  Protection 
Association,  held  at  Washington.  D.  C,  May  8-10,  the 
main  subject  for  discussion  was  the  new  and  unusual  fire 
hazards  and  danger  to  life  and  property  created  by  the  state 
of  war,  and  which  demand  the  utmost  vigilance  on  tiie  part 
of  the  state,  municipalities,  and  private  individuals.  Definite 
recommendations  were  made  which  included  the  following: 
The  adoption  by  municipalities  of  the  standard  building  cqde 
of  the  Board  of  Fire  Underwriters,  and  by  the  state,  of  mini- 
mum building  requirements  for  its  public  institutions;  the 
enactment  in  each  state  of  a  fire  marshal  law;  inspection  of 
buildings  by  city  fire  marshals;  lev5dng  the  cost  of  extinguish- 
ing preventable  fires  upon  citizens  disregarding  fire-prevention 
orders;  more  extended  use  of  the  automatic  sprmkler;  study 
of  the  technical  survey  of  cities  made  by  the  Board  of  Fire 
Underwriters  in  regard  to  fire  risks  and  efficiency  of  fire  fight- 
ing apparatus,  and  the  education  of  the  children  and  the  public 
generally  in  careful  habits  regarding  the  use  of  fire. 

Among'  the  reports  discussed  were  the  following  of  particu- 
lar interest  to  mechanical  engineers : 

Uses  of  Wood  iti  Building  Construction.  Containing  a  new 
standard  for  mill  construction,  with  data  on  the  decay  of  wood 
and  its  prevention;  and  the  strength  of  timber  and  how  to 
calculate  it. 

Hoof  Openings  (skylights)  and  Cornices. 

Standards  for  Pipe  and  Pipe  Fittings.  Containing  specifi- 
cations and  tabulated  dimensions  of  sprinkler  pipe  fittings, 
includmg  long-turn  fittings. 

Explosives  and  Combustibles.  Dealing  mainly  with  fuel  oil, 
acetylene  gas  for  welding  and  lighting,  and  gasoline,  with  sug- 
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gestioiis  regarding  the  safety  of  aeetyleiie  a|iiiai:Uu.-i  and 
safe  use  of  motion-i>ictiire  film. 

Safety  to  Life.  Dealing,  first,  witii  the  number  of  occupants 
permissible  in  a  building,  basing  the  number  on  the  stair  ca- 
pacity with  a  view  to  safe  exit  in  case  of  fire;  and  second, 
classification  of  the  occupants  of  buildings  by  inflammability 
of  materials  manufactured,  stored  or  used.  The  first  part  of 
the  report  is  comprised  mainly  of  a  tabulated  form  showing 
the  capacity  jDer  unit  of  stair  width,  and  the  second  part  of  an 
elaborate  list  indicating  the  materials  manufactured  or  handled 
and  the  risk  involved  according  to  whether  the  property  would 
be  considered  as  of  "  low  inflammability."  "  niodeialc  inflam- 
mability,"  or  ■'  high  inflammaliility."' 

Ammunition  Manufacture  and  Safeguarding  of  Industrial 
I'latits.  This  timely  paper  treats  mainly  of  the  situation  exist- 
ing in  the  manufacture  of  ai'tillery  ammunition  and  of  small- 
arms  ammunitioJi. 

A  brief  description  is  given  of  the  types  of  shells  and  car- 
tridges used  and  of  the  processes  of  manufacture.  Suggestions 
are  made  for  safety  in  manufacture,  and  the  important  fea- 
ture of  guarding  ammunition  plants  which  are  subject  to  at- 
tack by  agents  of  an  enemy  is  considered,  with  definite  recom- 
mendations calling  for  such  provisions  as  the  followmg:  ade- 
i|uate  fencing  in  of  property;  armed  guards;  adequate  lighting 
of  yard  and  fences;  wiring  fences  with  charged  electric  wire 
connected  with  tell-tale  device  which  will  give  a  signal  in  case 
(if  a  short-circuit;  bars  or  screens  at  windows;  patrol  organiza- 
tion, etc.  The  report  goes  into  these  matters  very  fully  and 
in  detail. 

Fire-Eesistance  Construction.  The  important  feature  of  this 
report  is  the  discussion  of  what  has  been  designated  as  "  full," 
■■  partial  "  and  "  temporary  "  protection  in  order  to  indicate 
the  fire-resistance  qualities  of  various  materials  and  types  of 
construetion. 

Conferences  have  been  held  Ijy  representatives  of  various 
associations,  including  The  American  Society  of  Mechanical 
Engineers.  The  representatives  of  the  Society  were  Ira  H. 
Woolson,  Chairman  of  the  committee  which  prepared  this  re- 
jiort,  and  W.  C.  Mowry,  appointed  by  John  R.  Freeman, 
Chairman  of  the  Sub-Committee  on  Fire  Protection  of  The 
American  Society  of  Mechanical  Engineers. 

At  tliese  conferences  it  was  decided  tliat  the  terms  "  full," 
"  partial  "  and  "  temporary  "  should  be  superseded  by  terms 
indicating  time,  such  as  4-hi'.  protection,  2-hr.  protection,  1-hr. 
protection,  etc.  A  time-temperature  curve,  shown  in  the  ac- 
comi)auying  diagram,  was  adopted  to  indicate  standards  of 
fire  resistance.  A  scientifically-determined  time-temperature 
curve  is  regarded  of  so  great  importance  that  it  has  been 
proposed  to  make  the  subject  one  for  discussion  at  the  next 
animal  meeting  of  The  American  Society  of  Mechanical  Engi- 
neers, 

Protection  of  Openings  in  Walls  and  Partitions.  In  this 
report  a  feature  of  importance  relates  to  the  control  of  auto- 
matically-closing fire  doors  in  buildings.  A  definite  recom- 
mendation is  made  for  the  use  of  apparatus  the  operation  of 
which  depends  on  the  rate  of  temperature  rise,  to  replace  fixed- 
tem)ierature  devices  such  as  now  used.  By  such  improved 
apparatus  the  door  will  be  closed  in  case  of  rapid  rise  of  tem- 
perature before  a  fire  will  have  an  opportunity  to  sweep 
through  the  dooi-way  and  endanger  the  contents  of  the  adjoin- 
ing room,  as  so  often  happens  with  the  fixed  temperature  de- 
vice, which  does  not  operate  until  a  certain  predetermined 
tem])erature  has  been  reached.  The  mechanism  of  the  device 
which  has  been  recommended  is  of  considerable  interest. 
When  a  rise  of  temperature  occurs  equal  to  15  deg.  or  more. 


within  one  minute,  the  aii'  in  an  inclosed  chamber  expands  a 
diaphragm  plunger  and  sets  into  operation  a  series  of  releas- 
ing levers.  Under  ordinary  conditions  the  air  in  the  chamber 
is  maintained  at  atmospheric  pressure  through  the  medium  of 
a  vent,  which  is  calibrated  to  permit  rise  in  temperature  of 
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Fig.  3    Tentative  Stand.vrd  Time-Temperature  Curve  for 
Fire  Tests  of  Building  Construction 
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less    than    15    deg.    per    minute    without    producnig    pressure 
enough  to  operate  the  diaphragm. 

The  secretary  of  the  National  Fire  Protection  Association 
is  Franklin  H.  Wentworth,  87  Milk  St.,  Boston. 

American  Chemical  Society 

The  54th  meeting  of  the  American  Chemical  Society  was 
held  in  Kansas  City,  Mo.,  April  10  to  14. 

Like  all  meetings  at  this  critical  period  in  the  life  of  the 
nation,  that  of  tlie  cliemists  was  held  imder  the  red  star  of 
war.  Tlie  following  resolution  was  unanimously  passed  by  the 
assembled  members:  "Resolved,  that  we  reaffirm  the  tender 
to  the  President  of  the  United  States  of  the  services  of  the 
members  of  our  Society  in  all  the  fields  in  which  we  are 
qualified  to  act.  The  progress  of  the  war  thus  far  princij)ally 
teaches  us  that  modern  warfare  makes  extraordinary  demands 
upon  science,  food  supply  and  finance.  For  the  protection 
and  success  of  our  men  under  arms  we  recommend  the  use,  in 
their  respective  fields,  of  all  trained  chemists,  physicists  and 
medical  men,  inchiding  advanced  students  of  these  subjects. 
to  this  end.  in  collaboration  with  the  United  States  Bureau  of 
Mines,  we  are  preparing  a  census  of  chemists.  With  no  desire 
to  avoid  field  service  for  men  of  training  in  the  professions 
named,  we  urge  that  those  of  special  ability  be  held  to  the 
work  they  can  best  perform.  Tims  we  may  avoid  unnecessary 
loss  from  lack  of  control  of  the  tools  and  requirements  of 
war." 

In  the  afternoon  a  public  session  on  petroleum  and  natural 
gas  was  held,  at  which  several  papers  were  presented.  Of 
particular  interest  to  mechanical  engineers  are  those  of  H.  C. 
Allen  and  E.  E.  Lyder,  on  Variations  in  the  Compositions  of 
Gas  of  the  Mid-Continent  Field,  and  E.  P.  Fisher,  on  Some 
Experiences  in  the  Use  of  Oxy-Acetylene  Welding  in  Long 
Distance  Natural  Gas  Transportation. 


The  temperature  of  a  boiler  tube  is  within  10  to  20  deg.  cent, 
tlie  same  as  that  of  the  boiler  water,  and  the  tenqierature  of  the 
tube  is  affected  vei-y  little  by  the  temperature  of  the  hot  gases, 
but  follows  the  temperature  of  the  boiler  water. 


552 


ENGINEERING  SURVEY 


The  Journal 
Am.Soc.M.E. 


A  Reference  to  the  Spring  Meeting  of  1916 

AT  the  meeting  of  the  House  of  Representatives  ou  Maj'  7 
(all  quotations  are  taken  from  the  New  York  Times  of 
May  8)  Representative  John  Q.  Tilson  of  Connecticut,  a  Re- 
publican member  of  the  Military  Affairs  Committee,  discussed 
the  manufacture  of  United  States  rifles,  and  disclosed  the  fact 
that  only  a  very  limited  quantity  of  such  rifles  can  be  manu- 
factured for  the  United  States  Government  within  a  reason- 
able time  because  of  the  difficulty  of  procuring  gages. 

"Do  you  think  that  is  good  information  to  make  public?" 
asked  Representative  Robbins  of  Pennsylvania. 

"  Everybody  knows  it  except  ourselves,"  replied  Tilson. 
"All  our  enemies  know  it." 

■  It  is  interesting  to  recall  in  this  connection  that  the  facts 
stated  by  Representative  Tilson  on  May  7  were  convincingly 
brought  forward  more  than  a  year  ago  by  members  of  The 
American  Society  of  Mechanical  Engineers  at  the  Spring 
Meeting  of  1916,  New  Orleans,  in  the  discussion  of  Mr. 
Spencer  Miller's  paper  on  Organizing  for  Industrial  Pre- 
paredness. 

Among  others,  F.  0.  Hoagland  stated  that  while  the  Gov- 
ernment has  at  times  placed  small  contracts  for  rifle-ammuni- 
tion manufacture,  no  private  manufacturer  has  ever  made  the 
0.30  Springfield  rifle,  nor  has  he  any  special  tools,  fixtures, 
or  gages  necessary  for  making  them.  Quick  service  is  not 
to  be  expected  unless  several  of  these  concerns  are  placed  in 
condition  to  meet  the  demand.  Mr.  Hoagland  estimated  that 
it  would  take  about  twelve  months  to  prepare  the  special 
equipment  of  fixtures,  tools  and  gages  necessary  for  the  pro- 
duction of,  say,  100  military  rifles  per  working  day,  and 
about  half  that  time  to  prepare  for  100,000  cartridges  per  daj' 
even  when  a  factoi'y  has  at  the  start  a  fair  organization  for 
similar  work.  The  Government  arsenals  could  be  of  great 
assistance  in  preparing  the  special  equipment  of  fixtures, 
tools  and  gages,  but  a  few  leaders  and  workmen  in  each 
plant  who  are  thoroughly  familiar  with  the  requirements  are 
absolutely  necessary  in  order  to  get  quick  and  sure  re- 
sponse. 

In  a  joint  discussion  of  the  same  paper,  Frank  0.  Wells 
and  Charles  E.  Smart  pointed  out  the  need  for  our  machine 
shops  to  be  equipped  to  manufacture  munitions  of  war  at 
short  notice.  While  for  over  two  years  all  the  machine  shops 
in  the  tjnited  States  had  been  working  for  the  Allies,  yet  new 
designs  for  jigs  and  fixtures  were  still  upon  the  drawing 
boards  and  new  gages  and  tools  were  being  made  in  hundreds 
of  shops  all  over  the  counti-y.  As  a  conservative  estimate, 
they  said,  it  would  require  50  engineers,  designers  and  drafts- 
men at  least  50  weeks  to  prepare  the  drawings  for  the  17  sizes 
of  shells  now  used  by  the  United  States  Army,  together  with 
drawings  for  gages,  fixtures  and  tools.  To  produce  the  latter 
would  require  probably  800  men  well  trained  and  in  well- 
organized  factories  at  least  five  years,  calculating  300  working 
days  per  year.  And  this  does  not  cover  the  question  of  aero- 
planes, rifles,  battleships,  or  a  large  number  of  other  impor- 
ant  parts  of  equipment  which  also  must  be  provided  for. 

The  manufacture  of  rifles  formed  the  subject  of  a  communi- 
cation by  Fred  E.  Rogers  luminously  covering  the  very  points 
which  Representative  Robbins  doubted  the  wisdom  of  making 
I)ublic  at  the  present  time.  "  The  manufacture  of  rifles," 
wrote  Mr.  Rogers,  "  is  a  complete  process,  requiring  special 
skill  and  experience,  and  with  the  exception  of  our  Govern- 
ment arsenals,  there  was  at  the  outbreak  of  the  present  war 
perhaps  not  one  plant  in  the  United  States  properly  equipped 
and    manned    for   manufacturing   military   arms.      There   are 


about  800  principal  machine  operations  involved  in  making 
the  parts  of  the  simplest  military  arm,  including  the  wood 
stock  and  hand  guard.  Many  of  these  operations  require 
special  machinery,  and  practically  all  the  parts  must  be  in 
jigs  or  fixtures  wliile  machining.  When  we  consider  the  fact 
that  to  provide  equipment  for  an  army  of  1,000,000  from 
2,000,000  to  3,000,000  rifles  are  required,  the  size  of  the  task 
of  equipping  an  army  of  1,000,000  with  shoulder  guns  alone 
becomes  apparent.  WJiat  the  condition  of  this  country  would 
be  in  a  sudden  emergency  ice  can  only  guess.  Judging  from 
the  experience  of  some  of  our  ill-advised  manufacturers  who 
undertook  to  make  shells,  it  would  be  of  great  confusion  and 
enormous  waste." 

K.  A.  Juthe,  in  discussing  the  experience  of  Am('rican 
manufacturers  in  the  production  of  rifles  for  foreign  gov- 
ernments, stated  that  the  gage  problem  was  one  of  the  greatest 
magnitude,  as  it  was  found  that  it  would  take  at  least  300 
first-class  gage  makers  to  furnish  the  first  working  set,  in- 
spector's set,  and  the  'master  set  necessary  for  guns  in  quan- 
titifjs.  And  when  1000  complete  rifles  per  day  is  figured  on, 
it  means  that  the  working  sets  would  be  increased  from  one 
to  ten,  and  the  inspectors'  sets  from  one  to  five,  keeping  the 
master  set  simply  for  reference.  It  was  shown  conclusively 
that  among  the  total  of  practicaUj'  2500  to  3000  first-class 
gage  makers  in  the  country  there  was  no  adequate  means  of 
tackling  several  different  propositions  at  the  same  time. 

In  regard  to  tool  making,  it  was  found  that  the  jigs,  fix- 
tures and  small  tools  required  would  take  a  small  army  of 
tool  makers.  It  would  take  at  least  1000  tool  makers  one 
year  to  furnish  tools  of  this  kind  for  the  output  of  1,000 
rifles  per  day.  Therefore,  should  our  Government  require, 
say,  500.000  or  1,000,000  rifles  per  year,  our  tool  plants 
would  be  taxed  to  the  utmost. 

It  appears,  therefore,  that  what  Representative  Tilson 
stated  in  Congress  did  not  disclose  any  military  secrets,  but  as 
-J.  H.  Brophy  said  at  the  meeting,  "  I  am  under  the  impres- 
sion that  it  wiU  take  years  of  pounding  away  at  the  facts  to 
enlighten  the  people  on  this  great  undertaking  of  Industrial 
Preparedness." 

.  The  way  the  situation  has  worked  out,  as  announced  by 
the  General  Munitions  Board  on  May  15,  is  that  the  British 
Enfield  rifle,  chambered  for  regulation  U.  S.  Army  cartridges, 
will  be  used  for  our  troops;  and  field  guns  of  tried  foreign 
types,  but  of  American  manufacture,  will  be  introduced  into 
the  service.  Manufacturing  facilities  for  the  Springfield  rifle 
are  not  adequate  to  supply  the  number  of  rifles  required  for 
the  force  which  the  United  States  will  raise  and  to  replace 
the  wastage  of  such  a  force.  Fortunately  the  existin?  small- 
arms  factories  which  have  been  turning  out  quantities  of  rifles 
for  the  British  army  are  equipped  to  manufacture  the  Enfield 
rifle  in  more  than  sufficient  number. 

Engineering  Committee  of  National 
Research  Council 

THE  first  meeting  of  the  Engineering  Committee  of  the 
National  Research  Council  was  held  on  May  3  in  the 
rooms  of  the  National  Advisory  Committee  for  Aeronautics, 
Munsey  Building,  Washington,  D,  C,  with  Gano  Dunn,  Mem. 
Am.Soc.M.E.,  as  Chairman.  There  were  in  attendance  the 
following  members  of  The  American  Society  of  Mechanical 
Engineers:  Gano  Dunn  (Chairman),  John  A.  Brashear,  Wm. 
F.  Durand,  John  R.  Freeman,  Hollis  Godfrey,  George  E.  Hale, 
F.  H.  Newell,  S.  W.  Stratton.  Ambrose  Swasey,  and  Charles 
D.  Yoimg. 
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Mr.  Dunn  explained  the  necessity  for  cooperating  with  the 
engineering  societies  and  for  tixing  the  relations  between  the 
Engineering  Committee  of  the  National  Research  Council  and 
the  Committee  on  Science  and  Research  of  the  Advisory  Com- 
mission of  the  Council  of  National  Defense,  of  which  Dr. 
Mollis  Godfrey  is  chairman.  The  scope  of  the  work  of  the 
Engineering  Committee  as  explained  by  the  chairman  is  to 
be  engineering  incidental  to  research  work  and  not  original 
engineering  work  unconnected  with  research,  although  it  was 
pointed  out  at  the  same  time  that  the  line  of  demarcation 
between  these  two  fields  is  not  very  clear. 

Dr.  F.  H.  Newell  then  spoke  of  the  work  of  the  Institute 
for  Government  Research.  This  institute  is .  financed  pri- 
vately and  the  work  is  conducted  solely  for  the  purpose  of 
helping  the  Government  to  simplify  its  procedure  and  hence 
to  economize,  and  its  work  has  the  active  sympathy  of  the 
Council  of  National  Defense  and  the  National  Research 
Council. 

Dr.  George  E.  Hale  spoke  generally  of  the  relations  of  the 
National  Research  Council  to  other  organizations  engaged 
in  national  defense,  in  working  out  certain  problems  of  great 
iulportance,  the  first  of  which  was  protection  against  torpedo 
attacks. 

As  regards  the  matter  of  the  organization  of  the  Engineer- 
ing Committee  the  meeting  adopted  the  suggestion  of  John  R. 
Freeman,  to  the  effect  that  a  single  head  of  the  Engineering 
Committee  resident  in  Washington  should  be  appointed  and 
confer  with  the  other  members  of  the  committee  and  with  the 
members  of  the  National  Research  Council  in  Washington. 
Wm.  F.  Durand  was  appointed  Washington  head  of  the  En- 
gineering Committee — to  be  known  as  Vice-Chairman  of  the 
committee,  with  Mr.   Dunn   remaining  as  Chairman. 

The  matter  of  dealing  with  inventions  next  came  up  for 
discussion,  i.e.,  whether  inventions  should  be  referred  to  the 
Naval  Consulting  Board  or  the  Engineering  Committee  should 
undertake  to  pass  upon  them.  After  considerable  discussion 
the  matter  was  left  to  be  determined  by  the  Engineering  Com- 
mittee, but  the  consensus  of  opinion  was  that  when  it  is  a 
question  of  passing  on  an  invention  without  relation  to  any 
other  aspects  of  the  matter,  it  should  be  referred  to  the  Naval 
Consulting  Board.  In  other  cases  the  Engineering  Committee 
should  consider  the  matter. 

It  was  generally  agreed  that  as  much  publicity  as  possible 
should  be  given  to  the  needs  of  the  Government  in  the  solu- 
tion of  its  engineering  problems  by  the  engineering  societies, 
with  the  understanding,  however,  that  there  are  certain  mat- 
ters which  cannot  properly  be  made  public. 

At  the  conclusion  of  the  meeting  Dr.  Godfrey  spoke  at 
length  with  regard  to  the  relations  of  his  Committee  on 
Science  and  Research  of  the  Council  of  National  Defense  to 
the  National  Research  Council:  but  explicitly  disclaimed  any 
intention  of  doing  research  work  or  of  passing  upon  research 
work  in  his  committee,  and  stated  that  all  research  work, 
whether  engineering  or  scientific,  would  be  referred  directly 
to  the  National  Research  Council. 

New  Equipment  on  the  Lehigh  Valley 

THE  general  tendency  in  American  railroad  equipment  to 
use  heavier  and  bigger  tractive  units  is  well  exemplified 
by  the  recent  steps  taken  by  the  Lehigh  Valley.  This  railroad 
succeeded  in  materially  reducing  its  train-miles  in  freight  serv- 
ice on  several  divisions  by  the  use  of  powerful  Pacific  type  and 
2-10-2-type  locomotives  built  bv  the  Baldwin  Locomotive 
Works. 


By  the  use  of  the  Pacific-type  locomotives  between  Man- 
chester, N.  Y.,  and  Coxton,  Pa.,  a  distance  of  175  miles,  two 
fast  freight  trains  which  were  previously  hauled  by  iieavy 
10-wheel  locomotives  having  a  tractive  effort  of  31,000  lb.  have 
been  consolidated.  This  aeliievement  is  all  the  more  significant 
as  the  stretch  is  by  no  means  an  easy  one.  From  Coxton  to 
Summit,  N.  Y.,  about  120  miles,  there  is  a  steady  upgrade  with 
many  curves,  the  gradient  running  as  high  as  0.4  jier  cent. 

On  the  Wyoming  Division,  between  Pittston  and  Athens, 
Pa.,  the  Pacific-type  locomotives  are  also  used  for  iieavy 
express  passenger  traffic.  These  locomotives  are  among  the 
most  powerful  of  their  type,  with  a  tractive  effort  of  48,700  lb., 
or  more  than  twice  as  much  as  the  tractive  effort  of  the  10- 
wheel  locomotives  which  they  replace.  While  in  many  resjiecls 
they  resemble  the  latest  design  of  the  Lehigh  Valley  Mikado 
locomotives  they  differ  from  the  greater  part  of  the  motive- 
power  equipment  on  the  Lehigh  Valley  in  (liat  they  are 
designed  for  burning  bituminous  coal. 

The  2-10-2-type  locomotives  are  used  in  slow  freight  service 
between  Manchester,  N.  Y.,  and  Sayre,  Pa.,  a  distance  of  88 
miles,  with  0.4  per  cent  grades.  Each  of  these  locomotives 
will  haul  4000  tons  and  make  the  88-mile  run  in  dVo  hours, 
thus  replacing  two  heavy  consolidation  locomotives.  They 
burn  a  mixture  of  fine  anthracite  and  soft  coal. 

The  boilers  for  both  of  these  types  have  a  conical  ring  in  the 
middle  course  by  which  the  diameter  is  increased  from  833^  in, 
to  94ys  ill-  The  seam  of  the  smokebox  ring  is  welded  along  the 
top  center  line  of  the  boiler.  All  the  seams  in  the  firebo.x, 
includhig  those  in  the  combustion  chamber,  are  welded.  The 
side  and  crown  sheets  are  in  one  piece,  being  %  in.  thick;  the 
door  slieet  is  likewise  %  in,  thick. 

In  both  types  of  these  locomotives  the  reciprocating  jiarts 
are  of  special  steel  to  reduce  their  weight.  The  piston  heads 
are  made  of  rolled  steel  of  light  section,  1  in.  thick  at  the 
piston-rod  hub  and  11/16  in.  thick  at  the  outside  of  the  web, 
Hunt-S]iiller  bull  rings  are  held  in  place  on  the  iiiston  head 
by  a  retaining  ring  which  is  welded  to  the  piston  head.  The 
packing  rings  are  also  of  Hunt-Spiller  metal.  All  extended 
piston  rods  are  of  Mikrome  steel. 

The  crankpins,  connecting  rods,  stop  straps  and  extended 
piston  rods  are  made  of  Mikrome  steel.  The  piston  rods  are 
held  in  the  piston  head  by  a  single  nut  provided  with  a  nut 
lock  made  from  a  disk  5/16  in.  thick  in  the  body  and  i/g  in. 
thick  at  the  circumference.  After  the  nut  has  been  drawn  up 
tight  this  disk  is  cut  and  bent  over  on  to  the  faces  of  the  nut. 
These  nut  locks  are  made  of  dead-soft  steel  and  are  used  only 
once. 

For  the  foregoing  information  credit  is  here  given  to  The 
Bailway  Mechanical  Engineer,  May  19,  1917,  pp.  231-234 
(vol.  91,  no.  o). 

National  Advisory  Committee  for  Aeronautics 

FROM  a  letter  from  the  Committee  dated  April  27,  1917, 
is  taken  the  following  information  supplementary  to  the 
article  describing  its  constitution  and  activities  in  the  May 
issue  of  The  Journal  (p.  454).  This  covers  all  information  to 
date,  of  which  some  was  not  available  at  the  time  when  the 
May  issue  went  to  press. 

To  facilitate  the  work  of  the  Committee  the  following  sub- 
committees have  been  established : 

Aerial  Mail  Service,  Brigadier  General  George  0,   Squier, 

U.  S.  A.,  Chairman. 
Aero  Torpedoes.  Lieut,  J.  H.  Towers,  U.  S.  N.,  Chairman. 
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Aircraft  Communications,  Dr.  Mieiiael  I.  Pupin,  Chairman. 
Airiilane  Mapping  Committee,  Brigadier  General  George  O. 

Squier,  U.  S.  A.,  Chairman. 
Bibliography    of    Aeronautics,    Prof.    Charles    F.    Marvin, 

Chairman. 
Design,  Construction  and  Navigation  of  Aircraft,  Brigadier 

General  George  0.  Squier,  U.  S.  A.,  Chairman. 
Governmental  Relations,  Dr.  Charles  D.  Waleott,  Chairman. 
"Nomenclature  for  Aeronautics,  Dr.  Joseph  S.  Ames,  Chair- 
man. 
Patents,  Dr.  Charles  D.  Waleott,  Chairman. 
Physics  of  the  Air,  Prof.  Charles  F.  Marvin,  Chairman. 
Power    Plants,    Dr.    S.    W.    Stratton,    Mem.    Am.Soc.M.E., 

Chairman. 
Relation  of  the  Atmosphere  to  Aeronautics,  Prof.  Charles  F. 

Jlarvin,  Chairman. 
Standardization  and  Investigation  of  Materials,  Dr.   S.  W. 

Stratton,  Mem.  Am.Soc.M.E.,  Chairman. 
Foreign  Representatives,  Dr.  Charles  D.  Waleott,  Chairman. 
The  Second  Annual  Report  of  the  Committee  has  just  been 
issued  and  copies  may  be  had  on  application  to  the  Committee. 
Tliis  ]>ublication  contains  reports  on  the  following  subjects : 

General    Specifications    Covering    Requirements    of    Aero- 
nautic Instruments 
Nomenclature  for  Aeronautics 
Mufflers  for  Aeronautic  Engines 
Gasoline  Carburetor  Design 
Experimental  Researches  on  the  Resistance  of  Air. 

The  Committee  has  also  investigated  the  facilities  available 
in  various  colleges,  technical  and  engineering  institutions,  and 
among  manufacturers  and  aeronautical  societies,  for  carrying- 
on  special  investigations. 

At  the  present  time  the  Committee  is  proceeding  with  the 
establislnnent  of  a  field  experimental  station,  near  Hampton, 
Va.,  for  the  scientific  study  of  aeronautical  problems. 

The  Committee  expects  to  have  a  testing  laboratory,  wind 
tunnel,  and  machine  shop,  and  specifications  for  the  necessary 
building-s  aie  being  prepared.  Tiie  operations  of  the  Com- 
mittee will  be  in  conjunction  with  the  Army  and  Navy. 

Ail  investigation  of  air  propellers,  under  the  direction  of  the 
Chairman,  Dr.  Wm.  F.  Durand,  Mem. Am.Soc.M.E.,  is  being 
conducted  at  the  Leland  Stanford  Jr.  University,  and  a  special 
wind  tunnel  has  been  installed  there  in  connection  with  this 
work.  It  is  expected  that  the  results  of  this  investigation  will 
appear  in  the  Third  Annual  Report  of  the  Committee. 

Work  now  being  carried  on  at  the  Bureau  of  Standards 
comprises  the  testing  of  aeronautical  materials,  spark-plug 
investigations,  and  the  study  of  carburetor  design. 

The  patent  situation  in  the  aeronautical  industrj-,  which 
appeared  to  tineaten  its  development,  is  in  a  fair  w-ay  of  being 
cleared  up  satisfactorily  to  all  concerned,  as  a  result  of  the 
interest  taken  in  this  matter  by  the  Committeee. 

The  Committee  will  directly  attack  the  more  important 
problems  of  aeronautics  as  soon  as  its  field  experimental  sta- 
tion is  established. 


If  an  examination  of  the  ordinary  hacksaw  machine  is  made, 
it  will  be  found  that  often  the  slides  of  the  saw  frame  are 
nariow  and  do  not  have  any  convenient  and  durable  method 
of  maiutaining  alignment.  The  device  for  mamtaining  saw- 
tension  often  is  weak  and  cannot  be  locked  to  prevent  loosen- 
ing while  the  saw  is  ui  operation.  These  two  features  are  im- 
portant because  unless  the  machine  is  well  designed  saw  break- 
age will  be  excessive. 


This  Month's  Abstracts 

THE  relation  of  horsepower  to  weight  in  an  automobile 
and  conditions  affecting  the  outjiut  of  same  is  discussed 
in  an  abstract  of  an  article  by  A.  Ludlow  Clayden.  Among 
other  things,  tiie  writer  points  out  the  tempting  ease  with 
which  fake  power  curves  can  be  obtained,  and  touches  in  an 
interesting  manner  upon  multi-valve  engine  design. 

The  relation  between  tiie  chemical  constitution  and  grain 
structure  of  bearing  bronzes  on  one  hand  and  their  mechanical 
lii'0]iei'ties  on  the  other  is  discussed  in  an  article  abstracted 
from  the  Iron  Age.  The  writers  claim  that  by  scientific  and 
skillful  foundry  methods  a  bronze  containing  lead  may  be 
produced  without  an  impairment  of  its  mechanical  strength. 

The  tendency  towards  elimination  of  wastes  is  well  illustrated 
in  two  articles  on  practically  the  same  subject:  one  by  Prof. 
J.  W.  Cobb,  on  The  Utilization  of  Low-Grade  Fuels,  taken 
from  au  English  jjublication :  and  the  other  on  Coke  Braize 
and  Its  Utilization,  by  W.  A.  Hamor,  from  Coal  Age.  These 
two  articles  show  that  economic  burning  of  fuels,  which  until 
quite  recently  have  been  entirely  wasted,  may  be  considered  an 
acc(uuplished  fact. 

Wm.  J.  Leenhouts,  from  data  secured  in  the  Laboratory  of 
the  University  of  North  Dakota,  attempts  to  establish  the 
basis  for  a  scientific  specification  of  gasoline.  He  rejects  the 
gravity  test,  but  considers  volatility  as  the  basic  property  of 
gasoline.  At  the  same  time  he  makes  clear  that  with  modern 
carburetors,  products  having  a  wide  range  of  boiling  points 
may  often  be  economically  burned.  It  is  therefore  suggested 
that  if  any  specification  be  adopted  by  the  Government,  it 
shcmld  cover  only  the  application  of  the  name  "gasoline"  to 
a  particular  fuel,  but  should  not  restrict  the  sale  of  other  fuels 
if  marketed  as  "  motor  fuels  "  simply. 

The  application  of  regenerative  principle  to  the  design  of 
gas  furnaces  is  discussed  in  an  article  by  W.  C.  Buell,  Jr. 
Among  other  things,  a  graiiliic  comparison  of  temperatures 
in  the  various  parts  of  recuperative  and  non-recuperative  types 
of  gas-oven  furnaces  is  given. 

From  the  Electrical  World  is  abstracted  the  description  of 
the  Montague  Citj-  Station  of  the  Turner's  Falls  Power  and 
Electric  Company,  a  large  plant  with  a  proposed  output  of 
36,000  kw.  Special  attention  is  called  to  the  enumeration  of 
measuring  and  recording  instruments  used  and  the  description 
of  ]irecautions  taken  against  the  sj^read  of  transformer  fires. 

In  the  section  Measurements  are  given  advance  abstracts 
of  three  ]>apers  to  be  published  by  the  Bureau  of  Standards, 
furnished  to  The  Journal  by  courtesy  of  the  Director  of  the 
Bureau. 

The  McClellon  water-tube  firebox  is  described  and  illustrated 
in  the  section  Railroad  Engineering,  where  will  also  be  found 
an  abstract  of  an  investigation  carried  out  at  the  University 
of  Illinois  on  the  resistance  of  passenger  ears. 

The  deterioration  of  Curtis-Rateau  turbine  blading  forms 
the  subject  of  a  paper  presented  by  A.  Fenwick  to  the  South 
African  Institution  of  Engineers  and  abstracted  in  the  section 
Steam  Engineering.  An  interesting  jjart  of  this  mvestigation 
is  that  referring  to  the  use  of  aluminum  bronze,  which  was 
found  to  be  very  satisfactoiy  in  the  low-temperature  stages, 
but  entirely  luisuited  for  the  high-temperature  stages.  Atten- 
tion is  also  called  to  the  improved  inlet  nozzle,  in  which  the 
cutting  out  of  a  portion  of  the  vane  eliminated  troublesome 
breakage. 

From  a  discussion  of  a  paper  on  the  Burning  of  Blast  Fur- 
nace Gas  Under  Boilers,  before  the  Engineers'  Society  of 
Western  Pennsylvania,  are  abstracted  data  on  the  aspirating 
characteristics  of  various  burners. 
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Automobiles 

Horsepower  Faits  axd  Fallacies.  A.  Lu(]low  Clayden 

Discussion  of  the  relation  of  liorsepoweu  to  weight  in  an 
automobile,  liorsepower  curves  and  conditions  affecting  output. 

There  is  a  limit  to  the  power  which  can  be  used  in  an  auto- 
mobile, this  being  the  amount  of  driving  effort  that  can  be 
exerted  without  causing  the  wlieels  to  slip,  which  again  is  a 
function  of  the  weight  on  the  driving  wheels.  Actually,  iiow- 
ever,  as  the  writer  shows,  the  horsejiower  developed  is  rather 
below  one-half  of  what  the  respective  ears  could  transmit,  pro- 
viding the  usually  assumed  coefficient  of  friction  liei  ween  tiie 
tire  and  road  is  correct. 

The  writer  disagrees  with  the  statement  made  that  the  steam 
engine  is  nearer  the  ideal  for  automobile  use  than  the  gas  en- 
gine. While  in  the  steam  engine  the  power  output  is  more  con- 
stant than  in  the  gas  engine,  what  is  particularly  desirable  in 
a  ear  is  constant  tractive  effort,  and  this  is  no  more  easily 
obtainable  with  steam  than  with  gasoline. 

As  regards  this  latter.  Fig.  1  shows  curves  of  tractive  effort 
per  1000  lb.  of  car  weight  plotted  against  speed  for  some  cars 
of  different  types,  fours,  sixes,  eights  and  twelves,  of  good 
makes.  It  is  immediately  noticeable  that  the  best  performance 
of  any  gives  an  effort  under  16  lb.  at  the  best  speed  compared 
with  25  lb.,  which  is  theoretically  possible.  The  six  or  seven 
designers  have  apparently  aimed  at  the  best  torque  at  low 
speed,  leaving  the  high  speed  to  take  care  of  itself.  The  great 
difference  in  the  shape  of  the  curves  is  also  very  striking,  espe- 
cially as  the  curves  from  which  these  illustrations  were  made, 
had  been  submitted  to  the  writer  confidentially,  and  are,  there- 
fore, rather  more  accurate  than  the  general  run  of  "  public- 
ity "  curves.  None  the  less,  there  is  some  suspicion  that  the 
curves  are  not  entirely  reliable  throughout  their  length. 

In  this  connection  the  writer  calls  attention  to  the  possibil- 
ity of  faking  up  power  curves.  An  imaginary  example  of  such 
a  curve  is  shown  in  Fig.  2.  The  lower  curve  is  probably  i>l)- 
tained  from  the  stock  engine  in  normal  condition,  and  then 
the  upper  curve  obtained  by  tuning  it  up.  Now,  the  normal 
condition  curve  is  fairly  accurate,  and  so  is  the  tuiied-up  curve 
above  a  certain  speed.  But  the  upper  curve  cannot  possibly 
coincide  with  the  lower  curve  over  the  slow-speed  range  as 
shown  in  the  illustration,  and  the  departure  from  the  truth  is 
caused  by  drawing  a  good-looking  straight  line  downward  from 
tlie  last  observation  (this  is  still  more  clearly  brought  out  in 
the  following  paragraish). 


Among  other  things  the  article  discusses  in  an  interesting 
manner  the  (luestion  of  multi-valve  engines.  Fig.  'A  gives  a 
comparison  of  two  curves  made  from  the  same  engine  with 
carburetors  of  similar  design  but  different  sizes.  The  better 
high-speed  curve  fairly  coincides  with  the  lower  one  at  800 
r.p.m.,  and  here  the  better  curve  really  ends.  Witli  tlie  larger 
carburetor,  steady  pulling  at  700  r.p.m,,  with  full  throttle,  was 
possible,  but  was  not  reliable.  With  a  smaller  instrument  full- 
throttle  operation  down  to  400  r.p.m.  was  certain,  but  at  the 
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expense  of  loss  of  power  at  from  1500  r.p.m.  up.  Here  one 
can  see  how  easy  it  is  to  make  a  misleading  curve.  From  hav- 
ing investigated  the  range  from  800  to  2000  r.p.m.  on  the  large 
carburetor,  we  should  have  a  beautiful  straight-line  power 
curve,  which  looks  just  as  though  it  would  continue  down  to 
about  100  r.p.m. :  but  it  does  not. 

The  most  interesting  thing  about  these  tests  is,  however, 
that  even  the  largest  carburetor  used  was  far  smaller  than  the 
"  breathing  capacity  "  of  the  engine.  Hence,  e\en  witli  the 
largest  carburetor,  it  would  probably  be  found  that,  while  the 
maximum  power  might  be  raised  20  per  cent  by  using  the  full 
breathing  capacity  of  the  engine,  it  would  not  be  po.ssible  to 
use  full  throttle  below  1000  r.p.m.,  corresponding  to  about  25 
rn.jj.h.  with  normal  gearing.  This  brings  the  writer  to  the  con- 
clusion that  increasing  the  valve  size  or  lift,  or  using  more 
than  two  valves  per  cylinder,  would  not  help  the  power  curve 
throughout  the  range  of  normal  o|icration. 

What  the  aiithoi-  Ihiiiks,  however,  is  tliat  the  problem  could 
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be  soheJ  in  a  different  way :  namely,  by  lea\ing  the  power  the 
same  and  cutting  the  weight  of  the  ear  40  per  cent.  This  can- 
not be  done  at  present,  but  the  knowledge  gained  in  light- 
engine  building  from  aviation  work  holds  out  a  great  promise 
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Fig.  2    An  Imaginary  Example  of  Fake  Power-Curve 
Drawing 
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Fig.  3    Actual  Curves  Made  prom  the  Same  Engine,  but 
WITH  Different-Sized  Carburetors  of  the  Same  Make 

for  the  future.      {The  AtUomohile,  vol.  36,  no'.  17,  April  26, 
1917,  pii.  820-824,  8  figs.,  et) 


Statements  that  oiseration  on  kerosene  as  compared  with 
gasoline  gives  a  greater  mileage  per  gallon  if  carburetion  and 
compression  are  properly  cared  for,  seem  to  be  borne  out  by 
a  recent  A.  A.  A.  test  of  a  new  system  for  using  kerosene  in 
which  a  distance  of  25.5  miles  per  gallon  was  run  on  kerosene 
as  against  23.0  m.p.g.  of  gasoline  with  a  Ford  ear  and  stock 
carburetor. 

This  test  was  under  sanction  of  the  American  Automobile 
Association  and  under  the  supervision  of  E.  A.  Hillman,  repre- 
sentative of  the  A.  A.  A.  contest  board  for  this  territory,  Chi- 
cago. With  the  same  setting  of  the  carburetor  at  which  the 
economy  test  was  made,  an  acceleration  from  10  to  15  m.p.h. 
was  made  in  15.6  see.  With  that  adjustment  the  car  idled 
down  to  10  m.p.h.,  but  with  a  richer  adjustment  its  running- 
was  good  at  4  m.p.h.  The  car  had  been  in  service  since  last 
fall. 


Engineering  Materials 

Bearing   Bronzes   and  the   Microscope,   C.   H.   Bierbaum, 
Mem.Am.Soe.M.E.,    and    Verne    Skillman 

Discussion  of  the  relation  between  the  chemical  constitu- 
tion and  grain  structure  of  bearing  bronzes  on  one  hand, 
and  their  mechanical  strength  in  various  respects  on  the 
other  hand,  and  also  discussion  of  the  influence  of  lead  on 
the  properties  of  bearing  bronzes. 

In  this  case  three  bronzes  were  investigated.  Two  of 
these  were  found  to  be  almost  identical  in  chemical  composi- 
tion, but  under  tension  test  one  was  more  than  50  per  cent 
stronger  than  the  other.  This  was  explained  when  photo- 
micrographs of  these  bronzes  were  taken.  These  photomi- 
crographs are  reproduced  in  Fig.  4,  and  show  that  appar- 
ently the  lower  tensile  strength  of  bronze  A  was  due  to 
improper  metallurgy  and  defective  foundry  practice  in  its 
production. 


TABLE    1 


CHEMICAL   analysis   AND   MECHANICAL   PROPERTIES 
OF  THREE    BEARING    BRONZES 


a     Chemical  Analysis 


Copper 
Tin.... 
Lead . . . 

Zinc. .  . 


Bronze 

A 

Per  Cent 


86  75 
10.79 


Bronze 

S 

Per  Cent 


86.0 
11.0 
0.5 
2.5 


Bronze 

C 

Per  Cent 


86.0 
9.5 
2.5 
2  0 


6     Mechanical  Properties 


Bronze 
A 

Bronze 
B 

Bronze 
r 

1.5 
16.000 
20.500 

8,0 
17.500 
.■52.500 

6.0 

17,000 

Tensile  Strength,  lb.  per  sq.  in 

25,000 

This  would  indicate  the  importance  of  making  a  micro- 
scopical examination  in  addition  to  chemical,  physical  and 
mechanical  tests  of  metal  alloys. 

Another  ratlier  unexpected  condition  was  found  in  two 
of  these  bronzes  (B  and  C)  whose  principal  difference  in 
composition  was  that  bronze  C  contained  2.5  per  cent  lead, 
while  B  contained  none.  The  bearing  value  of  lead  in  bronzes 
is  well  known,  and  it  is  also  supposed  that  it  weakens  the 
metal.  It  has,  therefore,  always  been  a  matter  of  compro- 
mise in  the  making  of  leaded  bronzes  as  to  how  much 
strength  should  be  sacrificed  for  a  gain  in  bearing  qualities. 
But  if  the  strength  of  a  bronze  can  be  increased  by  scientific 
and  skilful  foundry  methods,  the  bearing  ^alue  of  that 
bronze  can  be  greatly  increased  by  the  presence  of  lead. 
This  is  claimed  to  have  been  done  in  the  production  of 
bronze  C.  where  the  presence  of  lead,  while  enhancing  its 
bearing  value,  does  not  prevent  it  from  having  a  higher 
strength  than  bronze  .1  which  contains  no  lead  (cp.  analysis  in 
Table  1 ) . 

The  two  tables  repi-oduced  as  o  and  h,  Table  1,  are  of 
interest  in  that  they  give  a  basis  for  a  comparison  between 
the  chemical  composition  and  mechanical  properties  of  the 
three  bronzes  above  referred  to.  (Iron  Age,  vol.  90,  no.  16. 
April  19.  1917,  pj).  946  and  947.  d) 
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Firing  and  Fuels 

The  Utilization  of  Low-Grade  Fukls,   Prof.  J.   W.   Cobb 

Discussion  of  various  methods  of  using  very  small  fuel  or 
dust.  The  difficulty  of  burning  such  fuel  under  a  boiler  is 
that  a  bed  of  it  acts  like  a  large  sandlute,  which  acts,  in  its 
turn,  as  a  gas  sieve.  The  resistance  of  the  numerous  but 
minute  channels  through  the  fuel  is  so  very  high  that,  although 
the  structure  is  quite  porous,  no  reasonable  pressure  will  drive 
any  lunsiderable  quantity  of  air  through  it;  while  excessively 
raising'  the  pressure  results  in  the  lute  "blowing''  in  weak 
places. 

In  tins  connection,  the  writer  describes  the  Bettington 
boiler,  in  which  a  blast  of  air  carries  the  coal  from  a  separator, 
through  a  fine  sieve,  to  the  bottom  of  a  vertical  water-tube 
boiler,  and  the  mi.xed  blast  burns  as  a  huge  jet  tiirough  a 
water-cooled  nozzle  vertically  into  the  combustion  chamber. 
The  time  which  a  particle,  in  passing  through  a  boiler  of  this 
kind,  can  .spend  in  the  combustion  chamber  is  remarkaljly 
small  and  therefore  the  combustion  itself  is  usually  somewhat 
incomplete. 

Attempts  have  also  been  made  to  gasify  coal  in  an  air-dust 
stream,  which  only  carries  o.xygen  enough  for  the  purpose  of 
gasitiiation.    leaving    the    completion    of    combustion    to    be 


to  a  method  of  treating  coal  proposed  by  Bergius  and  con- 
sisting essentially  in  heating  coal  to  fairly  high  temperatures 
(300  to  400  deg.  cent.)  in  an  atmosphere  of  hydrogen  main- 
tained under  very  high  pressure.  (The  Iron  and  Coal  Trades 
lievieii,  vol.  94.  no.  2,563,  April  13,  1917,  p.  410,  <jd.) 

Coke  Braize  and  Its  Utilization,  W.  A.  Hanior 

In  by-product  coke-oven  practice  it  is  customary  to  call 
braize,  or  breeze,  that  portion  of  coke  which  passes  tiirough 
a  screen  having  V->-in.  square  openings.  The  calorific  power 
of  dry  braize  appro.ximates  12,500  B.t.u.  per  lb.,  so  that  it  is 
actually  a  fairly  high-gi-ade  fuel.  It  is,  however,  difficult  to 
burn  by  ordinary  means,  and  the  use  of  forced  draft  is  essen- 
tial to  its  proper  utilization. 

Recently,  however,  combustion  appliances  have  been  de- 
veloped for  its  utilization  and  several  types  of  equipment 
originally  designed  for  the  combustion  of  anthracite  culm  have 
been  found  readily  adaptable  to  the  burning  of  coke  braize. 

In  this  connection,  the  writer  describes  in  detail  the  Coxe 
traveling-  grate,  which  is  now  being  successfully  operated 
with  coke  braize  in  several  plants  (Fig.  5). 

In  tliis  grate  the  fuel-supporting  surface  is  made  up  of 
keys  called  grate  tops,  which  are  small  castings  approximately 


Fid.  4     Photomicrographs  of  Bronzes  A,  B,  and  C   (Reduced    About    One-Third    from    the    Original    Magnifi- 
cation of  50  Diameters)   Etched  With  Ferric  Chloride 


effected  by  a  secondary  air  supply  either  in  a  furnace  or  in 
an  internal-combustion  engine.  In  other  words,  the  dust  sys- 
tem Las  been  attempted  with  a  measure  of  success  for  the 
manufacture  of  producer  gas;  e.g.,  by  Marconnet.  In  this 
producer  a  fine  fuel  is  fed  into  a  hopper,  from  which  it  falls 
on  a  revolving  plate  driven  by  a  friction  wheel.  From  this 
plate  a  small  scraper  feeds  a  fine  rain  of  coal  by  way  of  a 
sloping  plate  to  a  fan  which  carries  the  air  thus  charged  with 
particles  of  coal  to  the  producer.  The  speed  of  the  fan  de- 
termines that  of  the  revolving  plate  and  therefore  the  supply 
of  coal  vaiies  automatically  with  that  of  the  air.  The  air-dust 
stream  enters  tangentially  at  the  bottom  of  the  producer,  while 
the  gas  leaves  at  the  top. 

Considerable  quantities  of  dust  coke  have  been  effectively 
disposed  of  in  Mond  gas  producers  in  England.  Further 
experiments  have  also  come  to  the  attention  of  the  writer  in 
which  very  fine  fuel  was  gasified  with  some  measure  of  suc- 
cess by  mixing  with  an  er(ual  proportion  of  breeze  from  a 
puddling  furnace. 

From  this  the  writer  passes  to  a  brief  consideration  of  the 
use  of  low-grade  fuel  in   the  form  of  briquets,  and  finally 


%  in.  wide,  9  in.  long,  and  2  in.  deep.  The  top  surface  is 
curved  and  the  front  end  of  each  key  matches  the  rear  end  of 
the  next  key. 

The  stoker  shafts  are  of  cold-rolled  steel  and  each  shaft 
carries  keyed  to  it  two  cast-iron  sprockets  located  just  inside 
of  the  side  frames.  Cast-iron  flanges  project  inward  from 
the  side  frames.  To  these  flanges  are  bolted  sheet-steel  plates, 
fonning  a  floor  between  the  side  frames  about  10  in.  from  the 
bottom  thereof,  with  vertical  air  baffles  at  each  end  of  the 
stoker.  On  top  of  the  floor  are  built  two  air  boxes,  or  tuyere 
boxes,  extending  across  the  stoker  between  the  side  frames  and 
communicating,  on  one  end  through  rectangular  openings, 
with  one  side  frame  with  the  air  connections  from  the  forced- 
draft  air  duet. 

It  is  recommended  that  the  air  for  combustion  be  supplied 
at  a  static  pressure  of  2  to  21/0  in.  of  water.  The  fuel  is  fed 
to  a  hopper  extending  across  the  front  end  of  the  stoker 
above  the  grate  from  which  it  is  deposited  on  the  grate,  the 
thickness  of  the  fuel  on  the  grate  being  regulated  by  the 
adjustable  coal  gate.  There  are  three  or  four  air  compart- 
ments each  extending  crosswise  in  the  furnace,  and  in  each  of 
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tliese  the  air  pressure  may  be  iii(le|ieii(lenlly  legulale.l.  It  'i-~ 
thus  possible  to  vary  the  rate  of  cciuihustion  over  eaeh  air 
(•oiuj)artraeiit  as  desired. 

The  three  compartments  may  for  convenience  be  called  the 
ignition,  combustion,  and  bumiug-out  compartments;  the 
function  of  these  compartments  being  to  enable  the  operation 
to  vary  the  pressure  under  the  grate  in  accordance  with  tlio 
thickness  of  fuel  immediately  above  that  section. 

Under  regular  operating  conditions  in  conne(;tion  with  a 
500-hp.  boiler,  one  of  these  stokers  is  stated  to  develop  from 
150  to  200  per  cent  of  boiler  rating  with  efficiencies  ranging 
from  65  to  70  per  cent. 

The  Parsons  distributor  has  also  been  successfully  used 
for  burning  coke  braize.  It  consists  of  a  steam-driven  in- 
jector blower,  which  intermittently  draws  gas  from  the  boiler 
furnace  and  projects  it  at  lugh  velocity  against  a  small  por- 
tion of  the  fuel  which  is  simultaneously  delivered  into  the  path 
of  the  gas  by  a  reciprocating  pusher.  A  test  (by  C.  J.  Bacon. 
Mem.Am.Soc.M.E.)  showed  the  efficiency  and  capacity  of  the 


Fic.  ;")    .Sectiox  of  Coxe  Gkatk  axd  Setting 

distributor  to  be  nearly  the  same  with  coke-dust  as  witii  coal. 
(Coal  Age,  vol.  1],  no.  18,  May  5.  1!)17.  pp.  780-782.  2 
figs.,  (I.) 

Gasoline  Supply  and  Its  Relation  to  Specifications,  Wm. 
J.  Leenhouts 

Discussion  of  the  supply  of  gasoline  and  its  relation  to  con- 
sumption, the  properties  of  modern  gasolines  and  the  bases  of 
possible  specifications. 

Like  every  one  else,  the  writer  points  out  the  probable  in- 
ability of  the  present  supplies  of  gasoline  to  hold  out  if  the 
present  rate  and  tendencies  of  consumption  continue.  He 
likewise  points  out  that  the  great  demand  for  gasoline  has 
changed  its  quality  very  much.  From  year  to  year  the  residue 
in  the  gasoline  has  increased,  which  means  that  a  larger  portion 
of  kerosene  is  being  added  continuously.  The  mixture  of 
kerosene  with  gasoline  does  not,  however,  necessarily  mean 
a  poor  motor  fuel,  as  tins  depends  on  the  amount  and  the  por- 
tion of  the  kerosene  range  used  in  the  mi.xing. 

On  the  other  hand,  the  claims  made  by  many  refiners  for  the 
superior  power-producing  qualities  of  their  gasolines  are 
largely  without  foundation.    Automobile  owners  who  have  cars 


of  suitable  construction  and  necessary  adjustments  can  get  as 
good  results  out  of  cheap  gasoline  as  out  of  expensive  "  high- 
test  "  product. 

The  problem  of  making  a  gasoline  specification  by  legisla- 
tion is  not  an  easy  one.  The  first  question  is  what  the  specifi- 
cation shall  be  based  on.  The  gravity  test  has  been  discarded 
by  Director  Manning  of  the  Bureau  of  Mines.  The  investiga- 
tions of  the  present  writer  show  also  that  the  gravity  test  may 
be  entirely  misleading.  In  the  Petroleum  Laboratory  of  the 
University  of  North  Dakota  there  are  two  gasolines  whose 
boiling  range  is  nearly  parallel  and  similar,  but  whose  gravi- 
ties are  49  and  55.5  deg.  B.  respectively.  Further,  the  writer 
compares  a  gasoline  of  49  deg.  B.  with  the  kerosene  of  the 
same  gravity,  and  finds  a  difference  of  over  100  deg.  in  their 
initial  boiling  points,  and  a  difference  of  200  deg.  in  their  end 
points.  Because  of  this  difference  in  the  gravity  for  gasolines 
of  a  given  volatility,  gravity  has  been  discarded  as  a  criterion 
for  rating  a  gasoline. 

The  basic  property  which  determines  a  gasoline  is  volatility, 
or  range  of  its  boiling  points.  It  is  desirable  to  have  a  certain 
percentage  of  fairly-low-ljoiliug  constituents,  so  that  engines 
may  start  more  readily,  but  a  large  proportion  would  be  un- 
desirable because  of  loss  through  evaporation,  and  accidental 
ignition  or  explosion.  A  reasonable  amount  would  probably 
be  about  3.5  per  cent  at  158  deg.  fahr.  At  the  University 
Laboratory  the  average  percentage  of  distillate  at  158  deg. 
fahr.  of  all  low-grade  gasolines  analyzed  was  3.4  per  cent  for 
the  year  1916  and  3.G  per  cent  for  the  year  1915.  Again,  a 
reasonably  low  end  point  is  desirable  in  order  to  insure  com- 
plete vaporization,  but  it  makes  an  expensive  gasoline.  The 
average  end  point  of  low-grade  gasoline  is  approximately  375 
deg.  fahr.,  with  a  residue  of  37.5  per  cent  at  284  deg.  fahr. 
The  average  end  ]ioiut  for  1916  of  all  low-grade  gasolines 
analyzed  was  377  deg.  fahr.  and  the  perceutage  residue  at  284 
deg.  fahr.  was  37.6. 

The  grade  of  a  gasoline  is  a  variable  factor  wiien  it  comes  to 
types  of  cars  and  their  ages.  Cars  built  three  or  four  years 
ago  were  built  for  gasoline  sold  at  that  time,  while  a  more 
modern  car  has  a  carburetor  which  can  work  efficiently  with 
rather  low-grade  gasolines  as  put   on   the  market  to-day. 

Hence,  specifications,  if  made,  must  l)e  broad  enough  so 
as  not  to  exclude  any  type  of  gasoline  from  being  sold. 

The  author  suggests  that  perhaps  specifications  should  cover 
only  ])roducts  sold  under  the  name  of  gasuline,  while  all  other 
jiroducts  might  be  sold  as  motor  fuels.  Further,  he  suggests 
that  any  motor  fuel  might  be  placed  on  the  market,  but  that 
it  be  labelled  as  to  its  20  per  cent  and  90  per  cent  distillation 
'temperatures,  so  that  the  purchaser  would  know  the  degree 
of  volatility  of  the  fuel  he  is  buying. 

If  specifications  are  made,  they  should  not  be  rigid  and 
reduce  the  quantity  of  gasoline  produced  from  a  gallon  of 
crude,  nor  should  they  in  any  way  work  against  conservation 
of  natural  petroleum  resources,  and  against  the  development 
of  the  petroleum  industry. 

In  summarizing,  the  desirable  properties  of  a  gasoline  are 

stated  as  follows: 

1  Gasoline  should  not  give  a  disagreeable  odor  before  or  on 

combustion.  This  is  objectionable  to  users  of  automobiles 
and  shows  poor  refining. 

2  It  should  be   free   from  matter  not   hydrocarbon,  such  as 

water,  sediment,  acid  and  sulphur.  Acid  and  sulphur 
have  a  tendency  to  act  upon  the  metal  parts  of  an  en- 
gine. 

3  It  should  not  contain  excessive  percentages  of  unsaturated 
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hydrocarbons  because  they  have  a  greater  tendency  to 
carbonize. 

■i  It  should  not  contain  too  large  a  percentage  of  volatile 
products  because  of  loss  through  evaporation  and  dan- 
ger of  accidental  ignition  and  explosion. 

5  It  should  not  contain  a  high  percentage  of  heavy  products 
which  will  not  volatilize. 

These  are  the  requirements  for  a  good  gasoline.  It  still  re- 
mains to  fix  the  limits  to  these  requirements.  (The  Quar- 
terly Journal  of  the  University  of  'North  Dakota,  vol.  7,  no. 
;!,  April  1917,  pages  251-260,  8  figs.,  r/) 

Combustion  in  the  Fuel  Bed  of  Hand-Fired  Furnaces, 

Henry  Kreisinger   (Mem.Am.Soc.M.E.),  F.  K.  Ovitz 

and  C  E.  Augustine 

The  main  object  of  the  investigation  was  to  determine  the 
conditions  governing  the  process  of  combustion  in  the  fuel  bed 
in  a  hand-flred  furnace.  The  results  furnished  data  for  cor- 
rect design  of  coal-burning  grates  and  furnaces  and  their  etH- 
eient  operation.  They  also  cast  light  on  the  problem  o^ 
clinker  trouble  as  related  to  fusibility  of  ash,  and  indicated  the 
])ossibility  of  a  high  rate  of  gasification  of  coal  in  gas  pro- 
ducers. 

The  paper  describes  in  detail  the  method  of  carrying  out  the 
tests  and  making  various  measurements  involved,  and  presents 
the  results  in  the  form  of  tables  and  curves. 

Among  other  things  these  tests  indicate  that  with  the  6-in. 
bed  of  Pittsburgh  or  anthracite  coal  the  oxygen  is  all  used  up 
in  combustion  at  a  distance  of  3  to  4I/2  in.  above  the  grate. 
The  CO,  content  reaches  a  maximum  of  about  15  per  cent  at 
a  distance  of  2  to  3  in.  above  the  grate,  and  then  decreases 
nnlil,  at  the  surface  of  the  fuel  bed.  it  is  7  to  10  per  cent.  At 
tiie  surface  of  the  fuel  bed  there  is  20  to  32  per  cent  of  cora- 
irastible  in  the  gases  and  practically  no  oxygen,  but  the  per- 
centage of  the  combustible  in  the  ga.ses  increases  rapidly  be- 
yond 3  in.  above  the  gxate. 

Witli  12  in.  beds  of  all  three  fuels  tested  and  with  the  6  in. 
bed  of  coke  all  of  the  oxygen  disappears  4V2  to  6  in.  above 
the  grate.  But  in  all  tests  there  was  at  the  surface  of  the  fuel 
bed  a  large  percentage  of  combustible  in  the  gas  and  no  oxygen 
to  burn  it,  showing  that  the  fuel  bed  of  any  hand-fired  furnace 
acts  primarily  as  a  gas  jDroducer.  In  many  tests  the  gas  at 
tile  surface  of  the  fuel  bed  would  be  considered  a  fairly  good 
grade  of  producer  gas. 

It  was  found  that  at  the  surface  of  the  fuel  bed  and  l^/\>  ui. 
above  it,  the  gases  contained  more  oxygen,  more  CO..  and  less 
combustible  than  IVa  in.  below  the  surface.  This  change  in 
the  composition  of  the  gases  was  caused  by  air  reaching  the 
surface  of  the  fuel  bed  from  above,  alpng  the  walls  of  the 
furnace,  as  shown  in  Fig.  6. 

The  effect  of  this  downflow  of  air  was  much  more  marked 
witli  low  rates  of  combustion  than  with  high  rates,  because 
with  a  high  rate  the  large  volume  of  gases  leaving  the  fuel  bed 
more  nearly  filled  the  space  above  it  and  |irevented  the  air 
from  flowing  down. 

The  fact  that  with  coke  the  oxygen  does  not  disappear  as 
quickly  as  with  the  Pittsburgh  and  anthracite  coal,  is  ascribed 
to  the  higher  percentage  of  ash  in  coke  and  its  uniform  dis- 
tribution through  the  combustible. 

the  three  combustiox  pkocesses 

Tlie  writers  believe  that  combustion  in  the  fuel  bed  consists 
mainly  of  three  processes;  namely,  the  oxidation  of  carbon  to 


CO.,  the  reduction  of  CO,  to  CO.  Mud  the  distillation  of  volatile 
matter,  this  latter  being  of  gTeat  im])oi(ance  with  bituminous 
coal.  The  conil)ustion  is  the  result  of  contact  of  two  streams, 
air  flowing  up  through  the  grate  and  fuel  which  is  fed  from 
the  top  and  gradually  sinks  toward  tiie  grate.  At  the  bottom 
the  air  contains  21  per  cent  of  oxygen  and  the  fuel  bed  but 
little  combustible ;  at  the  top  of  the  fuel  bed  there  is  jii-actically 
no  oxygen  and  a  liigh  percentage  of  combustible. 

The  rate  of  oxidation  of  the  lower  i)ai't  of  the  fuel  bed 
depends  almost  entirely  on  the  rate  at  which  air  flows  through 
it.  Next  comes  the  reducing  zone,  in  which  the  rate  of  re- 
duction of  CO,  to  CO  depends  on  the  temperature  of  the  fuel 
bed  and,  up  to  a  certain  limit,  on  the  length  of  time  tliat  the 
CO,  is  in  contact  with  the  hot  carbon.  The  limit  of  reduction 
is  the  equilibrium  l)etween  CO.,  CO  and  carbon  at  the  tempera- 


FiG.  0    Diagram  Indicating  the  Flow  of  Air  to  the  Slir- 

FACE  OF  Fuel  Bed  from  Top  ok  Furnace  (Distinctly 

Noticeable  at  Low  Rates  of  Combustion) 

ture  existing  in  the  fuel  bed,  but  at  the  high  temperature 
which  actually  exists  there  the  reduction  of  CO,  to  CO  is  a 
rapid  process. 

The  layer  at  the  top  of  the  fuel  lied,  consisting  mostly  of 
fresh  fuel,  is  the  distillation  zone.  It  overlaps  the  reduction 
area  and  extends  about  2  in.  below  the  surface  of  the  fuel  bed. 
There  is,  however,  no  sharp  line  of  demarcation  between  the 
three  zones,  and  particularly  between  the  reduction  and  dis- 
tillation zones.  The  rate  of  distillation  depends  on  the  rate  of 
heating  of  the  coal,  which  again  depends  on  the  temperature 
in  the  furnace,  but  with  a  given  temperature  the  distillation 
is  independent  of  the  air  supply,  since  when  coal  is  heated  the 
volatile  matter  distills  ofl:  whether  air  is  supplied  or  not. 

Part  of  the  combustible  leaves  the  fuel  bed  in  the  form  of 
soot,  tar  and  cinders.  The  weight  of  soot  and  tar  has  been 
determined  on  eight  tests  with  Pittsburgh  coal,  and  comprises, 
nnighly,  about  one-quarter  of  the  combustible  rising  from  the 
fuel  bed.  This  quarter  of  the  combustible  is  in  a  form  which 
is  difficult  to  liurn  in  I  lie  coiiihustion  sjiace,  and  if  no  provision 
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for  its  combustion  is  made,  a  large  part  of  it  may  go  out  of 
the  chimney  in  the  form  of  black  smoke.  It  appears  that 
smoke  is  formed  near  the  surface  of  the  fuel  bed  and  goes 
out  of  the  chimney  because  the  air  supply  is  inadequate  for 
its  combustion.  It  is  also  possible  that  a  large  part  of  the 
volatile  matter  leaves  the  coal  as  tar,  which  immediately  begins 
to  break  down  into  gaseous  hydrocarbons  and  soot. 

As  regards  the  temperatures  in  the  different  layers  of  the 
fuel  beds,  it  appears  that  the  temperature  is  highest  between 
the  oxidizing  and  the  reducing  zone,  approximately  at  the 
point  of  maximum  CO,  content  in  the  gases.  Further  away 
from  the  gi-ate  in  the  reducing  zone  the  temperature  gradually 
drops,  which  is  due  to  the  reduction  of  CO.,  a  heat-absorbing 
process. 

"Within  wide  limits  the  rate  of  feeding  air  has  practically  no 
effect  on  the  composition  of  gases  within  the  fuel  bed,  but 
affects  directly  the  rate  of  combustion.  In  other  words,  if  the 
rate  of  air  forced  through  the  fuel  bed  in  a  given  time  be 
doubled,  the  rate  of  combustion  of  the  fuel  is  doubled,  but  the 
weight  of  air  forced  through  the  fuel  bed  per  pound  of  fuel 
burtied  or  gasified  is  constant. 

For  complete  combustion  air  must  be  added  over  the  fuel 
bed  as  the  gases  rising  from  the  fuel  bed  contain  a  high  per- 
centage of  combustible  and  no  free  oxygen,  and  this  deficiency 
cannot  be  remedied  by  increasing  the  rate  of  air  supply 
through  the  fuel  bed. 

Forced-draft  apparatus  cannot,  however,  supply  enough  air 
through  the  level  fuel  bed  to  insure  complete  combustion,  and 
additional  air  must  always  be  introduced  over  the  fire  in  such 
a  manner  that  it  will  mix  with  the  combustible  gases;  other- 
wise a  large  percentage  of  them  will  escape  unburned.  The 
writers  are  careful,  however,  to  emphasize  that  this  does  not 
make  desirable  admission  of  air  through  holes  in  fires  and  leaks 
in  the  furnace  setting.  The  ideal  way  to  supply  additional 
air  over  the  fuel  bed  is  to  introduce  it  as  close  to  the  fuel  bed 
and  in  as  large  a  number  of  small  streams  as  possible.  The 
nearer  the  air  is  introduced  to  the  surface  of  the  fuel  bed, 
the  more  combustion  space  is  utilized  for  mixing  air  with  the 
combustible  gases  and  for  burning  the  mixture. 

A  thick  fuel  bed  is  undesirable  because  it  increases  the 
tendency  of  the  coal  to  form  troublesome  clinker.  Perhaps 
the  only  apparently  defendable  excuse  for  carrying  a  thick 
fuel  bed  is  the  fact  that  the  chances  of  burning  holes  in  the 
fuel  bed  are  reduced.  A  skillful  fireman  avoids  holes  in  the 
fuel  bed  by  firing  frequently  and  placing  coal  on  the  thin 
spots.  A  claim  that  fuel  beds  can  not  be  kept  in  good  condi- 
tion if  carried  thin  is  a  confession  of  neglect  and  lack  of  skill. 

A  fnel  bed  is  undei-stood  to  be  only  the  layer  of  incandescent 
and  freshly  fired  fuel,  and  does  not  include  the  layer  of  dead 
ashes  and  clinker  on  the  grate. 

The  ash  fuses  in  the  upper  layers  of  the  fuel  bed,  and  as  it 
sinks  it  solidifies  2  to  4  in.  from  the  grate.  In  most  cases  the 
fusion  occurs  in  a  reducing  or  ]iartly  reducing  atmosphere, 
consequently  in  studying  the  fusibility  of  ash  the  determina- 
tions should  be  made  in  a  partly  reducing  atmosphere. 

As  at  the  surface  of  the  fuel  bed  the  gases  contain  20  to  32 
per  cent  combustible  gas  and  practically  no  free  oxygen,  to 
obtain  complete  combustion,  additional  air  must  be  introduced 
over  the  fuel  bed.  This  statement  is  true  of  all  the  fuels  tested, 
including  coke.  As  a  general  statement,  about  one-half  of  the 
15  lb.  of  air  used  to  burn  1  lb.  of  t3oal  in  a  boiler  furnace  is 
supplied  through  the  fuel  bed;  the  other  half  must  be  supplied 
over  the  fuel  bed.  (U.  S.  Bureau  of  Mines  Technical  Paper 
137,  1916,  etA) 


Furnaces 

Tests  of  Recuperative  Gas  Oven  Fuhnaces,  W.  C.  Buell,  Jr 

The  regenerative-furnace  principle  has  been  applied  to 
apparatus  requiring  high  heat,  such  as  open-hearth  or  glass 
furnaces,  and  has  produced  in  addition  to  high  flame  tem- 
perature a  material  saving  in  fuel.  To  those  operations  in 
which  close  temperature  limits  are  imperative,  the  regenera- 
tive principle  cannot  be  applied  directly,  as  the  tempera- 
ture of  the  heating  chamber  and  the  work  of  the  regenera- 
tive furnace  are  highest  just  after  the  furnace  is  reversed. 
In  fact,  the  pyrometer  chart  of  the  heating  chamber  of  the 
regenerative  furnaces  resembles  the  edge  of  a  saw,  each 
sawtooth  representing  a  reversal  of  the  furnace. 

The  recuperative  gas  furnace  described  here  has  been 
designed  primarily  for  the  purpose  of  decreasing  fuel  costs. 
Of  all  the  fuel  used  in  a  furnace  from  25  per  cent  to  fre- 
quently as  much  as  50  or  60  per  cent  is  lost  through  the  vent. 
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Fig.  7    Graphic  Comparison  of  Temperatures  of  the  Coii- 

BUSTION    AND    HeATIXG    CHAMBERS,    FiNAL    VeNT    TO 

Atmosphere  and  Entering  Air,  and  the  Gas 
Flow  i'OR  Recuperative  and  Non-Recupera- 
tive Types  of  Gas  Oven  Furnaces 

Economy  to  be  secured  by  the  utilization  of  the  waste  heat 
at  this  point  is  quite  great,  and  in  addition  a  further  saving 
in  fuel  may  be  secured  by  the  increase  in  flame  temperature 
of  the   fuel  through   its  preheating. 

The  chart  reproduced  in  Fig.  7  is  said  to  be  typical  of 
test  runs  with  a  Tate-Jones  recuperative  oven  furnace  and 
a  non-recuperative  one  of  the  same  size.  A  balance  sheet 
from  the  same  furnaces  is  presented  in  the  original  article 
with  figures  covering  an  average  hour  of  opei'ation  after  the 
furnaces  had  reached  an  equilibrium  at  1600  deg.  fahr. 

From  this  balance  sheet  it  can  be  said  that  28,920  B.t.u. 
were  required  to  maintain  tliis  furnace  temperature  with  a 
recuperating  attachment,  and  36,400  B.t.u.  were  required 
when  no  recuperator  was  used.  With  the  recuperator  there 
was  returned  in  tie  air  only  1712  B.t.u.,  which  represents 
a  fraction  less  than  6  per  cent  of  the  total  B.t.u.  used,  but 
in  spite  of  the  fact  that  only  this  amount  was  returned  in 
the  air,  a  net  saving  in  fuel  was  secured  of  approximately 
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20  per  cent.  The  additional  14  per  eent  saving  was  secured 
by  the  increase  in  flame  temperature. 

The  same  table  shows  to  what  extent  the  flame  tempera- 
ture operates  towards  economy.  Combustion-cliamber  radi- 
ation losses  were,  for  example,  17,122  B.t.u.  in  the  regener- 
ative furnace  and  19,200  in  the  non -regenerative  furnace.  The 
final  vent  loss  into  the  atmosphere  was  .3700  B.t.u.  from  the 
recuperative  furnace,  and  10,250  B.t.u.  from  the  furnace  with- 
out recuperator.  The  chart  shows  the  increase  in  the  combus- 
tion-chamber temperature  due  to  the  increase  in  the  flame 
temperature. 

The  article  discusses  also  the  conditions  at  the  outlet  of 
the  recuperator  as  an  indication  of  the  low  temperature  of 
the  gases  leaving  the  vent  and  the  improvement  in  working 
conditions  surrounding  the  furnace.  (Iron  Age.  vol.  99, 
no.  18,  :\Iay  .3.  1917,  pp.  1082-108.3.  de) 

Hydroelectric  Plant 

Montague  City  Station  of  the  Turner's  Falls  Power  and 
Electric  Company 

The  new  36.000-kw.  generating  station  of  the  Turner's  Falls 
Power  and  Electric  Corajjany  at  Montague  City,  Mass.,  is  the 
largest  hydroelectric  station  thus  far  built  in  New  England. 
It  supplies  energy  to  66,000-volt  lines  extending  from  the 
Greenfield  District  to  Springtield,  Mass.,  and  generally  covers 
the  low-distribution  networks  in  the  Middle  Connecticut  River 
Valley. 

At  ])resent  only  four  of  the  six  units  for  which  the  station 
is  designed  are  installed.  The  wheels  are  of  the  vertical  single- 
runner  type,  rated  at  9700  hp.  each.  Each  wlieel  drives  a 
7500-kva.  General  Electric  6600-volt  three-phase  revolving- 
field  alternator  at  a  normal  speed  of  97.3  r.p.m.,  the  sj-stem 
frequency  being  60  cycles. 

The  governors  are  connected  with  the  shafts  by  flexible-gear 
drive,  which  is  claimed  to  eliminate  the  troubles  sometimes 
arising  from  belting.  Each  generating  unit  has  a  lignum- 
vitae  guide  bearing  lubricated  by  water  received  from  the 
scroll  case  through  a  Terry  cloth  filter. 

Since  operation  began  the  compan3'  has  installed  a  water- 
cooling  coil  in  each  thrust  bearing  consisting  of  14.5  ft.  of  l^/g- 
in.  copper  tubing  per  unit.  Fifteen  gallons  of  oil  per  minute 
are  recjuired  to  carry  off  the  heat  developed  in  each  thrust  bear- 
ing. The  water  for  auxiliary  cooling  service  can  be  taken  either 
from  the  canal  or  from  the  municipal  supply.  The  governor 
pumps  are  I.  P.  Morris  horizontal  centrifugal  units  rated  at 
325  gal.  per  min.  each  against  a  525-ft.  head,  and  are  directly 
driven  by  100-hp.  induction  motors.  The  sump  tanks  are 
installed  in  the  pump  pit  and  are  cross-connected  to  a  suction 
main  from  which  the  pumj)  suctions  are  taken.  The  pumps 
discharge  into  a  pressure  main  to  which  is  connected  a  pair  of 
accumulator  tanks  mounted  on  the  operating-room  floor,  the 
governor-ojierating  cylinders  being  fed  from  the  pressure 
main,  and  discharging  into  a  receiving  main  leading  back  to 
the  sump  tanks. 

The  guide  and  thrust  bearings  of  the  generating  units  are 
lubricated  with  ordinary  machine  oil  supplied  by  gravity  from 
a  tank  and  filter  located  on  a  gallery,  al)out  65  bbl.  of  oil  being 
maintained  in  the  system. 

At  each  generating  unit  on  the  oi)erating-room  floor  are 
located  the  governor  with  tachometer  and  gate-position  indi- 
cator, the  air-brake  valve  for  controlling  the  rotor  brakes,  an 
engine-telegraph  stand  to  connect  with  the  switchboard  gallery, 
a  Peterson  oil  meter,  one  Schaeffer  and  Budenbera;  and  three 


Peterson  thermometers  reading  to  60  deg,  cent,  and  connected 
with  the  oil  piping,  valves  controlling  the  supply  of  oil  and 
water  to  the  generator  bearings  and  governors,  a  Schaeffer  and 
Budenberg  recording  thermometer  on  the  thrust-bearing  oil- 
discharge  piping  and  a  field-switch  panel. 

The'  following  provisions  have  been  made  for  isolating 
transformer  fires.  The  transformers  are  located  in  a  fireproof 
base  on  the  east  side  of  the  operating  room.  All  of  the  trans- 
formers are  of  the  water-cooled  type,  with  the  circulating 
water  furnished  from  the  canal  through  the  twin  strainers  and 
with  an  auxiliary  town-water  connection  also  available.  The 
transformers  are  mounted  on  wheels,  so  that  any  unit  can  easily 
be  removed  by  crane.  Rolling  firedoors,  held  open  by  fusible 
links,  are  provided  for  each  ti-ansformer  bay.  Under  the 
transformers  are  reinforced-cuncrete  i)its  18  in.  deep  which  are 
connected  with  the  river  through  traps  for  emergency  oil  dis- 
charge. The  valve  handle  controlling  this  discharge  is 
extended  through  the  bay  wall  into  the  operating  room  to 
enable  the  oil  to  be  discharged  even  when  the  firedoors  are 
closed.  Alarm  devices  are  provided  for  indicating  when  the 
temperature  of  transformers  exceeds  80  deg.  cent.,  when  the 
transformer  cooling  water  is  interrupted,  when  the  governor- 
system  water  supply  is  too  high  or  too  low,  when  the  bearing- 
oil  supply  is  too  high  or  too  low,  when  the  thrust  bearings 
overheat  and  when  the  g-uide-bearing  lubrication  is  interrupted. 

Hourly  readings  are  taken  on  the  floor  at  each  generating 
unit  of  the  flow  of  oil  to  the  thrust  bearing,  the  oil  tempera- 
ture at  the  inlet  and  outlet  of  the  thrust  bearing,  water  tem- 
perature at  the  outlet  of  the  guide-bearing  gate  opening  and 
governor  hydraulic  pressure.  The  temperature  of  the  trans- 
formers in  each  bank  is  also  taken  hourly.  {Electrical  World, 
vol.  69,  no.  16,  April  21,  1917,  pp.  740-744,  8  figs,  d) 

Measurements 

The  Effusion  Method  of  Determining  Gas  Density, 
.Junius  David  Edwards 

The  effusion  method  of  determining  gas  density,  which  is 
based  upon  the  fact  that  the  times  required  for  the  escape 
of  equal-  volumes  of  two  gases  under  the  same  pressure 
through  the  same  small  orifice  are  approximately  proportional 
to  the  square  roots  of  the  densities  of  the  gases,  was  investi- 
gated in  order  to  determine  the  accuracy  of  the  method  and 
its  sources  of  en-or.  In  cooperation  with  a  number  of  men 
employing  this  method  in  the  natural-gas  industry,  a  series 
of  experiments  was  made  using  their  apparatus  under  field 
conditions.  It  was  found  that  results  in  error  by  more  than 
10  per  cent  were  not  unusual. 

The  theory  of  the  effusion  process  was  studied  in  order  to 
determine  the  influence  of  the  numerous  variables  affecting 
the  apparent  specific  gravity.  The  effect  of  differences  in 
physical  properties  upon  the  relative  rates  of  effusion  of  air 
and  hydrogen,  argon,  methane  and  carbon  dioxide  at  different 
pressures  was  determined.  A  more  detailed  treatment  of  the 
theory  in  the  light  of  these  results  will  be  given  in  another 
paper.  The  facts  observed  in  this  study  together  with  the 
observations  made  on  the  effect  of  the  effusion  pressure,  tlie 
confining  medium,  and  the  shape  and  size  of  the  orifice  have 
been  used  in  determining  the  most  favorable  conditions  of 
operation  for  this  method. 

It  is  very  important  that  the  orifice  be  of  the  proper  size 
and  shape.  Recommendations  have  been  made  as  to  the  most 
suitable  type  and  form  of  apparatus  for  use  and  specifications 
sriven  to  guide  in  the  construction  of  the  orifice. 
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It  has  been  shown  that  the  apparent  speeilic  gravity,  as 
deteiTiiined  by  this  method  can  be  varied  within  rather  wide 
limits  by  changing  the  conditions.  However,  by  the  oljserv- 
ance  of  certain  precautions  in  the  construction  and  use  of 
apparatus,  it  is  possible  to  secure  results  accurate  to  about  2 
per  cent.  The  gTeatest  precision  is  obtained  where  the  physi- 
cal properties  of  the  gas  tested  show  the  least  difference  from 
those  of  air.  Some  further  increase  in  accuracy  and  particu- 
larly in  reliability  can  be  gained  by  standardizing  the  ap- 
paratus as  recommended.  (Bureau  of  Standards,  advance 
abstract  of  Technologic  Paper  Xo.  94) 

The  Relative  Sensibility  of  the  Average  Eye  to  Light  of 

Different  Colors  and  Some  Practical  Applications 

TO  Radiation  Problems,  W.  W.  Coblentz  and 

W.   B.   Emerson 

In  the  present  investigation  the  methods  are  practically. the 
same  as  used  by  previous  experimenters.  In  the  visual  meas- 
urements the  spectral  light  was  compared  with  a  standard 
white  light  by  means  of  a  flicker  photometer,  and  also  an 
equality-of-brightness  photometer.  The  source  of  white  light 
was  a  standardized  vacuum  tung-sten  lamp.  A  cylindrical 
acetylene  flame  was  used  as  a  source  of  spectral  light.  The  dis- 
tribution of  energy  in  the  spectrum  of  the  acetylene  flame  was 
determined  with  great  care  in  view  of  the  fact  that  the  dis- 
agreement in  previous  work  seemed  to  be  due,  in  part,  to 
uncertainties  in  radiometrically  evaluating  the  light  stimulus. 

Visibility  cunes  were  obtained  on  130  persons,  of  whom  7 
were  known  to  be  color-blind.  The  visibility  curve  of  the 
average  eye,  using  125  observers,  is  wider  than  previously 
observed. 

As  was  to  be  expected,  the  visibility  curves  of  no  two 
persons  appear  to  be  exactly  alike.  When  a  visibility  curve 
does  not  coincide  with  the  average  there  is  usually  a  marked 
departure  from  the  average  visibility  in  a  given  spectral 
region.  Tins  gives  rise  to  1 1 )  w  ide  visibility  curves  with  the 
maximum  shifted  toward  the  red,  i.e..  "  red  sensitive,"  (2) 
nan'ow  curves  with  a  sharp  maximum  in  the  green,  and  (3) 
cun'es  with  the  maximum  shifted  toward  the  violet. 

The  data  available  indicate  that  60  per  cent  of  the  cases 
examined  fall  into  three  f|uite  evenly  divided  groups  (i.e.,  20 
per  cent  roughly  estimated  in  each  group)  which  are  either 
(1)  red  sensitive,  (2)  blue  sensitive,  or  (3)  average.  Simi- 
larly, 30  per  cent  of  the  cases  examined  are  quite  evenly- 
divided  into  three  groups  which  fall  below  the  average  either 
(1)  in  the  red,  (2)  in  the  blue,  or  (3)  in  both  the  red  and  the 
blue,  thus  giving  rise  to  an  apparently  high  sensibility  in  the 
green.  One  person  in  about  20  has  a  very  wide  visibility 
curve  as  compared  with  the  average. 

The  point  of  maximum  visibility  is  very  different  for  differ- 
ent observers,  and  for  the  125  persons  the  maximum  is  at 
—  0.5570.  The  curve  of  avei'age  visibility,  when  corrected  for 
selective  transmission  of  the  ocular  media,  including  the 
yellow  spot,  is  very  symmetrical. 

The  complete  paper  gives  a  mathematical  equation  of  the 
average  visibility  curve,  and  application  of  these  data  to  physi- 
cal photometry.  Furtlier  applications  are  given  in  a  separate 
paper. 

Calculations  are  given  showing  that  the  eye  responds  to 
light  having  an  intensity  less  than  1  X  10~'°  watt. 

This  paper  gives  also  data  on  diffused  light  and  on  the 
spectroscope  used,  and  a  screen  is  described  which  transmits 
radiations  proportional  to  the  average  eye.  {Bureau  of 
Standards,  advance  abstract  of  Scientitic  Paper  No.  .303) 


An  Aneroid  Calorimeter  for  Specific  and  Latent  Heats, 
Nathan  S.  Osborne 

The  principle  of  the  mistirred  or  '•  aneroid  "  type  of  calo- 
rimeter has  been  embodied  in  an  instrument  especially  de- 
signed for  determinations  of  the  specific  heat  and  latent  heat 
(if  several  substances  in  general   use  as  refrigerating  media. 

Heat  developed  electrically  in  a  coil  located  in  the  central 
axis  of  tlie  cylindrical  shell  comprising  the  calorimeter  is  dis- 
tributed by  conduction  to  the  calorimeter  and  contents  whose 
initial  and  final  temperatures  when  in  thermal  equilibrium 
are  measured  by  a  platinum-resistance  thermometer. 

Heat  from  other  sources  is  excluded  by  enveloping  the 
calorimeter  witli  a  metal  jacket  separated  from  it  by  the  air 
space  and  keeping  tliis  jacket  during  measurements  at  the 
same  temperature  as  the  calorimeter  surface,  using  multiple 
thei-mocouples  to  indicate  this  equality. 

The  calorimeter  is  adapted  for  use  between  —  50  deg. 
and  -\-  50  deg.  cent,  and  for  pressures  up  to  70  atmosplieres 
in  experiments  where  the  measured  heat  added  is  used  eitlier 
to  change  the  temperature  of  the  contents  or  to  evaporate  a 
portion  of  the  contents  withdrawn  as  superheated  vapor;  in 
the  first  case  the  specific  heat  and  in  the  second  the  latent 
heat  of  vaporization  being  obtained  when  proper  corrections 
are  made.  Such  experiments  are  described  in  separate  papers, 
this  paper  being  devoted  to  the  deserijjtion  of  the  instrument 
and  its  calibration. 

Several  features  to  which  special  attention  has  been  given 
are: 

1  Refinements  to  reduce  errors  in  tiie  evaluation  of  tliermal 
leakage.     These  refinements  include  the  following  details: 

a  Location  of  the  heater  in  the  central  axis  of  the  calorimeter 
so  that  abrupt  thermal  irregularities  produced  by  tlie 
heat  developed  therein  may  be  subdued  before  affecting 
the  surface 

h  Distribution  of  metal  connections  between  calorimeter  and 
jacket  in  such  a  way  that  the  lead  conduction  is  un- 
affected by  inequalities  in  the  surface  temperature  of  the 
calorimeter 

f  Protection  by  means  of  superficial  copper  sheaths  of  calo- 
rimeter surface  from  abrujit  variations  in  tenqierature 
such  as  may  occur  witliin  during  calorimetric  measure- 
ments 

d  Method  of  indicating  relative  mean  surface  temperatures 
of  calorimeter  and  jacket  by  means  of  multiple  integrat- 
ing thermocouples,  which  permits  the  evaluation  of.  and 
usually  the  annulment  of,  the  thermal  leakage. 

2  Provision  by  means  of  a  system  of  radial  metal  vanes 
for  the  distribution  of  heat  throug'hout  the  contents. 

3  Provision  for  insuring  the  dryness  of  vapor  withdrawn 
by  means  of  baffle-plate  system. 

4  Installation  in  the  calorimeter  of  a  strain-free  type  of 
platmum-resistance  thermometer  selected  to  give  requisite 
accuracy. 

5  Device  for  rapid  cooling  of  the  calorimeter  consisting 
of  a  copper  ring  which  can  be  moved  within  the  jacket  so  as 
to  thermally  short-circuit  the  insulating  air  space  and  jiermit 
the  escape  of  heat  to  the  cooled  jacket. 

6  Thermo-regulated  bath  for  keeiiing  the  temperature  of 
the  isothermal  envelope  or  jacket  always  under  control  of  the 
observer  in  order  to  avoid  any  unmeasured  heat  increments 
by  thermal  leakage. 

Many  other  details  are  described  which  have  a  bearing 
on  the  convenience  or  accuracy  in  the  use  of  the  instrument. 

The  method  of  manipulation  in  making  measurements  of 
heat  capacity  is  described,   and   the   results  given   of  an   ex- 
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teiiJiecl  series  of  observations  in  the  teinperatui'e  range  from 
—  50  (leg.  to  -\-  50  deg.  cent,  to  determine  the  heat  capacity 
iif  the  empty  calorimeter.  (Bureau  of  Staoidards,  advance 
abstvai-t  of  Scientitic  Paper  No.  1)01) 

Railroad   Engineering 

Mallet  Articulated  Locomotives  for  the  Philadelphia  & 
Reading  Railway 

Description  of  a  heavy  Mallet  compound  locomotive  de- 
signed for  pusher  service  over  3  per  cent  grades.  These  loco- 
motives are  of  the  2-8-8-2  type  and  develop  a  tractive  force 
of  98,400  lb.  They  are  of  special  interest  because  of  -the 
restricted  clearance  limits  imposed.  The  boiler  center  is  placed 
9  ft.  il  in.  before  the  rail,  and  this  apparently  low  elevation 
lias  incre;ised  the  difficulty  of  working  out  some  of  Ihe  details 
of  the  design.  The  boiler  is  one  of  the  largest  Wooten  boilers 
thus  far  built,  with  a  diameter  at  the  throat  of  102  in.  and  a 
grate  area  of  108  sq.  ft.  It  is  designed  for  a  pressure  of  225 
lb.,  but  in  service  the  safety  valves  are  set  at  210  lb.  The 
equipment  includes  a  Street  stoker  and  power-operated  tire- 
door  and  grate-shaker. 

Owing  to  the  restricted  clearance  limits  it  has  been  neces- 
sary to  mount  the  safety  valves  in  a  specially  designed  casting 
which  projects  downward  into  a  20-in.  circular  opening  in  the 
boiler  shell.  This  opening  is  placed  just  ahead  of  the  combus- 
tion chamber.  The  rest  of  the  equipment  is  not  materially 
dittereiit  from  the  usual  practice  on  the  Baldwin  Mallet  loco- 
motives. {Railway  Becieir,  vol.  60.  no.  18,  May  ."),  1917,  p)). 
620-(i22,  3  figs.,  d) 

McClellon  Water-Tube  Firebox 

The  McClellon  water-tube  firebox  has  been  in  the  process 
of  development  for  a  number  of  years  and  a  few  years  ago 
one  was  built  and  applied  to  a  Boston  &  Maine  locomotive. 

Another  design  has  been  recently  made  on  two  units  in- 
stalled on  locomotives  on  the  N.  Y.,  N.  H.  &  H.  R,  R. 

It  has  been  the  aim  of  the  designer  to  eliminate  the  use 
of  staybolts  and  to  divide  the  firebox  into  individual  units 
which  may  better  resist  the  expansion  and  contraction  forces 
in  service  and  may  be  removed  with  but  little  difficulty. 
The  only  staybolts  used  in  the  firebox  are  in  the  throat  and 
the  foundation  or  mud  ring,  which  is  a  chamber  71/2  ii^- 
by  t)  in.,  extending  along  the  sides  and  back  of  the  firebox. 
The  sides  and  back  head  are  made  uji  of  6-in.,  5%-in.  and 
5-iii.  water  tubes  and  the  crown  is  made  up  of  three  drums 
as  shown  in  Fig.  8.  The  tubes  connect  the  drums  with  the 
foundation  ring.  The  boiler  is  also  provided  with  a  com- 
bustion chamber  441-)  in.  long,  the  sides  of  which  are  made 
up  of  tubes.  These  tubes  follow  the  inside  contour  of  the 
shell  and  e.xtend  from  the  outside  drums  to  a  circulating 
chamber  which  extends  between  the  tube  sheet  and  the  throat. 
The  chief  method  of  construction  of  the  firebox  is  by  autog- 
enous welding. 

In  the  original  article  a  photograph  of  the  steam  drums 
is  reproduced.  These  drums  were  made  from  ly^-in.  plate 
planed  down  to  Vz  i'l-  in  thickness.  The  front  end  of  these 
drams  is  shaped  to  fit  the  baiTel  of  the  boiler  and  to  make 
suitable  connection  with  the  tube  sheet.  The  two  side  drums 
are  butt- welded  for  I214  in.  back  from  this  end  to  facilitate 
shaping,  and  for  the  remainder  of  their  length  have  a  single 
riveted  butt  seam  with  5^  2  in.  by  7-16  in.  inside  and  outside 
welt  straps. 


The  sides  of  the  Hivlmx  are  made  uj)  of  fifteen  0-iu.  tubes 
equally  spaced  for  over  a  distance  of  91  ui.,  wliich  gives 
sufficient  space  between  each  tube  to  allow  for  expansion. 

The  combustion  chamber  is  44V2  i".  long  and  contains  from 
the  front  to  the  back  two  2^2-iii.  tubes,  eight  4-in.  tubes  and 
one  5-in.  tube.  These  tubes  extend  between  the  side  drums 
at  the  top  and  the  circulating  chamber  at  the  bottom,  beint; 
curved  to  the  shape  of  the  boiler  shell.  The  circulating-  cham- 
ber consists  of  a  %-in.  flanged  plate.  There  is  a  direct  con- 
nection between  the  boiler  barrel  and  the  circulating  chamber 
and  also  between  it  and  the  throat. 

These  fireboxes  were  applied  to  two  Mikado  locomotives 
weighing  a  little  over  250,0111)  lb.  The  firebox  heating  surface 
of  the  ordinary  boiler  was  2.'59  sq.  If.,  and  of  the  McClellon 
boiler  308  sq.  ft.  Also,  there  was  a  little  larger  amount  of 
heating  surface  in  the  fire  tubes  in  the  McClellon  boiler  and 
the  total  square  feet  of  heating  surface,  including  the  super- 
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Fig.  8    Sections  Showing  General  Details  of  the 
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heater  flues,  was  2827  scj.  ft.  for  the  ordinary  boiler  and  2937 
sq.  ft.  for  the  McClellon  boiler. 

The  locomotives  with  the  McClellon  boilers  have  not  been 
in  service  long  enough  to  detennine  the  results.  (Radhvay 
Mechank-til  Engineer.  vt>l.  91,  no.  5,  May  1917,  pp.  239-242, 
6  figs.,  d.) 

Resistance  of  Passenger  Cars,  D.  C.  Schmidt  and  H.  H. 

Dmin 

Data  of  an  investigation  of  which  the  purpose  was  to  estab- 
lish the  relation  of  resistance  to  speed  for  cars  of  various 
weights.  The  tests  were  made  in  regular  through  passenger 
service  and  it  was  found  tliat  the  specific  resistance  is  mate- 
rially affected  by  the  weight  of  the  ears  composing  the  train, 
and  decreases  as  the  average  weight  of  the  car  increases. 

The  apparatus  used  with  the  dynamometer  car  produced 
continuous  grapiiical  records  of  the  gross  resistance  of  the 
train,  the  speed,  time,  brake-cylinder  pressure,  wind  direction 
and  wind  velocity.  All  resistance  values  have  been  corrected 
for  gi'ade  and  for  acceleration.  The  immediate  purpose  of 
the  test  was  to  define  for  each  train  the  relation  between  net 
resistance  and  speed.  All  of  these  curves  are  brought  together 
ill  Fig.  9. 


564 


ENGINEERING  SURVEY 


The  Journal 
Am.Soc.M.E. 


This  figure  shows  that  at  20  m.p.h.  the  values  of  resistance 
fall  between  4.1  and  6.3  lb.  per  ton.  and  at  70  m.p.h.  between 
8.0  and  11.4  lb.  per  ton.  This  variation  is  chiefly  due  to  the 
difference  in  the  average  weights  of  cars  composing  the  dif- 
ferent trains.  Trains  composed  of  relatively  light  cars  have 
higher  resistance  than  trains  composed  of  heavy  ears. 

The  relation  between  resistance  and  average  car  weight 
liave  been  graphically  established  in  the  following  manner. 
If.  in  Fig.  9.  at  the  point  corresponding  to  20  m.p.h.,  a  per- 
pendicular is  erected,  it  will  cut  the  curves  in  18  points,  each 
of  which  pertains  to  a  particular  train  and  defines  for  that 
train  the  average  value  of  resistance  at  a  speed  of  20  m.p.h. 
If  each  of  these  i-esistance  values  are  plotted  with  respect  to 


Speed- Miles  Per  Hour. 

Fig.  9    Relation  Between  Resistance  and  Speed  for  the 
18  Trails  Tested 
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Fig.  10    Relation  Between  Resistance  and  Average  Car 
Weight  for  the  18  Trains  Tested  at  a  Speed 

OF  20   M.P.H. 

the  average  car  weight  of  the  train  to  which  it  pertains,  the 
diagram  shown  in  Fig.  10  is  obtained,  which  indicates  that  as 
the  car  weight  increases  the  specific  resistance  decreases,  the 
average  weight  of  this  decrease  being  shown  by  the  straight 
line. 

Six  other  straight  lines  liave  been  determined  defining  this 
relation  at  10,  30,  40,  50,  60  and  70  m.p.h. 

As  regards  the  numerical  values  appearing  in  the  curves 
it  should  be  borne  in  mind  that  they  apply  to  trains  running 
on  level  track  at  uniform  speed  in  warm  weather  and  under 
favorable  conditions.  Cold  weather  and  high  winds  will  both 
operate  to  increase  the  resistance  above  the  amounts  shown. 
(American  Raihcay  En[/incering  Association,  Bulletin  194, 
abstracted  through  the  Baihvaij  Mechanical  Engineer,  vol.  91. 
no.  5.  May  1917,Vp.  247-248,  5  figs.,  e.) 


Steam  Engineering 

The  Deterioration  of  Curtis-Rateau  Turbine  Blading,  A. 

Fenwick 

A  paper  devoted  to  the  record  and  discussion  of  the  behavior 
of  certain  materials  used  in  turbine  blading,  based  on  a  six 
years'  experience  in  operating  and  maintaining  the  turbine 
plant  of  the  Rand  Power  Company. 

The  turbines  are  of  the  combination  Curtis-Rateau  type. 
After  passing  through  the  first  row  of  Curtis  moving  blades 
and  a  row  of  stationary  blades  fixed  to  a  steel  segment  bolted 
to  the  turbine  casing,  the  steam  discharges  into  the  casing  in 
which  the  Curtis  wheel  revolves.  The  Curtis  casing  is  a  closed 
compartment  separated  from  the  Rateau  portion  by  a  cast-iron 
diaphragm.  On  the  outer  periphery  of  this  diaphragm  is  a 
ring  of  guide  blades  forming  nozzles  which  convert  the  steam 
pressure  into  velocity  and  give  the  steam  the  correct  angle  for 
impinging  on  the  moving  blades.  The  first  ring  of  guide  blades 
directs  the  steam  from  the  Curtis  easing  on  to  the  first  Rateau 
wheel — termed  in  this  paper  the  second-stage  wheel. 

Two  main  types  of  guide  blading  are  in  use,  the  first,  termed 
a  guide-blade  ring,  consists  of  inner  and  outer  retaining  rings 
cast  round  the  blades.  The  guide  ring  is  in  two  halves  which 
butt  together  at  the  horizontal  joint  of  the  turbine  casing. 

The  second  type,  the  diaphragm,  forms  an  integral  part  with 
the  retaijiing  rings,  the  complete  diaphragm  being  cast  in  two 
halves.     This  type  is  called  a  guide-blade  diaphragm. 

The  paper  discusses  the  turbines  by  classes,  starting  with  the 
3000-kw.  type.  In  this  size  in  the  Curtis  stage  and  the  first 
three  low-pressure  stages  two  materials  have  been  tried,  alum- 
inum bronze  and  5  per  cent  nickel  steel.  With  the  steel  no 
particular  trouble  has  been  experienced  from  corrosion,  and 
some  sets  have  been  running  for  six  years. 

The  aluminum-bronze  blades,  en  the  other  hand,  proved 
quite  unsuitable  for  this  part  of  the  turbine.  The  aluminum 
content  disappears  from  the  surface  of  the  metal  leaving  a 
very  brittle  layer  of  copper.  Where  the  section  of  metal  is 
thin,  as  at  the  inlet  and  discharge  edges  of  the  blades,  it  breaks 
away  like  glass  with  light  tapping.  With  continued  use  the 
outer  layer  cracks  and  flakes  off,  exposing  the  part  underneath, 
which  in  turn  flakes  off  tmtil  the  blade  is  split  up  into  several 
layers.  Where  a  section  of  the  blade  is  fairly  heavy,  as  in  the 
Curtis  stage,  the  shape  is  gradually  lost,  but  the  body  of  the 
blade  remains  sound  and  seldom  fails. 

On  the  whole,  the  Curtis  blades  have  a  shorter  life  than  the 
later  stages,  due  apparently  to  the  higher  temperature  in  the 
Curtis  casing.  After  leaving  Stage  4  the  deterioration  takes  a 
different  form,  erosion  or  pitting  at  the  back  or  convex  portion 
of  the  blade  being  usual.  In  fact,  the  pitting  in  Stages  5,  6,  7 
and  8  looks  as  though  chemical  action  had  taken  place,  and  may 
be  due  to  certain  impurities  in  the  steam  becoming  active  in  the 
presence  of  moisture. 

The  same  unsatisfactory  exjserienee  with  aluminum  bronze 
in  the  Curtis  blading  was  found  in  the  9600-kw.  class.  On  the 
other  hand,  the  brass  blades  in  Stages  6  to  9  have  been  found 
to  be  in  excellent  condition  from  a  deterioration  point  of  view, 
but  in  several  cases  have  been  severely  damaged  mechanically 
from  various  causes  and  successfully  straightened  out. 

The  aluminum-bronze  blades  in  Stages  10,  11  and  12  have 
■proved  satisfactory,  but  in  Stage  13  breakages  of  the  Blades 
have  occurred.  The  blades  are  secured  to  the  wheel  by  a  tee, 
headed  root  and  fracture  frequently  occurs  across  the  neck  of 
the  tee.  The  stress  at  the  point  is  not  excessive,  approximately 
3  tons  per  sq.  in.  A  new  blade  was  tested  at  the  Government 
Laboratory  and  showed  an  ability  to  stand  44.9  tons,  but  an 
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old  blade  before  fracture  had  a  strength  of  only  29.8  tons  per 
sq.  in.  Although  there  is  very  little  difference  in  outward  ap- 
pearance, it  would  seem,  therefore,  that  the  material  has  lost  a 
good  deal  of  its  original  strength.  In  some  cases  the  blades 
have  fractured  about  1%  in.  above  the  rim  of  the  wheel,  i.  e., 
just  above  the  distance  piece. 

The  experience  with  the  4000-kw.  compressor-turbine  class 
was  essentially  similar  to  that  with  the  main  turbines. 

As  a  general  conclusion  the  author  expresses  his  belief  that 
aluminum  bronze  is  totally  unsuitable  for  use  as  a  blade 
material  in  the  high-temperature  stages,  but  excellent  results 
have  been  obtained  with  it  in  the  low-temperature  stages.  Five 
per  cent  nickel  steel  has  so  far  given  good  service  where  used. 
Brass  stands  the  temperature  well  and  in  some  cases  has  re- 
placed aluminum  bronze  with  satisfactory  results. 

A  similar  set  of  observations  is  reported  on  stationary  blad- 
ing. In  this  connection  the  writer  comes  to  the  conclusion 
that  while  cast  iron  is  far  from  being  the  best  material  for  in- 
let nozzles,  it  is  very  much  cheaper  than  anything  else  and  for 
this  reason  should  receive  consideration.  Steel  blades  were 
tried  and  after  running  3000  hours  on  a  9600-kw.  turbine  were 
found  to  be  in  excellent  condition. 

An  interesting  observation  was  made  in  this  connection.  A 
nozzle  was  quite  damaged  and  a  test  was  run  with  it  on  the 
eflBciency  of  the  turbine.    It  was  found  that  actuallv  the  tur- 
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Fig.  11    IMPROVED  Inlet  Nozzle  foe  Steam  Turbixes  with 
A  Portion  of  the  Vane  Cut  Out 

bine  was  as  efficient  as  if  nozzles  in  good  condition  had  been 
used.  Hence  it  was  obviously  sound  practice  to  remove  that 
part  which  invariably  broke  away  and  the  nozzle  shown  in  Fig. 
11  has  therefore  been  made  with  a  V-shaped  portion  cut  out. 
Since  tliis  nozzle  has  been  used  on  the  main  turbines  they  have 
been  practically  free  from  breakage  of  nozzle  vanes. 

Aluminum  bronze  was  originally  used  on  several  turbines 
but  proved  totally  unsuitable,  as  the  metal  rapidly  disintegrates, 
owing  to  temperature.  Twenty-five  per  cent  nickel  steel  stood 
up  well  for  a  time,  but  became  brittle  with  use.  Five  per  cent 
nickel  steel  stands  up  very  well  and  is  now  used  exclusively  for 
all  main  turbine  stationary  segment  blading. 

A  similar  discussion  covers  the  subject  of  guide  blading. 
The  article  also  discusses  in  detail  in  an  interesting  manner  the 
question  of  stresses  imposed  on  the  blades.  This  part  cannot 
be  abstracted,  because  of  lack  of  space.  {The  Journal  of  the 
South  African  Institution  of  Engineers,  vol.  15,  no.  8,  March 
1917,  pp.  143-178,  25  figs.,  eA) 

Burning  Blast-Furnace  Ga.s  Under  Boilers 

Herman  C.  Siebert,  Experimental  Engineer  of  the  Duquesne 
Works,  Carnegie  Steel  Company,  presented  the  following  data 
of  experiments  with  various  burners  in  connection  with  dif- 
ferent boilers  giving  their  air-aspirating  characteristics. 

The  common  type  of  Kennedy  blast-furnace-gas  burner  with 
its  aspirating  characteristic  is  shown  in  Fig.  12.  There  is  in 
the  furnace  an  auxiliary  bridge  wall  and  a  cooled  grate  be- 
tween it  and  the  main  bridge  wall,  also  a  metal  screen  which 


permits  varying  the  air  opening  between  boiler  and  burner. 
The  amount  of  air  is  varied  by  moving  the  screen  in  and  out 
over  the  burner.  The  characteristic  of  this  type  of  burner 
show-s  that  the  proper  amount  of  air  is  established  at  a 
pressure  of  2  in.  when  the  screen  is  open.  When  the  screen  is 
closed,  the  correct  amount  of  air  is  drawn  in  at  1  in.  gas 
pressure.  At  all  other  gas  pressures  the  air  supply  is  positive 
or  negative  in  amount  of  excess.  Fig.  13  gives  characteristics 
for  two  other  types  of  aspirating  burners,  both  similar  to  that 
of  Fig.  12,  except  that  the  proper  amount  of  air  is  aspirated 
at  a  different  gas  pressure.  Fig.  14  shows  the  characteristic 
for  a  special  burner  and  indicates  what  can  be  accomplished 


U-l 

ce:_ 

''n 

r^iv^^^^. 

(«7rf/) 

''O 

w 

in 

UJ 

or 

UJ 

V 

H 

Q 

so  \ 

T  rx>.L  j . 

! 

10 

^-^ 

\ 

K. 

'"^7 

.,,,;....n 

-]_ 

\^  \^'- 

a: 

J 

20 

-^i^ 

M.  '--^ 

i 

r 

^m:^^ 

ff 

^ 

?5 

Qll 

Cval 

6rafe- 

"^-Vf^^  1      Vv''^ 

^ 

lllllllllllll 

40 

'^ 

^% 

f] 

">> 

aaz  Rni 

!   b       1 

1 

f^oi/rf;  nbsre  6as  Pres>5u  '€S  y'e^?  -jken 

0123  +  5673 

6as pressure  in  burner  (inche5  of  water) 

Fig.  12    Air-Aspirating  Characteristics  and  Burner 
Efficiencies  op  Kennedy  Blast-Furnace-Gas    . 
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Fig.  13  ■  Burner  Efficiencies  and  Aspirating  Character- 
istics OF  Kling-Weidlein-Feaser  and  Bradshaw 
Blast-Furnace-Gas  Burners 

in  the  way  of  air  supply  if  the  port  area  is  large  enough 
and  is  varied  to  suit  the  different  gas  pressui-es.  In  this  case 
the  air  supply  was  controlled  by  gas  analysis  taken  from  the 
combustion  chamber  and  the  port  area. 

Some  experiments  were  also  made  with  a  mixing  burner  in 
which  an  explosive  mixture  was  burned,  leavmg  the  nozzle  at 
a  velocity  greater  than  the  ignition  velocity  (very  low  for 
blast  furnace  gas).  With  this  type  of  burner  up  to  270  per 
cent  of  boiler  rating  was  developed. 

S.  G.  Brigel,  of  the  Huessener  Engineering  Company,  Pitts- 
burgh, stated  that  when  running  Stirling  boilers  on  loads 
varying  from  130  to  160  per  cent,  he  found  stack  temperatures 
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for  complete  eouil)nstioii  with  low  excessive  air  of  between  60U 
and  650  (leg.  falir. ;  and  in  the  case  of  Kust  boilers,  he  found 
similar  loads  coinciding  with  similar  temperatures.  On  the 
otliei-  hand  whenever  he  has  rim  Babcoek  &  Wilcox  boilers, 
lie  found  that  stack  temperatures  did  not  rise  nearly  as  quickly 
with  an  increase  in  load.  A  large  number  of  figures  taken 
during  operation  on  over  100  Babcoek  &  AYilcox  boilers  fired 
by  gas  e.xelusively,  show  stack  temperatures  ranging  from  530 
deg.  fahr.  to  600  deg.  fahr.  for  an  a\erage  load  of  165  per 
cent. 

As  regards  the  difference  in  boilers  which  do  or  do  not 
take  advantage  of  primary  mixing  of  gas  and  air,  the  speaker 
stated  that  any  burner  can  be  regulated  in  such  a  manner 
that  it  gives  complete  ccnubustion  with  a  very  low  excess  of 
air.  But  such  regulation  may  require  constant  attention  and 
in  ordinary  practice  be  beyond  the  capacity  of  the  usual 
boiler-house  crew. 

In  this  respect  a  test  which  was  made  at  one  of  the  Eastern 
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steel  works  may  be  of  interest.  Two  boilers,  one  equipped 
with  a  burner  working  with  secondary  air  only,  the  other  witli 
a  burner  working  with  primary  air  only,  were  tested  side  by 
side  after  they  had  been  adjusted  in  such  a  manner  tliat  both 
boilers  showed  22  per  cent  CO,,  1.0  per  cent  oxygen,  and  no 
CO  in  the  combustion  chamber.  The  three  successive  tests 
taken  on  both  boilers  under  identical  conditions  showed  that 
the  boiler  utilizing  primary  air  only  changed  the  combustion 
of  the  gas  in  the  .combustion  chamber  due  to  change  of  gas 
pressure,  to  a  lower  CO.  of  19  per  cent,  without  any  unburnt 
CO;  whilst  the  boiler  working  with  secondary  air  went  down 
as  low  as  17  per  cent  CO.  with  6  per  cent  miburnt  CO.  This 
appears  to  be  an  excellent  illustration  of  the  effect  of  varying 
boiler  draft  on  the  condition  of  the  combustion  chamber. 
[Proccfdinffs  of  the  Engineers'  Society  of  Western  Pennsyl- 
vania, vol.  33,  no.  3,  April  1917,  pages  167-198.  7  figs.,  ep.) 


Hydraulic  Test  of  Pipe  Connections 

Data  of  tests  conducted  under  the  supervision  of  F.  H. 
Sibley,  Mem.Am.Soc.M.E.,  in  the  Machine  Construction 
Laboratory  of  the  University  of  Kansas.  They  refer  to  de- 
termination of  the  relative  strength  of  welded  and  screwed 
connections  in  steel  pipe  of  various  sizes  when  subjected  to 
internal  hydraulic  pressure.  The  article  briefly  describes  and 
illustrates  the  apparatus  used. 


The  pipe  samples  ranging  from  2  to  4  in.  in  diameter 
were  cut  from  standard  black  steel  pipe,  the  welded  speci- 
mens being  made  by  operators  of  a  commercial  acetylene 
welding  company,  while  the  screw  connections  were  made 
witli  malleable-iion  coupling-s  and  fittings  by  expert  pipe 
fitters. 

The  2-  and  3-iii.  welded  specimens  failed  by  splitting  along 
the  longitudinal  seams  of  the  pipe,  the  break  stopping  at 
the  welded  section.  The  4-in.  welded  specimens  did  not 
fail  either  in  the  weld  or  in  the  pipe  seam  (the  pressure  ap- 
plied was  5100  lb.  per  sq.  in.).  The  bursting  pressures  for 
the  screw  connections  were  considerably  below  those  of  the 
welded  specimens  and  all  failed  in  the  fitting.  Great  diffi- 
culty was  experienced  in  testing  the  screwed  connections, 
because  sand  holes  developed  and  water  leaked  through  the 
castings  to  such  an  extent  that  it  was  almost  impossible  to 
reach  the  point  of  rupture. 

The  results  of  these  tests  appear  to  indicate  that  the 
strength  of  a  welded-pipe  connection  is  practically  the  same 
as  that  of  an  unwelded  pipe  and  can  be  stronger  than  the 
rest  of  the  pipe  by  building  up  the  weld.  It  appears  also 
that  the  strength  of  the  welded  pipe  connection  is  greater 
than  that  of  the  malleable-iron  screwed  fitting.  {Iron  Age, 
vol.  99,  no.  18,  May  3,  1917,  pp.  1070-1071,  1  fig.,  e.) 

Aii{  Drying  for  Blast  Furnaces,  Leon  Cammen 

Brief  cliaiacteristics  of  tlie  main  jiroeesses  of  air  drying  for 
blast  furnaces,  both  cryogenic  and  chemical,  and  description 
of  a  process  based  on  tlie  fact  that  the  drying  action  of  a 
solution  of  calcium  chloride  depends  on  two  thing's:  the  de- 
gree of  concentration  and  the  temperature  at  which  the  liquor 
is  maintained. 

The  process  involves  the  use  of  the  following  cycle  of  opera- 
tions. In  the  first  place,  air  is  passed  through  a  highly  con- 
centrated solution  of  calcium  chloride  maintained  at  a  proper 
low  temperature  and  is  there  freed  of  such  moisture  as  it 
may  contain.  The  cold  brine  which  moves  in  countercurrent 
to  the  air  after  meeting  it,  proceeds  to  an  evaporator  where 
it  is  bruuglit  ))ack  to  the  initial  degree  of  concentration.  It  is 
then  sent  along  a  series  of  cooling  coils  until  it  reaches  the 
desired  low  temperature  and  is  ready  to  meet  the  incoming 
air  again.  The  essential  feature  of  the  process  is  the  fact 
that  in  the  evaporator  only  a  concentration  of  the  brine,  and 
not  drying  of  the  salt  (which  latter  is  a  process  requiring  a 
very  large  specific  expenditure  of  heat),  is  carried  on.  Tliis 
results  in  the  use  of  comparatively  low  temperatures  and  econ- 
omy of  heat  consumption. 

The  brine  leaves  the  refrigerator  at  a  temperature  of  16 
deg.  fahr.  and  a  concentration  of  40  per  cent.  By  the  time 
it  passes  from  contact  with  the  incoming  air,  it  has  a  tempera- 
ture of,  say  25  deg.  fahr.  and  a  concentration  of  30  per  cent. 
Attention  is  called  in  this  connection  to  the  fact  that  the 
incoming  warm  and  moist  air  is  first  met  by  the  comparatively 
warm  brine.  While  brine  of  25  deg.  fahr.  and  30  per  cent 
concentration  is  still  capable  of  taking  out  a  large  amount 
of  moisture  from  air  at  say  80  deg.  and  a  content  of  7  grains  of 
water  per  cu.  ft.  (the  jirecompression  system  is  aijparently 
used  here),  the  comparatively  dry  and  by  then  fairly  cool  air 
in  its  last  stage  of  flow  passes  through  a  layer  of  40  per  cent 
brine  at  16  deg.  fahr.  which  is  intensely  hygroscopic.  In  this 
way  the  most  efficient  system  is  adopted  both  as  to  the  distri- 
bution of  temperatures  and  distribution  of  concentrations. 
{Proceedings  of  the  Engineers'  Society  of  Western  Pennsyl- 
rania.  vol.  33.  no.  3,  April  1917,  pp.  199-204,  1  flg.,  d.) 
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Mechanic'al-Kffi('iex(.'v  Te.sts  fok  Machine  Tooes,  G.  W. 

Burley 

In  dealing  with  mechanical-efficieney  tests  for-  machine 
tools  the  writer,  in  his  book  recently  published,  divides  the 
subject  into  two  parts:  input  determinations  and  output  de- 
terminations. 

The  determination  of  the  amount  of  injiut  energy  may  be 
made  in  at  least  three  different  ways,  tlie  ^electric-motor 
method,  the  transmission-dynamometer  method,  and  the 
cradle-dynamometer  method. 

The  paper  discusses  in  detail  the  various  types  of  dyna- 
mometere  and  the  dynamometer  curves  referring  thereto, 
such  as  the  transmission  dynamometer  and  the  torsion  dyna- 
mometer. 

Among  other  things,  as  a  method  of  determining  the  out- 
put of  a  motor  is  mentioned  the  use  of  a  hydraulic  piston 
and  cylinder  filled  with  oil  or  kerosene,  and  an  ordinary 
[tressure  or  engine  indicator.  This  method  does  not  yield 
the  true  output  of  the  motor,  however,  and  does  not  cover 
tlie  meciianical  losses  in  the  bearings. 

An  article  on  tiie  determination  of  the  output  of  machine 
tools  is  promised  in  a  future  issue.  (Railway  Gazette,  vol. 
26,  no.  1.3,  Marcli  30.  1917.  p)).  386-388,  5  figs.,  d) 

Report  on  Heat-Insulating  Materials 

Results  of  tests  by  vSargent  and  Lundy,  Consulting  Engi- 
neers, of  Chicago,  of  various  heat-insulating  materials  com- 
pared with  tests  of  common  firebrick. 

The  first  object  of  this  test  was  to  determine  tlie  relative 
thermal  insulating  value  of  materials  examined. 

The  materials  were  used  in  dimensions  of  standard  brick.s, 
so  as  to  have  the  samples  eijual  in  this  respect.  The  idea 
worked  on  for  coni);arison  was  to  subject  the  brick  to  a  high 
temperature  at  tlie  end  ^1,  Fig.  1.  Then  if  the  top,  bottom  and 
sides   were   thoroughly   insulated   the   heat   would   be   radiated 
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DiAGRAii  Showing  Location  of  Thermometers  in 
Experimental  Brick 


from  the  exposed  end  B,  and  thermometers  i)laced  at  various 
distances  between  A  and  B  would  show  a  uniform  drop  in 
lemperature.  With  the  same  temperature  at  A,  a  brick  made 
of  a  good  insulating  material  would  give  lower  readings  on 
the  thennometers  placed  in  the  brick  than  would  be  the  case 
for  a  poor  insulating  material  and  the  temperature  gradient 
would  have  a  different  shape. 

This  process  involves  the  dilliculty  of  thoroughly  insulating 
the  top,  bottom  and  sides  of  the  bricks,  but  in  the  course  of 
the  test  it  was  found  that  if  the  top,  bottom  and  side  insula- 
tion was  made  practically  the  same  for  each  material,  the  com- 
parison would  be  reliable.  The  method  of  testing  was  to  read 
all  thermometers,  then  place  the  gasoline  torch  in  position  and 
take  readings  eveiy  15  or  30  min.,  the  idea  being  to  keep  the 
high  temperature  source  of  heat  as  steady  as  possible.  The 
gasoline  torch  did  not  possess  much  flexibility  and  was  difficult 
to  regulate  satisfactorily. 


Another  method  of  test  involve<l  the  use  of  an  electric 
heater. 

On  the  whole,  it  was  found  that  materials  have  not  as  good 
an  insulating  value  at  high  temperatures  as  at  low  ones.  To 
express  this  variation  in  insulating  value  with  the  temperature, 
a  relation  similar  to  Ohm's  law  has  been  derived.  The  unit 
taken  lias  been  called  "  the  thermal  ohm,"  and  is  ex[>ressed  by 
dividing  the  temperature  difference  by  the  B.t.u.  radiated  per 
hour.  The  values  for  some  of  the  materials  have  been  calcu- 
hited  and  are  given  in  Fig.  16.     They  show  {jractically  straight 
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Fig.    16     Curves   Showing   Heat-Resisting   Properties   of 
Various  Insulating  M.\teri.als 

lines,  except  for  two  materials,  of  which  one,  Si-Mag  (com- 
bination of  sigur  and  magnesia),  shows  the  thermal  resistance, 
which  decreases  directly  as  the  temperature  difference. 

Magnesia  falls  off  so  rapidly  at  the  high  temperature  be- 
cause it  becomes  disintegrated  through  a  chemical  change. 

An  effort  was  also  made  to  find  the  equivalent  thickness  of 
material  required  to  give  equal  insulation,  for  which  purpose 
it  was  necessary  to  demonstrate  experimentally  the  laws  of 
thermal  resistance. 

Further  tests  were  made  to  secure  some  data  on  the  physical 
properties  of  insulating  materials:  in  particular,  the  weight  of 
water  absorbed;  and  it  was  found  that  in  some  cases  insulating 
materials  absorbed  considerably  more  than  their  own  weight 
of  water.  [Bower,  vol.  44,  no.  18,  May  1,  1917,  pp.  593-596, 
14  Hgs.,  ('.) 

Translation  of  Formul.e,  P.  M.  Heldt 

Discussion  of  the  transformation  of  equations  from  one 
system  of  units  to  another,  with  additional  reference  to 
rational  equations,  which  are  universally  true  so  long  as  the 
rational  system  of  units  is  used. 

If  a  formula  is  based  on  the  metric  system  and  the  desi^ 
to  which  it  is  applied  is  in  inch  units,  the  question  of  trans- 
formation becomes  an  important  one.  Of  course,  in  isolated 
cases  it  is  possible  to  convert  the  inch  measureuients  in  the 
design  into  metric  units,  apply  the  equation  and  reconvert 
the  result,  which  would  be  in  metric  units,  into  inch  units. 
Apart  from  being  rather  tedious,  the  process  is,  however,  not 
conveniently  ap])licable  where  a  number  of  operations  of  this 
nature  have  to  be  carried  out,  and  in  such  cases  it  becomes 
necessary  to  find  a  simpler  way  of  applying  equations  derived 
in  units  of  one  system  to  problems  in  which  the  data  are  ex- 
pressed in  another  system. 
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A  certain  class  of  formula  is  universally  true  so  long:  as 
a  rational  system  of  units  is  used.  Such  equations  are  called 
rational,  and  the  test  of  a  rational  equation  consists  in  sub- 
stituting for  each  factor  representing  a  physical  quantity,  the 
dimensions  in  terms  of  the  fundamental  quantities  (length, 
mass,  time),  and  seeing  whether,  when  thus  transformed,  the 
equation  holds  true. 

In  many  equations,  however,  two  different  units  are  used  for 
the  same  quantity.  For  example,  in  the  equation  where  the 
speed  of  a  car  is  expressed  in  terms  of  wheel  diameter,  engine- 
speed  revolution  and  gear  reduction,  two  different  units  of 
length  are  generally  used — the  inch  for  the  wheel  diameter  and 
the  mile  for  the  distance  covered  per  hour — and  two  units  of 
time — the  minute  for  the  engine  speed,  and  the  hour  for  the 
car  speed.  This  equation  may,  however,  be  transformed  into 
a  rational  equation  by  using  only  one  unit  of  length,  say,  the 
inch,  and  one  unit  of  time,  the  minute.  In  this  case  the  equa- 
tion becomes 


where  s  =  speed  of  car,  d  =  wheel  diameter,  n  =  engine  revo- 
lutions per  unit  of  time  and  r  =  gear  reduction.  This  equation 
would  give  the  car  speed  in  inches  per  minute,  but  if  the  engine 
speed  is  given  in  revolutions  per  minute,  the  wheel  diameter  in 
inches,  and  the  result  is  required  in  miles  per  hour,  the  equation 
becomes 


336r 


lu.p.h. 


Now,  if  metric  units  were  used,  the  wheel  diameter  given  in 
millimeters  and  the  result  required  in  kilometers  per  hour,  s 
would  be  1.608  times  as  great  (1  mile  =  1.608  kilometers)  and 
d  25 A  times  as  great  (1  in.  =  25.4  mm.).  Therefore,  denoting 
the  numerical  coefficients  bv  1/x, 


1.608s  = 


nd  X  2.5.4 


which  would  give  for  x  the  following  equation : 
336  X  25.4 

and  hence  the  metric  foi-mula  would  read 


5310»- 


km.p.h. 


Of  course,  it  is  not  necessary  to  go  through  all  these  inter- 
mediary steps  the  next  time,  and  a  simple  conversion  factor 
X  =  5310  can  be  used. 

As  examples  of  the  application  of  the  methods  of  trans- 
foi-mation  of  equations  from  one  system  of  units  to  another, 
the  writer  gives  the  formula  for  determining  the  tax  horse- 
power of  automobile  motors  in  Germany,  and  the  formula  for 
the  absolute  pressure  of  saturated  steam  as  a  function  of  the 
absolute  temperature  in  deg.  fahr.  That  part  of  the  article 
dealing  with  the  latter  is  here  reproduced. 

The  equation  for  this  relation  is: 

log  p  =  10.515354— (4873.71/0—  0.00405096* -f 
0.00000139296J' 

Now,  suppose  that  it  is  desired  to  transform  this  equation 
so  the  temjjerature  may  be  inserted  in  deg.  cent,  (absolute) 
and  the  pressure  will  be  obtained  in  kg.  per  sq.  cm.  We  then 
have: 


log(p/14.22)  =  a  —  b/0.o55t  —  0.555  ct  +  0.309<ii= 
log  p  —  log  14.22  =  o  —  b/0.555«  —  O.oboct  -f  0.309dJ' 
log  p  =  log  14.22  +  a  —  b/0.ooot  —  Q.oooct  -f  Q.309df 
log  p  =  1.1529  +  a  —  b/0.o5ot  —  0.555c(  +  0.309df 
and      10.5153.54— (4873.71/i—0.00405096f-|-0.00000139296f= 
1.1529  +  a  —  b/0.555t  —  0.555c*  -f  0.309df 
This  equation  can  be  satisfied  only  if  the  factors  in  both 
terms  containing  the  same  power  of  *  are  equal,  that  is : 
10.515354  =  1.1529-f  a  a  =  9.3624 

&/0.555t  =  4873.71*  b  =  2705 

0.555ct  =  0.00405096*  c  =  0.00729 

0M9df  =  0.00000139296*=  d  =  0.000004515 

Hence  the  absolute  pressure  p"  of  saturated  steam  in  kg,  per 
sq.  cm.  is  given  by  the  following  equation,  in  which  f"  is  the 
absolute  temperature  in  deg.  cent :  log  p"  =  9.3624  —  2705/*" 
—  0.00729*"  +  0.000004515*'.  {Horseless  Age,  Engineering 
Edition,  vol.  40,  no.  2,  April  15,  1917,  pp.  1-2  (Engineering 
Section ) ,  pm ) 


Technical  Paper  137  of  the  U.  S.  Bureau  of  Mines,  of  which 
an  abstract  will  be  found  in  the  present  issue  of  The  Journal, 
is  likeljf  to  become  classical  as  an  investigation  of  a  difficult 
subject  unusually  free  from  unessential  details.  Among  the 
conclusions  established  by  this  investigation,  the  tw'o  probably 
most  important  are  that  the  weight  of  air  forced  through  the 
fuel  bed  i)er  pound  of  fuel  burned  or  gasified  is  constant;  and 
next,  that  above  a  certain  distance  from  the  fuel  bed  there  is 
a  large  percentage  of  combustible  in  the  gas  and  no  oxygen 
to  bum  it.  The  investigation  is  rich  in  practical  suggestions, 
and  must  be  considered  as  a  valuable  contribution  to  our  knowl- 
edge of  the  processes  going  on  in  a  hand-fired  furnace.  As  re- 
gards the  numerical  values  obtained,  however,  it  must  be  borne 
in  mind  before  they  are  used  in  the  design  of  commercial 
equipment  that  they  were  obtained  from  an  experimental  in- 
stallation using  picked  fuel. 


According  to  the  Iron  Age  for  May  3,  1917,  J,  W.  Flavelle, 
Chairman  of  the  Imperial  Munitions  Board  in  Canada,  has 
furnished  the  Finance  Minister  with  a  striking  statement  show- 
ing the  extent  of  the  business  in  munitions  built  uji  in  Canada 
with  the  financial  assistance  furnished  by  the  Dominion 
Government.  The  total  value  of  orders  received  by  the 
Imperial  Munitions  Board  of  Ottawa  is  $850,000,000.  which 
is  equal  to  the  entire  international  trade  of  Canada,  imports 
and  exports,  of  1912.  The  value  of  the  munitions  shipped  to 
March  30  was  $470,000,000,  the  total  disbursements  to  April 
30  being  $543,000,000.  There  are  630  factories,  chemical  and 
loading  plants  in  operation  carrying  out  the  orders  of  the 
board.  The  cash  disbursements  for  March  were  $41,000,000 
and  for  April  will  be  $43,000,000.  Toward  the  financing  of 
this  immense  business  the  Dominion  Government  has  contrib- 
uted $200,000,000  as  a  loan  to  the  Imperial  Treasury-,  and 
an'anged  with  the  Canadian  banks  for  advances  aggregating 
$100,000,000. 

Official  announcement  has  been  made  from  Ottawa  con- 
cerning the  proposed  extensive  shijibuilding  program,  which 
was  foreshadowed  some  six  weeks  ago.  Orders  have  been 
placed  for  steel  ships  in  Canada  up  to  the  full  limit  of  the 
steel  plates  available  during  the  next  15  months,  and  a  good 
many  wooden  vessels  will  be  built  in  the  Dominion  as  well. 
The  Dominion  Government's  part  consists  in  advancing  a  loan 
of  $10,000,000  to  the  Imperial  Munitions  Board,  Ottawa.  This 
Board  has  recently  placed  large  orders  for  steel  plates  and 
will  probably  be  placing  additional  orders  in  the  near  future. 
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Hours,  Tatioue  and  Health  in  British  Munition 
Factories 

The  following  outline  of  the  main  conclusions  arrived  at  by 
the  British  Health  of  Munition  AVorkers  Committee  is  taken 
from  reprints  of  the  memorantla  of  this  committee  made  by 
the  Bureau  of  Labor  Statistics  of  the  United  States  Depart- 
ment of  Labor  (Bulletin,  Whole  No.  221,  or  Industrial  Acci- 
dents and  Hygiene  Series,  No.  15,  April  1917). 

This  committee  was  appointed  in  September  1915  by  the 
Minister  of  Munitions,  and  on  the  basis  of  evidence  taken  in 
various  industrial  centers  has  compiled  and  published  some 
fifteen  memoranda  dealing  with  various  aspects  of  the 'subject. 
As  these  memoranda  are  the  work  of  men  especially  qualified 
by  technical  knowledge  and  wide  experience,  they  are  of  par- 
ticular value  in  this  country  at  the  present  time. 

As  regards  Sunday  labor,  the  committee  states  that  the 
evidence  adduced  lias  led  it  strongly  to  hold  that  if  the 
maximum  output  is  to  be  secured  and  maintained  for  any 
length  of  time  a  weekly  period  of  rest  must  be  allowed.  Except 
for  quite  short  |ieriods  continuous  work  in  its  view  is  a  pro- 
found mistake  and  does  not  pay — output  is  not  increased. 

The  committee  also  makes  the  significant  statement  that,  in 
their  opinion  the  higher  management  even  more  certainly 
require  definite  periods  of  rest.  These  individuals  have  never 
spared  themselves;  they  carry  a  heavy  burden  of  responsibility 
and,  moreover,  cannot  be  replaced.  The  committee  has  wit'h 
regi-et  noted  among  them  obxicLis  signs  of  ovenvork,  and  it  is 
of  primary  importance  in  the  interest  of  the  nation  that  they 
should  be  allowed  that  rest  which  is  essential  to  the  main- 
tenance of  their  health. 

As  regards  hours  of  work  the  committee  calls  attention  to 
the  fact  that  overtime  fell  mainly  to  the  lot  of  the  most  highly 
skilled  workers  (tool  and  gage  makers,  tool  setters,  etc.)  as 
they  are  the  most  difficult  to  obtain.  At  one  time  cases  of  men 
w-orking  as  much  as  90  hours  per  week  were  met,  and  while 
more  recently  there  has  been  a  tendency  to  reduce  the  hours, 
weekly  totals  of  70  to  80  hours  are  still  frequent.  The  com- 
mittee is  satisfied  that  hours  such  as  these  cannot  be  worked 
witii  imi)unity,  and  most  strongly  urges  that  every  effort 
should  be  made  to  extend  the  shift  system  to  this  branch  of 
industry  as  rai)idly  as  possible. 

The  committee  has  not  found  that  as  yet  the  strain  of  long 
hours  has  caused  any  serious  breakdown  among  workers,  but 
there  is  medical  evidence  to  the  effect  that  long  hours  are 
beginning  to  make  themselves  felt  upon  the  older  men  and 
upon  those  who  suffer  from  physical  infirmity.  There  is  reason 
for  believing,  however,  that  the  better  food  that  workers  have 
been  able  to  enjoy  in  consequence  of  increased  pay  has  helped 
to  counteract  the  strain  of  long  hours. 

Among  the  executives  and  foreman  there  is  evidence  of  con- 
siderable fatigue,  and  numerous  instances  have  been  brought  to 
the  notice  of  the  committee  where  men  of  this  class  have  had 
to  be  allowed  special  holidays  to  enable  them  to  recuperate. 
The  committee,  therefore,  while  recognizing  that  overtime  must 
continue,  suggests  certain  definite  restrictions  to  which  it  should 
be  submitted,  especially  in  the  case  of  women  and  girls. 

As  regards  the  work  of  women  engaged  in  moderately  heavy 
work  the  committee  has  come  to  the  conclusion  that  in  order  to 
attain  a  maximum  output  such  women  should  not  work  more 
than  60  hours  a  week.  In  fact,  an  equally  good  total  output 
would  be  maintained  if  the  actual  working  hours  were  reduced 
to  56  or  less  per  week.  For  example,  one  gi-oup  of  operatives, 
17  in  number,  worked  only  51.8  to  62.6  hours  per  week  for  five 
weeks  in  June  and  July  and  during  the  last  three  weeks  of  this 


[leridd  their  hourly  output  was  18  per  cent  greater  than  that  of 
another  group  of  14  operatives  who  were  working  the  usual 
long  hours. 

As  regards  men  engaged  in  heavy  labor,  data  are  not  very 
comiilete,  but  as  regards  boys  of  14  to  17,  a  reduction  in  the 
hours  of  labor  from  73.3  to  57  produced  an  increase  of  output 
to  the  astonishing  extent  of  one-third  to  one-half,  which  indi- 
cates that  the  boys  must  have  been  overworked  by  long  hours 
and  that  a  reduction  of  8  to  12  hours  materially  accelerated 
their  rate  of  production. 

On  the  whole,  the  committee  comes  to  the  conclusion  that 
the  hours  of  labor  should  be  varied  between  wide  limits 
according  to  the  character  of  the  work  performed,  and  not 
maintained  uniform  for  all  types  of  labor  and  for  workers  of 
both  sexes;  and  that  where  long  hours  of  labor  on  the  [lart  of 
munition  workers  are  necessary,  an  effort  should  be  luade  to 
have  them  shut  uji  in  the  factories  for  as  short  a  time  as 
possible. 

In  this  connection  attention  is  called  to  the  impoitance  of 
greater  promptness  in  starting  work.  There  can  be  no  neces- 
sity for  the  waste  of  25  min.  in  starting  and  stopping  work,  as 
was  the  case  in  a  shop  under  investigation. 

The  custom  in  many  munitions  works  is  to  work  for  a  spell 
of  5  hours  and  then  after  an  hour's  interval  for  another  spell 
of  414  to  5  hours,  which  leads  to  s|iells  which  are  undoubtedly 
too  long  in  many  tyjies  of  munition  work.  A  better  plan  would 
be  to  arrange  for  regular  rest  pauses  in  between.  For  instance, 
a  10-min.  break  in  the  middle  of  the  morning  and  afternoon 
spells  during  which  the  operatives  remain  at  their  machines 
to  take  tea  or  other  nnti'iment. 

Other  memoranda  discuss  the  subjects  of  industrial  fatigue 
and  the  special  diseases  connected  with  the  manufacture  of 
munitions,  in  particular  various  forms  of  poisoning  due  to  the 
handling  of  explosives. 


A  new-  type  of  gas  engine  recently  announced  is  essentially 
an  internal-combustion  engine  in  which  air  is  compressed  and 
mixed  with  oil  which  is  atomized  and  ignited  by  an  electric 
spark.  The  resulting  intensely  hot  flame  of  combustion  is 
brought  into  contact  with  small  quantities  of  water  w  hich  cools 
the  gases  to  a  practical  working  temperatui'e  while  generating 
a  desirable  amount  of  steam,  which,  combined  with  the  gases 
of  combustion,  enters  the  power  cylinders. 

The  following  claims  are  made  for  the  engine :  Starting 
without  any  previous  heating,  directly  with  the  oil,  by  hand  or 
electric  cranking  or  by  compressed  air.  Only  one  sjiark  plug 
is  used,  regardless  of  the  number  of  cylinders.  When  the 
engine  is  under  way,  the  current  is  turned  off.  Ignition  outfits 
are  not  required,  as  a  battery  with  coil  and  spark  plug  will 
suffice.  No  heat  is  lost  through  water  jackets,  and  little  power 
is  wasted  in  the  low-pressure  exhaust.  The  water  used  is  easily 
condensed  and  returned  to  the  tank.  There  are  no  objection- 
able carbon  deposits.  No  data  of  tests  of  the  engine  are  yet 
available. 
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Cam   Design,  George  Funck. 
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pp.  280-283,  flgs.  17-26:  vol,  51,  no.  4.  .\pril.  1917.  pp,  239243. 
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illustrated. 
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MEASURING    APPAR.ATUS 
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April  26,  1917,  pp.  415-422,  illustrated. 

De  TiSKA  OCH  OsxERRiKisKA  Gbaxaternas  TandbOr,     Tekuisk  Tids- 
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The  Effect  of  Firebox  Design  Upon  Boiler  Capacity  and  Economy, 
J.  T.  Anthony.  Official  Proceedings  of  the  Railway  Club  of 
Pittsburg,  vol.  16,  no.  4.  February  23,  1917,  pp.  87-122,  13  flgs. 
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Machine  foe  Testing  Boiler  Tubes.  The  Iron  Age,  vol.  99,  no.  16. 
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Centrifugal  v.  Reciprocating  Boiler-Feed  Pumps,  M.  W.  Ehrlich. 
Mechanical  World,  vol.  61.  no.  1580.  .\pril  13,  1917,  pp.  190-191, 
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angas    Stromning    Genom    Munstycken    Med    Icke   Afpassad   Slut- 
SEKTION.    Tore    Lindmark.      Teknisk    Tidskrift    Mekanik,    47   Srg., 
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LIBRARY  NOTES 


From  the  Libraries  of  the   Four   Founder   Societies  and    the    United   Engineering   Society,   in 

the  Engineering  Societies  Building,  New  York  City 


EVERY  library  has  two  problems:  to  collect  the  material 
of  interest  to  its  patrons  and  to  make  it  accessible  to 
them  with  the  greatest  possible  ease. 

The  history  of  the  Library  of  the  Engineering  Societies 
illustrates  an  endeavor  to  meet  these  two  problems.  Started 
as  four  independent  libraries,  nothing  was  more  logical  than 
the  consolidation  of  the  four  into  one,  with  a  consequent 
avoidance  of  the  waste  due  to  duplication.  Instead  of  libraries 
of  civil,  mining,  mechanical  and  electrical  engineering,  we 
have  a  library  of  engineering,  equipped  to  meet  the  require- 
ments of  an  inquirer,  regardless  of  the  specific  subject  in  which 
he  may  be  interested. 

The  Library  covers  these  four  main  branches  of  engineering 
very  effectively.  It  is  especially  well  supplied  with 
periodicals,  the  most  important  depository  of  modern  pro- 
fessional literature.  The  standard  reference  books  and  the 
more  important  texts  are  also  included.  As  it  becomes  pos- 
sible, the  literature  of  other  technologic  subjects  is  bemg 
added,  in  the  hope  that  there  may  sometime  result  the  ideal 
collection,  able  to  supply  the  records  of  all  important  previous 
work  on  any  professional  problem  which  an  engineer  may 
meet.  To  accomplish  the  ideal  will  require  time  and  money, 
but  the  acknowledged  value  of  the  result  will  more  than 
compensate  for  the  expense.  Engineers  who  wish  to  assist 
in  the  advancement  of  engineering  should  consider  the  bene- 
fits which  will  accrue  from  additions  to  the  endowment  fund 
of  the  Library. 

Side  by  side  with  the  extension  of  the  collection,  the  prob- 
lem of  makinsT  it  accessible  must  be  faced.     Most  engineers 


are  too  busy  to  spare  the  time  needed  to  search  through  long 
files  of  periodicals,  or  to  make  copies  of  desired  articles,  so 
it  is  necessarj-  to  provide  assistance.  To  meet  this  need,  the 
Library  Service  Bureau  has  been  established  as  an  adjunct 
to  the  Library.  The  Bureau  will  make  lists  of  references  to 
the  articles  on  any  topic,  and  will,  if  desired,  make  copies  of 
them  or  translate  them  from  other  languages.  It  wiU  send 
notices  of  new  articles  on  any  topic  as  they  appear  in  the 
current  periodicals.  In  fact,  its  possible  forms  of  service 
are  too  various  for  listing,  all  that  can  be  said  is  that  it 
stands  ready  to  undertake  any  work  dealing  with  professional 
literature.  For  this  type  of  work  it  has  been  necessary  to 
arrange  a  schedule  of  fees,  covering  the  cost  of  this  work 
to  the  Library.  Information  on  this  subject  will  be  given 
gladly.  The  Service  Bureau  has  been  of  assistance  to  engineers 
all  over  the  world,  saving  time  for  those  to  whom  libraries 
are  accessible  and  providing  a  practical  method  of  reference 
for  those  in  localities  where  books  are  not  available. 

The  future  work  of  the  Library  is  to  develop  the  greatest 
po.ssible  efficiency  in  these  two  directions,  in  the  hope  that  it 
may  ultimately  become  the  largest  engineering  library  in  the 
world,  and  that  it  may  be  able,  through  a  corps  of  highly 
trained  expert  bibliographers,  to  provide  definite  references 
to  any  material  in  point.  Such  an  institution  will  be  one 
of  the  most  valuable  aids  in  the  promotion  of  the  profession. 
It  will  have  an  international  usefulness,  as  it  will  not  dupli- 
cate the  work  of  any  existing  institution. 

Harrisox  W.  Craver, 

Librarian. 
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Characteristics  of  Uniflow  Engine  Generating  Units.  By  E.  Ha- 
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Spratagen.     Xew  York,  1916.     Purchase. 

Hawkins  Electrical  Guide.  Questions,  answers  and  illustrations, 
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logical Survey.  Professional  Paper  102.  Wa.thington,  1917.  Pur- 
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Mechanical  Handling  and  Storing  of  Material.  By  Geo.  F.  Zimmer. 
New  York,  1916.     Purchase. 
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1916.     .iltanii,  1917.     Gift  of  State  Engineer  and  Surveyor. 

New  York  State  Library.  .Annual  Report  9S,  1915.  Albanii,  1917. 
Gift  of  University  of  the  State  of  New  York. 
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Progress  of  Federal  Valuation.     By  A.  M.  Sakolski.     Gift  of  author. 

Public  Office.  From  a  Civil  Service  and  Business  Point  of  View. 
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Questions  and  .\nswers  Relating  to  Modern  Automobile  Design, 
Construction,  Driving  and  Repair.  By  Victor  W.  Page.  Neic 
York.     The  -Norman  W.  Henley  Pub.  Co.,  1917.     Gift  of  publisher. 

Railway  Statistics  of  the  United  States  of  America,  1916,  com- 
pared with  the  otBcial  reports  for  1915  and  recent  statistics  of 
foreign  railways.  By  Salson  Thompson.  Chicago,  1917.  Gift  of 
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Gift   of  author. 
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River  Discharge,  by  Hoyt,  John  Clayton  and  Nathan  Clifford 
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Ed.  3,  Boston ;  American  Public  Health  Association,  1917.  Gift 
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Steam  Turbines;  a  Treatise  Covering  U.  S.  Naval  Practice.  By  G. 
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Telephony.  A  comprehensive  and  detailed  exposition  of  the  theory 
and  practice  of  the  telephone  art.  By  Samuel  G.  McMeen  and 
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Thermochemistry.  By  Julius  Thomsen,  treinslated  from  the  Danish 
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The  Thirteenth  Amendment  and  the  General  Railway  Strikk. 
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of  Trus-Con    Laboratories. 
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The  World's  Minerals,  with  an  Appendix  by  W.  D.  Hamman.  Nerc 
York.     Frederick  A.   Stokes   Co.,  1916.     Gift   of  publisher. 


Gift  op  Caeleton  Greene. 

Collins,  John.  Explorations  in  Central  America,  from  Proceedings 
Royal   Geographical   Society   of   London,   1867. 

CouvREix,  A.  &  Hersent,  H.  Les  nouvelles  Installations  maritimes 
du   Port  d'Anvers.      Paris,   1879,   ISSO. 

De  Rouchmont,  Quinette.  Notice  sur  le  port  du  Havre.  Paris, 
1S75. 

New  York  Board  op  Water  Commissioners.  Brooklyn  Water  Works 
and    Sewers.      A   descriptive   memoir.      Neu>    York,   1867. 

Beynaud,  L£once.  Memoir  upon  the  illumination  and  beaconage  of 
the    coasts    of   France.      Washington,    1876. 

D.  S.  Department  op  State.  Reports  upon  the  survey  of  the  boundary 
between  the  territory  of  the  United  States  and  the  possessions 
of  Great  Britain  from  the  Lake  of  the  Woods  to  the  Summit  of 
the   Rocky  Mountains.      Washington,  J878. 

Joint   maps  of   the   northern   boundary   of  the   United 

States  from  the  Lake  of  the  Woods  to  the  Summit  of  the  Rocky 
Mountains. 

Williams.  J.  J.     Isthmus  ot  Tehuantepac.     New  York,  1852. 


Trade   Catalogues. 

American  Smelting  &  Refining  Company.     Xew  York,  N.  Y.     Safety 
Review.     March,   1917. 

Deister   Concentrator    Company.      Fort    Wayne.    Ind.      "The   Table 
with  the  Capacity  and  Efficiency."     Feb.,  1917. 

Diamond  Power  Specialty  Company.     Detroit,  Mich.     Power  Notes. 
March,    1917. 

Foundation   Company.      New   York,   N.   Y.      Industrial   Plants.      Des- 
criptive   pamphlet. 

Supplee-Biddle  Hardware  Company.    Philadelphia,  Pa.     Monel  Metal. 
April,    1917. 

Thwing    Instrument   Company.      Philadelphia,    Pa.      Pyrometers   for 
Clav    Burners. 


Catalogue   1-.4.  Westinghouse   Lightning  Arresters.     May,   1916. 

. 2-B.  Switchboard  Accessories.    Feb.,  1917. 

5-B.  Railway  Accessories.     Feb.,  1917. 

Leaflet  3164.  Type  C.  switchboard  Watthour  meters. 

3892.  Type  B.  Elevator  Brake  Magnets  for  alternating  cur- 

rent circuits. 

3931.  Westinghouse  type  3-19  automatic  electric  range. 

3937.  Type  2-19  automatic  electric  range. 

3940.  Type  2-19  non-automatic  electric  range. 


A.S.M.E.   Accessions 

Control  of  Plumbing  Work  by  Water  Departments.  By  Dr.  Wm. 
Paul  Gerhard,  n.p.  Reprinted  from  The  Sanitary  Engineer. 
Toronto,  1916.     Gift  of  author. 

Graphical  Control  on  the  Exception  Principle  for  Execctives. 
By  Frank  B.  Gilbreth.  Reprinted  from  the  April  1917  issue  of 
Journal  of  -i.S.M.E. 

International  Who's  Who,  1910-1911. 

National  Fire  Prevention  Convention.  Official  Record  of  the  first 
.\merican,  Oct.  13-18.  1913.     Philadelphia,  191S. 

New  Bedford  (Mass.)  Water  Board. 
1917.     Gift  of  Water  Board. 

New  York  City  Board  of  Water  Supply.  Information  for  bidders, 
forms  of  bid,  etc.  for  furnishing  and  erecting  fences  around  Hill 
View  Reservoir  in  the  City  ot  Yonkers,  and  Silver  Lake  Reservoir, 
in  the  Borough  ot  Richmond,  N.  Y.  Contract  no.  176.  Gift  of 
Board  of  Water  Supply. 

Information  tor  bidders,  forms  of  bid,  etc.,  for  applying  sur- 
face treatment  to  waterbound  macadam  pavements  at  the  Ashokan 
Reservoir  in  the  towns  of  Olive  and  Marbletown,  Ulster  Co.,  N.  Y. 
Contract  182.     Gift  of  Board  of  Water  Supply. 

Penalties  and  Liquidated  Damages.  By  Wm.  B.  King.  Reprinted 
from  The  -Architectural  Forum,  Feb.  1917.  Gift  of  Messrs.  King 
&  King. 


Report.     1916.     Neto  Bedford, 


Railway  Statistics  of  the  United  States  of  America.    1916. 
pared  by  Slason  Thompson.     Chicago,  1917.     Gift  of  author. 


TRADE  CATALOGUES 

American  Blower  Company.     Detroit,  Mich. 
"  Sirocco  "  Service. 

Diamond  Power  Specialty  Company.     Detroit.  Mich. 
Power  Notes,     April,  1917. 

Flanneby  Bolt  Company.    Pittsburgh.  Pa. 
Staybolts.     April,  1917. 

TEXAS  Company.     New  York.  N.  Y. 
Lubrication.     April,  1917. 

Valley  Iron  Works  Co.    .Appieton,  Wis. 
The  Beater.     March-.\pril,  1917. 

Posey  &  Jones  Company.     Wilmington,  Del. 
The  Super-Calendar.     Feb.,  1917. 
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/N  these  columns  are  inserted  items  concerning  members  of  the  Society  and  their  professional 
activities.  Members  are  always  interested  in  the  doings  of  their  fellow-members,  and  the 
Society  welcomes  notes  from  members  and  concerning  members  for  insertion  in  this  section.  All 
communications  of  personal  notes  should  be  addressed  to  the  Secretary,  and  items  should  be  re- 
ceived by  June  16  in  order  to  appear  in  the  July  issue. 


CHANGES    OP    POSITION 

Horace  H.  Newsom,  formerly  factory  manager  of  the  Perfection 
Spring  Company,  Cleveland,  O.,  has  become  affiliated  with  the  Standard 
Parts  Company  of  the  same  city. 

L.  C.  Welch,  formerly  connected  with  The  Imperial  Oil  Company. 
Ltd.,  Sarnla,  Canada,  has  become  identified  with  The  Midwest  Re- 
fining Company,  Casper,  Wyoming. 

John    D.    Riggs,    formerly    associated    with    the    Indestructible 


Wheel   Company,  Lebanon,   Ind.,   has  entered  the  employ  of  the  Link- 
Belt  Company,   Indianapolis,   Ind. 

Gex)rge  B.  Preston,  formerly  assistant  professor  of  steam  engineer- 
ing, Columbia  University,  New  York,  has  become  associated  with  The 
J.  G.  White  Engineering  Corporation,  New  York. 

I.  Albert  Baum  has  severed  his  connection  as  city  engineer  of 
Texarkana.  .Ark.,  and  has  accepted  the  position  of  assistant  manager 
of  the  LaSalle  Engineering  Company,  Chicago,  III. 
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George  F.  Read  has  severed  his  connection  with  E.  I.  duPout  de 
Nemours  and  Company,  Penns  Grove,  N.  J.,  and  has  accepted  a  posi- 
tion with  The  Celluloid  Company  of  Newark,  N.  J. 

Albert  Buenger,  formerly  heating  and  ventilating  engineer  with 
Smith  Hinchman  and  Grylls,  Detroit,  Mich.,  has  become  identified  with 
the  Charles  L.    Pillsbury  Company,    St.   Paul,   Minn. 

Uldric  Thompson,  Jr.,  formerly  chief  engineer  of  the  T.  A.  Gil- 
lespie Company's  plant  at  Parlin,  N.  J.,  has  become  associated  with 
Westinghouse.  Church,  Kerr  and  Company  of  New  York. 

Ki  c;e.\e  L.  Brown,  Jr.,  formerly  chief  deputy  inspector  of  boilers 
and  elevators  of  the  City  of  St.  Louis,  Mo.,  has  accepted  the  position  of 
engineer  with  the  Illinois  Stoker  Company  of  Alton,  111. 

B-iRRETT  W.  Morrison  has  left  the  employ  of  the  Westinghouse 
Machine  Company.  East  Pittsburgh,  Pa.,  and  has  accepted  a  position 
with  the  Great  Western  Sugar  Company,  Billings,  Mont. 

Hi'.ssELL  J.  Hawn,  formerly  witli  the  Ohio  Chemical  Company, 
Springfield.  Ohio,  in  the  capacity  of  manager,  has  become  associated 
with  the  Oakland  Chemical  Company,  Eossville,  S.  I.,  N.  V. 

Emile  H.  Nate  has  become  consulting  engineer  with  Hammerston 
and  Nate,  New  York.  He  was,  until  recently,  associated  with  the  Nate- 
Earle  Company,  Inc.,  New  York,  as  president  and  treasurer. 

W.  R.  Crute  has  assumed  the  duties  of  chief  engineer  of  thi- 
Champion  Fiber  Company,  Canton,  N.  C.  He  was  formerly  engineer 
with  the  Norfolk  and  Western  Railway  Company,  Pocahontas,  Va. 

Arthur  L.  Jennings,  formerly  connected  with  the  McGill  Metal 
Company,  Valparaiso,  Ind.,  as  general  manager,  has  accepted  the 
position  of  treasurer  of  the  John  T.  Robinson  Company.  Boston,  Mass. 

John  J.  Eason,  formerly  assistant  superintendent  of  the  mechani- 
cal division  of  the  Panama  Canal,  Balboa,  Canal  Zone,  has  been  ap- 
IJointed  assistant  shop  superintendent  at  the  Navy  Yard,   Norfolk,  Va. 

Welles  H.  Sellew,  formerly  mechanical  engineer  with  the  Cana- 
dian Car  and  Foundry  Company,  Kingsland,  N.  J.,  has  accepted  a  simi- 
lar position  with  the  American  Chicle  Company.  Long  Island  City, 
N.  Y. 


nected  with   Kearney  and  Trecker  Company, 
capacity  of  sales  manager. 


Milwaukee,  Wis.,   in  the 


James  H.  Oak  has  resigned  his  position  as  general  foreman  of  the 
New  England  Westinghouse  Company,  Chicopee  Falls,  Mass.,  and  has 
assumed  the  duties  of  superintendent  of  the  National  Automatic 
Machine  Company,   Brattleboro,   Vt. 

John  J.  Chisholm  has  resigned  his  position  as  superintendent  of 
power  for  the  Tennessee  Coal,  Iron  and  Railroad  Company  at  Ensley, 
Ala.,  and  has  taken  up  similar  duties  with  the  New  Orleans  Railway 
and  Light  Company,  New  Orleans,  La. 

Clayton  A.  Swiggett,  formerly  associated  with  the  Western 
States  Portland  Cement  Company,  Independence,  Kan.,  as  superin- 
tendent, has  entered  the  employ  of  the  Lehigh  Portland  Cement  Com- 
pany, lola,  Kan.,  in  a  similar  capacity. 

Edgar  T.  Spidv,  until  recently  connected  with  the  Canadian  Pacific 
Railway  Shops,  Winnipeg,  Canada,  in  the  capacity  of  shop  engineer,  has 
assumed  the  duties  of  production  engineer  with  the  Canadian  IngersoU- 
Kand  Company.  Shorbrooko,  Qn:'.,  Canada. 

Robert  H.  Wallace,  until  recently  connected  with  the  Remington 
Arms  and  Ammunition  Company,  Bridgeport,  Conn.,  in  the  capacity  of 
experimental  engineer,  has  assumed  the  duties  of  shop  superintendent 
of  the  Bailey  Meter  Company,  Boston.  Mass. 

Lee  E.  Walker  has  accepted  a  position  with  the  Haynes  Stellite 
Company  of  Kokomo,  Ind..  with  headquarters  in  Philadelphia,  Pa. 
He  was  until  recently  connected  with  the  Baldwin  Locomotive  Works, 
Eddystone,  Pa.,  as  foreman  of  Lhe  French  Shell  Shop. 

Frank  H.  Schubart,  formerly  district  manager  for  the  Wheeler 
Condenser  and  Engineering  Company,  St.  Louis.  Mo.,  has  become  as- 
sociated with  the  Union  Electric  Light  and  Power  Company  of  the 
same  city,  as  assistant  chief  engineer  of  power  plants. 

Edgar  G.  Scott,  until  recently  connected  with  Ludlow  Manuf.-ic- 
turing  Associates.  Ludlow,  Mass.,  in  the  capacity  of  superintendent  of 
power  and  repair  shops,  has  become  identified  with  the  Joseph  Camp- 
bell Company,  Camden,  N.  J.,  as  mech.TUical  engineer. 


Harry  A.  Ward,  formerly  in  the  employ  of  the  Sterling  Blower 
Company,  New  York,  as  sales  engineer,  has  taken  up  the  duties  of 
engineer  of  plants  with  the  American  Oak  Leather  Company,  Cin- 
cinnati.  O. 


Augustus  W.  Shallcross  has  severed  his  connections  as  drafts- 
man and  designer  with  the  Layne  and  Bowler  Company,  Houston, 
Tex.,  and  has  accepted  the  position  of  designer  and  chief  draftsman 
with  R.  P.  Clark  and  Company,  engineers  of  the  same  city. 


Jacob  L.  Mueller,  until  recently  metallurgist  with  the  Spring- 
field Facing  Company.  Springfield.  Mass..  has  accepted  the  position  of 
meijhanical  engineer  with  the  .American  Chain  Company,  Inc.,  Bridge- 
port, Conn. 


George  H.  Jewell  has  resigned  as  manager  of  sales  of  the 
Lytton  Manufacturing  Corporation,  to  become  identified  with  the 
Chicago  office  of  the  Builders  Iron  Foundry  of  Providence,  R.  I.,  manu- 
facturers of  Venturi  meters  and  special  recording  instruments. 


George  S.  Barker,  formerly  designing  draftsman  of  the  Niles- 
Bement-Pond  Company,  New  York,  has  accepted  the  position  of 
mechanical  engineer  with  the  Lucey  Manufacturing  Corporation,  Chat- 
tanooga, Tenn. 

Harry  O.  HAGSTROM-bas  become  affiliated  with  the  Elevator  Sup- 
plies Company.  Inc.,  Philadelphia.  Pa.  He  was  until  recently  con- 
nected with  the  Elevator  Supply  and  Repair  Company.  New  York,  as 
sales  engineer. 

GRAHAM  H.  Anthony  has  severed  his  connection  with  the  William 
L.  Gilbert  Clock  Company,  Winsted.  Conn.,  as  equipment  superintend- 
ent, to  take  a  position  with  The  Allen  Manufacturing  Company,  of 
Hartford.  Conn. 


Robert  W.  Ellingham  has  become  affiliated  with  The  Bilton 
Machine  Tool  Company,  Bridgeport.  Conn.,  a  new  corporation  formed 
by  the  consolidation  of  The  Standard  Manufacturing  Company  and 
The  Parsons  Foundry  Company.  Mr.  Ellingbam  was  until  recently 
connected  with  the  Remington  Arms  and  Ammunition  Company, 
Bridgeport.   Conn.,  in  the  capacity  of  assistant  superintendent. 


ANNOUNCEMENTS 

Percy  H.  Thomas  has  been  granted  a  patent  for  a  system  of  elec- 
trical distribution. 

Paul   Weeks   has   become   associated   with   the   Holt   Engineering 
Company,  of  Stockton,  Cal. 


Benjamin  C.  Shaw  has  accepted  a  position  with  the  Boston 
Duck  Company,  Bondsville,  Mass.  He  was  formerly  associated  with 
the  Warren  Cotton  Mills.  West  Warren,  Mass.,  in  the  capacity  of 
master   mechanic. 

Ernest  H.  Hawkins,  formerly  connected  with  the  Allis-Chalmers 
Manufacturing  Company,  Philadelphia,  Pa.,  has  become  associated 
with  the  purchasing  department  of  E.  I.  duPont  de  Nemours  and  Com- 
pany. Wilmington,  Del. 


Ralph  Blumenfeld  has  entered  the  employ  of  the  Bayonne  Steel 
Casting  Company,    Bayonne.   N.  J. 

Walter    J.    Warder.    Jr.,    has    accepted    a    position    with    Roth 
Brothers  and  Company,  Chicago.  111. 

Amasa  M.  Holcombe  has  accepted  a  commission  as  Captain  In  the 
Ordnance  Section  of  the  Officers'  Reserve  Corps,  U.S.A. 


Arthur  D.  Stancliff,  until  recently  associated  with  the  Hawk- 
eye  Portland  Cement  Company,  Des  Moines,  la.,  has  assumed  tlic 
duties  of  superintendent  of  the  Western  States  Portland  Cenipyif^fVmi- 
pany.  Independence.  Kan. 

Louis  H.  Mesker  has  become  affiliated  with  The  Cleveland  Mill- 
ing  Machine    Company,    Cleveland,    O.      He    was    until    recently    con- 


J.  M.  Spitzglass,  mechanical  engineer  of  Chicago,  111.,  has  be- 
come associated  with  the  Republic  Flow  Meters  Company  of  Chicago, 
111. 

Alexander  Engblom,  formerly  mechanical  superintendent  of  Sid 
ney  Blumenthal  and  Company,  Shelton,  Conn.,  expects  to  go  to  Sweden 
shortly. 
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W.  E.  Best  has  severed  his  connectiou  with  the  National  Cash 
Register  Company  of  Dayton,  O..  as  superintendent,  in  which  capacity 
he  served  for  the  past  tive  .years. 

.  J.  J.  Flatheu  is  one  of  six  professors  who  have  been  asked  by 
the  War  Department  to  act  as  a  scientific  research  board  for  the 
district  of  the  State  of  Minnesota. 

CoBNELius  T.  Myers  has  devised  a  "  tractive  factor  "  formula  for 
rating  motor  truclss.  This  formula  has  been  made  the  basis  of  govern- 
mental computations  on  truclis  and  tractors. 

Edmund  D.  Campbell,  of  St.  Louis,  Mo.,  has  been  commissioned  as 
Captain  In  the  Engineers'  Section  of  the  Officers'  Reserve  Corps,  and 
assigned  to  active  duty  at  Camp  Riley,  Kansas. 

Carlyle  D.  Bidwell,  mechanical  engineer  with  the  International 
Harvester  Corporation,  Akron,  O.,  has  been  transferred  to  Milwaukee, 
Wis.,  as  plant  engineer  of  the  Milwaukee  Works  of  the  company. 

William  F.  Di'ra.nd  and  Charles  P.  Steinmetz  have  been  elected 
members  of  the  American  Philosophical  Society.  Professor  Durand 
has  also  been  elected  a  member  of  the  National  Academy  of  Sciences. 

Dana  W.  Wilder,  of  Rochester,  N.  Y.,  has  been  ordered  to  Madi- 
son Barracks,  New  York,  with  recommendation  for  the  rank  of  Cap- 
tain in  the  Engineer  Officers'  Reserve  Corps,  from  the  War  Department. 

Clarence  E.  Hilton,  president  of  the  Bilton  Machine  Tool  Com- 
pany, Bridgeport,  Conn.,  has  been  elected  president  of  the  Manufac- 
turers' Association  of  that  city,  to  succeed  James  (i.  Ludlam.  resigned. 

William  D.  Ennis.  .since  1907  head  of  the  department  of  me- 
chanical engineering  in  the  Polytechnic  Institute,  Brooklyn,  N.  Y.,  has 
been  appointed  Major  of  the  Ordnance  Section,  Officers'  Reserve  Corps, 
under  date  of  May  5,  1917. 

Edwin  J.  Peirce,  .Tr.,  production  engineer  of  New  York,  has  re- 
turned from  a  trip  to  Kansas  City,  Mo.,  in  the  interests  of  the  Auto- 
matic Bookkeeping  Register  Company.  Mr.  Peirce  is  making  a  spec- 
ialty of  organizing  for  increased  production. 

Frederick  U.  Conard,  formerly  with  the  Jennings  Lace  Works. 
Brooklyn,  N.  Y.,  and  now  employed  by  the  Public  Service  Gas  Com- 
pany of  Newark,  N.  J.,  is  at  present  on  leave  of  absence  on  account 
of  military  duties.  He  holds  a  commission  as  Second  Lieutenant  in  the 
Engineer  Officers'  Reserve  Corps  and  is  stationed  at  Fort  Oglethorpe, 
Tenn. 

Charles  Whiting  Baker  has  retired  from  the  position  of  editor 
of  Entjineerinij  Xeics-Record  and  has  become  consulting  editor  of  the 
journal.  Frederick  E.  Schmitt,  who  was  associate  editor  of  Engi- 
neering News  from  1902  until  its  consolidation  with  Engineering 
Record  as  Engineering  Xews-Iiecord,  a  few  weeks  ago,  succeeds  Mr. 
Baker  as  editor 

John  P.  Fliipen;,  formerly  chief  engineer  of  the  C.  H.  Wheeler 
Manufacturing  Company,  Pittsburgh,  Pa.,  is  now  district  manager  of 
that  company's  interests  in  Western  Pennsylvania,  Ohio  and  West 
Virginia,  with  offices  in  Cleveland  and  Pittsburgh.  Mr.  Flippen  is 
operating  in  conjunction  with  the  Baker  Dunbar  Allen  Company,  con- 
tracting engineers. 

Fred.  A.  Geier,  president  of  the  Cincinnati  Milling  Machine  Com- 
pany, Cincinnati,  O.,  and  a  former  trustee  of  the  University  of  Cin- 
cinnati, has  made  a  gift  of  ¥25,000  to  the  University  which  will  be 
known  as  the  Fred.  A.  Geier  Students'  Loan  Fund.  The  annual  inter- 
est is  to  be  used  to  provide  loans  to  students  of  the  cooperative  engi- 
neering  course  who  need   financial  assistance. 

William  H.  Winteruowd,  assistant  chief  mechanical  engineer  of 
the  Canadian  Pacific  Railway,  has  just  returned  to  this  continent 
after  an  absence  abroad  of  over  3^2  months.  He  accompanied  George 
Bury,  .senior  vice-president  of  the  Canadian  Pacific  Railway  to  Rus- 
sia, which  was  visited  at  the  request  of  the  British  and  Russian  Gov- 
ernments in  connection  with  transportation  protilems. 


APPOINTMENTS 

Edward  Flad,  consulting  engineer,  of  St.  Louis,  has  beiMi  ap- 
pointed to  succeed  John  Kennish  on  the  Public  Service  Commission  of 
Missouri. 


Arthur  S.  Hawks,  formerly  assistant 
Sulzer  Bros-Diesel  Engine  Company,  St. 
pointed  chief  engineer  in  the  company. 


chief  engineer  of  the  Busch- 
Louis,    Mo.,    has    been    ap- 


JuLiAN  Kennedy,  Vice-President,  Am.Soc.M.E.,  of  Pittsburgh,  has 
been  appointed  a  member  of  the  State  Committee  on  Public  Safety  by 
M.  O.  Brumbaugh,  Governor  of  Pennsylvania. 

William  Smith  has  been  appointed  general  master  mechanic  of 
the  Brandywine  Works  of  the  Midvale  Steel  Company,  Coatesville,  Pa. 
He  was  formerly  associated  with  the  company  as  assistant  to  superin- 
tendent of  the  special  forge  department. 

I 

Charles  R.  Richards,  professor  of  mechanical  engineering  at 
the  University  of  Illinois,  and  head  of  the  department  since  1911,  has 
been  appointed  dean  of  the  College  of  Engineering  and  director  of  the 
Engineering  Experiment  Station  to  succeed  Dr.  W.  F.  M.  Goss,  who 
has  become  president  of  the  Railway  Car  Manufacturers'  Association. 


AUTHORS 

W.  Knight  is  the  author  of  an  article  on  Explanation  of  the  Fail- 
ures of  Materials,  which  appears  in  the  Ma.v  10  number  of  the  Ameti- 
can  Machinist. 


J.    Paul    Clayton    has    contributed 
Cooking  in  Small  Cities,  to  the  May  ,">  ii 
nnd   Weatern   Electrician. 


an    article    entitled    Electric 
sue  of  the  Electrical  Reriev 


William  T.  Donnelly  has  contributed  an  illustrated  article  on 
the  Problem  of  the  Wooden  Cargo  Ship,  to  the  May  issue  of  Interna 
tional  Marine  Engineering. 

C.  F.  HiRSHFBLD  presented  a  paper  on  Some  Low-Temperature 
Electrothermic  Processes  at  the  Detroit  convention  of  the  American 
Electrochemical  Society,  May  2  to  5. 

John  A.  Mathews  presented  a  paper  on  Comments  on  the  Elec- 
trieal  Steel  Industry  at  the  May  2  to  5  meeting  of  the  American  Elec- 
trochemical  Society,   held   In   Detroit.  Mich. 

Samuel  S.  Wyer  is  the  author  of  Electrolysis  Damages  from 
Single-Trolle.v  Electric  Railways  which  appears  in  Vol.  2.3,  No.  11  of 
Case  and  Comment,  The  I^awyer's  Magazine. 

H.  Cole  Estep,  editorial  director  of  the  Penton  Publishing  Com- 
pany, Cleveland,  O.,  addressed  the  Philadelphia  Foundrymen's  Asso- 
ciation, May  2,  on  The  Cleaning  of  Castings. 

Allen  F.  Brewer  is  the  author  of  an  interesting  article  in  the 
Engineering  yews-Record  for  April  19,  comparing  the  suitability  and 
cost  of  portable  frame  buildings  w'ith  canvas  tents  for  use  in  modern 
military  encampments. 

Richard  G.  Willia.ms  presented  a  paper  on  The  Grinding  Wheel — 
.\  Connected  Link  between  the  Electric  Furnace  and  the  Automobile, 
at  the  31st  general  meeting  of  the  American  Electrochemical  ."Society, 
held  in  Detroit.  May  2  to  ,'. 

Victor  W.  Zilen  is  the  author  of  an  article  on  Reversible  Steam 
Turbine  for  Driving  Locomotives,  which  appears  in  the  Ma.v  1  issue 
of  Power.  This  article  deals  with  the  preliminary  design  of  steam 
turbines  and  with  locomotive  turbine  performance. 

Claude  Hartford  has  contributed  articles  on  Up-to-Date  Method.s 
of  Selling  Steam,  and  the  New  Station  of  the  New  York  Steam  Com- 
pany, which  appear  in  the  April  issue  of  The  Heating-  and  VentUating 
Magazine  and  the  April  15  number  of  The  Bulletin  of  the  yational 
District  Heating  .issociation,  respectively.  He  is  also  the  author  of 
an  article  entitled  New  High-Pressure  Central  Steam  Plant,  which 
appears  in  the  February  0  issue  of  Power. 
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ALL  books  received  by  The  Journal  will  be  listed  under  this  heading,  generally  accompanied  by 
■*1  brief  descriptive  notes.  Works  of  special  importance  to  mechanical  engineers  ivill  be  com- 
mented on  at  length  by  members  and  others  peculiarly  qualified  by  reason  of  their  experience  and 
training. 


Engineering  Chemistry 

Kneinerrine  Chemistry.  By  Tbomas  B.  Stillman,  M.Si..  Ph.D., 
I.ate  Professor  of  Kngineering  Chemistry  In  the  Stevens  Instituti' 
of  Technology,  etc.  The  Chemical  Publishing  Co.,  Easton,  Pa.. 
HI16.     Cloth,  S%x.S^i   in.,  760  pp.,   150  illustrations.     $.'j. 

The  present  edition  of  Engineering  Chemistry  is  fully  up 
to  the  reputation  of  its  ancestors  and  is  a  fit  memorial  to  its 
noted  author.  Notable  improvements  over  the  previous  edi- 
tions are  fouiid  in  the  chapters  on  coal  and  coke,  asphalt  and 
paving  materials,  coal  tar  and  derived  oils,  and  gas  analysis. 

The  work  is  planned  primarily  for  tlie  use  of  analytical 
and  testing  laboratories,  tor  which  it  is  invaluable.  Although 
containing  only  7G0  pages,  it  gives  in  e.xcellent  form  methods 
for  testing  many  of  the  common  engineering  materials.  In 
addition  to  the  chapters  mentioned  above,  it  includes  methods 
for  iron  and  steel,  alloys,  cements,  building  materials,  oils,  lubri- 
cants, soaps,  paints,  paper,  and  water  for  industrial  i)urposes. 

The  general  treatment  of  the  various  subjects  may  well  be 
illustrated  by  tlie  chapter  on  coal  and  coke.  In  this  chapter 
there  is  given,  tirst,  in  brief  form,  the  technical  methods  of 
analysis  and,  then,  in  more  detail,  alternative  and  more  exact 
methods.  After  this  there  follow  notes  and  comments  on  the 
analytical  methods,  forms  for  reporting  the  analyses  and  tests, 
and,  finally,  specifications  of  large  consumers  of  the  various 
kinds  of  coal  or  coke.  The  determination  of  calorific  value  is 
described  in  a  most  satisfactory  manner. 

In  the  chapters  on  alloys  and  on  oils  and  lubricants,  Dr. 
Stillman  has  collected  a  great  deal  of  information  which  it 
would  be  dirticult  to  equal  in  another  work  of  the  same 
size.  These  chapters  will  be  appreciated  especially  by  those 
engineers  who  have  been  confronted,  for  example,  with  the 
necessity  of  detei'mining  quickly  the  composition  of  a  sample 
of  white  metal  or  of  detecting  the  presence  of  gj-ease  in  a 
lubricant  which  has  been  found   unsatisfactory. 

The  description  of  asphalt  and  pavement  materials,  and 
their  physical  and  chemical  examination,  has  been  so  ex- 
jianded  as  to  make  this  a  chapter  of  great  interest  to  municipal 
laboratories  and  highway  engineers.  The  various  asphalts  and 
mixtures,  methods  for  the  examination  of  bituminous  road 
materials,  and  the  essential  constituents  for  road  construction 
and  maintenance  are  discussed  in  considerable  detail. 

.Since  the  book  is  of  most  value  as  a  manual  for  the  labora- 
tory, it  is  not  surprising  that  the  author  has  found  impossible 
the  inclusion  of  lengthy  theoretical  discussions.  Usually,  only 
sufficient  general  descriptive  matter  is  given  to  familiarize  the 
chemist  with  those  properties  which  are  dependent  upon  com- 
jjositions  or  conditions  which  maj'  be  tested  for  in  the  labora- 
tory. While  the  effect  of  various  ingredients  on  the  hardness 
and  other  physical  properties  of  iron  or  steel  is  stated  clearly, 
we  have  found  no  mention  of  the  different  modifications  of 
ferrife. 

On  the  whole,  the  publication  is  a  most  valuable  one  and 
one  which  should  be  available  to  every  chemist  or  engineer 
interested  in  analytical  or  testing  work. 

t'H.-iRLES  L.  Reese. 


Steam  Boilers 

Steam-RoUers.  By  II.  lieB.  Parsons,  B.S.,  M.E.,  Consulting  Engineer., 
Member  of  the  Am.Soc.M.E.,  .\.S.C.E.,  Soc.  Naval  .\rch.  anil  Marine 
Engineers,  etc.  Longmans,  Green  &  Co.,  New  York,  1917.  Cloth, 
C  .-;  9  in.,  xvii  +  .'577  pp.,  157  illustrations.     $4  net. 

This  book  was  written  by  a  former  professor  of  engineering 
and  now  a  prominent  consulting  engineer  in  New  York  at 
first  as  a  series  of  lectures  to  his  pupils,  and  later,  by  certain 
changes,  as  a  general  book  on  boilers  and  collateral  matters, 
such  as  the  chemisti-j'  of  combustion,  fuels,  boiler  fittings, 
chimneys  and  other  means  of  creating  draft,  smoke  prevention, 
boiler  coverings,  etc.  The  first  edition  appeared  in  1903,  and 
the  edition  under  review  in  1917.  Its  purpose  is  to  give  its 
readers  some  general  ideas  concerning  the  matters  mentioned 
above  and  of  features  of  construction  of  the  various  common 
types  of  fire-tube  boilers.  Of  water-tube  boilers  there  is  very 
little  said,  "  because  the  manufacturers  of  such  boilers  issue 
complete  illustrated  descriptions  and  dimension  sheets." 

The  author's  aim  is  apparently  not  to  go  far  beyond  gener- 
alities, although  he  has  evidently  looked  closely  into  details  of 
construction,  etc.,  and  in  them  is  well  versed.  He  has  suc- 
ceeded well,  and  while  designers  of  boilers  seldom  look  into 
books,  except  the  A.S.M.Kl.  and  similar  Codes,  young  men  will 
find  the  book  very  helpful,  and  any  one  interested  in  the  sub- 
ject of  boilers  will  find  it  a  good  book  to  possess.  In  some 
respects  the  book  is  not  ap  to  date,  as  will  appear  below. 

The  diagrams  were  evidently  prepared  for  this  book,  and  it 
is  gratifying  that  they  are  not  taken  from  trade  catalogues. 

The  book  is  what  I  suppose  would  be  called  "  analytical," 
rather  elementary,  but  sutFiciently  advanced  for  most  purposes, 
and  the  illustrative  examples  are  well  worked  out.  The 
material  is  original  as  far  as  practicable  in  treating  such  a 
well-worn  subject. 

'i"he  early  pages  of  the  book  are  devoted  to  temperatures, 
specific  heat,  latent  heat,  factor  of  evaporation,  combustion, 
cause  and  prevention  of  smoke,  methods  of  tiring,  kinds  of 
fuel,  and  definitions  of  fuel,  combustible  and  efficiency. 

I  observe  that  the  statement  is  made,  as  it  is  by  many  per- 
sons besides  the  author,  that  a  large  combustion  volume  is 
necessary  for  good  results.  I  never  accepted  this  dictum  fully, 
for  I  have  found  that  corrugated-furnace  and  locomotive-type 
boilers  give  as  good  gas  analyses  as  others. 

Chapter  V  begins  with  a  general  definition  of  boilers  and 
the  distinction  is  made  between  "  boilers  "  and  "  generators," 
the  former  being  the  fire-tube  types  and  the  latter  the  more 
modern  devices  for  containing  water  in  tubes  and  drums. 
Here,  and  in  several  otiier  jjlaccs,  the  author  states  that  the 
"  generators  "  contain  less  water  than  the  "  boilers  "  in  propor- 
tion to  their  relative  horsepowers.  If  the  author  should  com- 
])ute  some  of  these  volumes  he  might  modify  these  statements. 
While  speaking  of  the  two  types,  the  author  calls  them,  except 
here  and  there,  "  fire  tubular  "  and  "  water  tubulai  "  instead 
of  the  more  common  fire-tube  and  water-lube. 

In  discussing  the  rating  of  boilers  I  think  the  author  at- 
taches   undue   importance    to    the    arrangements    of   surfaces. 
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He  speaks  of  tube  plates  of  boilers  not  being  very  effective 
heating  surface,  but  I  have  always  considered  such  plates  of 
fire-tube  boilers  nearest  the  firebox  as  immensely  effective. 

T  have  stated  that  in  some  particulars  the  book  is  not  up  to 
date.  Among  the  reasons  for  this  statement  are  the  engraving 
of  the  end  of  a  cylindrical  boiler  which  is  made  in  four  sec- 
tions and  a  central  patch  instead  of  a  head  in  one  piece ;  a  view 
of  a  horizontal  return-tubular  boiler  (Figs.  11  and  12)  with 
both  heads  flanged  in,  which  violates  the  principle  which  he 
lays- down  elsewhere  that  heads  should  be  so  placed  that  all 
joints  can  be  riveted  by  a  machine;  the  view  of  a  vertical 
boiler  (Fig.  15)  which  has  a  brick  ashpit,  and  a  cast-iron  plate 
under  the  base  or  mud  ring,  both  of  which  prevent  calking 
the  lower  joints  without  raising  the  boiler;  a  fire-door  opening 
formed  in  part  by  the  mud  ring  and  the  remainder  by  a 
forged  ring  solid  with  it;  the  reversed  flange  wide  and  flat, 
both  of  which  have  caused  disaster  in  many  cases ;  and  a  form 
of  smoke-box  covering  which  leaks  air  to  a  serious  extent. 
Present-day  construction  employs  a  cast-iron  ashpit  which, 
at  the  top,  is  narrower  than  the  mud  ring  and  thus  permits 
the  bottom  joints  to  be  calked  without  removing  anything. 
It  also  forms  fire-door  openings  by  flanging  the  plates  and 
permitting  the  water  to  surround  the  opening.  It  is  well  to 
mention  these  things  because  the  young  engineer  may  feel 
justified  in  copying  designs  shown  in  a  book  by  a  prominent 
author. 

It  would  have  been  well  in  discussing  the  submerged-tube- 
plate  vertical  boiler  (Fig.  14)  to  have  called  attention  to  the 
complicated  nature  of  the  stresses  in  the  upper  tube  plate  and 
cone,  the  bending  of  the  former  when  subjected  to  the  test 
pressure,  and  the  best  manner  of  staying  the  cone.  It  may  be 
well  to  call  attention  to  the  depth  and  double  riveting  of  the 
mud  ring  in  this  figure,  both  of  which  are  never  employed 
except  in  some  very  large  boilers,  and  then  probably  witliout 
suflScient  reason. 

A  curious  error  in  detail  of  boiler  construction  is  given  in 
Fig.  13,  p.  81,  in  which  the  lower  tube  plate  of  a  vertical 
boiler  is  flanged  outside  of  the  firebox  inner  plate. 

In  describing  the  different  methods  of  supporting  boilers  it 
would  have  been  well  to  have  dwelt  upon  the  imjiortance  of 
supporting  all  shell  boilers  at  two  points  in  the  length,  and 
mentioned  that  any  such  boiler  regarded  as  a  girder,  is  sub- 
jected to  only  an  insignificant  stress  from  its  weight  if  sup- 
ported only  at  the  ends.  Mr.  Woolson's  elegant  three-point 
metliod  is  described  but  insufficiently  praised.  The  method  of 
supjjorting  Lancashire  boilers  is  that  generally  used,  viz.,  by 
employing  several  sujaporting  cradles;  but  even  that  boiler, 
long  as  it  is,  should  rest  on  only  two  points.  This  method  is 
employed  in  the  Galloway  boiler  shown  in  Fig.  19. 

There  is  very  little  to  be  said  concerning  matter  relating  to 
marine  boilers  as  that  is  orthodox,  but  it  would  have  been  well 
to  mention  the  great  diameters,  great  thicknesses  of  plates,  and 
high  pressures  employed  at  the  present  time,  as  for  instance 
on  the  Aquitania  and  the  new  Britannic — recently  sunk. 

Reference  is  made  several  times  to  good  steaming  boilers, 
but  to  me  it  has  always  seemed  as  if  a  good  steaming  boiler 
is  one  that  is  large  for  its  work,  or  that  has  a  very  strong 
draft. 

The  chapter  on  chimney  draft  is  useful,  but  it  would  have 
been  more  logical  to  place  it  in  another  part  of  the  book 
rather  than  between  the  descriptions  of  boilers  and  the 
materials  of  their  construction. 

The  chapter  on  Materials  is  good  and  the  A.S.M.E.  Code 
is  here  made  use  of.  In  this  chapter  it  is  stated  that  "  Many 
boilers  have  been  exploded  by  permitting  water  to  collect  on 


top  of  cast-iron  stop  valves."     Is  it  possible  that  this  is  true? 

In  the  chapter  on  Boiler  Details  the  use  of  the  elastic  limit 
instead  of  the  ultimate  strength  of  plate  in  determining  the 
thickness  is  advocated,  which  is,  of  coursL,  correct.  The  late 
Mr.  Leavitt  is  the  only  engineer  that  I  have  ever  known  to  use 
this  method.  The  boiler  braces  shown  on  pp.  200-201  have 
the  usual  defects  of  being  able  to  straighten  out  where  bent, 
and  bringing  most  of  the  stress  on  one  rivet. 

The  matter  relating  to  riveted  joints  is  deficient  in  illus- 
trating a  defective  and  obsolete  type  of  joint  in  Fig.  75,  and 
in  not  pointing  out  the  defect  of  the  prevailing  type  of  butt 
joint  used  in  this  country,  viz.,  that  of  having  a  narrow  strap 
on  one  side  of  the  joint  and  a  wide  one  on  the  other.  The 
defect  is  that  the  joint  is  non-central  resisting,  and  therefore 
one  which  bends  under  stress,  causes  the  plate  to  crack,  and  is 
likely  to  cause  explosions.  Tests  of  joints  and  experience 
show  this.  Nor  is  the  advantage  of  butt  joints  with  the  straps 
of  equal  widths  and  all  rivets  in  double  shear  in  doing  away 
with  these  defects  mentioned. 

It  is  gratifying  to  see  that  drilling  holes  from  the  solid  is 
advocated,  and  I  feel  that  this  and  the  use  of  butt  joints  with 
all  rivets  in  double  shear  are  sure  to  be  features  of  American 
boiler  practice  in  the  near  future. 

I  am  glad  to  see  that  the  author  condemns  domes  on  sta- 
tionary boilers  as  being  useless  and  sources  of  weakness.  I 
should  advocate  condemning  brazed  copper  steam  pipes,  as 
they  have  caused  several  severe  explosions. 

Under  the  head  of  Boiler  Fittings  the  down-draft  grate  is 
described  and  it  is  stated  that  for  grates  of  equal  area  the 
capacity  of  a  down-draft  grate  is  greater  than  that  of  an  up- 
draft.  This  is  doubtful,  inasmuch  as  in  the  latter  the  fire  is 
drawn  away  from  the  fresh  coal,  and  not  through  it. 

The  chapter  on  Mechanical  Stokers  is  seriously  defective 
because  it  gives  nothing  about  the  widely  used  underfed 
stokers  known  as  the  Taylor,  Riley,  Westinghouse,  Combustion 
Engineering  Go's.  Type  E,  and  Jones,  nor  any  illustrations  of 
chain  grates  which  are  so  efficient  in  burning  the  western  high 
volatile  coals.  Neither  does  it  mention  pulverized  coal  suffi- 
ciently, which  has  so  recently  become  prominent  and  bids  fair 
to  be  of  immense  importance  to  the  railroads  in  utilizing  the 
poorest  coals  and  lignite,  and  in  maintaining  steady  steam 
pressure. 

The  matter  on  Artificial  Draft,  Incrustation,  Corrosion, 
General  Wear  and  Tear,  and  Explosions  does  not  call  for 
special  mention,  but  it  is  gratifying  that  a  book  now  states 
that  "  Explosions  occur  when  the  steam  pressure  exceeds  the 
restisting  strength  of  the  metal  structure,"  instead  of  attribut- 
ing them  to  mysterious  causes. 

Other  matter  relating  to  Chimney  Design,  Smoke  Preven- 
tion, Testing  Boilers,  Boiler  Trials,  Boiler  Coverings,  Care  of 
Boilers,  and  Superheaters  is  good. 

F.  W.  Dean. 


stresses  in  Wire-Wrapped  Gius  and  in  Gun  Carriages.  By  Lieut. -Col. 
Golden  L'H.  Ruggles.  John  Wiley  &  Sons,  Inc.,  New  York,  1916. 
Cloth.  6x9  in,  259  pp.,  94  illustrations.     $3. 

This  work,  which  explains  a  number  of  the  imiMiitant  engi- 
neering principles  underlying  the  design  of  wire-wrapped  guns 
and  of  gun  carriages,  was  originally  prejiared  for  the  use  of 
the  cadets  of  the  U.  S.  Military  Academy.  Its  chapters  deal 
successively  with  elastic  strength  of  wire-wrajiped  guns; 
determination  of  the  forces  brought  upon  the  principal  parts 
of  the  3-inch  field  carriage  and  a  disappearing  gun  carriage 
by  the  discharge  of  the  gun  ;  stresses  in  parts  of  gun  carriages; 
toothed  gearing;  counter  recoil  springs. 


G.  W.  Galbraith.  Yice-Chairman 


John  T.  Faig,  SEcaRETAKY-TBEASURER 


Fred  A.  Geier.  Chairman 
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WHILE  not  exaetly  logical  to  begin  an  account  of  tbe 
1917  Spring  Meeting  in  Cincinnati  with  a  statement 
of  tlie  resolutions  made  in  favor  of  the  Cincinnati  Local 
Committee  at  the  close  of  the  meeting,  these  resolutions  so 
adequately  express  the  sentiment  of  the  gathering  that  per- 
haps the  illogie  may  be  excused.     The  resolutions  follow : 

Whekeas,  The  American  .Society  of  Mechanical  Engineers,  as- 
sembled in  convention  May  21  to  2-1.  1917,  at  Cincinnati,  Ohio 
has  received  a  most  cordial  and  spontaneous  welcome  from  the 
members  and  friends  of  the  Society  in  Cincinnati  and  vicinity : 
and  has  enjoyed  the  splendid  cooperation  and  support  of  the  local 
committees,  through  their  tireless  efforts  on  behalf  of  the  Society. 
and  their  faultless  preparation  for  the  meeting,  without  which 
a  convention  of  so  marlied  a  degree  of  excellence  would  have 
been   impossible ;   and 

Whebeas,    The    visiting    members    and    guests    have    been    the 
recipients  of  a  remarkably  diversified  and  delightful  entertainment 
bountifully   provided   on   every  occasion,   and   have   h:id   the   oppor- 
tunity to  view  many  of  the  indus- 
trial  wonders  and   other  notable 
attractions    of    this     remarkable 
center : 

Be  it  Resolved,  That  on  be- 
half of  the  Society  and  of  the 
visiting  members  and  guests,  a 
vote  of  thanks  be  extended  to  all 
who  have  participated  in  these 
substantial  evidences  of  friend- 
ship and  goodwill,  with  the  as- 
surance that  such  a  formal  reso- 
lution is  but  a  poor  and  outward 
symbol  of  the  deep  sense  of  grati- 
tude which  each  visitor  person- 
ally feels.  Further,  that  the  Sec- 
retary be  instructed  to  extend  the 
thanks  and  appreciation  of  the 
Society,  by  written  letter,  to  the 
local  Executive  Committee  and 
the  other  local  committees. 

Those  who  were  so  fortunate 
as  to  be  able  to  attend  the 
meeting  will  testify  that  these 
resolutions  are  in  nowise  over- 
drawn. The  Society  did  receive 
a  most  cordial  and  spontaneous 
welcome,  the  visiting  members 
and  guests  being  the  recipients 
of  a  delightful  entertainment. 
Evidences     of     goodwill     were 

many,  and  the  meeting  was  a 

complete   success   both   from   a 
professional    and    social    point  of  view. 

The  headquarters  was  at  the  Hotel  Sinton,  and  the  total 
registration  at  the  convention  was  868,  of  which  410  were 
members  and  4.58  guests.  This  was  by  far  the  largest  attend- 
ance at  any  Spring  Meeting  the  Society  has  yet  held.  The 
registration  of  members  at  the  last  six  spring  meetings  is 
strikingly  compared  on  the  chart  on  this  page,  and  shows  the 
Cincinnati  attendance  far  and  away  in  the  lead,  in  s]iite  of 
the  present  national  emergency  exercising  great  restrictions 
on  the  time  of  professional  men. 

The  exceptional  attendance  w-as  no  doubt  largely  attributa- 
ble to  the  inclusion  of  sessions  on  munitions  manufacture  in 
the  professional  program.  So  many  mechanical  engineers 
and  manufacturers  throughout  the  country  are  expecting 
shortly    to    concentrate    their    whole    efforts    upon    munitions 
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work,  and  so  many  took  advantage  of  the  exccplioual  opi^or- 
tunity  offered  to  benefit  by  the  experience  of  those  who  have 
been  devoting  their  energies  to  this  class  of  work  for  nearly, 
three  years. 

Another  contributing  factor  to  the  large  attendance  was  the 
holding  of  a  joint  session  with  the  National  Machine  Tool 
Builders'  Association.  This  is  the  first  time  such  a  session  has 
ever  been  held.  The  presence  of  the  Machine  Tool  Builders 
in  convention  at  the  same  headquarters  and  at  the  same  time 
as  the  Society  contributed  no  small  part  to  the  success  of  our 
meeting. 

The  remarkable  success  of  the  Spring  Meeting  in  all  its 
features,  however,  must  be  directly  attributed  to  the  broad 
vision  of  the  Cincinnati  Committee,  the  systematic  way  in 
which  its  plans  were  laid,  and  the  untiring  efforts  of  its  mem- 
bers in  the  execution  of  these  plans.     The  members  of  tbe 

Executive  Committee  for  The 
American  Society  of  Mechan- 
ical Engineers  were  F.  A. 
Geier,  Chairman;  G.  W.  Gal- 
braith,  J.  T.  Paig,  W.  G.  Franz 
and  George  Langer;  and  for 
the  National  Machine  Tool 
Builders'  Association,  J.  B. 
D  o  a  n  ,  Chairman ;  A.  H. 
Teuciiter,  F.  A.  Geier,  C.  Wood 
Walter.  A  large  number  of 
sub-committees  were  appointed, 
all  of  which  deserve  the  great- 
est credit  for  the  perfection  of 
detail  in  the  conduct  of  the 
meeting.  The  Entertainment 
Committee,  consisting  of  H.  M. 
Norris,  Chairman ;  A.  J.  Baker 
and  A.  A.  Thayer,  were  con- 
stantly on  the  alert  to  see  that 
no  act  should  be  omitted  which 
would  contribute  to  the  pleas- 
ure of  the  guests.  An  account 
of  the  various  entertainments 
will  be  found  in  the  Society 
Affairs  Section  of  this  issue. 

The  social  events  began  with 
an  informal  reception  on  Mon- 
day evening  in  the  ballroom  of 
the  Sinton.  with  an  address  of  welcome  by  the  Mayor  of  Cin- 
cinnati and  reply  by  President  Hollis,  followed  by  stereopticon 
views  and  dancing.  The  big  social  event  for  the  members  was 
the  smoker  on  Tuesday  evening,  at  which  they  were  patriot- 
ically greeted  at  the  Business  Men's  Club  by  the  "  Spirit  of 
'76,"  and  conducted  to  the  assembly  hall  transformed  to  i-ejire- 
sent  Losantiville.  the  Cincinnati  of  pioneer  days,  but  mod- 
ernized by  brilliant  kaleidoscojjic  lights.  The  evening's  enter- 
tainment consisted  of  no  less  than  eighteen  numbers,  conclud- 
ing with  the  very  gracious  presentation  by  the  Local  Committee 
of  a  choice  piece  of  Rookwood  pottery  to  President  Hollis. 

The  delightful  boat  ride  on  the  river,  the  recei  tiou  at  the 
Country'  Club  and  the  excursions  to  various  institutions  of 
the  city  and  many  of  the  modem  manufacturing  plants,  all 
were    greatly    enjoyed.      Further,    Cincinnati's    two    dramatic 
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schools  botli  contributed  entertainments  which  will  long  remain 
in  the  memory  of  those  who  were  so  fortunate  as  to  witness 
their  performances. 

The  jirofessional  program  arranged  for  seven  professional 
sessions — two  munitions  sessions,  one  machine-shop  session,  one 
gas-power  session,  one  industrial-safety  session,  one  general 
session,  and  one  joint  session  with  the  National  Machine  Tool 
Builders'  Association.  On  account  of  the  lively  interest  de- 
veloped in  the  munitions  sessions,  these  were  ultimately 
expanded  into  three  sessions. 

The  joint  session  with  the  National  Machine  Tool  Builders' 
Association  was  a  noteworthy  e\ent  arranged  by  the  Local 
Committees  to  show  tlie  consideration  which  is  being  given  in 
Cincinnati  to  the  humanitarian  side  of  engineering.  The  ad- 
dresses were  by  Dean  Herman  Schneider,  the  exponent  of  the 
cooperative  system  of  education  so  successfully  developed  at 
the  University  of  Cincinnati;  and  by  Dr.  Otto  P.  Geier, 
medical  director  of  the  Cincinnati  Milling  Machine  Company, 
dealing  with  the  work  of  the  socially  minded  physician  in  in- 


dustry. Both  addresses  touched  a  high  plane  and  were  an 
inspiration  to  the  audience  which  filled  the  large  ballroom  of 
the  Hotel  Sinton.  This  joint  session  was  followed  by  a  timely 
motion-picture  exhibition,  arranged  by  Machinery,  showing  the 
))rocesses  of  manufacture  of  9.2-in.  shells. 

As  usual  at  the  Spring  Meeting,  the  sections  of  the  Society, 
through  their  representatives,  showed  themselves  to  be  very 
much  alive,  and  enthusiastic  conferences  were  held  at  which 
there  were  membere  in  attendance  from  eighteen  different 
cities. 

The  CinciDnati  Committee  prepared  a  complete  program  of 
the  professional  and  entertainment  features  for  our  own  So- 
ciety and  for  the  National  Machine  Tool  Builders'  Association. 

In  what  follows  is  given  a  running  account  of  the  profes- 
sional sessions  with  abstracts  of  such  parts  of  the  discussion 
as  it  is  believed  will  be  of  greatest  interest  to  the  membership, 
while  additional  notes  will  be  found  in  the  Society  Affairs 
Section.  The  professional  papers  have  already  appeared  in 
the  May  issue  of  The  Journal. 


MACHINE  SHOP  SESSION,  TUESDAY  MORNING 


THE  Machine  Shop  Session  was  called  to  order  by  Howard 
P.  Fairfield,  Secretary  of  the  Sub-Committee  on  Machine 
Shop  Practice,  for  the  presentation  and  discussion  of  three 
important  papers :  A  Foundation  for  Machine  Tool  Design  and 
Construction,  by  A.  L.  De  Leeuw;  Machine  Shop  Organization, 
by  Fred  G.  Kent,  and  Metal  Planers  and  Methods  of  Produc- 
tion, by  Charles  Meier. 

The  session  was  well  attended,  a  number  of  the  recognized 
authorities  on  machine-tool  design,  construction  and  operation 
being  in  the  audience,  as  well  as  many  of  the  prominent 
machine-tool  builders  in  Cincinnati,  and  the  discussion  was 
very  representative  and  brought  out  many  points  of  value. 

As  was  anticipated,  Mr.  De  Leeuw's  paper  in  particular, 
embodying  a  questionnaire  upon  matters  which  should  be 
settled  before  the  design  of  machine  tools  can  proceed  in  a 
thoroughly  scientific  manner,  brought  out  the  largest  volume 
of  discussion  of  the  three  papers  and  occupied  most  of  the 
session. 


MR.   DE    LEEUW   EMPHASIZES   THE   NEED   FOR    RESEARCH    IN 
CUTTINCr  METALS 

In  presenting  his  paper,  A.  L.  De  Leeuw  said  that  in  it  he 
tried  to  call  attention  to  the  fact  that  one  of  our  biggest 
industries,  the  machine-tool  industry,  was  not  based  on  scien- 
tific principles,  and  yet  it  seemed  that  a  scientific  foundation 
would  be  perfectly  possible.  All  the  branches  and  all  the 
phenomena  of  the  cutting  of  metals  could  be  reduced  to  mathe- 
matics, and  this  paper  called  attention  to  the  fact  that  no 
branch  of  engineering  progressed  with  any  rapidity  or  cer- 
tainty unless  its  facts  and  data  were  reduced  to  mathematics. 
Perhaps  one  of  the  reasons  why  the  cutting  of  metals  had  not 
progressed  along  scientific  lines  was  because  it  had  been  done 
for  so  long  and  by  so  many  people. 

The  author  further  pointed  out  that  the  foundation  for  the 
design  and  construction  of  machine  tools  w'ould  probably  lead 
to  very  important  results.  Some  action  should  be  taken  to- 
ward the  establishing  of  this  foundation,  and  he  hoped  it  might 
be  taken  under  the  auspices  of  the  Society. 

What  was  immediately  needed  was  a  research  into  the  func- 
tions and  actions  of  the  cutting  tool,  the  action  of  the  cutting 
lubricant,  etc.     Experiments  already  made  by  him  were  out- 


lined in  the  paper,  and  suggested  lines  of  further  experimenta- 
tion were  indicated. 

The  paper  was  discussed  by  Albert  Kingsbury,  H.  Wade 
Hibbard,  R.  Poliakofif,  A.  Lewis  Jenkins,  Leon  P.  Alford, 
Frederick  A.  Waldron,  Carl  G.  Barth,  Arthur  J.  Baker,  Charles 
Fair,  Luther  D.  Burlingame,  Ralph  E.  Flanders  and  Richard 
T.  Wingo,  -        ,    :.  :. 

Albert  Kingsbury  contributed  a  written  discussion  of  the 
action  of  lubricants  on  metal-cutting  tools,  in  which  he  said 
that  it  was  very  well  known  that  a  proper  lubricant  applied 
to  tools  when  cutting  tough  metals  improved  the  cutting,  but 
it  was  not  obvious  how  the  lubricant  acted,  since  the  cutting 
edge  of  the  tool  was  apparently  buried  in  the  metal,  and 
therefore  it  was  not  readily  seen  how  the  lubricant  could  reach 
the  cutting  edge. 

He  had  made  an  experimental  study  of  this  question  about 
the  year  1895.  A  mild-steel  bar  was  mounted  in  a  lathe,  held 
by  chuck  and  center  rest,  and  was  cut  by  a  parting  tool  with 
one  side  flush  with  the  end  of  the  bar.  A  microscope  magnify- 
ing about  30  diameters  was  placed  for  examination  of  the  chip 
during  formation.  The  bar  was  rotated  very  slowly  by  using 
the  back  gear  and  pulling  the  belt  by  hand. 

Figs.  1,  2  and  3  showed  roughly  successive  stages  of  forma- 
tion of  the  chip.  The  most  important  phenomenon  was  the 
fact  that  a  crack  in  the  metal  preceded  the  cutting  edge  of 
the  tool  at  all  times.  The  crack  began  at  the  point  C  in  Fig. 
1;  it  extended  in  substantially  the  direction  of  the  finished 
surface  of  the  work,  as  in  Fig.  2,  up  to  a  certain  point  where 
it  suddenly  turned  outward  about  45  deg.  as  in  Fig.  3.'  This 
action  was  cyclical,  beginning  again  when  the  point  C  reached 
the  cutting  edge.  The  successive  surfaces  of  these  cracks 
formed  the  finished  surface  of  the  work,  if  the  tool  was  sharp, 
thus  giving  the  well-known  cross-banded  appearance  of  the 
tool  marks;  but  if  the  tool  was  dull  there  was  more  or  less 
rubbing  of  the  tool  over  the  surface  after  the  cracks  were 
formed,  altering  the  appearance  of  the  surface  very  noticeably. 
Oil  being  applied  to  the  work,  as  the  crack  extended  the  oil 
was  seen  to  flow  into  the  crack,  the  flow  being  made  evident 
by  the  motion  of  minute  particles  of  steel  suspended  in  the  oil. 


'  Similar   descriptions   of   the   formation   of   the   chip   are   given   In 
Trans.  Am.Soc.M.E..  vol.  28,  p.  75  and  p.  333. 
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Thus  the  oil  was  enabled  to  reach  the  top  surface  of  the  tool, 
even  to  the  cutting  edge.  The  principal  effect  of  the  lubricant 
appeared  to  lie  in  the  reduction  of  friction  on  the  top  face 
of  the  tool;  this  increased  the  frequency  of  the  cyclical  break- 
ing of  the  cliip,  shortened  the  chip  segments  and  reduced  the 
length  of  the  cracks  in  advance  of  the  cutting  edge,  and  thus 
made  the  finished  surface  smoother. 

This  phenomenon  explained  several  facts  regarding  the  lu- 
brication of  cutting  tools,  well  known  to  machinists,  as  fol- 
lows: 

a  Good  lubricants  of  rather  high  viscosity,  such  as  lard  oil, 
were  very  effective  when  the  cutting  speed  was  slow,  as  in  tap- 
ping and  reaming  by  hand,  but  if  the  cutting  speed  was  high, 
as  in  high-speed  milling  and  drilling,  lubricants  of  very  low 
viscosity,  such  as  soda  water  or  soap  and  oil  emulsions,  were 
more  effective.  The  lubricant  was  forced  into  the  vacuum  in 
the  crack  mainly  by  atmospheric  pressure  (capillarity  prob- 
ably being  secondary  if  the  cutting  speed  was  high).     There- 


FiG.  1  Fig.  2  Fig.  3 

Figs.  1  to  3     Successive  Stages  in  Formation  op  Chip 

fore,  if  the  viscosity  of  the  lubricant  was  high  the  cracks  might 
not  be  filled  fast  enough. 

b  In  the  case  of  a  parting  tool  cutting  off  a  bar,  the  tool 
lubricated  well  at  the  beginning  of  the  cut,  but  not  when  the 
cut  became  deeper.  In  the  deep  cut  the  chip  was  "  upset " 
and  filled  the  slot,  and  therefore  the  lubricant  could  not  read- 
ily enter  the  cracks  from  the  sides  of  the  cut.  It  had  been 
found  efficacious,  in  large  work,  therefore,  to  use  two  tools 
simultaneously  in  parting  or  slotting  cuts,  the  leading  tool  be- 
ing narrower  than  the  following  tool;  thus  both  tools  were 
fairly  lubricated,  the  leading  tool  from  both  edges,  and  the 
following  tool  from  one  edge  of  each  of  its  two  narrow  chips. 

c  In  finishing  cuts  with  broad  tools,  the  lubricant  must 
penetrate  the  cracks  for  long  distances;  thus  it  was  necessary 
to  run  slowly  and  to  use  thin  lubricants  such  as  kerosene  or 
turpentine.  More  viscous  lubricants  might  be  used  if  the  speed 
of  cutting  were  exceedingly  slow.  There  must  be  sufficient 
time  for  the  lubricant  to  flow  in  the  cracks  from  the  edges  to 
the  center  of  the  cut. 

d  In  slab  milling,  etc.,  it  was  found  advantageous  to  notch 
the  cutting  edges  at  frequent  intervals;  this  broke  the  wide 
chips  into  narrow  ones  and  thus  favored  the  entrance  of  the 
lubricant. 

e  In  general,  the  more  viscous  lubricants  were  used  only 
for  slow  speeds  or  narrow  cuts,  the  less  viscous  for  higher 
speeds  or  wider  cuts.  Even  a  poor  lubricant,  if  it  flowed  read- 
ily enough  to  penetrate  the  cracks  rapidly,  was  more  effective 
than  a  good  lubricant  which  was  too  slow  in  getting  to  the 
spot  where  it  might  be  effective. 

H.  Wade  Hibbard  said  that,  as  in  thermodynamics,  the 
fundamental  consideration  in  machine  designing  was  the  ulti- 
mate constituency  of  matter.     In  a  piece  of  steel  there  were 


millions  of  atoms  held  in  relation  to  each  other  by  "  springs  " 
— forces  of  cohesion  and  repulsion.  If  this  piece  of  steel  were 
heated,  the  forces  that  tended  to  separate  the  atoms  were 
increased;  if  cooled,  these  same  forces  were  diminished.  To 
make  a  study  of  how  to  cut  a  piece  of  steel,  one  must  consider 
what  was  being  done  with  these  "  springs "  connecting  the 
atoms  together. 

All  the  forces  applied  to  a  piece  of  steel  in  cutting  it,  or  in 
testing  it,  as  Mr.  De  Leeuw  had  shown  in  his  diagram  of  the 
tension  test  of  a  piece  of  steel,  could  be  resolved  into  just  two 
kinds  of  forces,  the  normal  forces,  plus  or  minus,  and  tl>e 
tangential  forces,  either  plain  shear  or  rotating  shear. 

"  Upon  this  theory  of  the  ultimate  constituency  of  matter, 
and  the  forces  which  hold  atoms  together,"  continued  Professor 
Hibbard,  "  some  of  the  things  that  puzzle  us  in  machine-tool 
designing  are  made  more  clear.  For  example,  the  author  asks, 
'  When  we  turn  up  a  narrow  disk  by  means  of  a  square-nosed 
turning  tool,  of  which  the  width  is  gxeater  than  the  width  of 
the  disk,  is  the  action  of  removing  the  chip  purely  a  matter 
of  tension  ?  Or,  if  not,  what  is  it  ?  '  No,  it  is  not  purely  a 
matter  of  tension,  because  according  to  the  above  reasoning 
both  normal  and  tangential  forces  are  acting  on  the  '  springs  ' 
holding  the  atoms  together.  Also,  '  What  is  the  nature  of  the 
lamination  of  the  chip?'  Its  nature  is  almost  purely  the  ac- 
tion of  the  tangential  force  upon  those  '  springs '  holding  two 
adjacent  layers  of  atoms  together. 

"  '  We  do  not  see  at  the  present  time  how  it  is  possible  for 
the  lubricant  to  influence  the  size,  yet  that  it  does  do  this  has 
been  observed  a  great  many  times,'  the  author  states  later. 
That,  I  believe,  if  we  think  of  these  two  kinds  of  forces,  the 
normal  and  the  tangential,  means  that  by  lubricating  the  top 
of  the  tool  we  reduce  the  normal  force,  necessarily.  In  other 
words,  we  reduce  the  compression  of  the  chip  in  the  direction 
of  the  length  of  the  chip,  and  that,  of  course,  has  its  effect 
upon  the  size  of  the  turned  part  which  is  left,  after  the  part 
has  been  turned  by  the  tool." 

R.  Poliakoff'  said  that  in  Par.  32  the  author  referred  to 
a  tool  which  was  shown  in  Fig.  4,  and  obsei-ved  that  that  tool 
after  it  had  been  used  began  to  show  scratches.  Now,  he  did 
not  know  what  was  the  plan  of  the  tool,  whether  it  had  a 
round  edge  or  not,  but,  if  so,  the  scratches  might  be  attributed 
to  the  fact  that  in  leaving  the  work  internal  friction  was 
developed  among  the  elements  of  the  chips,  which  caused 
them  to  rotate,  one  against  another,  and  in  this  way  to 
scratch  the  tool.  He  had  started  some  experiments  along 
this  line,  but  had  to  abandon  them  when  he  came  to  the 
United  States,  but  he  hoped  sometime  to  continue  them.  It 
would  be  better,  perhaps,  just  to  drill  out  the  top  of  the  tool, 
instead  of  making  it  flat,  which  would  give  a  better  tool,  and 
also  one  that  would  take  less  power. 

Regarding  the  circular  tool,  described  in  Par,  35,  he  be- 
lieved Mr.  De  Leeuw  originated  that  tool  some  two  and  a 
half  years  ago.  He  did  not  know  how  much  experimenting 
had  been  done  on  the  tool  in  this  country,  but  as  soon  as  he 
had  read  about  it  he  had  made  one  on  the  same  lines,  and 
'  wanted  to  exijeriment  with  it,  but,  unfortunately,  was  obliged 
to  go  away.  However,  in  a  remote  factory  in  the  Ural  Moun- 
tains they  did  make  a  tool  similar  to  that  shown  by  Mr, 
De  Leeuw,  and  they  found  that  it  gave  them  a  great  savuig. 

He  thoroughly  agreed  with  what  the  author  said  under 
the  head  of  "  Suggested  Lines  of  Experimentation,"  but  could 
easily  see  some  objections  from  the  so-called  practical  view- 
point—  from   the   point   of   view   of   the    piactical   shop   man. 


*  Technical  Institute  of  Mo.scow.  Russia. 
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As  Mr.  l^e  Leeuw  suggested,  if  such  low  speeds  were  taken, 
the  ordinary  shop  man  would  say.  "that's  all  right."  It 
might  be  all  right  in  theory,  but  liow  about  the  practice.  Per- 
haps the  practical  conditions  would  be  quite  diti'erent.  In 
connection  with  this,  he  wanted  to  mention  that  very  little 
in  the  way  of  experimental  data  had  been  published  along 
these  lines  of  cutting,  especially  as  compared  with  the  ordin- 
ary shop  jjractice.  Edward  Herbert,  however,  had  been 
working  alone  these  same  lines  for  some  time,  had  pub- 
lished some  results  which  were  very  interesting  with  reference 
to  the  finishing  cut,  and  had  shown  that  the  tool  failed  in 
a  different  way  from  what  it  did  on  the  ordinary  roughing 
cuts.  When  Mr.  Herbert  presented  his  valuable  paper  on  this 
subject  about  four  years  ago,  he  had  to  encounter  this  same 
objection  of  impracticability  on  the  part  of  the  shop  man. 
In  order  to  meet  this  objection  to  a  certain  extent.  Professor 
Poliakoff  started  some  experiments  on  the  finishing  tool  from 
the  jiractical  view  of  the  shop  man.  and  under  the  ordinary 
shop  conditions,  and  had  found  that  the  result  of  his  esjjeri- 
ments  exactly  corresponded  with  Mr.  Herbert's  under  ordinary 
conditions  of  speed.  These  results  were  ]jrinted  in  a  pai>er 
about  two  years  ago. 

In  Par.  .30,  it  was  stated  by  the  author  that  the  results 
should  be  in  the  direction  of  the  saving  of  power.  As  to  this, 
he  would  say  that  a  Russian  professor,  Mr.  Simon,  had  ex- 
perimented along  these  lines,  and  published  the  results  of  his 
investigations  about  three  or  four  years  ago;  they  showed. 
or  tended  to  show,  that  with  different  lubricants  the  eon- 
sumption  of  power  was  different,  other  conditions  being  the 
same.  While  a  saving  in  power  might  not  always  be  neces- 
sary, yet  by  diminishing  the  power  required,  the  strain  on 
the  machine  would  be  decreased.  So  that  the  investigation 
of  the  lubricants  used  in  cutting  was  naturally  of  very  great 
importance." 

A.  Lewis  .Jenkins  said  that,  at  the  suggestion  of  Mr.  De 
Leeuw,  about  three  years  ago  a  set  of  stationary  cup-shaped 
lathe  tools,  similar  to  the  tools  shown  in  Fig  6  in  the  paper, 
was  made  at  the  University  of  Cincinnati.  Something  like 
600  tests  were  made  to  compare  the  power  required  for  the 
De  Leeuw  tool,  as  they  called  it,  with  a  standard  Taylor  tool 
made  by  the  0.  K.  Tool  Company. 

The  cutting  angles  were  varied  from  16  to  90  deg. ;  the 
diameters  of  the  tools  were  varied  from  1.2.5  to  1.4  in.,  and 
the  work  specimen  was  a  piece  of  steel  4  in.  in  diameter  and 
30  in.  long.  The  machine  employed  was  the  LeBlond  •21-in. 
all-geared-head  lathe. 

The  tests  were  made  by  using  a  cradle  dynamometer,  and 
after  taking  the  readings  for  one  tool  at  a  given  feed,  depth 
and  speed  it  was  removed  and  the  other  tool  put  in  place 
without  changing  the  speed,  feed  and  depth  of  cut.  The  con- 
ditions of  operation  were  therefore  exactly  the  same  for  both 
tools. 

The  De  Leeuw  tool  gave  a  higher  finish  than  the  Taylor 
tool.  The  De  Leeuw  tool  made  no  chatter  marks  when  the 
work  was  greater  than  2  in.  in  diameter  and  the  cutting  angle 
less  than  about  80  deg.,  even  on  the  heaviest  cuts  taken.  The 
Taylor  tool  chattered  on  all  diameters  when  taking  the 
heaviest  cuts.  The  results  of  these  tests  showed  that  a  De 
Leeuw  tool  having  a  40  deg.  lip  angle  required  about  90  per 
cent  of  the  power  required  to  drive  a  Taylor  tool  under  the 
same  conditions.  For  cutting  angles  greater  than  60  deg. 
there  was  practically  no  difference  in  the  power  required  for 


'  Tlio    abovp    notes    convty   the    purport    of    Prote.*.-ioi-    PolialJoeE's    re- 
marks.     His  full  (lisriis«ion.  wit'i   illustrations  will  I'e  pulilished  later. 


the  two  types  of  tools  when  operated  under  these  conditions. 
The  feeds  varied  from  1-64  in.  to  Vs  in.  and  the  depth  of  cut 
varied  from  1-32  in.  to  Vs  in. 

Leon  P.  Alford  said  that  a  recent  question  before  the  Re- 
search Committee  of  the  Society  was :  "  What  can  this  Com- 
mittee do  at  the  present  time  w-hich  might  have  a  beneficial 
effect  in  helping  this  country  at  war?"'  One  of  the  sub-com- 
mittees brought  in  the  suggestion  that  very  little  had  been  done 
in  the  direction  of  a  study  of  the  action  of  cutting  tools  and 
the  cause  of  chip  formation,  and  it  was  decided  to  concen- 
trate the  efforts  of  the  Committee  upon  that  topiic.  As  a  mem- 
ber of  the  Research  Committee,  he  would  like  to  ask  Professor 
Jenkins  if  he  would  place  in  the  Committee's  possession  all  the 
information  he  had  in  regard  to  the  series  of  tests  described, 
and  also  if  Professor  Poliakoff  would  do  the  same  thing  in 
regard  to  the  investigation  he  had  made  and  from  his  exiieri- 
ence  with  this  tool  in  the  Russian  rifie  works. 

Richard  T.  Wingo  thought  that  one  of  the  things  the  Society 
could  do  to  advantage  was  to  organize  the  machine-tool  shops, 
with  a  view  to  exchanging  information  regarding  tool  equip- 
ment and  methods.  His  reason  for  saying-  that  was  that  it 
would  be  found,  in  going  into  one  machine-tool  shop,  that  it 
was  doing  a  certain  thing  in  a  certain  way,  but  if  a  competitor 
came  along,  very  frequently  it  would  be  found  that  that  shop 
was  under  lock  and  key  because  it  did  not  want  to  show  a 
competitor  how  it  was  doing  its  work. 

Of  all  the  branches  in  mechanical  lines,  the  automobile  had 
brought  about  the  most  remarkable  results,  and  it  had  been 
done  by  one  concern  showing  another  what  it  had  been  doing 
in  every  detail. 

Frederick  A.  Waldrou  thought  that  in  all  this  work  there 
was  a  sort  of  eternal  fitness  of  things,  which  should  lead  us 
to  begin,  if  possible,  with  a  classification  of  machine  tools. 
This  should  be  confined  to  machine  tools  in  general,  so  as  to 
cover  the  paper  now  presented. 

The  classification  took  the  following  form  in  his  mind :  first, 
machines  of  convenience :  second,  machines  of  precision ;  and 
third,  machines  of  displacement.  The  machine  of  convenience 
was  one  principally  for  a  jobbing  shop  not  having  too  heavy 
work,  in  which  the  convenience  of  the  operator,  the  inter- 
changeability  of  face  plates,  of  centers,  gears,  feeds,  etc.,  was 
paramount.  Machines  of  precision  were  designed  principally 
for  use  in  tool-room  work  and  on  work  requiring  the  greatest 
precision.  Machines  of  displacement  were  intended  to  remove 
large  quantities  of  metal  in  the  minimum  time,  with  the  maxi- 
mum life  of  the  tool  and  with  the  maximum  life  of  the  ma- 
chine. 

Carl  G.  Earth  said  that  he  was  delighted  with  the  manner 
in  which  Mr.  De  Leeuw  had  pointed  out  the  jiart  that  mathe- 
matics played  in  the  develo]iment  of  engineering,  for  there 
were  as  yet  too  many  among  those  who  practiced  engineering 
who  were  sadly  lacking'  in  the  everyday  recognition  of  that 
fact. 

How:ever,  he  believed  that,  when  it  came  to  the  art  of  cut- 
ting metals,'  we  alreadj'  had  at  our  command  a  wealth  of  in- 
formation that  should  be  made  more  generally  available  and 
applicable  in  everyday  machine  design  and  machine-shop 
practice  before  we  undertook  to  spend  money  and  efforts  in 
further  experiments  and  investigations,  even  along  the  un- 
doubtedly fundamentally  sound  and  interesting  lines  suggested 
by  j\Ir.  De  Leeuw.  which  at  the  same  time  did  not  promise 
enough  in  early  results  that  might  be  immediately  applied  to 
increase  the  production  of  the  present  machine-tool  equipment 
of  the  country  through  the  present  workers  and  their  foreman. 
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Having  for  some  fifteen  yeai-s  made  it  his  principal  specialty 
to  increase  the  production  of  machine  shops,  he  had,  after  all, 
found  that  the  greatest  difficulty  in  the  way  of  increased  effi- 
ciency was  that  of  educating  workers  and  their  foremen  to  see 
the  fundamental  principles  underlying  their  work. 

In  his  judgment,  the  Society  could  do  more  immediate  good 
by  appointing  a  committee  to  gather  together  and  formulate 
the  knowledge  now  available,  and  then  perhaps  supplement 
this  by  further  experiments  with  the  various  forms  of  cutting 
tools  already  in  use;  this  committee  finally  instituting  a  regular 
campaign  of  education  of  the  metal  workers  of  the  country 
to  utilize  the  information  compiled. 

Personally,  he  stood  ready  to  cooperate  with  such  a  commit- 
tee and  to  give  uji  the  information  he  had,  and  to  divulge  the 
means  he  had  from  time  to  time  devised  to  make  this  readily 
applicable  in  jiractice. 

When  he  offered  this  counter  suggestion  to  Mr.  De  Leeuw's 
proposition,  it  was  merely  as  a  practical  expedient  to  obtain 
resulls  quicker,  for  he  was  sure  that  he  believed  fully  as  much 
in  getting  to  the  bottom  of  things  as  did  any  other  member  of 
the  Society,  Mr.  De  Leeuw  not  excepted. 

He  had  received  his  principal  training  through  his  coopera- 
tion with  Dr.  Taylor,  and  the  latter  had  always  said  that  it 
was  better  to  concentrate  on  making  use  of  whatever  useful 
facts  we  had  than  to  spend  time  on  ascertaining  even  better 
facts. 

Arthur  J.  Baker,  referring  to  the  type  of  turning  tool 
shown  in  Fig.  4  of  the  paper,  said  that  about  eighteen  years 
ago,  in  England,  his  firm  was  making  tools  for  turning 
shackle  pins  for  the  Admiralty.  These  were  large  tapering 
pins,  say,  two  or  three  inches  in  diameter  at  the  small  end, 
and  running  up  from  six  to  twelve  inches  in  length,  and  were 
turned  on  rather  large  lathes.  When  they  used  the  standard 
tyi  e  of  tool,  the  machine  would  not  take  the  cut  at  a  feed 
sufficient  to  enable  them  to  produce  the  pieces  in  the  time 
that  they  f«lt  they  should  be  produced  in;  so  they  slowed  the 
machine  down,  but  failed  to  reduce  the  feed.  They  then  made 
a  flat-topped  form  tool  for  the  roughing  operation,  and  sunk 
into  its  top  surface  a  half-round  cutter  which  left  a  flat  lip 
or  land  about  1-32  in.  wide  on  all  of  the  cutting  edges. 
This  construction  reduced  the  friction  and  enabled  them  to 
take  a  cut  of  almost  twice  the  average  that  they  were  able 
to  when  using  the  standard  type  of  cuttei". 

In  regard  to  the  circular  turning  tool  shown  in  Fig.  9,  he 
had  been  instrumental  in  placing  a  number  of  those  tools 
in  various  lathe  plants  around  the  country.  Some  of  the 
users  emjiloyed  them  in  experiments,  and  some,  he  rather 
thought,  did  not  believe  they  were  very  practical  and  did  not 
go  further  with  them,  but  tbe  Pennsylvania  Railroad,  at  Al- 
toona,  used  them  on  some  of  their  larger  rods,  with  quite 
satisfactory  results,  except  for  this  one  drawback :  that  the 
circular  tool  could  not  be  used  on  any  job  where  it  was 
desired  to  cut  up  to  the  shoulder,  because  the  retention  of  the 
rather  thin  cutting  edge  between  the  chip  and  the  work  usu- 
ally caused  a  breaking  as  the  tool  was  withdrawn.  So  that 
the  real  virtue  of  a  tool  of  that  kind  was  confined  to  its  use 
on  work  that  enabled  one  to  pass  quickly  across  the  sur- 
face. The  American  Blower  Company,  of  Detroit,  had  used 
one  of  these  tools  for  turning  pulleys,  and  the  results  were 
highly  satisfactory  indeed. 

The  cutting  speed  used  in  turning  the  Pennsylvania  Rail- 
road rods  was  about  65  ft.  per  min.  They  made  no  attempt 
to  get  high  speeds;  The  east-iron  pulleys  turned  at  the 
American    Blower    Company,   in   Detroit,   were   run    approxi- 


mately 130  ft.  per  min. — the  iron  was  tolerably  hard — which 
was  the  highest  speed  they  had  been  able  to  use. 

Luther  D.  Burlingame  said  he  would  like  to  offer  a  resolu- 
tion, based  on  the  idea  that  Mr.  De  Leeuw  had  brought  forward 
a  work  of  real  importance  and  a  work  well  worthy  of  atten- 
tion, that  the  meeting  urgently  request  the  Council  of  the 
Society  that  suitable  funds  be  put  at  the  disposition  of  the 
Research  Committee  in  order  to  carry  on  the  experiments  in 
regard  to  cutting  tools,  along  the  lines  referred  to  in  Mr. 
De  Leeuw's  paper. 

Ralph  E.  Flanders  asked  whether  it  would  be  possible  to 
secure  the  cooperation  of  Mr,  Barth  and  his  associates  with 
the  Research  Committee,  or  any  other  jiroper  committee  that 
might  be  formed.  It  would  seem  to  be  possible,  for  instance, 
to  put  the  information  on  lathe  tools,  speeds  and  feeds  that 
was  obtained  by  Mr.  Taylor's  work  into  some  concise  form  so 
that  it  could  be  used  by  engineers  anywhere  in  the  machine 
shops  of  the  country.  It  seemed  to  him  that  this  would  be 
a  simple,  direct  and  patriotic  seiwice  that  could  be  rendered 
to  the  country  just  at  this  time. 

Charles  Fair  said  that  he  agreed  with  Mr.  De  Leeuw  that 
we  would  not  get  very  far  in  our  investigations  so  long  as 
these  investigations  and  tests  were  conducted  by  individuals 
in  a  more  or  less  haphazard  sort  of  way,  and  almost  invariably 
by  some  short-cut  method  which  usually  resulted  in  not  getting 
the  necessary  data  that  would  make  the  tests  of  any  value.  It 
was  too  bad  that  more  methodical  consideration  was  not  given 
to  such  investigations.  He  knew  of  no  body  more  fitted  to 
undertake  this  work  than  the  A.S.M.E.,  and  he  would  there- 
fore like  to  suggest  that  this  Society  should  carefully  consider 
the  subject  with  a  view  to  the  laying  out,  if  possible,  of  some 
definite  plan  of  action  not  only  to  be  followed  by  the  Society, 
but  elastic  enough  so  that  it  would  be  useful  to  the  individual 
investigator  who  cared  to  cooperate  with  the  Society.  Much 
time  was  being  wasted  by  a  repetition  of  what  might  almost 
be  called  standard  tests,  while  little  thought  was  given  to  that 
which  might  seem  to  be  secondary,  but  which,  in  reality,  might 
be  of  great  importance. 

While  he  thought  that  some  of  the  questions  raised  by  Mr. 
De  Leeuw  might  be  satisfactorily  answered,  he  was  afraid  that 
it  would  require  considerable  investigation  before  he  would 
venture  on  even  an  intelligent  guess  as  to  the  answers  to  a 
number  of  others. 

CLOSUKE  BY  MR.  DE  LEEUW 

The  author  said,  in  closing,  that  Professor  Hibbard  had 
gone  several  steps  further  than  he  would  want  to  go  at  the 
present  time.  We  did  not  yet  know  very  much  about  the  ulti- 
mate constituency  of  matter. 

In  answer  to  Professor  Poliakoff's  question  as  to  the  shape 
of  the  tool  that  was  used,  he  would  say  that  this  tool  was  of 
the  square  type,  with  a  slightly  rounded  column  and  with  an 
angle  in  both  directions,  and  instead  of  the  angle  a  groove 
was  substituted  in  the  direction  of  the  feed.  Most  of  the  metal 
was  not  flying  up  tangentially  to  the  direction  of  cutting,  but 
it  was  flying  off  at  right  angles  to  the  direction  of  the  feed. 
The  scratches  were  all  in  that  direction. 

There  was  no  particular  way  in  which  the  tool  would  fail: 
it  would  sometimes  fail  near  the  point,  as  if  the  tangential 
flow  of  metal  would  cause  it,  but  more  often  it  failed  in  the 
other  direction.  The  importance  of  the  scratches  was  simply 
that  almost  immediately  after  they  began  to  form  the  tool 
would  fail,  showing,  therefore,  that  the  greatly  increased  fric- 
tion over  the  surface  of  the  tool  caused  the  breaking  down  of 


586 


ACCOUNT  OF  THE  SPRING  MEETING 


The   Journal 
Am.Soc.M.E. 


the  tool,  probably  on  account  of  beat,  and  possibly  on  account 
of  the  increased  force  there. 

Professor  Poliakoff  also  mentioned  that  the  idea  of  a  very 
low  speed  would  not  appeal  to  the  man  in  the  shop.  From 
■what  he  knew  about  the  man  in  the  shop,  he  would  not  think 
that  any  experiment  of  that  kind  would  appeal  to  him.  The 
fact  was,  the  man  in  the  shop  was  not  inclined  to  do  experi- 
menting; and  was  very  much  opposed  to  it. 

He  was  heartily  m  accord  with  Mr.  Waldron's  idea  of  a 
classification  of  machines.  It  was  getting  time  that  we  should 
know  what  we  were  talking  about.  We  were  talking  about 
machine  tools,  about  a  lathe,  for  instance,  but  a  lathe  might 
be  used  for  so  many  different  purposes.  However,  he  believed 
that  a  very  large  portion  of  the  work  done  by  machine  tools 
in  modern  industries  was  work  of  displacement.  The  lathe, 
as  constructed  at  present,  was  utterly  unfit  for  using  a  lighter 
tool.  The  conditions  were  so  radically  different  that  he  did 
not  believe  the  lathe  could  be  used  as  it  was  at  jaesent.  In  the 
first  place,  a  verj'  much  larger  proportion  of  the  power  con- 
sumed had  to  go  through  the  lead  screw.  In  the  second  place, 
in  order  to  get  the  best  results  the  lathe  should  I'un  at  a  very 
high  speed.  And,  running  at  a  high  rate  of  speed  with  a  bar 
perhaps  five  feet  long,  running  1350  revolutions,  was  a  very 
dangerous  proceeding.  If  the  end  should  run  off  there  would 
be  some  disaster.  Furthermore,  it  was  not  possible  to  run  the 
ordinary  lathe  at  the  speed  required  for  that  tool.  One  of  the 
thing's  to  be  done  would  be  to  arrange  a  lathe  so  that  such 
a  tool  could  be  used  to  advantage.  Still  another  thing:  under 
those  tests  the  carriage  traveled  47  in.  to  the  minute.  Now, 
at  that  rate,  it  was  not  possible  to  throw  out  the  feed  by  turn- 
ing the  knob;  it  was  possible,  but  not  within  half  an  inch.  In 
other  words,  if  the  left  hand  should  fumble  with  that  knob 
for  just  an  instant — one  second — it  would  run  up  against  the 
operator's  shoulder  and  there  would  be  something  doing!  In 
regard  to  what  was  said  about  slide  rules,  that  was  really  a 
matter  that  he  did  not  wish  to  discuss;  he  did  not  wish  to  say 
whether  a  slide  rule  was  going  to  improve  the  performance 
of  the  lathe  or  not;  in  fact,  he  knew  it  did,  but  that  was  a 
matter  of  management — a  matter  of  the  use  of  the  knowledge 
we  had  at  the  present  time.  It  was  very  far  from  his  idea  to 
suggest  that  we  should  not  use  the  knowledge  we  had;  his 
paper  was  not  aiming  at  that  at  all.  He  neither  advocated 
neglecting  to  use  the  knowledge  we  had,  nor  did  he  advocate 
its  use.  To  advocate  not  using  the  knowledge  we  had  would 
be  a  piece  of  fooUshness,  and  to  advocate  using  it  would  be 
almost  an  insult  to  the  engineers  present.  What  he  was  urg- 
ing was  to  gather  up  knowledge.  Whether  it  was  practical 
at  the  present  moment  or  not  had  nothing  to  do  with  the  ques- 
tion. We  all  knew  that  before  knowledge  could  be  made  prac- 
tical, the  knowledge  must  be  available.  There  was  no  use  in 
talking  about  the  particular  nature  of  the  thing  when  we  did 
not  have  the  thing.  The  main  thing  that  he  would  urge  was 
that  they  should  go  forth  and  get  it,  and  that  they  sliould  tiT 
to  find  out  some  of  the  elementary  knowledge  about  the  art 
or  science  of  cutting  metals.  Personally,  he  felt  that  when 
we  had  that  knowledge  we  would  be  able  to  use  it.  The  Ameri- 
can nation  had  shone  especially  in  the  application  of  knowl- 
edge, but  it  had  not  shone  in  the  gathering  up  of  knowledge. 
He  had  no  doubt  whatever  that  there  were  a  great  many  men 
in  this  country  who  were  just  as  capable  of  finding  and  gather- 
ing up  knowledge  as  there  were  abroad,  but  he  believed  that 
heretofore  we  had  had  the  habit  of  looking  at  the  mere  gather- 
ing up  of  knowledge  as  something  that  had  no  particular  value, 
but  as  merely  a  sort  of  a  plaything  for  the  professor  who  sat 
in  his  study  and  did  his  thinking  and  played  with  his  thoughts. 


and  then  wrote  it  all  down  in  a  book  and  the  book  was  put 
somewhere  on  a  shelf  in  some  library  and  was  forgotten.  But 
that  should  not  be  the  case.  Of  all  the  knowledge  that  we 
gathered  up,  there  might  perliaps  be  a  certain  percentage 
that  was  not  immediately  usable,  but  he  could  not  think  of  any 
great,  or  even  fairly  notable,  discovery  in  science  that  had 
been  made  that  wasn't  at  the  present  time  employed  in  actual 
practice.  If  Professor  Roentgen  had  first  said,  "  Let  me  see 
what  I  can  use  X-rays  for,"  and  then,  after  he  had  made  out 
what  he  could  use  them  for,  had  said,  "  Now,  let  me  see  where 
that  X-ray  is — let  me  hunt  it  up  "' — we  would  have  had  no 
X-rays.  If  Professor  Becquerel  had  first  asked  himself  what 
he  could  do  with  those  peculiar  Becquerel  rays,  and  how  he 
could  use  them  for  transmitting  knowledge  from  one  end  of 
the  earth  to  the  other,  he  never  would  have  found  the  Becquerel 
rays;  the  Hertzian  violet  rays  never  would  have  been  found, 
and  we  wouldn't  have  any  violet  rays  at  this  time.  Those  sim- 
]  ly  gathered  up  the  knowledge,  and  then  there  were  other  men 
who  were,  perhaps,  working  on  different  lines  who  took  that 
knowledge  and  applied  it.  So  that  his  plea  was  for  definite 
knowledge.  He  had  a  profound  belief  in  the  ability  of  the 
American  engineer  to  apply  that  knowledge  after  he  had 
found  it. 


MR, 


KENT   PRESENTS   HIS   PAPER   ON  MACHINE   SHOP 
ORGANIZATION 


In  his  paper  on  Machine  Shop  Organization.  Mr.  Kent  out- 
lined briefly  tlie  basic  structure  of  an  organization  for  a  shop 
building  the  average  line  of  machinery,  applying  his  remarks 
to  a  shop  employing  600  men  or  less. 

It  was  tlie  contention  of  Mr.  Kent  that  the  average  shop 
should  have  the  following  departments:  Works  office,  engineer- 
ing department,  pattern  shop,  tool  design  and  storage,  tool 
making  and  repair,  plant  engineering  and  power,  machinery, 
and  erection. 

This  paper  was  discussed  by  J.  M.  Spitzglass,  Mark  H. 
Landis,  Elmer  H.  Neff  and  A.  L.  De  Leeuw. 

J.  M.  Spitzglass  related  an  experience  in  shop  organization 
or  reorganization  which  was  rather  the  opposite  of  the  ex- 
perience cited  in  the  paper. 

In  this  case,  the  shop  was  a  very  small  one,  having  a  few 
groups  of  two  or  three  men  in  each  group.  The  management 
of  the  shop  was  visibly  incapable,  the  equipment  poor,  and 
the  material,  while  not  poor,  was  very  poorly  applied. 

He  could  not  be  present  there  all  the  time  at  the  beginning 
of  the  reorganization  work,  but  he  placed  at  the  shop  a  very 
bright  young  man,  in  fact  a  genius  in  mathematics  and  system, 
to  make  a  systematic  study  of  the  work  and  to  help  in  the 
reorganization   of  the  methods  and   workings  in  the  shop. 

During  the  first  two  months  he  had  his  hands  full  in  keeping 
this  young  man  back.  He  simply  could  not  wait,  but  wanted 
to  revolutionize,  and,  in  fact,  did  revolutionize,  many  things 
from  the  very  start. 

Of  course,  friction  arose  from  the  first  moment.  The  fore- 
man of  the  shop  openly  objected  to  the  various  innovations. 
The  men  in  the  shop  did  not  like  them,  though  they  seemed 
to  be  to  their  advantage,  and  Mr.  Spitzglass,  himself,  had 
continuous  missions  on  one  side  to  pacify  the  shop,  and  on 
the  other  side  to  keep  the  young  man  back,  and  the  latter 
was  the  harder  job. 

The  author  had  pointed  out  that  the  time  study  and  the 
bonus  system  should  be  considered  only  after  all  other  leaks 
had  been  attended  to.  We  should  consider  the  fact  that  in 
the  ease  of  office  reorganization  we  had  to  deal  with  men  who 
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understood  us  at  once.  They  were  with  us  and  helping  in 
every  way  and,  therefore,  office  reorganization  was  compara- 
tively easj'. 

When  it  came  to  the  time  study  of  the  men  in  the  shop, 
we  had  to  deal  with  individuals  who  were  certainly  not  with 
us  at  the  start.  If  they  had  anything  against  us  they  would 
not  express  themselves,  and  we  were  working-  in  the  dark, 
which  was  one  more  reason  for  taking  sufficient  time  before 
the  work  of  time  study  and  bonus  system  could  be  started  in 
the  shop. 

Mark  H.  Landis  said  that  discussion  of  the  question  as  to 
whether  it  was  always  right  to  arrange  machines  according 
to  their  function,  led  him  to  state  an  experience  in  liis  plant. 

On  the  small  parts^gears,  shafts,  etc.,  and  the  small  parts 
in  general  that  were  put  into  the  stock  room — it  seemed 
better  to  have  those  machines  arranged  in  departments,  accord- 
ing to  their  function,  milling  department,  etc. ;  but,  for  the 
heavy  castings,  beds,  turrets,  etc.,  it  seemed  preferable  to 
arrange  those  in  departments,  according  to  the  eastings  them- 
selves. In  his  shop,'  about  a  year  or  so  ago,  they  made  a 
diagram  of  the  shop  and  all  the  machines,  showing  the  path 
that  the  heavy  eastings  followed  through  the  shop,  and  it 
amazed  him  tw  see  what  a  tangle  of  lines  represented  the 
moving  of  the  heavy  eastings.  Such  a  tangle  was  inevitable 
unless  the  shop  was  so  arranged  that  the  castings  followed 
more  or  less  straight  lines. 

Elmer  H.  Neff  discussed  the  point  that  "  the  inspection 
department  must  be  answerable  to  the  works  manager  or 
his  assistant  only."  One  of  the  largest  plants  and  perhaps 
the  most  successful  in  the  country  was  organized  on  that  basis 
many  years  ago,  and  he  believed  that  that  was  one  of  the 
principal  elements  in  the  success  of  the  plant,  as  he  believed 
it  would  be  in  any  case  where  it  was  consistently  followed 
out.  He  wished  to  emphasize  that  point,  because  he  believed 
it  to  be  a  very  important  one.  There  were  shops  in  this 
country  today  in  which  the  foremen  were  allowed  to  override 
the  work  of  the  inspector,  and  the  results,  according  to  his 
observation,  were  always  disastrous. 

Adolph  L.  De  Leeuw  did  not  believe  that  it  was  possible  to 
arrange  the  machines  in  shops  as  Mr.  Landis  recommended. 
So  many  different  factors  entered  in  that  he  did  not  think 
it  possible  to  make  a  general  rule.  If  one  had  a  shop  small 
enough  and  with  a  small  line  of  production,  producing  only 
comparatively  few  things,  the  plan  was  perfectly  possible. 
If,  on  the  other  hand,  in  that  shop  they  were  making  250, 
or  even  only  25  different  things,  miless  the  output  of  each 
of  the  different  classes  of  machines  was  verj'  large,  he  thought 
such  an  arrangement  would  be  impracticable,  and  tliat  that 
shop  would  probably  be  arranged  so  as  to  have  the  larger 
parts  follow  the  same  route  as  the  smaller  parts. 

If  one  went  still  further  and  took  a  shop  where  they  made 
not  250  different  varieties  but  3000,  there  would  be  a  reversion 
and  the  machines  would  be  placed  in  groups. 

He  said  that  at  the  plant  with  which  he  was  connected, 
there  was  one  shop  that  assembled  the  machines,  and  there 
were  others  to  furnish  the  parts.  For  example,  one  of  the 
parts  was  so  small  that  a  dozen  of  them  could  be  put  in 
the  vest  pocket,  yet  there  was  a  shop  comprising  perhaps 
twenty,  thirty  or  forty  machines,  that  did  nothing  else  but 
make  that  part.  And  yet,  even  in  that  establishment  they 
departed  from  that  system  again,  because  when  it  came  to 
making  sheet-steel  pressed  parts,  which  had  to  be  handled 
in  such  a  different  way,  if  these  parts  had  later  on  to  be 
milled  or  drilled,   or  have  some  other  process   performed  on 


them,  the  work  was  thrown  back  into  the  drill  department 
because  there  the  skill  and  knowledge  required  to  get  the  best 
results  in  the  process  was  such  an  absolutely  individual  thing 
that  it  would  not  pay  to  have  the  parts  distributed  over  the 
entire  shop. 

Though  the  press  parts  all  ought  to  be  kept  in  the  press 
shop,  yet  there  were  parts  which  required  such  particular 
knowledge  of  the  function  of  that  part  after  it  was  made, 
that  it  was  better  again  to  put  the  presses  in  the  department 
where  the  part  was  made. 

This  was  just  exactly  the  condition  that  would  be  found 
in  most  shops.  No  general  rule  could  be  of  any  value  unless 
a  very  careful  study  was  made  of  the  individual  requirements 
of  that  shop  and  of  the  parts  made  in  it.  There  were  certain 
screws  made  in  tlie  screw  department,  but  there  were  screws 
made  in  other  departments,  too,  because  there  the  important 
point  was  to  understand  the  requirements  of  that  particular 
screw;  tliat  was  of  greater  importance  than  the  making  of 
the  screw   mechanically. 

He  would  suggest  that  in  discussing  the  aiTangement  of 
machines  in  the  shop,  we  forget  all  about  any  general  rule 
that  might  be  presented,  or  that  ever  had  been  presented,  and 
study  the  problem  as  we  found  it. 

Carl  G.  Barth  wrote  that  as  Mr.  Kent's  paper  read  in  the 
main  as  if  it  had  been  written  by  someone  directly  trained  in 
the  art  of  managing  by  Dr.  Taylor,  he  most  heartily  agreed 
with  nearly  everything  it  contained.  What  the  author  said 
about  leaving  such  matters  as  time  studies  and  wage-payment 
schemes  to  the  last,  when  reorganizing  a  shop,  he  believed  in 
so  fully  that  he  wished  it  could  be  made  a  law  in  our  statutes ; 
for  the  introduction  of  these  features  of  scientific  management 
before  the  proper  foundation  for  them  had  been  laid  was 
doing  a  great  deal  of  harm  around  the  country,  particularly 
as  only  too  often  the  men  entrusted  with  that  kind  of  work 
lacked  the  necessary  knowledge  and  experience  to  do  it  prop- 
erly at  any  time. 

The  ideal  way  of  effecting  a  reorganization  of  a  shop  un- 
doubtedly was,  as  Mr.  Kent  said,  by  putting  a  competent  man 
at  the  head  of  the  organization  to  do  the  work;  but,  unfortu- 
nately, there  were  not  enough  of  that  kind  of  men  to  go 
around,  so  that  there  was  still  a  legitimate  field  for  the  pro- 
fessional outside  reorganizer.  Such  a  man  should,  however, 
as  had  now  been  his  own  practice  for  some  ten  years  past, 
to  the  greatest  possible  extent  do  liis  work  through  someone 
in  the  permanent  organization,  whose  education  in  modem 
management  methods  thus  became  his  principal  task. 

In  nearly  all  the  shops  that  he  had  reorganized,  the  product 
had  been  of  such  a  nature  that  his  efforts  had  been  to  group 
similar  machinery  together;  that  is,  adopt  what  might  be 
termed  the  functional  arrangement  of  the  machines;  but  under 
certain  conditions  it  would  be  absolutely  preposterous  to  do 
this,  and  no  hard  and  fast  rule  could  be  laid  down  in  this 
matter.    Each  shop  became  properly  a  study  of  its  own. 

H.  Wade  Hibbard  said,  in  criticism  of  Par.  5,  that  a  wage- 
pa>Tnent  scheme  was  not  necessarily  involved  in  time  study. 
Certainly  time  study  should  come  early,  preceded  by  analysis 
of  an  operation  into  its  elements,  then  timing  the  elements. 
Often  it  was  found  that  the  company  was  itself  the  greatest 
time  waster,  and  this  waste  could  be  eliminated  without 
any  reference   to   the   wage-payment  system. 

CLOSURE  BY  MR.  KENT 

Fred  G.  Kent,  in  a  written  closure,  sail  that  the  discussion 
seemed  to  make  it  necessary  to  reiterate  what  was  said  at  the 


588 


ACCOUNT  OF  THE  SPRING  MEETING 


The   Journal 
Am.Soq.M.E. 


beginnina'  of  the  paper:  namely,  that  this  paper  was  con- 
fined to  the  treatment  of  an  organization  employing  from 
300  to  600  employees  engaged  in  producing  an  average  line 
of  machinery. 

A  great  deal  of  the  discussion  about  tlie  arrangement  of 
machines  according  to  classes  or  according  to  the  pieces  pro- 
duced was  very  interesting,  but  was  beside  the  point  so  far 
as  this  paper  was  concerned.  However,  it  seemed  to  him  that 
in  a  shop  of  any  size,  if  its  product  was  subject  to  any 
variation  at  all  and  to  alteration  of  design,  there  was  a  funda- 
mental principle  which  made  possible  a  fairly  general  rule. 

The  most  important  factor  in  the  grouping  of  machines 
was  the  need  for  getting  the  greatest  skill  obtainable  in  the 
organization  applied  to  each  operation.  Skill  of  operation 
would  far  more  than  offset  very  considerable  expense  in  the 
transportation  of  material  which  might  result  from  the  neces- 
sity of  moving  pieces  even  of  considerable  weight  over  con- 
siderable territory.  In  other  words,  the  man  in  an  organiza- 
tion who  knew  most  about  screw  machines,  should  have  all 
screw  machines  in  his  department  and  be  responsible  for  all 
screw-machine  work.  The  man  who  had  made  a  specialty  of 
planing  and  who  treated  it  as  his  life  work,  would  know  far 
more  about  his  job  and  would  take  far  greater  pains  in  his 
work  than  any  man  who  had  charge  of  the  manufacture  of  one 
piece  requiring  many  different  machines  other  than  the  planer, 
and  this  man  whose  specialty  was  planing  should  therefore 
have  charge  of  all  the  planers  in  the  shop  and  be  responsible 
for  all  planing  work. 

He  had  tried  to  show  at  various  points  in  this  paper,  and 
wished  again  to  emphasize  the  fact,  that  the  most  important 
factor  to  be  dealt  with  in  the  shop  organization  was  the  human 
element.  This  factor  was,  of  course,  the  least  subject  to  the 
exact  operation  of  formal  rules.  It  was  never  long  the  same 
in  any  one  shop  and  never  the  same  in  any  two  shops,  and  it 
was  the  most  important  thing  to  consider  in  the  question  of 
the  time  at  which  it  was  most  advantageous  to  take  up  time 
study. 

It  was,  of  course,  never  amiss  for  the  foreman  of  a  depart- 
ment to  study  very  carefully  the  efficiency  of  any  of  the 
operations  carried  on  in  his  department,  and  to  suggest  and 
carry  out  changes,  but  the  bringing  into  the  department  of 
some  stranger,  or  a  man  whom  the  workmen  looked  upon  as 
a  stranger,  to  carry  on  a  scientific  analytical  study  of  opera- 
tions, was  a  thing  to  be  taken  up  only  after  all  obvious  leaks 
were  stopped  and  the  confidence  of  the  workmen  firmly 
established,  in  fact,  it  was  his  belief  that  reorganization  ^ 
could  be  carried  on  with  the  greatest  profit  where  the  fact  of 
reorganization  was  kept  very  thoroughly  in  the  background 
and  ('N-en  not  suspected  by  the  average  workman.  It  was  true 
thai  conditions  might  sometimes  be  so  bad  that  violent  action 
was  tiie  only  possible  means  of  introducing  a  remedy,  but  in 
general  it  was  safe  to  say  that  the  best  types  of  shop  organiza- 
tion were  like  the  best  types  of  life  e\erywhere ;  they  were  a 
matter  of  growth  rather  than  revolution. 


Ml;.   MEIEU   PRESENTS    HIS  P.\PER   ON   METAL    I'l.ANEKS 

The  paper  entitled  Metal  Planers  and  Methods  of  Produc- 
tion, by  Charles  Meier,  presented  by  the  author,  described  the 
evolution  of  the  planing  machine  to  provide  the  increased 
speeds  and  power  to  develop  the  possibilities  of  high-speed 
steel  and  to  meet  the  increasing  necessity  for  greater  produc- 
tion. The  paper  also  analyzed  the  operation  of  the  planing 
machine  and  showed  how,  by  improved  methods  of  setting  the 
work,  measuring  for  rough  cuts,  fitting  for  finishing  cuts  and 


changing  tools,  the  jiroduction  of  the  machine  could  be  greatly 
improved. 

Mr.  Meier's  paper  was  discussed  by  Charles  Fair  and  Carl 
G.  Barth. 

Carl  G.  Barth  said  that  Mr.  Meier's  paper  was  interesting, 
as  it  was  probably  the  first  attempt  in  the  way  of  a  published 
statement  of  the  actual  gains  obtained  by  the  use  of  aluminum 
pulleys  instead  of  cast-iron  pulleys  on  belt-driven  and  belt 
reversing  planers,  as  first  done  by  the  Cincinnati  Planer  Co. 
However,  on  investigating  the  ex]ierimental  data  set  forth  in 
the  tables,  he  had  found  them  far  from  consistent. 

Frequently  during  the  past  seventeen  years  he  had  had  to 
conduct  similar  experiments  with  planers  of  various  kinds,  in 
order  to  determine  the  length  of  time  it  took  them  to  make 
any  length  of  double  stroke  between  a  minimum  and  the  maxi- 
mum of  each  one,  for  the  purpose  of  incorporating  this  in- 
formation on  his  Planer  Time  Slide  Rule,  and  in  making  such 
experiments  he  worked  on  the  theory  that  the  time  consumed 
in  stopping  and  reversing  the  planer  table  at  the  end  of  each 
stroke  must  be  independent  of  the  length  of  the  stroke,  and 
that  it  could  hence  be  considered  equal  to  the  time  it  would 
take  the  table  to  travel  an  imaginary  addition  to  its  actual 
stroke,  at  its  full  forward  and  return  speeds.  Thus,  if  I  des- 
ignated the  actual  length  of  stroke,  and  a  this  imaginary  or 
ideal  addition,  then  the  total  time  for  a  double  stroke  would  be 


V  V 


vV 


{l  +  a)=C{l  +  a)....[l] 


V  and  V  being  respectively  the  forward  and  return  speeds  of 
the  table. 

Similarly,  for  I  =  l^  and  t  =  t^, 

h  =  Cik  +  a) [2] 

and  dividing  [1]  by  [2]  would  give 

tl  —  tl 
a  =  - [3] 

Thus  the  experimental  determination  of  the  time  for  each 
of  two  double  strokes  only  was  necessary  for  the  derivation 
of  the  value  of  a,  and  hence,  if  three  values  of  t  were  deter- 
mined experimentally,  these  must  result  in  tbree  derivations 
of  a  that  must  substantially  be  alike,  if  the  experiments  were 
conducted  with  care. 

Mr.  Barth  then  showed  that  Equation  [3]  ap|)lied  to  the 
data  in  Table  1  of  Mr.  Meier's  paper  would  give  .for  cast-iron 
pullej's  the  following  three  values  of  a:  7.72  in..  4.08  in.,  and 
13.48  in.,  which  were  far  from  substantially  alike.  For  the 
aluminum  pulleys  were  similarly  obtained  for  a  the  three  im- 
equal  values  4.17  in.,  5.37  in.  and  7.18  in. 

However,  while  data  obtained  by  experiments  with  two  dif- 
ferent strokes  only  were  theoretically  enough  for  the  determina- 
tion of  the  value  of  a,  the  foregoing  investigation  showed  the 
necessity  of  taking  at  least  three  strokes,  as  Mr.  Meier  had 
done,  and  then  in  addition  to  this,  to  work  with  such  care  and 
circumspection  that  the  three  values  of  a  independenth'  ob- 
tained would  be  near  enough  alike  for  all  practical  purposes. 
His  method  was  to  plot,  as  in  Fig.  1,  the  simultaneous  values 
of  I  and  {,  with  the  latter  obtained  by  means  of  a  stop  watch 
on  which  was  read  the  time  it  took  for  the  completion  of  an 
exact  number  of  double  strokes  of  a  carefully  measured  stroke. 

It  would  readily  be  seen  in  Fig.  1  how  a  was  graphically 
determined  by  the  straight  line  AB  drawn  to  pass  through  the 
three  points  C,  D  and  E,  when  these  represented  a  set  of  con- 
sistent results  obtained. 

After  similarly  plotting  all  of  Mr.  Meier's  results,  and 
taking  it  for  granted  that  a  only  and  not  C  in  equation   [1] 
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was  affected  by  the  substitution  of  aluminiun  pulleys  for  cast- 
iron  pulleys,  he  had  by  inspection  attempted  to  eliminate  the 
grossest  errors  of  Mr.  Meier's  observations  and  to  write 
equation  [1]  as 

J  =  0.0354    (I -\- 1.125)    for    cast-iron    pulleys 
<  =  0.0354    (Z  +  0.45)    for   aluminum  pulleys. 

If  he  had  succeeded  in  getting  closely  to  the  truth  in  arri\ing 
at  these  equations,  the  value  of  1.125  ft.  =  131/2  i'l-  foi"  the 
cast-iron  pulleys,  as  against  only  0.45  ft.  =  5.4  in.  for  the 
aluminum  pulleys,  was  certainly  the  plainest  way  of  showing 
up  the  superiority  of  the  latter. 

Mr.  Meier  gave  the  forward  speed  of  the  planer  as  40  ft. 
and  the  return  speed  as  90  ft.,  which  would  make  the  value  of 
C  in  these  equations  =  (90-|-40)  /  (40  X  90)  =  0.03611;  but 
the  plots  he  had  made  seemed  to  indicate  that  this  value  was 
too  high,  so  the  value  0.0354  was  chosen.  However,  assuming 
T'/r  =  90/40,  or  V  =  2.25v,  and  writing 

V4-V      2:2ov  -V  !■ 


C  =  0.0354  = 


vV  2.25 1- 

gave  V  =  40.8  ft.  and   I'  =  91.8  ft.,  which  were  not  ver\'  far 
from  the  figures  given  by  Mr.  Meier. 

In  Par.  11  Mr.  Meier  made  the  unqualified  statement  that 
the  aluminum  pulleys  also  "  effect  quite  a  saving  in  power," 
and  then  stated,  by  pointing  to  the  figures  in  Table  2,  that  for 
a  76  X  62  X  32-ft.  planer  this  amomited  to  25  per  cent,  while 
he  evidently  had  in  mind  only  the  maximum  power  expended 
during  the  period  of  reversal. 

As  the  power  during  reversal  was  principally  expended  in 
overcoming  the  inertia  of  the  pulleys,  the  total  amount  of  this 
power  must  be  more  nearly  proportional  to  the  weights  of  the 
respective  pulleys,  while  the  25  per  cent  of  greater  peak  load 
could  be  explained  by  the  well-known  fact  that  a  belt  would 
pull  the  most  when  it  slipped  the  most,  as  it  no  doubt  would 
when  forced  to  stop  and  start  the  heavier  cast-iron  pulleys. 

However,  the  power  expended  in  reversing  was  of  no  con- 
sideration as  compared  with  the  wear  and  tear  on  the  belts 
themselves  and  other  parts  of  the  reversing  mechanism. 

Charles  Fair  said  that  Mr.  Meier  had  brought  out  a  number 
of  important  points  which  should  receive  serious  consideration. 
For  a  long  time  he  had  felt,  as  Mr.  Meier  did,  that  neither 
the  planer  manufacturer  nor  the  jjlaner  user  had  given  the 
question  of  handling  the  work  or  tlie  cutting  anythins'  like 
the  consideration  it  desei'^-ed.  It  was  generally  admitted,  for 
instance,  that  higlier  cutting  speeds  were  possible  if  the  tool 
entered  the  work  slowly  and  then  speeded  up,  yet  information 
was  very  meager  as  to  how  seriously  this  would  affect  the  work. 

On  heavy  roughing  cuts  the  spring  due  to  the  increased 
pressure  on  the  tool  while  speeding  up  in  the  work  would 
probably  be  noticeable  with  tools  not  properly  shaped.  If 
only  roughing  cuts  were  required,  a  fine  degree  of  aeeuracy 
would  not  be  essential.  If  roughing  and  finishing  cuts  were 
made,  he  doubted  if  the  inaccuracies,  due  to  speeding  up  in  the 
light  cut,  would  be  noticeable.  From  such  tests  as  he  had  made 
this  difference  was  not  great.  He  had  again  brought  up  this 
question  of  speeding  up  in  the  work  because,  should  it  he  re- 
quii-ed,  it  was  very  easy  to  accomplish  with  the  reversing  motor 
drives,  as  is  also  slowing  down  before  leaving  the  work  to 
prevent  breaking  out  the  metal. 

Production  on  planers  could  certainly  be  speeded  up  by  a 
more  liberal  use  of  jigs  and  fixtures  and  in  many  cases  double 
sets  of  jigs  could  be  used  to  advantage  where  considerable 
duplicate  work  was  being  machined.  This  would  be  particularly 
true  in  cases  requiring  time  to  properly  set  the  work. 


Mr.  Barth  was  a  little  hasty  when  he  criticized  Mr.  Meier's 
paper,  largely,  he  would  judge,  on  the  grounds  of  its  being 
practical  only  and  not  consistent,  presumably,  with  his  theory. 
In  this  particular  case,  however,  the  correct  tiieory  did  agree 
with  the  facts.  Mr.  Earth's  whole  theoi-y  was  built  on  an 
incorrect  assumption,  namely- — "  that  the  time  consumed  in 
stopping  and  reversing  the  planer  table  at  the  end  of  each 
stroke  must  be  independent  of  the  length  of  the  stroke."  This 
assumption  on  Mr.  Earth's  part  was  exactly  where  he  erred  and 
was  presumably  the  reason  why  his  theory  and  Mr.  Meier's 
tests  did  not  agree.  The  time  of  stopping  and  reversals  varied 
materially  with  tlie  leiiath  of  stroke,  as  could  be  easily  shown 
by  tests,  particularly  in  the  case  of  the  belt-driven  planer. 
Further,  this  variation  was  noticeable  in  some  eases  up  to  a 
10-ft.  stroke;  however,  a  4-  to  5-ft.  stroke  usually  covered  the 
noticeable  variation.  It  would  not  only  be  necessary  for  Mr. 
Barth  to  substitute  a  variable  in  his  equation  for  the  different 


Fig.  1    Method  of  Determining  Value  of  a 

lengths  of  stroke,  but  this  variable  in  turn  would  necessarily 
have  a  different  value  when  applied  to  drives  of  the  single- 
belt-shifting  type,  the  rocking-idler-  type,  the  double-belt- 
shifting,  magnetic  clutch,  pneumatic  clutch  and  direct-connected 
reversing  motor  drive.  These  in  turn  would  all  be  affected  by 
the  different  weights  of  the  revolving  parts,  and  in  the  case  of 
the  belt  drives  by  the  tension  of  the  belts  and  by  the  time  that 
it  took  for  one  belt  to  get  from  the  loose  to  the  tight  pulley  and 
the  second  belt  from  the  tight  to  the  loose  pulley.  There  were, 
of  course,  many  other  elements  that  entered  into  the  problem 
but  the  above  were  the  main  ones  that  would  affect  the  con- 
stant a. 

Mr.  Earth's  formula  would  be  correct  if  T'  were  a  constant 
rate  of  speed  instead  of  a  variable  rate  of  speed.  An  average 
velocity  of  V  could  not  be  used  to  determine  a.  Therefore, 
the  formula  would  be  good  only  in  cases  where  the  machine 
had  reached  full  speed  and  then  only  under  the  conditions  for 
vviiieh  the  actual  value  of  a  was  obtained.  If  a  were  obtained 
under  no-load  conditions  it  would  not  apply  when  cutting  if  the 
shifting  for  the  reverse  occurred  before  the  tool  was  out  of 
the  work.  The  changing  value  of  V  was  even  more  noticeable 
when  the  machine  was  operating  under  load.  Fig.  1  in  Mr. 
Earth's  discussion  illustrated  a  very  simple  method  of  obtaining 
a  provided  it  were  an  equation  of  the  first  degree.  In  reality. 
however,  it  was  an  equation  of  the  second  degree,  which  meant 
that  a  would  have  a  continually  changing  value  depending  on 
the  changing  value  of  F  and  its  effect  on  the  stopping  of  the 
platen. 

If  Mr.  Earth's  Planer  Time  Slide  Rule  was  based  on  tlie 
formula  cited,  it  would  have  to  be  remodeled  before  any  claim 
for  accuracy  could   be  made. 


GENERAL  SESSION,    TUESDAY   MORNING 


THE  Business  Meeting  on  Tuesday  morning  was  followed 
by  a  General  Session,  at  which  four  papers  were  pre- 
sented and  discussed,  as  follows:  Tests  of  Unifiow  Steam 
Traction  Engines,  F.  W.  Marquis;  Relation  of  Efficiency  to 
Capacity  in  the  Boiler  Room,  Victor  B.  Phillips;  Radiation 
Error  in  Measuring  Temperature  of  Gases,  Henry  Kreisinger 
and  J.  F.  Barkley;  and  Development  of  Scientific  Methods  of 
Management  in  a  Manufacturing  Plant,  Sanford  E.  Thomp- 
son, William  0.  Lichtner,  Keppele  Hall  and  Henry  J.  Guild. 
A  faper  on  Disk- Wheel  Stress  Determination,  by  S.  H. 
Weaver,  was  also  presented  at  this  session  by  title. 

PROFESSOR  MARQUIS  PRESENTS  HIS  PAPER 

The  first  paper  presented  was  that  of  Professor  Marquis, 
giving  the  results  of  two  series  of  tests  of  Baker  unifiow 
steam-traetion  engines.  The  steam  consumptions  of  these 
engines  were  compared  with  those  representative  of  the  or- 
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Fig.  1    Replot  of  Author's  Curves 

dinary  counterflow  type  of  engines,  and  the  conclusion  was 
reached  that  the  uniflow  engine  tested,  operating  non-condens- 
ing with  saturated  steam,  had  a  lower  steam  consumption  than 
the  compound  counterflow  engine  under  like  conditions.  Also, 
when  operating  non-condensing  with  superheated  steam,  it 
would  have  approximately  the  same  steam  consumption  as  a 
compound  counterflow  engine  operating  condensing  on  satu- 
rated steam. 

Written  discussions  of  this  paper  were  contributed  by  J.  E. 
Emswiler.  George  H.  Barrus,  L.  V.  Ludy  and  E.  T.  Adams. 
The  paper  was  discussed  orally  by  R.  J.  S.  Pigott,  C.  H.  Ben- 
jamin and  A.  G.  Christie,  and  Professor  Marquis  replied  to 
the  discussion. 

J.  E.  Emswiler,  in  a  written  discussion,  considered  that  it 
would  seem  preferable,  in  most  eases,  to  refer  the  steam  con- 
sumption in  the  curves  to  b.hp.  instead  of  i.hp.,  and  especially 
so  in  these  tests,  where  considerable  discrepancy  appeared  if 
the  f.hp.  was  plotted  on  b.hp.  Such  discrepancy  must  neces- 
sarily be  blamed  upon  the  i.hp.  rather  than  upon  the  b.hp., 
since  the  latter  was  much  more  simply  and  easily  determined 
in  the  tests. 


The  table  tor  the  1916  series  furnished  some  valuable  in- 
formation concerning  the  influence  of  superheat  on  steam  con- 
sumption for  a  unifiow  engine. 

Test  7-180-4  was  made  with  a  load  of  73.3  b.hp.  and  a  super- 
heat of  136  deg.  Correcting  the  steam  consumption  to  a  load 
of  74  b.hp.  gave  a  steam  consumption  per  b.hp-hr.  of  21.8. 
Test  16-180-4  at  a  load  of  74  b.hp.  gave  a  steam  consumption 
per  b.hp-hr.  of  27.2  at  0  deg.  superheat.  This  was  a  gain  of 
5.4  lb.  for  136  deg.  superheat,  or  24.7  per  cent,  which  was 
18.2  per  cent  per  100  deg. 

Again,  test  10-180-3S  at  a  load  of  67.6  b.hp.  and  a  superheat 
of  131  deg.,  showed  a  steam  consumption  of  21.3  lb.  per 
b.hp-hr.  Correcting  in  a  similar  manner  to  a  load  of  64.7 
b.hp.,  the  steam  consumption  became  21.6.  Test  15-180-3, 
at  a  load  of  64.7  b.hp.  and  0  deg.  superheat,  gave  a  steam  eon- 
sumption  of  25.6  lb.  per  b.hp-hi-.  This  was  a  gain  of  4.0  lb. 
for  131  deg.  or  18.5  per  cent,  which  was  14.2  per  cent  per  100 
deg. 

The  average  of  the  two  examples  was  16.2  per  cent  per  100 
deg.  of  superheat,  based  on  the  steam  consumption  which 
accompanied  the  superheat. 

Applying  this  correction  factor  to  reduce  the  tests  made 
with  superheated  steam  to  a  common  basis  of  superheat,  say 
130  deg.,  and  plotting  corrected  steam  per  hour  against  b.hp., 
the  cur\'e  B  of  Fig.  1  was  obtained.. 

The  curve  A  was  obtained  by  plotting  the  steam  per  hour 
of  the  tests  of  both  the  1915  and  1916  series,  at  180  lb.  pres- 
sure and  0  deg.  superheat,  against  b.hp. 

It  was  very  instructive  to  plot  the  total  steam  per  hour 
against  the  output,  as  was  done  in  Fig.  1,  for  two  reasons.  In 
the  first  place,  where  a  number  of  points  were  available,  as 
was  the  case  here,  such  curves  served  to  distinguish  those  tests 
which  were  probably  in  error  from  some  cause  or  other,  from 
those  which  were  accurate.  It  was  evident  from  the  curies 
of  Fig.  1  that  some  discrepancy  existed  in  connection  with 
tests  6-180-3,  11-180-3",  and  14-180-2. 

In  the  second  place,  these  curves  were  instructive  as  exhibit- 
ing a  characteristic  of  the  uniflow  engine  different  from  that 
of  either  a  counterflow  engine  or  a  steam  turbine.  The  steam- 
jjer-hour  curve  of  the  uniflow  engine  had  a  marked  and  con- 
tinuous bend ;  while  for  the  counterflow  engine,  or  steam  tur- 
bine, the  curve  was  usually  straight,  at  least  for  the  greater 
part  of  its  length. 

The  indicator  diagrams  in  the  paper  showed  a  rise  in  the 
back  pressure  from  the  time  the  central  exhaust  ports  were 
closed  by  the  piston  until  the  auxiliary  exhaust  port  was  closed. 
This  was  probably  due  to  wiredrawing  in  the  auxiliary  exhaust 
port  and  represented  some  loss.  Undoubtedly,  from  the  stand- 
point of  economy  alone,  the  engine  would  be  better  without  the 
auxiliary  port,  that  is,  operating  on  the  strictly  uniflow  prin- 
ciple. However,  it  was  presumable  that  the  purpose  of  the 
additional  port  was  to  secure  greater  capacity,  which  it  did  by 
giving  thicker  diagrams  than  would  be  obtained  without  it. 

George  H.  Barrus  wrote  that  the  tests  reported  were  not 
tests  of  a  "  uniflow  "  engine,  but  they  were  tests  of  what  might 
well  be  called  a  counterflow-uniflow  engine,  with  the  counter- 
flow  features  in  the  lead. 

Tliere  was  nothing  in  the  paper,  so  far  as  he  could  see,  show- 
ing that  the  uniflow  characteristics  possessed  by  the  Baker 
engine  had  anything  to  do  with  the  superior  economy  reported. 
In  fact,  he  could  not  see  that  these  characteristics  were  suffi- 
ciently  pronounced  to  produce  any  marked  influence  on  the 
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results.  The  indicator  diagrams  were  not  materially  different 
from  those  that  would  be  given  by  any  counterflow  engine 
having  the  same  valve  gear  and  working  under  the  same  pres- 
sure and  speed. 

To  justify  the  conclusion  that  the  superior  results  given 
were  due  to  any  uniflow  characteristic,  a  comparison  should  be 
made  between  the  engine  in  question  and  an  ordinary  counter- 
flow  engine  having  the  Baker  valve  gear,  but  the  paper  made 
no  sueh  comparison.  All  that  the  paper  showed  was  the  dif- 
ference in  economy  between  an  engine  having  excellent  steam 
distribution,  such  as  that  obtained  by  the  Baker  valve  gear, 
and  ordinary  throttling  slide-valve  engines  having  defective 
steam  distribution,  which  at  best  gave  very  poor  economy. 

If  the  title  of  the  paper  were  changed  to  read  Tests  of 
Countertlow-Unitlow  Steam  Traction  Engines,  and  the  term 
"  counterflow-uniHow  "'  were  substituted  for  "  uniflow  " 
throughout,  the  conclusions  would  be  less  liable  to  be  miscon- 
strued than  they  were  in  its  present  form. 

L.  V.  Ludy  rej'orted  the  results  of  a  series  of  tests  on  a 
Huber  steam  tractor  a  few  years  ago  which  gave  some  very 
interesting  information  in  comparison  with  the  tests  rejiorted 
in  the  paper. 

The  engine  was  fitted  with  a  common  D  slide  valve,  which 
was  unbalanced.  The  boiler  was  of  the  marine  type,  having  a 
large  flue  extending  throughout  the  entire  length  of  the  boilsr, 
the  back  end  of  which  sei-ved  as  a  firebox.  No  superheater 
was  provided.  The  method  employed  in  carrying  out  the  tests 
was  exactly  similar  to  that  used  by  Mr.  Marquis. 

Table  1  gives  the  principal  dimensions  of  the  tractor,  and 
Tables  2  and  3  the  general  results  obtained. 

In  the  results  reported  by  Mr.  Marquis,  the  maximum  i.hj). 

.      TABLE  1     PRINCIPAL  DIMENSIONS  OF  HUBER  TRACTOR 


Boiler 


Number  of  tubes 18 

Outside  diameter  of  shell,  in..  41 

Length  of  shell,  in 100 

Diameter  of  tubes,  in 3 

Diameter  of  large  flue  at  front, 

in 24 

Diameter  of  large  flue  at  rear, 

in 27 

Grate  area,  sq.  ft 6 .  59 

Total  water  heating  surface,  sq. 

ft 173 


Engine 


Nominal  horsepower 18 

Nominal  speed,  r.p.m 220 

Diameter  of  cy Under,  in 9 

Stroke,  in 11 

Diameter  of  piston  rod,  in l^g 

Diameter  of  flywheel,  in 36 

Face  of  flywheel,  in 10 


TABLE  2     SUMMARY  OF  ENGINE  RESULTS 


Length  of 
test.  min. 

R.p.m. 

Boiler  pres., 
lb.  per 

sq.  in., 
gage 

Average 

cut-off  in 

per  cent  of 

stroke 

I.hp. 

Dry  steam 
per  i.hp., 
per  hr.,  lb. 

60 

120 

60 

227.0 
217.3 
206.3 

110.8 

111.7 
112.4 

35.8 
46.5 
53.1 

28.06 
37.68 
42.21 

28.7 
29.7 
29.8 

TABLE  3    SUMMARY  OF  BOILER  RESULTS 


Length 

of  test, 

min. 

Boiler  prea., 

lb.  per 

sq.  in. 

gage 

Coal  fired  per 

sq.  ft.  of  grate 

surface  per 

hr.,  lb. 

Equiv.  evap.  per 

sq.  ft.  water- 
heating  surface 
per  hr.,  lb. 

Equiv.  evap. 
per  lb.  air- 
dry  coal,  lb. 

60 
120 
60 

110.8 
111.7 
112.4 

14.3 
24.5 
27.1 

5.58 
7.75 
8.72 

10.25 
8.30 
8.44 

in  jier  cent  of  the  normal  rated  hp.  was  unusually  high.  The 
results  obtained  from  the  1915  engine  were  over  460  per  cent 
and  those  from  the  1916  engine  about  600  per  cent.  Similar 
results  reported  by  the  writer  gave  this  ratio  of  the  greatest 
i.hp.  to  the  normal  rated  hp.  to  be  over  230  per  cent,  but  in 
this  case  the  engine  was  not  operated  at  maximum  load. 

E.  T.  Adams  wrote  that  a  moderate-power  steam  traction 
engine  weighed  at  least  300  lb.  per  hp.  It  was  therefore  far 
too  heavy  for  ordinary  farm  work  and  was  really  a  portable 
power  plant  with  its  earning  power  practically  limited  to  the 
threshing  season.  It  was  another  example  of  a  type  of  ma- 
chine all  too  common  on  the  farm  which  disintegi-ated  from 
idleness  rather  than  from  use.  The  short  earning  and  long 
rusting  season  was  the  vital  disease  affecting  the  traction 
engine.  The  remedy  was  a  longer  earning  season,  \vhich  might  be 
secured  by  any  change  which  would  reduce  the  weight  of  these 
machines  to  a  figure  api^roaehing  100  lb.  per  hp.,  thus  making 
them  available  for  plowing,  disking,  harrowing  and  seeding, 
as  well  as  for  threshing  and  other  belt  work.  Increased  econ- 
omy could  make  this  possible,  but  a  minor  increase  would  not 
be  sufficient — it  would  have  to  be  great  enough  to  reduce 
greatly  the  size  of  the  boiler,  or  even  allow  the  use  of  a  new 
type. 

He  thought  that  the  A.  D.  Baker  Company  certainly  de- 
served great  credit  for  their  endeavors  to  improve  the  econ- 
omy of  the  farm  tractor  and  had  made  a  step  in  the  right  direc- 
tion, because,  although  their  coal  consumption  per  b.hp-hr.  in 
these  tests  was  greater  than  that  shown  on  single-cylinder 
tractors  at  the  Canadian  Industrial  Exhibition  tests  in  Winni- 
peg in  July  1913,  the  steam  consumption  per  i.hp-hr.  was 
jibout  8  per  cent,  better  when  operating  under  the  same  condi- 
tions. 

It  seemed  too  bad,  however,  that  they  had  not  gone  a  step 
further.  Their  engine  was  undoubtedly  a  uniflow  engine,  in 
that  it  took  steam  at  the  end  of  the  cylinder  and  exhausted  at 
the  center,  but  it  did  not  use  the  thermal  cycle  which  had  made 
the  engine  commonly  known  as  the  uniflow  engine  so  popular 
in  Europe  and,  more  recently,  in  this  country. 

The  advantage  of  this  European  thermal  cycle  was  illus- 
trated by  comparison  of  these  tests  of  the  Baker  engine  with 
tests  made  by  Government  licensed  engineers  on  a  portable 
engine  of  approximately  the  same  horsepower  and  under 
about  the  same  conditions,  built  by  the  Maschinenfabrik 
Badenia,  of  Weinheim.  The  Badenia  engine  had  a  normal 
brake  horsepower  of  120.  The  steam  pressure  was  slightly 
lower  and  the  superheat  slightly  higher  than  in  the  Baker 
engine.  The  Badenia  engine  showed  an  economy  of  13.8  lb. 
of  steam  per  i.hp-hr.  and  1.83  lb.  of  coal  per  b.hp-hr.  The 
Raker  engine,  therefore,  required  38  per  cent,  more  steam  per 
i.hp-hr.,  and  about  80  per  cent,  more  coal  per  b.hp-hr. 

As  Mr.  Marquis  did  not  give  the  heat  value  of  the  coal  used 
on  the  trials,  it  was  impossible  to  get  a  close  basis  of  com- 
parison on  the  coal  consumption.  The  coal  used  at  Winnipeg 
had  a  heat  value  of  14,470  B.t.u.  and  at  Badenia  the  heat  value 
of  the  coal  was  13,800  B.t.u.  It  would  be  noted  that  both  the 
Winnipeg  and  Badenia  trials  were  made  by  experts  not  in 
any  way  interested  in  the  engines  being  tried. 

R.  J.  S.  Pigott  said  that  in  considering  the  curves  of  water 
rate  and  boiler  efficiency  he  had  found  it  extremely  valuable 
to  make  use  of  the  input  and  output,  or  Willans  line,  rather 
than  the  water-rate  or  efficiency  curves. 

In  the  first  place,  the  Willans  line  for  all  throitle-governed 
engines,  and  for  all  turbines,  up  to  the  point  where  the  relay 
valve  opens,  was  substantially  straight.  For  the  automatic 
engine,  the  line  w^as  represented  by  an  equation  of  the  second 
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degree,  and  was  curved  upward  more  or  less.  The  valuable 
feature  was  that  as  these  Willans  lines  were  either  straight  or 
only  slightly  euned.  and  the  zero  steam  consumption  always 
fell  within  reasonably-well-defined  limits — say  15  to  20  per 
cent  of  full-load  steam  consumption,  the  direction  of  the  cune 
could  be  very  much  more  definitely  settled,  especially  if  the 
tests  varied  considerably  from  average.  The  water-rate  curve 
cnuld  then  be  plotted  from  the  Willans  line. 

One  feature  in  Fig.  12  of  the  paper  which  seemed  peculiar 
•  was  the  crossing  of  the  lower  boiler-pressure  eui-ves  by  the  175- 
]b.  curve  at  low  loads.  This  was  very  unusual,  as  in  all  cases 
he  had  seen,  the  raising  of  the  boiler  pressure  improved  the 
water  rate  and  lowered  the  Willans  line  at  all  loads.  The 
crossing  of  the  water-rate  curves  indicated  that  the  Willans 
line  also  crossed  those  at  the  lower  pressures,  giving  a  high 
no-load  steam  consumption,  which  was  extraordinary.  He 
would  in  general  suspect  an  error,  especially  as  the  tests 
seemed  short  for  accurate  results  by  the  feedwater  method. 
Quite  large  errors  were  introduced  by  the  capacity  of  the  sys- 
tem and  the  impossibility  of  getting  accurate  indications  of 
water  content  of  the  boilers  by  gage  glasses;  the  shorter  the 
test,  the  larger  the  effect  of  the  error. 

A  further  suggestion  to  the  author  was  that  the  results  be 
computed  in  thermal  efficiency,  Rankine-cyele  efficiency  ratio, 
and  B.t.u.  per  hr.,  all  referred  to  brake  horsepower;  the  vari- 
ations with  i.hp.  were  of  little  value  for  a  comparison  with 
other  types  of  prime  mover. 

The  thermal  efficiency  was  a  basic  measure  of  the  real  econ- 
omy ;  so  was  B.t.u.  per  b.hp-hr.  Water  rates  were  not  basic 
and  varied  with  every  set  of  steam  conditions.  The  Rankine- 
cyele  etTiciency  ratio  was  a  valuable  means  of  comparing  the 
design  of  one  engine  with  another,  since  it  showed  liow  well 
the  engine  made  use  of  its  steam  range,  although  the  thermal 
efficiencies  might  be  very  different.  For  instance,  the  efficiency 
ratio  of  a  non-condensing  compound  engine  might  be  as  hi'gh 
as  75  or  80  per  cent,  and  its  thermal  efficiency  only  7  to  10 
per  cent;  that  of  a  condensing  compound,  55  to  60  per  cent, 
and  the  thermal  efficiency  16  or  17  per  cent;  showing,  as  we 
now  well  knew,  the  extremely  low  efficiency  ratios  of  low- 
pressure  cylinders  under  condensing  conditions. 

These  two  efficiencies  were  the  only  ones  of  value  in  compar- 
ing steam  results  with  internal-combustion-engme  results. 
Messrs.  Stott,  Gorsueh  and  the  speaker  had  advocated,  in  a 
Prime  Mover  Committee  report  for  the  A.  I.  E.  E.,  1915,  that 
the  use  of  water  rates  be  abandoned  a-s  not  basic,  and  that  the 
above  efficiencies  be  substituted. 

A.  G.  Christie  wrote  that  the  paper  gave  some  excellent  data 
of  the  effect  of  superheat  in  a  uniflow  non-condensing  engine. 
Considerable  emphasis  had  been  laid  on  the  comparison  of  the 
uniflow  and  counterflow  engines,  and  the  curves  in  Fig.  14 
showed  comparative  performance  curves  for  several  types  of 
engines.  It  did  not  seem  that  any  of  these  curves  showed 
compound-condensing  units  with  superheat. 

In  large  power  plants  there  was  a  tendency  to  increase  both 
steam  pressures  and  superheat.  The  tests  in  this  paper  showed 
the  highly  beneficial  effect  of  adding  superheat  in  a  non-con- 
densing unit.  Engineers  should  therefore  be  interested  in  the 
performance  of  a  small  unit  with  high  pressure,  high  super- 
heat, reheating  between  cylinders,  feedwater  heating  and  con- 
densing. 

When  the  new  laboratories  of  Johns  Hopkins  University 
were  built,  a  75-kw.  Buckeyemobile  was  purchased  from  the 
Buckeye  Engine  Co.,  and  direct-connected  to  a  50-kw.  genera- 
tor.    This  unit  had  been  used  to  carry  the  summer  light  and 


TABLE  1    PART  OF  RESULTS  OF  TESTS  ON  75-KW.  BUCKEYEMOBILE 


Drj'  coal  per  i.hp-hr 

2.32 

1.57 

1.40 

Dr>-  coal  per  kw-hr.,  lb 

4.06 

2.55 

2.27 

B.t.u.  in  coal  consumed  per  kw-hr.. . 

57,453 

34,540 

31,280 

Lb.  of  steam  condensed  per  i.hp-hr.. 

10.80 

10.5 

9.63 

Lb.  of  steam  condensed  per  b.hp-hr. 

12.65 

11.32 

11.0 

Lb.  of  steam  condensed  per  kw-hr. . 

18.94 

17.0 

15.62 

Efficiency  ratio  of  engine  based  on 

indicated  horsepower,  referred  to 

adiabatic  expansion,  per  cent 

64.3 

67.0 

72.7 

Efficiency  of  boiler  alone,  per  cent.  . 

36.8 

55.1 

55.4 

Efficiency  of  boiler,  superheater,  re- 

heater  and  feedwater  heat«r.  per 

cent 

43.2 

64.6 

66.3 

Efficiency   of  complete   plant   from 

kilowatts  at  switchboard  to  heat 

in  coal  as  fired,  per  cent 

5  92 

9.88 

10.85 

power  load  of  the  University,  and  for  test  jDurposes  by  the 
students  during  the  winter  months.  A  portion  of  the  test 
results  was  given  in  Table  1 ;  the  results  were  obtained  by 
members  of  the  senior  mechanical-engineering  class  in  a  series 
of  tests  made  last  winter.  The  unit  was  not  prepared  espe- 
cially for  test  and  was  operated  as  in  general  service.  It  was 
felt  that  the  results  represented  vei-y  closely  average  operating 
conditions,  though  other  previous  tests  had  indicated  lower  coal 
consumptions  at  the  various  loads. 

The  unit  had  given  very  satisfactorj-  service  since  it  had 
been  installed,  and  the  operating  and  maintenance  chai'ges  had 
been  quite  low.  American  engineers  could  well  afford  to  give 
more  attention  to  this  type  of  unit  with  the  rapidly  increasing 
costs  of  fuel  and  labor. 

PROFESSOR  .M.VKQUIS  REPLIES 

Professor  Marquis,  in  replj'ing,  agreed  with  Professor 
Emsweiler  that  it  was  often  preferable  to  refer  steam-con- 
sumption curves  to  b.hii.  instead  of  i.hp.  In  the  present  case 
the  ditferenee  in  the  form  of  the  curves  would  be  very  slight, 
and  it  was  decided  to  use  i.hp.  in  view  of  the  fact  that  it 
proved  more  difficult  to  find  results  of  tests  of  engines,  with 
which  it  was  desired  to  make  comparisons,  expressed  with 
reference  to  b.hp. 

In  answer  to  Mr.  Adams'  question,  the  heat  value  of  the  coal 
used  was  approximately  13,700  B.t.u  per  pound,  as  fired. 

In  rej^ly  to  Mr.  Pigott's  suggestion  that  the  fact  that  the 
water  rates  were  not  in  all  eases  lower,  at  all  toads,  with 
higher  boiler  pressure  than  with  lower  boiler  pressure,  indi- 
cated an  error,  and  that  the  results  might  be  adjusted  with  the 
aid  of  the  Willans  lines  so  as  to  eliminate  this  feature,  he 
would  like  to  call  attention  to  the  fact  that  if  a  Willans  line 
was  plotted  for  each  boiler  pressure  of  the  saturated-steam 
runs,  a  very  clearly  defined  tendency  throughout  for  the 
higher-pressure  lines  to  cross  the  lower-pressure  ones  at  light 
loads  would  be  evident.  It  was  realized  that  the  work  doubt- 
less contained  some  experimental  errors,  but  it  did  not  seem 
reasonable  to  infer  that  eiTors  would  occur  in  such  a  way  as 
to  consistently  indicate  the  same  thing.  It  did  not  therefore 
seem  justifiable  to  adjust  the  results  as  suggested. 

Moreover,  it  was  evident  that  the  cylinder  condensation 
would  be  greater  with  high  boiler  pressures,  due  to  the  in- 
creased terai  erature  ranges,  than  with  lower  ones.  It  did  not 
seem  unreasonable  to  infer  that  as  the  load  became  lighter  and 
the  cut-oft'  earlier,  a  point  would  finally  be  reached  where  the 
loss  due  to  increased  cylinder  condensation  would  overbalance 
the  gain  due  to  increased  available  energy,  and  the  Willans 
lines  cross,  as  actually  indicated  by  the  data  presented. 
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He  agreed  entirely  with  Mr.  Pigott  as  to  the  value  of  the 
use  of  the  thermal  efficiency.  B.t.u  per  hour  (or  per  minute), 
and  the  Raukine-eyele  efficiency  ratio,  for  comparison  with 
other  types  of  prime  movers.  The  Rankine-eycle  efficiency 
ratios  referred  to  i.hp.  would  be  found  in  column  12  of  Table  2. 
The  others  were  not  presented  in  the  paper. 

I'ROPE.SSOR  BENJAMIN  TAKES  THE  CHAIR  AND  MR.  PIIII.LirS- 
PAPER  IS  PRESENTED 

At  this  point,  President  Hollis  appointed  Vice-President 
Charles  H.  Benjamin  to  the  chair,  and  Victor  B.  Phillips' 
paper  on  Relation  of  Efficiency  to  Capacity  in  the  Boiler 
Room  was  presented  by  the  Secretary  in  the  absence  of  the 
author. 

In  this  paper  the  author  showed,  by  typical  cost  figures,  that 
90  per  cent  of  the  cost  of  producing  steam  was  for  fuel  and 
fixed  charges  (including  labor).  He  stated  that  these  two 
charges  were  of  almost  equal  imjiortance,  and  that  their  reduc- 
tion depended  respectively  on  the  attainment  of  efficiency  and 
capacity.  He  then  set  about  to  establish  the  procedure  for 
determining  the  relation  of  maximum  efficiency  at  various 
loads  to  those  variables  of  operation  which  the  fireman  might 
observe  and  over, which  he  must  exercise  control.  Test  data 
on  a  B.  &  W.  boiler,  equipped  with  a  Taylor  stoker  for  a  very 
wide  range  of  operating  conditions,  were  used  to  illustrate  the 
procedure  and  to  show  the  validity  of  the  selection  of  variables. 

The  data  applying  to  the  furnace  and  boiler  were  shown 
respectively  in  charts  having  efficiency  and  capacity  as  coor- 
dinates, and  the  interrelation  of  the  operating  variables  was 
indicated,  as  on  steam  charts,  by  lines  of  constant  values. 
These  two  charts  were  then  combined  into  a  single  chart  having 
as  coordinates  overall  efficiency  and  capacity  of  the  steam- 
generating  plant,  and  which  graphically  represented  the  two 
objects  to  be  sought^efficiency  and  capacity — in  terms  of  the 
variable?  of  operation  through  the  manipulation  of  which 
they  might  be  obtained.  The  striking  test  results  shown  in  the 
furnace-operation  chart  were  discussed  in  an  appendix,  which 
also  gave  details  of  the  procedure  employed. 

This  paper  was  discussed  orally  by  William  Kent,  L.  C. 
Bowes,  W.  F.  M.  Goss  and  J.  M.  Spitzglass,  and  written  dis- 
cussions were  contributed  by  R.  C.  Carjaenter,  Maxwell  Alpern. 
George  H.  Barrus,  Bryant  Bannister,  and  N.  G.  Reinicker. 

William  Kent  said  that  about  twenty-five  years  ago  he 
slated  before  the  Society  that  the  relation  of  efficiency  to 
capacity  of  a  boiler  was  not  expressed  by  any  curve  or  formula, 
but  by  a  field  the  upper  limit  of  which  represented  the  results 
that  could  be  obtained  under  the  best  possible  conditions.  The 
width  of  this  field  was  very  great,  and  was  a  measure  of  our 
ignorance  concerning  how  to  get  the  best  conditions. 

His  studies  for  forty  years  had  been  directed  toward  helping 
to  narrow  the  limits  of  this  field,  which  had  now  been  done 
to  the  extent  that  the  action  of  a  boiler  could  be  predicted 
to  within  5  per  cent  or  less  when  the  duty  was  known. 

In  regard  to  llie  thickness  of  the  fire,  some  thirty  years 
ago  he  made  a  2i-hr.  test  with  pit  coal  and  with  every  facility 
for  making  a  good  observation.  The  test  was  divided  into 
8-hr.  periods  and  the  first  period  was  run  with  thin  fires, 
the  second  with  medium  fires,  and  the  third  with  thick  fires. 
The  best  results  were  obtained  with  thin  fires  and  with  thick 
'fires,  and  the  worst  with  medium  fires.  From  these  data  he 
did  not  think  anyone  could  draw  any  conclusion. 

In  1895  he  made  a  series  of  75  tests  on  a  Babcock  &  Wilcox 
boiler,  with  a  great  many  variable  conditions.  Some  of  these 
tests  run  with  thick  fires  and  strong  draft  gave  results  within 


IV2  per  cent  of  those  obtained  with  thin  fires  and  moderate 
draft,  again  leading  to  no  conclusion  as  to  the  merits  of  thin 
fires  and  thick  fires. 

In  regard  to  carbon  monoxide,  he  had  a  series  of  apparatus 
arranged  so  that  gas  samples  could  be  taken  from  half  way 
llirough  the  boiler  tubes  every  minute.  The  first  minute  gave 
no  oxygen  and  7  per  cent  C0„;  the  second  minute  4  per  cent 
('0,  and  a  trace  of  oxygen,  and  at  the  end  of  five  minutes  7 
per  cent  free  oxygen  and  no  carbon  monoxide.  This  showed 
the  tremendous  variation  in  conditions  that  could  exist  insidS 
of  five  minutes. 

This  test  led  to  no  conclusion  as  to  the  CO,  except  that  it  was 
extremely  variable.  Results  of  75  tests  were  plotted  against 
every  variable,  and  such  conclusions  drawn  as  could  be. 

What  conclusions  he  had  obtained  in  nearly  forty  years  of 
making  boiler  tests  were  to  be  found  in  his  Steam  Boiler 
Economy.  A  little  differential  calculus  had  been  used  in 
dealing  with  the  problem ;  but  it  seemed  to  him  that  all  in- 
\f-stigators  had  entirely  ignored  that  study.  He  hoped  Mr. 
Phillips  would  check  his  results  against  the  things  given  in 
that  publication  and  see  if  they  did  not  reach  more  definite 
conclusions  than  in  the  paper. 

L.  C.  Bowes  thought  the  paper  pointed  out  one  very 
essential  thing:  that  the  maximum  efficiency  was  gained  at 
about  25  per  cent  overload.  There  seemed  to  be  a  great 
tendency  at  present  for  stoker  manufacturers  to  recommend 
stokers  to  fire  above  the  rated  capacity  of  the  boiler,  for 
which  tendency  central-station  practice  had  probably  been 
responsible. 

With  a  stoker  and  boiler  giving  a  high  overload  capacity, 
with  a  12-hr.  peak,  the  loss  in  the  boiler  due  to  high  overload 
capacity  in  order  to  operate  the  stoker  at  an  efficient  point 
would  exceed  the  loss  due  to  maintenance  charges  on  addi- 
tional boiler  capacity,  with  stokers  somewhere  near  consistent 
with  the  rating  of  the  boiler.  This  point  was  very  essential 
where  there  was  a  standing  load  on  a  10-,  12-  or  24-hr.  peak. 

In  central-station  practice,  where  there  was  oidy  a  three-  or 
four-  or  sometimes  a  single-hour  peak,  high  boiler  capacity 
of  course  was  required,  but  he  would  like  to  see  some  curves 
showing  in  some  way  the  relation  between  the  fixed  charges 
and  fuel  cost  dependent  on  varying  relations  between  the 
stoker  capacity  and  the  boiler  capacity, 

W.  F.  M.  Goss  said  that  in  our  efforts  to  increase  efficiency 
we  were  likely  to  lose  sight  of  a  matter  of  considerable  present- 
day  importance  to  wliich  mechanical  engineers  should  gi\e 
due  attention.  He  referred  to  the  increase  in  the  pollution  of 
the  atmosphere  which  resulted  when  boilers  were  driven  to 
higher  capacities. 

The  record  of  locomotive-boiler  performance  had  long  smce 
disclosed  the  fact  that  stack  losses  in  the  form  of  solid  particles 
of  fuel  constituted  a  most  important  factor  in  their  effect  on 
boiler  efficiency.  We  knew  that  as  we  increased  the  capacity 
of  a  locomotive  boiler  we  also  increased  the  percentage  of 
solid  fuel  passing  up  the  stack.  For  locomotives  in  which  a 
third  and  sometimes  a  half  hp.  was  secured  per  square  foot  of 
heating  surface,  the  relation  of  solids  (fuel  and  ash)  piassing 
uj)  the  stack  to  rate  of  combustion  was  known  for  a  consid- 
erable number  of  different  fuels.  There  was  very  little  similar 
infonnation  applying  to  boilers  in  power  plants,  notwith- 
standing the  fact  that  we  were  constantly  increasing  the  rates 
of  combustion  in  such  plants,  and  by  so  doing  bringing  sta- 
tionary practice  to  a  point  where  it  overlapped  a  portion  of 
the  field  covered  by  locomotive  service. 

Mechanical    eneineers    were    naturallv    interested    in    that 
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aspect  of  this  question  wliieli  atfecteil  boiler  etWeieney.  His 
present  puri)ose  was  to  urge  the  imijortance  of  their  being 
interested  in  that  asjieot  of  the  question  which  affected  the 
purity  of  the  atmosphere. 

J.  M.  Spitzglass  said  that  he  would  not  hesitate  to  say  that 
the  relation  between  operating  efficiency  and  capacity  was  the 
most  importajit  factor  in  the  boiler  room,  also  in  the  engine 
room  and,  in  fact,  in  every  unit  of  a  plant. 

The  author  had  two  objects  to  accomplish  in  his  paper:  to 
demonstrate  that  the  boiler  operation  should  be  studied  sys- 
tematically in  relation  to  the  two  fundamental  variables, 
(jficiencij  and  capacity,  and  to  actually  study  this  relation. 
While  he  succeeded  in  accomplishing  the  first  object,  he  utterly 
failed  in  the  second. 

He  regarded  the  authors  treatment  of  the  furnace  factors 
as  very  interesting,  indeed.  The  combination  of  an  air  meter 
ajid  draft  gage,  assisted  by  the  analysis  of  flue  gases  and 
readings  of  temperatures,  would  answer  very  well  if  there 
were  always  some  reliable  person  whose  duty  it  would  be  to 
take  these  various  readings. 

When  it  came  to  the  boiler,  however,  after  demonstrating 
that  the  relation  between  efficiency  and  capacity  was  the  most 
important  factor  in  operation,  the  author  did  not  suggest  the 
direct  method  of  indicating  or  determining  the  capacity  of  the 
boiler  at  all  times,  which  was  by  a  steam  meter.  He  merely 
contented  himself  with  saying  that  the  factors  governing  fur- 
nace operation  should  also  govern  boiler  operation. 

It  was  not  to  be  denied  that  some  idea  of  the  capacity 
could  be  obtained  from  the  conditions  of  the  furnace  and 
measurement  of  air  supply  when  six  extra  men,  trained  for 
the  purpose  as  was  the  case  in  the  paper,  were  present  to 
observe  and  manipulate  the  readings  of  the  various  devices 
operated  during  the  test.  But,  how  many  firemen  would  be 
found  who  were  able  to  observe  air  velocities,  diaft-gage 
readings,  gas  analyses  and  flue-gas  temperatures;  and  if  they 
were,  how  many  could  interpret  them?  Many  places  would 
he  found  where  most  of  these  instruments  were  present  but 
were  seldom  followed  by  the  firemen,  but  Mr.  Spitzglass  had 
yet  to  see  the  place  where  a  boiler-steam  meter  was  installed 
that  it  was  not  watched  by  the  firemen  the  same  as  the  pres- 
sure gage  or  the  time  clock. 

Some  might  object  that  the  steam-flow  meter  was  not  100 
per  cent  accurate.  It  was  not;  neither  were  any  of  the  attach- 
ments to  the  furnace,  as  far  as  he  knew.  The  author  had 
demonstrated  that  under  a  given  set  of  conditions,  differential 
pressure  readings  would  repeat  themselves  for  the  same  quan- 
tities they  represented.  It  stood  to  reason  that  the  flow  meter, 
which  was  merely  the  index  of  the  differential  pressure  corre- 
sponding to  the  flow,  would  repeat  itself  for  the  same  flow, 
and  by  weighing  the  feedwater  for  only  a  short  period,  the 
absolute  calibration  might  be  readily  obtained  for  each  boiler 
or  line. 

But  this  calibration,  or  even  the  whole  accuracy,  was  not 
the  question  of  the  boiler  steam  meter  at  all.  The  main 
object  was  ha\'ing  somethin?  definite  and  comparatively  ac- 
curate striking  tlie  fireman's  eye  at  all  times — something  that 
he  could  easily  understand  without  any  interpretation  or  cal- 
culation. 

The  fireman  had  a  problem  which  we  seldom  realized. 
With  no  steam  meter  on  the  line,  he  did  not  know  what  the 
boiler  was  actually  producing,  he  merely  guessed  at  it.  The 
demand  for  steam  was  out  of  his  control  and  knowledge. 
Suppose  he  learned  that  by  following  a  certain  operation  he 
ke2>t  up  the  pressure  at  a  given  time,  how  was  he  to  know 


what  the  actual  demand  was  at   that  time,  or,  as  the  author 
put  it,  what  tlie  capacity  of  the  boiler  was  at  that  time? 

We  could  not  expect  a  fireman  to  operate  efficiently  from 
a  set  of  charts  drawn  up  after  a  boiler  test.  But,  when  he 
saw  that  by  performing  a  certain  operation  he  caused  the 
steam-meter  hand  to  move  to  the  high-capacity  side,  he  visual- 
ized the  residt  and  would  surely  repeat  the  same  operation, 
knowing  it  effected  better  and  easier  work  in  general. 

R.  C.  Carpenter  thought  that  the  paper  represented  the 
first  series  of  investigations  so  conducted  as  to  determine  the 
results  produced  by  greatly  varying  the  coal  consumption. 

It  was  a  matter  of  regret  that  in  the  tests  the  limit  of  air 
supply  rather  than  the  heating  surface  proved  insufficient  for 
complete  combustion  at  the  highest  limits  of  coal  consump- 
tion. Lines  13  and  15  of  Table  2  gave  information  as  to  the 
drop  in  efficiency  following  the  increase  in  the  combustion  of 
coal  as  indicated  on  line  3.  The  determination  of  the  weight 
of  air  employed  for  the  combustion  of  the  fuel  afforded  an 
opportunity  for  noting  the  effect  due  to  the  regulation  of  the 
air  supply,  which  important  matter  had  seldom  been  given 
consideration  in  boOer  tests.  The  particular  air  meter  em- 
ployed was  of  interest,  as  were  also  the  scientific  results  given 
as  proper  conclusions  drawn  from  the  investigation. 

The  records  of  the  investigation  would  be  of  great  value  in 
determining  the  limit  of  capacity  of  steam  boilers,  which  was 
now  under  consideration  in  every  recent  construction.  Ob- 
viously as  the  limit  of  capacity  for  a  given  efficiency  was 
increased,  the  overhead  and  operating  costs  were  reduced. 

M.  Alpern,  in  pointing  out  some  of  the  operating  faults 
of  the  tests,  particularly  as  they  affected  the  performance  of 
the  Taylor  stoker  used,  spoke  as  follows: 

"  Theoretically,  the  Taylor  stoker  consists  of  an  inclined 
retort,  thi'oughout  which  the  air  pressure  is  supplied  under 
constant  pressure  and  through  constant  areas  of  air  discharge ; 
an  auxiliary  grate  surface  at  the  rear  of  the  inclined  retort 
for  the  purpose  of  burning  out  the  devolatilized  fuel,  and  a 
substantially  imperforate  dump  plate  on  which  the  residue 
can  remain  for  a  relatively  long  period,  for  the  purpose  of 
further  reducing  the  carbon  in  the  refuse  and  discharging  the 
refuse  into  an  ashpit.  In  operation  it  is  intended  that  a 
maximum  fuel-burning  effect  sliall  take  place  in  the  space 
occupied  by  the  mouth  of  the  retort  and  that  the  feed  of  the 
fuel  in  the  retort  shall  be  so  regulated  by  the  adjustable 
feeding  mechanism  that  the  fuel  will  rise  from  the  mouth 
of  the  retort  uniformly  throughout.  Such  of  the  fuel  as 
remains  unburned  together  with  the  refuse  feeds  over  the 
auxiliary  grate  at  the  rear,  which  grate  has  a  hand-regulated 
air  supply.  This  air  supply  can  be  regulated  from  zero  to 
a  maximum  opening. 

"  Technical  operators  are  instructed  in  the  operation  of  the 
Taylor  stoker  by  observation  of  the  fire  only.  When  prop- 
erly adjusted  and  properly  operated,  the  fire  will  go  through 
a  regular  cycle.  The  mixture  of  fuel  and  ash  will  be  deposited 
on  the  dump  plate  until  the  plate  is  covered  to  a  depth  of 
possibly  12  to  15  in.  While  the  stoker  continues  to  operate, 
the  material  is  deposited  on  the  dump  plate  only  as  the 
material  already  there  wastes  away  by  the  process  of  com- 
bustion and  provides  room  for  it.  Accordingly,  at  the  end 
of  a  period  of  3  or  4  hours,  the  material  on  the  dump  plate 
takes  on  a  dead  and,  to  some  extent,  blackened  appeai'ance. 
This  indicates  that  the  time  has  arrived  to  dump.  At  what 
are  normally  known  as  low  rates  of  combustion,  that  is,  rates 
of  combustion  below  500  lb.  per  retort  per  hour,  no  air  is 
used  on  the  auxiliary  grate,  that  is,  the  damper  is  closed.     A 
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small  amount  of  air  may  escape  through  leakage.  Except 
just  prior  to  the  dumping  period,  for  an  interval  of  perhaps 
15  minutes,  the  damper  is  open  (sometimes  wide  open,  some- 
times only  part  way  open).  It  is  only  at  rates  higher  than 
500  lb.  per  retort  that  there  is  any  opening  of  the  damjjer 
tlirough  the  period  of  operation  between  dumps.  If  the 
stoker  does  not  go  through  the  regular  cycle  and  produce  a 


time,   and   it   would   also   ai)pear  that   the   fuel   bed   was   not 
properly  adjusted. 

"  The  accompanying  curves  will  clearly  indicate  the  trouble 
In  Fig.  1  are  plotted  first  the  efficiencies  obtained  by  Mr. 
Phillips  with  light,  medium  and  heavy  fuel  beds.  In  the 
same  figure  are  shown  the  efficiencies  obtained  on  the  Taylor 
stoker  of  exactly  similar  design  with  the  same  ratio  of  heating 
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l)urned-out  ash  at  the  end  of  a  3-  or  4-hr.  period,  no  better 
indication  need  be  had  that  one  of  two  things  is  wrong. 
Either  insufficient  air  is  being  supplied  to  the  fuel  emerging 
from  the  retort,  or  the  feed  of  the  lower  ram  is  not  adjusted 
properly.  These  adjustments  are  very  simple  to  make.  It 
is  apparent  in  the  tests  reported  by  Mr.  Phillips  that  the 
air  supplied  to  the  fuel  over  the  retort  was  insufficient,  the 
damper    to    the    extension    grate    was    wide    open     all    the 
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surface  to  grate  surface,  on  tests  run  at  the  New  York  Edison 
Company.  The  coal  used  in  the  latter  tests  was  somewhat 
better  than  the  coal  used  during  the  Cleveland  Railway  tests. 
"  In  Fig.  2  are  indicated  the  air-pressure  curves.  The  air 
pressure  in  both  the  New  York  Edison  tests  and  the  Cleve- 
land Railway  tests  represent  the  difference  in  pressure  be- 
tween  the   windbox  of  the   stoker   and   the   furnace   over  the 
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fuel  bed.  It  will  be  noted  tliat  tbe  New  York  Edison  tests 
show  very  much  hislier  pressure  at  corresponding  rates  of 
fuel-burning. 

•'  Fig.  3  shows  tiie  draft  over  the  fire,  in  the  ease  of  the 
New  York  Edison  tests  and  the  Cleveland  Railway  tests.  The 
draft  over  the  fire  in  the  latter  tests  was  materially  higher, 
as.  of  course,  was  the  draft  throughout  the  boiler,  causing  a 
larger  loss  from  infiltration  of  air. 

"  Fig.  4  illustrates  tests  run  on  a  Taylor  stoker  of  similar 
design  with  a  similar  ratio  of  heating  surface  to  grate  surface 
at  the  National  Tube  Company,  Kewanee.  In  this  ease,  a 
much  lower  grade  of  fuel  was  burned  tlian  that  reported  in 
Mr.  Phillips's  tests. 

"  Fig.  5  shows  the  relative  air  pressures  between  the  National 
Tube  Company  tests  and  the  Cleveland  Railway  tests.  In 
the  ease  of  these  tests,  the  air-pressure  curves  are  much 
closer  together,  owing  to  the  fact  that  the  actual  combustible 
burned  with  Illinois  coal  was  much  less  per  pound  of  dry  coal 
than  was  true  of  the  eoal  burned  at  the  Cleveland  Railway 
test*. 

"  Fig.  6  illustrates  the  draft  over  the  fire. 

"  Fig.  2  also  shows  the  air  pressures  used  by  Mr.  Phillips 
at  corresponding  rates  of  combustion  per  pound  dry  eoal.  It 
will  be  noted  that  with  the  heaviest  fuel  bed  the  lowest  air 
pressures  were  employed,  and  with  the  thinnest  fuel  bed  the 
highest  air  pressures  were  employed,  wliieh  is  just  contraiy  to 
what  is  necessary  for  good  operation.  The  heavy  fuel-bed 
condition  was  an  unnatural  one  for  the  Taylor  stoker,  and 
existed  only  because  the  fire  was  starved  for  lack  of  air." 

George  H.  Barrus  wrote  that  the  paper  stated  that  the 
"  fuel  bed  was  kept  unifonn  and  constant  in  thickness  by 
very  close  and  frequent  observation  on  the  part  of  three  dif- 
ferent men,  all  esjierienced  firemen."  From  this  it  was  evi- 
dent that  "  the  flying  start  and  stop  "  was  the  method  pur- 
sued in  beginning  and  ending  the  tests.  Everyone  who  had 
had  experience  with  the  operation  of  Taylor  stokers  realized 
that  it  was  almost  impossible  for  an  observer,  whether  an 
e.-sperienced  fireman  or  expert,  to  judge  of  the  exact  condi- 
tion of  the  fuel  bed  in  the  regular  operation  of  such  a  stoker. 
It  was  therefore  well-nigh  impossible  to  make  a  flying  start 
and  stop  with  a  stoker  of  this  kind  and  be  assured  that  the 
condition  was  anywhere  near  the  same  at  the  beginning  as 
at  the  end  of  a  test. 

Realizing  this,  the  Power  Test  Committee  of  the  Society 
had  prescribed  certain  rules  regarding  the  duration  of  stoker- 
fired  tests  and  the  method  to  be  employed  in  starting  and 
slopping  them. 

In  regard  to  duration,  he  quoted  from  Par.  45  of  the  Power 
Test  Report,  as  follows: 

In  the  ease  of  a  boiler  using  a  mechanical  stoker,  the 
duration,  where  practicable,  should  be  at  least  24  hours. 
If  the  stoker  is  of  a  type  that  permits  the  quantity  and 
condition  of  the  fuel  bed  at  beginning  and  end  of  the 
test  to  be  accurately  estimated,  the  duration  may  be  re- 
duced to  10  hours,  or  such  time  as  may  be  required,  to 
burn  the  above  noted  total  of  250  lb.  per  sq.  ft. 

In  commercial  tests  where  the  service  requires  continu- 
ous operation  night  and  day,  with  frequent  shifts  of  fire- 
men, the  duration  of  the  test,  whether  the  boilers  are 
hand-fired  or  stoker-fired,  should  be  at  least  24  hours. 
Likewise  in  commercial  tests,  either  of  a  single  boiler  or 
of  a  plant  of  several  boilers,  which  operate  regularly  a 
certain  number  of  hours  and  during  the  balance  of  the 
day  the  fires  are  banked,  the  duration  should  not  be  less 
than  24  hours. 


There  was  nothing  in  Par.  45  that  permitted  a  test  of  the 
Taylor  type  of  stoker  to  be  less  than  24  hours  in  duration,  in 
a  plant  like  tlie  one  in  question  operating  for  24  hours  per 
day. 

Mr.  Barrus  also  called  attention  to  Par.  48  of  the  Power 
Test  Code,  which  related  to  the  starting  and  stopping  of  a 
stoker  test,  in  order  to  show  that  there  was  nothing  in  the 
requirements  that  countenanced  the  flying  start  and  stop, 
which  api)eared  to  have  been  followed  in  the  tests  reported  in 
the  jjaper. 

Bryant  Bannister  '  wrote  that  the  author  had  invited  discus- 
sion which  should  be  quite  beneficial  to  boiler-plant  designer's. 
It  went  without  argument  that  the  designer  shouhl  attempt  to 
provide  the  maximum  of  capacity  with  a  given  investment, 
without  corresponding  contingent  losses.  With  the  data  avail- 
able pertaining  to  heat  transmission  through  setting  walls, 
boiler  tubes,  etc.,  we  could  safely  design  a  boiler  plant  for 
what  might  be  termed  "  intensive  steam  production." 

Since  the  two  greatest  sources  of  heat  loss  in  steam  produc- 
tion originated  in  the  boiler  furnace  and  through  the  boiler 
proper,  we  could  expect  the  greatest  interference  with  the 
design  for  maximum  steam  production  either  in  the  stoker 
or  the  boiler  proper.  It  was  possible  to  meet  the  first  inter- 
ference by  the  use  of  stoker  equipment  which  improved  the 
furnace  efficiency  as  the  rate  of  fuel  consumption  was  in- 
creased. One  make  of  stoker  had  this  important  character- 
istic up  to  a  burning  rate  of  about  1000  lb.  of  coal  per  retort 
per  hour,  and  possibly  further.  Referring  to  Fig.  2  in  the 
author's  paper,  it  would  be  noted  that  a  curve  connecting  the 
points  of  maximum  furnace  efficiency  had  an  upward  trend, 
rising  from  68  per  cent  at  a  furnace  output  of  555  boiler  hp. 
to  76  per  cent  at  10.55  boiler  hp.  output.  It  then  became  the 
duty  of  the  boiler  unit  to  absorb  the  heat  evolved  without 
unduly  high  exit-gas  temperatures. 

The  second  interference  pertaining  to  heat  transfer  into  the 
boiler  had  been  very  admirably  treated  by  Messrs.  Kreisinger, 
Ray  and  Barkley  in  Bulletin  18,  and  Technical  Paper  114  of 
the  Bureau  of  Mines,  These  papers  were  both  splendid  argu- 
ments for  greater  capacity  from  a  given  boiler  heating  surface. 

Presuming  commercially  clean  tube  surfaces,  both  inside  and 
cut,  it  followed  tliat  we  must  go  further  than  was  usually 
considered  good  practice  toward  providing  for  a  long  gas 
passage  in  contact  with  tube  surface,  also  toward  increasing 
llie  gas  velocity.  Just  where  we  should  stop  with  the  boiler 
surface  proper  and  introduce  economizer  surface  must,  of 
course,  be  governed  by  local  conditions,  costs,  etc.,  but  the 
writer  believed  that  such  economizer  surface  could  be  pro- 
vided adjacent  to  the  boiler,  preferably  above,  with  tubes  of 
suitable  size  and  so  arranged  that  high  gas  velocity  was 
obtained,  in  many  cases  with  a  single  pass  for  gas  flow. 

Because  large  boiler  units  lent  themselves  so  well  to  the 
above  scheme  they  should  be  given  consideration  as  an  essen- 
tial feature  in  the  design. 

If  the  principle  of  "  intensive  steam  production  "  was  ad- 
hered to  in  both  design  and  operation,  the  result  would  be 
minimum  investment  per  unit  of  steam  produced,  while  the 
cost  of  operation,  including  fuel,  labor  and  material  for 
repairs  and  maintenance,  etc.,  would  not  be  increased  much 
over  similar  costs  for  normal  steam  production. 

The  tendency  toward  the  proposed  design  was  apparent  in 
central-station  construction,  and  the  writer  hoped  that  it 
would  be  appreciated  and  followed  for  the  average  industrial 
boiler  plant  of  the  future. 


'  National  Tube  Company,  Pittsburgli.  Pa. 
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N.  G.  Keinicker',  while  ailmitting  that  the  author  was  cor- 
rect in  his  statements  of  tlie  importance  of  efficiency  and 
capacity,  considered  that  any  conclusions  regarding  these  items, 
based  upon  the  tests  reported,  would  be  entirely  out  of  accord 
with  results  which  could  be  and  were  being  obtained  with 
similar  equipment  and  coaJ  throughout  the  country. 

The  fact  that  the  runs  were  of  only  eight  hours'  duration 
was  sufficient  alone  to  discard  all  the  tests.  With  any  furnace 
having  a  large  amount  of  fuel  on  the  grate,  as  was  the  case 
with  the  underfeed  stoker,  it  was  possible  in  an  8-hr.  test  to 
get  any  efficiency  desired.  Twenty-four  hours  was  the  mini- 
mum time  in  which  such  runs  should  be  made. 

In  every  test  reported  there  was  a  large  deficiency  of  air. 
The  funiace  was  apparently  used  as  a  gas  producer,  with 
secondary  combustion  in  stjme  of  the  passes,  as  shown  by  the 
exit  gas  temperatures  and  CO  loss,  and  undoubtedly  consider- 
able smoke  came  from  the  stack. 

The  drafts  for  all  runs  showed  no  consistency,  especially 
furnace  draft,  which  was  much  higher  than  necessary.  The 
air  pressure  under  the  tuyeres  should  have  been  from  %  i^- 
to  1  in.  higher  to  supply  the  required  air  to  burn  the  coal. 

Assuming  the  tests  were  gi'eater  in  number,  more  carefully 
run,  an;i  representative  of  the  equipment  and  coal  used,  the 
conclusions  reached  from  an  analysis  of  the  Combined  Boiler- 
Unit  Operation  Chart  would  be  of  no  value  to  an  operating 
man.  The  experience  of  trying  to  pick  from  a  chart  the  air 
jiressure  required  for  any  rate  of  burning  coal  was  like  the 
experience  gained  by  a  number  of  engineers  who  bought 
tachometers  for  their  stokers  and  had  a  second  scale  added 
showing  the  air  pressure  the  fireman  should  carry  for  that 
stoker  speed.     They  found  the  second  scale  of  no  value. 

Tlie  author  failed  to  mention  the  most  important  item  con- 
trolling capacity  and  efficiency  in  an  underfeed-stoker  furnace, 
and  that  was  the  temperature  at  which  the  ash  fused.  AVith 
a  coal  causing  considerable  clinker,  air  quantity  would  not 
affect  capacity  unless  the  air  could  be  made  to  distribute 
through  the  fuel  bed,  and  not  through  holes  in  the  fire. 
Clinker  would  cause  holes  and  would  limit  capacity  and  re- 
duce efficiency. 

Less  attention  should  be  iiaid  to  convection  and  radiation, 
the  losses  from  these  items  being  such  a  small  part  of  the 
total  losses  in  a  boiler-and-furnace  heat  balance,  and  much 
more  attention  jiaid  to  losses  from  combustible  in  the  ash  and 
from  CO,  which  losses  together,  using  the  equipment  and  coal 
of  these  tests,  sliould  not  be  more  than  10  per  cent  of  the 
total  heat  supplied. 

C.  F.  Hirsehfeld  wrote  that  tliere  were  three  distinct  sub- 
jects treated  in  the  paper  and  they  should  be  recognized  as 
such  and  separately  considered.     These  subjects  were : 

1  A  discussion  of  the  combustion  of  solid  fuel  on  chain  grates 

and  on  underfeed  stokers,  with  a  suggestion  as  to  the 
essential  variables  and  means  for  their  indication  and 
control 

2  A  discussion  of  the  factors  influencing  tlie  efficiency  of  the 

boiling  vessel 

3  A  demonstration  of  the  fact  that  tlie  efficiency  df  the  fur- 

nace as  a  heat  liberator  and  the  efficiency  of  the  boiling 

vessel  as  a  heat  absorber  were  interrelated,  and  that  there 

was  one  set  of  furnace  conditions  at  each  load  which  gave 

the  best  efficiency  for  the  combination. 

With    reference    to    the    discussion    of    combustion    and    its 

control,  there  had  been  a  very  general  recognition  recently  of 

the  fact  that  the  burning  of  coal  under  steam  boilers  could 
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be  reduced  to  a  fairly  exact  procedure  if  the  proper  indicating 
instruments  were  supplied,  ft  had  also  been  recogni/.eil  that 
if  the  best  results  were  to  be  obtained  it  would  not  be  suliicient 
to  supply  only  instruments  by  means  of  which  the  operator 
might  measure  the  degree  of  success  achieved.  It  was  also 
necessary  to  furnish  instruments  which  would  measure  for  the 
operator  the  values  of  the  various  variables  which  combined 
to  give  the  indicated  result  in  order  that  he  might  be  able  to 
change  the  values  of  these  variables  wisely  and  methodically 
for  the  purpose  of  obtaining  the  highest  possible  effect. 

The  author  proposed  thickness  of  fuel  bed  and  pressure 
droj)  through  the  fuel  bed  a.s  the  important  controlling  vari- 
ables. He  further  proposed  an  inferential  method  of  deter- 
mining fuel-bed  thickness,  namely,  the  measurement  of  the 
(|uantity  of  air  passing  through  the  fuel  bed  in  a  given  time 
and  the  pressure  droj)  recjuired  to  foi'ce  this  quantity  of  air 
through  the  bed. 

If  the  operation  were  to  be  conducted  Ijy  men  of  such  mental 
caliber  that  they  could  not  be  educated  beyond  the  point  re- 
quired to  enable  them  to  keep  the  indications  of  two  instru- 
ments at  prescribed  points,  it  would  be  admitted  that  the 
author's  suggested  method  of  furnace  control  would  probably 
give  as  satisfactory  average  results  as  could  be  obtained  under 
those  conditions.  However,  it  might  be  pointed  out  that  it 
represented  little  if  any  advance  over  the  automatic  interlock 
between  fan  speed  and  stoker  speed,  originally  a  character- 
istic part  of  a  Taylor-stoker  installation. 

If  the  operation  were  to  be  conducted  by  men  of  such  mental 
caliber  that  they  could  be  educated  to  a  true  appi'eciation  of 
the  meaning  of  all,  or  most,  of  the  variables  wliich  interacted 
to  give  a  certain  result  in  the  furnace,  then  the  proposed 
method  would  be  decidedly  inadequate  and  imperfect,  par- 
ticularly as  applied  to  underfeed  stokers.  In  this  case  the 
pressure  drop  through  the  bed,  taken  in  conjunction  with  the 
quantity  of  air  passing,  would  be  a  true  indication  of  the 
average  thickness  of  the  fuel  bed  if  that  bed  were  always 
formed  of  coal  of  the  same  kind  and  size,  if  the  damper  set- 
tings on  extension  grates  and  other  controllable  points  were- 
always  the  same  and  if  the  character  of  the  fire  as  influeneec? 
by  its  past  history  were  always  the  same.  Unfortunately,  alE 
of  these  variables  had  marked  effects. 

To  take  extreme  illustrations,  it  might  be  assumed,  for  one 
case,  that  an  operator  had  managed  to  pile  up  a  thick  fire  at 
the  top  of  the  stoker  and  had  burned  it  very  thin  toward  the 
toe;  and  for  another  case,  that  he  had  forwarded  the  fuel 
more  rapidly  than  he  should  have,  so  that  he  had  a  thin  fuel 
bed  near  the  top  of  the  stoker  and  a  thick  fuel  bed  near  the 
toe.  In  each  case  he  would  have  obtained  and  observed  some 
definite  pressure  drop  which  would  have  corresponded  to  per- 
fect fires  of  certain  definite  thicknesses,  and  yet  his  fire  would 
have  been  far  from  perfect.  Or  again,  it  might  be  assumed  that 
the  character  of  the  coal  and  its  method  of  combustion  were 
such  that  there  was  serious  clinkering  in  spots,  with  burning 
through  in  others.  Such  a  condition  would  give  a  pressure 
drop  corresponding  to  some  definite  thickness  of  perfect  fuel 
bed,  and  yet  the  actual  conditions  would  be  far  different. 

After  all  was  said  and  done,  optical  inspection  of  the  fire 
and  a  good  knowledge  of  its  past  history  were  required  if  the 
best  results  were  to  be  obtained.  The  combination  of  such 
inspection  and  such  knowledge  with  the  readings  of  properly 
chosen  instruments,  by  an  operator  educated  to  the  point 
where  he  could  appreciate  the  true  significance  of  all  facts  and 
indications,  was  the  most  promising  method  of  obtaining  high 
efficiencies. 

The  firing  methods  in  use  in  the  boiler  rooms  of  The  Detroit 
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Edison  Company  practically  included  the  features  which  the 
author  proposed,  but  others  had  been  added  and  it  was  recog- 
nized that  more  must  be  added  before  the  best  control  now  in 
sight  could  be  attained.  At  the  plants  of  this  company  it 
was  customary  to  maintain  a  certain  definite  draft  at  a 
chosen  point  above  the  fire  and  to  vary  the  uuder-fire  pressure 
to  suit  conditions.  This  arrangement  gave  the  fireman  a  meas- 
ure 01  the  pressuie  (hoji  ihrough  the  tire.  The  quantity  of 
air  used  was  not  measured  in  conventional  units  but  in  terms 
of  blower  speed  and  resistance  through  the  bed,  which  was 
just  as  good  a  combination  measurement,  so  far  as  the  opera- 
tion was  conceri  ed. 

No  attempt  to  reduce  coordinated  readings  to  chart  form 
had  been  made  because  the  constant  effort  of  the  engineers 
had  been  devoted  to  the  education  of  the  men  to  such  a  point 
tliat  they  could  reason  from  the  known  condition  of  their  fire 
and  the  readings  of  their  instruments,  instead  of  going  it 
blind  on  the  basis  of  charts  which  at  best  could  represent  only 
average  conditions. 

In  these  plants  it  had  been  found  advisable  to  supply  in- 
struments for  indicating  stoker  speed,  carbon-dioxide  content 
of  Hue  gases,  temperature  of  flue  gases  and  boiler  output,  as 
well  as  the  values  mentioned  above,  and  it  had  also  been  found 
advisable  to  supply  numerous  dampers  for  controlling  the  dis- 
trilnition  of  air  to  the  various  parts  of  the  fire.  With  all  of 
these  tools  in  the  hands  of  thinking  operators,  remarkably 
good  results  were  obtained  and  maintained. 

The  author  of  the  jjajjer  had  performed  a  real  service  in 
emphasizing,  in  what  had  been  previously  refeiTed  to  as  the 
second  and  third  parts  of  his  paper,  the  known  fact  that  the 
best  overall  efficiency  of  the  unit  was  really  the  product  of  the 
efficiencies  of  its  two  component  parts  and  that  the  best  com- 
bined efficiency  might  not  correspond  to  the  highest  efficiency 
of  furnace  or  of  boiler.  There  were  astoundingly  few  figures 
available  by  means  of  which  one  might  even  approximately 
determine  values  of  this  sort,  and  it  would  be  of  great  value  to 
the  industry  if  typical  unfts  could  be  tested  over  wide  ranges 
with  respect  to  all  essential  variables  in  about  the  same  way 
as  had  been  tlie  unit  tested  by  the  author  of  the  paper. 

Unfortunately  for  the  type  of  control  advocated,  and  for 
the  worth  of  the  data  submitted,  the  tests  recorded  in  the 
paper  did  not  seem  to  represent  good  furnace  practice.  The 
so-called  overall  efficiencies  were  low,  even  for  modern  operat- 
ing conditions  under  variable  loads,  and  were  correspondingly 
lower  in  comparison  with  what  would  be  expected  imder  test 
conditions. 

Moreover,  when  these  efficiencies  were  considered  in  con- 
junction with  the  stated  thickness  of  fire  and  the  under-fire 
pressure,  one  was  driven  to  the  conclusion  that  what  the  author 
called  a  thin  fire  must  really  be  thick  and  what  he  called  a 
medium  fire  must  be  very  thick,  or  else  that  some  other  variable 
of  great  importance  must  have  been  neglected.  The  flue- 
gas  temperatures  and  carbon  in  refuse  also  appeared  to  be 
abnormally  high  for  the  various  loads  and  conditions  to  which 
they  cori'esponded. 

Mli.    KREISINCER    PUESENTS    PAPER    BY    HIMSEIjF     .\ND    MR. 
BARKLEY 

With  President  Hollis  again  in  the  chair,  a  paper  entitled 
Radiation  Error  in  Measuring  Temperature  of  Gases,  by 
Henry  Kreisinger  and  J.  F.  Barkley,  was  then  presented  by 
the  former. 

The  purport  of  this  pajjer  was  that  in  measuring  a  tempera- 
ture of  a  stream  of  hot  gases  surrounded  by  colder  or  hotter 
surfaces,  heat  radiates  to  or  from  the  measuring  instrument. 


making  it  read  liigh  or  low,  and  the  difference  between  the 
true  temperature  of  the  gases  and  that  indicated  by  the  instru- 
ment is  called  the  radiation  error. 

The  paj^er  enumerated  the  factors  with  wliieh  this  error 
\aries,  and  to  show  the  magnitude  of  the  effects  of  some  of 
them,  gave  results  of  a  series  of  measurements  made  with 
thermocouples  placed  at  different  points  along  the  paths  of 
gases  flowing  through  water-tube  boilers,  citing  one  instance 
where  the  error  under  certain  conditions  could  be  as  much  as 
320  deg.  cent. 

A  written  discussion  of  this  paper  was  contributed  by  E.  A. 
Fesseuden  and  R.  B.  Fehr,  who  wrote  that  the  paper  was 
of  decided  value  in  calling  attention  to  a  source  of  error  that 
had  heretofore  been  almost  universally  neglected.  It  was,  of 
course,  obvious  that  there  was  no  radiation  eiTor  where  the 
temperature-measuring  device  was  completely  surrounded  by 
surfaces  at  the  same  temj^erature  as  the  medium  whose 
temperature  was  being  measured.  Many  experiments  con- 
cerning gas  temperatures  in  steam  boilers,  however,  had  failed 
to  be  of  matei'ial  value  because  the  conclusions  had  been 
based  upon  direct  temperature  measurements  of  gases  sur- 
rounded by  comparatively  cool  surfaces. 

It  was  stated  in  the  paper  that  "  very  likely  it  is  the  extent 
of  the  surface  of  the  hot  junction  which  determines  the 
magnitude  of  the  radiation  error."  It  was  not  clear,  however, 
just  what  was  meant  by  "  the  surface  of  the  hot  junction." 
Apparently  the  authors  had  taken  this  to  mean  the  surface 
of  a  cylinder  whose  diameter  was  that  of  the  junction,  which 
in  their  case  was  ma  'e  the  same  as  the  diameter  of  the 
elements.  No  mention  was  made,  however,  of  the  length  of 
this  cylinder,  and  the  surfaces  had  been  assumed  to  be  pro- 
portional to  the  diameters.  The  effects  of  conduction  along 
the  elements  from  the  couple  ought  to  be  discussed  along  with 
these  radiation  effects.  It  would  seem,  therefore,  that  ^the 
length  of  the  cylindrical  surface  as  well  as  the  diameter  should 
be  considered  on  account  of  the  effect  of  the  conduction  of 
heat  to  or  from  the  hot  junction.  Three  cases  might  be 
noted : 

1  Where  the  couple  leads  were  surrounded  by  material  of  the 
same  temperature  as  the  junction  (as,  for  example,  in 
the  authors'  experiments  in  which  the  couple  leads  were 
perpendicular  to  the  direction  of  flow  of  a  large  volume 
of  gases)  the  temperature  of  the  leads  was  the  same  as 
that  of  the  junction  and  no  conduction  effects  were 
produced. 
'J  AVhere  the  couple  leads  were  surrounded  by  material  cooler 
than  at  the  junction,  the  temperature  of  the  leads  would 
be  lower  than  that  of  the  junction  so  that  heat  would 
l)e  conducted  away  from  the  junction  by  the  leads.  Tlie 
amount  of  heat  carried  away  from  the  junction  in  this 
manner,  and  consequently  the  lowering  of  the  junction 
temperature,  would  depend  upon  the  material  of  the 
leads,  their  cross-section,  and  the  temperature  gradient. 
An  example  of  this  condition  was  the  ease  where  the 
couple  was  inserted  in  a  boiler  tube  in  which  the  gases 
were  flowing  parallel  to  the  couple  leads  and  with  the 
hot  junction  pointing  upstream, 
o  This  case  was  similar  to  the  second  one  except  that  the 
material  surrounding  the  leads  was  hotter  than  at  the 
junction,  as  when  a  thermocouple  in  a  boiler  tube  pointed 
downstream.  Here  heat  would  flow  toward  the  junction 
and  tend  to  raise  its  temperature. 
In  the  second  case  radiation  to  cooler  surrounding  surfaces 
and  conduction  alons'  the  elements  both  tended  to  make  the 
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reading  lower  than  the  actual  temperature  of  the  substance, 
while  in  the  third  case  conduction  tended  to  raise  the  reading 
and  radiation  to  lower  it. 

It  was  to  be  hoped  that  this  paper  might  be  considered  as 
preliminary,  and  that  the  authors  would  continue  these  in- 
vestigations and  at  a  later  date  give  definite  and  quantitative 
information  as  to  the  effects  of  radiation  and  conduction  upon 
thermocouples,  taking  into  account : 

a  Size  and  material  of  couple  elements 
b  Size  of  lead  at  hot  junction 
c  Length  of  exposed  elements 
d  Size  and  kind  of  protecting  tubes 
c  Application  of  Stefan-Boltzmann  law 

/  Temperature    gradient    in    the    substance    surrounding    the 
leads. 

MR.  KREISINGERS  REPLY  TO  THE  DISCUSSION 

Henry  Kreisinger,  in  his  written  closure,  replied  to  the 
suggestion  of  Messrs.  Fessenden  and  Fehr  that  the  effects 
of  conduction  along  the  elements  of  the  couples  should  have 
been  discussed  along  with  radiation  effects,  saying  that  this 
point  was  simply  a  question  of  how  complete  a  treatise  on 
the  errors  in  measuring  the  temperature  of  gases  one  wished 
to  write.  The  authors  had  decided  to  treat  the  radiation  error, 
and  had  limited  themselves  in  the  present  paper  to  this  error 
as  far  as  practicable.  The  thermocouples  they  had  used  in 
their  experimental  work  were  so  constructed  and  the  experi- 
ments so  planned  that  the  conduction  effect  was  eliminated. 

In  all  cases  the  leads  from  the  hot  junctions  were  sutficiently 
long  as  compared  to  their  cross-section  that  any  lowering  of 
the  temperature  of  the  hot  junctions  by  heat  conduction  along 
these  leads  was  prevented.  With  the  smallest  couples  the  leads 
were  0.008  in.  diameter  for  a  length  of  V2  in-j  and  then  O.OS.j 
in.  diameter  for  a  length  of  %  in.  The  cross-sections  of  these 
leads  were  too  small  for  heat  to  be  conducted  along  their 
lengths.  Within  the  lengths  of  these  leads  the  temperature 
giadient  of  the  gases  could  be  but  very  small.  This  construc- 
tion of  the  couples  was  very  well  adapted  to  the  measuring 
of  temperature  of  gases  within  a  boiler  tube,  as  cited  \\\  the 
second  case  noted  by  Messrs.  Fessenden  and  Fehr. 

The  large  copper-constantan  couples  were  made  of  cojipcv 
tubing  1/^  in.  in  diameter,  having  a  wall  0.052  in.  thick.  This 
tube  which  formed  the  leads  was  immersed  in  the  gases  for  a 
length  of  about  four  feet.  The  temperature  gradient  for  a 
large  part  of  this  length  was  very  small,  so  that  it  was  not  nec- 
essary to  consider  the  conduction  of  heat  from  the  hot  junction 
along  the  leads.  The  same  could  be  said  as  to  conduction  cf 
heat  along  the  protecting  silica  tube  of  the  large  platinum 
thermocouples. 

The  surface  of  the  hot  junction  of  the  small  couples  might 
be  considered  as  cylinder,  but  in  the  large  couple  this  surface 
was  partly  a  sj^here  and  partly  a  cylinder.  Just  how  much  of 
each  should  be  considered  was  difficult  to  detei-mine.  The  par- 
ticular construction  of  the  large  couple  was  adopted  because 
it  was  simple  and  inexpensive,  and  mainly  because  commercial 
thermocouples  were  of  a  similar  design. 

It  sliould  be  added  that  the  hot  junctions  of  all  the  couples 
were  placed  in  the  center  of  the  stream  of  gases  and  pulled  out 
by  steps,  temperature  readings  being  taken  every  two  inches 
to  determine  temperature  gradient  of  gases.  The  results  of 
this  part  of  the  experiments  were  given  in  detail  in  the  Bureau 
of  Mines  publication  on  Measuring  the  Temperature  of  Gases 
inside  of  Boiler  Settings. 

The   fact   that    the   radiation    error   became   smaller   as   the 


diameter  of  the  couple  decreased,  might  be  explained  without 
going  into  too  detailed  refinements  in  the  following  manner: 
The  couple  received  heat  from  the  gases  by  convection  and 
gave  it  off  by  radiation.  When  the  temperature  of  the  couple 
was  constant  the  quantity  of  heat  received  by  the  couple  was 
equal  to  the  quantity  given  off  by  radiation.  The  convection 
did  not  impart  the  heat  directly  to  the  metal  of  the  couple  but 
to  the  outside  surface  of  a  gas  film  adhering  to  the  solid. 
Through  this  gas  film  the  heat  passed  by  conduction.  On  the 
other  hand,  the  heat  was  radiated  directly  from  the  surface 
of  tlie  metal  through  the  layer  of  gas. 

The  quantity  of  heat  that  was  received  or  given  off  by  the 
couple  depended  on  temperature  difference  and  the  extent  of 
the  surface  receiving  or  giving  off  the  heat.  Since  the  thick- 
ness 3  of  the  gas  film  remained  practically  constant  no  matter 
what  the  diameter  of  the  couple  was,  it  was  apparent  that  as 
the  diameter  of  the  couple  decreased  the  heat-radiating  surface 
decreased  faster  than  the  heat-receiving  surface  of  the  g.ts 
film.  The  effect  of  the  unequal  decrease  of  the  two  suifaces 
was  especially  marked  when  the  diameter  of  the  couple  became 
less  than  the  thickness  of  the  gas  film.  As  the  zero  diameter 
of  the  couple  was  approached  the  ratio  of  the  heat-receiving 
surface  to  the  radiating  surface  became  infinitely  large,  the 
radiation  ceased  and  the  temperature  of  the  couple  became  the 
same  as  the  temperature  of  the  gases. 

Following  this  course  of  reasoning,  it  was  possible  to  apply 
the  Stefan-Boltzmann  radiation  law  and  the  law  governing  the 
heat  transmission  by  convection  and  derive  an  equation  ex- 
pressing the  relation  between  the  diameter  of  a  couple  and  the 
true  temperature  of  the  gases  when  the  temperature  of  the 
surrounding  surfaces  and  the  temperature  of  the  couple  were 
given.  The  temperature  of  the  couple  was  read  when  the 
quantity  of  heat  received  by  convection  was  equal  to  tlie  quan- 
tity given  off'  by  radiation ;  or,  if  lie  designated  the  heat  re- 
ceived, and  Ilr  the  heat  given  off, 

Tic  =  Hr [1] 

Let  2'  =  the  temperature  of  the  stream  of  gases 

2*3  =  the  temperature  of  the  outside  surface  of  the  gas 

film  adhering  to  the  couple 
J\  =  the  temperature  of  the  couple 
T^  =  the  average  temperature  of  the  surfaces  surround- 
ing the  stream  of  gases,  expressing  all  tempera- 
ture in  absolute,  units 
,S'   =  the  surface  of  the  gas  film  receiving  heat  by  con- 
vection 
S^  =  the  surface  of  tlie  metal  giving  off  heat  by  radia- 
tion. 
Then  from  the  law  of  heat  transmission  by  convection, 

Hc  =  K{T—T,)S...' [2] 

Inasmuch  as  with  a  set  of  any  number  of  couples  the  velocity 
and  density  of  gases  were  the  same  for  all  couples,  these  two 
factors  were  embodied  in  the  constant  K.  And  from  the  Ste- 
fan-Boltzmann law, 

Hr  =  r{T;  —  T^')S^ [3] 

From  equation  [1], 

K(T—T^)S  =  r{T;—T:)8, [4] 

The  same  quantity  of  heat  that  was  imparted  to  a  unit  of 
the  outside  surface  of  the  gas  film  by  convection,  passed 
through  the  film  by  conduction  and  might  be  expressed  by  the 
simple  equation  : 

H  =  C  {'I\-TJ [5] 

therefore  C  (T.^—TJ  =K  (T  —  T,) [0] 

or  T,-T,=  (K/C)  {T-T,). 

But  T—T=  (T—T,)  -f  (T—T,) [7] 

or  2'—  T,  =  (T—  T,)  -f  (K/C)  {T—T^)=k(T—T,). 
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Therefore,  for  the  whole  couple, 

nc  =  c(T—  1\)S  [8] 

Taking  D  as  the  diameter  of  the  couple,  then : 

S  ozD,  and  S  xD  +  28. 
Equation   [4]  would  then  become 

C  (T— T,)   (Z)  +  28)  =  (T,*— 2V)  D [9] 

where  C  embodied  all  the  (constants. 

It  should  be  remembered  that  the  constant  C  embodied  the 
convection  constant,  whieh  was  affected  by  the  velocity  and  the 
density  of  gases,  and  radiation  constant,  which  was  affected  by 
the  condition  of  e.xjiosure  of  the  couple.  So  when  any  one  of 
tliese  factors  changed  the  constant  must  be  changed  also.  It 
was  also  probable  that  the  thickness  of  the  gas  film  clianged 
with  the  velocity  of  gases  passing  the  couple.  However,  the 
data  availing  did  not  justify  more  detailed  analysis  of  the 
equation.  On  account  of  the  fourth-power  variable,  the  equa- 
tion was  rather  cumbersome  to  work  with.  The  work  could 
be  made  somewhat  easier  by  making  T„  equal  to  one  and 
expressing  the  other  temperatures  as  ratios  of  T,,  remembering 
what  this  provisional  unit  was  and  changing  the  final  results 
into  the  standard  units.  Such  substitution  of  units  eliminated 
one  fourth-power  factor. 

Using  this  method  of  arbitrary  temperature  units,  and 
23  =  0.08  in.  and  C'=  3.9,  the  equation  fitted  the  cun-es  .1 
and  B  of  Fig.  6  of  the  paper.  The  readings  for  both  of  these 
curves  were  taken  under  the  same  conditions  of  exposure  and 
about  the  same  velocity  of  gases. 

For  curve  B  the  conditions  of  exposure  and  the  velocity  of 
gases  were  entirely  different,  so  the  constant  C  must  be 
changed.  If  the  constant  was  made  equal  to  12,  the  equation 
would  fit  the  curve  B.  Tlie  value  of  C  =  10.8  satisfied  the 
curve  M. 

SCIENTIFIC    METHODS    OF   MANAGEMENT    PRESENTED    BV 
MR.   THOMPSON 

A  comprehensive  paper  entitled  Development  of  Scientific 
Methods  of  Management  in  a  Manufacturing  Plant,  by  Sau- 
ford  E.  Thompson  and  his  associates,  was  then  presented  by 
Mr.  Thompson.  During  the  presentation  of  this  paper  and 
discussion,  President  Hollis  relinquished  the  chair  to  Mr.  Max 
Toltz,  Manager  of  the  Society.  A  summary  of  the  paper 
follows :  , 

The  authors  present  in  considerahle  detail  the  outline  of  the 
development  of  scientific  methods  as  applied  to  the  ordinary 
manufacturing  plant.  To  make  this  a  more  concrete  illustra- 
tion, the  discussion  is  centered  in  the  plants  known  as  the 
Eastern  Manufacturing  Company,  at  Bangor  and  Lincoln, 
Maine,  one  of  the  largest  concerns  in  the  country  manufactur- 
ing writing  paper  as  its  final  jjroduct.  The  development  of 
scientific  methods  at  these  mills,  however,  is  not,  as  one  might 
assume,  descriptive  of  a  simple  and  comparatively  localized 
industry.  As  a  matter  of  fact,  the  processes  involved  in  pulp 
and  paper  making  are  similar  in  type,  so  far  as  management 
methods  — not  in  specific  technique — are  concerned,  to  a  vast 
number  of  industries. 

The  paper  was  discussed  orally  by  Frank  B.  Gilbreth,  who 
illustrated  his  remarks  with  lantern  slides,  W.  H.  Carrier. 
Max  Toltz,  Calvin  W.  Rice  and  Han'ington  Emerson. 

Frank  B.  Gilbreth  said  that  he  wanted  to  call  attention  to 
the  relation  of  the  address  on  the  previous  evening  by  Presi- 
dent Hollis  to  the  subject  of  Mr.  Thompson's  most  admirable 
paper.  He  was  tremendously  impressed  by  Mr.  Thompson's 
talk,  because  he  had  been  in   Europe  several  times  since  tl;e 


war  began,  and  it  was  no  exaggeration  to  say  that  millions 
of  our  boys  vi;ould  be  on  the  battlefields  after  the  war  was 
over.  We  could  not  help  that,  but  v  could  help  the  waste 
that  was  going  on  in  this  country  at  th  '•esent  time,  and  the 
waste  that  would  continue  to  go  on  aftev  he  wa"t  From  this 
standpoint  he  wished  to  take  great  excf;Hions  t  Mr.  Thomp- 
son's admirable  paper  in  that  he  followed  out  *ue  procedure 
of  bis  predecessors  in  giving  the  impression  that  there  were 
such  things  as  elementary  units  in  stop  watch  time  study,  and 
that  the  data  obtained  from  such  study  were  accurate,  trans- 
ferable and  of  permanent  value. 

He  wanted  to  call  attention  to  the  fact  that  the  Society 
could  not  go  very  far  in  utilizing  data  unless  they  were  in 
such  form  that  they  were  usable  by  all  the  members.  Stop 
watch  time  study  is  inaccurate,  through  the  fact  that  the  vari- 
able of  the  human  element  is  involved  in  pressing  the  stop 
watch.  It  is  not  transferable,  in  that  it  does  not  provide  for 
recording  the  surrounding  conditions  under  which  the  ob- 
served activity  takes  place.  For  these  two  reasons,  among 
others,  it  lacks  permanent  value. 

It  is  possible  to  obtain  accurate  records  of  activity  that 
include  not  only  the  time  taken  by  the  activity,  but  by  the 
elementary  units  of  which  it  is  composed,  through  methods 
that  are  inexpensive,  available  and  adequate.  Through  the  use 
of  the  micromotion  method  and  the  cyelegraph  method,  which 
he  illustrated  by  lantern  slides,  it  is  possible  to  obtain  data 
that  ai'e  so  complete  and  so  accurate  that  they  are  usable  at 
any  time  by  any  person.  From  these  data  may  be  obtained 
charts  that  enable  one  to  transfer  the  facts  obtained  not  only 
from  one  activity  to  another,  but  from  one  type  of  worker  to 
another  who  has  an  entirely  different  mental,  physical,  or 
material  equipment.' 

The  special  importance  of  these  facts  at  this  time  is  their 
relation  to  waste  elimination.  If  we  are  to  do  our  part  in  the 
savings  that  are  today  so  necessary,  we  must  begin  to  collect 
our  data  in  a  more  economical  fashion,  and  to  put  them  into 
such  shape  that  they  may  be  universally  useful  in  the  shortest 
amount  of  time  possible.  We  would,  therefore,  urge  such  men 
as  Mr.  Thompson,  who  has  both  the  natural  ability  and  the 
training  that  lead  to  espertness  in  observing  and  recording; 
data,  to  discard  inaccurate  devices  and  to  insure  that  the  re- 
sults of  their  valuable  investigations  are  both  immediately  and 
permanently  usable. 

W.  H.  Carrier  said  that  it  seemed  rather  remarkable  that 
time  study  as  related  to  efficiency  as  a  whole  from  a  scientific 
and  from  a  manufacturing  standpoint  had  progressed  so  little 
in  the  paper-making  art  in  the  last  number  of  years  as  com- 
pared with  other  arts  in  this  country,  particularly  with  refer- 
ence to  the  work  in  the  machine  room.  He  was  not  a  paper- 
mill  man,  but  had  been  connected  with  problems  in  paper 
mills  where  the  lack  of  manufacturing  efficiency  in  the  art  of 
paper  production  had  been  most  striking. 

It  had  been  determined  by  several  different  observers  for 
instance,  that  in  the  process  of  the  machine  room  in  the 
drawing  of  the  paper  from  30  to  50  per  cent  of  the  possible 
strength  of  the  paper  was  lost;  and  that  the  cost  of  producing 
[)aper  of  a  standard  as  high  as  writing  paper  was  nearly 
double  what  it  might  be  if  improved  methods  were  introduced 
and  studies  made. 

Even  at  the  present  date  it  had  been  shown  by  actual  tests 
to  be  possible  either  to  increase  the  strength  of  the  paper  or 
decrease  the  cost  of  a  aiven  standard  from  .5  to  15  vev  cent  bv 
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the  use  of  improved  methods,  and  at  the  same  time  to  increase 
the  output  10  to  20  per  cent  by  the  use  of  improvements  in 
drying,  particularly  he  application  of  air  and  the  i)roper 
handling  of  the  ro' 

Comparp.  >vely  i  •  luachine  rooms  were  being  provided  with 
improved  ir  ehinefvv  although  their  number  was  increasing. 
But  there  si'  'uld  be  a  thorough  study  made  of  the  possibilities 
which  would  result,  he  was  certain,  in  a  practical  revolution  of 
the  process  of  paper  making  by  machinery. 

Calvin  W.  Rice  asked  what  proportion  of  the  value  of  the 
product  of  a  jiaper  mill  the  cost  of  counting  of  the  sheets 
represented.  He  asked  whether  the  product  had  now  been 
develoi)ed  to  such  a  uniformity  that  the  number  of  sheets 
could  be  arrived  at  by  weighing  them,  and  if  not,  whether 
other  processes  had  been  found  which  would  avoid  the  expense 
of  counting. 

Harrington  Emerson  said  that  some  seven  years  ago  he  was 
engaged  to  standardize  the  work  in  a  paper  mill  very  similar 
in  size  to  one  described  in  the  paper.  He  went  tiu'ougli  all  the 
departments  and  standardized  the  work.  There  were  at  least 
3500  different  Aarieties  of  paper,  and  he  was  not  certain  but 
what  there  were  3.5,000.  A  great  deal  of  work  done  there 
would  have  been  very  useful  to  Mr.  Thompson  at  the  beginning 
of  his  studies,  and  with  it  he  would  undoubtedly  have  extended 
the  studies  already  made. 

This  is  mentioned  because  Mr.  Emerson  feels  that  he  also 
is  duplicating  work  already  more  thoroughly  done  by  Mr. 
Thompson  and  others,  and  he  regrets  that  tliere  is  no  available 
clearing  house  of  experiences. 

As  an  evidence  of  the  thoroughness  with  which  some  of  the 
work  was  done,  he  would  say  that  the  plant  in  question  was 
the  only  place  in  the  world  that  he  knew  of  in  which  labor 
costs  were  immediately  and  accurately  so  distributed  that  in 
nine  months  they  were  not  one  mill  out  in  the  distribution  of 
the  work  of  600  or  700  men,  and  the  record  was  comidete  at 


10  a.  m.  of  the  day  following.     The  work  was  performed  by 
tlu'ce  girls,  (me  of  whom  was  a  substitute. 

CLOSURE  BY  MR.  THOMPSON 

Sanford  E.  Thompson  replied  to  Mr.  Rice  that  sheets  still 
had  to  be  counted.  We  had  not  reached  the  point  where  we 
could  accurately  determine  the  count  by  the  weight.  The  cost 
of  counting,  however,  using  the  rubber  tinger  tip,  is  small  and 
is  useful  in  separating  small  lots. 

He  considered  that  Mr.  Carrier  was  too  low  in  his  per- 
centages of  possible  cost  reduction.  There  was  a  chance  for 
an  appreciable  increase  in  production  and  improvement  in 
quality  by  radical  changes  in  machinery,  not  only  in  the  paper 
machine  but  also  in  the  beating  engines,  and  these  problems 
were  now  being  studied  in  the  mills  referred  to  in  the  paper. 
They  were  still  using  in  all  paper  mills  the  Hollander  beating 
engine  that  was  invented  not  less  than  tifty  years  ago. 

Mr.  Gilbreth  was  correct  in  his  statement  that  time  study 
was  capable  of  further  standardization,  and  we  had  gone  only 
a  very  short  way  in  the  developing  of  standard  methods  of 
taking  time  and  in  getting  these  methods  so  that  the  results 
of  different  operators  would  be  comparable.  He  was  not  yet 
quite  ready  to  say,  however,  that  Mr.  Gilbreth  had  the  plan 
that  would  entirely  revolutionize  the  taking  of  times.  At  the 
same  time,  the  general  principle  of  getting  with  his  pictures, 
as  he  did,  the  methods  of  doing  the  work  was  of  considerable 
value  in  many  cases;  and  there  was  no  question,  even  in  his 
mind,  that  often  that  might  be  vital  interest,  and  should  be 
applied. 

MR.    WE.WERS    P.\PER    PRESENTED    I5Y    TITLE 

The  fifth  and  last  paper  of  the  session,  on  Disk-Wheel  Stress 
Determination,  by  S.  H.  Weaver,  was  presented  by  title  only, 
and  will  be  published  in  full  in  tlie  Transactions  of  the 
Society. 


JOINT  SESSION   WITH   MACHINE  TOOL  BUILDERS, 

TUESDAY  AFTERNOON 


A  .JOINT  Session  of  The  American  Society  of  Mechanical 
Engineers  and  the  National  Machine  Tool  Builders'  As- 
sociation was  called  to  order  by  President  HoUis  of  the  former 
Society.  An  audience  numbering  400  of  the  members  of  the 
two  organizations  was  present. 

The  Chairman,  in  opening  the  session,  expressed  the  high 
satisfaction  on  the  part  of  the  two  societies  with  this  joint 
meeting,  which  he  hoped  was  only  the  beginning  of  many  such 
meetings,  since  the  two  associations  belonged  very  much  to- 
gether and  could  work  together  very  effectively. 

The  Chairman  introduced  Mr.  James  Hartness,  who  pre- 
sented resolutions  of  appreciation  and  condolence  on  the  death 
of  Mr.  William  Lodge,  President  of  the  Lodge  and  Shipley- 
Machine  Tool  Company,  of  Cincinnati,  a  member  of  The  Amer- 
ican Society  of  Mechanical  Engineers  for  27  years,  and  one 
of  the  organizers  of  the  National  Machine  Tool  Builders'  Asso- 
ciation and  its  president  for  two  years. 

Dean  Herman  Schneider,  College  of  Engineering,  University 
of  Cincinnati,  was  then  introduced  and  delivered  an  interest- 
ing and  forceful  illustrated  address  upon  the  subject  of  The 
Trend  in  Engineering  Training.  Dean  Schneider's  address 
will  be  given  in  full  in  a  subsequent  issue;  the  purpoit  of  this 
paper  is  conveyed  by  the  following  paragraphs: 


THE  TREND  IN  ENGINEERING  TRAINING 

"  It  is  interesting  to  note  that  prior  to  fifteen  years  ago 
convention  programs  dealt  almost  exclusively  with  materials 
and  the  natural  laws  governing  them.  About  fifteen  years  ago, 
however,  there  began  to  appear  some  papers  on  organization, 
which  was  then  becoming  a  pressing  problem.  More  recently 
we  have  been  accustomed  in  conventions  to  a  new  phrase, 
'  the  human  element  in  industi-y.'  These  three  are  the  great 
divisions  of  ]u-oduction :  materials,  organization,  and  men. 

"  Courses  of  study  in  engineering  colleges  have  followed 
the  needs  expressed  in  conventions,  so  that  necessarily,  in  the 
early  days,  the  courses  of  study  for  engineers  dealt  almost 
exclusively  with  materials  and  their  laws,  and  the  engineering 
colleges  straightway  attempted  the  solution  of  the  problem  of 
materials.  There  grew  up  college  laboratories  wherein  mate- 
rials could  be  analyzed  and  tiie  laws  governing  them  ascer- 
tained. 

"  A  little  later,  when  engineers  began  to  take  up  the  prob- 
lem of  production  so  far  as  organization  was  concerned,  the 
colleges  introduced  courses  in  organization.  None  of  those 
courses  is  as  yet  satisfactory,  however,  for  there  are  no  labora- 
tories available  in  the  universities  for  the  study  of  organiza- 
tion, which' must,  therefore,  be  made  from  books. 
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"  More  recently,  when  eng-ineers  thought  the  pressing  prob- 
lem was  what  was  called  '  the  human  element  in  production,' 
the  colleges  became  confronted  with  the  problem  of  ascertain- 
ing some  sort  of  relation  which  would  give  a  fairly  equal  and 
just  measure  of  interest  and  study  in  the  three  elements  of 
materials,  organization,  and  men. 

"  The  trend  of  engineering  training  indicates  that  there  will 
be  three  types  of  attempts  made  to  solve  these  problems  so  far 
as  engineering  schools  are  concei'ned.  First,  there  will  be  the 
attempt  that  has  been  made  in  some  colleges — not  to  conduct 
a  gi-eat  laboratory,  but  to  confine  a  large  part  of  the  study 
to  books.  We  have  that  kind  of  college  in  evidence  in  the 
study,  for  example,  of  organization  exclusively  from  books. 
That  type  of  American  college  will  attempt  also  the  study  of 
the  man  problem  out  of  books;  in  other  words  the  sequestered 
method,  the  withdrawing  of  men  from  contact  with  industry 
in  order  to  study  industry,  will  prevail  in  some  colleges.  There 
will  be  the  same  trend  in  the  study  of  organization  and  men 
that  has  prevailed  in  the  study  of  materials. 

"  In  the  second  place,  there  is  a  movement,  inaugurated  by 
the  Massachusetts  Institute  of  Technology,  whereby  aiTange- 
ments  are  made  with  manufacturing  concerns  to  have  in  those 
concerns  laboratories  and  classrooms  for  the  students  of  the 
Institute.  In  the  later  years  of  the  course,  according  to  that 
program,  these  young  men  are  taken  from  the  university  and 
go,  so  to  speak,  to  a  secondai-y  school — an  accessory  school — 
at  some  manufacturing  jjlant  where  they  obser^-e  the  work 
done  and  after  classes  are  instructed  in  the  manner  of  doing 
the  work. 

"  The  Massachusetts  Institute  of  Technology  has  made  ar- 
rangements with  a  number  of  organizations,  such  as  cement 
companies,  chemical  companies,  and  so  on,  for  those  students 
at  the  present  time  who  are  studying  chemical  engineering, 
whereby  classrooms  are  put  in  the  bixilding  in  or  near  the 
plant,  and  the  students  go  to  the  classes,  and  then  go  out  into 
the  shops  to  obser\'e  the  work  done  in  the  actual  commercial 
department  of  that  particular  concern.  They  spend  a  year 
in  this.  You  can  see  that  that  scheme  is  possible  of  enlarge- 
ment, and  it  offers  a  splendid  opportunity  for  the  study,  at 
fairly  close  hand,  of  the  three  elements  of  production — 
materials,  organization  and  men. 

"  The  third  attempt  is  one  which  has  been  inaugurated  at 
the  University  of  Cincinnati,  and  is  known  as  '  the  coopera- 
tive '  system.  In  this  system  a  plunge  is  made  straight  into 
the  industry.  The  j'oung  men  are  sent  out  right  at  once  upon 
entering  their  course  into  the  work  of  the  industries.  They 
are  not  sent  into  classrooms  there,  but  are  sent  out  to  do  actual 
work  and  become  part  of  the  organization.  They  start  at  the 
very  bottom.  The  civil  engineer  starts  with  a  pick  and  shovel; 
the  mechanical  engineer  starts  in  the  factor^•  or  machine  shop 
as  a  helper;  the  electrical  engineer  starts  in  the  machine  shop 
on  electi'ieal  work,  and  so  on." 

Dean  Schneider  then  exhibited  a  number  of  lantern  slides 
exemplifying  the  main  difference  between  the  three  types.  He 
concluded : 

"  The  first  type  is  easy  to  operate  because  the  whole  field 
of  operation  is  within  the  scope  of  the  men  who  operate  it. 

"  The  second  type  is  a  little  more  difficult,  because  the  school 
has  to  deal  with  different  concerns,  and  arrangements  have  to 
be  made  so  that  there  is  no  confusion  in  the  work. 

"  The  third  type,  the  cooperative  system,  is  extremely  diffi- 
cult of  operation,  for  the  problems  are  those  that  arise  in  the 
shops  in  addition  to  those  in  the  University. 

"  The  men  operating  the  cooperative  system  are  confronted 
daily  with  the  same  problems  that  the  manufacturers  have  to 


meet,  because  their  young  men  are  working  in  the  manufac- 
turing concerns  and  become  part  of  the  problem. 

"  The  University  has  had  to  cope  with  vei^y  peculiar  condi- 
tions, looking  at  the  problem  from  the  industrial  and  educa- 
tional point  of  view  of  the  man  who  works  and  the  man  who 
employs;  because  the  young  men  are  working,  they  are  work- 
ing men  governed  by  rules.  At  the  same  time  the  University 
is  concerned  with  the  major  problem,  the  big  problem  of  engi- 
neering and  of  efficient  and  economic  production,  so  that  the 
University  authorities  governing  that  course  have  to  meet 
these  vexing  problems  right  along. 

■'  The  difficulty  of  operation  is  about  the  only  thing  in  the 
way  of  the  adoption  of  the  cooperative  plan,  outside  of  any 
question  that  may  arise  as  to  the  fundamental  philosophy  of 
the  work  itself.  The  differences  that  arise  as  to  the  value  of 
this  kmd  of  work  are  very  proper." 

W.  F.  M.  Goss  said  that  all  who  had  been  concerned  with 
the  problems  of  technical  education  had  looked  with  great 
interest  upon  the  cooperative  undertakings  of  Cincinnati 
University.  These  undertakings  represented  a  procedure 
which  was  practicable  only  in  a  few  communities,  so  that  in 
considering  their  merits  one  was  forced  early  to  recognize  this 
limitation.  This  statement  emphasized  the  fact  that  the 
University  of  Cincinnati  was  to  be  congratulated  not  only 
upon  the  possession  of  Dr.  Schneider,  but  also  upon  the 
wonderful  environment  which  the  peculiar  activities  of  the 
city  of  Cincinnati  supplied.  The  cooperative  plan  in  technical 
education  as  developed  by  Dr.  Schneider  was,  he  took  it,  a 
logical  adaptation  of  means  to  an  end.  Through  its  adoption  a 
great  work  in  education  had  been  and  was  being  accomplished. 
It  was  to  this  fact  that  he  especially  wished  to  bear  testimony. 
He  wanted  also  to  express  to  Dr.  Schneider  the  pleasure  and 
satisfaction  he  had  had  in  listening  to  his  masterful  pre- 
sentation. 

Frederick  W.  Putnam  said  he  had  come  to  Cincinnati  to 
study  the  cooperative  system  in  the  liigh  schools,  and  found 
that  he  had  also  a  chance  to  study  the  same  system  in  the 
University.  It  seemed  to  him  that  the  people  in  that  city 
owed  a  tremendous  debt  not  only  to  Dean  Schneider,  but  to 
the  Superintendent  of  Public   Schools. 

He  believed  that  in  his  own  city.  Providence,  their  problem 
uas  working  out  and  they  were  going  to  have  the  hearty  co- 
'iperation  of  the  manufacturers,  including  Mr.  Luther  D.  Bur- 
lingame,  of  the  Brown  &  Sharpe  Mfg.  Co.,  Mr.  Arthur  H. 
Annan,  of  the  Rhode  Island  Tool  Co.,  and  Mr.  D.  M.  Bartlett, 
of  the  Builders'  Iron  Foundrj*,  all  of  whom  had  spent  money 
on  their  undertaking.  He  thought  that  all  of  the  success  they 
had  made  was  due  largely  to  the  fact  that  the  manufacturers 
were  interested,  and  that  they  wanted  the  boys  to  have  a 
chance.  They  were  trying  to  see  that  they  got  a  fair,  square 
deal  all  the  way  through.  He  believed  that  when  those  boys 
were  through  they  would  have  gotten  a  good  start  for  the 
active  business  of  life  because  of  the  honest  and  sincere  co- 
operation on  the  part  of  the  manufacturere  of  the  cit\-  of 
Providence. 

James  Hartness  asked  for  information  as  to  how  many 
jilaces  the  cooperative  course  under  discussion  had  been  ap- 
plied in  the  United  States.  He  understood  it  had  been  put 
into  three  or  four  hundred  high  schools,  and  he  asked  whether 
it  was  not  an  unqualified  success.  He  knew  that  in  Spring- 
field, Vt.,  they  considered  it  so. 

If  the  movement  were  to  go  forward,  as  he  thought  it 
shoulrl,  in  all  or  in  many  centers,  he  thought  we  should  all 
know  about  it,  so  that  we  could  carry  it  home,  where  we  could 
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liiiii"  (lur  interest  to  bear  to  see  that  such  things  -svere  given  to 
the  youth  o£  our  own  places. 

R.  Poliakoft"  described  how  the  practical  education  of  the 
students  was  carried  on  in  the  Technical  Institute  in  Moscow, 
Russia,  which  had  been  reorganized  and  put  on  a  new  basis 
in  1870  so  as  to  correspond  with  the  system  at  that  time  pre- 
vailing in  the  engineering  schools  of  Germany. 

At  the  Centennial  Exposition,  in  1876,  the  school  liad  ex- 
hibited quite  a  number  of  specimens  of  the  work  of  its  stu- 
dents, who  at  that  time  were  required  to  .spend  three  or  four 
days  weekly,  from  six  to  eight  huurs  every  day,  in  the  shops 
attached  to  the  school. 

Very  complimentary  reports  had  been  made  about  the 
students'  e.\hibit  at  the  Exposition,  one  of  them  appearing  in 
the  bulletins  of  the  United  States  Bureau  of  Education.  The 
exhibit  itself  would,  he  believed,  still  be  found  in  the  machine 
shops  of  the  Massachusetts  Institute  of  Technology. 

As  time  went  on  the  national  trend  had  changed,  and  they 
had  begun  to  believe  that  the  student  must  know  something 
else  in  addition  to  shopwork — he  must  know  more  about 
theory.  For  that  reason  they  had  gradually  steered  away  from 
too  much  work  in  the  shops. 

Some  twenty  years  ago.  when  he  was  a  student  himself, 
three  days  a  week  in  the  shops  on  filing,  chipping,  turning, 
etc.,  was  required,  also  work  in  shops  where  small  steam 
engines,  compressors,  lathes,  shapers,  etc.,  were  made.  The 
students  had  to  work  in  those  shops  just  the  same  as  the 
ordinary  workmen,  and  make  out  reports  as  to  the  progress 
of  their  work.  Since  about  190.5,  however,  those  in  charge 
of  the  Russian  schools  had  begun  to  think  that  different 
methods  should  be  employed,  and  laboratories  had  been  organ- 
ized. To  give  an  idea  as  to  the  size  of  some  of  these,  he  men- 
tioned that  the  textile  laboratory  comprised  a  regular  textile 
mill,  a  building  three  stories  high,  and  the  machinery  in- 
stalled in  it  probably  represented  an  investment  of  .$150,000. 
The  students  were  afforded  there  an  opportunity  to  pass 
from  one  machine  to  another.  The  school  employed  a  number 
of  practical  men  from  a  factory  who  worked  with  the  students, 
and  in  that  way  he  believed  they  turned  out  very  good  textile 
engineers  who  could  go  right  into  a  factory  and  start  to  work 
there.  In  addition  to  that,  every  student  that  worked  in  that 
textile  industry  was  expected  to  spend  two  or  three  summers 
in  some  mill  in  order  that  he  might  become  a  good  practical 
engineer,  and  so  that  as  soon  as  he  was  graduated  he  would 
be  sure  of  finding  a  position. 

In  regard  to  machine-shop  practice,  the  system  at  the  In- 
stitute was  a  little  different.  They  had  still  some  shops  which 
had  not  been  abandoned,  for  instance,  the  practical  machine 
shops  in  which  various  kinds  of  machinery  were  turned  out. 
They  had  found  out,  however,  that  it  did  not  pay  a  school  to 
run  such  a  shop  on  a  commercial  basis,  and  on  the  other  hand 
they  believed  that  only  when  it  was  run  on  a  commercial  basis 
could  it  be  used  as  an  educational  institution  for  practical 
work;  therefore,  they  simply  rented  the  shop  to  a  private  con- 
cern, which  concern  ran  the  shop,  and  the  students  had  the 
right  of  access  to  all  the  other  shops  of  this  concern,  and 
worked  in  the  shops  under  the  guidance  of  the  Institute's  own 
engineers.  The  steam-engine  laboratory  supplied  steam  also 
to  this  private  establishment,  and.  of  course,  it  had  to  supply  it 
at  the  proper  time  and  in  the  proper  quantities.  The  work 
was  aiTanged  in  such  a  way  that  there  was  complete  coordi- 
nation of  all  the  different  sections. 
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The  students  worked  also  for  two  summers,  sometimes  for 
six  months  every  year,  in  the  shops  of  private  concerns  out- 
side the  school.  They  were  paid  on  an  hourly-rate  basis,  and 
as  many  of  them  had  not  sufficient  means  to  enable  them  to 
support  themselves,  they  depended  to  a  great  extent  upon 
these  earnings,  and  so  they  attended  to  their  work  very  reg- 
ularly. 

During  the  last  three  or  four  years  some  changes  had  been 
made  in  the  courses,  anl  less  work  was  done  in  the  school  in 
the  way  of  machine-shop  practice  and  more  in  the  private 
works.  So,  while  this  was  of  course  not  a  cooperative  system 
in  the  way  that  Dean  Schneider  operated  it,  he  believed,  there 
was  not  so  much  difference  between  the  two  systems.  It  was, 
after  all,  only  a  question  of  coordination;  and  they  were 
trying  to  carry  on  their  system  in  the  best  manner.  Local 
conditions  of  course  had  to  govern,  and  there  were  always 
variations  that  were  suitable  to  special  needs  or  localities. 
What  might  suit  one  might  not  suit  another;  but  he  thought 
the  prevailing  idea  in  all  cases  was  to  give  the  students  some 
practical  education  outside  of  the  school,  leaving  to  the  school 
the  more  theoretical  part  of  their  education. 

Calvin  W.  Rice  said  he  was  hopeful  that  the  Society  and 
the  National  Machine  Tool  Builders'  Association  would  some 
day  follow  the  lead  of  the  other  professional  societies  of  the 
world  in  having  a  committee  on  engineermg  education.  The 
professional  societies  of  other  countries  had  felt  it  an  obliga- 
tion to  establish  a  relation  between  the  teaching  of  engineering 
and  the  work  of  the  societies.  He  did  not  know  of  any  such 
definite  relation  in  America  between  the  professional  societies 
and  the  colleges,  and  he  thought  that  there  should  be  a  definite 
relation.  He  was  hopeful  that  as  an  aftermath  of  this  address 
some  members  of  our  Society  would  volunteer  to  make  a 
sacrifice  of  time  and  study,  and  develop  a  committee  to  so 
coiTelate  the  teaching  of  engineering  that  the  students  when 
they  were  graduated  would  be  acceptable  to  the  profession 
and  to  the  industries. 

E.  F.  Du  Brul,  who  has  taken  an  active  part  in  interesting 
manufacturers  of  Cincinnati  in  Dean  Schneider's  cooperative 
plan,  said  the  main  difficulty  encountered  in  conducting  the 
cooperative  course  lay  in  procuring  practical  teachers  of  com- 
mercial experience  who  were  willing  and  comfetent  to  teach 
engineering  students  at  work  in  the  industries  every  alternate 
two  weeks.  Not  every  technical  college  professor  was  willing 
to  teach  at  the  college  eleven  months  a  year,  instead  of  the 
usual  nine  months.  In  fact,  some  of  the  men  must  even  be 
content  with  only  two  weeks'  vacation. 

Mr.  Du  Brul  said  that  it  took  a  number  of  years  to  overcome 
academic  inertia  in  Cincinnati,  where  conditions  made  that 
inertia  less  than  it  probably  would  be  anywhere  else.  But 
now  the  manufacturers  of  Cincinnati  who  employed,  paid  and 
trained  these  students  were  getting  results  from  tliem  eminently 
more  satisfactory  than  they  ever  got,  or  could  get  from  the 
ordinary  type  of  engineering  student  who  comes  in  a  factory 
after  graduation. 

There  were  now  500  students  enrolled  in  the  engineering 
college,  and  the  only  industrial  difficulty  was  that  the  college 
had  no  room  for  more.  From  .3000  to  4000  applications  were 
received  every  year,  from  which  only  about  200  conld  be 
accepted. 

Mr.  Dn  Brul  slated  that  a  manager  of  a  large  concern 
recently  wrote  Dean  Schneider,  stating  that  he  had  read  a 
magazine  article  about  the  cooperative  course  and  would  like 
to  try  six  graduates.  He  said  that  his  company  would  pay 
them  $00.00  per  month  the  first  year,  $75.00  the  second  year 
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and  .+100. 00  the  third  year,  and  whatever  they  were  worth 
thereafter.  It  was  fair  to  assume  that  later  salaries  would  be 
$110.00  to  .$12.5.00  per  month  during  the  fourth  year. 

Dean  Schneider  replied  that  he  could  not  supply  any  of  his 
graduates  under  those  conditions,  because  firms  that  were 
employing  the  students  were  paying  them  for  the  time  they 
worked  on  an  average  basis  of  $90.00  to  $100.00  per  month 
during-  their  last  terms  in  college,  and  that  such  firms  fomid 
these  men  so  valuable  that  their  salaries  at  the  end  of  the  third 
year  after  graduation  averaged  about  $3000.00  per  year.  "  Is 
the  average  graduate  of  the  average  technical  college,"  he 
asked.  "  worth  $3000.00  a  year  at  the  end  of  his  third  year 
after  gTaduation  ?  " 

Some  educators  to  whom  this  question  had  been  put  very 
bitterly  charged  that  this  was  putting  education  on  a  sordid 
commercial  basis,  saying  that  a  money  standard  should  not  be 
applied  to  measure  the  value  of  an  engineering  education. 
To  this  the  speaker  said  he  had  replied  that  a  laborer  was 
worthy  of  his  hire,  and  that  since  most  engineers  ultimately 
earn  their  living  in  commercial  establishments,  the  salary  an 
engineer  could  draw  was  a  fair  measure  of  his  worth  to  his 
employer.  If  therefore,  the  average  graduate  of  the  coojiera- 
tive  course  appeared  to  be  worth  more  to  the  users  of  trained 
men  than  was  the  average  graduate  of  the  traditional  course, 
the  commercial  standard  proved  the  cooperative  course  to  be 
the  better  course,  both  commercially  and  educationally. 

It  had  been  stated  that  at  Providence,  the  manufacturers  did 
not  want  to  make  money  out  of  the  cooperative-high-school 
students.  In  Cincinnati  it  was  understood  that,  far  from 
ha\'ing    any    tinge    of    charity    or    tolerance,    the    cooperative 


course  in  the  University  did  return  a  direct  and  immediate 
profit  to  all  concerned.  The  Cincinnati  manufacturers  were 
not  unfairly  exploiting  the  students,  but  were  making  money 
by  employing  them,  just  as  they  did  by  employing  any  other 
employees. 

Mr.  Du  Brul  concluded  with  the  statement  that  the  jilan  was 
truly  cooperative.  The  employers  made  a  direct  profit  on  the 
regular  output  of  the  students  and  they  made  a  larger  though 
intangible  profit  by  training  those  students  to  be  the  sort  of 
engineers  that  they  required  in  the  industries.  The  students 
profited  directly  because  a  great  majority  of  them  could  not 
procure  an  engineering  education,  due  to  the  lack  of  funds, 
without  some  plan  that  helped  them  to  pay  a  large  part  of 
their  expenses.  They  had  a  further  profit  in  the  opportunity 
to  secure  an  engineering  education  of  a  kind  that  fitted  them 
to  hold  a  better  job  than  they  could  otherwise  get  after  grad- 
uation. The  University  profited  directly  in  that,  being  very 
limited  in  its  funds,  the  Schneider  plan  enabled  it  to  educate 
more  and  better  engineers  for  the  amount  available,  at  a  lower 
cost  per  head  than  any  other  institution  could  show  under  the 
traditional  plan.  The  University's  indirect  gain  was  the  great 
reputation  that  this  plan  had  made  for  the  College  and  its 
educational  product  in  a  very  short  time. 

Dean  Schneider,  in  his  closure,  answered  all  the  points 
brought  up  by  the  several  discussers,  enumerating  the  institu- 
tions which  were  using  the  cooperative  plan  and  reciting  their 
experiences.  His  closure  will  be  published  with  his  full 
address. 

Dr.  Otto  P.  Geier  then  delivered  an  address  on  The  Human 
Potential  in  Industry,  which  is  published  in  full  below. 


THE   HUMAN   POTENTIAL  IN  INDUSTRY 

By  dr.  OTTO  P.  GEIER,'  CINCINNATI,  0. 


FOR  the  past  tiiree  years  history  has  been  writing  the  terri- 
ble story  of  the  human  potential  in  modern  war.  As  a 
result  of  a  long  period  of  peace,  we  Americans  had  looked 
upon  war  as  a  most  remote  possibility,  attested  to  most 
strikingly  by  our  present  state  of  utter  unpreparedness.  As 
we  reflect,  it  appeai-s  now  we  were  not  measuring  nations  by 
their  fighting  strength,  but  rather  by  their  social,  industrial 
and  commercial  strength.  Nations  were  tabulated  for  their 
rate  of  production  and  consumption.  This  differential  had 
its  social  as  well  as  its  economic  effect.  It  produced  state  and 
private  wealth.  It  produced  leisure,  the  arts,  extended  educa- 
tional and  health  measures,  and  raised  the  standard  of  living. 
In  brief,  the  world  was  in  keen  competition  not  only  in 
business  life,  but  in  social  life.  Nations  were  striving  to  outdo 
each  other  in  promoting  financial  success,  health  and  happiness 
for  their  people.  Individualism  had  reached  its  zenith  and 
the  philosophy  of  collectivism  was  just  appearing  above  the 
horizon. 

It  was  rather  our  subconscious  minds  that  recognized  the 
great  sea  power  of  England  and  the  militaristic  spirit  of 
Germany.  Our  real  attention  was  focused,  not  on  the  plans 
and  intrigues  of  governments,  but  rather  on  the  national 
characteristics  of  their  peoples.  We  thought  of  London  as 
the  financial  center  of  the  world,  of  the  Englishman  as  the 
world  traveler,  a  lover  of  outdoor  life  and  sports,  an  educated 
gentleman  and  judge  of  the  fine  arts. 

When  we  traveled  in  Germany  we  admired   her  order  and 
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cleanliness,  her  OemiitJilichJieit.  The  world  paid  homage  to 
lier  philosophers,  revered  her  musicians,  studied  and  copied 
her  educational  systems  and  longed  for  her  thoroughness  and 
scientific  capacity. 


POTENTI.VL    OF    W.^R 

But  tlie  bloody  struggle  of  the  past  two  years  has  changed 
our  viewpoint  of  these  nations.  War,  with  all  its  horrors,  its 
terrors,  has  changed  these  peoples.  The  human  potential  of 
nations  is  no  longer  directed  at  the  creation  of  comforts, 
contentment  and  health,  but  the  backs  are  bending  low  under 
the  struggle  of  destruction  of  property  and  life.  National 
etficieucy  is  now  expressed  in  new  terms. 

Shortly  after  the  program  for  the  Spring  Meeting  of  this 
Society  began  to  take  form,  our  country  entered  tlie  war. 
There  were  those  who  doubted  the  advisability  of  holding  the 
meeting.  Our  fearful  unpreparedness  produced  a  public  state 
of  mind  akin  to  hysteria.  We  have  scarcely  had  our  sober, 
serious  second  thought.  Democracy  is  being  subjected  to  the 
acid  test.  There  are  few  so  daring  as  to  prophesy  what 
failures  and  what  successes  we  shall  tuid.  Of  one  thing  we 
see  signs.  Our  nation  is  finding  itself.  We  are  ti-ying  to 
forget  and  forgive,  ourselves  for  our  "  spread  eagle "  and 
forget  our  jingoism.  Even  in  the  early  stages  of  preparedness 
we  are  intensively  appreciating,  as  never  before,  the  stuff 
that  other  nations  are  made  of.  Their  capacity  to  produce, 
their  silent  ability  to  sutler,  sets  us  to  wonder. 
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AMERICA  REBORN 

Perhaps,  for  the  first  time  since  tlie  Civil  War,  we  are 
thinking  together.  Our  national  consciousness  has  been  re- 
born. The  pettiness  in  us  is  disappearing  and  true  Amer- 
icanism is  coming  to  the  foreground.  Our  faces  are  turned 
to  the  common  enemy.  We  have  turned  our  backs  on  the 
paltry  bickerings  of  the  past.  We  are  witnessing  the  first 
truce  in  the  century-old  strife  between  labor  and  capital. 

This  is  a  day  that  calls  for  statesmen  as  well  as  soldiers, 
for  calmness  as  well  as  courage,  for  patience  and  patriotism, 
for  virtue  and  vigor,  for  faith  and  faithfulness,  for  health  as 
well  as  willingness  to  die.  This  day  calls  for  social  recon- 
struction as  well  as  enemy  destruction.  Huge  is  the  task  in 
which  all  should  find  a  place  to  do  with  all  their  hearts. 

POTENTIAL  OF  INDUSTRY  THE  POTENTIAL  OF  THE  NATIONS 

And  what  tasks  has  our  entering  the  war  brought  to  indus- 
try? Huge  production?  Yes!  But  is  that  all?  Have  not 
old  truths  as  to  the  value  of  the  conservation  of  labor  taken 
new  form,  new  emphasis?  Has  not  The  Human  Potential  in 
Industry  in  the  nations  abroad  finally  been  the  measure  of 
their  potential  on  the  battlefield?  Has  the  interdependence 
of  man  ever  been  more  fully  demonstrated?  Has  the  mutual 
dependence  of  labor  and  capital  ever  been  so  strikingly 
proved?  Have  we  ever  witnessed  such  limitless  industrial 
energy  and  output?  Has  it  occurred  to  all  of  us  Americans, 
that  Europe's  industrial  experience  of  the  past  three  years 
holds  not  only  a  lesson  but  a  warning?  Militant  and  effi- 
ciently industrial  England  of  war  times  will  be  succeeded  by 
industrially  militant  England  of  peace  times.  Labor  and 
capital  in  England,  Germany  and  in  France,  having  learned 
the  mutual  advantage  of  cooperation  in  war,  are  not  likely  to 
give  up  this  advantage  and  return  to  the  destructive  internal 
warfare  of  former  davs. 


great  deal  of  thought  to  the  human  equation;  the  giving  of 
happiness  and  meting  out  of  justice  to  his  employees.  It  has 
been  a  great  satisfaction  to  him  to  find  an  economic  method 
of  lessening  the  human  waste  due  to  preventable  accidents  and 
occupational  diseases.  He  noted  that  a  healthy,  contented 
employee  was  a  more  productive  employee,  who,  in  turn,  was 
a  higher  type  of  citizen,  demanding  a  better  standard  of 
living  for  himself  and  family,  better  protection  for  his  children 
against  disease,  delinquency,  and  crime,  and  higher  forms  of 
community  recreation.  He  recognized  that  right  in  his  plant 
he  could  make  his  best  contribution  to  the  health  and  well- 
being  of  the  worker,  and  that  he  had  found,  perhaps,  the  most 
tangible  basis  for  cooperation  between  himself  and  his  em- 
ployees. To  him  it  was  apparent  that  by  intensively  studying 
the  health  of  his  workers  he  was  establishing  some  splendid 
new  points  of  contact  between  himself  and  his  men. 

MASTER  AND  MAN.   THEN   AND   NOW 

Industry  must  find  a  substitute  for  the  valuable  relationship 
of  master  and  man  which  passed  with  the  coming  of  greater 
industrial  concentration.  Then  the  master  was  teacher  as 
well  as  craftsman  and  to  a  large  degree  a  substitute  for  our 
modern  continuation  school,  manual  training  and  cooperative 
university  engineering  course.  Master  and  man  worked  elbow 
to  elbow.  The  master  largely  molded  the  thought  and  living 
of  the  man.  Then  they  had  real  personality  for  each  other. 
Now,  in  too  many  instances,  the  pay  envelope  expresses  the 
only  bond  between  the  two.  The  man  was  graduated  from  his 
apprenticeship,  frequently  to  set  up  a  business  of  his  own; 
now,  industrial  concentration  practically  hinders  the  estab- 
lishment of  the  new  small  unit.  Then,  labor  took  part  in  the 
making  of  the  mechanism  and  conceived  the  full  purpose  of 
the  machine  which  he  assisted  the  master  in  building;  now, 
his  work  is  more  repetitive  and  limited  to  single  parts  of  a 
machine,  whose  mechanism  he  mav  not  understand. 


OUR    NEW    COMPETITION 

The  question  that  presents  itself  is  this :  Can  we  keep  pace 
with  them  in  war.  and  will  we  keep  pace  industrially  after 
the  war?  Can  we  stand  this  new  type  of  competition  unless 
we  likewise  enter  upon  the  program  of  the  new  social  order? 
Will  not  the  programs  of  our  National  Association  of  Em- 
ployers, cliiefly  defensive  in  the  past,  necessarily  become 
socially  con.structive  ?  Will  not  labor  now  have  to  seek  leader- 
ship capable  of  best  adjusting  itself  to  these  forward-looking 
steps. 

FORWARD-LOOKING    INDUSTRY 

War  has  lifted  the  discussion  of  "  the  Imman  potential  in 
industry"'  out  of  the  realms  of  philosophy  and  has  used  it 
as  the  foundation  stone  of  a  national  economic  policy.  The 
Council  of  National  Defense  has  appointed  a  committee  on 
the  conservation  of  the  health  and  welfare  of  the  worker, 
and  in  the  interest  of  the  healtli  and  productiveness  of  labor 
proposes  to  establish  definite  standards  of  plant  operation. 
The  human  potential  of  the  nation  is  needed  at  its  maximum, 
for  the  country  cannot  afford  the  usual  labor  losses  due  to 
accident,  disease  or  fatigue,  and  industrial  poisoning. 

A  right-minded,  forward-looking  man  does  not  wait  for 
compulsory  legislation  to  develop  his  business  organization  to 
the  highest  degree  of  efficiency.  This  type  of  man,  for  years, 
has  developed  not  only  the  administrative  and  technical  divi- 
sions  of   his   plant,   but,   when    most   successful,   has   given   a 


TENEMENT  STRIKES,   LOCKOUTS 

It  was  but  natural  that  in  this  evolutionary  process  of 
industry,  capital  and  labor  should  become  more  estranged. 
They  not  only  worked  farther  apart,  but  lived  farther  apart, 
lor  with  industrial  concentration,  community  life  changed, 
and  the  tenement  district  developed.  The  difference  in  their 
scale  of  living  was  more  evident.  Industrial  discontent  was 
more  readily  bred.  Labor  and  capital  organized  themselves  to 
meet  strife,  and  strikes  and  lockouts  were  tlie  natural  out- 
growth. 

Neither  master  nor  man  can  he  held  accountable  for  these 
unfortunate  conditions,  which  were  but  the  natural  conse- 
(|uence  of  industrial  evolution  and  the  consequent  crowding  of 
jjopulation  in  cities.  So  engrossed  were  both  labor  and 
capital  in  adjusting  themselves  to  the  new  conditions  that  the 
estrangement  of  these  former  partners  in  work  came  on 
quite  unnoticed. 

DISTRUST  OP  EARLY  WELFARE  WORK 

Some  years  ago  industry  began  to  recognize  its  social 
obligation.  It  saw  the  economic  advantage  of  substituting 
fine,  light,  well-ventilated  buildings  for  the  dark,  unsanitary 
workshops  of  the  good  old  days.  It  was  at  about  the  same 
period  that  many  abortive  attempts  at  so-called  welfare  work 
were  started,  which  in  most  instances  failed  to  make  any  real 
contribution  to  the  better  understanding  of  labor  and  capital. 
This  sort  of  welfare  work  was  established  on  purely  paternal- 
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istic  lines,  was  imposed  upon  the  group  of  workers  without 
their  desire  or  consent,  and  all  too  frequently  furnished  that 
for  which  they  had  no  real  need.  This  type  of  welfare  con- 
tributed to  the  social  and  superficial  requirements  of  the  man, 
and  overlooked  the  fundamentals.  It  did  not  take  into  account 
the  basic  principle  that  the  workman  is  very  human,  and  that 
to  get  the  best  results  out  of  any  socializing  effort  you  must 
first  engage  his  cooperation.  You  must  put  him  to  work,  so 
that  ha  too  may  use  his  creative  instincts,  and  enjoy  with  the 
employer  the  fruits  of  intelligent  cooperative  work.  Welfare 
work  of  the  former  kind  deserved  failure  and  did  fail.  It 
was  "  built  upon  the  sands  "'  and  was  all  too  frequently  washed 
away  by  the  least  wave  of  discontent  among  the  workers. 
After  the  first  strike,  the  returning  man  found  the  doors  of 
the  dining  rooms,  libraries,  and  club  rooms  closed  upon  him. 
The  whole  structure  was  weak  and  crumbled  at  the  mere  sign 
of  a  storm.  Is  it  any  wonder  then  that  welfare  work  came  into 
such  disrepute  with  the  worker  and  was  so  continuously  and 
effectively  used  by  the  labor  agitator? 


.\LL-D.\Y   DISPENS.\RY 

The  point  of  approach  to  the  human  potential  bad  best, 
therefore,  be  through  the  industrial  dispensary.  Under  a  high- 
grade  physician  it  will  be  the  great  melting  pot  of  the  human 
experiences  of  men.  Here  the  virtues  and  the  weaknesses  of 
the  men  will  be  most  apparent.  The  physician  will  also  be 
confessor,  adviser,  priest.  Through  him  the  employee  may 
learn  that  it  pay?  to  be  healthy,  steady,  and  of  good  habits. 
He  does  not  hesitate  to  preach  the  ''  Sober  First "  campaign. 

An  industrial  dispensary,  with  a  dental  clinic  as  its  ad- 
junct, will  advertise  itself.  It  will  come  in  daily  contact 
with  fi\e  per  cent  of  the  force,  the  equivalent  of  the  whole 
force  each  month.  To  respond  to  all  the  possible  services 
that  grow  out  of  these  frequent  contacts,  it  will  require  one 
full-time  physician  to  every  750  employees. 

The  men  will  first  use  this  department  for  their  slight  cuts 
and  accidents;  next  they  will  begin  to  call  the  doctor's  atten- 
tion to  some  surgical  defect  with  which  they  have  been 
suffering. 


BUILDERS    OF    ME.N 

It  would  indeed  be  a  fooOiardy  individual  who  should  at- 
tempt to  interest  the  members  of  these  organizations  in  that 
kind  of  welfare  work.  I  am  equally  sure  that  most  of  the 
plants  represented  by  this  conference  are  already  engaged  in 
some  effort  to  solve  the  great  problem  of  human  potential  in 
industry.  We  are  all  groping  our  way  toward  finding  the  right 
method.  If  we  can  evolve  a  sound  economic  scheme  for  the 
establislunent  of  a  human-sei-vice  department  in  industi-y, 
which  day  by  day  will  pay  dividends,  which  will  reduce  lost 
time  for  illness  and  accidents,  reduce  labor  turnover,  and 
quicken  loyalty,  we  will  not  build  up  a  "  blockhouse  "  which 
will  fall  to  pieces  at  the  first  sign  of  industrial  strife.  It  will 
each  day  have  served  its  purpose,  secured  a  result  worth  while 
for  itself,  and  will  automatically,  along  with  all  other  depart- 
ments, be  again  set  in  motion  the  moment  that  the  wheels  of 
industry  begin  to  turn. 

I  have  faith  in  big  industry.  I  believe  that  when  builders 
of  big  enterprises  sense  their  social  opportunities  they  will 
also  prove  themselves  to  be  builders  of  men.  In  time  their 
widened  penspeetive  will  include  an  active  interest  in  national 
and  local  health  problems,  they  will,  for  the  sake  of  the  men, 
use  their  good  offices  for  better  housing  and  transportation 
facilities.  They  will  apply  themselves  to  the  great  human 
problem  of  taking  much  of  the  drudgery  out  of  work.  Witli 
tliis  new  purpose  in  life  will  come  a  recompense  which  cannot 
be  valued  in  mere  dollars. 

They  will  be  instituting  the  first  intelligent  effort  toward 
the  alleviation  of  poverty  and  the  establishment  of  social 
justice.  Philanthropy  and  legislative  effort  to  correct  condi- 
tions have  failed  lamentably. 

inil.D   UPON    HEALTH 

The  activities  of  the  human-service  department  should  be 
founded  on  intensive  health  work.  Health  is  our  most  vital 
possession.  The  mere  act  of  conserving  the  health  is  en- 
nobling. Healthy  bodies  promote  right  thinking,  right  living, 
good  habits,  and  it  is  upon  such  factors  that  intelligence, 
stability  and  loyalty  are  engendered.  Unless  we  have  these 
things,  our  employment  departments,  struggling  with  the 
labor  turnover,  our  mutual-benefit  societies  and  loan  associa- 
tions, our  restaurants,  our  cooperative  buying,  our  sanitai-y 
measures,  will  meet  with  but  half  of  the  deserved  success. 


DOUBLING   W.\GES 

I  recall  the  case  of  an  Italian  watchmaker  with  five  children, 
whose  complexion  was  pale  and  pasty.  He  seemed  anxious  to 
please  his  foreman,  but  his  work,  like  his  skin,  remained  rather 
pale.  He  had  a  bad  record  for  absence  and  lateness.  His 
average  earnings  amounted  to  $13.00  per  week.  Investigation 
showed  that  he  had  been  suffering  with  hemorrhoids  for 
twenty  years  and  had  been  repeatedly  advised  against  an 
operation.  He  had  enough  confidence  in  the  plant  physician 
to  undergo  the  operation.  As  a  result,  his  physical  efficiency 
was  raised,  so  that  now  his  premium  earnings  are  nearly  as 
great  as  his  weekly  wages  formerly  were.  In  other  words,  the 
operation  had  practically  doubled  his  wages.  An  inefficient 
man,  an  active  candidate  for  the  human  scrap  heap,  one  whose 
family  had  been  on  the  poverty  line  for  years,  has  been  con- 
verted into  a  happy,  productive  citizen. 

In  an  industrial  all-day  dispensary  men  will  frequently 
learn  that  while  they  have  been  treated  for  rheumatism  on 
the  outside,  they  are  actually  suffering  from  broken  arches. 
Again  and  again  men  will  be  found  who  are  continually 
taking  headache  dope  for  headaches  due  either  to  gastric  con- 
ditions or  eye  strain.  Untold  numbers  of  men  will  be  found 
whose  working  capacity  has  been  below  normal:  whom  em- 
ployers have  always  felt  more  or  less  sorry  for  and  therefore 
did  not  discharge  because  they  seemed  anxious  to  make  good, 
but  they  never  quite  "  reached."  Quite  a  lot  of  these  will  be 
found  suffering  with  chronic  intestinal  toxaemia,  while  fully 
as  many  will  be  discovered  whose  lowered  vitality  has  been 
induced  by  years  of  bad  mouth  hygiene,  abscessed  roots  and 
pyorrhea.  I  am  thinking  just  now  of  such  a  man  who  had 
been  treated  for  rheumatism  for  years  and  who  never  was 
able  to  get  out  of  the  subnormal  class  of  workers.  A  careful 
checking  up  showed  pyorrhea  of  the  teeth  to  be  responsible. 
With  six  months'  supervision  and  care,  that  man  increased  his 
earning  capacity  by  nearly  100  per  cent. 

While  speaking  of  mouth  conditions,  let  me  recall  the  case 
of  a  man  who  for  three  weeks  suffered  excniciating  neuralgia 
of  the  face  and  head.  He  was  the  type  of  man  that  puts  off 
going  to  a  physician  until  the  last  moment.  Examination 
showed  that  he  had  a  very  dirty  mouth,  a  number  of  snags 
and  some  pyorrhea.  X-ray  showed  an  unerupted  cuspid 
tooth  lying  horizontally,  the  pressure  therefrom  causing  the 
pain.  Twenty-four  hours  after  the  removal  of  this  tooth, 
and  the  old  snags,  all  pain  disappeared.    If  the  plant  dentist 
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had  been  an  average  dentist  no  X-i'ay  would  have  been  called 
for  and  the  man  would,  for  weeks,  have  lost  sleep  and  time 
from   work,   and  have   considerably   reduced   his   vitality   and  ■ 
working  capacity. 

In  passing,  we  might  mention  one  other  case  where  the  man 
was  losing  a  day  or  two  each  week  as  a  result  of  nausea, 
sleepy,  draggy  feeling,  practically  no  ambition  for  work,  and 
gradual  loss  of  weight.  Physical  examination  showed  nothing 
unusual,  except  that  the  teeth  were  bad.  Cleaning  up  tiie 
mouth  and  pulling  out  the  old  snags  was  followed  by  imme- 
diate improvement.  The  stomach  trouble  disappeared.  In  si.x 
weeks  he  gained  seven  pounds  and  had  a  new  bite  for  work. 

DIAGNOSIS    NBCBS-SAI"!' 

The  plant  dispensary,  with  the  economic  jn-essure  back  of 
it  to  get  results,  will  go  farther  to  establish  a  diagnosis  than 
the  family  physician.  It  sees  the  financial  advantage  to  the 
patient  and  to  the  companj',  to  spend  a  few  dollars  for  con- 
sultation or  for  X-ray.  If  the  employee  cannot  pay  for  the 
consultation,  the  plant  physician  can  always  place  his  hands 
upon  some  consultant  on  the  outside  who  will  do  the  work 
for  nothing.  There  is  a  drive  behind  the  plant  physician  to 
get  a  quick  result. 

Too  much  cannot  be  said  for  physical  examinations  of  em- 
ployees. No  one  kno\\'s  how  manj'  eases  of  incipient  tuber- 
culosis are  present  in  his  shop  force.  There  are  any  number 
of  men  whose  appetites  are  variable,  who  tire  easily,  but  who 
have  no  cough  or  symptoms  that  would  make  them  consult  a 
physician;  are  perhaps  merely  irritable,  and  have  a  draggy 
feeling  and  no  "  pep."  They  attribute  their  weariness  to  the 
job.  In  so  many  eases  of  an  early  diagnosis  of  incipient 
tuberculosis,  an  enforced  rest  of  a  month  or  two  will  put 
these  men  on  their  feet  again. 

INDUSTRIAL    CROSSED    EYES 

The  development  of  tlie  human  potential  with  all  of  its 
mutual  and  economic  advantages  will  not  be  introduced  in 
industry  where  the  employer  does  not  possess  some  social 
vision.  I  am  thinking  just  now  of  one  narrow-visioned  em- 
ployer who  was  recently  interviewed  by  someone  who  was 
anxious  to  gain  a  consensus  of  opinion  as  to  the  value  of 
employees  service  departments.  The  total  human  equation  in 
this  particular  industry,  employing  some  1100  men,  was 
represented  by  a  mutual  aid  to  which  the  company  contributed 
annually  the  large  sum  of  $100  (less  than  nine  cents  per  man). 
It  was  necessary  for  that  association  at  their  annual  picnics, 
given  for  the  purpose  of  raising  money,  to  invite  employees 
of  a  number  of  other  smaller  concerns.  In  other  words,  for 
the  sake  of  a  few  dollars  raised  by  inviting  outsiders,  this 
company  blindly  encouraged  the  undermining  of  any  good 
feelings  of  fellowship  that  might  have  been  encouraged  among 
its  employees  by  this  one  annual  getting-together.  The  same 
employer  boasted  that  the  efficiency  plan  of  wages  greatly 
reduced  the  cost  of  production,  returning  ten  dollars  for  each 
dollar  put  into  that  system. 

A  LOW-BROW  HIGH  TURNOVER 

In  discussing  his  men  he  spoke  only  of  their  lack  of  loyalty 
and  the  lack  of  loyalty  on  the  part  of  the  foremen.  With  an 
injured  air  he  told  that  petitions  for  the  unionizing  of  tlie 
employees  had  been  in  circulation  in  his  shop  for  two  weeks 
with  the  full  knowledge  of  the  foremen  before  lie  discovered 
that    fact.      The    result    is,    he    says,    that    the    shop    is    fully 


organized  and  tlic  uniim  lias  his  company  under  its  thumb. 
It  seems  that  it  ha  !  been  the  custom  of  this  company  to 
entertain  tlie  foieinen  once  a  month  with  a  dinner  and  smoker, 
and  that  one  of  these  entertainments  was  held  the  night  before 
tlie  discovery  of  the  petitions.  With  stupid  satisfaction  he  said 
that  thereafter  foremen's  meetings  ceased.  It  is  not  surprising 
to  note  in  passing  that  the  labor  turnover  in  this  plant  is 
305  per  month.  This  man  who  gives  the  whole  sum  of  $100 
toward  the  sole  cooperative  effort  on  the  part  of  the  men  to 
care  for  themselves  in  times  of  illness  loses  $100,000  per  year 
in  excessive  labor  turnover. 

If  1  were  called  upon  to  make  a  diagnosis  of  that  employer, 
1  would  venture  to  say  that  he  had  an  aggravated  case  of 
mental  strabismus  or  was  mentallj'  cross-eyed.  He  does  not 
realize  that  the  sound-minded  industrial  procession  is  passing 
him.  He  does  not  know  that  the  movement  for  the  conserva- 
tion of  the  industrial  worker  marks  the  greatest  change  in  the 
attitude  of  society  of  the  twentieth  century,  that  next  to  the 
municipality  the  industrial  corporation  is  the  largest  social 
unit,  that  as  such  it  partakes  of  many  of  the  characteristics 
and  functions  of  a  governmental  subdivision.  He  does  not 
realize  that  his  industry  is  an  example  of  one  selfishly  admin- 
istered, and  as  such  is  a  menace  to  the  peace,  prosperity  and 
happiness  not  only  of  the  members  of  his  industrial  unit,  but 
a  menace  to  the  rest  of  the  community  members.  A  coldly 
calculating,  selfish  enterprise,  no  matter  how  big,  engenders 
selfishness,  distrust,  envy  and  hate  in  individuals  in  and  about 
it.  As  a  by-product  it  manufactures  class  feeling,  which  other 
social  agencies  vainly  try  to  counteract.  Conversely,  a  socially 
organized,  profitable,  and  farsighted  business  enterprise,  by  its 
very  existence,  continuously  creating  more  work  for  more 
people,  is  not  only  a  great  financial  asset  to  the  community, 
but  is  of  definite  social  value  as  well.  The  first  grows  at  the 
expense  of  society  which  gave  it  life.  The  second  is  one  of  the 
taproots  of  society.  The  first  produces  the  malcontents,  the 
industrial  hobo,  the  I,  W.  W.  The  second  creates  intelligent, 
contented  citizenship,  the  only  hope  of  a  democracy. 

THE  PHYSICIAN  IN   INDUSTRY 

To  men  who  are  attempting  to  fit  their  enterprises  to  this  lat- 
ter classification,  to  men  who  are  seriously  at  work  solving  the 
problem  of  the  human  potential  in  industry,  permit  me  to  say, 
that  most  of  them  are  overlooking  the  possibilities  for  service 
that  the  socially  minded  physician  may  render  employere  and 
employees.  The  proper  place  has  not  yet  been  accorded  him. 
He  has  not  been  given  an  opportunity  to  make  one  for  him- 
^•elf.  It  doesn't  count  for  much  if  surgeons  are  employed  in 
a  plant  to  care  for  the  injured.  The  surgeon  is  in  just  the  same 
I  elation  to  a  business  and  the  employees  as  is  the  electrical 
repair  man  who  replaces  the  fuse  and  looks  after  short-circuits. 
What  is  needed  is  a  doctor,  a  combination  general  repair  and 
safety  engineer,  to  look  after  the  human  machinery,  to  study 
stresses  and  strains  on  it,  to  give  warning  of  a  probable  break- 
down, to  advise  easing  up  on  the  load  until  the  human  mechan- 
ism has  been  readjusted,  to  do  the  hundred  and  one  things 
that  make  for  comfort  of  mind  and  body. 

COST   OF    ILLNESS   TO   CAPIT.\L   AND   LABOR 

When  we  are  told  by  investigators  that  only  one  industrial 
worker  in  five  in  need  of  a  physician  calls  one,  we  may  know 
what  this  shortsightedness  in  them  is  costing  in  lost  time. 
We  may  also  know  what  great  service  the  industrial  dispen- 
sarv  mav  render. 
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The  liiss  of  wages  to  tlie  worker  on  account  of  preventable 
illness  runs  annually  to  the  billioti  dollar  mark.  To  the  em- 
ployers the  loss  must  surely  be  twice  that  amount  when  we 
reiueiaber  what  a  large  part  bad  health  plays  in  inetficiency,  in 
in-egularity  of  attendance,  with  its  consequent  poverty  and 
low  standard  of  living,  in  its  frequent  shifting  from  job  to 
job,  in  its  undermining  of  character  and  stability,  in  inducing 
alcoholism  and  other  vices.  The  man  struggling  against  a 
physical  defect  uses  up  every  ounce  of  energy  and  loyalty  to 
support  his  family.  Can  he  have  any  loyalty  left?  Is  it 
human  to  expect  it? 

Are  we  going  to  meet  this  great  medical  and  economic  ques- 
tion by  the  general  inti-oduction  of  the  physician  in  industry 
or  are  we  going  to  sit  idly  by  and  permit  the  propagandists  to 
persuade  our  legislators  that  compulsory  sickness  insurance 
alone  will  assure  every  worker  adequate  medical  service.  I 
personally  disbelieve  that  compulsory  sickness  insurance  will 
produce  that  result,  but  this  legislation  is  inevitable,  unless 
industry  grasps  ils  opportunity  and  shows  society  that  it  is 
willing  to  undertake  a  method  of  health  insurance  through  its 
own  dispensaries,  whose  costs  will  be  negligible  compared  to 
compulsory  sickness  insurance  and  whose  results  for  national 
health  will  be  infinitely  greater.  If  business  isn't  big  enough 
to  see  the  social  and  economic  advantage  of  some  system  of 
self-imposed  compulsory  medical  supervision  of  employees, 
then  some  of  the  most  staunch  opponents  of  compulsory  sick- 
ness insurance  will  have  to  become  its  active  proponents. 

The  industrial  dispensary  will  lessen  disease,  increase  the 
number  of  working  days  as  well  as  working  capacity  and 
thereby  increase  the  purchasing  power  for  adequate  medical 
service  for  the  families  of  the  workers.  Medical  care  in  indus- 
try is  not  a  charity.  It  pays  the  best  dividends  of  any  depart- 
ment in  business.  It  secures  a  new  arm  to  the  health  depart- 
ment and  makes  possible  pi-eventive  medicine  on  a  scale  yet 
midreamed  of.  Witness  the  reduction  of  75  per  cent  of  the 
lost  time  on  account  of  illness  in  the  employees  of  the  Norton 
Company  who  use  the  medical  department.  In  attacking 
directly  such  problems  as  personal  hygiene,  bad  housing  and 
living  conditions,  alcoholism  and  venereal  disease,  it  will  make 
a  real  contribution  to  national  health  and  social  welfare.  It 
will  immediately  help  cure  the  legislative  mania  with  which 
the  American  people  are  cursed. 

DISCUSSION 

R.  G.  Williams  emphasized  Dr.  Geier's  statements,  citing 
The  Norton  Grinding  Company,  wliivh  for  a  nuuil)cr  of  vears 
had  been  practising  a  good  many  of  the  things  Dr.  Geier 
advocated.  This  company  had  an  industrial  health  depart- 
ment, and  it  was  just  as  indispensable  as  tke  telephone.  They 
could  prove  to  anyone  interested  that  it  wa-s  a  dollars  and 
cents  proposition.  As  an  example,  soon  after  the  department 
was  installed  and  the  men  were  just  getting  confidence  in  the 
work,  an  epidemic  of  grip  broke  out  in  the  town.  About 
half  of  the  men  who  developed  symptoms  immediately  got 
in  touch  with  the  plant  physician ;  the  other  half  did  not, 
but  held  off  as  long  as  they  could,  and  eventually  lost  con- 
siderable time.  The  men  that  used  the  hospital  lost  on  an 
average  19.2  less  hours  per  man  per  month  than  the  men 
who  did  not. 

Frank  B.  Gilbreth  said  that  he  wanted  to  emphasize  one 
statement  in  this  remarkable  paper,  not  with  the  idea  that 
it  was  the  most  important,  but  that  that  one  thought  would 
warrant  the  paper  even  without  the  rest  of  its  contents.  He 
referred  to  the  conservation  of  industrial  workers. 

"  We  are  verv  much  interested  in  the  work  of  conservation 


of  industrial  workers  who  have  been  crippled  both  in  the  war 
and  in  the  industries,"  said  Mr.  Gilbreth.  "It  will  probably 
suri)rise  you  to  know  that  in  Canada  the  number  of  cripples 
who  return  from  the  war  is  not  as  great  as  the  number  of 
industrial  crijiples  for  the  same  length  of  time  in  Canada. 
Statistics  showing  this  may  be  obtained  from  those  in  charge 
of  the  re-education  of  the  soldiers  in  Canada.  Statistics  from 
our  own  country  are  published  in  a  remarkable  book  to  be 
obtained  from  the  Commissioner  of  Vital  Statistics  of  the 
State  of  California. 

"  In  the  work  that  we  have  been  doing  with  the  cooperation 
of  peoi^le  in  foreign  countries,  we  have  found  a  tremendous 
number  of  jobs  for  crippled  soldiers  as  a  result  of  which 
they  can  practically  date  the  begimiing  of  their  financial 
prosperity  from  the  time  that  they  were  injured.  The  work 
undertaken  in  finding  occupation  for  these  industrial  crip- 
ples has  been  successful  to  an  extent  that  has  been  perfectly 
astounding',  and  the  same  thing  will  apply  to  placement  of 
re-educated  industrial  workers,  if  they  are  given  ))ro]ier  atten- 
tion. 

"  The  great  need  is  for  adequate  teaching,  and  this  need  can 
best  be  met  now,  when  the  subject  of  the  cripple  holds  world- 
wide interest.  Immediately  after  the  war  began  I  went  to  Wash- 
ington to  try  to  get  a  bureau  started  somewhere  that  would 
take  up  the  question  of  providing  teachers  for  crippled  sol- 
diers, with  the  idea  of  training  them  so  that  we  could  properly 
handle  the  cripples  that  will  come  back  to  us.  It  takes  two 
years  to  teach  anyone  to  handle  the  best  methods  of  teaching 
cri])ples  and  it  is  absolutely  necessary  to  make  preparations 
no  If. 

"  Mistakes  have  been  made  in  other  countries  in  the  matter 
of  teaching  crippled  soldiers,  wliere  they  have  often  been  taught 
to  make  baskets,  because  the  vocation  of  basket  making  might 
have  been  the  only  one  that  the  teacher  could  teach. 

■'  The  cripple  must  be  taught  not  primarily  what  the  un- 
trained teacher  wants  to  teach,  but  u-hat  he  needs  to  learn.  He 
must  be  provided  with  an  occupation  that  develops  him  men- 
tally and  ]ihysically.  and  that  satisfies  his  desire  to  do  "  a  man's 
job." 

"  It  is  the  duty  of  this  Society  to  see  that  the  training  foi' 
eflicient  teachers  is  provided  not  only  in  the  schools  and  col- 
leges, but  also  in  the  industries.  The  teachers  must  know  how 
to  prejjare  the  cripples  to  go  back  into  our  shops  and  offices — 
must  be  able  to  furnish  practical  as  well  as  theoretical  knowl- 
edge. 

■■  Then,  when  the  need  for  re-educating  war  cripples  is  over, 
I  hey  can  turn  their  energies  to  the  cripples  of  the  industries, 
to  whom  Dr.  Geier  has  so  eloquently  called  our  attention." 

F.  A.  Geier  closed  the  session  with  a  word  of  apprecia- 
tion. He  said  it  was  the  Local  Committee  that  decided  on 
wh.at  the  program  should  be  for  the  session,  and  he  was  very 
happy  to  feel  from  the  apjilause  that  the  subjects  were  well 
chosen.  It  was  the  Committee's  purpose  to  impress  upon  the 
members  of  the  two  associations  at  this  particular  meeting 
the  great  value  aJid  their  very  great  obligation  in  the  matter 
of  considering  the  worker  in  the  shop. 

They  had  had  papers  in  both  societies  on  the  construction 
of  buildings,  on  the  construction  of  intricate  mechanism,  and 
on  increased  production.  But  the  main  thouglit  among  the 
Cincinnati  Section  was  that  they  would  like  to  impress  those 
present  that  there  was  now  the  greatest  opportunity  put 
before  them,  namely,  the  earnest  and  sincere  study  and  inves- 
tigation of  the  human  element. 


FIRST  MUNITIONS  SESSION,  ALL  DAY  WEDNESDAY 


THE  feature  of  the  Spring  Meeting  which  proved  of  great 
interest  from  the  professional  standiioint  was  the  topical 
discussion  arranged  by  the  Committee  on  Meetings  on  the  Fun- 
damental Problems  Involved  in  the  Manufacture  of  Munitions. 
It  was  planned  to  have  two  sessions  for  this  discussion,  on 
Wednesday  and  Thursday  mornings,  May  23  and  24.  The 
subject  was  considered  so  important,  however,  and  the  interest 
was  so  sustained  that  the  Wednesday  morning  session  was 
continued  throughout  the  afternoon  of  that  day,  in  spite  of 
the  fact  that  a  boat  ride  on  the  Ohio  Biver  had  been  arranged 
by  the  local  Committee  for  Wednesday  afternoon. 

The  attendance  at  all  of  the  sessions  was  large,  numbering 
at  times  as  many  as  300.  President  Hollis,  who  presided  at 
the  beginning  of  each  session,  called  to  his  assistance  as 
chairmen  L.  P.  Alford  of  the  Committee  on  Meetings  and  John 
H.  Barr,  Manager,  and  William  B.  Jackson,  A'ice-President, 
Am.Soc.M.E.  Representatives  of  the  Government  in  attend- 
ance were  Lieutenant-Commander  R.  R.  Adams  and  Major 
P.  S.  Bond. 

The  initial  discussions,  or  papers,  publislied  in  The  .Journal 
for  May,  touched  upon  some  of  the  vital  problems  which 
manufacturers  of  munitions  have  to  meet,  such  as  munitions 
contracts  and  their  iinaneing,  organization  and  procuring  of 
special  machines,  designing  for  quantity  manufacture,  pro- 
curing materials,  limits  and  tolerances,  gages  and  small  tools 
and  inspection. 

There  was  a  strong  sentiment  at  the  meeting  in  favor  of 
some  action  by  the  Society  of  a  constructive  nature  which 
would  be  helpful  alike  to  the  Government  and  to  those  who 
might  be  called  ui^on  to  manufacture  munitions. 

A  deep  impression  was  made  by  representatives  from 
Canadian  manufacturing  plants,  who  emphasized  the  impor- 
tance of  cooperation  among  manufacturers,  and  the  ])ooling 
of  information  by  manufacturers  for  the  benefit  of  all  con- 
cerned,— in  other  words,  cooperative  manufacturing  as  carried 
on  in  Canada,  as  opposed  to  competitive  manufacturins'  which 
has  prevailed  to  so  large  an  extent  in  this  country. 

Naturally,  there  was  much  interest  in  the  relations  of  the 
small  manufacturer  who  might  be  a  sub-contractor  for  the 
large  manufacturer.  There  was  considerable  discussion  also, 
as  to  the  po.ssibility  of  the  Society  becoming  a  clearing  house 
for  information,  even  to  the  extent  of  uudertaking  the  collec- 
tion and  publication  of  data  upon  the  manufacture  of  muni- 
tions in  the  form  of  a  handbook  or  otherwise. 

In  order  that  the  discussion  might  be  without  restriction  and 
of  the  utmost  benefit  to  those  in  attendance,  it  was  agreed 
that  where  recjuested  the  remarks  would  not  be  reported.  In 
several  instances  tliis  desire  was  carried  out. 

At  this  session  the  following  jiapers  were  presented,  the  first 
three  in  tlie  morning,  and  the  last  three  in  the  afternoon: 

MuNrriONs  Contracts  and  Their  Financing,  Frederick  A. 
Waldron. 

Organizing  for  Munitions  Manufacture,  Arthur  L.  Hum- 
phrey. 

Organization  for  Munitions  Manufacture,  Harry  L.  Coe. 

Procuring  Special  Machines  for  Munitions  Manufac- 
ture, H.  V.  Haight 

Practical  Wartime  Shell  Making,  Lncien  I.  Yeomans 

The  Design  of  Munitions  for  Quantity  Manufacture. 
J.  E.  Otterson. 


(.'K.VKKA!.    niSCUSSION— HEMARKS    HV    LIBUT-COM.MANDEI! 
R.  R.  ADAMS,  D.  S.  N. 

Lieut.-Connnander  K.  R.  Adams,"  U.  S.  N.,  who  attended 
the  meeting  as  the  official  representative  of  the  Bureau  of 
Ordnance,  said  the  policy  of  the  Bureau  had  been  to  direct  its 
representatives  "  to  cooperate  with  the  various  manufacturing 
firms  to  which  they  are  accredited  in  every  consistent  and 
proper  manner."  It  had  also  given  directions  that  the  inspector 
facilitate  the  manufacture  and  expedite  deliveries  wherever 
possible,  provided  that  satisfactory  and  acceptable  material 
was  procured  by  the  Government.  To  accom])lish  this  in  every 
instance  was  impossible,  but  by  the  exercise  of  tact  and 
patience  in  the  case  of  firms  unacquainted  with  Government 
methods  and  requirements,  it  was  believed  that  many  of  the 
difficulties  which  would  ordinarily  crop  up  could  be  eliminated. 

The  Bureau  desired  its  representatives  to  advise  the  firms  in 
their  district  as  fully  as  possible,  and  where  possible  to  make 
decisions  within  the  scope  of  their  professional  knowledge  as 
to  the  suitability  of  the  piaterials  to  be  used. 

Even  with  these  instructions,  cases  would  arise  which  had 
to  be  referred  to  the  Bureau  of  Ordnance,  but  by  the  use  of 
telegrams  and  long-distance  telephones  for  important  decisions 
serious  delays  in  manufacture  could  be  eliminated.  The 
Bureau  had  requested  its  representatives  to  make  suggestions 
to  the  manufacturers,  where  it  was  thought  that  such  sug- 
gestions would  be  of  assistance,  or  to  give  any  general  infor- 
mation which  would  help  in  the  manufacture  of  material 
recjuired  by  the  Government.  Information  was  volunteered  if 
it  would  aid  manufacturing  processes  and  at  the  same  time  did 
not  violate  confidential  matters  disclosed  by  other  firms.  But 
matters  of  a  confidential  nature  which  had  been  confided  to  the 
Inspector  were  not  to  be  divulged  under  any  conditions. 

The  Government  representative  or  his  inspector  was  directed 
to  assist  in  the  manufacture  of  material  as  far  as  practicable 
in  addition  to  inspecting  it  for  acceptance,  where  such  assist- 
ance was  requested.  Our  country  desired  to  prevent  trouble 
with  regard  to  new  munitions  plants  such  as  was  experienced 
in  Canada  for  some  months  after  the  outbreak  of  the  war. 
Many  munitions  plants  in  Canada  failed  to  turn  out  satis- 
factory products  because  of  lack  of  cooperation  among  the 
plants.  This  had  finally  led  all  plants  to  pool  their  experience, 
and  the  success  of  one  plant  was  followed  by  others  until  all 
had  the  necessary  experience.  This  should  be  done  in  this 
country  in  the  near  future,  and  all  information  and  experience 
required  for  the  manufacture  of  munitions  should  be  pooled 
by  the  different  plants  so  as  to  assist  other  plants,  especially 
the  new  ones. 

Reuben  Hill  commented  on  present  conditions  as  they 
existed  in  this  country  with  respect  to  the  war,  and  gave  sound 
advice  to  those  who  earnestly  desired  to  serve  the  Government. 
He  si)oke  from  his  experience  in  munitions  manufacture  in 
Canada,  and  had  the  closest  attention  of  the  audience. 

The  speaker  deplored  the  apparent  apathy  in  relation  to 
the  organization  of  our  industrial  forces  to  support  those  men 
that  we  must  necessarily  and  immediately  send  forward  to  the 
front.  He  also  took  the  view  that  the  general  public  wei-e  not 
taking  the  situation  seriously  enough,  and  that  they  would  not 
realize  the  gravity  of  the  situation  until  the  men  that  we  had 
.sent  to  the  front  had  been  killed.  This  was  based  on  the  fact 
that  the  people  in  Canada  were  living  very  close  to  tlie  war; 
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in  other  words,  they  had  been  "  burying  their  dead."  There- 
fore they  realized  how  essential  it  was  to  back  up  the  men 
at  the  front  with  suflicieut  material  and  munitions  in  order 
that  a  great  deal  more  might  be  accomplished.  He  also  re- 
ferred to  the  sad  conditions  of  the  past,  which  was  general  his- 
tory now,  in  relation  to  the  bad  start  that  Great  Britain  and 
France  made  by  allowing  the  best  men  to  push  to  the  front 
at  the  beginning,  and  thereby  crippling  the  maintenance  of 
the  industrial  support. 

He  further  emphasized  the  necessity  of  prompt  and  imme- 
diate attention  to  the  organization  of  the  industrial  forces 
which  was  necessary  now,  suggesting  that  the  Government  take 
a  more  cooperative  and  guiding  activity  in  relation  to  the 
manufacturer,  thereby  departing  from  the  peace-time  methods 
of  arbitrarily  giving  a  contract,  and  then  at  a  certain  time 
sending  some  one  forward  to  inspect  tiie  work,  and  eithei' 
arbitrarily  accepting  it  or  rejecting  it. 

He  also  advocated  that  the  Society,  by  reason  of  its  member- 
ship in  practical  engineering,  should  be  of  great  assistance  to 
the  Government  in  formulating  an  ideal  cooperative  industrial 
scheme,  similar  to  that  prevailing  in  Canada,  with  the  Im]  erial 
Munitions  Board. 

Frank  B.  Gilbretli  emphasized  the  importance  of  record- 
ing all  details,  including  the  time  element,  with  respect  to  in- 
dustrial operations,  and  referred  to  the  use  of  the  micromotion 
film  for  this  purpose.     He  said  in  part : 

"  We  hear  much  of  the  loss  of  information  to  tl---;  world 
when  the  great  library  at  Alexandria  was  destroyed,  but  we 
hear  little  or  nothing  about  the  wonderful  amount  of  informa- 
tion in  the  heads  of  our  workingmen,  who  have  not  been 
properly  trained  to  pass  on  that  information  in  literary  form 
so  that  the  public  can  get  the  benefit  of  it. 

"  The  best  method  of  doing  any  kind  of  work  does  not  lie 
in  the  consecutive  acts  of  any  one  worker,  but  is  synthesized 
from  records  of  methods  of  many  expert  workers.  AVhen  these 
skilled  but  uneducated  experts  referred  to  die  off  without  pass- 
ing on  their  information  in  any  way,  the  best  elements  of  the 
methods  that  should  be  recorded  and  passed  on  are  lost  to 
us  forever. 

'•  There  has  been  some  confusion  between  the  ordinary  mo- 
tion picture  film  and  the  film  used  in  making  micromotion 
study.  The  micromotion  film  is  the  result  of  placing  a  time- 
piece that  records  the  time  element,  and  a  cross-sectioned  screen 
that  records  the  space  element  in  the  field  of  the  method  to  be 
photographed.  The  pictures  are  taken  at  varying  rates  of 
speedj  and  are  then  projected  at  the  speed  at  which  they  are 
taken,  at  slower  speeds  and  at  more  rapid  speeds,  in  order  to 
get  different  views  of  the  operation  being  studied.  The  j^ic- 
tures  are  studied  one  at  a  time,  the  film  being  run  forward  and 
backward,  and  a  cycle  of  motion  being  reviewed  as  many  times 
as  is  desired.  The  two  aims  are,  first  to  get  all  possible  de- 
tailed information  on  the  film,  and  second  to  get  this  informa- 
tion off  the  film  and  into  the  simultaneous  motion-cycle  charts, 
or  such  other  form  as  will  aid  in  transferring  the  information 
most  easily  and  most  efficiently  to  the  learner.  The  stop  watch 
can  make  no  such  adequate  records  as  this.  I  would  urge  that 
all  observations  should  be  made  once  for  all  by  the  most  scien- 
tific methods  possible." 

Harry  E.  Harris  told  something  of  the  industrial  mobiliza- 
tion carried  out  in  Fairfield  County,  Coun.,  the  county  ii> 
which  Bridgeport  is  located  and  which  has  been  called  the 
"  Essen  of  America."     He  said  in  part : 

"  On  April  4  the  manufacturers  in  the  county  lield  a  meeting 
with  the  members  of  the  chambers  of  commerce,   boards   of 


trade,  i^hilanthrojaic  societies,  granges,  and  the  Farm  Bureau 
and  organized  a  patriotic  association  which  expects  to  raise 
in  the  neighborhood  of  one  hundred  thousand  dollars  from 
the  people  of  the  county  and  to  have  a  membership  which 
will  embrace  every  man,  woman  and  child. 

'■  The  object  of  this  association  is  cooperation  and  there  are 
six  chief  departments:  Manufacturing,  Transportation,  Indu.s- 
trial.  Relief,  Welfare  and  Agricultural.  The  Industrial  De- 
•partment,  which  we  are  interested  in  as  engineers,  has  ten 
divisions  of  work,  one  of  which  is  the  establishment  of  an 
interchange  of  measurements.  The  different  manufacturers 
who  have  facilities  for  measuring  have  offered  them  to  tlie 
association  and  expei-ts  in  measuring  who  reside  in  the  county 
have  offered  their  services.  Committees  have  been  appointed 
which  are  already  working  in  conjunction  with  Dr.  Louis 
Fischer  of  the  Bureau  of  Standards.  The  Association  lias 
offered  its  assistance  to  the  Bureau  of  Standards  and  to  the 
different  manufacturers  with  a  view  to  securing  accurate  local 
standards  and  means  of  measurement.  It  will  be  the  aim  to 
work  in  conjunction  with  the  dift'erent  Government  inspectors. 

"  There  is  a  committee  for  securing  the  cooperation  of  labor, 
one  on  industrial  efficiency,  and  one  on  the  training  of 
employees." 

Lieutenant-Commander  Adams  in  response  to  an  inquiry 
as  to  what  could  be  done  to  facilitate  delivery  of  material, 
said  that  the  steel-manufacturing  firms  in  this  country  had 
authorized  the  Government  to  call  on  them  for  certain  amounts 
of  steel  at  a  fixed  price ;  but  at  the  present  moment  most  of 
those  firms  have  been  filled  up  with  Government  material. 
He  said  that  there  were  a  number  of  steel  firms  throughout 
the  country  that  were  not  doing  their  part.  That  question 
was  being  considered  in  Washington,  and  would  probably  be 
taken  up  in  the  near  future.  If  any  firm  in  his  district  had 
difficulty  in  getting  steel,  he  took  it  up  direct  with  the  steel 
corporation  in  the  district  and  had  so  far  succeeded  in  getting 
steel  within  90  days,  sometimes  in  two  weeks.  The  question 
was  being  considered  at  Washington  of  giving  more  power  to 
some  Government  official  who  would  have  power  to  assign 
certain  deliveries  of  steel  to  certain  plants  at  a  fixed  price. 

President  Hollis  urged  that  some  constructive  action  be 
taken  by  the  meeting  as  the  most  obvious  thing  to  do,  inas- 
much as  the  men  in  attendance  represented  the  productive 
industries  of  the  country.  He  suggested  that  a  committee  be 
appointed  to  draw  up  resolutions  for  consideration  at  the 
next  session,  offering  helpful  suggestions  to  the  Government 
and  possibly  suggesting  the  establishment  of  an  effective 
central  bureau  on  the  whole  subject  of  gages.  He  believed  it 
was  most  important  that  some  such  action  be  taken  by  the 
Society  to  help  accomplish  the  thing  that  Canada  and  England 
have  required  a  long  time  to  bring  about,  so  that  there  would 
be  fewer  mistakes  to  start  with. 

W.  H.  Carrier  expressed  his  approval  of  the  suggestion 
by  President  Hollis  and  said  that  he  himself  was  about  to 
suggest  a  cooperative  board  to  determine  what  mechanical 
manufacturing  problems  could  best  be  handled  by  the  engi- 
neers and  manufacturers  of  the  Society.  Such  a  board 
should  take  a  census  of  the  membership  to  determine  what 
the  individual  members  were  capable  of  doing,  to  find  out 
which  of  them  were  specialists  in  different  lines  that  would 
be  useful  to  the  Government — in  short,  what  the  problems 
were  and  who  were  the  men  to  solve  them. 

As  a  result  of  a  motion  by  Harry  L.  Coe,  it  was  voted  to 
ask  that  a  committee  be  ajtpointed  to  draw  up  resolutions. 
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DISCUSSION   ON   MK.    WALDRON'S    I'APEK    ON    FINANCING 

111  presenting  his  paper  Mr.  Waldron  spoke  of  the  financial 
prutet'tion  required  hy  a  manufacturer  in  talcing  a  contract 
from  a  foreign  government.  If  it  were  simply  a  husiness  firm 
witli  no  tangible  assets  in  tlus  country,  the  usual  practice 
would  be  to  have  an  advance  payment  to  cover  the  expense 
of  preparation  and  to  insure  against  financial  loss.  In  turn, 
the  government  advancing  the  money  must  have  suitable 
security,  which  might  be  in  the  form  of  a  bond.  In  many 
cases  the  hugeness  of  the  contracts  had  not  been  fully  appre- 
ciated and  they  had  been  undertaken  with  a  smaller  advance 
than  would  have  been  demanded  under  similar  conditions  in 
the  conduct  of  the  regular  business  of  the  firm.  In  particu- 
lar was  one  contract  of  $84,000,000  taken  with  an  advance 
of  $10,000,000,  which,  while  it  seemed  like  a  large  amount, 
was  only  121/2  per  cent  of  the  total.  Later  the  advance  had 
been  increased  to  $12,000,000. 

R.  Poliakoff'  said  that  Mr.  Waldrou  had  mentioned  the 
fact  during  the  presentation  of  his  paper  on  financing  of 
munitions  contracts  that  a  concern  had  taken  a  contract  for 
$84,000,000  with  an  advance  payment  of  only  I2V2  pei'  cent 
of  the  total  value.  He  did  not  know  what  concern  Mr. 
Walilron  had  in  mind;  but  he  knew  of  a  similar  case  of  a 
contract  of  $84,000,000  and  with  the  same  advance  payment 
of  I2I2  per  cent,  or  $10,000,000. 

It  was  assumed  that  a  contractor  who  entered  into  a  muni- 
tions contract  took  also  upon  himself  a  certain  moral  obliga- 
tion, because  the  equipment  of  the  army  depended  every  day 
on  that  contract,  and  any  delay  in  the  execution  of  the  con- 
tract became  a  serious  matter.  Could  a  foreign  government 
be  blamed,  then,  when  it  gave  a  contract  of  $84,000,000  and 
did  not  advance  to  the  contractor,  say,  $30,000,000  for  which 
he  might  ask,  especially  if  the  contractor  before  the  war  had 
been  rated  as  a  concern  with  a  capital  of  from  one  to  three 
million  dollars"? 

Of  course,  a  guarantee  for  that  advance  payment  could  be 
secured,  but  how?  Well,  by  surety  bonds.  But  according  to 
the  last  information  of  the  Treasury,  up  to  August  15,  1916, 
there  were  in  this  country  only  twenty-six  surety  companies, 
with  a  stock  capital  of  about  $27,000,000  and  a  surplus  capital 
of  $20,000,000,  making  a  total  of  about  $47,000,000 ;  moreover, 
according  to  the  law  of  this  country,  none  of  these  companies 
was  allowed  to  issue  surety  bonds  pertaining  to  one  contract  to 
the  aggregate  amount  of  more  than  ten  per  cent  of  its  capital 
and  surplus.  This  meant  that  even  if  all  the  surety  companies 
in  the  country  should  pool  surety  bonds  to  the  largest  amount 
possible,  in  order  to  protect  one  contract,  the  sum  would  not 
exceed  $5,000,000.  He  certainly  hoped  that  in  the  new  con- 
tracts some  other  method  of  financing  and  some  other  method 
of  advance  payment  would  be  devised.  For  it  was  no  easy 
task  to  get  back  money  from  a  contractor  who  did  not  live  up 
to  his  contract. 

Again,  Mr.  Waldron  had  stated  that  some  contractors  had 
been  trying  to  get  contracts  even  with  very  small  advances, 
and  that  these  small  advance  payments  must  be  considered 
perhaps  as  one  of  the  reasons  why  the  contractors  could  not 
go  on.  But  this  was  because  the  contractor  could  not  ask  for 
financial  assistance  from  his  bank  unless  he  had  the  contract 
in  hand.  The  bank  would  not  give  him  money  unless  he  had 
a  contract  which  could  be  used  as  a  guarantee  to  protect  the 
bank.     Thus  tlie  contractor  would  try  to  get  a  contract  even 


'111    Broadwa.v.    New    York.     (.Assistant    Professor    of    Mpclianical 
TechuoUgy.  TccVnical  InstitutP.  Moscnw.  Russi.i.) 


with  a  small  advance  payment.  Therefore  small  advance 
payments  were  by  no  means  the  reason  of  failure  of  some 
of  the  contractors,  and  (he  true  cause  of  such  failures  had  to 
be  attributed  to  different  reasons. 

Professor  Poliakofl',  speaking  at  a  later  session  on  Mr. 
Walsh's  paper  on  The  Inspection  of  Munitions,  referred  to 
the  points  he  had  made  in  his  discussion  of  Mr.  Waldron's 
paper  for  the  reason  that  both  writers  spoke  of  the  same 
contract.  The  Professor  .said  he  was  authorized  by  the  Rus- 
sian Government  to  state  that  a  printed  statement  concerning 
Mr.  Walsh's  remarks  was  in  preparation,  which,  with  the  con- 
sent of  the  Publication  Committee,  would  be  contributed  later 
to  The  .louRXAL. 


DISCUSSION   ON   ORGANIZATION.   BEARING   PARTICULARLY   ON 

THE   PAPERS   BY   IIESSRS.    COE   AND   YEOMANS 

•James  Hartness  spoke  in  commendation  of  all  the  ]iapers, 
and  particularly  of  Mr.  Coe's  contribution  on  the  subject  of 
Organization.  He  spoke  from  personal  knowledge  of  the  en- 
ergy, persistence  and  pi'acticability  which  Mr.  Coe  had  dis- 
played in  reorganizing  work  for  the  company  with  which  he 
was  connected,  and  said  that  the  principles  outlined  in  the 
paper  were  worthy  of  the  widest  publicity  at  this  time. 

H.  B.  Colio  '  (written),  who  was  in  charge  of  the  business 
organization  of  the  United  States  Cartridge  Company's  jdant 
at  Lowell.  Mass..  explauied  the  system  of  cooperation  which 
they  had  instituted.  Their  working  force  had  been  increased 
from  300  to  8400  in  considerably  less  than  a  year,  and  their 
output  from  100,000  a  day  to  2,000,000.  They  were  fortunate 
in  procuring  the  cooperation  of  the  machine  builders,  and  in 
having  a  man  in  their  mechanical  department  who  was  not 
only  familiar  with  cai'tridge  manufacture,  but  also  had  a  big 
enough  vision  to  see  what  would  be  required  so  that  orders 
for  supplies  could  be  placed  ahead. 

The  company  was  favored  by  having  available  for  its  work 
an  intelligent  class  of  operatives,  who  realized  that  success 
or  failure  rested  almost  solely  upon  them.  In  appreciation  of 
their  special  efforts  the  company  introduced  many  factory 
betterments,  such  as  free  medical  attendance  and  examina- 
tion, restaurant  facilities,  rest  rooms  for  the  women  workers, 
first-aid  and  safety-first.  Great  attention  was  paid  to  a  wel- 
fare committee,  which  was  organized  from  among  the  workers 
themselves.  The  labor  department,  through  which  all  of  the 
7700  odd  people  were  procured,  took  the  trouble  to  show  the 
prospective  employees  the  advantages  they  would  derive  in 
this  plant  over  those  to  be  derived  from  manufacturing  jdants 
in  other  locations. 

The  services  were  secured  of  a  great  many  young  men  who 
had  been  educated  as  efficiency  engineers  at  the  Massachusetts 
Institute  of  Technology.  The  firm  had  found  the  difficulty 
with  efficiency  men  to  be  that  they  had  cure-alls  for  every- 
thing which  they  discovered  to  be  wrong,  but  comjjaratively 
little  original  experience  on  which  to  base  their  experiments. 
They  were,  therefore,  told  that  it  was  not  a  case  of  providing 
medicine  for  a  sick  institution,  but  rather  an  opportunity  to 
take  one  department  and  organize  it  so  it  would  be  synchronous 
with  all  the  other  departments  and  form  a  useful  cog  in  the 
wheel.  Results  spoke  for  themselves,  as  it  was  now  one  of  the 
best  organized  small-arms-manufactuiing  plants  in  the  United 
States. 

One  thing  that  contributed  to  the  success  of  the  organization 
was  a  system  of  conferences  of  the  various  shop  committees. 

'  fnilKl  I.cr.il  CDiuiiaiy.    Ill    I'.M:Hl\va.v,  .\.  Y. 
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The  meeting's  were  condiu'ted  along  parliamentarj-  lines  and  a 
competent  stenographer  was  always  present. 

A.  B.  Reynders '  sent  a  communication  endorsing  the  state- 
ments in  Mr.  Coe's  paper  and  outlining  briefly  a  method  used 
by  his  company  in  the  manufacture  of  high-explosive  shells, 
which  secured  a  large  and  continuous  production  after  the 
equipment  and  operating  force  had  been  organized.  The 
method  embodied  the  following  features: 

1  Piece-work  system  of  wage  payment  to  machine-tool 
operations.  This  contained  a  differential  factor;  that  is,  the 
price  per  piece  increased  with  an  increased  output. 

2  A  liberal  bonus  system  to  the  supervisory  force  based 
upon  the  following: 

a     Quantity  output 
b     Expense 

c    Man  efficiency — that  is,  the  ratio  of  the  workmen's 
earnings  to  their  day  rate. 

3  A  load  or  bogej-  set  at  the  beginning  of  each  month  for 
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Fig.  1    8-iN.  Mark  V  British  H.  E.  Shell 

the  desired  output  for  that  month.  This  bogej'  was  shown  as 
a  diagonal  line,  as  drawn  on  the  accompanying  chart.  Fig.  1. 
Each  day's  output  was  charted  in  a  step  curve. 

If  the  corner  of  the  step  touched  the  diagonal  line,  produc- 
tion was  up  to  requirements.  These  charts  were  fastened  to 
boards  and  distributed  throughout  the  factory  where  they 
could  be  seen  by  all  of  the  supervisory  force.  When  the  out- 
put was  satisfactory,  the  common  expression  was  that  they 
were  "  hitting  the  line." 


1  Director  of  rroduction.   Wostiuchousc   Electric   and   Manufacturing 
Compsry,  Kast  Pittsburgli.  Pa. 


4  In  addition  to  the  visible  charts  for  keeping  a  record  of 
production,  a  tabular  record  by  operations  was  maintained. 
This  was  reviewed  each  morning  by  the  manager  or  superin- 
tendent. Any  abnormally  low  output  of  any  operations  was 
immediately  checked  to  see  if  it  was  temporary,  and  if 
permanent,  corrective  measures  were  applied.  It  was  found 
that  this  check  has  to  be  kept  up  continuously,  as  a  failure  to 
do  so  usually  settled  into  a  chronic  lack  of  results. 

5  An  adequate  suisply  of  material  had  to  be  maintained 
for  continuous  production.  This  meant  a  large  storage  space, 
careful  checking  with  the  suppliers  of  materials,  transporta- 
tion companies,  and  frequently  manufacturing  the  material 
by  the  company  itself. 

II.  G.  Bertram  wrote  giving  an  account  of  the  organiza- 
tion of  the  plant  with  which  he  is  connected  (the  John  Ber- 
tram &  Sons  Company,  Ltd.,  Dundas,  Ont.)  for  the  manufac- 
ture of  8-in.  British  howitzer  shells.  Their  regular  line  of 
work  is  machine  tools,  but  the  organization  for  the  manufac- 
ture of  shells  is  entirely  separate. 

Upon  receipt  of  their  order,  the  major  operations  were  out- 
lined and  the  production  expected  per  machine  at  each  stage. 
Orders  were  then  placed  for  the  necessary  machinery  and  the 
dimensions  of  machines  secured  to  which  it  was  exjjected  to  fit 
attachments.  As  the  lathes  were  purchased  without  special 
equipment,  great  perseverance  and  close  application  to  the 
smallest  details  were  required  so  that  the  lathes  would  be  ready 
to  run  when  put  under  the  belt. 

Their  working  gages  were  made  in  their  own  sho])  from 
blueprints  supplied  by  the  Imperial  Munitions  Board.  When 
these  were  ready  and  the  equipment  was  fitted  to  one  machine 
in  each  operation,  a  shell  was  carried  through  at  once  to  see 
that  everything  was  satisfactory  and  the  finished  shell  pro- 
duced was  up  to  standard.  Minor  changes  were  made,  and 
half  a  dozen  forgings  carried  along  to  see  that  no  failure  was 
likely  to  crop  out.  During  this  time  other  machines  were 
being  installed,  and  by  the  time  the  fixtures  had  proved  satis- 
factory a  start  was  made  on  a  larger  scale. 

Following  then  Mr.  Coe's  paper,  the  organization,  wrote  Mr. 
Bertram,  is  made  up  as  follows: 

1  Gexeral  Service  Department: 

a  Records  and  Accounting.  This  is  a  bookkeeper's  work. 
The  shop  is  charged  with  components  received  and  credited 
when  shipments  are  made.  In  addition,  a  record  is  kept  of  the 
disposition  of  all  the  shells  in  each  heat.  The  necessary  rec- 
ords are  sent  in  from  the  various  departments,  such  as  receiv- 
ing, shipping,  inspecting,  etc.  The  value  of  these  records 
should  not  be  underestimated,  and  all  information  regarding 
the  shells  should  be  carefully  filed. 

b  Purchasing  and  Stores.  The  former  is  handled  by  the 
regular  shop  staff,  while  the  latter  is  under  a  special  clerk, 
who  checks  all  shipments  coming  in  and  going  out  and  sends 
a  report  to  the  Accoimting  Department. 

c  Designing  and  Drafting  is  still  looked  after  by  the  de- 
partment that  got  out  the  tools  and  fixtures,  but  with  a  much 
reduced  staff. 

2  Diplomatic  Staff: 

This  is  a  very  necessary  department  and  is  handled  in  our 
works  by  the  sales  engineer.  Quite  often  the  members  of  the 
I^roduction  or  engineering  staffs  are  so  worried  by  a  break- 
down or  other  troubles  that  they  have  not  the  time  to  give 
visiting  officials  or  manufacturers  the  proper  attention.  Our 
sales  engineer  actively  cooperates  with  the  Engineering  De- 
partment in  outlining  the  machining  operations  and  equip- 
ment, and  is  in  a  position  to  give  all  the  necessary  explana- 
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tions.     In  this  way  visitors  are  entertained  without  interfering 
with  production. 

3  Production  Depaetment: 

a  Maintenance  of  Equipment.  Orders  for  repairs  are 
handled  by  the  original  Engineering  Department,  as  they  are 
directly  in  touch  with  the  various  designs,  and  know  whether 
or  not  a  broken  part  should  be  strengthened.  They  also  have 
the  necessary  tracings  or  drawings. 

h  Operation  of  Equipment  and  Training  of  Workmen. 
The  operations  were  subdivided  into  seven  small  sections 
(this  has  later  been  reduced  to  six),  and  placed  at  the  head  of 
each  section  is  a  mechanic  drawn  from  the  regular  shop  force. 
These  men  are  paid  a  good  salary  and  bonus  on  shipments, 
and  it  is  their  duty  to  teach  the  new  operators,  many  of  whom 
never  ran  a  machine  before,  to  keep  the  heats  running  through 
in  order,  to  watch  their  machines  for  failures  and  check  them 
frequently  with  indicators  to  insure  perfect  work.  They  are 
also  encouraged  to  keep  a  notebook  and  jot  down  anything 
unusual  about  any  of  the  work  going  through  their  depart- 
ment. 

c  Establishment  and  Operation  of  Wage  Payments  and 
Penalties  Systems.  The  piece-work  system  is  introduced  as 
soon  as  records  could  be  figured  on.  The  prices  set  are  fixed 
for  the  first  order  only.  Each  man  is  handed  a  slip  daily  show- 
ing what  he  earns,  so  that  all  errors  can  be  immediately  cor- 
rected. 

Penalties  are  established,  and,  while  the  price  is  a  small 
part  of  the  cost,  it  tends  to  make  the  workmen  more  careful. 

4  Inspection  Department: 

The  Chief  Inspector  is  chief  inspector  in  the  machine-tool 
depai'tment.  He  looks  after  the  Operation  Inspectors,  checks 
all  gages  frequently,  sees  that  the  sub-foremen  correct 
jiromptly  any  errors  in  workmanship  which  might  develop, 
and,  being  a  first-class  mechanic,  he  keeps  generally  in  touch 
with  all  branches  of  the  work. 

Operation  Inspectors  receive  the  shell  after  each  operation, 
and,  after  gagmg,  stamp  their  mark  after  the  operator's  letter 
or  number.  Their  report  at  the  end  of  a  run  is  used  to  cheek 
the  operator's  production  cards.  They  are  instructed  to  insist 
upon  "  quality  "  before  "  quantity." 

On  the  8-in.  shell  the  rough  turners  have  no  limit  allowed — 
the  inside  boring  bars  are  set  in  the  tool  room  and  are  between 
the  mean  and  the  high — while  no  limit  is  allowed  for  finish 
turning.  In  this  way  all  the  shells  are  cut  to  the  same  length 
over  all,  instead  of  weighing  each  and  then  cutting  to  suit. 

In  many  other  cases  the  limits  allowed  the  workmen  are 
reduced. 

An  inspector  goes  over  the  shells  before  the  Government 
preliminary  inspection,  and  also  before  the  final  Government 
inspection.  The  final  shop  inspector  has  the  only  shop  scales 
used  on  the  8-in.  shells,  and  it  is  a  rare  thing  to  find  a  shell 
over  or  under  weight. 

A  special  inspector,  called  the  Steel  Inspector,  watches  the 
forgings,  especially  after  rough  turning,  for  seams  or  cracks. 
In  this  way  defective  forgings  are  cut  out  immediately.  The 
Steel  Inspector  sends  a  "  defective  "  record  to  the  sliop  stores 
clerk,  who  checks  the  shells  into  the  yard  and  sends  the  records 
on  to  the  Accounting  Department,  where  the  number  of  de- 
fectives is  charged  against  the  various  heats  appearing  on  the 
record. 

Discussing  Mr.  Yeoman's  paper,  Mr.  Bertram  said  that  the 
gi'eatest  difficulties  to  be  encountered  by  the  prospective  shell 
manufacturer  were  lack  of  appreciation  of  the  magnitude  of 
the  work  and  lack  of  organization.  The  average  manufacturer 
could  not  hope  to  equip  and  bring  a  large  plant  up  to  capacity 


in  less  than  five  or  six  months.  In  his  own  plant,  after  having 
practice  on  two  smaller  sizes  of  shells,  they  prepared  machines, 
tools  and  gages  for  8-in.  shells,  and  thought  they  did  very  well 
to  make  shipments  in  about  four  months  after  receipt  of  order. 
Continuing,  he  said : 

"  The  statement  that  an  entire  plant  can  be  erected,  fitted 
up  and  operated  to  capacity  in  sixty  days  is  most  unusual, 
and  would  call  for  explicit  information  regarding  deliveries  of 
material  which,  unfortunately,  is  lacking.  The  feat  might  be 
accomplished  if  one  were  able  to  command  all  avenues  of  sup- 
plies; but  being  dependent,  as  one  is,  upon  so  many  different 
concerns,  each  one  of  which  is  being  held  up  in  turn  for  want 
of  raw  material,  strikes  and  other  troubles,  one  might  well  cry 
that  it  is  impossible. 

"  However,  the  present  war  should  not  require  the  establish- 
ment of:  such  mushroom  factories  as  outlined  by  the  author. 
There  are  already  many  shops  fitted  for  the  manufacture  of 
shells,  and  thousands  of  others  with  their  organizations,  money 
and  machinery,  ready  to  place  all  at  the  disposal  of  the  Gov- 
ernment; and  I  truly  believe  that  these  shops,  with  their  loyal 
following,  will  be  able  to  handle  the  munition  work  more 
economically  than  shops  held  together  by  mercenary  officials. 

"  The  type  of  plant  suggested  is  ojien  to  criticism.  It  pre- 
supposes the  use  of  machine  tools  with  a  single-pulley  drive, 
with  the  pulley  conveniently  located  for  belting  horizontally. 
This  brings  up  the  question  whether  it  is  easier  to  erect  a 
building  suitable  for  all  machinerj'  or  build  machinery  suit- 
able for  all  buildings,  or  none  at  all.  In  starting  up  a  shell 
plant,  engineers  without  previous  experience  at  their  command 
on  the  particular  size  of  shell  under  consideration  often  prefer 
cone-driven  machinery,  owing  to  the  greater  range  of  speeds 
and  feeds  obtainable  (especially  by  the  use  of  a  two-s]ieed 
countershaft)."  As  to  leaving  the  machines  exposed,  Mr. 
Bertram  said  "  this  would  be  quite  satisfactory  in  summer  if 
it  were  not  too  hot  or  did  not  rain,  but  I  suppose  sunshades 
could  be  supplied  at  a  reasonable  cost  and  operators  could  be 
requested  to  bring  their  own  umbrellas." 

Ralph  E.  Flanders  offered  some  information  with  refer- 
ence to  15-  and  18-lb.  shells,  which  he  believed  to  be  authentic. 
He  said :  "  We  have  more  than  enough  shop  capacity  for 
their  manufacture;  at  least  for  our  own  use.  The  capacity 
that  has  been  developed  for  the  English  and  Russian  con- 
tracts far  surpasses  the  largest  possible  consumption  that 
our  15-  and  18-lb.  guns  can  take  care  of.  For  this  reason  our 
attention  will  probably  be  directed  toward  the  increase  of  the 
gun  output  on  the  one  hand,  and,  on  the  other,  townrd  making 
larger  sizes  of  shells  from  4  in.  in  diameter  uj).'' 

In  reference  to  the  point  mentioned  by  Mr.  Bertram  in  the 
discussion  of  Mr.  Yeomans's  paper  that  the  most  valuable  sin- 
gle asset  of  any  firm  starting  or  contemplating  the  manufac- 
ture of  anything  was  its  organization,  Mr.  Flanders  said  this 
should  be  strongly  emphasized  as  a  general  pi'inciple.  "  This 
does  not  mean  the  paper  organization  or  certain  forms  and 
methods  of  doing  business,  but  the  vital  organization  of  a 
group  of  men  who  are  used  to  working  together,  who  know 
each  other,  and  have  a  fair  degree  of  knowledge  about  their 
jobs.  They  do  not  all  have  to  be  wonders.  They  do  not  all 
have  to  be  '  top-notehers.'  But  if  they  are  ordinarily  earnest, 
intelligent  men,  who  have  been  working  together  for  a  number 
of  years,  and  know  each  other,  they  will  eventually  accomplish 
more  than  can  be  effected  by  an  organization  of  the  greatest 
grouiJ  of  experts  in  the  country  who  lia\e  never  seen  each 
other  before." 

He  was  sure  that  in  contcnuplaling  work  for  the  Government 
in  this  crisis,  we  must  all  count  on  our  organizations  as  being 
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the  most  \aluable  things  we  eouUI  uffer  to  the  Govenimeiit. 
We  should  be  jealous  from  patriotic  grounds  of  anything  that 
would  tend  to  break  up  lliose  organizations  in  tlieir  vital 
parts. 


DISCUSSION  ON  COOPERATION  AMONG   MANUFACTUREKS  AND 
THE   POOLING   OF  INFORMATION 

The  reference  by  Lieut. -Commander  Adams,  iu  his  remarks 
before  the  meeting,  to  the  cooperation  which  now  existed 
among  Canadian  munitions  plants,  and  lo  their  practice  of 
jjooling  information,  led  to  a  general  discussion  of  this  sub- 
ject. 

Secretary  Rice  believed  that  the  point  brought  out  by 
Lieutenant-Commander  Adams  in  respect  to  the  free  inter- 
change of  data  among  Canadian  manufacturers  was  the  most 
important  that  had  developed  during  the  convention.  In 
Canada  every  citizen  not  only  had  a  right  to  go  into  the  plant 
of  every  manufacturer  of  munitions  to  witness  the  processes 
of  manufacture,  but  was  cordially  invited  to  do  so  and  if 
be  could  impro^'e  upon  the  processes,  he  was  privileged  to  pro- 
ceed with  the  manufacture  of  munitions  on  his  own  account, 
through  the  information  which  he  has  secured,  for  the  com- 
mon good  of  the  Dominion. 

As  Pi-esident  Hollis  had  emphasized  in  every  way  possible. — 
and  in  doing  so  he  has  been  an  inspiration  to  the  Society 
and  to  the  professi(m, — the  supreme  effort  at  this  juncture 
should  be  for  the  engineering  profession  as  citizens  of  the 
United  States  to  work  for  the  common  good  of  mankind. 

William  Kent  asked  if  the  Government  had  a  bureau  to 
which  a  manufacturer  could  apply  for  information  as  to  the 
best  way  of  doing  a  particular  machine  operation.  The  ca-s- 
in  point  was  that  of  a  manufacturer  doing  Government  woik. 
who  had  been  experimenting  to  find  out  the  best  way  of  ac- 
complishing it,  but  who  did  not  know  if  the  same  work  had 
been  done  before,  or  if  done,  by  whom  it  was  done. 

Lieut. -Commander  Adams  replied  that  the  proper  way  to 
handle  such  a  cjuestion  would  be  to  take  it  up  with  the  otl'cer 
insjiecting  the  material,  w-ho  would  write  to  the  Bureau  for  the 
information.  If  available,  the  Bureau  would  inform  the  con- 
pany  through  the  inspector  where  the  woi'k  was  being  done, 
and  whether  the  process  could  be  seen  or  whether  simply  a 
written  desci-ijition  of  the  method  would  be  all  that  could  be 
sent  to  the  Government. 

Reuben  Hill,  in  further  answer  to  Mr.  Kent's  incpiiry, 
explained  the  way  in  which  such  matters  are  handled  iu 
Canada.    He  said; 

"  The  Imperial  Munitions  Board  of  Canada  is  organized 
to  create  a  spirit  of  '  help  one  another  '  among  the  munitions 
manufacturers  of  Canada,  ^^ery  frequently  we  have  received 
letters  from  the  otiice  of  the  Imjierial  Munitions  Board  asking 
us  to  permit  other  manufacturers  to  visit  our  works  and  in- 
vestigate our  methods  of  manufacture.  This  has  been  freely 
permitted,  since  the  Board  has  explained  that  the  output  of 
a  certain  number  of  firms  would  in  any  case  be  required  in 
order  to  secure  the  necessary  production,  and  that  information 
given  out  would  in  no  way  affect  the  amount  of  work  which 
firms  would  do  individually. 

"  Prices  which  the  Government  pays  are  known  to  each  of 
the  manufacturers,  which  still  further  removes  any  doubt  as 
to  competition.  For  instance,  we  have  devised  a  certain  tool 
which  has  been  very  useful  in  obtaining  great  precision  in 
time-fuse  making.  Concerns  hearing  of  this,  write  us  asking 
whether  we  will  send  them  blueprints  of  such  tool.     We  make 


no  fuss  over  it,  but  immediately  mail  them  the  blueprints,  at 
the  same  time  asking  them  if  they  require  any  further  in- 
formation. 

"  A  few  weeks  ago  I  had  a  little  doubt  as  to  one  of  the 
processes  in  the  manufacture  of  time  fuses.  A  concern  in 
Toronto  very  willingly  permitted  me  to  send  a  representative 
to  its  plant  to  inspect  the  manner  in  which  it  performed  this 
particular  operation.  Shortly  aftenvards  we  received  a  letter 
from  this  concern  stating  that  it  appreciated  the  visit  of  our 
man  and  that  it  would  be  pleased  to  do  anything  for  us,  and 
invited  us  to  pay  an  additional  visit.  This  is  the  correct  spirit 
to  maintam  among  manufacturers,  and,  as  I  stated,  this 
Society  should  be  the  main  factor  iu  inculcating  this  spirit  in 
the  United  States. 

"  I  distinctly  remember  that  at  the  commencement  of  our 
fuse  making  I  paid  visits  to  several  concerns.  One  of  the 
things  I  was  most  interested  in  was  the  correct  formula  for  the 
mixing  of  brass,  in  order  to  obtain  the  necessary  tensile 
strength.  It  was  impossible  for  me  to  get  any  manufacturer 
to  explain  his  formula,  as  he  considered  it  a  shop  secret.  To- 
day there  are  no  secrets  at  all  in  relation  to  this,  inasmuch  as 
everybody  in  Canada  knows  the  exact  formula  and  the  way  to 
work  the  metal.  Unquestionably,  should  this  Society  start  a 
cooperative  spirit  of  this  kind  with  the  Government  it  would 
prevent  many  delays,  and,  individually,  I  would  willingly  un- 
dertake to  assist  the  Society  in  any  way  with  regard  to  types 
of  machines  or  designs  of  tools  that  would  aid  in  the  manu- 
facture of  fuses." 

Frank  0.  Wells  was  in  sympathy  with  the  idea  of  this 
organization  helping  the  Government  and  of  getting  together 
to  supply  it  w-ith  proper  information.  As  he  understood  it, 
before  war  was  declared  no  Government  official  could  add  to 
his  force  in  any  way,  but  the  minute  war  was  declared  they 
could  not  find  room  enough  for  the  officers  in  Washington. 
Thus  the  Government  should  have  all  the  help  possible  from 
this  organization  and  others  similar  to  it. 

Mr.  Wells  was  informed  recently  by  a  naval  officer  in  Wash- 
ington that  they  had  four  times  the  capacity  necessary  to 
make  shells  up  to  and  including  6  in. — four  times  the  capacity 
of  their  needs.  Whether  that  was  correct  or  not  he  did  not 
know,  but  the  officer  was  in  a  position  to  know.  Regarding 
the  pooling  of  information,  he  was  sure  that  many  did  not 
know  that  the  Government  had  had  officers  in  the  different 
factories  gathering  data  for  the  use  of  manufacturers. 

Mr.  Wells  believed  that  ail  should  cooperate,  and  that  he 
himself  would  be  only  too  glad  to  welcome  everybody  to  his 
factories;  in  fact,  cards  had  been  issued  asking  all  to  come. 
Instead  of  each  manufacturer  experimenting  individually,  why 
should  not  the  Government  organize  a  clearing  house  to  serve 
all  manufacturers? 

Chester  B.  Hamilton,  Jr.,  contributed  from  his  experience 
with  the  system  of  cooperation  in  vogue  in  Canada.  He  said 
in  part : 

"  We  were  lucky  iu  not  having  started  on  the  competition 
basis  at  all.  The  shops  began  by  sharing  ideas  when  the  or- 
ders first  began  to  come  through.  I  think  there  is  not  a  single 
shop  which  refuses  information  that  would  tend  to  increase  the 
capacity  of  the  whole.  Any  of  you  who  will  come  to  any  of 
our  shops  in  the  Dommion  will  get  a  thorough  welcome. 

"  I  do  not  know  how  it  is  proposed  to  handle  the  general 
contractor  question  in  this  country.  The  larger  shops  experi- 
ence many  difficulties  in  doing  the  work  required  on  fuses, 
cartridge  cases,  primers,  and  the  various  components  of  the 
sliells  themselves.    It  is  a  man's  job  to  look  after  a  shoj)  doing 
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any  one  ol'  those  tilings:  and  the  shop  whei'e  the  boss  knows 
the  indivithial  will  get  out  delivery  ten  times  faster  than  a 
large  corporation.  In  Canada,  the  Imperial  Munitions  Board 
is  the  general  contractor,  and  buys  all  the  material  and  tuins 
it  over  to  the  comjionent  contractors.  They  make  their  com- 
[lonents  and  account  for  the  material  under  inspectors  em- 
ployed by  the  Imperial  Munitions  Board.  The  component 
parts  go,  according-  to  the  directions  of  the  Imiierial  Munitions 
Board,  to  the  various  machining  and  assembling  plants,  where 
they  are  to  be  worked  upon  and  again  inspected  and  counted, 
and  then  shipped  on  to  the  loading  station,  where  the  fuses 
and  explosives  are  added.  At  the  loading  stations  they  also 
receive  cartridge  cases,  primers  and  propelling  charge,  and 
there  the  completed  round  is  turned  out.  In  short,  it  amounts 
to  a  system  of  subcontractors,  with  the  Imperial  Munitions 
Board  as  a  general  contractor.  The  plan  works  out  well,  be- 
cau.se  nobody  tries  to  do  up  somebody  else  or  steal  his  profit. 
We  are  all  knit  together;  it  is  all  in  the  family. 

■'  As  for  gages,  there  are  not  tool  makers  enough  to  make 
them.  We  have  a  few,  and  the  rest  are  good  machinists  that 
are  willing  to  take  instructions  and  be  as  accurate  as  the  re- 
(juirenients  call  for.  It  is  the  same  way  in  the  production 
department  on  the  munitions  themselves.  We  are  running 
with  about  two  mechanics  to  a  gang,  a  foreman  and  a  deputy 
foreman,  or  instructor;  the  rest  are  anything  or  anybody  that 
we  pick  up.  A  good  many  of  them  are  returned  soldiers, 
wounded  men  who  have  recovered  from  their  wounds  but  are 
not  fit  for  further  service  at  the  front.  We  see  the  boys  that 
we  worked  with  last  year  coming  back  in  pieces.  Some  of  them 
are  able  to  work  at  a  new  trade.  We  are  trying  to  work  them 
in  as  well  as  we  can  for  single  operations  or  repetitional  work. 
Men  that  are  maimed  in  one  member  or  another  can  usually 
be  fitted  into  something  within  their  capacity. 

"  The  first  question  that  Jlr.  Waldron  brought  up  with  re- 
gard to  the  advance  payment  is  not  as  severe  under  our  method 
of  organization  where  the  Government  owns  all  of  the  mate- 
rial. We  touched  the  low-water  mark,  financially,  at  about 
sixteen  per  cent  of  the  value  on  our  first  contracts.  Size  of 
contracts  is  unimportant.  I  do  not  know  how  many  contracts 
we  have  had.  It  is  a  continuous  system  flowing  straight 
through.  Anybody  figuring  otherwise  is  working  on  a  wrong 
supposition. 

"  There  is  a  whole  lot  more  I  would  like  to  tell  you,  but  I 
do  not  want  to  go  on  too  long.  But  wake  up,  wake  up !  You 
are  up  against  a  far  bigger  thing  than  you  have  any  idea  of 
now.  Get  the  cooperation  idea  into  your  head,  the  idea  of 
working  together,  not  as  units  or  individuals,  but  all  working 
together." 

Ralph  E.  Carpenter  said  he  personally  knew  that  the  Army 
was  working  in  conjunction  witli  the  Bureau  of  Standards  to 
establish  just  such  a  Central  Inspection  Bureau  as  had  been 
suggested;  and  also  that  the  Bureau  of  Standards  was  waiting 
for  legislation  that  would  give  it  increased  appropriations. 
Now  it  was  absolutely  tied  liand  and  foot  for  funds.  If  this 
Society  should  draft  a  resolution  to  the  proper  authorities  at 
Washington  that  would  lead  to  the  appropriation  of  funds, 
something  would  be  accomplished  which  would  be  modeled 
after  the  scheme  u.sed  in  Canada.  There  would  be  a  bureau 
for  the  inspection  of  gages  and  the  establishment  of  standards 
which  would  assist  everybody  engaged  in  the  manufacture  ot 
munitions. 

Mr.  Carpenter  voiced  the  sentiment  of  the  manufacturers 
of  this  country  by  saying  that  they  were  all  willing  to  cooper- 
ate to  the  fullest  extent  with  every  facility  that  they  had  at 
their  command,  but  that  the  extent  to  which  they  would  cooper- 


ate depended  upon  the  altitude  of  tlic  Government.  At  the 
present  time  (he  attitude  appeared  to  be  one  of  competitive 
bids,  whicli  naturally  produced  competition,  but  eventually  he 
believed  the  authoi'ities  at  Washington  who  were  interested  in 
the  manufacture  of  munitions  would  work  out  a  comprehen- 
sive scheme  which  would  largely  eliminate  competition. 

During  the  past  year  the  various  engineering  societies  had 
made  every  effort  to  canvass  the  whole  country  as  to  the  facil- 
ities that  were  available  in  the  various  plants.  At  the  Frank- 
ford  Arsenal.  Mr.  Carpenter  gathered  the  im])iession  that 
they  already  had  a  tabulation  of  all  the  available  facilities  and 
what  they  could  be  used  for.  They  were  also  disposing  of  some 
big  contracts  for  the  smaller  sizes  of  artillery  ammunition. 
These  contracts  were  being  jilaced  with  manufacturers  who 
had  facilities  for  doing  that  work,  and  eventually  they  would 
require  the  aid  of  almost  every  shop  in  the  country. 

DISCUSSION   ON   THE   OPPORTUNITIES  AND   DIFFICULTIES   OF 
THE  SMALL  MANUFACTURER 

E.  F.  Du  Brul  said  that  he  had  considered  the  discussion 
from  the  point  of  view  of  the  small  manufacturer.  In  reading 
different  articles  dealing  with  the  munitions  supply  ui  Europe, 
he  had  gathered  the  idea  that  practically  every  machine  shop 
in  Germany,  Canada,  England  and  France,  no  matter  what  its 
size,  had  been  engaged  in  making  munitions  or  some  war  sup- 
plies for  their  respective  governments.  He  had  read  that  many 
establishments  that  previously  had  had  no  metal-working  de- 
partments had  lathes  fitted  nj)  in  some  corner  and  were  turn- 
ing out  shells. 

Mr.  Du  Brul  further  continued,  "  It  seems  from  what  our 
Canadian  friends  said  this  morning  that  the  smaller  shops  can 
produce  munitions  more  quickly  than  a  big  organization.  In 
the  papers  we  have  had  from  American  manufacturers  the 
contrary  seems  to  be  true.  The  small  shop  is  warned  to  keep 
off;  but  that  does  not  seem  to  tally  at  all  with  the  experience 
in  Canada.  There  the  small  shops  have  been  turning  out  large 
quantities  of  munitions  through  cooperation  with  their  manu- 
facturers' association  and  their  shell  committees.  1  think  that 
we  ought  generally  to  recognize  that  in  order  to  help  our  Gov- 
ernment the  most,  we  iiave  first  to  functionize  any  activity  of 
this  Society  along  these  lines. 

"  The  smaller  establishments  together  employ  a  great  num- 
ber of  machinists  and  mechanical  labor.  I  remember  well  that 
fifteen  years  ago,  when  I  was  criss-crossing  the  country  as 
Commissioner  of  the  National  Metal  Trades  Association,  the 
man  who  was  quickest  to  get  things  done  was  the  man  who 
owned  his  own  business,  knew  his  own  business  and  ran  his 
own  business.  We  always  had  more  trouble  with  the  big  or- 
ganization whose  boss  was  a  board  of  directors  than  we  had 
in  dealing  with  men  who  themselves  could  take  prompt  action 
when  necessary. 

"  I  take  it  from  talking  with  others  that  we  smaller  manu- 
facturers all  want  to  do  our  bit,  but  we  eaimot  find  out  either 
what  to  do  or  how  to  do  it.  It  seems  to  me  that  we  must  have 
talent  enough  in  this  Society  to  work  out  schemes  that  would 
organize  these  small  plants  and  get  their  cooperation  for 
national  defense.  We  will  never  get  such  schemes  from  our 
Government.  We  nmst  do  for  ourselves  some  of  the  things 
that  the  Canadians  and  British  have  done. 

"  Those  who  heard  Mr.  Hard  talk  before  the  Machine  Tool 
Builders  will  realize  that  the  British  had  a  tremendous  task 
only  to  get  ready;  that  they  had  to  eliminate  civilian  control 
of  purely  military  matters  and  eliminate  military  control  of 
matters  of  production.  The  same  thing  will  have  to  be  done 
here.    It  is  aggravating  to  think  of  our  Congress  wasting  time 
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in  providing'  tlie  lump-sum  appropriations  which  it  is  the 
business  of  Congress  to  supply.  Yet  a  senator,  meehanieally 
ignorant,  strikes  out  an  appropriation  for  gages  with  tlie  re- 
mark that  '  gages  have  nothing  to  do  with  the  production  of 
munitions.'  We,  above  all  others,  should  do  everything  pos- 
sible to  eliminate  lost  motion,  waste  of  time,  waste  of  money 
and  waste  of  American  lives  consequent  on  such  stupidity  in 
high  jjlaces." 

Reuben  Hill,  referring  to  the  previous  discussion  of  the  situ- 
ation of  the  small  manufacturer,  said :  "  I  will  refer  again  to 
the  Imperial  Munitions  Board,  which  takes  a  keen  interest  in 
the  manufacturer,  and  his  progress,  and,  if  necessary,  obtains 
for  him  any  materials  or  parts,  etc.,  which  he  is  unable  to  se- 
cure promptly.  The  Board  brought  over  from  Great  Britain 
expert  ballastie  engineers,  who  are  available  at  any  time  the 
manufacturer  does  not  understand  certain  things  in  relation 
to  requirements.  Should  the  manufacturer,  for  instance,  in 
making  fuses  make  a  certain  hole  half  a  thousandth  too  large, 
these  engineers  are  called  upon  to  give  their  decision  as  to 
whether  such  work  is  acceptable.  Oftentimes,  if  this  deviation 
does  not  concern  a  vital  functioning  of  the  fuse,  such  work 
may  be  acceptable,  thereby  saving  the  manufacturer  consider- 
able expense.  Should  the  manufacturer  be  temporarily  delin- 
quent in  deliveries,  due  to  conditions  beyond  his  control,  efforts 
should  be  made  to  advance  certain  payments  on  his  contract, 
therefore  preventing  a  '  tie-up.'  Tliis  in  turn  produces  a 
greater  cooperative  feeling  between  the  manufacturer  and  the 
Government,  and  at  times  when  the  manufacturer  would  have 
been  forced  to  quit,  he  gets  sufficient  confidence  from  the  rela- 
tionship between  himself  and  the  Government  to  allow  him  to 
overcome  what  might  have  been  an  insuimountable  obstacle 
from  his  viewpoint. 

"  Realizing  that  this  spirit  of  '  give  and  take  '  or  ijractical 
co(ii)eration  should  exist,  it  is  high  time  that  such  methods 
should  be  instituted,  and,  acknowledging  that  this  war  is  a 
serious  proposition,  it  is  time  that  all  practical  information 
such  as  described  previously  should  be  collated  for  the  benefit 
of  the  manufacturer.  Broad-minded  action,  as  described 
above,  will  oftentimes  prevent  imperfect  work  surreptitiously 
passed  through,  unknown  to  the  manufacturer,  by  his  own 
men  when  percentage  inspection  is  resorted  to. 

"Any  further  details  in  relation  to  this  cooperative  action  on 
the  part  of  the  British  Government  I  will  be  glad  to  furnisli 
if  necessary." 

M.  W.  Sherwood,  who  had  been  shop  manager  for  a  sub- 
contractor of  one  of  the  larger  concerns  making  18-lb.  shrapnel, 
said  that  the  shop  had  only  250  men,  who  simply  finished  the 
forging-s  that  later  were  processed  by  the  larger  concern, 
Cooperation  between  the  larger  and  smaller  plants  was  very 
satisfactory,  although  the  compensation  was  not  entirely  satis- 
factory. Owing  to  the  poor  conditions  of  business  existing  at 
the  time,  he  felt  that  if  some  arrangement  could  be  made 
whereby  a  standard  price  could  be  establislied  and  paid ;  or 
if  the  work  was  taken  at  a  price  which  subsequent  develop- 
ments proxed  was  lower  than  the  average  price  paid,  if  an 
adjustment  could  be  made  to  conform  to  this  average,  he 
felt  that  the  small  shop  would  be  safe  in  taking  contracts 
from  the  large  concern,  or  such  portions  of  the  work  as  they 
were  equipped  to  do. 

F.  O.  Wells  felt  sure  that  the  Frankford  Arsenal  would  be 
glad  to  give  the  smaller  shops  information  as  to  the  time  re- 
quired to  do  the  work.  He  had  been  there  several  times  and 
had  been  very  courteously  treated. 


I>ISCUSSIO.\   OF   STANDARDIZATION   OF   GACES 

Lieutenant-Commander  Adams  replied  to  an  inquiry  as 
to  what  provision  was  being  made  by  the  Government  for 
the  inspection  of  different  parts  required  in  the  manufacture 
of  shells,  so  that  all  these  would  conform  to  given  standards. 
The  Bureau  of  Ordnance  would  issue  an  order  on  the  Naval 
Gun  Factory  to  maiiufacture  master  gages,  maximum  and 
minimum  go  and  no-go  gages  for  the  shells  under  manu- 
facture. These  master  gages  would  be  in  charge  of  the  inspector 
and  would  be  sent  to  the  sub-inspector  at  the  works  and  be 
there  used  by  the  company  havmg  the  contract  as  a  model 
for  their  gages  to  be  used  in  the  inspection  of  this  material. 
He  said  that  the  Naval  Gun  Factory  had  master  gages  show- 
ing the  required  tolerances,  and  these  gages  were  furnished  to 
any  company  manufacturing  shells  for  the  Bureau.  The 
company  would  make  their  gages  from  the  Government  gages, 
and  would  have  access  to  the  master  gages  in  order  to  check 
up  their  own  gages. 

Reuben  Hill  through  an  endeavor  should  be  made  to  adopt 
a  scheme  similar  to  that  used  by  the  Imperial  Munitions 
Board  of  Canada,  which  involves  a  central  gage-checking 
department.  This  department  should  undertake  the  cheeking 
of  all  new  gages  which  were  supplied  to  their  inspectors  at 
the  various  plants.  After  checking  these  gages  they  were 
recorded  in  the  Government  checking  department's  office  with 
a  serial  number  and  issued  to  their  individual  inspectors. 
They  were  then  checked  by  a  traveling  gage  inspector,  who,  in 
turn,  was  followed  by  a  checker  who  checked  the  references 
and  tested  the  pieces  used  by  the  gage  checker.  Tins  depart- 
ment should  also  be  able  to  check  any  working  gages  of  the 
manufacturers  should  they  tend  to  create  a  dispute  as  to  the 
accuracy  between  the  manufacturer  and  the  inspector. 

Chauncey  H.  Crawford  said  the  idea  of  a  handbook  ap- 
]5ealed  to  him  strongly.  It  should  include  a  list  of  the  neces- 
sary tools  with  description,  and  information  as  to  where  they 
could  be  procured,  their  cost,  etc.  Similar  information  should 
be  gi\en  upon  gages  required  in  munitions  manufacture. 

JLr.  Crawford,  who  is  engaged  in  railroad  work,  said  that 
his  road  had  thought  of  taking  up  the  manufacture  of  mimi- 
tions,  but  after  investigation  found  that  their  shops  did  not 
have  a  single  tool  that  was  fit  for  making  shells  of  any  size.  He 
felt  that  the  question  of  making  guns  was  a  still  bigger  one 
and  that  they  were  even  further  away  from  being  equipped 
for  the  manufacture  of  guns  than  they  were  for  the  manu- 
facture of  shells.  He  believed  that  a  committee  of  the  Society 
should  arrange  a  clearing  house  of  some  kind,  with  an  officer 
in  charge,  and  raise  money  to  pay  him.  '  He  would  personally 
see  that  the  railroad  with  which  he  was  connected  would  join 
in  the  undertaking,  and  would  urge  other  railroads  to  do  the 
same.  To  obtain  an  idea  of  the  strong  organization  which 
America  now  has  to  contend  with,  he  recommended  that 
engineers  read  Roberts'  Monarchial  Socialism  in  Germany. 

H.  Wade  Hibbard  said  the  question  had  been  raised  among 
tiie  professors  of  engineering  in  attendance  at  the  meeting  as 
to  whether  it  would  be  desirable  for  the  Bureau  of  Standards 
to  establish  subsidiary  testing  stations  at  the  various  engineer- 
ing schools  throughout  the  country,  so  that  the  manufacturer 
who  wanted  to  have  his  gages  tested  would  not  have  to  send 
them  such  great  distances.  The  professors  of  the  universities, 
while  not  expert  in  testing  gages,  were  expert  manipulators, 
so  that  they  could  very  easily  acquire  the  touch  necessary  for 
the  inspection  of  gages.  A  large  gage  manufacturer  had  told 
him  that  he  would  be  glad  to  have  several  professors  detailed 
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at  liis  plant  to  be  put  uniler  the  instruction  of  a  professional 
gage-tester  for  tlie  purpose  of  entering  into  gage  testing. 

Reuben  Hill,  in  answer  to  the  above  suggestion  with 
respect  to  the  establishment  of  testing  stations  for  gages, 
believed  tliat  a  scheme  would  be  necessary  similar  to  that  of 
the  Imperial  Munitions  Board  in  Canada.  He  said  it  would 
be  readily  understood  tiiat  considerable  delay  would  ensue 
if  the  Government  inspectors'  gages  had  to  be  sent  to  a  central 
point  to  be  checked.  If  the  manufacturer  should  be  remote 
from  the  central  gage  station,  it  was  obvious  that  the  delay 
would  be  considerable.  Furthermore,  the  Government  in- 
spector, not  being  in  a  position  to  check  his  test  pieces,  would 
not  know  if  his  gages  were  wearing.  This  referred,  of  course, 
to  these  gages  which  were  being  used  by  the  inspector  and 
not  to  new  gages.  The  latter  should  be  sent  to  the  central 
cheeking  station  for  initial  inspection  and  registration  under 
serial  numbers  for  future  reference. 


COLLECTION    OF    DATA    PROPOSED    FOH    BENEFIT    OF    MANU- 
FACTURERS  OF   MUNITIONS 

Ralph  E.  Flanders  refen'ed  to  the  discussion  at  the  Ma- 
chine Shop  Session  held  in  the  morning,  looking  toward  a 
collection  of  data  on  the  manufacture  of  field  artillery.  That 
was  regarded  as  an  open  question  of  great  importance,  and 
it  was  suggested  that  papers  be  secured  at  the  earliest  possible 
moment  for  laublication  in  The  Journal. 

H.  S.  Bergen,  speaking  along  the  same  line,  suggested 
the  idea  of  a  handbook  which  should  contain  a  classified  list 
of  munitions  and  of  the  various  methods  adopted  by  different 
factories  making  such  munitions.  If  this  information  were 
available  in  convenient  form,  it  would  greatly  remove  the 
necessity  for  visiting  factories,  in  cases  where  there  might  be 
objections  raised  to  visitors  coming  in  from  another  plant. 

F.  A.  Waldron  felt  that,  if  iDossible,  we  should  get  the 
wheels  in  motion  whereby  information  which  manufacturers 
seem  to  demand  could  be  tabulated  either  in  handbook  form 
or  in  a  card  index.  He  thought  there  might  be  a  clearing 
house  of  the  college  students  willing  to  go  into  munitions 
work;  of  people  who  are  making  special  types  of  gages; 
those  who  had  been  manufacturing  artillery — or  3-in.  shells 
and  down,  or  3-in.  shells  and  up.  Such  information  also 
would  be  available  for  the  Government. 

L.  P.  Alford  said  that  the  work  of  gathering  uiformation 
on  the  manufacture  of  munitions  had  been  done  by  the  tech- 
nical journals  of  the  country  up  to  the  present  time.  He 
considered  the  complete  accumulation  of  data  by  this  means 
to  be  beyond  the  bounds  of  possibility,  but  that  it  might  be 
feasible  to  oi'ganize  a  bureau  with  a  sufficient  staff  to  accumu- 
late information  so  that  it  might  be  printed  in  a  rather  rapid 
fashion,  because  a  great  deal  of  the  information  is  already  in 
docunientai'v  form  in  the  shops  which  are  producing  muni- 
tions.    He  believed  that  the  only  way  to  secure  the  informa- 


tion would  be  by  liaving  a  sufficient  numl)er  of  men  to  canvass 
tlie   Held  personally. 

H.  S.  Bergen  spoke  of  the  excellent  material  on  the  subject 
of  munitions  which  had  appeared  in  the  American  Machinist, 
Machinery,  and  the  Iron  Aye  and  other  technical  journals.  He 
believed  it  could  be  more  quickly  procured  through  means  of 
these  journals  tlian  in  any  other  way.  He  thought  that  some 
working  arrangement  might  be  had  between  the  different 
publications  and  the  Government,  not  in  a  competitive  way, 
but  with  each  journal  working  in  its  own   field. 

F.  E.  Rogers  suggested  that  it  might  be  well  to  get  some 
idea  as  to  what  such  a  work  as  had  been  proposed  would 
cost.  He,  himself,  thought  that  .+25,000  would  not  be  suffi- 
cient. 

Lieutenant-Commander  Adams  explained  the  present  method 
of  handling  the  question  under  debate.  While  not  as 
satisfactory  as  the  method  proposed,  manufacturers  on 
several  occasions  had  written  to  the  Inspectors  of  the  Navy 
in  their  district  requesting  additional  information,  so  that 
they  could  turn  out  the  material  desired;  and  if  the  Inspector 
lacked  this  information  he  would  request  it  from  the  Bureau 
of  Ordnance,  and  the  Bureau  of  Ordnance  would  request  it 
from  some  other  district.  The  information  could  not  always 
be  furnished :  sometimes  it  was  not  on  hand ;  sometimes  it  was 
confidential;  but  if  the  inspector  of  the  district  did  not  have 
it,  he  would  write  to  the  ofiflee  and  they  would  write  direct 
to  some  other  manufacturer,  and  thus,  under  the  Government 
authority,  the  first  manufacturer  could  quite  often  get  the 
desired  information  much  more  quickly  than  it  could  be  ob- 
tained by  waiting  for  a  handbook  to  come  out.  There  are 
inspectors  at  Midvale,  Baltimore,  Pittsburgh,  Bethlehem, 
Brooklyn,  and  in  Connecticut.  The  Pittsburgh  district  covers 
Buffalo,  Cleveland,  Toledo,  Detroit,  Cincinnati  and  Louis- 
ville, and  as  far  west  as  Alton,  111.  While  the  Western  dis- 
tricts are  rather  extensive,  they  have  not  got  the  intensive 
manufacture  of  munitions  in  these  districts  that  they  have  in 
the  East. 

In  resporse  to  the  inr|uiry  by  John  H.  Barr  as  to  whether 
information  which  the  Government  had  would  be  given  out  to 
the  editors  of  the  handbook,  in  the  event  of  such  being  pre- 
pared, Lieutenant-Commander  Adams  said  that  he  usually  was 
permitted  to  give  out  information.  Ordinarily  he  would  have 
to  write  to  some  manufacturer  of  munitions,  or  some  inspector 
or  bureau  for  the  information,  but  the  Department,  at  least, 
would  know  where  to  find  it  and  could  direct  the  editor  to  the 
proper  authority. 

F.  A.  Waldron  called  attention  to  the  specifications  which 
are  sent  out  by  the  War  Department,  to  be  attached  to  the 
pamphlet,  giving  suggestions  as  to  what  materials  are  em- 
ployed and  their  physical  characteristics.  He  had  found  this 
very  useful  in  estimating  on  work,  and  it  would  be  valuable 
to  almost  anybody  who  should  send  for  specifications  and 
blueprints. 


SECOND  MUNITIONS  SESSION,  THURSDAY  MORNING 


As  a  result  of  the  discussion  at  the  first  session  on  muni- 
tions, a  committee  was  appointed  to  draft  resolutions  uj^on 
the  questions  of  gages  and  standards;  cooperation  among 
manufacturers  in  supplying  information  and  the  status  of 
men  who  are  serving  the  country  in  the  industries  instead  of 
at  the  front.     These  three  sets  of  resolutions  were  reported 


at  the  third  session  by  the  committee  consisting  of:  Luther  D. 
Burlingame,  Chairman;  John  H.  Barr,  J.  B.  Doan,  A.  J. 
Baker,  Reuben  Hill,  H.  L.  Coe,  Harry  E.  Harris  and  C.  B. 
Hamilton,  Jr. 

The  larger   part  of  the  tlurd  session   was   occupied   in  the 
discussion    of    these    resolutions,    each    set    being    considered 
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separately,   and   they   were   finally   aiijjroved    in   tlie   form   in 
whicli  they  are  given  below: 

KESOLCTIOXS    RELATlNt;    TO    CAGES    AXD    STANDARDS 

Whereas:  Serious  delays  have  been  experienced  in  other  coun- 
tries and  this  country  in  the  production  of  munitions  worli ;  and 
rejection  and  unnecessary  loss  to  manufacturers  and  its  conse- 
quent shortage  of  labor  and  material  due  to  lack  of  control  of 
data  and  of  standard  means  of  measurement ;   and 

Whereas  :  Great  Britain,  Canada  and  France  have  found  stand- 
ardization of  measurement  of  all  war  material  for  both  Army  and 
Navy  imperatively  necessary  to  obtain  uniform  and  reliable  results. 
and  have  constructed  an  efficient  organization  which  has  proved 
successful   in   overcoming   these   difficulties ;   and 

Whereas  :  Increased  efficiency  of  our  manufacturers  would  be 
promoted  by  the  establishment  of  proper  standards  of  measurement ; 

Re  it  resolved  :  That  the  Congress  be  urged  to  appropriate  suf- 
ficient funds  for  expenditure  through  a  suitable  agency,  to  pro- 
vide standards  and  adequate  means  of  calibration,  distribution  and 
supervision  of  such  standards  ;  including  means  for  calibration  of 
working  and  inspection  standards  in  the  dilferent  centers  of  muni- 
tions manufacture. 

.\lso  that  provision  be  made  in  this  appropriation  for  the  estab- 
lishment of  a  central  office  for  the  collection  and  dissemination  of 
information  on  the  methods  of  manufacturing  munitions  and  other 
supplies. 

Resolved  :  That  this  Society  endorses  any  efforts  tending  to 
promote  the  ends  outlined  above,  and  in  view  of  the  imperative 
needs  of  the  present  situation,  most  strongly  urges  immediate 
action. 

resolutions  relating  to  coopekatiox  between 
manufacturers 

Whereas:  It  is  the  patriotic  duty  of  every  manufacturer  to 
facilitate  and  expedite  the  manufacture  of  munitions  and  other 
supplies  for  the  Army  and  Navy : 

Be  it  resolved  :  That  an  appeal  be  addressed  to  all  manufac- 
turers and  engineers  to  cooperate  in  the  dissemination  of  infor- 
mation and  the  interchange  of  data  pertaining  to  methods  of 
manufacture,  systems  of  organization,  design  of  tools,  operation 
layouts  and  time  studies,  including  what  is  generally  known  under 
the  term  "  shop  secrets "'  so  far  as  they  pertain  to  munitions 
manufacture. 

RESOLUTIONS   RELATING  TO   STATUS   OF   MEN    IN    THE   INDUSTRY 

Whereas  :  It  is  necessary  to  obtain  the  entire  patriotic  coopera- 
tion of  every  man  who  can  contribute  to  the  furnishing  of  mili- 
tary and  naval  supplies : 

Be  it  resolved  :  That  we  urge  upon  the  Government  the  neces 
sity  of  indicating  in  some  way  the  value  and  loyalty  of  men  in 
service  in  the  industries  whose  occupation  is  essential  to  the 
production  of  war  supplies. 


DISCUSSION  OF  RESOLUTIONS 

In  introducing  the  subject  of  the  resolutions  President  Hollis 
said  that  many  other  people  in  this  country  were  passing 
resolutions  to  be  presented  at  Washington,  as  a  result  of 
which  there  were  so  many  lines  crossing  one  another  that 
it  would  be  necessary  and  desirable  before  transmitting  them 
to  determine  whether  they  would  interfere  with  any  action 
on  the  part  of  our  Government  or  by  agents  representing  the 
Government.  The  intention  would  be  to  discuss  them  at  Wash- 
ington with  the  officials  there  and  the  Munitions  Board,  in 
order  to  find  how  effective  they  would  be  in  bringing  about  the 
end  which  all  were  hoping  would  be  achieved. 

The  first  set  of  resolutions,  as  originally  presented,  contained 
a  reference  to  the  serious  delays  which  had  been  experienced 
in  Great  Britian  and  Canada  in  the  production  of  munitions 
work,  and  to  the  desirability  of  increased  efficiency  of  Ameri- 
can manufacturers  "in  competition  with  foreign  manufac- 
turers," 


Calxin  W,  Rice,  Secretary,  suggested  that  instead  of  speak- 
ing ot  England  and  Canada  by  name,  the  resolutions  should 
not  specifically  state  what  countries  it  was  desired  by  infer- 
ence to  improve  upon,  but  that  the  general  expression  "  other 
countries  "  be  used. 

.Jolui  H.  Barr  said  that  in  referring  to  England  and 
Canada  we  were  not  reflecting  upon  them  but  instead  were 
complimenting  tliem  upon  the  successful  handling  of  a  diffi- 
cult situation.  He  felt  that  the  resolutions  were  a  great  deal 
stronger  with  the  names  of  these  countries  mentioned. 

John  Piatt  objected  to  phrasing  the  resolutions  iu  a  way 
to  indicate  that  this  country  w-as  in  competition  with  other 
countries  in  munitions  work. 

Secretary  Rice  agi'eed  with  Mr.  Piatt,  saying  that  a  large 
number  of  people  in  this  and  other  countries  thought  ouv 
entrance  into  the  war  indicated  the  prosecution  of  a  dollar 
war,  which  it  was  not.  The  President  of  the  United  States 
emphasized  in  his  proclamation  that  we  sought  no  benefit, 
direct  or  indirect,  and  he  felt  that  the  strength  of  the  reso- 
lution would  be  increased  by  the  omission  of  any  term  indi- 
cating competition,  even  though  we  failed  to  get  immediately 
the  results  we  were  after. 

Fred  H.  Colvin  said  that  in  presenting  resolntio'.is  sucli 
as  was  contemplated,  the  Committee  should  be  appreciative  of 
the  condition  which  existed  at  the  present  time  with  respect 
to  the  Bureau  of  Standards,  because  of  the  difficulty  which  the 
Bureau  was  having  in  secui'ing  the  appropriation  needed  for 
their  work,  W'ith  regard  to  the  gaging  of  munitions,  for 
example,  they  were  going  at  it  in  a  thoroughly  practical  way,  ■ 
Only  last  week  their  appropriation  for  gaging  was  struck 
out  of  the  Committee's  bill  in  the  Senate,  because  our  learned 
senators  said  that  gaging  had  nothing  to  do  with  war! 

There  was  some  fui'ther  discussion  of  phraseology,  and  a 
sharja  difference  of  opinion  was  expressed  by  several  as  to 
whether,  when  speaking  of  manufacturers  of  this  country, 
they  should  be  designated  as  "  American  manufacturers,"  or 
as  '•  manufacturers  of  the  United  States." 

The  first  set  of  resolutions  was  finally  approved  a.s  jirinted 
above. 

With  respect  to  the  second  set  of  resolutions,  there  was  some 
discussion  as  to  whether  they  were  sufficiently  specific  in  their 
Ijhraseology,  but  they  were  finally  approved  as  originally  pre- 
sented by  the  Committee. 

The  third  set  of  resolutions,  relating  to  recognition  of  those 
who  sought  to  serve  the  country  through  work  in  the  industries 
rather  than  in  a  military  way,  led  to  a  discussion  of  the  best 
way  to  accomplish  such  recognition. 

President  Hollis  thought  it  very  essential  that  recognition 
be  given  to  those  engaged  in  the  industries  useful  to  the 
country  in  time  of  war.  For  instance,  this  might  be  by  an 
exemption  boai'd  appointed  in  every  state  which  would  issue 
to  persons  in  the  industries  exemption  cards  indicating  that 
the  persons  holding  them  were  exempt  from  service  in  the 
army  by  authority  of  a  board  duly  appointed  by  the  President 
of  the  United  States. 

Frank  B.  Gilbreth  said  the  day  had  gone  by  when  the  only 
man  to  be  recognized  was  one  who  was  dodging  bullets. 
While  it  might  be  rather  revolutionary  from  our  standpoint, 
he  believed  in  the  method  adopted  in  Germany  of  a  recognized 
industrial  army  which  wore  a  designating  uniform  by  which 
a  man's  status  was  determined,  rather  than  by  a  certificate 
or  by  something  in   his  buttonhole. 


July 
1917 


ACCOUNT  OF  THE  SPRIXG  MEETING 


619 


Reuben  Hill  declared  that  Americau  workmen  would  not 
wear  a  uniform,  even  if  they  could  get  it  for  nothing.  The 
practice  in  other  countries  was  to  give  them  a  button.  In 
Canada  girls  wear  badges  with  a  silver  bar  for  six  months' 
service,  for  whicli,  after  the  close  of  the  war,  a  more  per- 
manent decoration  would  be  substituted.  The  man  who  re- 
turned from  the  trenches  wore  a  button  to  show  that  he  had 
been  there,  until  such  time  as  he  received  a  medal  for  his 
service.  It  was  not  found  possible  even  to  prevail  upon 
returned  soldiers  to  wear  their  uniforms  when  they  went  into 
the  industries. 

Mr.  Hill  further  stated  that  if  certificates  were  issued, 
they  should  be  endorsed  by  the  concern  by  which  the  man  was 
emjjloyed,  showing  his  rating  and  pay.  He  instanced  cases 
where  men  had  left  one  firm  and  passed  themselves  as  experts 
in  seeking  employment  elsewhere,  when,  as  a  matter  of  fact, 
they  were  greatly  exceeding  their  abilities  in  the  claims  which 
they  made. 

In  concluding  the  discussion  previous  to  the  approval  of 
the  third  set  of  resolutions.  President  Hollis  said  that  he 
had  had  a  hand  in  drafting  them  and  that  tliey  were  for  the 
purpose  of  answering  questions  such  as  had  been  asked  him 
very  many  times  and  upon  which  he  had  received  letters 
beyond  number,  to  the  effect  that  a  man  wanted  to  know  if  he 
went  into  the  industries  how  he  could  make  it  plain  that  he  was 
not  a  "  slacker."  He  aske<l  who  was  to  indicate  to  him  the 
relative  value  of  military  service  and  of  service  in  the  indus- 
tries. He  had  told  many  young  men  to  stay  where  they  were, 
doing  useful  work,  but  of  course  that  was  unofficial  and  he 
had  no  authority  for  giving  such  advice.  It  was  his  opinion 
that  if  there  were  some  Government  agency  to  give  such 
advice  officially,  it  would  reconcile  those  of  our  citizens  who 
felt  uneasy  about  the  matter  in  cases  where  they  were  for 
any  reason  exempted  from  military  duty. 

F.  A.  AValdron  at  the  conclusion  of  the  discussion  of  the 
resolutions  said  that  because  the  engineer  did  not  take  suffi- 
cient interest  in  political  matters,  as  a  general  thing  he  did 
not  figure  in  public  affairs  as  he  should,  and  often  got  "  the 
small  end  of  the  stick."  He  thought  it  would  be  desirable  to 
outline  a  plan  by  which  through  united  effort  liis  sen'ices 
would  be  souglit  and  his  work  recognized.  With  this  end  in 
view,  he  submitted  resolutions  calling  for  the  establishment  of 
a  clearance  bureau  for  information  on  the  manufacture  of 
munitions,  which  it  was  voted  to  refer  to  the  Council  of  the 
Society  with  power. 

.\DDRESS  BY  M.\JOR  P.   S.   BOND.   I".   S.   A. 

Major  p.  S.  Bond,'  who  attended  the  meeting  as  a  repre- 
sentative of  the  United  States  Army,  said  that  he  was  a 
civil  engineer  and  not  an  expert  on  the  subject  of  the  manu- 
facture of  munitions,  and  that  he  would  not  attempt  to 
speak  upon  topics  with  which  his  hearers  were  more  con- 
versant than  he,  but  that  instead  he  would  refer  to  certain 
broad  subjects  in  connection  with  our  entry  into  the  present 
war. 

He  said  there  was  a  tendency  on  the  part  of  people  entering 
upon  something  that  they  had  never  done  before  to  go  to 
extremes,  to  lack  a  due  sense  of  proportion,  to  fail  to  separate 
the  things  that  counted  from  those  that  did  not  count.  He 
had  been  in  the  military  service  long  enough  to  realize  the 
fact,  which  he  emphasized  as  the  keynote  of  his  remarks,  that 
the  spirit  which  actuated  man,  the  spirit  of  pride  in  his  effi- 
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ciency,  the  spirit  of  wanting  to  do  things,  counted  lor  a 
great  deal  more  than  mere  knowledge  of  details. 

During  the  previous  discussion  reference  had  been  made 
to  the  subject  of  "slackers,"  and  the  status  of  the  engineer 
who  souglit  service  in  industrial  work  rather  than  in  military 
duties  at  the  front.  Commenting  on  this.  Major  Bond  said 
that  under  the  voluntary  system  which  had  been  characteristic 
of  our  military  policy,  or  lack  of  policy,  since  the  early  days 
of  our  history,  service  to  our  country  had  been  voluntary  and 
in  consequence  ineiiflcient.  Now  we  had  done  away  with  the 
voluntary  system  and  recognized  the  principle  of  the  universal 
obligation  of  the  citizens  to  serve  their  country — the  principle 
of  universal  service,  which  was  the  only  intelligent  and  ef- 
ficient plan. 

Under  the  system  of  universal  service  there  was  no  such 
thing  as  the  slacker;  he  became  extinct  with  the  ending  of 
tiiat  system.  The  Government  would  call  the  men  and  select 
those  best  suited  for  military  service  and  the  men  who  were 
not  thus  selected  certainly  were  not  to  be  called  slackers. 
They  would  render  service  of  a  different  kind.  The  term 
slacker,  he  said,  was  concomitant  with  the  voluntary  system. 

Continuing,  Major  Bond  took  up  the  main  theme  of  his 
address  to  the  effect  that  his  mission  was  to  help  his  country 
a  little  bit  by  attempting  to  instill  into  his  hearers  the  need 
for  the  spirit  of  accomplishment,  and  the  following  extracts 
are  taken  from  his  remarks.     He  said  in  part : 

"  I  have  every  confidence  in  the  knowledge  of  details  pos- 
sessed by  the  engineers  present  in  respect  to  the  tolerances 
of  the  munitions  business,  the  heat  treatment  of  steel,  and 
all  such  matters.  If  a  man  were  selected  for  service  in  this 
work,  as  a  matter  of  course  the  Government  w'ould  be  in- 
terested in  the  extent  of  his  knowledge  of  details,  Ijut  it  would 
be  much  more  interested  in  knowing  whether  he  had  the  spirit 
of  doing  things  or  whether  he  was  the  kind  of  man  who  did 
not  do  things. 

"  To  illustrate,  there  are  two  kinds  of  quartermasters  in  the 
army.  First  is  the  man  who  is  very  familiar  with  all  the 
duties  of  a  quartermaster,  the  man  who  knows  all  the  rules 
and  regulations  governing  just  what  the  cjuartermaster  is 
supposed  to  do  and  what  he  is  not  supposed  to  do;  and 
second,  the  man  who  knows  comparatively  little  of  the  regu- 
lations but  who  goes  ahead  and  does  things,  because  be  does 
not   know   that   he   cannot. 

"  Therefore,  unless  you  as  engineers  have  this  spirit  of 
cooperation,  or  this  willingness  to  do  things,  your  detailed 
and  mtimate  knowledge  of  your  affairs  may  be  an  actual 
stumbling  block  to  the  country.  What  we  ask  and  need  of 
you  is  disciplined  conduct  in  the  German  sense.  When  a 
German  is  asked  to  do  something,  he  almost  automatically 
does  what  he  is  called  upon  to  do,  because  Germans  have  been 
disciplined  for  generations.  The  American,  on  the  other 
hand,  has  a  great  deal  of  individualism;  and  now  is  the  time 
when  we  want  to  ask  him  to  control  that  individualism  to 
some  extent.  When  an  American  is  asked  to  do  anything — 
and  this  is  true  of  mechanical  engineers  as  well  as  of  all  other 
classes  of  Americans — he  will  very  often  start  off  by  showing 
that  what  he  is  asked  to  do  is  absolutely  unnecessary;  but  that 
if  it  must  be  done  it  better  be  done  in  a  different  way  from 
that  in  wliich  he  was  asked  to  do  it.  He  will  then  remind 
one  that  the  business  should  have  been  started  two  or  three 
years  ago,  anyhow. 

"  Now  we  know  that  we  should  have  started  to  prepare 
for  war  three  years  ago  at  the  outbreak  of  hostilities;  in  fact, 
that  we  should  have  prepared  ourselves  30  years  ago — but  we 
did  not  do  it!    And  it  is  just  as  much  your  fault  as  ours!    We 
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know  we  liave  been  wrong,  but  let  us  get  busy  and  see  what 
can  be  accomplished  to  make  up  for  the  time  that  has  already 
been  wasted." 

Speaking  more  directly  of  the  war,  Major  Bond  expressed 
the  belief,  which  he  said  was  common  with  all  military  men, 
that  Germany  had  drawn  us  into  this  war  with  a  purpose. 
He  believed  that  that  purpose  was  to  make  a  separate  peace 
with  the  AlUes  at  any  terms  they  might  ask,  provided  she  were 
permitted  to  pursue  her  conflict  with  the  United  States  and 
make  us  pay  every  cent  that  the  war  had  cost  her.  Con- 
tinuing, he  said : 

"  The  fli'st  thing  that  America  must  realize  is  that  the 
country  is  at  war.  This  may  sound  foolish,  yet  what  indica- 
tions is  there  that  we  are  at  war?  We  see  something  about 
war  in  the  newspapers,  but  we  do  not  realize  what  the  war 
means  because  we  have  faced  nothing  comparable  with  it  in 
all  our  existence. 

'"Ancient  war  was  fought  by  a  small  handful  of  men  trained 
for  that  particular  purpose.  A  group  of  knights  from  one 
nation  met  a  group  from  another  nation,  and  on  the  outcome 
of  their  conflict  depended  the  fate  of  one  or  the  other  nation, 
all  the  common  people  accepting  the  issue  of  the  conflict 
because  they  were  not  able  to  oppose  the  knights. 

■'How  different  is  the  situation  of  the  present  day!  In- 
stead of  a  handful  of  men  to  do  the  fighting,  war  is  now  a 
whole  nation's  game;  the  entire  strength  of  the  nation  goes 
into  the  conflict,  she  puts  forth  every  ounce  of  effort,  moral, 
physical  and  intellectual.  This  is  well  expressed  by  the  title 
of  a  leeent  book.  The  Nation  in  Arms.  That  is  what  modern 
war  means. 

"  The  science  of  war  is  the  most  complex  of  all  sciences, 
because  it  represents  the  sum  of  all  sciences.  There  is  no 
science  known  to  mankind,  from  astronomy  to  bacteriology, 
that  has  not  found  its  application  in  modern  warfare.  We 
are  used  to  big  business,  but  we  do  not  realize  that  modern 
war  is  the  biggest  of  all  business. 

•'  The  romance,  the  glittering  panoply  of  the  knight  and 
the  crusader  have  been  taken  out  of  war  and  it  now  has  be- 
come a  matter  of  cold-blooded  business  conducted  on  a  strictly 
business  basis  and  governed  by  the  same  laws  of  cause  and 
effect  that  rule  in  all  business  enterprises. 

"  In  the  Civil  War  some  of  our  greatest  battles  covered  a 
frontage  of  five  or  six  miles;  today  the  frontages  extend 
from  the  North  Sea  to  Switzerland,  and  from  the  Gulf  of 
Riga  to  the  Mediterranean  Sea.  Battles  were  fought  in  the 
Civil  War  by  armies  of  100,000  men ;  today  there  are  millions 
of  men  engaged.  The  modem  French  '  75  '  can  fire  30  shots 
a  minute — as  rapidly  as  the  modern  rifle;  the  modern  machine 
gun  can  fire  1000  shots  a  minute. 

■'  In  the  Boer  War  the  British  fired  about  a  million  shells. 
Today  the  Allies  on  the  western  front  are  firing  a  million 
shells  in  a  single  day.  The  Frankford  Arfeenal,  working  three 
shifts  of  eight  hours  each,  can  turn  out  16,000  shells  a  day. 
A  single  regiment  of  field  artillery  (24  guns)  could  fire  this 
number  in  one  day.  A  million  shells  means  the  product  of 
sixty  Frankford  arsenals,  which  indicates  the  problem  that  we 
have  before  us ! 

"  The  dearest  hope  in  the  hearts  of  Americans  is  the  hoj  e 
of  getting  something  for  nothing.  We  have  always  sought 
to  evade  the  issue,  and  our  unearned  success  has  lulled  us 
into  a  sense  of  false  security.  We  have  hoped  that  tlie  war 
could  be  won  by  some  brilliant  invention  and  without  sus- 
tained and  unwearying  effort.  All  of  us  have  hoped  that 
some  one  would  invent  a  machine  that  would  save  the  coun- 
try from  having  to  send  its  men  to  war;  but  it  is  my  opinion 


that  the  way  to  evade  the  issue  successfully  is  to  be  fully 
prepared  to  meet  it;  and  it  is  up  to  the  nation  today  to  put 
itself  in  that  position. 

"  The  men  who  have  been  called  from  civil  life  to  assist 
in  the  mobilization  of  our  industries  are  hard-headed,  prac- 
tical, common-sense  engineers  and  business  men.  Their  ac- 
complishments, training  and  standing  in  the  profession  entitle 
them  to  unqualified  support.  Mr.  Frank  Scott,  chairman  of 
our  Munitions  Board,  says  that  the  Departments  of  our  Army 
and  Navy  are  too  serviceable  to  be  thrown  over  and  entirely 
replaced  by  new  civilian  bodies.  He  regards  it  as  the  duty 
of  civilians  to  coordinate  the  efforts  of  the  Army  and  Navy 
and  the  great  industrial  forces  of  the  nation. 

"  Our  Ordnance  Department  has  labored  long  and  earnestly, 
in  spite  of  discouragements,  lack  of  money  and  popular  sup- 
port. It  has  labored  incessantly,  with  insufficient  funds  and 
insufficient  facilities,  and  yet  has  kept  abreast,  and  a  little 
more  than  abreast,  of  the  progress  of  the  art  of  war.  Some 
of  the  notable  contributions  to  the  science  of  war  have  been 
made  by  our  own  ordnance  experts,  both  civil  and  military. 
Among  these  are  the  disappearing  gun,  macliine  and  auto- 
matic guns,  the  highest-powered  guns  in  the  world,  automatic 
pistols,  many  devices  for  range  finding,  etc.,  etc. 

"  There  have  been  no  new  effective  machines  introduced 
into  this  war.  The  ■12-centimeter  guns  of  Germany  were  in 
existence  before  this  war.  All  the  weapons  of  tliis  war,  in- 
cluding the  aeroplane,  were  in  use  in  previous  wars,  although 
of  course  they  have  been  developed  and  brought  to  a  higher 
stage  of  perfection  in  this  war."  (A  voice:  "  What  about  the 
tank'/")  "There  have  been  a  number  of  devices,  including 
the  '  tank,'  which  I  think  is  an  adaptation  of  the  motor 
vehicle,  and  the  '  flammenwerfer.'  These  devices  can  hardly 
be  dignified  by  the  term  '  new  arms  of  warfare.'  One  does 
not  hear  vei-y  much  now  about  the  '  flammenwerfer '  and  the 
'  tank  ' ;  but  he  does  hear  a  great  deal  about  the  fire  of  the 
'  75,'  which  was  invented  before  this  war.  We  need  not  look 
for  any  sudden  developments  or  new  machines  to  save  us. 
If  we  attempt  to  discard  all  the  i^ainstaking  study  of  our 
Ordnance  Department  and  pin  our  faith  on  new  and  untried 
devices  we  will  assuredly  come  to  grief. 

"  Our  own  Ordnance  Department  has  been  conducted  on  a 
comparatively  small  scale  heretofore;  but  we  must  not  hesi- 
tate to  enlarge  upon  this;  reduction  of  first  cost  in  war  times 
is  no  economy.  A  shortening  of  this  war  by  even  a  few 
days  means  saving  many  millions  of  dollars  and  many  valu- 
able lives,  including  those  of  our  own  countrymen ;  therefore, 
let  us  not  count  the  cost  if  only  we  can  secure  results.  It 
is  the  function  of  the  engineer  to  take  up  the  military  work 
of  our  ordnance  experts  wliich  has  been  carried  on  over  years 
of  patient  study  and  research,  and  to  put  their  military 
methods  on  a  commercial  basis. 

"  I  ask  the  engineer  to  get  out  of  his  head  the  idea  that 
the  ordnance  experts  of  our  army  are  narrow-minded  pedants, 
that  we  are  hidebound,  or  out  of  date,  that  w-e  do  not  have 
commercial  sense  or  commercial  spirit.  We  want  the  engineer 
to  work  with  us  and  bring  his  knowledge,  not  to  confound 
or  to  supersede,  but  to  aid  ours,  and  together  we  will  get 
results. 

"  A  typical  instance  that  will  throw  some  light  on  this  is 
that  of  a  contract  let  for  the  construction  of  some  wheels  for 
artillery  gun  carriages.  The  man  who  secured  the  contract 
was  an  old  wheel  maker,  who  had  been  at  the  work  all  his 
life  and  thoroughly  understood  the  business  of  wheel  making 
from  the  manufacturer's  viewpoint.  He  complained  about 
the  specifications,  terming  them  '  fooUsh.'     The  specifications 
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dt'riuiiuifil  that  the  tires  shoukl  be  of  a  certain  grade  of 
higlier  quality  steel  than  he  had  been  using  for  tires;  and 
he  said  to  himself:  'Those  fools  up  there  in  the  Ordnance 
Department,  fellows  that  sit  at  their  desks  and  design  these 
things,  know  nothing  about  commercial  affairs  or  about  the 
construction  of  wheels,  and  that  is  why  they  have  made  up 
these  foolish  specifications,  and  I  am  expected  to  stick  to 
them.'  So  he  came  up  to  tfie  Ordnance  Department  to  com- 
plain about  it.  He  said,  '  Why  cannot  you  accept  such  and 
such  a  grade  of  steel  for  the  tire,  milder  steel  than  you  have 
specified  here?  Why  cannot  I  use  good  commercial  standard 
steel  such  as  I  have  always  used,  instead  of  that  high-speed 
steel  that  some  foolish  ordnance  expert  has  put  in  there?' 
And  the  ordnance  expert  at  once  pulled  out  a  record  of  tests 
extending  over  a  period  of  five  years,  to  show  the  contractor 
that  file  durability  of  the  steel  that  the  specifications  called 
for  was  about  three  times  that  of  the  grade  of  steel  which  lie 
proposed  to  furnish,  and  that  the  weight  called  for  was  much 
less.  And  he  explained  the  importance  of  weight.  The  con- 
tractor was  convinced,  and  he  went  off  and  made  the  wheels 
according  to  the  specifications. 

"Another  example  Mr.  Scott  told  me  of  himself.  He  had 
noticed  that  the  specifications  of  the  Ordnance  Department 
called  for  a  certain  amount  of  nickel  alloy  in  the  rotating 
bands  of  certain  projectiles  in  which  the  English  use  pure 
copper.  Now  the  nickel  was  somewhat  expensive,  relatively 
speaking-,  but  tlie  greatest  trouble  was  the  time  and  the  diffi- 
culty of  obtaining  the  alloy.  Mr.  Scott  went  to  the  ordnance 
people  and  asked  why  they  wanted  the  nickel  alloy  instead 
of  the  pure  copper  band?  He  did  not  take  the  attitude  of 
the  wheel  manufacturer,  because  he  had  confidence  in  the 
Department,  but  he  asked  to  know  the  reason  why  they  could 
not  use  the  copper  band.  It  was  explained  to  him  that  it 
would  be  contrary  to  the  genius  of  our  Ordnance  Depart- 
ment, which  is  as  progressive  as  any  in  the  world ;  that  their 
ingenuity  and  skill  had  been  directed  toward  the  development 
of  very  high  pressures  and  very  high  muzzle  velocities,  su 
that  our  guns  of  any  given  size  were  more  powerful  than  the 
guns  of  other  nations;  and  that  a  copper  band  was  not  strong 
enough  to  stand  up  under  the  resulting  stresses.  'And  now,' 
said  the  ordnance  experts,  '  If  we  used  the  copper  band  it 
would  prevent  our  following  out  our  plans,  and  we  either 
must  have  the  alloyed  band  or  else  devise  a  different  and 
inferior  type  of  ordnance.'  " 

In  conclusion,  Major  Bond  said  that  modern  war  meant 
the  application  of  engineering  science  to  armed  conflict.  It 
was  pi'iniarily  an  engineer's  undertaking  and  was  more  that  of 
a  mechanical  engineer  than  of  a  civil  engineer.  He  hoped 
his  hearers  would  get  into  their  souls  the  spirit  of  service 
and  prejiare  to  do  what  they  would  be  called  upon  to  do 
without  argument,  without  cavil,  without  hesitation,  criticism 
or  fault  finding.  "  You  are  called  upon  to  help,"  he  said, 
"  to  help  with  all  your  hearts  and  souls  and  to  remember  how 
much  it  means  to  our  countrj'  in  the  matter  of  saving  the 
lives  of  our  own  citizens.  The  furnishing  of  an  ample  supply 
of  munitions  means  saving  the  lives  of  those  you  love,  there- 
fore for  your  country's  sake  turn  to  and  do  all  that  you  can. 
Do  not  count  the  cost,  do  not  hesitate." 

PKBSENTATION  OF  PAPBKS  ON  TOLERANCES,  GAGES,  ETC. 

Following  the  address  by  Major  Bond,  the  last  four  papers 
of  the  meeting  were  presented.  These  were  given  either  in 
brief  abstract  or  by  title,  owing  to  the  short  time  available, 
and  were  as  follows: 


Procukixc;  Materials  for  Mlfnitions,  C.  B.  Nolte. 

Limits  and  Tolerances  for  the  Manufacture  op  Muni- 
tions, A.  \V.  Erdman. 

Gages  and  Small  Tools,  Frank  0.  Wells. 

The  Importance  op  Intelligent  Inspection  in  Munitions 
Manufacture,  E.  T.  Walsh. 

CONCH :ding  di.scussion 

Major  P.  S.  Bond  in  discussing  the  paper  on  Inspection  in 
Munitions  Manufacture  by  E.  T.  Walsh  emphasized  the  im- 
portance of  closeness  and  accuracy  in  shell  manufacture. 
He  said  this  was  essential,  particularly  since  the  adoption  of 
the  moving  barrage,  which  had  been  the  secret  of  the  success 
of  the  Allies  on  the  Western  Front.  This  method  of  firing 
was  first  successfully  employed  by  General  Nivelle  and  was 
the  occasion  of  his  being  elevated  to  the  supreme  command 
of  the  French  armies.  The  idea  of  the  barrage  was  to  advance 
the  range  by  certain  intervals  by  the  clock,  so  many  yanls 
per  minute.  The  infantry  followed  immediately  behind  the 
barrage,  so  that  as  soon  as  the  barrage  had  passed  over  the 
space  immediately  in  front  of  the  trenches,  the  advancing 
force  was  ready  to  jump  in  at  once  before  the  enemy  eould 
come  out.  Formerly  they  had  to  traverse  a  considerable 
distance  after  the  barrage  was  lifted,  which  gave  the  enemy 
an  opportunity  to  come  out  and  oppose  them  by  bringing:  his 
machine  guns  into  action. 

In  the  use  of  the  barrage  it  was  found  that  if  there  was  an 
error  in  the  bursting  point  of  the  shrapnel  of  even  as  much 
as  25  yards,  it  would  result  in  the  killing  of  great  numbers 
of  the  attacking  force;  in  fact,  it  was  looked  upon  as  inevitable 
that  a  certain  number  of  the  men  would  be  killed  by  the 
barrage,  and  a  sergeant  in  the  English  Army  describing  to  an 
American  such  a  situation  remarked  that,  "  Shorts  are  vei-y 
annoying,  sir,  very  annoying,  indeed!" 

Major  Bond  said  that  there  had  been  a  great  deal  of  com- 
plaint on  the  part  of  the  Allies  about  shorts  in  the  shrapnel 
fire  and  in  high-explosive  shell  fire.  He  also  called  attention 
to  recent  occurrences  of  premature  or  faulty  explosions  on 
our  armed  ships.  There  had  been  a  number  of  instances  in 
the  Navy,  and  a  great  deal  of  complaint  about  the  imperfect 
manufacture  of  shells.  Too  much  importance  could  not  be 
placed  upon  the  necessity  for  accuracy  in  the  manufacture 
of  shells. 

Major  Bond  concluded  the  technical  discussion  of  the  session 
by  urging  that  we  be  lenient  with  our  War  Department,  just 
as  we  expected  the  War  Department  to  be  lenient  with  those, 
in  the  membership  of  the  Society  for  example,  who  might  hold 
preconceived  ideas  with  respect  to  the  production  of  muni- 
tions. It  should  be  remembered  that  Germany's  system  of 
defense  had  been  under  way  ever  since  the  Battle  of  Jena  in 
1806,  at  which  time  Napoleon  imposed  upon  Germany  the 
restrictions  that  caused  her  to  develop  her  present  scheme  of 
national  defense,  which  has  proved  thus  far  to  be  of  great 
effectiveness. 

Now  we  had  this  war  dumped  on  us  overnight,  as  it  were. 
We  had,  comparatively  speaking,  "  a  tiny  little  War  Depart- 
ment "  which  simply  was  not  adequate  to  the  situation.  It 
was  literally  swamped  with  duties  suddenly  thrown  up(ni  it. 
Major  Bond  urged  the  engineers  present  to  be  patient  and 
said  that  "  the  one  certainty  is  that  we  are  all  going  to  be 
called  on  for  ser\'ice.  Whenever  the  department  wants  ex- 
perts along  certain  lines  this  Society,  or  some  other  society 
such  as  this,  will  be  asked  to  designate  the  men  who  can  do 
the  work." 


GAS  POWER  SESSION,    THURSDAY   MORNING 


AT  the  Gas  Power  Session,  held  nmler  the  auspices  of  the 
Society's  Sub-Corumittee  on  Gas  Power,  four  papers 
were  presented  and  discussed.  Prof.  William  T.  Magruder 
and  Mr.  J.  M.  Spitzglass,  both  naembers  of  tlie  committee, 
acted  as  chairman  and  secretary,  respectively. 

PROFESSOR  JDDD  PRESENTS  P.^PER  OX  FIRE  ENGINE  TEST.s 

Tlie  first  paper  presented  was  by  Prof.  Horace  Jud:l.  en- 
titled Test  of  a  Motor  Fire  Engine,  and  contained  the  results 
of  a  test  of  a  Seagrave  motor  fire  engine  having  a  4-cycle, 
water-cooled,  six-cylinder  motor,  534-in.  cylinder  bore  by  Gi/i- 
in.  stroke,  79..3  hp.  by  A.L.A.M.  rating.  The  motor  operated 
a  four-stage  centrifugal  pump  with  balanced  end  thrust. 

The  maximum  capacity  was  found  to  be  745  gal.  per  min. 
at  122  lb.  pressure  at  diseliarge  of  pump,  with  2-in.  smooth 
nozzle  and  250-ft.  hose  line  with  Siamese  union.  Gasoline  used 
per  hour,  0.218  gal.  per  h\^.  at  rated  load. 

AVith  coal  at  $2  per  ton  (2000  lb.)  and  gasoline  at  25  cents 
per  gal.,  the  cost  of  producing  a  fire  stream  with  the  motor 
fire  engine  is  four  times  that  with  a  steamer.  As  com;:  ared 
with  the  horse-drawn  engine,  the  motor  engine  can  reach  a  fire 
in  half  the  time,  is  readily  converted  from  locomobile  to  pump- 
ing engine,  is  more  easily  and  economically  operated,  and  elim- 
inates entii"ely  the  expense  of  maintaining  horses  for  trans- 
portation. Its  duty  is  nearly  six  times  that  of  a  steam  fire 
engine. 

A  written  discussion  of  this  jjaper  was  contributed  by 
Claude  M.  Garland,  and  it  was  discussed  orally  by  E.  W. 
Roberts,  and  the  author  replied.     The  discussion  follows : 

Claude  M.  Garland  stated,  in  a  written  discussion,  that  the 
motor  fire  engine,  like  many  otlier  pieces  of  apparatus,  does 
not  depend  for  its  success  upon  thermal  efficiency  or  fuel 
economy.  The  results  in  the  paper  indicate,  however,  a  com- 
bined thermal  efficiency  from  engine  to  water  horsepower  of 
approximately  10  per  cent,  which  would  doubtless  indicate  a 
thermal  efficiency  of  engine  of  something  like  20  per  cent. 
This  is  a  very  satisfactory  performance. 

The  differences  in  fuel  costs,  as  shown  in  the  paper,  between 
the  steam-  and  the  motor-driven  engine  are,  however,  hardly 
representative  of  actual  conditions.  It  is  seldom  necessary 
to  pay  25  cents  a  gallon  for  gasoline;  eighteen  cents  is  prob- 
ably an  average  figure.  It  is  hardly  probable  that  coal  suit- 
able for  use  under  the  boiler  of  a  fire  engine  can  be  obtained 
for  .$2  a  ton :  $4  would  probably  be  more  nearly  an  average 
figure. 

As  the  fire  engine  is  seldom  in  operation  for  more  than  a 
few  hours  a  day.  the  item  of  fuel  cost  is  undoubtedly  negligible 
when  considered  with  the  ad\antages  of  high  speed  in  travel, 
the  saving  of  time  in  starting,  and  the  elimination  of  feed 
and  upkeep  on  horses. 

E.  W.  Roberts '  pointed  out,  as  a  matter  of  interest,  that  no 
horse-drawn  fire  apparatus  is  being  built  today,  and  none  has 
been  for  several  years.  A  few  steamers  are  being  built,  but 
they  are  all  drawn  by  gasoline  tractors,  and  these  are  gradually 
being  replaced.  As  rapidly  as  possible,  all  the  cities  in  the 
country  are  installing  motors.  The  motor-power  apparatus  is 
rapidly  succeeding  the  horse  everywhere  throughout  the  coun- 
try. 

The  chairman  thought  the  paper  might  be  considered  as  a 


foundation  pajier,  from  which  to  judge  future  performances 
of  motor-driven  fire  engines. 

I'rofessor  ,Tudd.  in  closing,  said  it  might  be  well  to  point 
out  that  the  unit  was  operated  entirely  by  the  fire  department 
and  fireman  operators.  Those  who  conducted  the  tests  had 
nothing  to  do  with  the  adjustment  of  the  motors  or  anything 
ehe  pertaining  to  the  engines.  All  they  did  was  to  look  after 
the  accurate  measurement  of  the  fuel  and  the  water  pumped. 
The  results  j  resented  may  therefore  be  regarded  as  a\erage 
results  for  the  type  of  engine  tested. 

MOTUK-TRXCK   ENGINES   FOR    LO.NG    LIFE 

The  second  paper,  entitled  The  Design  of  Motcr-Tnui, 
Engines  for  Long  Life,  by  Jolm  Younger,  was  presented  by 
the  Secretary  in  the  absence  of  the  author.  A  brief  synopsis 
of  the  paper  follows  : 

The  problem  of  long  life  of  a  motor-truck  engine  is  not  a 
simple  one,  on  account  of  the  widely  varying  conditions  under 
w-hieh  the  engine  operates. 

Long  life  depends  on  three  factors:  Design,  manufacturing 
excellence,  and  operating  conditions. 

Design:  Under  this  head  the  i  aper  summarizes  present 
practice,  giving  particulars  of  recommended  materials,  dimen- 
sions of  parts,  and  factors  of  safety  for  the  several  parts  of 
the  engine. 

Manufacturing  Excellence :  Workmanship,  tolerances,  and 
running  tests  are  considered.  For  long  life  the  best  workman- 
ship is  essential. 

Operating  Conditions:  Recommendations  for  maintaining 
the  engine  in  first-class  condition  are  given.  For  long  life 
particular  attention  should  be  paid  to  hibrication,  cleaning, 
inspection  and  regulation. 

Contributed  discussions  of  this  paper  were  received  from 
H.  S.  Whitten  and  H.  E.  Morton,  and  the  paper  was  discussed 
orally  by  E.  AV.  Roberts  and  Kaufman  T.  Keller. 

F.  A.  Whitten  '  wrote  that  he  believed  that  operating  con- 
ditions had  more  effect  upon  long  life  of  truck  engines  than 
design  and  manufacturing  excellence  combined.  The  motor- 
truck manufacturer,  unfortunately,  had  practically  no  control 
over  the  operating  conditions.  He  had  applied  governors, 
screens,  and  other  devices  in  an  endeavor  to  protect  his  ma- 
chine from  abuse,  but  drivers  did  not  like  them. 

Generally  speaking,  owners  had  no  workable  system  to  de- 
termine whether  the  manufacturer's  devices  were  being  used 
or  his  instructions  carried  out.  Any  investigation  along  this 
line  was  usually  of  the  sort  which  resulted  in  locking  the  barrt 
door  after  the  horse  was  stolen.  A  tremendous  amount  of 
education  of  the  owner  was  required  in  order  to  attain  proper 
results.  The  first  trucks  a  man  used  were  frequently  con- 
demned as  unfit  for  the  service  because  of  the  way  in  which 
they  were  operated.  We  had  very  little  difflcuity  with  trucks 
in  the  hands  of  those  who  had  had  previous  experience  in 
operating,  as  such  owners  had  usually  already  learned  their 
lesson  from  the  results  of  neglect  and  careless  handling. 

As  the  author  stated,  "  oil  and  lots  of  it  "  was  one  of  the 
principal  features  of  successful  operation.  Actual  breakages 
were  rare,  and  lubrication  troubles  were  responsible  for  most 
operating  troubles  and  delays. 

The  carburetor  was  not  usually   considered  a  part  of  the 
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engine,  but  Mr.  Whitten  believed  it  should  be  so  considered,  as 
the  success  or  failure  of  the  engine  dei-iended  upon  the  car- 
buretor in  more  ways  than  was  generally  recognized.  Investi- 
gation would  show  that  present-day  lubrication  troubles  were 
usually  intimately  related  to  the  carburetor  and  fuel.  That  the 
low-grade  fuel  generally  used  today  was  responsible  for  many 
troubles  was  a  fact  not  generally  recognized  by  operator.^. 

The  driver  should  not  be  given  control  over  the  carburetor 
adjustment  except  to  a  very  limited  degree.  Choking  the  air 
supply  to  produce  a  rich  mixture  for  starting  might  be  nec- 
essary, but  forcing  the  engine  to  pull  its  load  before  it  was 
warmed  up  might  be  a  very  expensive  procedure  if  persisted 
in.  This  rich  mixture,  with  present  grades  of  fuel,  was  almost 
certain  to  carry  into  the  cylinders  a  certain  amount  of  fluid 
fuel  which  destroyed  the  oil  and  resulted  in  piston-ring  and 
cylinder  wear.  This  liquid  fuel  also  worked  down  past  the 
pistons  and  destroyed  the  lubricating  oil  in  the  crankcase.  Not 
only  was  the  oil  spoiled  in  this  way,  but  the  liquid  fuel  loosened 
small  particles  of  carbon  dust  and  carried  this  down  into  the 
cylinders  and  the  crankcase,  from  whence  it  would  be  dis- 
tributed into  the  bearings  in  spite  of  any  screens  which  might 
be  provided.  By  the  use  of  a  rich  mixture,  either  in  starting 
of  the  track  or  by  bad  all-around  carburetor  adjustment,  it 
was  possible  to  wear  out  a  motor  in  a  very  short  time. 

The  danger  of  this  sort  of  operation  was  self-evident  to  any 
engineer,  but  it  seemed  very  difficult  to  get  the  user  to  appre- 
ciate the  necessity  for  care  of  this  sort  or  to  believe  he  was  in 
any  way  responsible  for  troubles  caused  by  such  operation. 

H.  E.  Morton  discussed  the  lubrication  of  an  internal-com- 
bustion engine  of  the  multi-cylinder  so-called  high-speed  class, 
uiiich,  he  stated,  involves  a  variety  of  problems.  The  condi- 
tions were  severe,  and  in  most  cases  the  engines  received  little 
attention,  so  that  the  real  successful  system  had  to  be  reliable, 
self-contained,  efficient  and  fitted  with  indicating  devices  to 
give  early  war-ning  of  an  exhausted  oil  supply  or  irregularity 
in  operation. 

The  three  systems  most  used  were  full  splash,  full-forced 
and  a  combination  of  the  two.  The  individual  pump  and  dis- 
tributor system  was  seldom  employed  on  modern  engines. 
There  seemed  to  be  no  special  merit  in  the  full-splash  system 
except  low  cost.  The  full-forced  and  combination  systems  were 
both  good,  but  the  former,  properly  designed  and  ajiplied, 
would  give  excellent  results,  and  had  the  great  advantage  of 
making  possible  the  highest  unit  bearing  pressures  all  through 
the  engine.  The  belief  had  existed  in  the  minds  of  some  that 
this  higher  loading  was  made  possible  b^'  a  sort  of  counter- 
balance equal  to  the  oil  pressure,  but  there  was  little  to  sub- 
stantiate this  theory.  "  Forced  volume  system  "  might  be  a 
more  significant  name  for  the  system,  as  tests  indicated  that 
it  was  the  volume  of  oil  forced  through  the  bearings  which  was 
most  important.  The  volume  of  oil  rapidly  carried  away  the 
heat  generated,  immediately  replaced  a  break  in  the  oil  film, 
due  to  momentary  heavy  loading,  and  thus  allowed  the  use 
of  very  high  unit  bearing  pressures.  All  the  above-mentioned 
systems  made  use  of  what  might  be  loosely  termed  si:ilash  for 
cylinder-wall  lubrication. 

To  make  any  one  of  these  systems  pi'actical  it  was  necessary 
to  use  the  oil  over  and  over,  passing  it  through  suitable  filters 
each  time,  of  course.  Also  for  ordinary-duty  engines  all  the 
oil  was  carried  in  the  lower  jjart  of  the  ci'ankcase.  These  con- 
ditions meant  that  a  great  deal  of  loose  carbon  was  washed 
into  the  oil,  and  as  it  was  so  flue  that  the  ordinarj-  wire  gauze 
would  not  remove  it,  the  pump  continued  to  pass  it  through 
the  system.  This  particular  point  should  not  be  lost  sight  of, 
for  the  carbon  particles  were  quite  effective  as  a  lubricant  and 


tended  to  hold  up  the  viscosity  of  the  oil.  A  good  mineral  oil 
under  such  conditions  appeared  to  lose  very  little  in  lubricat- 
ing value  after  long  use,  especially  if  occasionally  well  filtered. 
For  exceedingly-high-duty  engines,  such  as  those  designed 
for  aeroplane  service,  the  practice  of  carrying  all  tlie  oil  in 
the  crankcase  was  questionable.  Oil  temperature  needed  to  be 
kept  down,  and  with  a  secondary  external  circulating  system 
and  supply  reservoir  it  could  be  fully  controlled.  Actual  serv- 
ice tests  covering  many  months  showed  that  good  oil  could 
be  used  almost  indefinitely,  employing  an  external  circulating 
system  and  carrying  very  little  oil  in  the  crankf  nse. 

E.  W.  Roberts  '  said  one  or  two  points  in  the  ])aper  were 
rather  astonishing  to  him,  and  quite  against  his  experience. 
A  clearance  of  cylinder  and  piston  of  0.002  in.  was  generally 
considered  by  manufacturers  far  too  large.  He  believed  that 
such  large  tolerances  were  a  mistake,  because  the  workmen 
were  apt  to  get  careless.  He  had  never  heard  of  a  tolerance 
for  a  cylinder  or  piston  of  over  0.001  in.  He  thought  that 
while  larger  tolerances  could  be  allowed,  hut  tolerances  of 
0.0005  in.  made  the 'men  more  careful. 

He  disagreed  with  the  author's  contention  that  spiral  oil 
grooves  would  be  found  preferable  for  bearings.  He  said  that 
one  of  the  greatest  mistakes  made  by  manufacturers  of  en- 
gines of  all  kinds  was  in  the  shape  of  the  oil  grooves  in  the 
bearings.  Experiments  made  at  Cornell  by  Bierbaum  nearly 
twenty  years  ago,  showed  that  the  proper  form  of  oil  groove 
was  the  H-groove  and  not  the  spiral  groove  or  the  X-groove. 
In  engines  having  lubrication  troubles,  or  hot  bearings,  if  the 
change  were  made  from  the  spiral  to  the  H-groove  the  trouble 
would  generally  disappear. 

Referring  to  the  general  idea  that  carbon  was  produced 
by  the  lubricating  oil,  this  sp)eaker  said  that  it  was  not 
generally  recognized  that  an  over-rich  mixture  was  quite  a 
prolific  source  of  carbon,  because  in  such  a  mixture  there  was 
a  tendency  for  the  hydrogen  to  combine  with  the  oxygen ;  that 
was  now  proved  experimentally  in  a  number  of  ways.  But 
the  general  idea  prevailed  that  all  carbon  was  due  to  lubricat- 
ing oil,  which  is  not  altogether  true. 

E.  E.  Keller  discussed  the  author's  statement  that  "  AVhen 
the  oil  gets  dirty,  say,  every  three  hundred  miles  or  so,  it 
ought  to  be  thrown  out  and  replaced  with  clean  oil."  In  his 
experience  in  the  testing  of  engines,  he  had  found  that  the  oil 
could  be  used  over  and  over  again.  It  was  not  necessary  to 
filter  it,  but  by  running  it  through  a  cream  separator  the  heav- 
ier particles  of  matter  that  had  accumulated  in  it  could  be 
taken  out,  and  the  finer  carbon  or  graphite  was  very  beneficial 
to  the  engine.  He  had  found,  however,  that  oil  used  over  and 
over  contained  considerable  muck  or  gummy  substance,  which 
collected  in  the  bottom  of  the  oil  can,  and  which  was  some- 
times due  to  water  getting  down  and  breaking  up  the  oil,  or 
particles  of  dirt  getting  in. 

Regarding  tolerances  for  cylinder  and  piston,  he  differed 
with  the  author,  and  thought  that  pistons  on  the  high  limit 
should  be  put  into  cylinders  on  the  high  limit,  and  pistons  on 
the  low  limit  into  cylinders  on  the  low  limit. 

MR.   YOUNGER   REPLIES 

Mr.  Younger,  in  his  closure,  said  that  Mr.  Roberts  had 
stated  that  the  clearance  of  0.002  in.  was  generally  considered 
l)y  manufacturers  far  too  large.  He  did  not  understand 
where  he  got  this  impression,  as  in  dealing  with  motor-truck 
engines  of  4  to  5  in.  bore,  a  maximum  variation  in  clearance 
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of  0.002  in.  could  be  allowed,  and  it  was  certainly  inadvis- 
able to  come  below  a  clearance  of  at  least  0.003  in.  on  the 
skirt  of  the  piston;  preferably,  in  accordance  with  bis  ex- 
perience, 0.001  in.   per  inch  diameter  of  piston. 

He  thought  that  in  Par.  42  he  should  have  been  a  little 
more  careful  in  explaining  exactly  what  was  meant  by  a 
process  of  selection.  It  simply  meant,  however,  that  while 
cylinders  could  be  ground  to  a  maximum  tolerance  of  0.002 
in.  and  the  pistons  finished  to  a  similar  tolerance,  a  total  toler- 
ance of  0.004  in.  should  not  be  allowed  in  the  engine,  but 
that,  as  stated,  pistons  on  the  high  limits  should  be  put  into 
cylinders  on  the  low  limits.  This  held  for  the  rest  of  the 
engine  as  regarded  connecting-rod  bearings,  etc. 

If  Mr.  Roberts  would  refer  to  the  paper,  he  would  see  that 
on  connecting-rod  bearings  the  bearings  should  be  grooved 
with  a  slightly  spiraling  oil  grove,  to  prevent  ridges  wearing 
on  the  crankshaft.  This  was  not  at  all  the  figure  8  oil  groove 
that  probably  Mr.  Roberts  was  thinking  of,  but  was  simply 
a  one-revolution  spiral  of  a  pitch  very  slightly  in  excess  of 
the  width  of  the  groove.  This  had  been  found  in  combina- 
tion with  labyrinth  checks  to  be  exceedingly  satisfactory. 
The  H-groove  was,  as  far  as  he  knew,  obsolete  in  automobile- 
engine  practice.  Quite  a  number  of  firms  were  using  success- 
fully no  grooves  at  all. 

He  feared  that  he  would  have  to  disagree  with  Mr.  Keller 
entirely.  Oil  at  the  rate  of  one  gallon  every  two  or  three 
hundred  miles  was  so  cheap  that  it  should  be  thrown  away, 
and  filtering  or  separating  need  not  be  resorted  to. 

It  must  be  remembered  that  the  great  majority  of  motor 
trucks  were  running  in  places  where  mechanical  separators 
could  not  be  easily  obtained,  and  it  was  very  questionable  if 
the  labor  and  cost  involved  in  separating  a  gallon  a  week 
would  be  worth  the  trouble.  Experience  had  distinctly  shown, 
beyond  all  question,  that  the  safest,  most  reliable  way  was 
to  throw  away  oil  every  two  or  three  hundred  miles  and  replace 
entirely  with  clean  oil. 

Mr.  Keller  gave  away  his  case  entirely  when  he  stated 
that  he  noticed  considerable  muck  or  gummy  substance  ac- 
cumulating in  the  bottom  of  the  oil  pan.  This  was  due  to  water 
getting  into  the  oil  and  products  of  combustion;  also,  in 
cold  weather  the  rich  mixture  that  was  used  in  the  carburetor, 
to  get  the  engine  warmed  up,  would  cause  an  excess  of 
gasoline  to  drain  past  the  pistons  into  the  oil,  and  accord- 
ingly waste  the  oil. 

Mr.  Whitten  rightly  emphasized  the  point  that  operating 
conditions  had  a  great  deal  of  effect  on  the  long  life  of  truck 
engines.  Designers  and  manufacturers  had  still  to  go  a  long 
way  in  order  to  make  their  maeliines  fool-proof  against  even 
the  most  stupid  operators.  However,  in  all  fairness  to  truck 
drivers,  it  must  be  stated  that  the  last  two  or  three  years  had 
seen  very  considerable  improvement,  and  the  average  truck 
driver  today  was  a  reasonably  intelligent  operator. 

DESIGN   OF  GAS   ENGINES    DISCUSSED    BY    .MR.    DlPRIEST 

A  paper  entitled  The  Relation  of  Port  Area  to  the  Power 
of  Gas  Engines  and  Its  Influence  on  Regulation,  by  J.  R. 
DuPriest,  was  then  presented. 

In  this  paper  it  is  stated  that  any  system  of  connecting  up 
the  governor  of  a  gas  engine  to  the  throttle  valve  which  gives 
equal  changes  in  port  area  for  equal  changes  in  the  governor 
speed,  will  make  the  regulation  of  the  engine  very  sensitive 
at  light  loads  and  too  slow  at  heavy  loads. 

The  object  of  this  paper  is  to  present  a  method  of  determin- 
ing the  port  area  required  for  any  fractional  load  on  a  throt- 


tling gas  engine  operating  on  the  four-stroke  cycle,  and  to 
suggest  a  means  of  admitting  the  fuel  so  as  to  get  the  same 
degree  of  speed  regulation  throughout  the  full  range  of  load. 

The  author  has  made  an  extended  study  of  the  working  of 
a  16%  X  24-in.  horizontal  double-acting  tandem  throttling  en- 
gine, running  on  natural  gas  at  180  r.p.m.,  and  from  a  con- 
sideration of  the  data  obtained  in  tests  and  the  characteristic 
curve  of  the  governor  used  has  devised  a  method  by  means  of 
which  the  relation  between  the  travel  of  the  governor  collar 
and  port  area  for  a  given  power  can  be  determined.  A  govern- 
ing mechanism  may  then  be  designed  which  will  give  equal 
changes  of  load  for  equal  movements  of  the  collar,  or  the  ports 
may  be  so  shaped  that  equal  changes  in  governor-collar  travel 
will  give  equal  movements  of  the  valve,  but  at  the  same  time 
give  the  proper  port  area  for  equal  changes  in  power  deliv- 
ered. 


THE  PROBLEM  OF  AEROPL.VNE-ENGINE  DESKm 

The  fourth  and  last  paper  of  the  session  was  that  by  Charles 
E.  Lueke,  entitled  The  Problem  of  Aeroplane-Engine  Design. 

The  paper  resolved  the  engine  into  a  light,  high-tensioned 
steel  structure,  consisting  of  seamless  tubing  and  forged  or 
welded  steel  parts,  possibly  formed  in  drop-forge  dies.  To 
this  steel  stress  structure  are  added  certain  members,  such  as 
the  piston,  exhaust  valve  and  guide,  designed  primarily  for 
heat-flow  conditions  and  not  for  stresses;  and  certain  closing 
members,  such  as  the  ports  for  the  intake  and  exhaust,  which 
can  be  very  properly  cast  in  aluminum;  and  the  oil  crankcase 
closure,  which  can  be  made  of  any  material  desired. 

This  paper  was  presented  by  the  chairman,  who  called  atten- 
tion to  its  salient  points  in  the  following  words: 

"  Professor  Lucke  prepared  this  paper  from  an  analytical 
point  of  view,  and  discusses  the  thing's  which  have  been  done 
and  the  outlook  for  the  future  whereby  to  reduce  the  stresses 
and  decrease  the  weight  per  horsepower  of  aerojilane  engines. 
He  states  that  the  air-cooled  motor  has  entirely  failed  in 
comparison  with  the  water-cooled  motor,  which  will  impress 
everyone.  He  considers  the  mixture  quality  of  very  great 
importance,  and  also  the  dryness  and  the  homogeneity  of  the 
mixture.  He  brings  out  a  point  about  the  position  of  the 
spark  plug,  to  the  effect  that  the  moving  of  the  spark  plug 
from  a  side  wall  to  a  center  point  will  improve  the  power  of 
the  engine.  He  emphasizes  the  desirability  of  using  the  air 
meter  for  measuring  the  quantity  of  air  supplied  and  regulat- 
ing the  horsepower.  He  advocates  large  diameters  and  short 
strokes  for  aeroplane  motors.  He  states  that  east  iron  is  well 
enough  to  use,  but  we  now  have  several  methods  of  making 
aeroplane-engine  cylinders  in  aluminum  or  sheet  steel  or  of 
steel  forgings,  with  cast-iron  liners.  He  discusses  the  question 
of  the  arrangement  of  cylinders  and  valves.  He  takes  up  the 
construction  of  valves,  discounts  Grashof's  formula,  goes  into 
the  thermal  capacity  of  valves  and  pistons,  particularly,  and 
advocates  that  the  piston  head  should  be  made  increasing  in 
depth  towards  the  wall  of  the  cylinder  to  furnish  a  better  means 
for  the  heat  to  pass  off." 

Written  discussions  of  this  paper  were  contributed  by  R.  C. 
Carpenter,  O.  C.  Berry,  Claude  M.  Garland,  H.  L.  Hornung, 
H.  E.  Morton,  E.  W.  Roberts  and  H.  M.  Crane.  Mr.  Roberts 
presented  his  discussion  in  person. 

R.  C.  Carpenter  said  that  Dr.  Lucke's  paper  should  be  read 
in  connection  with  a  paper  by  Neil  MacCouU,  Jr.,  presented 
before  the  Society  of  Automobile  Engineers  in  June  1915. 
The  two  papers  were  in  remarkable  harmony  on  the  principles 


Jdi.y 
1917 


ACCOrNT  OF  THE  SPRING  MEETING 


625 


of  design  which  ai)plied,  and  the  possible  results  which  might 
be  obtained,  in  the  selection  of  materials. 

Tlie  particular  problems  which  had  made  the  production 
of  the  aeroplane  engine  more  ditficult  than  internal-combustion 
engines  for  marine  and  stationary  purjjoses  were,  without 
doubt,  due  to  the  important  requisites  of  reliability,  lightness, 
and  efficiency,  which  requirements  were  conflicting  to  a  greater 
or  less  degree,  making  it  essential  that  the  designer  decide 
which  requisite  was  to  be  considered  the  most  important. 

The  question  of  reliability  involved  lubrication,  carburetion, 
and  all  the  problems  relating  to  continuous  operation.  So  far 
as  Professor  Carpenter  could  recall,  there  was  no  other  class 
of  engine  in  vphich  the  question  of  reliability  was  so  vital  for 
results.  In  the  marine  or  stationai-y  engine,  failure  of  the 
engine  to  operate  merely  required  repairs  or  adjustments 
which,  although  possibly  inconvenient,  could  be  made  without 
endangering  the  entire  supporting  structure;  this  was  obvi- 
ously not  the  case  should  for  any  reason  the  aeroplane  engine 
fail  to  run. 

The  use  of  a  compression  rod  for  valve  openings  was  un- 
doubtedly not  theoretically  correct,  but  it  was  giving  good 
satisfaction  in  practice.  The  use  of  a  tension  rod  or  steel  wire 
as  suggested  did  not  prove  so  attractive  after  the  necessary 
mechanism  was  laid  out. 

Regarding  valve  timing,  for  high-speed  engines  he  had 
closed  the  inlet  valve  as  late  as  45  deg.  past  the  outer  dead 
center.  The  best  test  of  the  inlet  valve  was  the  "  flow  back." 
A  good  plan  was  to  set  the  valve  closing  so  late  that  a  slight 
"  flow  back  "  from  the  carburetor  would  be  manifest  and  then 
reduce  the  lap  just  a  few  degrees. 

In  the  matter  of  valve  lifts,  an  increase  in  the  number  of 
valves  permitted  reduction  of  lift  and  reduced  both  the  pound- 
ing and  the  inertia  of  the  mechanism. 

In  his  thermal  analysis  of  the  valve,  the  author  had  un- 
doubtedly overlooked  the  flow  of  heat  from  the  valve  head  to 
the  seat.  The  exhaust  valve  was  on  its  seat  about  two-thirds  of 
the  time,  and  experience  had  shown  that  if  the  seat  was  not 
cooled,  valve  trouble  was  experienced. 

A  misconception  had  existed  among  designers  regarding  the 
two  functions  of  the  piston.  Professor  Lucke  pointed  out  the 
heat  conduction.  Another  thing  was  the  wearing  surface. 
Short  pistons  and  shuttle-shaped  pistons — pistons  with  the 
bearing  only  on  the  ends — had  insufficient  bearing  surface, 
which  resulted  in  rapid  wear  and  a  piston  slap  early  ui  the 
life  of  the  engine. 

A  heavy  piston  was  a  very  bad  feature  in  a  high-speed 
engine.  We  must  keep  our  piston  weights  down  to  reduce 
the  inertia  effect.    This  was  very  essential. 

Regarding  the  bolts  for  the  cylinders,  in  his  first  aeroplane- 
engine  design,  made  in  1910,  he  used  long  cylinder  bolts  pass- 
ing through  and  beyond  the  crankshaft  bearings. 

In  both  pajiers  steel  was  recommended  as  a  substitute  for 
east  iron,  which  was  obviously  a  desirable  change  so  far  as 
the  substitution  might  be  practicable.  In  this  connection,  it 
would  also  seem  to  be  of  advantage  to  employ  aluminum  alloys 
as  far  as  the.y  proved  themselves  to  be  serviceable  and  reliable 
both  because  of  the  light  weight  and  of  the  higher  heat-trans- 
mission coefficient  which  such  alloys  had  as  compared  with 
cast  iron. 

It  was  Professor  Carpenter's  opinion  that  the  aeroplane 
engine  was  now  passing  very  rapidly  through  a  development 
period,  and  that  a  short  time  only  would  be  required  to  fully 
disclose  the  essential  requirements  as  to  types,  materials,  and 
details  of  workmanship.  These,  he  believed,  would  in  a  gen- 
eral way  agree  with  those  stated  by  Dr.  Lucke. 


0.  C.  Berry,  in  a  written  discussion,  supported  the  author's 
point  of  the  importance  of  motor  efficiency  and  the  part  which 
quality  of  the  mixture  played  in  determining  this  efficiency, 
by  giving  the  results  of  tests  carried  out  in  the  laboratories 
of  Purdue  University  for  the  specific  purpose  of  showing  the 
effect  on  the  performance  of  a  motor  of  changing  the  character 
of  the  mixture. 

These  tests  showed  that  the  most  efficient  mixture  coincided 
almost  exactly  with  the  theoretically  perfect  mixture  when  the 
engine  was  running  under  load,  and  was  considerably  leaner 
than  the  most  powerful  mixture.  For  low-load  conditions,  the 
richer,  more  powerful  mixture  seemed  to  be  more  efficient  as 
well,  probably  due  to  the  fact  that  it  fired  more  regularly  at 
low  jiressures. 

The  tests  also  showed  how  very  important  it  was  that  the 
mixture  be  correct  if  high  efficiency  was  to  be  obtained.  In 
this  connection  it  was  important  to  note  that  any  change  in 
the  temperature  of  the  air  or  the  fuel  flowing  through  the 
carburetor,  or  a  change  in  the  altitude,  would  change  the 
character  of  the  mixture  furnished  by  a  carburetor  having  a 
fixed  setting.  For  this  reason  the  carburetor  should  be  fur- 
nished with  an  adjusting  device  which  could  be  operated  from 
the  driver's  seat.  By  such  a  means  the  mixture  might  be  kept 
correct  while  the  machine  was  in  the  air.  The  rule  for  the 
operator  to  follow  was  to  make  the  mixture  leaner  until  the 
engine  lost  power,  and  then  make  it  richer,  a  little  at  a  time, 
until  the  power  was  restored.  The  leanest  mixture  with  which 
the  engine  would  pull  satisfactorily  was  the  most  efficient. 

Professor  Beri-y  did  not  agree  with  Professor  Lucke  that 
drying  the  mixture  was  a  sure  cure  for  carbon  in  the  cylin- 
ders. A  dry  mixture  might  be  too  rich  and  cause  a  heavy 
carbon  deposit. 

The  aeroplane  motor,  like  the  racing  motor,  was  designed 
to  do  most  of  its  running  at  a  speed  and  torque  which  were 
nearly  constant.  The  best  way  to  speed  up  the  rate  of  com- 
bustion in  such  a  motor  was  to  increase  the  compression.  The 
lacing  motors  developed  their  best  torque  at  about  the  speed 
at  which  the  aeroplane  motor  was  required  to  run,  and  gave 
their  best  power  at  nearly  twice  this  speed.  The  rate  of  com- 
bustion and  piston  speed  were  therefore  scarcel.y  controlling 
factors  in  aeroplane-motor  design. 

The  factor  which  limited  the  speed  at  which  an  engine  could 
run  continuously  at  full  torque  was  the  ability  of  the  bearing 
at  the  lower  end  of  the  connecting  rod  to  keep  cool  enough  to 
permit  proper  lubrication.  This  was  borne  out  by  the  experi- 
ence of  automobile-race  drivers.  An  examination  of  the  expe- 
rience of  several  hundred  ears  entered  in  various  races  showed 
that  many  more  engines  failed  due  to  crankshaft  and  connect- 
mg-rod  trouble  than  due  to  piston  trouble,  and  that  valves  did 
not  cause  half  as  many  failures  as  crankshafts.  To  Professor 
Lucke's  list  of  pistons  and  valves  he  would  therefore  add  that 
the  connecting-rod  and  main  bearings  on  the  crankshaft  must 
be  designed  primarily  for  heat  dissipation.  The  best  way  to 
accomplish  this  was  to  supply  them  with  a  copious  supply  of 
oil  under  pressure,  and  thus  oil-cool  them. 

Claude  M.  Garland  wrote  that  there  were  two  j)oints  in  the 
paper  which  his  experience  would  indicate  to  be  of  first  im- 
portance, not  only  in  the  design  of  aeroplane  engines,  but  also 
in  the  design  of  all  internal-combustion  engines  of  the  single- 
acting  type.  These  were  the  design  of  the  exhaust  valve  and 
the  piston  from  the  standpoint  of  thermal  conductivity  for  the 
purpose  of  maintaining  the  temperature  of  these  parts  at  such 
a  degree  as  to  prevent  preignition  of  the  charge. 

The  piston  was  the  more  difficult  member  to  handle,  and  in 
must  instances  was  the  principal  offender  in  premature-ignition 
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troiililes.  This  was  clearly  illustrateJ  in  the  testing  of  a  single- 
acting'  engine  which  had  given  considerable  trouble  from  pre- 
ignition.  On  removing  the  plate  which  carried  the  spark  plug 
immediately  after  a  test,  the  piston  was  found  to  be  at  a  low- 
red  heat.  Some  experiments  were  made  on  this  engine  for  the 
purpose  of  determining  to  what  extent  the  temj  erature  of 
the  piston  affected  on  the  premature  ignition. 

A  small  nozzle  was  located  in  the  end  of  the  cylinder,  and 
an  injection  device  provided  whereby  a  very  fine  stream  of 
water  was  discharged  on  the  piston  head  on  the  opening  of 
the  exhaust  valve.  This  not  only  cooled  the  i)iston  head,  but 
also  the  exhaust  valve  and  the  cylinder  walls.  In  fact,  suffi- 
cient water  was  injected  to  lower  the  temperature  of  the  ex- 
haust gases  to  about  .500  deg.  fahr.  Under  these  conditions, 
illuminating  gas,  which  normally  could  not  be  compressed  to 
over  70  lb.  without  premature  ignition,  could  be  comj  ressed 
to  250  lb.  without  any  trouble  whatever  from  this  cause.  The 
maximum  pressure  of  the  cycle  ajiproached  900  lb.  per  sq.  in. 
Under  these  conditions  the  engine  indicated  a  thermal  erticiency 
approaching  that  of  the  Diesel. 

While  it  was  not  possible  to  provide  water  injection  for  the 
cooling  of  an  aeroplane  engine,  yet  it  was  possible,  as  Pro- 
fessor Lueke  suggested,  to  minimize  gi-eatly  the  troubles 
through  proper  design  of  piston  and  valves  for  the  rapid  con- 
duction of  heat. 

H.  L.  Hornung  wrote  that  Professor  Lucke's  analyses  of  the 
mixture  cjuestion  were  fundamental  witli  any  fuel,  but  became 
IKirticularly  apropos  with  fuel  having  end  pomts  400  deg.  fahr. 
and  above. 

His  conception  of  the  straight  portion  of  the  m.e.p.  curve 
was  no  doubt  borne  out  by  the  inaccuracies  of  our  testing 
methods,  wherein  small  variables  made  it  impossible  to  read 
slight  changes  in  ordinates  which  must  exist,  producing  a  peak 
in  the  curve  at  some  maximum  point.  It  did  not  appear  to  be 
a  mathematical  probability  that  we  should  actually  ha\'e  a 
straight  portion  to  the  curve,  which  was  the  resultant  of  vari- 
ables of  a  higher  than  first  degi'ee.  Of  course,  for  all  prac- 
tical purposes  it  might  do  no  harm  to  consider  a  portion  flat, 
but  for  the  sake  of  future  deductions,  it  appeared  more  satis- 
factory to  think  of  the  curve  as  seldom  being  straight  at  any 
point  or  series  of  points. 

The  author's  discussion  of  arrangement  of  cylinders  and 
jackets  suggested  a  thermoanalysis  of  the  motor  by  dividing 
it  horizontally  into  layers  y^  in.  in  thickness,  and  laying  out 
a  curve  with  the  layers  as  abscissas  and  as  temperatures  ordi- 
nates in  different  horizontal-vertical  planes.  Such  an  analysis 
would  open  the  eyes  of  most  of  us  to  a  new  realm  of  design, 
and  would  show  why  valves  do  not  seat  and  pistons  seize  with 
apparently  no  reason.  It  would  also  show  how  far  the  crank- 
case  might  be  brought  up  on  the  cylinder,  which  might  be  made 
with  separate  heads.  Block  cylinders  failed  tlirough  our  lack 
of  knowledge  such  as  this  analysis  would  give. 

Later  in  the  paper  there  was  further  evidence  of  designing 
from  the  thermal-stress  standpoint.  Without  desiring  to  take 
issue  with  the  author,  laboratory  investigations  showed  that 
heat  flow  was  from  the  center  of  the  valve  to  the  seat  and  up 
through  the  stem,  if  the  area  was  sufficient.  Here  came  the 
question  of  stem  diameter  from  the  standpoint  of  heat  con- 
ductivity and  not  wear.  In  valves  running  under  high  output 
there  was  a  dark  annulus  on  the  outside  corresponding  to  the 
conducting  ability  of  the  seat.  The  wider  the  seat,  if  it  seated 
well,  the  cooler  the  valve  and  the  wider  the  annulus;  but  the 
wider  the  seat  the  gTeater  chance  to  catch  carbon  and  the  lower 
the  effective  area  for  a  given  lift.  These  were  shop  observa- 
tions which  did  not  seem  to  check  the  analvsis  of  the  text.     A 


valve  head  did  not  always  receive  the  same  amount  of  heat  on 
the  outer  edge,  nor  was  the  water  cooling  of  the  seat  always 
uniform,  all  of  which  caused  unusual  distortions. 

The  author's  thermal-stress  analysis  of  the  piston  was  a 
masterpiece.  Attention  should  be  called  to  the  fact  that  the 
center  of  the  piston  head  usually  gave  the  trouble  and  con- 
trolled largely  the  cylinder  bore  for  high  outputs. 

Thermal  analj-sis  of  the  cylinder  illustrated  the  necessity  of 
neglecting  the  lower  regions  of  the  flame-swept  bore  while  giv- 
ing unusual  attention  to  the  regions  of  the  exhaust  valve  and 
spark  jjlug.  The  tendency  of  this  treatment  was  to  bring  about 
a  more  uniform  temperature  throughout  the  cylinder  structure. 
Sections  on  the  design  of  the  crankcase  were  certainly 
worthy  of  the  attention  of  all  engine  designers,  both  from  the 
thermal  and  dynamic  standpoints.  Most  crankcases  were  de- 
plorably weak,  e^■en  in  otherwise  well-designed  engines. 

In  closing,  it  seemed  proper  to  accent  the  tendency  so  aptly 
ei-ystallized  in  this  pajser  of  reverting  to  the  fundamental. con- 
eejition  of  the  fact  that  the  internal-combustion  engine  was 
a  heat  engine  and  must  be  designed  with  this  primarily  in 
mind  before  the  dynamic  designing  was  done.  This  course  had 
seldom,  if  ever,  been  followed  in  the  past,  but  was  the  direction 
toward  which  real  progress  must  be  made. 

H.  E.  Morton  wrote  that  the  paper  stated  that  the  ordinary 
aeronautical-engine  piston  today  was  a  failure,  and  was,  with 
the  possible  exception  of  the  exhaust  valve,  a  source  of  great- 
est trouble.  W^hile  this  might  be  true  of  some  engines,  he  had 
for  several  years  been  having  absolutely  no  trouble  with  pis- 
tons, and  especially  those  of  the  aluminum  variety.  The  prob- 
lem of  heat  conduction  through  the  piston  was  unquestionably 
of  great  importance,  but  he  found  that  it  was  a  comparatively 
simple  matter  to  design  a  strong,  light  and  also  cool-running 
jiiston  for  even  comparatively  high-speed  engines. 

It  was  interesting  to  note  the  reference  to  the  use  of  wire 
for  actuating  the  valves.  He  supposed  that  was  one  of  the 
first  suggestions  that  came  to  the  mind  of  a  designer,  but  his 
experience  had  been  that  to  incorporate  neatly  such  a  member 
was  not  a  simple  matter. 

It  seemed  that  Professor  Lucke,  for  some  reason  or  other, 
had  omitted  to  mention  the  detachable-head  design  which  was 
apparently  growing  in  favor  in  aeronautical  work.  This  de- 
sign was  certainly  most  convenient  both  in  manufacture  and 
field  work,  and  was  especially  applicable  in  connection  with 
aluminum  cylinder  jackets.  The  method  mentioned  in  the 
i:)aper  of  screwing  steel  sleeves  into  the  aluminum  was  more 
or  less  expensive  and  troublesome,  and  a  much  simpler  method 
could  be  resorted  to  where  a  detachable'head  was  used.  Alumi- 
num heads  with  cast-iron  valve  seats  were  proving  very  satis- 
factory, and  with  a  light  steel  sleeve  shrunk  into  an  aluminum 
casting  this  detachable-head  design  became  extremely  light- 
weight and  accessible. 

E.  W.  Roberts '  wrote  that  the  air-cooled  motor  was  still 
a  considerable  factor  in  the  aeroplane,  and  for  certain  classes 
of  machines,  like  the  fast  scout,  was  still  in  considerable  favor. 
So  far  as  the  2-eycle  engine  giving  way  to  the  4-cycle  type  was 
concerned,  this  would  warrant  the  assumption  that  the  2-eycle 
was  the  original  engine.  The  majority  of  the  2-cycles  that 
have  been  offered  for  aeroplanes  have  been  poorly  constructed 
and  poorly  designed.  The  trouble  with  this  type  of  engine,  was 
not  so  much  with  the  type  itself,  but  with  the  builders.  It 
offered  a  solution  of  one  of  the  most  annoying  problems  of 
the  aeroplane  engine,  the  trouble  with  the  valves.     From  24 
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to  25  hours  of  cumulative  flying'  was  about  all  that  could  be 
depended  upon  from  the  4-cycle  aeroplane  engine,  and  then 
it  had  to  be  overhauled,  the  valves  regiound  and  all  adjust- 
ments remade.  This  phase  of  tiie  problem  had  been  prominent 
since  the  beginning  of  aviation.  Lubrication  had  been  fairly 
well  solved,  but  in  a  rather  complicated  manner,  in  the  4-cycle 
type.  Valve  trouble  in  the  2-cycle  was  eliminated  because 
there  were  no  valves.  Lubrication  of  the  2-cycle  was  simplic- 
ity itself  because  the  oil  was  mixed  with  the  gasoline.  In  actual 
flying,  the  2-cycle  had  proved  itself  fully  equal  to  the  4-cycle 
in  all  points  but  one,  and  that  was  fuel  economy.  This  was 
a  very  important  point,  but  if  the  same  attention  were  given 
to  the  2-cycle  development  as  had  been  given  to  the  4-eycIe, 
this  part  of  the  problem  would  be  solved.  As  it  was,  the 
2-cycle  water-cooled  motor  did  not  use  quite  as  much  fuel  as 
the  air-cooled  four-cycle  for  the  same  amount  of  power. 

In  the  matter  of  carburetion,  two  conflicting  phases  of  this 
problem  were  encountered.  One  was,  we  must  heat  the  mix- 
ture to  get  perfect  proportions,  especially  with  modern  fuels, 
and  heating  the  mixture  reduced  volumetric  efificiency.  In- 
ternal-combustion engineers  did  not  altogether  agree  with  the 
statement  that  the  explosion  line  on  the  indicator  card  must 
be  maintained  vertically  for  a  maximum  efficiency.  Some  engi- 
neers seemed  to  think  that  if  the  explosion  line  did  not  bend 
toward  the  expansion  line,  a  certain  amount  of  back  pressure 
would  be  obtained  that  would  cut  down  the  efficiency.  Per- 
sonally, Mr.  Roberts  had  never  seen  any  data  to  prove  this. 

In  the  statement  that  curvature  of  the  horsepower-speed 
line  was  due  to  a  corresi:>onding  variation  of  volumetric  effi- 
ciency, and  also  that  at  some  high  speed  the  horsepower-speed 
line  fell  before  the  volumetric  efficiency,  he  would  point  out 
that  the  two  factors  of'  inertia  effect  of  reciprocating  parts 
and  vibration  in  mass  had  considerable  bearing  on  high-speed 
efficiency. 

Regarding  connecting-rod  length,  he  had  found  the  limit 
in  practice  was  1.8  times  the  stroke.  While  this  would  un- 
doubtedly appear  quite  short  to  some  engineers,  it  apparently 
gave  good  results. 

He  had  used  quite  a  number  of  cast-iron  cylinders  for  aero- 
plane motors  Vs  in-  thick,  and  had  never  had  any  trouble  with 
them.  There  were  several  references  in  the  paper  to  the  use 
of  aluminum  for  water  jackets,  and  apparently  for  the  com- 
bustion space.  As  a  matter  of  interest,  he  might  say  that  he 
had  built  something  like  100  aeroplane  engines  with  aluminum- 
alloy  cylinders,  and  found  that  when  making  very  extended 
flights  with  inadequate  radiators  these  cylinders  would  break 
through  in  the  combustion  space.  In  all  other  respects  they 
gave  veiy  satisfactory  results. 

Regarding  valves,  and  particularly  valves  in  the  head,  quite 
a  number  of  engines  had  been  made  with  a  single  valve  open- 
ing into  the  cylinder  which  would  admit  of  a  very  large  area. 
There  were  several  ways  in  which  a  single  valve  opening  could 
be  employed. 

In  conclusion,  a  feature  of  aeroplane-engine  design  that 
appeared  to  be  overlooked  by  quite  a  number  of  designers  was 
the  crankshaft.  There  were  two  factoi's  in  this  connection  of 
great  importance  and  yet  quite  frequently  neglected.  One  was 
the  length  of  the  crankpin  bearing  and  the  other  was  the 
securing  of  lightness  by  using  a  hollow  shaft.  To  replace  a 
solid  shaft  1%  in.  in  diameter,  he  used  a  shaft  2%  in.  in  diam- 
eter with  a  2%-in.  hole.  This  not  only  decreased  the  weiglit 
to  such  an  extent  that  a  four-cylinder  shaft  40%  in.  long 
weighed  only  171/2  lb.  when  finished,  but  the  large  diameter  of 
bearing  reduced  the  oil-film  pressure  and  practically  eliminated 
overheating  these  bearings. 


W.  H.  M.  Crane,  in  a  written  discussion  which  will  be  pub- 
lished in  full  later,  outlined  the  relative  characteristics  of 
motors  for  a\iation  service  and  for  motor-car  service  respec- 
tively. Regarding  the  aeroplane  motor,  he  wrote  that  the  one 
supreme  requirement  was  that  it  should  have  the  lowest  pos- 
sible weight  per  horsepower  of  continuous  duty.  The  weight 
must  include  not  only  the  motor  and  its  ordinary  accessories, 
but  also  the  fuel  and  oil  required  for  the  length  of  flight  de- 
sired. The  limit  of  power  that  could  be  successfully  used  in 
aeroplanes  had  not  yet  been  nearly  reached,  but  already  even 
the  lower-powered  machines  had  motors  more  powerful  than 
all  but  a  few  motor  cai-s,  while  the  other  military  types  of 
aeroplanes  employed  motors  of  a  power  entirely  unnecessai-y 
in  any  motor-ear  service.  The  bulk  of  aeroplane  motors  would 
have  piston  displacements  of  500  cu.  in.,  or  over,  while  there 
were  very  few  car  motors  as  large  as  500,  the  average  being 
from  300  to  400. 

Not  only  must  it  be  able  to  operate  continuously  at  full  load 
without  distress  due  to  overheating  or  other  troubles,  but  it 
must  also  have  as  nearly  as  possible  100  per  cent  of  reliability. 
This  latter  requirement  was  always  present,  due  to  the  danger 
involved  in  a  forced  landing  at  some  place  unfavorable  to 
landing. 

It  did  not  have  to  be  particularly  quiet,  in  view  of  the  very 
considerable  propeller  noise.  A  very  moderate  amount  of 
muffling  of  the  exhaust  and  practically  no  attention  to  mechan- 
ical quietness  would  meet  all  the  requirements. 

Extremely  long  life  in  hours  of  operation,  without  repair, 
had  not  yet  been  required  of  aeroplane  motors,  although  the 
time  would  undoubtedly  come  when  this  feature  must  be  given 
more  serious  consideration. 

Flexibility,  as  we  knew  it  in  the  motor  ear,  was  not  required 
in  an  aeroplane  power  plant. 

Absence  of  vibration  was  of  importance  in  aeroplane  motors, 
but  as  only  one  full-load  speed  had  to  be  provided  for,  the 
jjroblem  was  considerably  simpler  than  it  was  in  motor-car 
engines. 

In  the  aeroplane  motor,  the  lightest  possible  materials  were 
used,  aluminum  alloys  and  the  higher  grades  of  alloy  steel 
being  very  largely  employed;  cast  iron,  which  had  given  such 
valuable  service  in  the  gas-engine  field,  was  out  of  the  ques- 
tion on  account  of  its  weight.  The  design,  as  a  whole,  should 
be  compact,  and  the  number  of  pai-ts  as  small  as  possible. 
Only  in  this  way  could  light  weight  be  obtained  with  the  nec- 
essary strength  and  stiffness.  Therefore  many  motore  of  the 
V-type  or  of  the  radial  type  were  seen,  such  as  the  rotating 
air-cooled  motors  and  the  stationary  Salmson  motor.  Block 
casting  of  the  cylinders  where  possible  was  also  a  great  help 
toward  stitfness  with  light  weight. 

Efficiency  in  gasoline  economy  being  so  important,  as  well 
as  power  with  light  weight,  the  highest  possible  compression 
was  employed,  while  valve-in-head  motors  were  almost  uni- 
versally used.  Valve  timing,  inlet  pipes  and  carburetors  were 
laid  out  with  a  view  to  the  best  possible  operation  at  the  full- 
load  speed  desired.  Ignition  systems  of  only  the  highest  qual- 
ity were  required  to  furnish  the  necessary  reliability,  in  view 
of  the  high  speeds  and  continued  high  temperatures.  Magnetos 
were  subject  to  continuous  heavy  vibration,  and  must  be  built 
accordingly,  while  spark  plugs  had  to  meet  conditions  of  high 
temperature  and  oil  that  were  rarely  present  in  automobile 
work.  Complete  oil  circulation  under  high  pressure,  with  spe- 
cial means  for  cooling  the  oil,  was  required  to  take  care  of 
the  lubrication  under  the  severe  conditions  imposed.  At  the 
present  time,  reliability  of  operation  required  complete  dupli- 
cate ignition  systems. 
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ilr.  Crane  concluded  with  a  consideration  of  the  question 
of  aviation  motors  driving-  propellers  direct  and  those  driving 
them  through  gears.  The  fundamental  basis  of  power  in  a 
gasoline  motor  was,  of  course,  piston  displacement.  There 
was,  therefore,  always  the  incentive  to  increase  the  number 
of  revolutions,  with  the  idea  of  getting  the  greatest  possible 
amount  of  power  out  of  a  given  size  of  cylinder.  We  were, 
however,  considerably  limited  in  the  possibilities  of  power  in- 
crease by  increased  speed,  due  to  the  fact  that  the  power  could 
only  be  expected  to  increase  in  proportion  to  the  sjieed,  while 
the  stresses  in  many  of  the  parts  increased  as  the  square  of 
the  speed.  Furthermore,  as  the  life  of  many  parts  subject 
to  repeated  stresses  limited  the  reliable  life  of  the  motor,  in- 
creased speed  imposed  other  difficulties  of  design. 

The  principal  reason  for  *  gear-driven  propellers  was,  of 
course,  the  well-known  limitation  of  propeller  design,  based 
on  the  speed  of  the  aeroplane.  This  limitation  in  aviation  work 
was  exactly  similar  to  the  limitation  in  motor-boat  work,  which 
had  resulted  in  many  high-speed  hydroplanes  having  propel- 
lers geared  to  run  at  greater  speeds  than  the  driving  motors. 
In  aeroi)lane  work,  the  improvement  in  motor  design  had 
tended  to  outstrip  the  possibilities  of  the  propeller  to  such  an 
extent  that  aviation-propeller  speeds  were  uniformly  lower 
than  aviation-motor  speeds,  except  in  vei\v-high-speed  ma- 
chines or  in  certain  types  of  motor.     This  was  especially  true 


because  of  the  military  development  of  aviation,  which  natu- 
rally placed  efficiency  of  operation  ahead  of  long  life. 

The  great  advantage  of  the  direct-drive  machine,  from  the 
point  of  view  of  design,  lay  in  the  use  of  the  crankshaft  as 
a  propeller  shaft  also,  a  manifest  economy  in  material,  both  in 
the  shafts  themselves  and  in  the  bearing's  required. 

All  the  studies  that  Mr.  Crane  had  made  indicated  that  a 
geared  motor  must  weigh  from  15  to  25  per  cent  more  than 
a  lower-speed  ungeared  motor  of  the  same  piston  displace- 
ment. The  question  was  whether  we  could  get  a  correspond- 
ing increase  in  horsepower  to  offset  the  increased  weight.  Per- 
sonally, he  thought  the  question  was  still  a  very  open  one,  so 
open,  in  fact,  that  he  expected  to  see  both  types  of  motor  con- 
tinued in  use  for  some  years  to  come. 

E.  W.  Roberts  pointed  out  an  en-or  in  one  of  the  discus- 
sions, namely,  that  the  motor  should  be  run  at  the  weakest 
mixture  at  which  it  could  operate.  That  would  result  in  heal- 
ing the  motor  and  blowing  off  the  radiator. 

PROFESSOR  LUCKE'S  REPLY 

Professor  Lucke,  to  whom  the  discussion  was  later  sub- 
mitted, wrote  that  there  was  practically  nothing  for  him  to 
say  in  reply  except  that  he  was  pleased  at  the  acceptance  of 
the  ideas  set  forth  in  his  paper. 


INDUSTRIAL  SAFETY   SESSION,    THURSDAY   MORNING 


AT  a  professional  session  held  under  the  auspices  of  the 
Sub-Committee  on  Protection  of  Industrial  Workers, 
tentative  drafts  of  two  safety  codes  were  presented  and  dis- 
cussed. Howard  P.  Fairfield  acted  as  chairman  of  the  meet- 
ing. 

The  first  code,  entitled  Tentative  Draft  of  a  Code  of  Safety 
Standards  for  Industrial  Ladders,  included  sections  on  defini- 
tions of  ladders,  general  requirements  for  ladders,  fixed  lad- 
ders, portable  straight  ladders,  extension  ladders,  fire  ladders, 
portable  step  ladders,  scaffold  ladders,  trolley  ladders,  sectional 
ladders,  and  safe  practices  for  ladders. 

Tliis  code  was  presented  by  William  A.  Viall  and  was  dis- 
cussed orally  by  Hollis  P.  Porter  and  J.  G.  Hatman.  Written 
discussions  were  contributed  by  H.  W.  Mowery,  H.  M.  Elder, 
M.  W.  Alexander  and  W.  F.  Wettling. 

J.  G.  Hatman  asked  whether,  when  the  Code  was  prepared, 
the  Committee  had  consulted  the  work  of  the  National  Safety 
Coimcil  on  Ladders,  which  had  been  approved  by  the  Board 
of  Underwriters  in  Chicago.  Practically  all  the  industrial 
plants,  he  said,  were  using  that  code  as  a  standard  now,  and 
were  having  it  approved  by  the  Board  of  Underwriters. 

Mr.  Viall  replied  that  all  the  codes  he  knew  of  followed 
the  National  Safety  Council  idea.  In  some  cases  it  might  be 
modified  somewhat,  but  not  to  any  extent. 

W,  F.  Wettling,'  in  a  written  discussion,  described  a  pat- 
ented form  of  ladder  designed  to  be  stiff  and  strong  enough 
at  the  weak  points  to  overcome  the  danger  hazard,  and  at  the 
same  time  to  be  of  minimum  weight.  This  ladder  was  con- 
structed with  semi-tubular  wrought-steel  braces  inserted  in  the 
recesses  on  the  inner  side  of  the  ladder,  and  bent  at  right 
angles  at  each  end  and  rivet«d  to  the  top  and  bottom  of  each 
step  or  rung.     The  ladder  has  been  approved  by  The  Indus- 


trial Board   of  Pennsylvania   Department   of  Labor  and   In- 
dustry. 

M.  W.  Alexander  thought  that  a  paragraph  could  well  be 
added  in  Section  8  under  the  heading  Trolley  Ladders,  to 
recommend  the  use  of  a  suitable  locking  device  which  would 
prevent  a  ladder  from  inadvertently  moving  under  a  man  if, 
for  example,  he  should  be  reaching  around  the  side  and  han- 
dling a  fairly  heavy  object.  Such  a  locking  device  could  be 
readily  made  and  would,  he  believed,  be  an  added  feature  in 
the  safeguarding  of  such  ladders. 

H.  W.  Mowery '  wrote  that  the  question  of  safety-ladder 
shoes  for  portable  ladders  was  one  upon  which  there  was 
considerable  difference  of  opinion  among  those  who  should 
know.  His  experience  had  led  him  to  the  conclusion  that 
spikes  or  long,  sharp  points  on  the  foot  of  such  a  ladder  were 
dangerous.  The  hazard  of  the  spike  was  regarded  as  more 
dangerous  than  the  hazard  it  was  designed  to  eliminate. 

The  various  types  of  self-adjusting  shoes  were,  too,  not 
entirely  satisfactory.  In  many  plants  they  were  considered 
as  excellent  safety  devices,  while  in  other  plants,  equal  in 
number  and  prestige,  they  were  condemned  as  causing  acci- 
dents. 

An  adjustable  shoe  must  be  kept  clean,  in  good  condition 
and  not  allowed  to  gum  up  with  grease,  etc.,  so  that  the 
abrasive,  cork  or  other  anti-slip  element  would  be  effective. 
That  was  a  matter  of  good  housekeeping,  proper  inspection, 
etc. 

Decided  objections  were  raised  against  such  shoes  on  the 
ground  that  workmen  seeing  a  ladder  equipped  with  them 
would  place  it  at  any  angle  with  the  horizontal  and  expect 
the  shoe  to  hold,  thereby  increasing  the  hazard  of  a  fall  and 
defeating  the  purpose  for  which  the  shoes  were  intended. 


'  The  Bent  Rung  Ladder  and  Manufacturing  Company.  Indiana,  Pa. 
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The  objection  was  also  raised  against  adjustable  shoes  on 
account  of  increasing  the  weight  of  ladders  already  too  heavy; 
but  as  the  weight  was  increased  2  per  cent  to  5  per  cent,  this 
did  not  seem  valid. 

Until  a  portable  ladder  was  so  constructed  that  it  auto- 
matically could  not  be  used  at  an  unsafe  angle,  the  statistics 
of  ladder  casualties  would  remain  about  the  same,  with  only 
slight  reductions  on  account  of  better  construction  and  in- 
spection. 

H.  M.  Elder  contributed  a  table  giving  the  specifications 
for  standard  ladders  employed  by  the  American  Locomotive 
Company.  He  said  that  although  their  standard  rung  was 
IVi  in.  in  diameter,  whereas  the  Code  specified  a  minimum 
diameter  of  IV'2  in-,  they  had  not  yet  had  any  failure  caused 
by  weakness  of  the  rungs.  The  spread  at  the  bottom  of  the 
ladders  which  they  employed  was  greater  than  that  given  in 
the  Code. 

On  their  work  ladders  got  the  most  and  severest  service 
jiossible,  as  men  were  continually  handling  heavy  material 
up  and  down  them  and  frequently  standing  on  them  working 
for  long  periods.  The  safety  devices  used  at  the  top  and  bot- 
tom of  these  ladders  were  as  shown  in  Fig.  1. 

S.\I-ETY   STANDAItDS    FOR   rOWERTRAN-SMISSION    MACIIlNEltY 

The  second  code,  entitled  Safety  Standards  for  Power 
Transmission  Machinery,  contained  rules  and  requirements  for 
the  protection  of  industrial  workers  from  hazards  commonly 
presented  by  mechanical  equipment  used  for  transmitting  and 
distributing  the  power  from  the  prime  movers  to  the  various 
power-utilizing  machines,  tools  and  devices. 

This  code  was  presented  by  Rufus  W.  Hicks  and  was  dis- 
cussed orally  by  Hollis  P.  Porter  and  William  A.  Viall.  Writ- 
ten discussions  were  contributed  by  W.  G.  Ashton,  C.  A. 
Tatum  and  H.  A.  Hale.  .Tr.     The  discussion  follows: 

Hoilis  P.  Porter  said  that  he  had  always  found  the  dimen- 
sions of  handrails  specified  as  being  of  the  strength  and  size 
of  114-in.  standard-weight  pipe.  A  standard-weight  ly^-in. 
pipe  had  an  outside  diameter  of  1.31  in.,  and  he  would  like  to 
know  whether  that  was  the  size  meant  in  the  Code  and  else- 
where. 

He  also  asked  whether  the  specification  "  If  constructed  of 
structural  metal  the  rails  imiiosed  shall  be  at  least  equal  in 
strength  to  2x2xli4-in.  angles,"  related  to  just  the  handrail 
or  to  the  screen  guards  which  were  to  protect  moving  parts  of 
a  machine. 

In  regard  to  belt  guards,  he  asked  what  size  of  angle  iron 
should  be  used  and  what  relation  the  size  of  the  angle  iron 
should  bear  to  the  span  which  it  covered  between  its  sup- 
ports. 

William  A.  Viall  replied  to  Mr.  Porter  that  li,4-in.  pipe 
meant  I14  in.  inside  diameter — ordinai-y  commercial  pipe. 
Replying  to  Mr.  Porter's  second  question,  the  clause  quoted 
was  under  Par.  4;  everything  in  that  paragraph  applied  to 
handrails. 

Rufus  W.  Hicks  replied  to  Mr.  Porter's  third  question  that 
it  seemed  to  be  the  general  practice  throughout  the  East  and 
in  Illinois  to  use  1  x  1  x  Vs-'n.  angles  for  erecting  guards  and 
that  the.se  might  be  used  in  practically  all  cases;  but  owing 
to  the  fact  that  specifying  the  strength  of  the  different  struc- 
tural materials  was  more  properly  the  function  of  the  labora- 
tory, the  Committee  felt  it  was  not  their  place  to  take  up  some 
special-sized  angle  and  say  tliat  it  should  be  adoiited  as  the 
standard. 


W.  G.  Ashton,'  in  a  written  discussion,  drew  attention  to 
Par.  6,  which  calls  for  the  construction  of  guards  of  structural 
metal  from  not  less  than  2  x  2  x  14-in.  angle  iron.  He  agieed 
that  this  weight  of  material  was  necessary  in  a  great  nuiny 
instances,  but  had  found  that  1^/4  x  1^/4  x  3-16-in.  angles  were 
sufficiently  heavy  in  most  cases.  It  seemed  to  him  that  the 
medium  strength  could  be  reduced  materially,  with  recom- 
mendations for  heavier  construction  where  necessary.  That 
was  the  policy  pursued  by  his  department,  and  he  had  found 
it  worked  out  successfully,  especially,  at  this  time,  when  the 
price  of  structural  metal  had  increased  so  much. 

In  Par.  7  a  center  rail  of  1x4  in.  was  called  for,  and  he 
was  not  thoroughly  convinced  that  this  was  a  practical  propo- 
sition. He  had  been  using  2  x  4-in.  construction  throughout, 
and  found  it  more  satisfactory,  because  1  s  4-in.,  unless  care- 
fully selected,  was  liable  to  warp  and  did  not  possess  the 
strength  it  should.  Likewise,  they  had  found  some  objection  to 
the  4  X  4-in.  post.     There  w-ere  places,  of  course,  where  they 
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Fig.   1     Safety   Devices   Used   on    Ladders   by   Amekican 
Locomotive  Company 


used  if,  but  they  applied  largely  the  doctrine  applied  to  the 
angle  iron,  using  2  x  4-in.  construction  entirely  in  many  cases. 
In  this  connection,  he  suggested  that  the  cast  socket,  where 
wood  construction  was  used,  w'as  desirable,  esiiecially  where  it 
was  necessary  to  remove  the  guard  frequentlj-.  Another  thing, 
they  had  found  they  should  go  more  into  detail,  explaining  that 
this  type  of  construction  should  either  be  bolted  together  or 
fastened  together  with  wooden  screws.  It  made  the  guards 
easily  removable,  ar,d  when  it  came  to  durability  they  noticed 
the  effect  was  very  great. 

They  had  found  a  recommendation  as  to  the  construction  of 
angle-iron  frames  for  guards  absolutely  necessary.  So  much 
of  this  work  was  squared  up  at  the  corners,  oftentimes  leaving 
a  rough  edge,  which  could  be  removed  either  by  using  a  hack 
saw  or  an  acetylene  torch — the  latter  preferably,  because  the 
joint  could  then  be  welded,  making  it  very  substantial  and 
doing  away  with  the  possibility  of  any  rough  edges. 

In  the  matter  of  guarding  the  exposed  sides  and  bottom, 
more  especially  the  bottom,  of  high  belts,  particularly  over 
passageways,  many  belts  more  than  7  ft.  from  the  passageway 
were  especially  hazardous  unless  profierly  jnotected,  and  the 
notation  in  the  Code  on   belts  over  driveways   would   not  be 
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applicable  in  this  ease.  As  an  illustration,  a  belt  might  be 
8  ft.  above  a  runway  and  yet,  should  it  break,  would  not  only 
endanger  life,  but  would  endanger  inoperty  as  well.  No  hard 
and  fast  rule  could  be  fixed  on  this  proposition,  of  course,  but 
thB  matter  must  be  left  largely  to  the  judgment  of  an  inspector. 
It  did  seem  that  some  specific  mention  should  be  made  of  this 
particular  condition,  however. 

The  application  of  a  guard  between  the  belt  and  the  pulley 
where  the  pulley  was  less  than  36  in.  from  the  bearing,  he  also 
regarded  as  inconsistent.  The  rule  was  very  good  where 
ladders  were  used  for  oiling  and  other  work  on  the  shaft,  but 
he  did  think  it  could  be  reduced  to  approximately  20  in.  in 
cases  where  runways  were  used. 

In  the  matter  of  clutches,  he  believed  that  all  clutches, 
wherever  located,  should  be  completely  enclosed.  The  same 
rule  should  apply  to  them  that  was  applied  to  set  screws,  and 
this  same  doctrine  applied,  in  his  judgment,  to  a  majority  of 
couplings. 

The  one  problem  that  they  had  to  contend  with  was  the 
matter    of    protecting    horizontal    shafting.      A    condition    in 
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Fig.  1    Guards  for  Gin  Lineshapt 

cotton  oil  mills  and  gins  made  it  almost  impossible  to  apply 
standard  guards  as  specified  under  Classes  A  and  B,  and 
handrails  must  be  relied  upon  to  eliminate  the  hazard.  In  a 
cotton  gin,  for  instance,  the  liueshaft  would  be  in  the  basement 
and  approximately  40  ft.  long,  with  some  12  or  14  pulleys, 
averaging  about  30  in.  in  size.  The  pulleys  would  all  be 
equipped  with  idlers,  and  to  place  a  handrail  with  a  standard 
clearance  of  5  in.  from  points  of  contact  would  make  it  impos- 
sible for  the  oiler  to  get  to  the  bearings  from  the  outside  of  the 
fence;  likewise,  belting  one  of  the  pulleys  through  a  fence  of 
15  in.  would  be  a  very  cumbersome  job. 

The  common  thing  had  been  to  put  a  gate  at  the  edge  of  the 
fence  or  handrail,  and  the  oiler,  and  others  who  had  some 
operation  to  perform  along  the  shafting,  went  down  between 
the  handrail  and  the  moving  parts.  In  fact,  the  belting  was 
done  from  there  and  in  many  cases  there  was  a  tendency  to 
crawl  through  the  handrail  and  go  under  or  over  the  shaft  as 
the  case  might  be. 

Experiment  with  this  proposition  had  shown  that  the  belting 
and  the  oiling  could  be  done  from  outside  the  guard,  provided 
it  was  placed  about  8  in.  from  the  points  of  contact  of  the 
pulley.  In  fact,  the  gin  men  and  the  oil-mill  men  said  that 
they  belted  with  more  ease  following  this  method.  To  over- 
come the  feature  of  crawling  through  the  fence,  it  had  been 
constructed  48  in.  high,  and  made  with  four  rails  instead  of 


two.  Through  this  operation,  all  the  serious  accidents  that 
had  been  occurring  in  the  State  in  years  i)ast  had  been 
eliminated. 

Argument  had  been  advanced  tliat  this  guard  could  be  built 
around  the  pulleys,  but  too  much  care  could  not  be  taken  about 
constructing  as  little  of  this  mechanism  around  the  shafting 
as  possible.  For  this  reason,  they  did  not  like  the  idea  of 
building  around  each  individual  pulley ;  then,  too,  this  reason 
did  not  apply  in  the  case  of  overhead  runways,  and  it  seemed 
inconsistent  to  require  it  on  gi'ound-floor  shafting.  Fig.  1 
showed  their  method  of  guarding  a  gin  lineshaft.  At  the 
passageway's  the  guard  had  to  be  closed  uji  where  the  pulley 
was  closer  than  15  in. 

He  thought  it  would  be  beneficial  to  specify  the  weights 
and  grade  of  filler  to  be  used.  Employers  invariably  allowed 
their  economy  ideas  to  prevail,  with  the  result  that  galvanized 
wire  mesh  and  things  of  that  kind  of  very  little  weight  were 
used.  This  has  had  a  disastrous  effect,  because  of  lack  of 
durability,  damaged  parts  causing  raw  edges.  They  were  now 
specifying  18  gage  steelcrete  with  %-in.  mesh,  or  13  gage  with 
•'4-in.  mesh,  or  diamond  wire  mesh  of  these  weights  and  sizes, 
with  very  good  results. 

Specifications  along  construction  lines  should  he  incor- 
porated in  the  specifications  in  Class  A  and  B  guards. 
Employers  should  be  cautioned  to  construct  the  guards  so  as 
to  leave  the  bearings  outside  the  guard,  and  where  this  was 
impossible,  the  bearings  should  be  tapped  and  equipped  with 
extension  oilers,  extending  outside  the  guard.  Again,  special 
caution  should  be  given  that  where  these  close  guards  were 
made,  doors  full  length  of  the  guard,  allowing  the  employees 
access  when  necessary  to  make  repairs,  should  be  provided. 
To  further  carry  out  this  idea  of  repairs,  where  it  was  neces- 
sary floor  sockets  should  be  provided  so  as  to  make  the  guards 
easily  removable.  These  sockets  should  be  not  less  than  16  in. 
deep,  with  %-in.  walls  and  a  3y2-in.  base  %  in.  thick.  On  this 
point,  in  dealing  with  food-producing  establishments,  stress 
should  be  laid  upon  the  necessity  of  leaving  one  side  of  this 
socket  open  so  as  to  afford  cleanliness.  Also  it  should  be 
specified  that  the  filler,  where  used  on  1%-in.  standard  pipe 
should  be  constructed  on  an  independent  frame  of  not  less 
than  1-in.  channel  iron  secured  to  the  iron  pipe  in  a  substantial 
manner. 

A  thing  tliat  seemed  to  have  been  overlooked  in  the  specifica- 
tions was  a  standard  upright  guard  in  front  of  high-speed 
belts  at  passageways,  and  this  applied  particularly  at  floor 
passageways.  They  had  used  two  tyjies  of  guard  for  pro- 
tecting this,  one  type  being  iron  pipe  of  various  dimensions, 
setting  it  in  concrete  in  the  floor  and  extending  it  to  the  ceiling 
or  sirpporting  it  from  the  wall  back  of  the  guard.  Another 
was  to  use  angle-iron  frames  filled  in  with  very  heavy  sheet 
metal  or  boiler  iron.  In  one  plant  the  generator  belts  were 
protected  with  4-in.  iron  pipe  set  in  3  ft.  of  concrete,  using 
five  pipes  in  front  of  each  belt.  These  belts  broke  frequently, 
and  the  guard  served  as  a  perfect  protection.  In  other  places 
of  lighter  belts  of  less  speed,  they  were  using  the  angle-iron 
frames. 

C.  A.  Tatum '  wrote  that  it  was  important  that  standards  be 
defined  on  conditions  effecting  the  safety  of  machine  operation, 
and  also  for  the  purpose  of  arriving  at  a  fLxed  basis  or  practice 
for  insurance  purposes  as  well. 

The  matter  of  friction  drives  had  also  been  overlooked  in 
the   Code.      They  were   using   a   complete   enclosure  for  this 
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type  of  drive,  made  on  a  frame  of  1%  x  I14  x  3-16-in.  angle 
filled  in  witli  18-gage  V2-i"--™*-'*h  expanded  metal,  or  '20-gage 
sheet  metal.  This  was  the  general  type  of  guard.  In  other 
cases  they  were  using  a  band  guard  of  cast  iron  extending  clear 
around  the  friction  and  flanged  down  on  both  sides  beyond  the 
points  of  contact.  They  were  using  16-gage  metal  in  most 
eases,  reinforced  with  Va-in.  strap  iron. 

Another  thing  they  had  found  almost  imperative  was  that 
solid  enclosures  for  couplings,  dead-shaft  ends  and  things  of 
that  kind  should  be  independently  supported  so  as  not  to 
revolve  with  the  moving  parts.  Where  these  guards  were  so 
constructed  that  they  revolved  with  the  moving  parts,  they 
created  a  hazard  in  themselves. 

Referring  to  Par.  11,  the  insurance  rating  schedule  took  no 
consideration  of  the  speed  of  the  belts,  chaiging  for  a  2-in. 
hack-saw  drive  the  same  as  a  42-in.  counter  at  7000  ft.  per  min. 
and  making  the  same  requirement  in  each  case.  Belts  over  a 
certain  weight  and  speed  could  not  be  protected  by  the  ordi- 
nary guard  from  the  dangers  incident  to  breaking,  but  this 
danger  would  rather  be  increased  in  the  event  of  a  break  by  the 
presence  of  either  woodwork  or  fabricated  steel  used  as  a 
guard ;  and  it  was  his  opinion  in  cases  of  this  nature  that  the 
standard  handrails,  properly  located,  should  be  employed 
instead  of  trough  guards  or  housings.  A  condition  prevailed 
in  the  South  in  cottonseed-oil  mills,  of  which  there  were  a  large 
number,  where  the  drive  of  the  attrition  mill  using  two  8-in. 
belts  to  disks  moving  opposite  it,  required  8-in.  belts  at  about 
7000  ft.  speed,  and  in  which  the  most  practical  method  of 
protection  would  be  to  use  the  hand  rails  shown  in  Fig.  44,  of 
the  proposed  Code.  The  trough  guards  or  a  solid  enclosure 
would  increase  the  hazard  on  account  of  the  necessity  of  a 
number  of  employees  always  being  engaged  in  the  vicinity  of 
the  machine. 

With  regard  to  Par.  29,  set  screws  employed  to  secure 
pulleys  could  not  be  of  the  safety  type,  and  it  was  necessary 
that  exceptions  be  made  in  eases  of  this  kind ;  but  it  should  be 
required  that  a  cover  be  used,  which  might  be  either  of  a 
turned  wooden  block  properly  secured,  or  a  leather  strip 
wound  around  the  hub  to  the  height  of  the  screw,  and  made 
secure. 

Referring  to  Par.  39,  an  effective  signal  system  should  be 
required  in  all  plants  where  machinery  was  in  group  drive, 
and  fixed  rules  should  be  established  for  the  use  of  these 
signals.  Negligence  on  this  jioint  had  caused  a  large  per- 
centage of  the  serious  accidents  in  the  industries.  The  com- 
pensation rating  schedule  took  no  cognizance  of  a  signal 
system,  but  it  was  his  opinion  that  in  many  plants  the  impor- 
tance of  a  well-laid-out  signal  system,  with  defined  rules  of 
ojieration,  was  such  that  it  would  be  entitled  to  a  substantial 
credit  on  the  plant.  It  should  carry  about  the  same  value  as 
the  stop-and-start  device  or  ten-machine  limit  on  group  drives. 
Par.  34,  should  be  a  companion  charge  or  credit,  with  a  stop- 
and-start  device  on  machinery. 

Par.  40  dealt  with  an  important  feature  in  any  plant,  and  it 
should  be  made  requisite  that  the  same  record  of  inspection  of 
improvements  be  kept  on  transmissions  as  on  the  individual 
machines. 

Henry  A.  Hale,  Jr.,'  recommended  the  following  changes  in 
the  Code  to  make  it  harmonious  with  the  safety  standards  now 
recognized  by  practically  all  companies  writing  workmen's 
compensation  and  liability  insurance  throughout  the  United 
States: 

Par.  2,  Line  2,  to  read :     "  Guarded  part  is  less  than  4  in., 

*  America  Mutual  Liability  Insurance  Co.,  Boston,  Mass. 


etc.,"  the  assumption  being  that  a  person's  finger  cannot  project 
more  tlian  4  in.  and  become  injured,  through  a  substantial 
guard  that  will  not  admit  objects  larger  than  2  in. 

Par.  3,  Line  2,  to  read:  "Guarded  part  is  4  in.  or  more, 
etc.,"  this  change  being  explained  as  above. 

Par.  4,  Line  3,  to  read :  "  Extreme  parts  within  6  ft.  of 
floor,  a  handrail  36  in.  in  height,"  this  standard  being  recog- 
nized by  the  insurance  companies  as  affording  adequate  pro- 
tection. 

Par.  4,  Line  5,  to  read :  "  Supported  at  least  every  8  ft.,  of 
substantial  and  rigid  construction,  with  no  sharp  points  or 
edges."  With  this  definition  it  appeared  that  Pars.  5,  6  and 
7  were  entirely  superfluous.  The  dimensions  mentioned  in 
these  paragrajdis  did  not  contribute  to  the  effectiveness  of  the 
guard  unless  the  work  of  construction  and  erection  was  prop- 
erly executed.  The  dimensions  of  materials  used  should  there- 
fore be  left  to  the  discretion  of  the  one  who  designed  or  erected 
the  railing. 

Pars.  9,  11,  12,  13,  14  and  15  to  be  supplemented  by  the 
following: 

"Belts  (chain,  rope)  shall  be  completely  enclosed  or  effect- 
ively guarded.  Guards  shall  be  of  substantial  construction, 
securely  fastened  in  place  and  of  such  size  and  arrangement 
that  a  hand  or  other  part  of  the  body  cannot  project  through, 
over,  around  or  underneath  guard,  and  be  caught  at  point  of 
contact  of  belt  and  pulley,  or  between  spokes  and  pulley  and 
adjacent  framework  or  other  fixed  part. 

"  If  the  point  of  contact  of  belt  and  pulley  is  within  6  ft.  of 
floor  or  platform  level,  a  guard  shall  be  provided,  the  top  edge 
of  which,  if  higher  than  the  point  of  contact,  shall  not  be  less 
than  15  in.  fmni  such  point  of  contact.'  but  in  no  case  need  the 
guard  be  higher  than  6  ft.  from  floor  or  platform,  nor  shall  it 
be  less  than  36  in.  in  height. 

"  If  the  top  edge  of  guard  is  lower  than  the  point  of  contact 
of  belt  and  pulley  located  within  6  ft.  of  floor  or  (ilatform  shall 
be  considered  as  standard  if  consisting  of  a  double  railing 
36  in.  in  height. 

"  If  the  point  of  contact  of  a  vertical  and  inclined  belt  arid 
Iiulley  is  more  than  6  ft.  above  the  floor  or  platform,  guard 
shall  be  36  in.  in  height  with  the  top  edge  not  less  than  3  in. 
nor  more  than  15  in.  (measured  horizontally)  from  the  vertical 
projection  of  all  portions  of  the  belt  and  pulley  within  6  ft.  of 
floor  or  platform  level. 

"  Where  pulleys  are  of  such  dimensions  and  so  located  as  to 
permit  passage  between  upper  and  lower  part  of  belt,  standard 
railing  shall  be  provided  and  a  substantial  passageway, 
guarded  on  sides  and  top,  shall  be  constructed,  or  space, 
traversed  by  belt,  shall  be  completely  barred  against  passage. 

"  Overhead  belts,  with  lower  part  7  ft.  or  less  from  floor  or 
platform  level,  shall  be  guarded  on  sides  and  bottom,  or  space 
underneath  belts  to  be  railed  off  to  avoid  use  for  passageway 
or  storage." 

It  was  inadvisable  to  use  a  railing  for  a  guard  in  connection 
with  rope  ti-ansmission,  except  in  some  cases  along  the  sides 
of  a  horizontal  drive,  as  in  many  instances  a  broken  rope  had 
become  entangled  in  a  railing  guard,  causing  considerable 
havoc. 

In  Par.  11  an  exception  was  provided  to  the  effect  that 
guards  were  not  required  on  belts  "  transmitting  so  little 
power  that  accidental  contact  therewith  could  cause  no  acci- 
dent." This  vague  expression  was  very  misleading,  for  he 
could  not  conceive  of  any  equipment  that  would  come  under 

-  Mt  Is  undesirable  to  locate  a  guard  more  than  ITt  in.  (measured 
horizontally)  from  a  moving  part  and  thereby  permit  persons  to  get 
between  the  guard  and  danger  point. 
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this  caption.  For  example,  a  %-in.-diameter  belt  on  a  sewing 
machine  had  caused  an  injury  to  a  female  employee  costing 
the  insurance  carrier  $9500  to  settle.  While  he  would  not 
recommend  that  all  %-in.  belts  should  be  guarded,  yet  some 
definite  width  or  diameter  of  belt  should  be  expressly  men- 
tioned as  a  minimum  where  guarding  was  required. 

In  Par.  16,  if  the  tloor  of  a  wagon  was  to  be  considered  as  a 
working  platform,  were  we  not  permitting  a  railing  on  wagon 
floor  to  serve  as  a  guard  in  accordance  with  Par.  15? 

Pars.  24,  25.  26  and  27,  Mr.  Hale  recommended,  should  be 
replaced  by  the  following  substitute:  "All  couplings  within 
7  ft.  of  the  floor  or  working  platform  or  within  36  in.  of  a 
bearing  shall  be  concentric  with  the  shafting  and  guarded  as 
follows:  Dangerous  projections  shall  be  completely  enclosed 
or  guarded  in  such  a  manner  as  will  prevent  the  clothing  of 
persons  from  being  caught  thereon." 

In  Par.  34,  Line  2,  the  words  "  to  stop  immediately  all 
power-transmission  equipment  "  were  objectionable,  and  as  a 


substitute  the  following  was  recommended :  "  To  disengage 
the  power  driving  all  engine-stop  systems."  To  his  knowledge 
there  was  no  means  of  stopping  all  the  power-transmission 
equipment  "  immediately  "  or  "  instantly  "  without  inflicting 
considerable  damage.  Reference  to  "  locking  in  stop  position  " 
should  be  confined  to  clutches  and  tight-  and  loose-pulley 
equipment. 

Par.  41  permitted  removal  of  guards  for  repairs  and  adjust- 
ments, while  Par.  42  stated  that  guards  should  not  be  removed. 
This  inconsistency  should  be  corrected. 

In  conclusion,  he  recommended  that  action  in  adopting  any 
code  of  standards  for  power-transmission  machinery  should  be 
deferred  at  this  time.  There  was  an  urgent  need  of  harmon- 
izing so  far  as  possible,  the  code  that  might  be  adopted  by  the 
Society  with  other  standard  codes  now  in  force,  and  it  would 
appear  that  ample  deliberation  in  this  connection  would  tend 
to  eliminate  unnecessary  waste  and  confusion  by  giving  a  little 
more  time  for  careful  consideration  of  the  draft  submitted. 
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Strength  of  Boiler  Furnaces 

To  THE  Editor: 

In  reply  to  Mr.  H.  J.  Vander  Eb's  comments  published 
in  the  February,  1917,  issue  of  The  JouRX.-iL  upon  my  com- 
munication on  the  Strength  of  Boiler  Furnaces  which  appeared 
in  the  October,  1916,  issue,  the  point  I  wished  to  bring  out  was 
the  undesirability  of  a  lap  joint,  and  my  discussion  was  leveled 
at  the  A.S.M.E.  Boiler  Code  rule  only,  inasmuch  as  it  permits 
■a  lap  joint.  I  would  like  to  see  some  criticism  of  the  theory 
-I  suggested  in  the  August,  1916,  issue  of  the  Journal  of  the 
American  Society  of  Naval  Engineers,  on  page  729,  because, 
failing  that,  1  maintain  that  a  lap  joint  in  a  cylinder  sub- 
jected to  external  pressure  is  far  weaker  tluin  it  has  been 
hitherto  supposed  to  be,  and  therefore  all  rules  permitting  it 
are  bad.  Interest  centers  round  the  A.S.M.E.  Boiler  Code 
rule  as  being  probably  the  most  influential  one  in  the 
future. 

Regarding  tlie  points  raised   by   Mr.   Vander  Eb: 

1  Fairhairn's  Bide.  This  was  taken  because  of  its  in- 
terest as  the  parent  formula.  It  is  customary  to  consider  this 
as  applying  to  jointless  flues  (if  used  at  all).  A  careful 
perusal  of  Fairhairn's  original  papei-  prohibts  its  use  for 
a  lap  joint.  It  is  true  Fairbairn  used  joints  brazed  and 
riveted,  but  it  is  equally  sure  that  he  regarded  them  as  very 
different  from  a  conventional  lap  joint.  They  were  probably 
spliced  joints  and  carefully  brought  to  a  true  circle.  As 
proof  of  this,  note  that  Experiment  23  was  an  ordinari/  lap 
joint  and  that  Experiment  4  was  a  single-strap  butt  joint.  The 
relative  strengths  of  these  two  joints  w-ere  in  the  ratio 
69.3 :  100. 

In  using  results  for  the  calculation  of  constant  in  formula. 
Experiment  23  is  ignored  bid  24  is  taken.  Apart  from  this 
convincing  fact,  the  phraseology  often  shows  Fairhairn's  clear 
conception  of  the  importance  of  circularity. 

I  agree  with  Mr.  Vander  Eb's  criticism  of  Fairhairn's 
fformula.     I  think  this  is  generally  admitted. 


2  Kutton's  Rule.  As  this  rule  is  closely  allied  to  Fair- 
hairn's, it  is  presumably  intended  for  jointless  flues  (or  truly 
circular  flues,  which  are  nearly  equivalent),  ] lending  more  defl- 
nite  evidence  to  the  contrary.  The  fact  that  it  is  sometimes 
used  for  lap-jointed  flues  simply  results  in  a  smaller  factor 
of  safety  than  is  supposed  to  exist. 

3  Regarding  the  supposed  unfavorable  dimensions  of  the 
particular  concrete  case  I  took,  it  was  the  failure  of  this 
actual  flue,  due  to  buckling  just  outside  the  lap  joint,  that 
caused  me  to  investigate  the  action  of  tlie  joint  analytically 
and,  incidentally,  to  compare  a  few  formulae. 

4  My  application  of  the  German  Government  rule  was 
incorrect.     I   accept  Mr.   Vander  Eb's  correction. 

5  I  have  never  found  any  authority  for  using  Lloyd's 
rule  on  lap-jointed  flues.  The  fact  that  this  is  done  in  some 
instances  merely  goes  to  show  the  need  of  definite  regulations 
in  the  matter  to  prevent  appropriation  of  part  of  factor  of 
safety. 

6  Board  of  Trade  Bide.  I  regret  omitting  to  increase  the 
constant  by  10  per  cent  to  allow  for  steel  instead  of  wrought 
iron.  This,  however,  will  not  cheek  with  Mr.  Vander  Eb's 
figure.  My  allowing  for  a  single-riveted  lap  joint  was  quite 
correct,  as  the  constant  I  took  was  for  a  double-riveted  joint, 
which  necessitated  a  reduction  in  the  ratio  of  the  supposed 
efficiencies.  The  several  sources  of  information  I  consulted 
did  not  give  a  constant  for  a  single-riveted  lap  joint. 

7  The  fact  that  Boiler  Code  rule  takes  into  account  the 
full  length  of  the  flue  instead  of  separate  sections,  as  some 
formulffi  do,  is  admittedly  in  its  favor  whei'e  such  conditions 
exist.  Where  such  conditions  do  not  exist  it  is  rather. pointless 
to  argue  what  would  happen  if  they  did  exist.  Ultraconseiva- 
tism  rmder  one  set  of  conditions  is  no  offset  for  shortcomings 
under  other  conditions. 

I  wish  again  to  emphasize  the  weakness  of  a  lap  joint.  I 
believe  all  formnte  which  permit  lap  joints  result  in  giving 
a  much  smaller  factor  of  safety  than  is  commonly  supposed. 
I  should  very  much  like  to  see  a  discussion  on  the  theory  I 
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suggest,  as  hitherto  we  have  looked  upon  the  action  in  a  lap 
joint  as  somewhat  obscure  from  an  analytical  standpoint  and 
not  lending  itself  to  definite  analysis. 

Until  a  fallacy  in  my  theory  is  found  I  hold  the  opinion 
that  a  lap  joint  is  capable  of  being  analyzed,  or  at  least  that 
we  can  figure  a  certain  condition  that  the  actual  state  of  af- 
fairs is  equal  to  or  worse.  Moreover,  this  condition  is  sur- 
prisingly bad. 

It  is  important  to  note  that  where  a  formula  does  not  per- 
mit of  a  lap  joint,  and  an  adjustment  is  made  according  to  the 
conventional  theory  for  lap  joints,  as  was  done  in  the  first 


part  of  my  A.S.N. E.  paper,  the  results  are  very  questionable. 
The  absurdity  of  the  orthodox  theory  is  grasped  when  it  is 
considered  that  if  the  rivets  fill  the  holes  perfectly  the  effici- 
ency will  come  close  to  100  per  cent  when  the  joint  is  in 
compression.  Actually  I  have  shown  that  the  joint  proper 
may  be  left  almost  out  of  the  question,  as  the  weak  spot  is 
just  where  lapping  begins.  This  is  a  well-known  fact  ex])eri- 
mentally,  as  the  double  thickness  of  the  plate  remains  intact, 
the  buckling  occurring  just  where  this  leaves  off. 

John  Airey. 
Chicago,  111. 
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rHE  Boiler  Code  Committee  meets  monthly  for  the  purpose 
of  considering  communications  relative  to  the  Boiler  Code. 
Any  one  desiring  information  as  to  the  application  of  the  Code  is 
requested  to  communicate  ivith  the  Secretary  of  the  Committee, 
Mr.  C.  W.  Obert,  29  West  39th  St.,  New  York  City.  ■ 

The  procedure  of  the  Committee  in  handling  the  cases  is 
as  follows :  All  inquiries  must  be  in  written  form  before  they 
are  accepted  for  consideration.  Copies  are  sent  by  the  Secre- 
tary of  the  Committee  to  all  of  the  members  of  the  Committee. 
The  interpretation,  in  the  form  of  a  reply,  is  then  prepared 
by  the  Committee  and  passed  upon  at  a  regular  meeting,  of 
the  Committee.  This  interpretation  is  later  submitted  to  the 
Council  of  the  Society  for  approval,  after  which  it  is  issued 
to  the  inquirer  and  simultaneously  published  in  The  Journal. 
in  order  tliat  anyone  interested  may  reailily  secure  the  latest 
information  concerning  the  interpretation. 

Below  are  given  the  interpretations  of  the  Committee  as 
approved  by  the  Council  on  April  19-20,  1917,  in  Cases  Xos. 
146  to  152  inclusive.  In  this  report,  as  previously,  the  names 
of  inquirers  have  been  omitted. 

Case  No.  146 

Inquiry:  Is  it  necessary  under  the  requirements  of  the 
Boiler  Code  that  pressed  steel  manhole  plates  shall  be  stamped 
as  to  the  quality  of  the  steel,  heat  number  and  tensile  strength 
provided  they  are  ordered  flange  or  firebox  steel? 

Reply:  The  rules  of  the  Boiler  Code  do  not  specify  that 
pressed  steel  used  for  manhole  plates  should  be  stamped.  The 
plates  to  be  so  stamped  are  specified  in  Par.  .36  of  the  Code. 

Case  No.  147 

Inquiry:  What  is  the  correct  location  for  the  bottom  gage 
cock  in  a  vertical  tubular  boiler?  One-third  the  length  of  the 
tubes  above  the  top  of  the  lower  tube  sheet  is  found  to  be  too 
short  for  short  tubes  and  too  long  for  long  tubes. 

Reply:  It  is  the  opinion  of  the  Committee  that  this  inquiry 
is  answered  by  Case  No.  86.  In  the  revised  Code  the  fusible 
plug  limits  given  in  Par.  430  of  the  Boiler  Code  will  be  esta- 
iished  as  the  lowest  permissible  water  levels  for  the  various 
tyiies  of  boilers. 

Case  No.  148 

Inquiry:  Will  the  design  of  steel  handhole  cap  for  use  in 
water  tube  boilers  of  the  waterleg  type,  shown  in  Fig.  7,  meet 
with  the  approval  of  the  Boiler  Code  Committee?  This  ca)) 
requires  no  gasket  to  make  it  tight,  being  inserted  in  the  liole. 
from  the  inside  of  the  waterleg  and  expanded  from  the  outside 
with    a   special   expanding   tool,   which    is   also    used    foi'    the 


purpose  of  truing  up  the  holes,  making  them  standard  size 
and  slightly  tapering  from  the  inside  outward. 

Reply:  The  Committee  has  decided  that  it  will  not  express 
approval  of  any  specific  construction.  Attention  is  called  to 
the  fact  that  a  device  of  the  sort  should  meet  the  requirements 
of  Par.  251  which  calls  for  the  ends  of  all  tubes,  suspension 
tubes  and  nipples  when  not  beaded  to  be  flared  not  less  than 
Ys  in.  over  the  diameter  of  the  tube  hole  on  all  water  tube 
boilers  and  superheaters,  this  flare  in  the  present  instance  to 
be  on  the  pressure  side  of  the  plate.  If  the  requirements  of 
this  paragraph  are  met,  there  is  nothing  in  the  Code  to  prevent 
the  use  of  the  design,  provided  the  material  from  which  it  is 
constructed  meets  the  requirements  in  Par.  5. 


Case  No.  149 

Inquiry:  Will  the  arrangement  of  equalizer  pipe  for  double 
drum  water  tube  boilers,  shown  in  Fig.  8,  meet  with  the 
approval  of  the  Boiler  Code  Committee  for  working  pressures 
up  to  225  lb.?  The  equalizer  is  to  be  made  of  extra  heavy 
cast  iron  flanges,  the  joints  in  the  pipes  to  be  welded. 

Reply:  It  is  the  opinion  of  the  Committee  that  this  design 
will  not  be  permissible  under  Par.  277  of  the  Code. 


Case  No.  151 

Inquiry:  Are  cast  iron  dovetail  or  slip  lugs  permitted  under 
the  rules  of  the  A.S.M.E.  Boiler  Code  for  horizontal  return 
tubular  boilers? 

Reply:  It  is  the  opinion  of  the  Boiler  Code  Committee  that 
there  is  nothing  in  the  Code  to  prevent  the  use  of  this  type  of 
bracket,  provided  it  is  properly  designed  and  conforms  to 
Pars.  323.  324,  and  325,  and  is  used  only  where  cast  iron 
brackets  are  allowed. 


Case  No.  152 

Inquiry:  Is  it  necessan'  that  safety  valves  for  use  on 
industrial  steam  locomotives,  that  are  not  subject  to  federal 
inspection  or  control,  shall,  if  constructed  to  meet  the  require- 
ments of  the  A.S.M.E.  Boiler  Code,  be  fitted  with  the  lever 
specified  in  Par.  282?  It  would  appear  advisable  to  make  the 
use  of  the  lever  optional  inasnmch  as  70  or  80  per  cent  of  the 
railroad  locomotives  in  the  United  States  are  using  safety 
valves  without  levers. 

Reply:  If  the  safety  valves  referred  to  are  to  be  applied 
to  boilers  that  are  to  l)e  constructed  and  insjiected  under  the 
Boiler  Code,  it  will  be  necessary  to  apply  the  levers  and  in  all 
other  respects  conform  to  the  requirements  of  the  Code. 

Progress   of  the    Code 

Members  will  be  interested  to  know  what  progress  tlie 
Boiler  Code  has  made  in  the  various  states,  and  the  followinu- 
are  excerpts  from  a  report  made  by  Mr.  Thomas  E.  Durban. 
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chairman    of    the    administrative    council    of    The   American 
Uniform   Boiler-Law  Society,  on   that  question. 

NEW  YORK 

The  Code  Committee  of  New  York  has  formally  adopted 
the  A.S.M.E.  Code  and  reported  it  favorably  to  the  Industrial 
Commission.  The  Commission  consists  of  the  following: 
John  Mitchell,  Chairman ;  Edward  P.  Lyon,  Louis  Wiard, 
James  M.  LjTich,  and  Henry  D.  Sayer.  A  great  deal  of  the 
work  has  been  done  by  Thomas  C.  Eipper,  Deputy  Com- 
missioner, and  chairman  of  the  Committee  on  Boilers. 

Probably  no  state  will  give  the  matter  of  the  Boiler  Code 
greater  care  than  did  the  State  of  New  York.  The  Code 
Conmaission  went  up  and  down  through  the  state,  and  then 
published  a  tentative  code,  and  went  up  and  down  the  state 
again,  getting  criticisms  and  comments  on  this  code,  pur- 
suing much  the  same  course  that  the  Boiler  Code  Committee 
of  The  American  Society  of  Mechanical  Engineers  pursued 
in  its  original  work,  but  gave  the  public  greater  chance, 
perhaps,  to  criticize  and  make  suggestions  than  has  ever 
before  been  accorded.  Meetings  were  held  in  Buffalo,  Syra- 
cuse, Rochester,  Utica,  Albany  and  New  York,  and  much 
interest  was  developed  and  much  valuable  information  ob- 
tained. It  is  a  great  compliment  to  our  Committee  that,  after 
all  this  strenuous  work,  the  A.S.M.E.  Code  was  adopted 
verbatim. 

We  have  just  been  advised  by  the  State  Industrial  Com- 
mission of  New  York  that  the  Commission;  at  a  meeting  held 
June  5,  1917,  adopted  the  proposed  rules  for  boilers  in 
factories  in  the  State  of  New  York,  as  formulated  by  their 
Advisory  Committee,  effective  July  1,  1917,  new  construction, 
effective  January  1,  1918. 

MICHIGAN 

An  enabling  act  was  passed  unanimously  by  the  house 
and  senate,  and  has  been  signed  by  the  governor,  and  a  com- 
mittee will  be  appointed  to  proceed  with  the  adoption  of 
the  Code. 

In  all  the  effort  made,  the  understanding  has  been  that 
the  A.S.M.E.  Code  would  be  adopted.  It  is  reported  that  the 
Code  will  not  be  placed  in  effect  till  early  next  year. 

Great  assistance  has  been  rendered  by  Mr.  J.  C.  McCabe, 
Chief  Inspector  of  Steam  Boilers  of  the  City  of  Detroit; 
Professor  M.  E.  Cooley,  of  the  University  of  Michigan ; 
Professor  Bissell,  of  Lansing;  Mr.  E.  C.  Fisher,  of  Saginaw; 
and  Mr.  T.  H.  Hinohman,  of  Detroit. 

NEW  JERSEY 

An  enabling  act  was  passed  by  the  legislature  and  signed 
by  the  governor,  the  same  as  in  Michigan,  and  it  is  under- 
stood that  in  due  time  New  Jersey  will  issue  the  Code  and 
announce  the  date  of  its  going  into  effect. 

The  Code  wiU  be  put  into  operation  under  the  .iurisdiction 
of  Colonel  Lewis  T.  Bryant,  Commissioner  of  Labor.  A 
Board  of  Boiler  Rules  has  been  appointed  which  consists  of 
three  inspectors,  Messrs.  Case,  Scott,  and  Walker,  and  two 
appointees  from  the  community  at  large:  F.  W.  Casler,  Mem. 
Am.Soc.M.E.,  representing  the  boiler  users,  and  Frank  Van 
Winkle,  representing  the  boiler  operators. 


MINNESOTA 

Minnesota  has  issued  a  noti'-<>  through  the  duly  appointed 


representatives  of  the  Inspection  Board  of  the  state,  that  on 
and  after  January  1,  1918,  all  boilers  must  be  made  according 
to  the  A.S.M.E.  Code.  This  has  been  approved  by  the  gov- 
ernor, and  renders  the  Code  absolutely  effective  after  the 
date  mentioned. 

Much  of  the  credit  for  the  accomplishment  of  this  is  due 
to  Mr.  Max  Toltz  and  Mr.  Oliver  Crosby,  of  St.  Paul. 

MISSOURI 

The  City  of  St.  Louis  has  passed  the  Code  to  put  it  in 
operation,  as  has  also  Kansas  City,  and  it  is  understood  that 
the  City  of  St.  Joseph  is  contemplating  similar  action.  With 
the  example  set  by  these  cities,  at  the  next  meeting  of  the 
legislature  the  Code  will  probably  be  adopted  by  the  State  of 
Missouri. 

COLORADO 

The  new  Industrial  Commission  of  the  state  will  probably 
have  the  power  to  adopt  the  Code,  and  the  Boiler-Law  Society 
is  in  correspondence  with  the  Commission  at  this  time. 

CANADA 

The  Province  of  Manitoba  is  revising  its  boiler  code,  and 
expects  to  call  a  meeting  in  the  near  future  with  the  idea  of 
getting  the  cooperation  of  the  other  provinces  in  Canada,  in 
the  hope  that  a  universal  rule  can  be  made  for  Canada.  The 
Boiler-Law  Society  is  in  correspondence  with  the  various 
provinces,  and  there  has  been  expressed  a  desire  to  make  the 
A.S.M.E.  Code  operative  in  Canada.  In  this  the  Society  has 
the  strong  support  of  the  Province  of  Ontario,  which  is  one 
of  the  leading  provinces  in  Canada,  and  also  of  the  leading 
boiler  manufacturers  throughout  the  entire  Dominion. 

SUMMARY 

The  states  and  cities  in  which  the  Code  has  been  adopted 
or  is  in   process  of  adoption  are: 

New  York  Indiana 

New  Jersey  Michigan 

Pennsylvania  Wisconsin 

Ohio  Minnesota 

California 
Kansas  City  and  St.  Louis,  Missouri 
Respectfully  submitted, 

(Signed)   Thos.  E.  Durban, 

Chairman. 


An  American  Committee  of  Engineers  has  been  formed  in 
London  which  will  be  glad,  among  other  duties,  to  give  assist- 
ance to  any  American  engineers  arriving  in  England  on  any 
official  business  connected  with  the  War.  This  assistance 
would  probably  take  the  form  of  offering  advice  and  hints 
as  to  saving  time  in  approaching  British  official  departments. 

The  address  of  the  committee  is  6  Coptliall  Avenue,  Lon- 
don, E.  C,  and  the  Hon.  Secretary  is  Mr.  C.  W.  Purington. 


A  memorial  fountain  has  been  erected  in  the  old  engineering 
building  of  Tulane  University,  in  honor  of  Prof.  Heniy 
F.  Rugan,  associate  professor  of  mechanical  arts  at  the 
University  at  the  time  of  his  death,  September  3,  1916.  Mr. 
L.  W.  Zeller  made  the  presentation  speech  on  behalf  of  the 
students,  and  Prof.  W.  H.  Creighton,  dean  of  the  College 
of  Technology  of  Tulane  University,  in  accepting,  praised 
the  research  work  on  the  growth  of  cast  iron  by  Professor 
Rugan. 


SOCIETY  AFFAIRS 

A  Record  of  the  Current  Activities  of  the  Society,  Its  Members,  Council,  Committees, 

Sections  and  Student  Branches;  and  an  Account  of  Professional 

Affairs  of  Interest  to  the  Membership 


EVERYONE  is  asking  what  the  Society  is  doing  to  helji 
the  Government.  First,  a  oommittee.  consisting  of 
Messrs.  George  J.  Foran.  Chairman ;  A.  D.  Blake,  Henry  C. 
Meyer,  Jr.,  C.  M.  Allen  and  John  H.  Barr,  has  issued  a  per- 
sonal classification  sheet  to  every  member  of  the  society,  and 
the  replies  are  being  collated.  Already  four  hundred  names 
of  members  of  the  society  have  been  furnished  the  Govern- 
ment in  answer  to  specific  requests  from  the  War  Depart- 
ment. This  is  in  addition  to  the  work  of  the  Employment 
Bureau,  through  which  the  Society  gives  special  attention 
in  the  matter  of  placing  men  in  positions  in  the  industries. 

Second,  the  society  is  an  active  member  of  the  Engineering 
Committee  of  the  Advisory  Commission  of  the  National  Coun- 
cil of  Defense,  and  several  meetings  have  been  held  leading 
to  definite  and  constructive  assistance  in  the  manufacture 
of  munitions  and  in  foreseeing  the  wants  of  the  Government 
in  the  matter  of  power. 

Third,  as  has  already  been  stated,  many  of  the  members 
of  the  Society  are  ser\'ing  on  the  Engineering  Committee  of 
the  National  Research  Council,  which  is  maintained  by  the 
funds  of  the  Engineering  Foundation,  and  in  which  this 
Society  is  a  participant. 

Fourth,  as  a  result  of  the  Spring  meeting  of  the  Society,  a 
committee  has  been  appointed  by  the  Council,  with  the  Presi- 
dent as  chairman,  which  will  first  investigate  and  then  recom- 
mend to  the  Council  how  this  Society  can  best  assist  in  the 
establishment  of  a  comprehensive  system  of  the  manufacture 


of  munitions  in  the  United  States,  including  the  establishment 
of  a  Central  Bureau  for  master  gages  and  district  head- 
quarters for  copies  of  those  gages,  with  provision  for  the  com- 
parison of  working  gages  with  those  copies  of  the  master 
gages,  similar  to  what  it  is  understood  is  in  vogue  in  Canada. 

The  United  States  must  in  this  present  crisis  be  conducted 
as  one  business,  with  every  man,  woman  and  child  work- 
ing- to  a  common  end. 

In  another  column  are  given  the  appointments  on  the  Engi- 
neering Council,  and  it  is  possible  now  to  accomplish  many 
of  the  activities  which  the  engineering  profession,  as  a  whole, 
may  undertake.  A  meeting  for  the  organization  of  the  Coun- 
cil will  be  called  in  the  near  future. 

The  Society  is  also  in  conference  with  the  Adjutant-General 
of  the  State  of  New  York,  through  whose  offiee  has  been 
established  the  Resource  Mobilization  Bureau  of  the  State  of 
New  York,  and  is  prepared  to  render  similar  services  to  the 
officers  of  other  states  in  connection  with  taking  industrial 
censuses. 

The  Secretary  would  be  pleased  to  receive  suggestions  of 
ways  in  which  the  Society  can  render  further  service,  and  also 
offers  of  individual  services  in  addition  to  what  may  be 
included  in  the  personal  classification  sheets  just  issued  to 
the  membership. 

Calvin  W.  Rice, 

Secretary. 


COUNCIL  NOTES 


A  MEETING  of  the  Council  was  held  on  May  21,  in  Cin- 
cinnati, Ohio,  in  connection  with  the  Spring  Meeting.  The 
following  members  were  present:  Ira  N.  HoUis,  President, 
John  H.  Barr,  C.  H.  Benjamin,  W.  F.  M.  Goss,  James  Hart- 
ness,  Oberlin  Smith,  F.  R.  Low,  chairman  of  the  Publication 
Committee,  and  Calvin  W.  Rice,  Si'cretdry. 

Engineering  Resources.  George  J.  Foran,  chairman,  C.  M. 
Allen,  John  H.  Barr,  A.  D.  Blake  and  H.  C.  Meyer,  Jr.,  were 
appointed  a  special  committee  on  Engineering  Resources  to 
prepare  a  Personal  Classification  Sheet '  for  the  purpose  of 
putting  on  file  immediately,  classified  data  of  the  member- 
ship, to  be  of  assistance  in  placement  activities  in  the  present 
national  emergency. 

Finance  Committee.  Upon  recommendation  of  the  Finance 
Committee,  it  was  decided  to  subscribe  to  ten  thousand  dollars 
of  U.  S.  Liberty  Bonds,  taking  the  necessary  money  from 
funds  of  the  Society,  even  at  some  inconvenience. 

Engineering  Council.  Five  representatives  of  our  Society 
were  appointed  on  the  Engineering  Council,  as  follows: 
Charles  Whiting  Baker,  John  H.  Barr,  Arthur  M.  Greene,  Jr., 
Ira  N.  Hollis  and  D.  S.  Jacobus. 

Constitution  and  By-Laws.     Amendments  to  the   Constitu- 


^  This  form   has   been    sent   out   to   the    membership   during   the   past 
month. 


tion  and  By-Laws  as  presented  by  the  Committee  on  Constitu- 
tion and  By-Laws  were  referred  to  the  Business  Session  of 
the  Spring  Meeting.  These  amendments  deal  with  standing 
committees,  professional  committees,  discussion  of  jiolitieal 
matters,  and  quorum  at  Council  meetings.  They  will  be  again 
brought  up  at  the  Annual  Meeting. 

Joint  Committee  on  Terminology.  In  response  to  an  invita- 
tion from  the  National  Electric  Light  Association,  H.  C.  An- 
derson, N.  A.  Carle  and  F.  R.  Low  were  appointed  to  repre- 
sent the  Society  on  an  advisory  committee  on  Terminology. 

Sections.  The  following  e.xecutive  committees  for  the  Sec- 
tions of  Baltimore,  Indianapolis,  Kew  York  and  Toronto  were 
approved : 

Baltimore:  W.  AV.  Varney,  chairman:  L.  B.  Robertson',  vice- 
chairman;  A.  G.  Christie,  secretary;  C.  C.  Thomas,  treasurer, 
and  Wm.  Chatard,  member  executive  committee. 

Indianapolis:  W.  H.  Insley,  chairman;  L.  M.  Wainwright, 
vice-chairman;  B.  G.  Mering,  treasurer;  F.  C.  Wagner  and 
L.  W.  Wallace. 

New  York :  John  J.  Swan,  E.  J.  Prindle,  A.  D.  Blake,  J.  H. 
Norris  and  W.  H.  Greul. 

Toronto:  G.  V.  Ahara,  R.  W.  Angus,  C.  R,  Burt,  L.  H. 
Fletemever  and  C.  B.  Hamilton. 
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Student  Branches.  The  establishment  of  a  Student  branch 
at  Michigan  Agricultural  College.  East  Lansing,  Mieh..  was 
approved. 

Standardization  Committee.  Upon  recommendation  of  the 
Standardization  Committee  there  is  to  be  appointed  a  com- 
mittee on  standardization  of  small  hose  couplings,  other  than 


fire-hose  couplings.    A  committee  on  standardization  of  roller 
chains  is  also  to  be  appointed. 

A.S.M.E.  Boiler  Code.  Interpretations  in  cases  Nos.  146  to 
152  were  approved  and  ordered  published  in  The  Journal. 
They  are  included  in  this  issue. 

Calvin  W.  Rice,  Secretary. 


SPRING   MEETING   ENTERTAINMENT 


THE  entertainment  arranged  by  the  Cincinnati  Local  Com- 
mittees for  the  Spring  Meetings  of  our  Society  and  of 
the  National  Machine  Tool  Builders'  Association,  demonstrated 
alike  the  inventive  capacity  and  hosiaitality  of  Cincinnati  en- 
gineers. Event  succeeded  event  in  almost  startling  array,  and 
with  a  perfection  of  detail  such  as  only  a  master  hand  can 
give. 

THE  s>ruKEii 

Tuesday  evening  was  "  pleasure  first "  night,  with  which 
no  one  was  supposed  to  allow  any  duties  to  interfere.  It  was 
the  night  of  the  smoker,  and,  so  far  as  known,  every  engineer 
in  attendance  at  the  meeting  responded  to  the  call  to  be  at  the 
Business  Men's  Club  "  promptly  at  8  o'clock  "  to  particijiate. 
Shortly  after  arrival  the  company  formed  in  a  ]irocession, 
headed  by  President  Hollis  and  F.  A.  Geier,  and  was  conducted 
to  the  large  hall  of  the  club  by  a  fifer  and  drummers,  veterans 
of  the  Civil  War,  who  portrayed  the  "  Sjiirit  of  '76,"  as  well 
as  the  spirit  of  hospitality  of  1917.  When  in  the  hall  the 
visitors  found  themselves  facing  the  street  of  a  mining  town 
of  the  far-western  type,  realistic  in  everv'  detail.  It  proved 
to  be  Losantiville.  the  pioneer  settlement  from  which  grew  the 
city  of  Cincinnati.  Here  were  the  early  settlers  true  to  life — 
historic  characters,  all  of  them,  including  the  engineer  who 
was  to  lay  out  and  develop  the  city  that  was  to  be.  There  was 
an  attack  by  Indians,  and  then  a  peace  conference,  at  which 
the  engineer  saved  the  day  by  a  jiortrayal  of  the  possibilities 
of  the  future  for  the  community.  Peace  declared,  all  were 
invited  "  inside  "'  to  celebrate. 

The  complete  program  of  the  evening  comprised  18  numbers. 
A  band  played  spirited  music,  and  patriotism  was  cultivated 
by  a  quartet  m  khaki,  which  sang  several  national  airs  amid 
appropriate  surroundings.  There  was  a  mock  trial,  with  many 
unique  features,  including  the  musician,  who  demonstrated  that 
he  was  an  "  engineer."  and  so  eligible  for  jury  duty,  by  jday- 
ing  most  remarkably  on  the  one  string  of  a  violin  which  he 
had  constructed  of  a  "  cigar  box  and  a  broom  handle."  In 
this  and  in  the  laughable  presentation  of  the  Cincinnati  j^lan 
of  education  which  followed,  the  characteristics  of  several 
prominent  members  of  the  profession  were  portrayed  in  a 
way  that  delighted  the  audience.  The  mock  trial  was  preceded 
by  a  rapid-sketch  artist,  who  brought  into  the  limelight  several 
members  of  our  Society  and  of  the  National  Machine  Tool 
Builders'  Association. 

At  the  close  of  the  evening,  promjjtly  at  12  o'clock.  Dr. 
Hollis  was  called  to  the  stage  and  addressed  by  Chairman 
Geier,  who  expressed  the  pleasure  that  all  Cincinnati  members 
would  feel  in  presenting  him  with  a  token  of  their  esteem. 
Thereupon  H.  M.  Norris,  of  the  entertainment  committee, 
lieaded  a  procession  for  the  stage,  and  bore  a  large  vase  to 
the  platform.  But  alas !  as  the  top  step  was  reached.  Mr. 
Norris  tripped  and  fell,  the  vase  was  shattered,  and  a  look  of 
consternation  was  on  everj*  face.  Nothing  abashed,  Mr.  Geier 
stepped  forward  and  said  that  the  committee  would  now  make 
a  presentation   of  a  Cincinnati  product,  and  thereupon  gave 


Dr.   Hollis   a   bit   of  beautiful   Rookwood   pottery,   a   framed 
plaque  representing  a  woods  scene  in  the  vicinity. 

X  boimteous  repast — no  mere  luncheon— was  sened  during 
the  evening;  and  at  intervals  the  hall  was  made  beautiful  by 
remarkable  kaleidoscopic  lighting  effects  produced  by  throw- 
ing lights  against  slowly  rotating  colored  balls  with  myriads 
of  reflecting  surfaces. 

ENTERTAIXJIEXT  FOR  THE   LADIES 

While  the  men  were  at  the  smoker  the  ladies  were  not  for- 
gotten, for  they  were  asked  to  assemble  in  the  small  ballroom 
of  the  Hotel  Sinton  to  witness  a  performance  under  the  direc- 
tion of  Helen  Schuster-Martin,  Managing  Director  of  The 
Little  Playhouse  Com]3any,  Cincinnati.  Two  plays  were 
given,  '•  The  Maker  of  Dreams,"  by  Oliphant  Downs,  and 
"  How  He  Lied  to  Her  Husband,"  by  Bernard  Shaw.  These 
were  followed  by  a  dancing  pantomime. 

The  ladies'  committee,  of  which  Mrs.  R.  K.  LeBlond  was 
chairman,  issued  a  very  attractive  program  for  the  occasion. 

In  many  ways  throughout  the  meeting  the  stay  of  the  ladies 
in  Cincinnati  was  made  pleasant  for  them  through  their  gra- 
cious reception  by  the  Cincinnati  ladies.  For  Monday  visits 
were  ijlanned  to  the  wonderful  new  city  hospital  and  to  the 
Woman's  Club.  On  Tuesday  was  an  excursion  to  Rookwood 
Pottery  and  the  Art  Museum,  and  in  the  afternoon  an  auto- 
mobile ride  to  Fort  Thomas  and  tea  at  Hotel  Altamont.  Tues- 
day was  styled  "  Ladies'  Day."  It  was.  indeed,  a  day  of  pleas- 
ure for  the  visiting  ladies. 

On  Wednesday  and  Thursday  were  other  excursions,  shop- 
ping trijis,  automobile  rides,  etc.,  in  addition  to  the  events  in 
which  both  men  and  women  participated. 

BO.VT   TItIP   AND   AITOMOUILE    KIDKS 

On  Wednesday  all  went  on  the  Island  Queen  to  Fernbank 
Dam  and  back,  and  enjoyed  a  deliglitful  afternoon.  Tiie  spa- 
cio\is  dancing  floor  of  the  large  boat  was  well  patronized,  and 
there  was  an  amusing  Cakewalk  competition  by  three  "  darky  " 
couples  engaged  for  the  occasion,  who  did  the  stunt  in  true 
Southern  fashion.  Prizes  were  awarded  according  to  the 
amount  of  applause. 

On  Thursday  afternoon  there  was  a  procession  of  160  auto- 
mobiles bearing  the  party  for  an  afternoon's  outing,  and,  as 
some  one  remarked,  "  Not  a  "  flivver  "  among  them."  Two 
service  automobiles  accompanied  the  party.  They  were  not 
needed,  but  their  presence  indicated  the  extreme  care  that  was 
being  given  by  the  local  committees  for  every  detail.  The  ladies 
had  had  luncheon  at  the  Zoological  Garden,  where  they  were 
met  by  the  men.  and  from  where  all  went  to  the  Country  Club 
for  tea.  A  considerable  number  also  were  taken  on  rides  on 
Fi-iday  afternoon. 

VISIT.S   TO   SHOPS 

For  the  engineers  present,  one  of  the  great  features  was  the 
opportunity  of  visiting  the  shops  of  the  city,  so  many  of  which 
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have  new  and  modern  structures.  Tlie  development  of  these 
shops  in  output  and  in  progressive  methods  during  the  past 
few  years  lias  been  very  noteworthy. 

As  a  courtesy  on  the  ])art  of  the  Lunkenheinier  ( 'ompany, 
a  very  handsome  souvenir  was  distributed  in  the  form  of  a 
paperweight  liearing  the  American  eagle  mounted  on  a  flag- 
decorated  standard.  Not  only  was  this  an  attractive  gift,  but 
one  that  interested  many  because  of  the  refinements  of  pro- 
duction required  in  its  manufacture. 

WEPXK.^IiAY  kvk.\im;'s  enteutain.ment 

The  guests  who  went  to  tlie  grand  ballroom  of  tlie  Hotel 
Sinton  on  Wednesday  evening  expecting  to  participate  in  the 
usual  dance  and  reception  were  both  surprised  and  jileasantly 
disappointed.  The  dance  was  held,  it  is  true,  but  not  until  a 
most  elaborate  entertainment  had  been  given  on  the  ballroom 
stage.     There  was  a  series  of  finely  executed  moving  pictures 


Busines.s    Meeting   at   Cincinnati 


As  usual,  preceding  the  first  session  of  the  Spring  Meeting 
was  the  regular  business  meeting.  The  chief  item  of  business 
was  the  announcement  of  certain  projiosed  changes  in  the 
Constitution  which  will  later  l)e  submitted  to  the  membershiji 
for  letter-ballot  and  then  will  come  up  for  discussion  and  action 
at  the  next  Annual  Meeting.  These  changes  relate  to  age  limit 
for  junior  members:  reduction  in  the  number  of  Standing 
Committees;  change  in  the  number  of  members  constituting 
a  quorum  of  the  Council ;  provision  for  an  increased  number 
of  so-called  Annual  Committees;  etc. 

President  Ira  N.  Hollis  announced  that  the  Council  had 
voted  to  invest  $10,000  of  the  Society's  funds  in  a  subscrip- 
tion to  the  Liberty  Loan,  even  at  some  slight  inconvenience; 
and  that  whereas  the  Council  alone  had  authority  to  do  this. 
nevertheless  it   was  desired   to   apprise   the   meeting   of  this 


C.  Wood  Walter 


J.  B.  DOAN,  President  N.  M.  T.  B.  A. 


A.    H.    TUECHTER 


One  of  the  Pleasant  i^eatures  of  tlie  Spring  Jleftiug  was  the  Association  with  tlie  National 
Machine  Tool  Builders'  Association.  President  Doau  and  Messrs.  Geier.  Walter  .-iiid  Tuechter 
Constituted  the  N.  M.  T.  B.  A.   Executive  Committee. 


of  the  maneuvers  of  the  Ohio  cavalry  troop  on  the  Mexican 
border,  besides  pictures  of  Cincinnati  and  vicinity,  and  a  film 
prepared  specially  for  the  occasion  of  the  Cincinnati  Commit- 
tee preparing  for  the  convention.  The  finance  committee  was 
sliovvn  collecting  the  funds,  and  woe-betided  any  wealthy  man- 
ufacturer who  entered  the  room,  for  his  pockets  were  instantly 
rifled  and  his  funds  commandeered  for  the  use  of  the  com- 
mittee. In  disbursing  the  funds,  the  committee  decided  after 
their  own  manner  how  this  should  be  done,  incidentally  pocket- 
ing occasional  stray  dollars. 

There  were  music  and  professional  dancing  on  the  stage, 
and  the  entertainment  concluded  witli  an  elaborate  interpre- 
tive dance  performance  by  the  Goldenburg  Players  of  Cin- 
cinnati, This  was  the  portrayal  of  a  fanciful  tale  in  which 
children  largely  participated,  and  drew  the  enthusiastic  ap- 
plause of  the  audience.  It  was  the  most  spectacular  jierform- 
ance  of  the  whole  meeting,  and  greatly  enjoyed  and  appie- 
ciateil. 


action.  In  taking  this  action  the  Council  felt  that,  as  the 
agent  of  the  entire  Society,  it  was  voicing  the  overwhelming 
opinion  of  the  membership  in  its  desire  to  subscribe  to  the 
success  of  what  everyone  had  so  much  at  heart. 

It  was  furtiier  announced  by  President  Hollis  that  a  Com- 
mittee on  Engineering  Resources  had  been  appointed,  which 
was  about  to  issue  a  blank  to  the  membership  for  tlie  pur- 
liose  of  securing  data  upon  the  professional  experience  of 
each  member  and  his  ability  to  serve  the  Government,  should 
the  call  come  for  engineers  to  enter  Government  service.  He 
said  that  he  believed  the  country  would  not  make  the  mistake 
that  England  made  at  the  outset  of  the  war  by  sending  her 
best  industrial  men  to  the  trenches.  While  many  engineers 
would  go  into  the  Army,  and  many  of  the  graduates  of  his 
own  institution,  the  Worcester  Polytechnic  Institute,  had  al- 
ready gone  as  reserve  officers,  he  thought  every  man  in  the 
Society  ought  to  do  contentedly  and  willingly  the  thing  that 
he  was  best  adapted  to  do. 


MAJOR   GENERAL  GOETHALS  ELECTED   HONORARY  MEMBER 


To  the  list  of  illustrious  men  who  have  been  honored  by 
the  Society  there  is  added  one  more  name — that  of  Major 
General  George  W.  Goethals.  who  will  go  down  in  history  as 
the  builder  of  our  "  Big  Ditch,"  the  Panama  Canal. 

The  preeminent  gifti;  of  "  the  Colonel,"  as  thousands  of 
Canal  workers  have  known  him  affectionately  during  their 
work  on  the  Isthmus,  have  been 
demonstrated  in  many  ways 
but  most  conspicuously  in  two 
directions — first,  in  his  truly 
marvelous  capacity  for  master- 
ing and  retaining  details,  and 
second,  in  his  ability  to  win 
the  confidence  and  inspire  the 
loyalty  and  enthusiasm  of 
those  working  under  him.  He 
is  one  of  those  rare  persons 
whose  full  knowledge  of  details 
does  not  hamper  his  mental 
vision.  He  possesses  the  one 
all-necessary  gift  for  success- 
ful leadership — sagacity. 

Innumerable  sketches  of  Gen- 
eral Goethals'  life  have  been 
written,  but  the  facts  and  inci- 
dents of  a  great  career  are 
always  of  interest. 

George  W.  Goethals  was 
born  in  Brooklyn,  N.  Y..  in 
1858.  His  was  not  the  care- 
free life  of  many  a  youngster, 
for  at  eleven  years  of  age  he 
began  work  as  an  errand  boy 
in  a  broker's  office,  working 
after  school  hours  and  in  the 
evenings.  As  proof  of  bis  effi- 
ciency, at  fourteen  he  was 
cashier  and  bookkeeper  of  a 
firm.  At  this  time  he  was 
studying    in     the     College     of 

the  City  of  New  York.  His  early  ambition  was  to  be  a  doc- 
tor, and  with  this  end  in  view  he  matriculated  iit  Columbia 
University;  but  poor  health  compelled  him  to  give  up  this 
plan.  He  made  a  nimaber  of  attempts  to  get  an  appointment 
to  the  United  States  Military  Academy  at  West  Point  before 
he  was  successful.  However,  in  1876,  at  the  age  of  18,  he 
received  his  appointment,  and  under  the  strict  regime  of  that 
famous  institution  soon  regained  his  full  strength  and  health. 
He  attained  there  the  three  principal  honors  within  the  reach 
of  a  cadet :  he  stood  second  in  his  class  in  scholarship,  he  was 
chosen  as  one  of  the  four  captains  of  the  cadet  corps,  and  he 
was  elected  senior  president  of  his  class.  He  was  graduated 
in  1880,  receiving  an  appointment  as  second  lieutenant  in  the 
Corps  of  Engineers.  In  1885  he  returned  to  West  Point  and 
served  as  assistant  professor  of  military  engineering  until 
1888. 

He  gained  his  practical  experience  for  the  great  task  of 
Panama  by  hard  work  and  tireless  energy.  Among  his  most 
important  tasks  were  the  construction  of  dams,  canals  and 
locks  at  Mussel  Shoals  in  tlie  Tennessee  River,  and  the  extensive 
fortification  and  harbor  work  at  Newport,  R.  I.     In  1903  he 


was  called  to  Washington  as  a  member  of  the  General  Staff, 
one  of  the  first  engineers  to  be  so  ap]iointed. 

It  was  in  1903  also  that  he  was  appointed  chairman  as  well 
as  chief  engineer  of  a  new  commission — composed  on  its 
technical  side  of  army  and  navy  officers — for  the  comjiletion 
of  tlie  Panama  Canal. 

His  work  on  the  Canal  is 
distinguished  by  its  signal 
etiticiency.  Everyone  on  the 
Isthmus  worked  hard,  but  none 
worked  harder  than  did  "  the 
Colonel."  He  stopped  work  at 
night  only  to  sleep,  and  some- 
times, in  his  own  phrase,  he 
'■  look  the  Canal  to  bed  with 
liim." 

If  there  was  anything  more 
wonderful  on  the  Isthmus  than 
the  efiiciency  of  the  force  that 
was  building  the  Canal,  it  was 
its  esprit  de  corps.  Everybody 
from  "  the  Colonel  "  down  and 
back  again  believed  in  the 
Canal,  loved  the  Canal  and 
fought  the  great  fight  that 
made  the  Canal  a  reality.  To- 
ward his  fellow-workers  his 
motto  was,  "  Be  considerate, 
just  and  fair  with  them  in  all 
dealings,  treating  them  as  fel- 
low-members of  the  great 
brotherhood  of  humanity." 

"  Tell  the  Colonel,"  was  the 
characteristic  refrain  of  a  pop- 
ular song  on  the  Isthmus,  and 
everyone  proceeded  with  his 
grievance,  problem  or  sugges- 
tion to  follow  that  rule.  In  turn 
they  received  ungTudging  jus- 
tice, all-around  helpfulness  and 
cordial  recognition.  The  building  of  the  Panama  Canal  will 
always  stand  as  a  monument  of  fame  to  "  the  Colonel." 

In  1913  the  degree  of  LL.D  was  conferred  on  him  by  the 
University  of  Pennsylvania.  In  the  spring  of  1914  he  was 
awarded  medals  by  the  National  Geographic  Society,  the  Civic 
Forum  (New  York),,  and  the  National  Institute  of  Social 
Sciences.  Late  in  1913  and  early  in  1914  he  was  in  demand 
for  various  administrative  positions,  declining  the  police  com- 
missionership  of  New  York  City,  offered  to  him  by  Mayor 
Mitchel  and  the  "  city  managership  "  of  Dayton,  Ohio.  On 
Februan^  3,  1914,  he  was  appointed  by  President  Wilson  the 
first  civil  governor  of  the  Panama  Canal  Zone.  By  act  of 
Congress,  March,  1915,  he  was  made  Major  General.  On  June 
11th  of  this  year  Rutgers  College  conferred  on  him  the  hon- 
orary degree  of  Doctor  of  Science. 

Though  appreciative  of  all  his  many  honors,  General 
Goethals  is  unusually  averse  to  having  any  public  recognition 
made  of  his  work,  and  finds  his  greatest  satisfaction  in  the 
completion  of  what  he  set  out  to  do. 

Just  recently,  in  April  of  this  year,  General  Goethals 
agreed  to  supervise  the  building  of  ships  authorized  by  Con- 


Cmh'ncood  and  Underifood. 

Major  General  George  W.  Goethals 
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gress  to  be  built  umler  the  United  States  Shipping  Board 
Emergency  Fleet  Corporation.  In  view  of  the  National  call 
upon  his  services  he  has  been  released  by  Governor  Edge  of 
New  Jersey  from  his  contract  to  supervise  the  $15,000,000 
expenditure  for  reconstructing  the  highways  of  that  state. 

General  Goethals'  success  is  due  to  a  few  broad,  solid  and 
simple  principles,  at  the  base  of  which  lies  the  quality  of 
loyalty.  He  believes  profoundly  in  action  and  in  taking 
responsibility.  He  believes  that  the  sense  of  duty  to  one's 
self  and  to  one's  country  should  be  the  incentive  to  achieve- 
ment— not  the  hope  of  reward  either  in  profit  or  fame. 

Formal  iiresentation  of  the  "  diploma  "  of  honorary  mem- 
bership will  be  made  at  General  Goethals'  convenience — it  is 
hoped  at  the  Annual  Meeting  in  December. 

Report  of  Nominating  Committee 

The  Secretary  announces  the  reeeij.it  of  the  report  from  the 
Nominating  Committee,  charged  with  the  duty  of  nominating 
candidates  for  offices  in  the  ensuing  year: 

June  16,  1917 
To  THE  Secretary : 

Dear  Sir — The  Nominating  Committee,  appointed  by  the 
President  to  submit  names  of  nominees  for  the  various  elective 
offices  next  falling  vacant  under  the  Constitution,  report  that 
after  considering  the  communications  from  the  membership 
and  as  a  result  of  several  meetings  of  the  committee  and  con- 
ferences with  the  Sections,  the  following  gentlemen  have  been 
selected.  The  committee  has  communicated  with  each  and  has 
their  acceptance  in  writing  of  the  nominations. 

For  President  for  one  year: 

Charles  T.  Main,  Boston,  Mass. 
For  Vice-Presidents,  for  two  years: 

Spencer  Miller,  New  York,  N.  Y. 

Max  Toltz,  St.  Paul,  Minn. 

John  Hunter,  St.  Louis,  Mo. 
For  Managers,  for  three  years: 

Fred  A.  Geier,  Cincinnati,  0. 

D.  E.  Yarnell,  Philadelphia,  Pa. 

Fred  N.  Bushnell,  Boston,  Mass. 
For  Treasurer : 

William  H.  Wiley,  New  York,  N.  Y. 

Respectfully  submitted, 

{Signed)     L.  E.  Strothman, 
Willis  H.  Carrier, 
Frederick  W.  Gay, 
a.  m.  lockett, 
Paul  B.  Morgan. 

Engineering   Council 

In  order  to  provide  cooperation  between  engineering  societies 
and  for  the  consideration  of  questions  of  general  interest  to 
engineers  and  their  relations  to  the  public,  and  to  provide  a 
means  for  united  action  upon  questions  of  common  concern 
to  engineers,  the  United  Engineering  Society  has  established 
the  Engineering  Council.  It  has  been  instituted  with  the 
A.S.C.E.,  A.I.M.E.,  A.S.M.E.  and  A.I.E.E.,  each  having  five 
representatives  upon  the  Council  and  the  United  Engineering 
Society  having  four  representatives.  Provision  lias  been  made 
for  increasing  the  number  of  Societies  represented  on  the 
Council. 

The    Council    may    speak    authoritatively    for    all    member 


societies  on  public  questions  of  a  common  interest  or  concern 
to  engineers. 

By-laws  governing  the  activities  of  the  Council  have  been 
drawn  up  and  added  as  amendments  to  the  by-laws  of  the 
United  Engineering  Society. 

The  representatives  on  the  Council  who  have  tlius  far 
been  appointed,  are  as  follows : 

American  Society  of  Civil  Engineers : 

Geo.  F.  Swain  John  D.  Galloway 

Frederick  H,  Newell  John  F.  Stevens 

Alexander  C.  Humphreys 
American  Institute  of  Electrical  Engineers: 

H.  W.  Buck  P.  Junkersfeld 

E.  W.  Rice,  Jr.  C.  E.  Skinner 

N.  A.  Carle 
American  Institute  of  Mining  Engineers: 

P.  N.  Moore  J.  Parke  Channing 

S.  J.  Jennings  Edwin  Ludlow 

B.  B.  Lawrence 
The  American  Society  of  Mechanical  Engineers: 

I.  N.  Hollis  A.  M.  Greene.  Jr. 

Charles  Whiting  Baker  D.  S.  Jacobus 

John  H.  Barr 
United  Engineering  Society: 

Clemens  Herschel  I.  E.  Moultrop 

B.  B.  Thayer  Calvert  Townley 


ROLL  OF  HONOR 

To  the  lists  already  iniblished  of  those  members  of  the 
Society  who  have  enlisted  in  the  national  service  is  added  the 
following  supplement : 

Baldwin,   Bekt   L.,   Captain,   Engineer   Officers'    Reserve  Corps.* 

Blood,   John   Balch,   First  Lieutenant,   U.   S.   S.   Nebraslsa. 

GoETZENBERGER,  RALPH  L.,  First  Lieutenant,  Ordnance,  Officers'  Re- 
serve Corps. 

HiLES,  Elmer  K..  Captain,  Fifth  Regiment,  Engineer  Officers'  Reserve 
Corps. 

Howell,  Arthur  K.,  Ordnance  Dept.,  Officers'   Reserve  Corps.* 

HuRXTHAL,  Alpheus  O.,  Lieutenant,  Ordnance,  Officers'  Reserve 
Corps.* 

Ltnde,  Charles  C,  Engineer  Officers'  Reserve  Corps  Camp  at  Ft. 
Oglethorpe,    Ga. 

Maynz,  Theodore,  Engineer  of  the  Signal  Corps,  Aviation  Depart- 
ment.* 

Meixner,  Bernard  A.,  Captain.  Quartermaster  Corps  or  Ordnance 
Dept.,    Engineer   Officers'    Reserve   Corps.* 

Morton.  Harold  S.,  Reserve  Officers'  Training  Camp  at  Fort  Snelling, 
Minn. 

Mount,  Carroll  H.,  First  Lieutenant.  Ordnance,  Officers'  Reserve 
Corps.* 

Nickekson,  Charles  W.,  Assistant  Naval  Constructor  in  the  Naval 
Coast  Defense  Reserve,  U.  S.  N.  R.  F.,  with  provisional  rank  of 
Lieutenant   (J.G.). 

Penney,  Charles  F.,  Special  Service  Engineer,  Engineer  Officers'  Re- 
serve  Corps.* 

Reed,  E.  Howard.  Lieutenant  Commander,  Torpedo  Station,  Newport, 
R.    L 

Ritter,  Ralph  B.,  First  Lieutenant,  Ordnance,  Officers'  Reserve 
Corps.* 

Roberts,  Theodore  C,  Major,   Engineer  Officers'    Reserve  Corps.* 

Shaw,   Jame.s    W.,   Captain,    Engineer   Battalion    Wis.    N.    G. 

Streeter,  Robert  L.,  Captain.  Ordnance.   Officers'   Reserve  Corps. 

Vaughan,  .\ubkey  W.,  Captain  Quartermaster  U.  S.  R.,  Asst.  to  Depot 
Quartermaster,    Boston,    Mass. 

Wagner,    Frederick    H.,    Major.    Ordnance,    Officers'    Reserve   Corps. 

Walsh,    Walter   V.,    Engineer  Officers'    Reserve   Corps.* 

Walsh,  William  F.,  Captain,  Engineer  Section,  Officers'  Reserve 
Corps. 

Zeiger.  Nelson  A..  First  Lii'iiti'iiaiit.  Ordnance.  Officers'  Reserve 
Corps. 


*  Acceptance  of  commission  pending  at  date  of  latest  list  from  War 
Department. 


CANDIDATES   FOR   MEMBERSHIP 


TO   BE   VOTED   ON  AFTER   AUGUST   10.  1917 


THE  Ameiiean  Society  of  Mechanical  Engineers  is  an 
organization  for  mutual  service  of  over  8000  engineers 
and  associates  cooperating  with  engineers.  The  membership 
of  the  Society  comprises  Honorary  Members,  Members.  As- 
sociates. Associate-Members  and  Juniors,  all  elected  by  ballot 
of  the  Council.  Application  for  membership  is  made  on  a 
regular  form  furnished  by  the  Secretary  which  provides  for  a 
statement  of  the  standing  and  professional  experience  of  the 
applicant  and  requires  references  from  voting  members  per- 
sonally aecjuainted  with  the  applicant.  The  requirements  for 
admission  to  the  various  grades  will  be  furnished  upon  re- 
quest. 

Below  is  the  list  of  candidates  who  have  filed  appUeations 
for  membership  since  the  date  of  the  last  issue  of  The  Journal. 
These   are  classified  according  to  the  grades  for  which  their 


ages  qualify  them,  and  not  with  regard  to  professional  qualifi- 
cations, i.e.,  the  ages  of  those  under  the  first  heading  place 
them  under  either  Member,  Associate  or  Associate-Member, 
those  in  the  next  class  under  Associate-Member  or  Junior, 
and  those  in  the  third  under  Junior  grade  only.  Applications 
for  change  of  grading  are  also  posted. 

The  Membership  Committee,  and  in  turn  the  Council,  urge 
the  members  to  scrutinize  this  list  with  care  and  advise  the 
Secretary  promptly  of  any  objections  to  the  candidates  posted. 
All  correspondence  in  this  regard  is  strictly  confidential.  Un- 
less objection  is  made  to  any  of  the  candidates  by  August  10, 
1917.  and  providing  satisfactory  replies  have  been  received 
from  the  recjuired  number  of  references,  they  will  be  balloted 
upon  by  the  Council.  Those  elected  will  be  notified  about 
September  15,  1917. 


NOTE.  The  Council  desires  to  impress  upon  applicants  for  membership  that  under  the  present 
national  conditions  the  procedure  of  election  of  members  may  be  somewhat  slower  than  under  normal 
conditions.  The  first  step  in  the  consideration  of  an  application  is  taken  by  the  Membership  Committee, 
and  this  committee  is  composed  of  busy  men,  with  fewer  opportunities  to  meet  together  in  these  strenuous 
times. 


NEW    APPLICATIONS 

FOB    COXSIDERATIOX    AS     MEMBER,     ASSOCIATE    OK    ASSOCIATE-MEMBER 

Alabama 

DUGGER,   Neal,  Chief  Scale  Inspector, 

Tenii.    Coal.   Iron   &   R.    R.    Co..  Ensley 

KEI.SER,    Franklin   B.,   President, 

Ki'iser-Geismer  Engineering  Co.,  Birmingham 

Arizona 

WHITE.  .ToiiN  H..  with  Ray  Consolidated  Copper  Co.,  Haydeu 

California 

SWEENEY.  Morgan  L.,  Superintendent, 

Western  Pipe  &  Steel  Co.  of  California.,  Los  .\ngeles 

Colorado 

LEHMAN,  John  L.  G.,  Mechanical  and  Structural  Designer. 

Great   AYestern   Sugar  Co.,  Denver 

Conneccirut 

BEEBE,    Robert    O.,    Director, 

Boardman   Apprentice   Shops,  New   Haven 

BIXBY,   Ezra   M.,   Chief   Draftsman,   Equipment   Engineer's    Staff, 

Winchester    Repeating    Arms    Co,,  New    Haven 

EISENWINTER,   Edward   E.,   Mechanical  Engineer, 

American    Brass    Co.,  Waterbury 

GRIFFITHS,    William    H.,   Leading   Designer, 

The  Pratt  &  Whitney  Co.,  Hariford 

ZACHARIAS,  Ernest  O,,   Investigating   Engineer, 

Remington    Arms    &    Ammunition    Co,.  Bridgeport 

District  of  Columbia 

NELSON.    John    H.,   Associate    Engineer-Physicist. 
Bureau  of  Standards, 


Washington 


Georgia 

TII.-iYER.  William  B,,  Engineer  and  Draftsman. 

Goldens'   Foundry  &  Machine  Co,.  Columbus 

Illinois 

ADAMS,   Clyde  L,,   Instructor  in   Machine   Shop, 

Lewis   Institute,  Chicago 

CARTER,   William   C,    Superintendent. 

Link-Belt    Co,,  Chicago 

EDWARDS,  Joseph  B,,  President  and  General  Manager,    , 

Kellogg   Switchboard   &   Supply   Co,,  Chicago 

HAVNES,  Hugh  W,.  Chief  Draftsman, 

Scott  St,  Worlss,  .-Vmerican  Steel  &  Wire  Co,,  Joliet 

Ll'NDBERG,  CHARLES,  Western  Editor, 

The  Iron  .\ge   (Nobel  School),  Chicago 


O'DONNELL.  Tho.mas  E,,   Department    Head, 

Western    Electric    Co,,    Inc.  Chicago 

REYNOLDS,  George  D,,  President  and  General  Manager, 

Reynolds   Pattern   &  Machine   Co,,  Moline 

SC.\NLON,  Thomas  J,,  Engineer-Custodian, 

Board   of   Education.  Chicago 

SEINING,   Byron   G..   Construction  Engineer, 

Illinois  Traction    System.  Peoria 

Indiana 

CURRY,   John    R,,    Secretary, 

Hall-Curry    Construction    Co,.  Indianapolis 

MOHLER,  Charles  M,.  Superintendent, 

Empire  -iutomobile  Co,,  Indianapolis 

Rl'BENKOENIG,    Harry,   Instructor  Car  and   Locomotive  Design, 

Purdue    University.  Lafayette 

SMITH.  Dolph  I„  Chief  Engineer, 

Hill  Pump  Co,,  Anderson 

WRIGHT,    William    H,,    Superintendent, 

Citizens   Gas    Co,,  Indianapolis 

Iowa 

GIBSON.  William  C,   Works  Manager, 

Morrison  Brothers,  Dubuque 

Kansas 

CHAPMAN.    EDMfND    E,,    Assistant    Engineer    Tests, 

Atchison,    Topeka    &    Santa    Fe    Railway    Co,.  Topeka 

Massachusetts 

FISHER,  Edward  J.,  Engineer  in  Charge  of  Gauge  Division, 

New   England  Westinghou'^e  Co.,  Chicopee   Falls 

FITCH,   Charles   R.,   General   Manager, 

The    Stanley    Works,  Bridgewater 

HOTCHKISS.    Walter    A.,    Mechanical    Engineer. 

New  England  Drawn  Steel  Co,,  Mansfield 

LEWTHWAITE,  ALFRED  L,.  Mechanical  Engineer, 

High   Voltage  Bushing  Engineering  Department.   General 

Electric  Co,,  Pittsfield 

MERRILL.    Charles    F.,    Assistant    Chief    Draftsman, 

t»raper  Corp,,  Hopedale 

MOORE,  Carl  F,,  Consulting  Engineer, 

United  States  Smelting,  Refining  &  Mining  Co,.  Boston 

Michigan 

ALBRIDGE.    Kenneth   P..   Production    Engineer, 

Parker  Mfg.  Co,,  ,  Detroit 

McMULLEN.  George  K..   President  and  Manager. 

McMullen  Machinery  Co,,  Grand  Rapids 

M.^PLE,  Omar  S,,  Chief  Engineer, 

Diamond  Power  Specialty  Co.,  Detroit 


640 


July 
1917 


SOCIETY  AFFAIRS 


641 


BOBHMER,  Earnst  J.,  Chief  Engineer, 

Rice-Stix    Dry   Goods   Co..  St.    Louis 

DKADLEY,  EUGENE  P.,  Co-partner, 

I^Xestcr  Bradle.T  Co.,  St.  Louis 

SCHAUM,    Arthur    H.,    Chief    Draftsman, 

Heine    Safety    Boiler    Co.,  St.    Louis 

New  Jersey 

BERTHOLD.    George   H.    E.,    Superintendent, 

Rajah  Auto   Supply  Co.,  Bloomfield 

FURMAN,   George  B..   Chief  Engineer, 

L.  O.  Koven  &  Brother,  Jersey  City 

GULLIVER,   ALBERT   E.,  Chief  Engineer. 

Trenton    &    Mercer    County    Traction    Corp.,  Trenton 

KIHM,    Otto    R.,    Superintendent, 

American  Can   Co..  Edgewater 

LANG.   John   F.,    Superintendent, 

Oxweld   Acetylene  Co.,  Newark 

McMillan,  Daniel  G.,  Power  Plant  Engineer, 

Singer  Manufacturing  Co..  Elizabeth 

PETERSON,   JOHANN,    .Superintendent, 

Manhattan  Electric  Supply  Co..  Jersey  City 

SMITH,   Ralph   L.,   Engineer,  Machine  and  Tool  Designer, 

The    Celluloid    Co.,  Newark 

TAYLOR,  Frank  E.,  Master  Mechanic, 

Butterworth-Judson  Corporation.  Newark  Transfer 

New  York 

BANKS.  Thomas  K..  Engineer, 

Steam  Meter  Department,  American  District  Steam  Co., 

North  Tonawanda 
BLOHM,  August  H.,  Mechanical  Draftsman, 

The  Adder  Machine  Co.,  New  York 

EMRICK.    George   W..   Factory   Manager, 

Eastern   Flexible  Conduit  Co.,  Brooklyn 

FOWLER,  Richard  E..  Mechanical  and  Sales  Engineer, 

Gerdes  &  Co.,  New  York 

GARDINER.    Herbert    L.,    Shop    Engineer, 

Kerr  Turbine  Co..  Wellsville 

HCLL.  George  W..  Engineer  and  Chief  Draftsman, 

Halcomb    Steel   Co.,  Syracuse 

JUDSON,   Cyrus   F.,   Engineer, 

A.    J.    Coccaro   &    Co.,  New    York 

LEGGO.  William  F.,  Assistant  to  Chief  Engineer,  New  York 

McCarthy.    Ralph.    Secretary, 

Corrugated   Bar   Co..  Buffalo 

McDON.\LD,  Albert,  Production  Engineering,  New  York 

MILLER,    Franklin   T.,   President, 

F.   W.   Dodge  Co..  New  Y'ork 

MOYER.  Melbourne   S.,  Accountant, 

Barclay  Parsons  &  Klapp,  New  York 

NACKE,  Arnold  L.,  Salesman, 

Manning.  Maxwell  &  Moore,  New  York 

O'CONNELL.  John  J..  Assistant   Hydraulic  Engineer, 

Electric  Bond  &  Share  Co.,  New  York 

POWERS.  Richard  E..  Factory  Engineer. 

Oneida  Community.  Ltd..  Oneida 

RILEY.  Champlain  L..  Consulting  Engineer  in  Heating,  Ven- 
tilation and  Industrial  Plant  Design  and  Equipment,       New  York 
SMITH,  Gershom.  Vice-President, 

The   Tabulating  Machine  Co.,  New   York 

SNEDEKER,  Theodore  A..  Assistant  Treasurer, 

The  Taft-Peirce  Mfg.  Co..  New  York 

WOLLHEIM.  Walter  E.,  .\ssistant  Mechanical  Engineer, 

Nathan   Manufacturing  Co.,  New   York 

Ohio 

ATKINSON.  EMBRY  S.,  Head  of  Tool  Design. 

Domestic  Engineering  Co.,  Dayton 

CARLISLE,  Tyler  W..  Assistant  Secretary  and  Treasurer, 

The   Strong  Carlisle  &  Hammond  Co.,  Cleveland 

JAMISON,   Walter  K.,   Superintendent, 

Domestic   Engineering   Co..  Dayton 

K.MSER.  Louis  T..  Mechanical  Engineer. 

Thomas  Emery's  Sons,  Cincinnati 

MEHLE.    J.    H.,    Manager. 

Cincinnati    Screw    Co..  Cincinnati 

MURPHY',    James   A.,    Foundry    Superintendent, 

The  Hooven,  Owens,   Rentschler  Co..  Hamilton 

SCHELLENBACH.  William  S.,  Mechanical  Engineer.  Cincinnati 
WARDWELL.  Frank  W.,  Jr.,  President  and  General  Manager. 

The  Wardwell  Mfg.  Co.,  Cleveland 

Oregon 

SULLIVAN,  .4.LLAN  C,  Chief  Engineer  in  charge  of  Estimating 
Dept,  Smith  &  Watson  Iron  Works,  Cortland 

Pennsylvania 

AMMERMAN.    C.    S.,    Ordnance    Designer, 

Bethlehem    Steel   Co.,    Ordnance    Dept..  Bethlehem 


BAUER,  George  A.,  Vice-President, 

W.   E.   Sulpley  Machinery   Co.,  I'biliHlelpliia 

BENEDICT,  John  G.,  Secretary,  Treasurer  and  Manager. 

Landis  Machine  Co..  Waynesboro 

CONE,   Martin    B..    Chief   Engineer, 

Baugh  &  Sons  Co..  Philadelphia 

COOPER,  David  M,  Mechanical  Engineer, 

National  Metal  Molding  Co.,  Ambridge 

DDNC.4N.  Harold  M..  Managing  Director. 

Lanston  Monotype  Corp..  Ltd.,  of  London,  England.  Pliiladelphia 
FLEISHER,   Walter  A.,  Head  of  Power  Department, 

S.  B.  &  B.  W.  Fleisher,  Inc..  Philadelphia 

FROELICH.  Clarence  H.,  Ordnance   Engineer. 

Bethlehem    Steel    Co.,  So.    Bethlehem 

JACKSON,  Elwell  R..  .Mechanical  Engineer, 

Edward  Board,  Special  Machinery  and  Tools,  Philadelphia 

SIMPSON,   Willia.m   L.,   General   Superintendent, 

Eddystone  Ammunition   Corp..  Eddystone 

SNYDER.   Barney  B.,   Representative  and  Inspector, 

Chile  Exploration  Co.,  Pittsburgh 

TAYLOR,  Roger.  Engineer. 

Operating  Department.  Philadelphia  Electric  Co..  Pbiladelphin 
THOMSON.    Clarke,    Manafer, 

Clarke  Thomson   Researcl).  Philadelphia 

WALLER.   C.   B.   F.,  Engineer  in  Charge  of  Boilers, 

Bureau    of    Water,  Philadelphia 

ZEHR,  Vratislav  .\.,  Mechanical  Draftsman,  Switchboard 

Engineering  Dept.,  Westinghouse  Electric  &  Manufacturing 

Co..  East  Pittsburgh 


Rhode  Island 

PEARSON,    Mark.   Mech.anical   Engineer, 
Bradford    Dyeing   Association, 

Texas 

HUGHES,    Howard   R.,   President, 
Hughes   Tool   Co., 

A'irginia 

SCHMIDT.  Otto  da  Costa.  Chief  Engineer. 
Covington  Machine  Co., 

West  Virginia 

WINDSOR,   Walter  A..   President. 
Marietta  Manufacturing  Co.. 

Wisconsin 

HEM.   EiLiF   S.,   Erecting   Engineer, 

Allis-Chalmers  Mfg.   Co.. 
MILLER.   Roy   J.,   Works  Manager. 

Kohler  Co., 


Bradford 

Houston 

Covington 

Point   Pleasant 

Milwaukee 
Kohler 


Canada 

GAINES.   Edward   C.    Designing   Engineer, 

Dominion    Bridge    Co..  Montreal 

McNAUGHT.    Frank    H..    Manager, 

Maritime  Foundry  &  Machine  Works,  Ltd.,  'Chatbam,  N.  B. 
ROBERTS,   .\rthur   R..   .\ssociate  Professor  of  Mechanical 

Engineering.   McGill   University.  Montreal 


Chile 


VILLEGAS,  Jorge  .\ndre,s  D.,  Manager  Engineering  Office, 

Private  Practice,  Santiago 


Hawaii 

EW.\RT.    Arthur    F.,    Chief    Draftsman, 
Honolulu    Iron    Works    Co.. 


India 


IYENGAR,    R.    Ramaija,    Man.iger, 
Sandalwood  Oil  Factory, 


Honolulu 


Bangalore 


FOR    consideration    AS    ASSOCIATE-MEMBER    OR    JUNIOR 

.\labaina 

PRATT,   Merrill   E., 

With   Continental   Gin   Co.,  Prallville 

California 

H.4RTZELL.    Earl    F.,    Draftsman    and    Engineer. 

Southern    Pacific    Co.,  Hakerslield 

TOUR,  Reuben  S.,  Assistant  Professor  Gas  Engineering. 

University  of  California,  I'.erkeley 

Cuba 


STUART,  Joseph  L.,  Mechanical  Engineer, 
Honolulu   Iron   Works  Co., 

Illinois 

HOSBEIN,   Louis,    Secretary   .ind    Manager, 
M.   H.   Detrick   Co., 


I  lavana 


Chicago 
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LOWRY,  Thomas  K.,  Manager, 

Armour    &    Co.    (Manufacturing    Plant),  Chicago 

NELSON.  .\RTHUR  W.,  Consulting  Engir.eer, 

I>und  &  Nelson,  Chicago 

PETTIS,  John  G.,  Mechanical  Engineer,  Specializing, 

Imperial    Brass    Mfg.    Co..  Chicago 

SIIANKLIN,   Andrew   D.,   Assistant    Superintendent, 

Fayville  Plant,  Aetna  Explosives  Co.,  Inc.,  Fa.vville 

Indiana 

LIBBT.  WiLLi.\M  L.,  Vice-President  and  Sales  Manager, 

International    Machine    Tool    Co.,  Indianapolis 

Massachusetts 

POHLE,  Walter  B.,  Machine  and  Tool  Designer  and  Dr.aftsman, 
General  Electric  Co.,  Lynn 

SHEPARD,  Frederick  J.,  Jr.,  Treasurer  and  Chief  Engineer, 
Lewi.s-Shepard   Co.,  So.   Boston 

Miehig:an 

BAKER,    Hubert    E.,    Assistant    Chief    Draftsman. 

The   Shaw   Electric  Crane   Co.,  Muskegon 

HINZ.   Jflius  C, 

703-19    Bellevue   Avenue,  Detroit 

HOUCK,   Frank   II..   Mechanical   Engineer, 

Higrade   Motors   Co.,  Grand    Rapids 

WATSON,   William  W..   Manager  Order  Department, 

.\nderson  Forge  &  Machine  Co.,  Detroit 

WOLCOTT,  Ward  S.,  Assistant  to  Chief  Tool  Designer, 

Burroughs    Adding    Machine    Co.,  Detroit 

Minnesota 

MIKESH,   Martin  A..    Designer, 

Fairmont  Gas  Engine  &  Rwy.   Motor  Car  Co.,  Fairmont 

THOMPSON,  Jesse  L.,  .\ssistant  to  Superintendent  of  Power, 

Minnesota  and  Ontario  Power  Co.,  International  Falls 

Missouri 

ARMSTRONG,  William  H.,  Instructor  Machine  Shop  Practice, 
The  David  Ranker  Jr.  School  of  Mechanical  Trades.   St.  Louis 

New  Jersey 

BPESSER,    Fred  F.,   Jr.,   Estimating  Engineer, 

L.  O.  Koven  &  Bro.,  Jersey  City 

GERHARDT,    Joseph   A.,   Estimating   Engineer, 

L.  O.  Koven  &  Bro.,  Jersey  City 

New  York 

BROWNE,  Robert  L.,  Commercial  Engineer, 

Goldschmidt  Thermit  Co., 
FEELEY,  John  J..  Assistant  Chief  Engineer  and  Master 

Tuttle  &  Bailey  Manufacturing  Co.. 
GRAMM,  Edgar  B.,  Assistant  Chief  Draftsman, 

Combustion  Engineering  Corporation, 
HORN,  Charles  J.,  Chief  Draftsman, 

Otis  Elev.itor  Co., 
L.\WSON,  William   S.,   Jr.,  President  and  Treasurer, 

Lawson  &  Co.,  Inc., 
MOSS,    Herbert   H.,   Assistant   Engineer, 

.\etna   E.xplosives  Co..   Inc., 
ROMAN,   Henry,   Draftsman,   Experimental   Department 

Sperry    Gyroscope    Co., 


Ohio 


MATTLE,   GUSTAVE  A.,    Pattern   Shop   Foreman, 

Modern  Foundry  Co., 
NEWCOMB,    Melvin    B.,    Draftsman, 

Firestone  Tire  &   Rubber  Co., 
ROBINSON,  KiNSEY,  with  the  American  Can  Co., 
TABER,    Merl   N..    Metallurgist. 

The    National    Supply    Co., 
WILLIAMSON,  Richard  A.,  I'oreman  in  Charge  Mch. 

Aultman   &   Ta.vlor  Machinery   Co., 


New  York 

Mechanic, 

Brooklyn 

New  Y'ork 

Y'onkers 

New  York 

New  York 

Brooklyn 

Cincinnati 

Akron 
Hamilton 

Toledo 

Operations, 

Mansfield 


Pennsylvania 

CORRIDON,   EDWIN   R.,   Designing   Draftsman, 
Ordnance  Department,  Bethlehem  Steel  Co., 

HESS.  Ernest  E.,  Draftsman  and  Designer, 
Spang  &  Co., 

HODDICK.  Frederick  G.,  Ordnance  Engineer, 
Bethlehem  Steel  Co., 


Tennessee 

WILLARD, 


John  A.,  Mechanical  Engineer, 


Bemis  Bros.  Bag  Co.. 
Wisconsin 

CROSSEN,  Elmer  J.,  Coke  Oven  Engineer, 

The   Milwaukee  Coke  &  Gas  Co.. 
WEHR.  C.  Frederic,  Superintendent, 

Wehr    Steel   Co., 


So.  Bethlehem 

Butler 

So.  Bethlehem 

Bemis 

Milwaukee 
West   Allis 


for   consideration   as   jinior 

California 

HAMAKER,  Rex  G..  with  Standard  Oil  Co..  Whittier 

LACY,  Richard  W.,  formerly  with  Lacy  Manufacturing  Co., 

Los  Angeles 
WEBSTER,  Frederick  A.,  Jr.,  Foreman,  Inspection  Department, 
Standard   Oil   Co.,  liiihmond 

District  of  Columbia 

LEWIS,    Allen    D.,    Draftsman, 

OfBce  of  Chief  of  Ordnance,  War  Department.  Washington 

Illinois 

CATTERMOLE.  Lester  G.,  Chief  Planning  Engineer, 

Federal-Huber  Mfg.   Co..  Chica,go 

PAINTER,    Walter,    Lubrication   Engineer, 

Sinclair    Refining    Co.,  Chicago 

STEVENS,   Berry   T.,   Assistant    Sales   Manager. 

Hard  Rubber  Department,  The  B.  F.  Goodrich  Co.,  Akron 

THAL.  Samcel  W..  Engineering  Department. 

American  Steel  &  Wire  Co..  Wankogan 

Iowa 

W.\TEINS.    Roy   A..    Superintendent. 

American  Machine  Products  Co..  Marshalltown 

Kentucky 

RITCHIE,  Andrew   O..   Designing  Power  Plants, 

J.    D.   Lyon,   Engineer,  Cincinnati 

Maryland 

MATHER,    Harold  T.,    Safety   Engineer. 

Aetna   Life   Insurance   Co.,  Baltimore 

Massachusetts 

BROWN,    Arthcr    L.,    Instructor, 

Massachusetts    Institute    of   Technology,  Boston 

GOODMAN,    Harry  M., 

With   Fore   River  Shipbuilding  Corp.,  Quincy 

HEYWOOD.  Chari.es  E..  Sfident, 

Worcester  Polytechnic  Institute,  Worcester 

LUNN,  John  A.,  Assist.int, 

Massachusetts   Institute  of  Technology,  Boston 

MUNSON.   Kenneth  A.,  Tool  Designer, 

General  Electric  Co.,  West  Lynn 

Mexico 

DE  .\R0Z.AREN.V,  Rafael  M.,  Jr.,  Resident  Engineer, 

Hacienda    de    San   Juan    Hueyajan,  Padruca 

Michigan 

EDWARDS,    Herbert   C.   Experimental    Research, 

Packard  Motor  Car  Co.,  Detroit 

REKERSDRES,    Henky,    Production   Clerk, 

American  Blower  Co.,  Detroit 

SCHUPP,  Arthur  A.,  Student, 

University  of  Michigan,  Ann  Arbor 

Minnesota 

ABERNETHY,    WiLBiR    K..    Sales    Engineer. 

Charge  Minneapolis  Office,  Central  Station  Steam  Co.,  of  Detroit, 

Minneapolis 

New  Jerse.v 

BLOOD,  Harold  L.,  Chief  Draftsman,  Planer  Dept.,  Pond  Works, 
Niles-Bement-Pond  Co.,  Plainfield 

McMURRAY,    John   H.,   Assistant   Mechanical   Engineer. 

Calco  Chemical  Co.,  Bound  Brook 

WATERS,   Daniel  V.,  Machine  Designer,  Engineering   Dept., 
S.    L.   Moore   &   Sons   Corp..  Elizabeth 

New  York 

BERKOWITZ,    Benjamin,    Laboratorian, 

U.    S.    Navy   Department.    Navy   Yard, 
FELL.    Shelby   G.. 

With    H.    H.    Franklin    Mfg.   Co.. 
FERNSTROM,    Frodee   S.,   Mechanical    Draftsman 

Neptune  Meter  Co.. 
FINCH,  Cecil  C,   Superintendent, 

Broadalbin   Knitting  Co.,   Ltd.. 
GILBERT,    Frederick    B.,    Experimental    Engineer. 

Research   Laboratory,   Ansco   Co.,  Binghamton 

HENRY,   William   M., 

Officers  Training  Camp,  Plattsburg 

JOHN,  George  H..  Jr.,  Student,  Mechanical  Engineering, 

Columbia    University,  New    York 

LANGLOTZ,  Charles  L.,    issistaut  Engineer, 

American  Sugar  Refining  Co.,  Brooklyn 

LOO,    PiNG-YOK,    Representative   to   China. 

Allied   Machinery   Co.   of   America,  New   York 

MAIN.  Chari.es  C.  Jr.,  Assistant  Eastern  Manager. 

Curtis  &  Co.  Mfg.  Co.,  New  York 


Brooklyn 
Syracuse 
Long  Island  City 
Broadalbin 
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MATTHIAS,  Maximilian  P.,  Assistant  to  Dr.  J.  C.  Olsen, 

Cooper   Dnion,  New    York 

POSTMAN,  Benjamin,  Testing  Bureau. 

Brookl.vn   Rapid  Transit  Co..  Brooklyn 

SLADE,  Henry  L.,  Jr.,  Manufacturing  Machinery, 

R.  Hoe  &  Co.,  New  York 

OUd 

FIKRET,  n.  Halolk,  Instructor  in  Mechanical  Engineering, 

Robinson  Laboratory,  Ohio  State  University,  Columbus 

FLAGG,  Paul  M..  Experimental  Department, 
Goodyear  Tire  &  Rubber  Co.,  Akron 

STINSON,    Karl   W.,    Instructor   Aero   Engines. 

Cadet  Aviation   School,   Ohio   State  University,  Columbus 

WILLIAMS,  BEKKELEr.  Graduate  Fellow.  Department  or  Mechan- 
ical Engineering,  University  of  Cincinnati,  Cincinnati 

Peiilisylvania 

CROUTHAMEL,   John   F.,    Draftsman. 

Artillery  Dept.,  Midvale  Steel  &  Ordnance  Co.,  Philadelphia 
CUTLER,    Jajies    B., 

With  I.  P.  Morris  Co.,  Philadelphia 

HANSEN,   Frederick  D.,   Superintendent  Cartridge  Case  Shop. 

Eddystone  Ammunition  Corp.,  Eddystoue 

RESNICK.  Maurice,  General  Engineering  Apprentice. 

Shelby  Steel  Tube  Co.,  Ellwood  City 

Texas 

BEEN,    Paul.    2nd    Engineers, 

Company    C,  El    Paso 

EVANS.  Melvix  J..  Special  .\pprentice. 

Gulf,  Colorado  &  Santa  Fe  R.  R.  Co.,  Cleburne 

FORNBY,    Ross    H.,    Chief    Dispatcher, 

Texas  Power  &  Light  Co.,  Dallas 

West   Virginia 

GATHER,   Carl   H.,   Instructor  in   Drawing, 

West  Virginia  University,  Morgantown 

Wisconsin 

\^00D.  John  M.,  Draftsman.  Equipment  Department. 

The   Falk   Co.,  Milwaukee 

W.voming 

KEELEY,  William  C.  Jr..  Engineer, 
Mid-West   Refining  Co.. 


•Cuba 


ADAM,  Leon  E.  M..  Chief  Chemist. 

Cuba  Cane  Sugar  Corp.,  Central  Moron, 

APPLICATIONS  FOR  CHANGE  OF  GRADING 

PROMOTION    FROM    AS.SOCIATE 


Casper 


Pina 


-Cuba 


SOPER,  Ellis  C,  Chief  Engineer, 
Cuban  Portland  Cement  Co., 


Cayo  Mason 


PROMOTION    FROM    ASSOCIATE-MEMLER 


Massacliuset  ts 

PERKINS.  George  H..  Head  of  Textile  Engineering  Department, 
Lowell  Textile  School,  Lowell 


'Canada 

SOUB.\,   William   H.,   Consulting  Engineer, 
C.  D.   Howe  &  Co.. 


Chile 


DU    MOULIN'.    Walter    L..    Mechanical    Engineer, 
Andes  Copper  Mining  Co., 


promotion    from    junior 

'Connecticut 

WILCOX.   Herbert  M.,   Industrial  Engineer, 
Winchester  Repeating  Arms  Co., 

I..ouisiara 

IVENS,  Edmund  M..   Sales  Enginser. 

Skinner  Engine  Co..  and  Ingersoll-Rand  Co., 


Port  Arthur 


Chanaral 


New  Haven 


New  Orleans 


IVIassaeliu^etts 

EDWARDS,  William  W..  Instructor  in  charge  of  Department, 

Wcntworth    Institute.  Boston 

NICHOLL.    John    S.,    President, 

Riverside  Boiler   Works,    Inc.,  Cambridge 

>lt('hi§:an 

FESSENDBN,    Charles    H.,    Assistant    Professor    of    Mechanical 
Engineering,  University  of  Michigan,  Ann  Arbor 


ORDWAY,   Earl   P.,   Chief   Draftsman, 
Union  Steam  Pump  Co., 

New  York 

BERANGER.   Joseph   P.,   Chief  Engineer, 
West  India  Management  &  Consultation  Co., 

COLLINS.  Fra.vcis  A.,  Jr.,  Sales  Manager, 
Auburn  Ball  Bearing  Co., 

Ohio 

CANBY,    Harry   B..   Vice-President. 

Crawford,    McGregor   &   Canby   Co., 
CLAPP,   Richard   B..   District   Manager. 

Andrews-Bradshaw    Co.. 

Pennsylvania 

BRENNAN.    James. 
Consulting  Engineer, 

Rhode  Island 

KEABLES,   Austin   D.,  Mechanical   Engineer, 
Slatersville  Finishing  Co., 

Tennessee 

FBICHT,  Edward  R..  Maintenance  Engineer. 
Federal  DyestutE  &  Chemical  Corp., 


WisconsLn 

SHODRON,   John  G., 
James  Mfg.   Co., 


General   Superintendent, 


Battle  Creek 

Inc.,         New  York 
Rochester 

Dayton 
Cleveland 

Pittsburgh 

Slatersville 

Kingsport 

Fort  Atkinson 


SUMMARY 

New   applications 200 

Applications   for   change   of  grading : 

Promotion  from  .Associate 1 

Promotion  from  Associate-Member 3 

Promotion   from   Junior 14 

Total 218 


SUMMARY     SHOWING     AVERAGE    AGE     AND     POSITIONS     OF    APPLICANTS     ON 
BALLOT    CLOSING    .MAY    19,    1917 

Boiler    Inspector 1 

Cadet  Engineer   i 

Chief   Engineers    15 

Chief  Engineers,   Assistant 4 

Combustion  Engineers    2 

Combustion   Engineers.    Assistant 1 

Construction   Engineers    4 

Consulting  Engineers    7 

Designers     5 

Director  Technical  Research 1 

Draftsmen    12 

Draftsmen    (designing)     3 

Chief  Draftsmen    12 

Chief    Draftsmen,    Assistant 1 

Efficiency   Engineers (5 

Equipment  Engineer   1 

Equipment   Engineer,   Assistant ] 

Executives    I  President,  Vice-President,  Treasurer,   Secretary,  Mana- 
gers and  District  Managers) 42 

Fuel   Engineer    1 

Industrial   Engineers    2 

Inspectors    5 

Instructors    S 

Maintenance  Engineer   1 

Marine   Engineers    2 

Master  Mechanics    2 

Mechanical  Engineers  49 

Mechanical   Engineers,   Assistant 12 

Operating  Engineers   3 

Patent   Attorney    - 1 

Plant  Engineer   1 

Production     Engineers 3 

Professor    1 

Professor,  Assistant   2 

Purchasing  Agent    1 

Representative    .  .    1 

Research    Engineer    1 

Sales  Manager   3 

Sales   Manager.   Assistant 1 

Sales    Engineer    13 

Service  Manager 1 

Students    2 

Superintendents    27 

Superintendents.    -Assistant    11 

Superintendents.  Power    ; 1 

Wiirks  Manager   3 

Miscellaneous     29 


644 


SOCIETY  AFFAIRS 


The  Journal 
Am.Soc.M.E. 


NECROLOGY 

CHARLES  EDWARD  HYDE 

Charles  E.  Hyde  was  born  in  Bath,  Me.,  November  26, 
1855.  He  attended  the  public  schools  of  Bath,  and,  when  grad- 
uated from  the  high  school  there,  spent  the  next  three  years 
in  the  Worcester  Polytechnic  Institute.  The  last  year  of  his 
course  was  taken  in  the  Massachusetts  Institute  of  Technology. 
The  year  after  his  graduation  he  spent  in  Europe  for  the  pur- 
pose of  examining  the  shipyards  and  engine  works  of  the  old 
country,  obtaining  valuable  information  in  his  specialty. 

Upon  his  retui'n  he  worked  as  machinist  in  the  Portland 
Machine  Shops,  and  then  as  draftsman  in  the  Columbian  Iron 
Works  at  Baltimore,  Md.  He  was  next  employed  in  the  draw- 
ing office  of  Cramp's  Shipyard,  Philadelphia,  Pa.,  and  later 
w^as  chief  draftsman  for  Ward,  Stanton  &  Company,  Newburg, 
N.  Y.,  builders  of  all  types  of  fast  vessels.  This  last  position 
afforded  him  the  advantage  of  working  with  Mr.  Stanton,  who 
was  noted  for  his  ability  as  a  designer  of  marine  engines. 

Returning  to  Bath  in  1884,  he  entered  the  employ  of  the 
Goss  Marine  Iron  Works  as  chief  draftsman  and  superin- 
tendent, and  during  his  service  there  he  introduced  the  prac- 
tical use  of  the  triple-expansion  engine,  the  first  to  be  em- 
ploj-ed  in  this  country.  When  this  com]_iany  changed  owner- 
ship, he  was  employed  by  the  Bath  Iron  Works,  and  was  chief 
draftsman  and  constructor  of  the  engines  of  the  Castine, 
Katahdin  and  Machias. 

After  leaving  Bath  he  became  general  manager  and  presi- 
dent of  the  New  London  Marine  Iron  Works,  at  New  London, 
Conn.  For  the  last  few  years  he  was  engaged  in  business  in 
New  Y'ork  City. 

He  was  a  member  of  the  Society  of  Naval  Architects  and 
Marine  Engineers  and  of  the  Engineers'  Club  of  New  York. 
He  became  a  member  of  the  Society  in  1885.  He  died  May 
19,  1917. 

ROSCOE  B.  KENDIG 

Roscoe  B.  Keudig  was  born  in  Renova,  Pa.,  March  3,  1868. 
He  received  his  education  in  the  home  schools.  He  began  rail- 
way work  in  1884  as  a  messenger  boy  in  the  employ  of  the 
Pennsylvania  Railroad.  From  1885  to  1890  he  ser%'ed  as  ma- 
chine apprentice,  and  until  1893  as  draftsman  in  Renova.  For 
the  next  seven  years  he  held  the  position  of  draftsman  in  the 
office  of  the  superintendent  of  motive  power  of  the  Pennsyl- 
vania road,  at  Williamsport,  Pa.  In  1900  he  was  appointed 
chief  draftsman  of  the  Lake  Shore  &  Michigan  Southern  Rail- 
way at  Cleveland,  0.,  and  in  1904  he  accepted  the  position  of 
mechanical  engineer  with  the  same  road. 

He  held  this  position  until  1910,  when  he  was  appointed 
general  mechanical  engineer  of  the  New  York  Central  lines; 
and  in  1912  he  became  chief  mechanical  engineer  of  the  New- 
York  Central  Railroad  Company,  which  position  he  held  at 
the  time  of  his  death. 

He  was  a  significant  factor  in  the  development,  design  and 
construction  of  the  CoUingwood  shops  of  the  New  York  Cen- 
tral Railroad.  AVliile  he  was  mechanical  engineer  of  the  Lake 
Shore  &  Michigan  Southern  road,  the  modernization  of  the 
locomotive  terminal  facilities  was  undertaken  under  his  imme- 
diate supervision,  and  large  modern  engine  houses  were  erected, 
many  of  the  features  of  which  have  served  as  a  model  for 
later  construction  of  this  nature. 

He  was  since  1904  an  active  member  of  the  American  Rail- 
way IMaster  Mechanics'  Association,  and  since  1905  of  the 
Master  Car  Builders'  Association.    He  was  a  member  also  of 


the  American  Society  for  Testing  Materials  and  of  the  Engi- 
neers' Club  of  New  York. 

He  became  a  member  of  the  Society  in  1913.  He  died  May 
10,  1917,  at  Detroit,  Mich. 

OSCAR  PATRIC  OSTERGREN 

Oscar  Patrie  Ostergren  was  born  in  Sweden,  May,  1866.  He 
was  educated  in  Stockholm,  graduating  from  the  Royal  Tech- 
nical High  School  with  the  degi-ee  of  M.E.  in  1888.  From 
1888  to  1891  he  was  employed  by  Treacher,  Tenae  &  Co.,  civil 
engineers  and  contractors,  in  drafting  and  surveying  a  new 
railroad  at  Rosario,  Argentina.  The  next  year  he  spent  with 
the  Atlas  Machine  Company,  Stockholm,  as  assistant  engineer. 
He  came  to  New  York  late  in  1892,  and  was  employed  in  erect- 
ing machinery  by  Rohert  Hoe  &  Co.  From  1893  to  1896  he 
worked  with  Charles  D.  Mosher,  a  naval  architect  of  New 
York,  in  designing  marine  engines,  and  until  1898  he  was  with 
Charles  L.  Seabury  &  Co.,  New  York  City,  in  the  same  work. 
He  then  became  president  and  general  manager  of  the  Oster- 
gren Manufacturing  Company,  having  complete  charge  of  the 
inventing  and  designing  of  liquid-aii-  machinei-y,  internal-com- 
bustion engines,  and  automobiles.  From  1902  to  1904  he  was 
with  the  Fuel  Oil  Power  Company  as  an  inventor  and  designer 
of  fuel-oil  engines.  Later  he  successively  held  positions  with 
Benjamin  Hurd,  New  York  City;  Joseph  Boyer,  Detroit, 
Mich.;  Alger  Bros.,  Detroit,  Mich.;  and  with  the  Grenetso 
Engineering  Company.  He  held  fifty  United  States  patents 
on  inventions. 

He  joined' the  Society  in  1910.    He  died  May  11,  1917. 

JOHN  MITCHELL  YOUNG 

John  Mitchell  Young  was  born  in  Ardrossan,  Ayrshire,  Scot- 
land, Sept.  18,  1883.  He  received  his  early  education  in  the 
Glasgow  High  School  for  Boys.  He  then  entered  the  Glasgow 
and  West  of  Scotland  Technical  College  as  a  day  student,  grad- 
uating in  1904  from  the  mechanical-engineering  course.  He 
was  elected  an  associate  of  the  college.  During  his  last  year 
in  college  he  carried  on  investigations  having  to  do  with  steam 
turbines,  and  for  a  thesis  embodying  these  investigations  he 
received  the  Montgomerie-Neilson  gold  medal  and  prize. 

He  then  entered  upon  an  apprenticeship  in  the  works  of 
William  Young  &  Sons,  engineers  and  ironfounders  in  Ardros- 
san. On  the  completion  of  his  apprenticeship  he  became  a 
draftsman  of  sugar  machinery  with  Mirlees  Watson  &  Co., 
Glasgow.  In  1909  he  came  to  the  United  States,  where  he 
took  a  position  as  draftsman  in  the  steam-turbine  department 
of  the  Fore  River  Shipbuilding  Company,  Quiney,  Mass.  He 
next  turned  his  attention  to  electrical  engineering,  and  took  a 
position  with  the  General  Electric  Company,  Schenectady, 
N.  Y.,  as  draftsman.  Later  he  took  charge  of  the  construction 
office  for  the  power  plant  of  the  Toronto  Power  Company, 
Niagara  Falls,  Ont.  He  next  took  up  the  study  of  sugar 
macliinery,  and  became  a  designer  with  the  Dyer  Company, 
Cleveland,  Ohio,  and  later  with  the  Geo.  L.  Squier  Company, 
Buffalo,  N.  Y.  For  the  former  company  he  designed  and 
equipped  a  complete  sugar  factory  in  Louisiana.  He  became 
interested  in  conveying  and  elevating  machinery,  and  for  the 
next  two  years  he  occupied  the  position  of  factory  equipment 
engineer  and  designer  with  the  Otis  Elevator  Company,  Buf- 
falo, N.  Y. 

He  was  an  associate  member  of  the  Institute  of  Engineers 
and  Shipbuilders  in  Scotland.  He  became  an  associate-member 
of  the  Society  in  1915.    He  died  March  14,  1917. 


AMONG  THE  SECTIONS 


Sections  Delegates  Meet  at  (incinnati 

THE  Committee  on  Sections  arranged  a  business  meeting 
at  the  Spring  Meeting  at  Cincinnati  winch  was  preceded 
by  a  luncheon  attended  by  the  following:  President  Ira  N. 
Hollis,  Past-Presidents  Oberlin  Smith,  W.  F.  M.  Goss  and 
James  Hartness;  Messrs.  John  H.  Barr  and  Max  Toltz,  Man- 
agers of  the  Society;  Cahdu  W.  Rice,  Secretary;  D.  Robert 
Yarnall,  chairman,  L.  C.  Marburg  and  Walter  Rautenstrauch, 
members  of  the  Committee  on  Sections;  also  the  following 
representatives  of  Sections:  Atlanta,  Earl  F.  Scott;  Balti- 
more, C.  C.  Thomas  and  A.  G.  Christie;  Birmingham,  W.  P. 
Caine  and  J.  G.  Hatman ;  Buffalo,  C.  H.  Bierbaum ;  Cincinnati, 
Fred  A.  Geier  and  John  T.  Faig;  Detroit,  George  W.  Bissell; 
Erie,  Rudolph  Conrader  and  M.  W.  Sherwood;  Indianapolis, 
W.  H.  Insley;  Milwaukee,  Fred  H.  Corner;  Minnesota,  Max 
Toltz;  New  Orleans,  A.  M.  Lockett;  New  York,  Ernest  Hart- 
ford; Philadelphia,  D.  Robert  Yarnall;  Ontario,  Chester  B. 
Hamilton,  Jr. ;  Worcester,  R.  G.  Williams ;  and  Providence. 
L.  D.  Burlingame  and  A.  H.  Annan. 

Dr.  Hollis  spoke  forcibly  concerning  the  broad  principles 
underlying  the  Society  and  its  duty  to  the  profession,  and 
particularly  of  the  ideals  entertained  by  the  Council  for  fur- 
thering the  sections  work.  Following  this  speaker,  the  chair- 
man called  for  reports  from  the  delegates  representing  the 
various  sections,  and  each  gave  the  experiences  of  his  section 
in  turn. 

One  excellent  point  brought  out  and  very  generally  endorsed 
was  that  each  section  of  the  Society  should  send  to  every  other 
section  notices  of  all  its  meetings,  so  that  each  section  could  be 
continually  posted  on  just  what  is  going  on  in  the  other  sec- 
tions. It  was  thought  that  this  matter  could  best  be  handled 
by  having  each  section  secretary  send  to  the  headquarters  of 
the  Society  twenty-five  copies  of  each  meeting  notice  and 
having  the  secretary  of  the  Sections  Committee  readdress 
these  to  the  other  sections. 

A  question  was  raised  concerning  the  amount  of  money  that 
the  Society  should  appropriate  to  the  sections  and  it  was 
decided  to  make  recommendations  to  the  Council. 

Mr.  Rice  spoke  on  the  matter  of  publication  of  sections  ma- 
terial in  The  Journal  and  in  Transactions.  He  complimented 
the  sections  on  the  value  of  this  material  received  in  the 
past,  which  had  led  the  Publication  Committee  to  inaugu- 
rate a  new  policy — to  devote  several  issues  of  The  Jou'ENAL 
each  year  to  sections  papers.  He  hoped  that  each  section 
would  contribute  its  full  share  toward  the  best  realization  of 
that  policy  by  contributing  at  least  two  papers  each  year  for 
publication.  The  Sections  Committee  promised  to  help  the 
sections  toward  the  realization  of  this  ideal. 

D.  Robert  Yarnall, 
Chairman  Sections  Committee. 

Sections  Meetings 

BIRMINGH.\M 

May  16  A  feature  of  the  annual  meeting  was  a  two-ieel  mov- 
ing picture  illustrating  the  old  and  new  methods  of  cooking. — 
coal  versus  electricity,  after  which  the  chairman  gave  a  review 
of  the  progress  the  past  year. 

During  the  year  the  hearty  cooperation  and  support  of  the  two 
state  universities  has  been  enlisted  and  two  representatives  from 
each  have  addressed  the  Section.  Ten  or  twelve  new  members 
have  been  secured  for  the  Society  through  the  eiTorts  of  the  Sec- 

645 


tion.  which  has  also  been  influential  in  the  organization  of  the 
Ahibama  Technical  Association,  which  includes  all  the  members 
of  the  national  engineering  societies  residing  in  the  State  of 
Alabama,  of  whom  there  are  over  two  hundred.  A  combination 
stereopticon  and  baloptican  machine  has  been  purchased  for  the 
use  of  the  members,  and  it  is  hoped  that  greater  use  will  be  made 
of  it  the  coming  year. 

The  officers  for  the  coming  year  were  elected  as  follows;  Chair- 
man, J.  H.  Klinck  :  vice-chairman.  W.  P.  Caine :  secretary,  J.  G. 
Hatman.  Paul  Wrigbt  and  R.  E.  Brakeman  were  also  elected 
members   of   the    executive    committee. 

R.  E.  Brakeman, 

Section  Chairman. 


BUFFALO 

June  7  Chester  L.  Lucas,  Mem.Am.Soc.M.E.,  explained  to  a 
large  and  interested  audience  the  manufacture  of  9.2-in.  high 
explosive  howitzer  shells,  illustrating  his  talk  with  2.500  ft.  of 
moving-picture  film. 

Mr.  Lucas  gave  the  following  interesting  data  concerning  these 
shells :  the  weight  of  each  is  250  lb.  with  an  explosive  element 
capable  of  blowing  a  hole  .50  ft.  in  diameter  in  the  ground :  the 
cost  of  the  shell  was  two  hundred  dollars,  while  the  forging  alone 
costs  twenty-five  dollars  and  machining  about  twenty-eight  dollars. 
It  takes  about  ten   man-hours  to  make  one  shell. 

Louis  J.  Foley. 

Assistant  to  Siecretart/. 


CHICAGO 

Jlay  IS  The  first  social  meeting  in  the  history  of  the  Section 
to  which  ladies  were  invited,  proved  such  a  success  that  it  was 
unanimously  decided  to  hold  others  in  the  future. 

S.  J.  Duncan-Clark,  war  analyst  of  the  Chicago  Evening  Post, 
gave  an  intensely  interesting  address  on  The  War  Situation  of 
Today.  In  order  to  give  the  audience  the  proper  perspective  the 
speaker  reviewed  the  incidents  leading  up  to  the  war,  starting 
with  the  Kaiser's  trip  to  Palestine  in  1898  and  the  concession 
given  by  the  Turkish  Government  at  that  time  to  build  the 
Bagdad  Railway,  which  was  the  first  step  in  the  program  of  the 
empire  that  the  Kaiser  had  conceived.  Then  followed  the  various-, 
intrigues  to  secure  right  of  way  to  Saloniki  and  Constantinople, 
and  the  final  spark  at  Belgrade  that  started  the  great  conflag- 
ration. Leading  his  hearers  step  by  step,  the  speaker  ably  re- 
viewed the  situation  on  each  front  with  the  final  optimistic  pre- 
diction of  victory  for  the  allied  democracies  over  the  last  great 
autocracy. 

-V  vote  of  thanks  was  tendered  Mr.  Duncan-Clark  and  a  collec- 
tion taken  for  the  Red  Cross. 

The  following  officers  were  elected  for  the  coming  year  :  Chair- 
man, Alexander  D.  Bailey  :  vice-chairman.  H.  T.  Bentley ;  secre- 
tary, Arthur  L.  Rice.  G.  R.  Brandon  and  P.  N.  Engel  were 
elected  members  of  the  executive  committee. 

Thomas  Wilson, 
flection  Corresponding  Secretary. 


MINNESOTA 

May  10  K.  C.  Richards,  superintendent  of  the  Jlinnesota  By- 
products Coke  Company,  gave  an  exceedingly  interesting  illus- 
trated lecture  on  coke  and  its  by-products,  which  was  followed 
by   several  discussions. 

By  unanimous  vote  the  following  officers  were  elected  for  the 
coming  year:  Chairman,  II,  LeRoy  Brink:  vice-chairman.  J.  A. 
Teach;   secretary   and   treasurer,    Edward    A,   Wilhelm. 

D,   M.  FOKFAB, 

Section  Secretary. 

NEW  ORLEANS 

April  2  A  general  business  meeting  at  which  the  principal 
event  was  the  election  of  officers,  resulted  in  the  following  elec- 
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tioDs  for  the  coming  year :  Chairman,  H.  L.  Hutson :  secretary. 
E.  W.  Carr;  W.  B.  Gregory,  A.  M.  Loclsett.  and  It.  T.  Burwell. 
members    of    the    board    of    direction. 

H.  L.  Hutson, 

Section  Secretary. 


WORCESTER 

June  S  After  a  brief  business  meeting  the  delegates  to  the 
Spring  Meeting  gave  their  reports.  Ira  N.  Hollis.  President  Am. 
Soc.M.E..  followed  with  an  address. 

Dr.  Hollis  confined  his  remarks  to  the  war  situation,  telling 
of  the  impressions  he  had  gained  while  talking  with  high  army 
and  navy  officials  who  accompanied  the  British  and  French  Com- 
missions to  this  country.  He  laid  particular  emphasis  on  the 
fact  that  this  war  is  a  huge  business  proposition,  where  the  skill 
of  the  engineer  in  handling  men  and  materials  is  perhaps  the  most 
important  factor.  His  remarks  touching  on  the  submarine  ques- 
tion were  particularly  interesting  and  instructive. 

The  following  were  elected  officers  for  the  coming  year :  Chair- 
man, George  I.  Rockwood ;  secretary,  Richard  G.  Williams.  H.  P. 
Fairfield.  V.  E.  Edwards  and  F.  W.  Parks  were  elected  members 
of  the  executive  committee. 

RiCHABD    G.    WlLLIAirS. 

Section  Secretary. 


UNIVERSITY    OF    ILLINOIS 

May  10  In  connection  with  the  Pi  Tau  Sigma  contest,  C. 
Spindler  spoke  on  the  Eight-Cylinder  Gasoline  Engine.  Mr. 
Spindler  pointed  out  the  advantages  of  this  type  of  engine  over 
the  four-,  six-  and  twelve-cylinder  engines  in  use  for  automobiles. 
The  talk  was  well  illustrated  with  blackboard  and  chart 
demonstrations. 

iluy  :i.5  The  conclusion  of  the  Pi  Tau  Sigma  contest  was 
reached  with  the  talks  delivered  at  this  meeting  by  J.  T.  Kelly, 
on  the  Heat  Treatment  of  Steel,  and  by  C.  Z.  Rosecranse,  on 
The  Railway   Dynamometer   Car. 

The  officers  for  the  coming  semester  were  also  elected,  as  fol- 
lows :  President,  H.  C.  Dieserud ;  vice  president,  J.  T.  Kelly ; 
secretary,  L.  I.  Phillis. 

H.    C.    DIE.SEBUD. 

Branch    Secretary. 

LEHIGH   UNIVERSITY 

J/ai/  10  The  annual  election  of  officers  was  the  main  feature  of 
this  meeting,  which  was  purely  one  of  business.  The  results  were 
as  follows  :  President,  J.  P.  Clymer ;  secretary,  W.  A.  Bomemann ; 
treasurer,  N.  Djmtrow. 

W.   A.   BOKMEICAXX, 

Branch  Secretary. 


Student  Branches 

CARNEGIE   INSTITUTE   OP  TECHNOLOGY 

iJay  26  The  Training  of  the  Engineer  was  the  subject  of  an 
interesting  talk  by  J.  H.  McAlpine,  of  the  Westinghouse  Machine 
Company.  The  speaker  outlined  the  training  required,  from  the 
time  of  entrance  to  school  until  the  chosen  field  had  been  reached. 
The  following  officers  were  elected  for  the  coming  year :  Presi- 
dent, B.  F.  Obert ;  vice-president,  E.  P.  Bateham :  secretary, 
R.  <;.  Brandin;  treasurer,  E.  F.  Morgan. 

J.  H.  Davis. 
Branch   Sccretarii. 


OHIO  STATE   UNIVERSITY 

May  29  This  meeting  took  the  form  of  a  banquet,  and  speeches 
were  made  by  several  faculty  members  and  students.  Later. 
William  T.  Magruder.  Mem..\m. Soc.M.E..  spoke  on  Aviation  and 
illustrated  his  talk  with  a  large  number  of  lantern  slides,  which 
were  of  much  interest  to  those  present. 

The  officers  for  the  coming  year  are  as  follows :  President, 
Paul  Bucher ;  secretary,  Fillmore  D.  Swan :  treasurer.  E.  A. 
Edwards. 

F.    E.    Smtses. 

Branch  Secretary. 


UNIVERSITY  OF  CINCINNATI 

May  22  Several  members  of  the  Am.Soc.M.E.  were  present 
at  the  final  meeting  of  the  season  and  addresses  were  made  by 
Ira  X.  Hollis,  President,  Am.Soc.M.E. ;  Calvin  W.  Rice,  Secre- 
tary. Am.Soc.M.E. ;  William  Kent,  Mem.Am.Soc.M.E..  and  Carl 
G.  Barth,  Mem.Am.Soc.M.E. 

The  election  of  officers  was  also  held  at  this  meeting,  with  the 
following  results :  President,  Henry  A.  Wolsdorf ;  vice-president. 
E.  H.  Schubert :  secretary  and  treasurer.  Christ  L.  Koehler ; 
publicity  manager,  Oliver  F.  Gang. 

Heney  a.  Wolsdoef, 

Branch   Secretary. 


PENNSYLVANIA  STATE  COLLEGE 

The  officers  for  the  coming  year  have  been  elected  as  follows : 
President,  Robert  S.  Clark,  Jr.  ;  vice-president,  L.  C.  Grove ; 
treasurer.   Robert  K.  Cochrane ;   secretary.  P.  G.  Musser. 


STEVENS  INSTITUTE   OF  TECHNOLOGY 

Hay  11.  The  following  officers  have  been  elected  for  the  ensu- 
ing year :  President.  Herbert  Peter :  vice-president,  Raymond  S. 
Mileham ;  secretary  and  treasurer.  G.  Crosby  Hiss. 

G.  Crosby  Hiss. 

Branch  Secretary. 


EMPLOYMENT  BULLETIN 

7  HE  SECRETARY  considers  it  a  special  obligation  and  pleasant  duty  to  make  the  office  of  the 
Society  the  medium  for  assisting  members  to  secure  positions,  by  putting  them  in  touch  tvith 
special  opportunities  for  which  their  training  and  experience  qualify  them,  and  for  helping  any- 
one  desiring   engineering  services.      The  Society  acts   only   as   a   clearing   house   in    these    matters. 


POSITIONS   AVAILABLE 

In  forwarding  applications,  stamps  should  be  enclosed  for  trans- 
mittal to  advertisers;  applications  jroni  non-members  should  be 
accompanied  by  a  letter  of  reference  or  introduction  from  a  mem- 
ber, such  reference  letter  to  be  filed  ivith  the  Society.  Copy  for 
notices  must  be  in  hand  by  the  loth  of  the  month. 

DESIGNER  on  heavy  machine  tools  and  similar  machinery.  Good 
opportunity  for  high-grade  designer  chiefly  with  drawing-olBce  ex- 
perience.     Salary,   .$2,400.      Location,   Pennsylvania.      40. 

TOOL  DESIGNER  who  is  resourceful  and  can  follow  work  through 
to  completion.  Technical  man  with  practical  shop  experlencp.  Salary. 
$25  to  $35  per  week,  according  to  ability.     Location,  Connecticut.     18o. 


S.iLES  ENGINEERS.  It  is  desirable  that  applicants  be  young 
men  between  25  and  30  years  of  age,  preferably  M,  E.  graduates  of 
some  approved  engineering  college,  and  of  good  appearance:  would 
be  expected  to  undergo  a  period  of  probation  and  training  in  various 
oiEces  of  company  for  responsible  and  higher  positions  in  sales  work. 
If  a  call  cannot  be  made,  application  may  be  made  by  letter  in  appli- 
cant's own  hand  writing,  stating  age,  education,  previous  business 
training,  if  any,  salary  desired,  etc.     Location,  New  York.     203. 

S.-VLESMEN  for  power-plant  equipment — boilers,  engines,  forced- 
draft  blowers,  pumps  and  elevators.  Commission  basis.  Location, 
New  York  City.     402. 

TE.\CHER  tor  large  public  institution  of  the  Middle  Northwest ; 
strictly    high-class    man    who    can    conduct    classes    and    give    lectures 
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upon    automobiles.      Must   be    tecbnical    graduate,    witb    practical    ex- 
perience and  not  afraid  of  work.     Location,  Wisconsin.     421. 

INDUSTRI.\L  ENGINEER— COST  ACCOUNTANT.  Well-estab- 
lished firm  can  offer  exceptional  opportunities  for  effective  and  inter- 
esting work  to  engineering  graduates  who  have  had  substantial  ex- 
perience with  modern  industrial  accounting ;  special  reference  to 
manufacturing  costs.  In  reply  state  age,  education,  experience,  pres- 
ent and  expected  salar.v.     Location,  Massachusetts.     431. 

DRAPTSM.\N,  capable  of  designing  machines  of  comparatively 
large  size  for  boring  and  milling  purposes  :  also  fixtures  and  tools  for 
use  on  such  machines,  to  hold  and  perform  work  as  shown  by  blue- 
prints.    Location.  Providence.     525. 


EXPERIENCED    MAN    to 
powder.     Salary  $30  to  start. 


take    charge    of    manufacture    of    soap 
Location,  New  York.     563. 


DR.\FTSMEN  for  stoker  department  of  concern  manufacturing  a 
specialt.v.  Wfirk  involves  layouts  of  stoker  installations  and  requires 
general  knowledge  of  boiler-room  work.  Salary  depending  upon  man's 
ability  and  experience,  $25  per  week  to  start.  Good  draftsman  with 
a  little  knowledge  of  this  class  of  work  more  valuable  than  good 
designer.     Location,  Philadelphia.     565. 

I'UMP  nESlGNER  experienced  in  design  and  construction  of 
turbine  pumps  particularly,  for  large  pump  manufacturers.  Location, 
South.     581. 

DRAFTSMEN  AND  DESIGNERS  familiar  with  power-plant  and 
factory  layouts.     Location,  Boston.     029. 

COMBUSTION  ENGINEER  experienced  in  hand  and  stoker  firing 
of  bituminou.s  coal,  to  study  boiler  efficiency  and  other  combustion 
problems.     Location,  Delaware.     725. 

PIPE  AND  POWER-PLANT  MEN  wanted  by  large  rubber  con- 
cern in  Ohio.     727. 

ENGINEER  skilled  in  handling  of  materials,  to  study  such  work 
at  plants  of  large  industrial  corporation  :  experience  with  conveying 
machinery  and  other  mechanical  means  of  transport  of  materials. 
Location,  Delaware,  782. 

TECHNICAL  GRADUATE  in  morlianical  engineering,  with  one  or 
two  years'  experience  in  power-house  installation  and  design  ;  should 
understand  pipinj:  layout  and  boiler  setting,  and  he  capable  of  in- 
specting such  work  during  installation.     Location,  New  Jersey.     865. 

DRAFTSM.\N  who  would  be  interested  In  investing  some  money 
in  shop;  one  familiar  with  horizontal  return  tubular  boilers  and 
boiler-shop  work  in  general.  State  age,  experience  and  salary  desired. 
Location,  New  Jersey.      881. 

M.ICHINERY  DESIGNER  in  turbine  department  of  large  electric 
company.     Location,  Massachusetts.     894. 

MASTER  MECHANIC  for  lead-smelting  plant  operating  blast  fur- 
naces and  concentrating  mills ;  must  be  man  of  strong  personality, 
capable  of  handling  varied  classes  of  mechanics.  Give  full  details  of 
education  and  experience.     Location,  Utah.     906. 

DRAFTSM.VN  experienced  in  factory  design  and  installation  of 
elevator  and  conveying  machinery  in  general  cement-plant  work.  Lo- 
cation, Penn.sylvania.     949. 

RECENT  ENGINEERING  GRADUATE  to  take  up  economy  studies 
in  pole  line  and  cable-plant  construction ;  one  experienced  In  esti- 
mating the  cost  of  such  construction  given  preference.  State  experi- 
ence and  salary  desired.     New  York  concern.     952. 

SALESMEN  on  machine  tools  to  represent  large  New  York  ex- 
porting corporation  in  China,  Australia  and  South  Africa.     964. 

DESIGNERS.  Men  experienced  in  steam-engine  and  turbine  work 
prefered.     Location,  East  Pittsburgh.     967. 

DR.\FTSM.\N  familiar  with  power-house  work,  installation  of 
equipment,  piping,  etc.,  and  competent  to  work  out  different  problems 
Involved  from  general  outline,  without  need  of  more  or  less  constant 
supervision.     Salary  $25  to  $28  per  week.     Location,  New  Y'ork.     969. 

DRAFTSMEN  experienced  in  design  of  chemical  plants  or  ma- 
chinery. Salary  $30  to  $50  per  week,  depending  upon  experience  and 
ability  of  man.     Location,  New  York  State.     9S2. 

MECHANICAL  ENGINEER  with  technical  education  and  at  least 
five  years'  experience  at  plants  manufacturing  chemicals:  work  to  be 
mainly  advisory  engineering  in  connection  with  manufacture  of  chem- 
icals.    Location,  Delaware.     991. 


MATERIAL  SUPERINTENDENT  wanted  before  October  1,  by 
Chicago  machinery  manufacturer,  at  initial  salary  of  $200  per  month  ; 
will  be  responsible  for  all  factory  functions  with  exception  of  main- 
tenance of  equipment,  training  hands,  tool  designing,  process  inspec- 
tion ;  will  be  Immediate  subordinate  of  works  manager,  and  have  to 
compete  with  one  man  for  advancement.  Give  education  and  physi- 
cal condition  in  detail :  name  firms,  nature  of  duties,  and  number  of 
months  spent  in  each  capacity.     Location,  Illinois.     992. 

DR.iFTSMAN  on  structural  steel.  Experience  in  powder,  coal  plants, 
industrial  plants,  power  houses,  layout,  etc.  Location,  New  York. 
1011. 

EXPERIENCED  PUMP  DRAFTSMAN  for  checking  and  detail- 
ing. Steady  work,  pleasant  surroundings.  Location,  Middle  West. 
1021. 


DRAFTSM.\N     for    patent    office    drawings. 
Location,  New  York.      1022. 


Salary    $25    to    $35. 


DRAFTSM.VN  to  make  measurements  and  drawings  of  machine 
tools  :  work  will  require  considerable  time  and  position  has  good  prom- 
ise for  Future,  i'oung  man  desired  with  technical  education  and  some 
practical  experience,  especially  in  machine-tool  work.  Location,  Buf- 
falo.    1033. 

ASSISTANT  to  mechanical  laboratories  ;  prefer  technically  trained 
man,  who  would  be  able  to  conduct  classes  and  look  after  equipment 
of  shops  of  mechanical  laboratories.  Salary  $120.  Location.  Brooklyn. 
1000. 

TECHNIC.VL  GRADU.\TE  capable  of  undertaking  the  standard- 
ization of  materials  and  processes  in  large,  small-tools  manufacturing 
plant.  Must  be  familiar  with  chemical  and  physical  testing  of  metals 
and  other  materials,  and  with  mechanical  operations.  .State  age,  ex- 
perience and  references.     Location,  Philadelphia.     1087. 

DRAFTSMEN  having  three  and  five  years'  experience  on  boiler 
and  stoker  work.     Location,  New  York.     1090. 

DR.\FTSMAN  capable  of  doing  accurate  checking  on  drawings. 
Location,  Virginia.     1093. 

METALLURGIST  for  firm  making  steel  automobile  parts,  one  of 
the  largest  in  its  field  ;  familiarity  with  modern  chemical  and  metallo- 
graphical  control  essential.  Must  have  sufficient  initiative  to  lay  out 
proper  methods  and  the  necessary  personality  to  see  that  those 
methods  are  followed.     Location.  Pennsylvania,     1094. 

DR.4FTSMAN  on  piping  and  general  machinery.  Salary  $20-$35. 
Location,  Connecticut.     1099, 


COMBUSTION  ENGINEER  familiar  with   large   steam   plants 
perienced  in  efficiency  work.    Location,  Philadelphia.     1102. 


Ex- 


DRAFTSMAN  and  ESTIMATORS  for  work  of  varied  character 
with  large  concern.  Offers  good  opportunity  for  advancement.  Lo- 
cation, New  Jersey.     1104. 

DRAFTSMAN,  technical  graduate,  capable  of  assuming  full  re- 
sponsibility of  drawing  room,  designing  tools,  fixtures,  jigs,  gages. 
One  having  shop  and  executive  experience  preferred.  Location,  Ohio. 
1105. 

PRODUCTION  SUPERINTENDENT  with  experience  in  foundry  and 
machine-shop  work.  Technical  graduate  30-45  years  of  age  preferred. 
Must  be  good  executive,  alert  and  aggressive  in  getting  work  through 
factory.  Shop  has  approximately  800  men  and  does  all  kinds  of  power- 
transmission  vi'ork.    Location.  Middle  West.    Salary  $300{)-S4noo.    1106. 

TECHNIC.4L  GR.iDU.VTB  wanted  to  do  mechanical  drafting  and 
assist  in  other  work  in  factory.  In  answer  state  age,  education,  past 
positions,  and  salary  expected  to  start.     Location,  New  Jersey.     1111. 

MECHANICAL-ENGINEERING  DEPARTMENT  of  a  Middle  West 
State  college  desires  applications  from  men  suitable  for  the  position 
of  foreman  in  machine  shop.  Successful  applicant  must  have  had 
several  years'  actual  machine-shop  work  and  be  familiar  with  method! 
of  mass  production  and  scientific  management.  Desirable  that  he  have 
college  training,  although  not  absolutely  necessary.  Should  have  had 
experience  as  foreman  or  assistant  foreman  in  some  successful  shop, 
and  preferably  some  teaching  experience,  although  this  is  not  absolutely 
necessary.  Prefer  young  man  not  over  35  to  40  years  of  age.  Location, 
Michigan.     1112. 

DESIGNER  of  tools  and  .iigs  for  large,  high-grade  factory,  to 
build  up  a  new  department.  Must  have  experience  in  heavy  motor- 
truck work  and  first-class  motor  manufacture.  An  unusually  good 
opportunity  for  the  right  man.  Give  complete  information  In  first 
letter.     Location,  Middle  West.     1114. 
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ENCilNEEK  OF  TESTS,  to  assume  charge  or  pliysical  testing 
laboratory  of  large  corporation.  Excellent  opportunity  for  teclinically 
trained  man  with  from  two  to  four  years'  experience  in  testing  work. 
In  first  letter  state  age,  education,  experience  in  detail,  and  salary 
expected.     Location,  vicinity  of  New  York  City.     HIT. 

SUPERINTENDENT  of  boiler  house  and  power  bouse  in  connection 
with  blast-furnace  plant.     Location.  Obio.     HIS. 

MECHANICAL  ENGINEER.  Experienced  in  design  of  apparatus  for 
cbemical  plants.  Capable  of  working  from  rough  sketches  and  (tther 
data.     Salary  $125  per  month.     Location.  New  Jersey.      112.5. 

PRACTICAL  EFFICIENCY  ENGINEER,  not  theoretical,  for  manu- 
facturing company  in  Ohio.      1126. 


MEN  AVAILABLE 

Only  metmbers  of  the  Society  are  listed  in  the  published  notices 
in  this  section.  Copy  for  notices  should  be  in  hand  by  the  15th 
of  the  month,  and  the  form  of  the  notice  should  be  such  that  the 
initial  words  indicate  the  classification.  Notices  are  not  repeated 
-in  consecutive  issues. 

WORKS  MANAGER  or  SUPERINTENDENT  in  moderate-size 
iplant,  with  view  to  making  permanent  connection.  Technical  grad- 
qjate,  age  31.  Wide  experience  in  purchasing  materials,  employment 
of  all  classes  of  labor,  design  and  layout  of  factories,  and  installation 
of  scientific  production  methods,  standardization,  and  management  in 
various  industrial  plants.  .\t  present  employed  as  industrial  engineer 
by  large  Eastern  manufacturing  corporation ;  work  nearing  comple- 
tion with  this  concern  after  six  years  service.     G-245. 

WORKS  ENGINEER  or  MANUFACTURING  SUPERINTEND- 
ENT, exi>erienced  in  modern  manufacturing  methods,  and  capable  of 
getting  maximum  production  from  equipment  and  men  employed. 
0-240. 

PRACTICAL  FOUNDRY  MAN.  Capable  of  handling  any  foundry 
position.     G-247. 

CHIEF  OPER.VTING  ENGl.NEER  for  large  central  steam-electric 
power  company  or  holding  company.  -Vge  44.  married.  Twenty  years 
raried  experience  in  steam  generation  and  utilization  and  design  and 
Installation  of  systems  up  to  7000  boiler  hp.  and  2300  kw.  Thor- 
oughly conversant  with  the  principles  and  practice  of  economy  in 
steam  generation  and  utilization.  Good  organizer:  university  grad- 
uate, -^t  present  employed.  References  given.  Location  preferred 
east  of  Mississippi  River.     G-248. 

MECHANICAL  ENGINEER,  with  extensive  all-around  experience, 
desires  change.  Charge  of  mechanical  engineering,  design  ur  mechani- 
cal superintendent.  Heav.v-machinery  and  industrial-plant  experience. 
G-249. 

SUPERINTENDENT  of  CONSTRUCTION  or  MECHANICAL 
ENGINEER.  Specialtj  :  plant  construction  and  maintenance,  installa- 
tion of  all  power-plant  and  shop  machinery,  buildings,  foundations, 
etc.  Fifteen  years'  engineering  experience  in  the  West.  Technical 
graduate,  age  34.     Desires  a  live  job.  any  location.     G-250. 

MECHANICAL  ELECTRICAL  ENGINEER.  Columbia  graduate. 
As  sales  manager  or  superintendent.  .\t  present  employed  as  man- 
ager of  a  very  large  concern.  Experience  in  internal-combustion  en- 
gines, gas  producers,  power  installations,  foundry  and  machine-shop 
practice  and  marine-power  plants.  Unusual  l>usiness  and  technical 
training.  Fully  conversant  with  French,  Italian  and  Spanish.  Mini- 
mum salary  to  start,  $4,000.     G-2.51. 

MEMBER.  Technical,  practical,  with  twenty  years"  broad  expe- 
rience in  design,  construction  and  operation  of  steam-electric  power 
plants  and  transmission  systems.  Good  executive.  Has  shown  econ- 
omy in  steam  generation  with  both  anthracite  and  bituminous  coal. 
At  present  with  railroad  near  New  Y'ork  as  engineer  of  power,  light 
.and  heat.  Desires  position  as  superintendent  or  chief  engineer  of 
^electric  or  steam-power  systcnt  of  large  inland  power  plant,  or  in  ore 
■or  coal-mining  regions.  South  or  West.     G-252. 

MECHANICAL  ENGINEER.  Age  35.  married.  Wide  experience 
'in  the  design  of  automatic  and  general  machinery  :  also  experience  in 
-general  structural  work,  engine  and  boiler  testing.  Familiar  with 
shop  methods  and  following-up  work  through  shops.  Desires  position 
with  a  firm  in  the  Eastern  states,  preferably  Philadelphia.  At  pres- 
-ent  emplo.ved.     First-class   references.     G-2o3. 


ern  shop   practice ;   can  handle  men.     Open  for  a   position   with  view 
of  permanent  connection.     Highest  reference.s.     G-254. 

TECHNICAL  GRADUATE,  M.E..  married,  age  27.  Shop  experi- 
ence, factory  inspector,  branch  manager,  sales  experience.  Now  en- 
gaged in  safety-engineering  work.  Desires  position  as  assistant  to 
executive  or  in  sales  department.     Location  preferred  in  East.     G-2o5. 

GENERAL  PRODUCTION  and  FACTORY  EXECUTIVE.  Age 
32,  married.  American.  Technically  trained,  clean-cut  and  aggres- 
sive. Ten  years'  active  experience  in  layout,  organization  and  super- 
vision of  manufacturing  projects  along  efBciency  lines.     G-256. 

EXECUTIVE,  MUNITIONS  MANUFACTURE.  Age  38.  Twenty 
years'  experience  in  almost  every  capacity,  in  Corliss-engine  manufac- 
ture ;  as  works  manager  recently  organized,  equipped  and  operated 
shop  of  1000  men  and  successfully  completed  contract  for  artillery 
ammunition.  Rejected  by  Engineer  Officers'  Reserve  Corps  on  ac- 
count of  slight  physical  defect.  Desires  position  where  experience 
and  ability  will  be  fully  utilized  on  the  "  big  job."  Present  otherwise 
satisfactory  position  not  directly  useful  to  United  States  now.     G-257. 

GRADU.ATE  IN  MECHANIC.VL  ENGINEERING.  M.I.T.  '15. 
Fourteen  months'  testing  experience  with  a  large  electrical  concern 
and  some  production  experience.  Desires  work  along  production  en- 
gineering or  works-management   lines.     At  present  employed.      G-258. 

S.\LES  ENGINEER,  electrical-mechanical,  technical  graduate,  age 
34,  married,  American  citizen.  Twelve  years'  sales  experience. 
Speaks  Spanish  and  Portuguese.  At  present  located  in  Cuba  as  con- 
sulting engineer,  desires  position  in  the  United  States,  preferably  in 
the  West.  Thoroughly  acquainted  with  Denver,  Salt  Lake  and  San 
Francisco  terrritories.  Possesses  executive  ability,  has  specialized  last 
seven  years  in  electrical  machinery,  although  has  thorough  knowledge 
of  steam  engineering.     G-259. 

PURCH.\SING  ENGINEER.  Presently  engaged,  would  consider 
change  for  responsible  position.  Especially  equipped  through  service 
with  large  organizations,  and  in  technical  and  commercial  valuation 
of  materials,  electrical  and  mechanical  equipment,  machine-shop  proc- 
esses, and  building  construction.     G-260. 

YOUNG     MECHANICAL    and    ELECTRICAL     ENGINEER.       Tecli- 

nical  i^raduate.  age  2S.  Four  years  with  large  manufacturer  of  in- 
ternal-combustion engines,  steam  pumps,  compressors,  gas  producers, 
generators  and  motors.  Two  years  assistant  inspector  of  gas  and 
electricity  in  a  large  city.  Practical  shop  and  engineering  experi- 
ence.    Sales  or  engineering  position  with  a  future  desired.     G-261. 

DIRECTOR  or  PRINCIPAL  of  TR.\DE  or  VOCATIONAL  SCHOOL. 
.\t  present  head  of  department  technical  high  school.  Six  years' 
practical  experience,  seven  years'  teaching.  Desires  to  locate  where 
ability  counts  and  greater  opportunity  for  advancement  exists.  Present 
salary  $1750.     G-262. 

CHEMICAL  and  MECHANICAL  ENGINEER.  High-grade  tech- 
nical graduate  in  mechanical  engineering  who  has  also  had  thorough 
chemical  training  desires  to  change  from  present  employment  to  posi- 
tion in  a  chemical  industry  where  ability  to  operate  economically, 
improve  and  develop  methods  will  be  appreciated.  Sixteen  years'  ex- 
perience, seven  in  chemical  industry.     G-263. 

EXECUTIVE  or  ASSISTANT  SUPERINTENDENT.  Technical 
education,  American,  age  36.  Practical  mechanic,  familiar  with  design 
of  special  machinery,  tools,  jigs,  fixtures,  etc.,  for  manufacturing  du- 
plicate parts  on  interchangeable  system.  Twelve  years  in  drafting 
room,  including  chief  draftsman ;  six  years'  shop  experience,  one  as 
foreman.  Salary  ?2000  per  annum.  Location  preferred.  Eastern 
States.     G-264. 

WORKS  MANAGER  or  SUPERINTENDENT.  American,  age  43. 
Twenty-two  years'  practical  experience  in  interchangeable-parts  manu- 
facture, automatic  and  semi-automatic  machine  design  and  manufac- 
ture, power-plant  equipment  such  as  valves,  piping,  brass,  gray  and 
malleable  iron  fittings,  tools  and  fixtures.  Successfully  held  the  posi- 
tions of  apprentice,  tool  maker,  general  foreman,  chief  draftsman, 
mechanical  engineer  and  superintendent,  .^t  present  employed  ;  best 
reason  for  changing.     Minimum  salary  $4,000.     G-265. 

YOUNG  ENGINEER.  Technical  graduate.  Two  years'  good  en- 
gineering experience,  desires  position  in  engineering  sales  or  purchas- 
ing department  of  manufacturing  concern.     G-266. 

STRUCTURAL  and  MECHANICAL  ENGINEER.  Age  33.  tech- 
nical graduate.  Six  years'  experience  in  designing  structural  steel 
and  reinforced  concrete.  At  present  employed.  Desires  permanent 
and  responsible  position,  in  either  executive  or  engineering  depart- 
ments, where  past  experience  can  be  utilized.     G-267. 


MECH.\NIC-\L       ENGINEER.        Married.        Technical       education.  S.\LES    ENGINEER.      Technical    graduate.      Six    years'    experience 

Thirteen  years  devoted   to  experimental  work,   education,   development  In  steel  work.      Three  years'   experience   in  selling  cast  iron   and  cast 

afid  production  work  on  internal-combustion  engines  and  self-propellerl  steel.      Desires    position    as    salesman    for    large    foundry :    has    large 

vehicles.     Specialty,  internal-combustion  engines.     Familiar  with   mod-  clientele  and  can  produce  gratifying  results.     G-268. 
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A  Review  of  Engineering  Progress  and  Attainment    in    Mechanical    Engineering    and    Related 
Fields,  Including  a  Digest  of  Current  Technical  Periodicals  and  a  Selected 

List  of    Engineering  Articles 


Recent  Papers  on  Engineering  Research 

IN  view  of  the  peculiar  importance  now  attaching  to  engi- 
neering and  scientific  research  and  the  very  general  desire 
to  know  more  of  the  nature,  purpose  and  progress  of  such 
work,  it  has  been  thought  advisable  to  present  here  brief 
synopses  of  certain  of  the  papers  and  addresses  that  have 
appeared  in  the  last  year  or  so  in  American  and  foreign 
periodicals.  The  list  of  articles  so  abstracted,  however,  should 
not  be  considered  in  any  sense  an  exhaustive  one. 


J.     J.     CARTY    CONTRASTS     INDUSTRIAL     AND     SCIENTIFIC 
RESEARCH 

In  his  presidential  address  to  our  sister  society,  the  Amer- 
ican Institute  of  Electrical  Engineers,  presented  at  the  annual 
meeting  in  Cleveland  in  .June  1917,  J.  J.  Carty  made  an 
attempt  to  direct  attention  to  certain  important  relations 
between  purely  scientific  research  and  industrial  scientific 
research  and  to  point  out  how  manufacturers  of  various  types 
might  avail  themselves  of  the  advantages  of  research. 

The  stupendous  upheaval  of  the  European  war  with  its 
startling  agencies  of  destruction,  the  product  of  both  science 
and  the  industries,  Mr.  Carty  said,  has  brought  about  a  great 
awakening  of  our  people,  out  of  which  has  come  a  growing 
appreciation  of  the  importance  of  industrial  scientifie  research, 
not  only  as  an  aid  to  militai-y  defense,  but  as  an  essential  part 
of  every  industry  in  time  of  peace. 

Industrial  research  conducted  in  accordance  with  the  prin- 
ciples of  science  is  no  new  thing  in  America.  The  Research 
Department  of  the  Bell  Telephone  Companies,  founded  nearly 
forty  years  ago,  and  which  is  under  the  direction  of  Mr.  Carty, 
has  grown  from  small  beginnings  with  but  a  few  workers  to  a 
great  institution  employing  hundreds  of  scientists  and  engi- 
neers. The  larger  electrical  manufacturing  concerns  have  also 
founded  industrial  scientific  research  laboratories,  and  while 
vast  sums  are  spent  annually  upon  industrial  research  in  these 
laboratories,  Mr.  Carty  states  that  he  can  say  with  authority 
that  they  return  to  the  industries  each  year  improvements  in 
the  art,  which  taken  altogether  have  a  value  many  times 
greater  than  the  total  cost  of  their  production.  Money 
expended  in  properly  directed  industrial  research,  conducted 
on  scientific  principles,  is  sure  to  bring  to  the  industries  the 
most  generous  return. 

Industrial  scientific-research  departments  can  reach  their 
highest  development  in  those  concerns  doing  the  largest 
amount  of  business.  The  conditions  today  are  such  that,  with- 
out cooperation  among  themselves,  the  small  concerns  cannot 
have  the  full  benefits  of  industrial  research,  for  no  one  among 
them  is  sufficiently  strong  to  maintain  the  necessary  staff  and 
laboratories.  The  small  manufacturer  may,  however,  obtain 
the  full  benefits  of  industrial  research  by  taking  his  problem 
to  one  of  the  industrial  research  laboratories  already  estab- 
lished for  this  very  purjiose.  If  this  be  extensively  done,  such 
laboratories  would  be  enabled  to  extend  and  improve  their 
facilities  so  as  to  render  better  service,  but  until  the  manufac- 


turers themsehes  are  aroused  to  the  necessity  of  action  in  the 
matter  of  industrial  research,  there  is  no  plan  which  can  be 
devised  that  will  result  in  the  general  establishment  of  research 
laboratories  for  the  industries. 

In  the  present  state  of  the  world's  development  there  is 
nothing  which  can  do  more  to  advance  American  industries 
than  the  general  adoption  by  our  manufacturers  of  industrial 
research  conducted  on  scientific  principles. 

In  the  minds  of  many  there  is  confusion  between  industrial 
scientifie  research  and  purely  scientific  research,  particularly 
as  the  industrial  research  involves  the  use  of  advanced  scientific 
methods.  The  distinction  is  to  be  found  not  in  the  subject- 
matter  of  the  research,  but  in  the  motive.  Industrial  research 
is  always  conducted  with  the  purpose  of  accomplishing  some 
utilitarian  end.  Pure  scientific  research  is  conducted  with  the 
philosophic  purpose  for  the  discovery  of  truth  and  for  the 
advancement  of  the  boundaries  of  human  knowledge.  With  all 
this,  however,  it  must  be  borne  in  mind  that  the  two  are  closely 
interrelated. 

While  a  single  discovery  in  pure  science,  when  considered 
with  reference  to  any  i^articular  branch  of  industry,  may  not 
appear  to  be  an  appreciable  benefit,  yet  when  interpreted  by 
the  industrial  scientist — which  includes  the  engineer  and  the 
industrial  chemist — and  when  adapted  to  particular  uses  by 
him,  the  contributions  of  pure  science,  as  a  whole,  become  of 
incalculable  value  to  all  the  new  industries. 

Mr.  Carty  strongly  emphasized  the  fact  that  while  discov- 
eries of  the  pure  scientist  are  of  the  greatest  importance  to  the 
higher  interest  of  mankind,  their  particular  benefits  are  usually 
indirect,  intangible  and  remote ;  and  he  showed  how,  through 
the  utilization  of  American  universities,  means  may  be  pro- 
vided for  an  adequate  establishment  of  scientific  research  in 
this  country.  {Proceedings  of  the  American  Institute  of 
Electrical  Engineers,  vol.  3.5,  no.  10,  October  1916) 

W.  R.  WHITNEY  MAKES  PLEA  FOR  RECOGNITION  OF  RESEARCH 
AND  LIBERALITY  TO  WORKERS 

In  an  address  delivered  at  the  alumni  dinner  of  the  Massa- 
chusetts Institute  of  Technology,  January  6,  1917,  W.  R. 
Whitney,  Director  of  the  Research  Laboratory  of  the  General 
Electric  Company,  made  an  urgent  plea  for  the  better  recogni- 
tion of  the  value  of  scientifie  research  work  and  a  more  liberal 
treatment  of  those  engaged  in  this  pursuit.  He  emphasized 
pai-tieularly  how  generally  the  world's  greatest  discoveries 
have  been  disclosed  in  their  first  stages  by  men  who  were 
highly  trained  and  experienced  in  experimenting.  The  foun- 
dations of  advance  are  most  often  made  by  such  men  as 
experimental-science  professors,  who  with  minds  skilled  in 
observation  and  keen  in  appreciation,  have  had  oiijjorfunity  to 
long  continue  the  investigation  of  some  phenomena  of  nature 
which  they  obsei'ved. 

More  chemists  and  physicists  should  be  trained  in  our 
schools  than  ai'e  absorbed  in  our  industries.  They  are  needed 
much  more  generally  in  scientific-research  laboratories  in  the 
college  or  elsewhere,  where  the  country's  future  interests  are 
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concerned.  An  investigator  of  the  type  of  Faraday  may  be 
safely  said  to  be  worth  thousands  of  ordinary  men.  It  is 
necessary  to  recognize  clearly  that  the  great  industrial  develop- 
ment has  not  grown  out  of  an  accident  or  a  single  observation, 
but  has  been  the  result  of  painstaking  work.  It  was  a  pro- 
fessor at  Louvain,  Minekelers,  who  apparently  started  us  in 
the  use  of  illuminating  gas.  He  was  not  aiming  to  illuminate 
houses,  but  was  trying  such  gases  in  balloons.  He  also  tried 
lighting  his  lecture  room  by  this  means.  Engineering  develop- 
ment from  this  peculiar  discovery  did  not  take  place  for  ten  or 
more  years,  but  it  was  the  inquisitive  mind  of  the  trained 
physicist  and  chemist  which  made  the  engmeering  possible. 

There  are  many  more  just  such  widely  interesting  develop- 
ments which  only  await  the  careful  study  of  the  trained 
inquirer.  Very  little  or  nothing  seems  to  have  been  accidental. 
Our  position  has  resulted  from  gradual  accretions  of  knowl- 
edge from  many  experimenters. 

The  speaker  cited  many  cases  where  proper  encouragement 
given  to  scientists  had  led  to  the  development  of  important 
contributions  to  engineering  in  the  broad  sense  of  this  term. 
(General  Electric  Review,  vol.  20,  no.  2,  February  1917) 

CHARLES    P.     STEINMETZ    WANTS    TO    SEE    RESULTS    INDUS- 
TRIALLY  USEFUL 

Industry,  and  with  it  all  our  modern  civilization,  depends  on 
engineering,  says  Charles  P.  Steinmetz,  Chief  Consulting 
Engineer  of  the  General  Electric  Company.  Engineering, 
however,  is  nothing  but  applied  science,  and  science  thus  is  the 
foundation  and  seientifie  research  the  ultimate  means  which 
have  created  our  civilization.  Of  late  the  industrial  development 
has  been  so  rapid  and  the  demand  for  the  results  of  scientific 
research  so  great  and  urgent  that  universities,  which  for  ages 
have  been  the  chief  homes  of  scientific  research,  have  not  been 
able  to  supply  it  and  the  industries  had  to  enter  the  field  of 
scientific  research  themselves.  Besides,  universities  and  educa- 
tional institutions  rather  retrograded  in  scientific  research,  be- 
came submerged  in  a  false  commercialism,  which  figured  the 
output  of  the  college  in  student-hours  per  professor,  judged 
efficiency  by  the  percentage  of  students  gi-aduated,  and  too 
often  wasted  the  university's  best  assets,  its  professors.  Thus 
we  find  in  colleges  men  who  have  shown  themselves  capable  as 
investigators  to  do  scientific  research  work  of  the  highest  order, 
overloaded  with  educational  or  administrative  routine  and 
deprived  of  the  time  for  research  work.  Private  industries 
rarely  commit  such  crimes  of  wasting  men  on  work  inferior  to 
what  they  can  do;  industrial  efficiency  forbids  it. 

Thus,  when  the  advance  of  industry  demanded  a  more  rapid 
extension  of  our  scientific  knowledge,  scientific-research  labora- 
tories were  established  in  the  industries  and  some  of  them  very 
soon  showed  their  ability  to  produce  scientific  work  of  high 
cliaracter.  But  these  scientific-research  laboratories  of  the 
industry  represent  only  a  part,  often  a  minor  part,  of  the 
research  work  done  within  the  industry,  and  in  many  places 
opportunity  is  aff'orded  for  the  right  men  to  carry  out  scien- 
tific research.  Thus,  in  the  materials  testing  laboratories  of 
our  industrial  corporations,  in  their  standardizing  laboratories, 
development  sections,  etc.,  research  work  is  being  carried  out 
and,  as  a  rule,  is  encouraged  by  the  corporations. 

Under  the  head  of  industrial-research  laboratories  come  also 
the  commercial  testing  laboratories,  development  laboratories, 
etc.,  which  have  been  established  and  ser^'e  the  same  purpose 
to  the  smaller  industrial  organizations  as  do  the  private  labora- 
tories to  the  gi-eat  industrial  corporations. 

Theoretical  scientific-research  work  in  industrial  establish- 
ments should  be  of  such  character  that  it  may  lead  to  results 


which  are  industrially  useful.  Actually,  however,  there  is  no 
scientific  investigation  however  remote  from  industrial  require- 
ments which  might  not  possibly  lead  to  industrially  useful 
developments.  Indeed,  esjierience  has  shown  that  it  is  rare  that 
some  industrially  valuable  results  do  not  follow  sooner  or  later, 
no  matter  how  abstruse  and  remote  from  apparent  utility  a 
scientific  investigation  may  appear.  To  illustrate — when  the 
General  Electric  Company  undertook  research  work  on  the 
electrostatic  corona  and  dielectric  phenomena  in  the  air,  no 
immediate  or  direct  benefit  could  be  seen  for  the  company. 
But  before  the  research  was  completed  it  had  led  to  a  redesign 
of  practically  all  high-voltage  transmission  apparatus  and  has 
thus  proved  valuable  in  industrial  design. 

Some  kinds  of  research  can  be  carried  out  more  efficiently  by 
educational  institutions,  and  others  by  the  industries.  Research 
requiring  little  in  facilities,  but  a  large  amount  of  time  and 
attention  from  research  men  is  especially  adapted  to  educa- 
tional laboratories,  while  investigations  requiring  large 
amounts  of  material  or  of  power  rather  than  time  of  the 
investigators,  are  specially  adaj^ted  to  the  industries,  and 
often  beyond  the  facilities  of  the  educational  institution.  The 
best  plan  is  a  division  of  research  between  educational  and 
industrial  laboratories  in  accordance  with  their  facilities 
wherever  possible;  as,  for  example,  was  done  in  an  investiga- 
tion of  the  phenomena  of  the  dielectric  field  by  the  Consulting 
Engineering  Laboratory  of  the  General  Electric  Company  on 
one  hand,  and  Johns  Hopkins  University  on  the  other. 

The  closer  relation  of  industrial  research  laboratories  to 
engineering  practice  leads  to  a  tendency  which,  in  general, 
may  be  expressed  by  saying  that  in  the  results  of  industrial 
research  a  probable  error  is  greater,  but  the  possibility  of  a 
constant  error  less.  On  the  other  hand,  in  industrial  research 
the  liability  exists  of  limiting  the  work  to  such  a  narrow  field 
that  it  has  little  general  scientific  value.  Inversely,  in  educa- 
tional research  there  is  sometimes  the  tendency  to  generalize 
beyond  the  limits  justified  and  so  draw  wrong  conclusions. 
The  quality  of  the  work  is  about  equal  in  both,  and  in  the 
industry  may  vary  from  scientific  research  of  the  highest 
quality  down  to  investigations  which  are  of  little,  if  any, 
value. 

The  essential  difference  between  industrial  and  educational 
research,  however,  is  found  in  their  method  of  publication. 
The  publication  mediums  of  scientific  research  carried  on  in 
educational  institutions  are  the  scientific  publications,  while 
the  publication  mediums  of  the  scientific  research  carried  on 
in  the  iudustrj-  are  the  technical  or  engineering  papers. 
Unfortunately,  a  large  number  of  scientists  still  look  on  publi- 
cation in  the  technical  press  as  unscientific,  and  as  a  result  a 
large  and  steadily  increasing  part  of  the  scientific  research  of 
the  country  is  practically  lost  to  the  scientist.  In  one  case 
certain  tables  of  physical  constants,  published  only  a  few 
years  ago,  neglected  to  take  account  of  a  mass  of  data  on  an 
important  subject  that  had  been  recorded  in  engineering  pro- 
ceedings. Such  an  attitude  of  our  scientists  constitutes,  in  the 
opinion  of  Mr.  Steinmetz,.  a  serious  menace  to  our  Nation's 
progress.  (General  Electric  Bevietv,  vol.  20,  no.  2,  February 
1917) 


CLAYTON    H.    SHARP    ADVOCATES    INDEPENDENT    RESEARCH 
LABORATORIES 

In  discussing  the  position  of  independent  laboratories  in 
the  engineering  industries  Dr.  Clayton  H.  Sharp,  Technical 
Director,  Electrical  Testing  Laboratories,  New  York  City,  calls 
attention  to  the  fact,  which  is  becoming  more  and  more  clearly 
recognized,  that  with  the  sharpened  competition  which  must 
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ensue  at  the  close  of  the  war  any  and  all  means  for  increasing 
our  industrial  efificieney  will  be  considered  with  far  greater 
seriousness  than  ever  hitherto. 

The  great  American  manufacturing  organizations  realize  the 
importance  of  laboratory  testing  and  research  and  have  pro- 
vided means  for  carrying  it  on,  but  the  manufacturers  of 
smaller  resources  do  not  make  a  correspondingly  large  use  of 
laboratory  assistance.  This  may  be  ascribed  to  two  causes: 
First,  because  they  are  not  so  fully  aware  of  their  own  need 
for  laboratory  assistance  and  of  the  possibilities  of  laboratory 
work  in  increasing  their  eflScieney ;  second,  because  of  par- 
ticular difficulties  in  securing  such  laboratory  facilities  as  cor- 
respond to  their  needs. 

Pure  scientitic  investigation  may  be  best  carried  on  in  the 
university,  but  for  the  adequate  pursuit  of  industrial  research 
work  it  is  necessary  to  look  to  organizations  constituted  dif- 
ferently. The  smaller  manufacturer  might  take  his  laboratory 
jjroblems  to  a  technical  school  for  solution,  but  tliis  plan  is 
open  to  the  objection  that  the  funds  of  the  institution,  being 
given  for  a  public  purpose,  should  not  be  diverted  to  private 
ends.  Against  this  it  may  be  urged  that  it  is  to  the  advantage 
of  the  technical  school  to  take  on  a  certain  amount  of  indus- 
trial work,  not  only  in  research  but  also  in  testing.  Such  work 
necessarily  brings  both  instructors  and  students  into  contact 
with  certain  practical  problems  of  the  outside  industrial  world, 
a  world  of  which  they  know  much  in  theory,  but  often  too  little 
in  practice. 

There  are,  however,  certain  disadvantages  in  having  indus- 
trial problems  handled  by  the  technical  school.  The  lack  of 
contact  with  the  actualities  of  practice,  on  the  part  of  instruc- 
tors and  students  who  handle  the  jiroblems,  greatly  lessens  the 
value  of  the  technical  school  as  an  organization  for  industrial 
research.  The  technical-school  men  are  not  equipped  to  con- 
sider the  problems  of  cost,  of  the  intellectual  and  psycholog- 
ical limitations  of  workmen,  of  transportation,  of  market  con- 
ditions, of  company  policy,  of  technical  and  commercial  usage 
in  the  field,  any  or  all  of  which  may  have  their  influence  on 
the  result. 

It  is  the  independent  laboratory  that  has  to  provide  for  the 
smaller  manufacturer  what  the  private  laboratory  does  for 
some  of  the  great  corporations.  To  fulfill  these  fmictions 
properly,  the  independent  laboratory  must  be  adequately  sup- 
ported, properly  manned  and  abundantly  equipped.  Its  staff 
must  be  organized  on  jjarticular  lines.  Its  engineers  must 
be  familiar  with  the  practical  and  commercial  features,  as  well 
as  the  technical  details  of  the  work  which  they  encounter. 
It  must  include  physicists  and  chemists  accustomed  to  look  at 
the  fundamental  features  of  the  problems  presented.  The 
fees  charged  by  such  a  laboratory  must  be  adequate  to  cover 
not  only  all  expense  but  also  to  yield  a  sufficient  profit  as 
well. 

In  return  the  laboratory  must  deal  with  its  clients  in  a 
highly  confidential  manner,  conserving  individually  all  of  the 
results  of  the  work  for  which  they  are  paid.  It  must  be  pre- 
pared to  turn  over  to  its  clients  the  inventions  and  patents 
which  are  the  direct  outcome  of  any  specific  piece  of  work. 

The  equipment  of  such  a  laboratory  must  be  extensive  to 
enable  it  to  handle  the  great  variety  of  work  affoi'ded  to  it. 
A  very  large  supply  of  electrical  power  is  an  absolute 
requisite.  To  some  extent  a  laboratory  of  this  sort  must 
possess  from  its  very  inception  a  considerable  investment  for 
its  equipment.  All  this  makes  the  establishment  of  such  labora- 
tories a  matter  of  considerable  difficulty,  notwithstanding  the 
great  importance  of  the  results  which  they  may  achieve  for  the 
industry.  {Journal  of  the  Franklin  Institute,  vol.  183,  no.  2, 
Februai-y  1917) 


ALBERT   H.    HOOKER   CITES   NIAGARA    FALLS    WORK 

In  a  paper  presented  before  the  American  Electrochemical 
Society  on  February  11,  1916,  Albert  H.  Hooker,  Works 
Manager  of  the  Hooker  Electrochemical  Company  of  Niagara 
Falls,  New  York,  presented  a  paper  on  Niagara,  the  Commer- 
cial Research  Laboratory  of  the  Nation. 

In  this  paper  the  very  significant  statement  is  made  that 
when  the  Niagara  Falls  Power  Company  started  their  tunnel 
about  1891,  not  one  of  the  products  now  made  by  the  com- 
pany's use  of  power  was  then  known  to  commerce.  Aluminum, 
carborundum,  alundum,  silicon,  artificial  graphite,  calcium 
carbide,  cyanamide.  various  ferroalloys,  sodium,  chlorine, 
chloroform,  etc.,  are  all  commercial  products  of  the  last  25 
years,  most  of  them  having  been  developed  through  the 
impetus  given  by  this  Niagara  Falls  power  development. 

The  vast  importance  of  these  products  has  scarcely  been 
fully  realized.  Carborundum,  alundum,  aloxite,  crystolon  are 
all  artificial  abrasives  used  in  modern  grinding  machinery  for 
the  manufacture  of  automobiles,  guns,  shells,  shoes  and  for  the 
grinding  of  tools.  There  is  hardly  an  industry  where  the  tre- 
mendous decrease  in  production  and  increase  in  cost  would 
not  be  felt,  were  we  without  these  artificial  abrasives  produced 
by  the  electric  furnace  at  Niagara. 

There  are  many  vast  problems  in  this  connection  and  not  in 
a  day,  a  month,  or  even  a  year  can  these  problems  be  worked 
out,  the  equipment  developed  and  installed,  and  above  all  the 
workers  trained.  {Metallurgical  and  Chemical  Engineering, 
vol.  11,  no.  5,  March  1.  1916 ) 


MARSTON  T.  BOGERT  DESCRIBES   WORK  OF  CHEMISTRY  COM- 
MITTEE  OF    NATIONAL    RESEARCH   COUNCIL 

In  a  preliminary  statement  to  the  American  Chemical 
Society,  M.  T.  Bogert  gave  some  data  on  the  National  Research 
Council  and  its  Chemistry  Committee. 

The  main  object  of  the  National  Research  Council  is,  as  its 
name  suggests,  to  aid  the  cause  of  scientific  research  in  every 
way  possible.  During  the  period  of  the  Civil  War  the  Federal 
Government  often  felt  very  keenly  the  need  of  expert  advice  in 
scientific  matters  of  all  kinds,  and  it  was  to  meet  this  end  that 
Congress,  on  March  3,  1863,  by  special  enactment  created  the 
National  Academy  of  Sciences.  The  presei:t  war  has  again 
shown  with  startling  vividness  to  what  extent  the  military 
power  of  a  nation  is  dependent  upon  its  scientific  and  indus- 
trial preparedness.  The  first  stej:)  in  this  direction  was  made 
by  the  Naval  Consulting  Board  of  the  United  States  with  the 
cooperation  of  the  30,000  members  of  the  great  national  engi- 
neering and  technical  societies.  This  board  took  a  census  of 
our  industrial  resources.  The  next  step  necessary  was  a 
proper  classification  of  the  census  of  the  scientific-research 
resources  of  our  country,  and  the  body  to  whom  the  Govern- 
ment naturally  turned  for  assistance  was  again  the  National 
Academy  of  Sciences.  This  latter,  at  the  request  of  the  Presi- 
dent of  the  United  States,  has  organized  the  National  Research 
Council. 

As  regards  the  work  of  the  Chemistry  Committee,  the 
l)resent  report  calls  attention  to  the  fact  that  the  vast  majority 
of  iniijortant  scientific  problems  concern  more  than  one  science. 
There  is,  therefore,  great  need  of  some  agency  which  will  aid 
research  workers,  who  wish  to  do  so,  to  cooperate  more  intelli- 
gently. It  is  believed  that  the  general  committees  of  the 
Council  can  perform  this  service  acceptably  and  thus  act  as 
accelerating  catalysts  to  the  growth  and  development  of  our 
science  by  becoming  great  clearing  houses  for  the  chemical 
research  work  of  the  country  and  authoritative  headquarters 
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for  information  likely  to  be  of  value  to  the  individual  investi- 
gators, to  our  industries,  and  to  our  Government. 

It  should  be  stated  most  emphatically  that  the  object  of  the 
Council  and  its  committees  is  to  assist,  and  not  to  direct.  It 
has  no  desire  or  intention  to  interfere  in  the  slightest  with 
the  freedom  or  initiative  of  the  individual  investigator,  or  to 
attempt  to  "  organize  and  coordinate "  him.  In  fact,  the 
Chemistry  Committee  )irefers  not  to  receive  any  information 
which  cannot  be  disclosed  to  any  loyal  American  chemists. 
Those  who  are  willing  to  place  at  the  service  of  our  Govern- 
ment confidential  information  of  any  kind  should  communicate 
direct  with  the  secretary  of  the  appropriate  department  or 
with  the  Director  of  the  Council  of  National  Defense. 

The  report  proceeds  to  point  out  in  which  way  the  Council 
can  hope  to  accomplish  what  is  not  being  adequately  cared  for 
already  by  existing  agencies.  In  the  firet  place,  the  Council 
with  the  assistance  of  the  Research  Committees  it  is  organizing 
in  all  of  our  leading  educational  institutions,  can  aid  in 
obtaining  for  an  investigator  better  recognition  on  the  part  of 
the  community  and  of  his  own  institution  and  an  amelioration 
of  his  lot,  by  securing  for  him  more  freedom  and  better  equip- 
ment for  research,  adequate  assistance  and  a  living  wage.  A 
deliberate  and  carefviUy  considered  recommendation  by  an 
authoritative  body,  such  as  the  National  Research  Council, 
with  the  weight  of  the  National  Academy  and  of  the  Federal 
Government  back  of  it  and  based  upon  information  gathered 
by  committees  of  leading  experts,  cannot  be  lightly  passed 
over  and  is  apt  to  be  productive  of  results. 

Thus  the  Council  might  well  point  out  to  our  educational 
institutions  the  shortage  of  men  properly  equipped  for  high- 
grade  research  work  in  science;  the  fact  that  young  men  are 
being  drafted  into  the  industries,  by  present  high  wages,  as 
soon  as  they  are  graduated  and  before  they  have  had  any 
special  training  in  research;  that  the  future  is  being  handi- 
capped by  the  loss  to  these  same  industries  of  so  many 
inspiring  teachers  and  investigators;  the  need  of  new  advanced 
textbooks  and  reference  works  in  science  in  our  own  langiiage; 
of  colleges  and  schools  devoted  to  highly  specialized  training 
^nd  instruction  in  relatively  narrow  fields  of  pure  or  applied 
science ;  and  of  great  scientific  research  endowments,  like  the 
Rockefeller  Institute  of  New  York,  and  the  Mellon  Institute  of 
Pittsburgh. 

One  of  the  first  tasks  confronting  the  Council  is  that  ot 
securing  an  accurate  and  projierly  classified  list  of  the  scien- 
tific investigators  of  the  country ;  showing  where  they  are 
located,  in  what  lines  of  research  they  are  interested,  and  how 
their  work  can  be  aided  and  encouraged. 

The  plan  adopted  for  accomplishing  this  is  to  send  out  a 
questionnaire  to  all  our  educational  and  research  institutions, 
and  it  is  particularly  requested  that  all  chemists  who  receive 
such  questionnaires  from  the  American  Chemical  Society,  the 
National  Research  Council  or  from  any  of  their  committees, 
will  fill  them  out  and  return  them  promptly  to  the  proper 
office.  The  data  received  in  reply  will  be  sorted  out  and  classi- 
fied in  the  office  of  the  general  committee  and  then  forwarded 
to  the  chairmen  of  the  appropriate  sub-committees.  The 
chairmen  of  these  sub-committees  will  thus  be  put  in  possession 
of  all  information  relating  to  their  own  particular  fields,  and 
will  be  then  in  a  position  to  determine  how  best  to  help  their 
fellow-workers.  Reports  on  the  situation  in  each  branch  of 
science  will  come  periodically  to  the  office  of  the  general  com- 
mittee, together  with  recommendations  and  suggestions  from 
the  heads  of  these  sub-committees  concerning  important  inves- 
tigations now  under  way  or  which  should  be  initiated. 

The  committees  of  the  Council  are  alreadv  of  great  assist- 


ance in  bringing  together  the  problem  and  the  man  best 
(jualified  to  attack  it.  Both  the  Government  and  our  industries 
are  frequently  entirely  at  a  loss  as  to  who  are  the  proper  men 
to  consult  when  important  reseai'ch  problems  confront  them. 
On  the  other  hand,  many  skillful  investigators  are  delighted 
to  find  that  certain  of  these  same  problems,  of  whose  very 
existence  they  have  remained  in  blissful  ignorance,  fit  in 
admirably  with  the  kind  of  research  work  they  enjoy  most, 
and  the  fact  that  the  problem  has  direct  practical  bearing 
imparts  to  the  work  added  zest  and  charm. 

Another  form  of  cooperation  which  will  help  in  meeting 
this  same  difficulty  is  that  inaugurated  by  the  University  of 
Illinois  and  which  has  since  been  introduced  at  other  institu- 
tions giving  instruction  in  chemical  engineering.  Briefly 
stated,  it  consists  in  having  the  chemical  engineering  students, 
for  their  summer  work,  manufacture  fine  chemicals  for  sale  to 
investigators  in  other  institutions.  The  students  thus  get 
practical  experience  in  the  manufacture  of  chemicals,  receive 
pay  for  the  work,  and  the  product  is  sold  at  its  approximate 
cost.  This  does  not  in  any  way  invade  the  territory  of  the 
commercial  manufacturing  chemist,  for  the  reason  that  the 
chemicals  so  produced  by  the  universities  will  be  only  those 
which  are  used  in  such  small  amounts  that  they  are  of  no 
interest  to  the  manufacturer.  Through  the  Chemistry  Com- 
mittee of  the  Council,  duplications  in  this  work  can  be  reduced 
to  a  minimum,  each  institution  producing  a  different  list  of 
research  chemicals  for  which  it  has  provided  the  requisite 
equipment,  and  the  Committee  can  then  tell  an  investigator  at 
once  to  which  institution  to  apply  for  the  special  chemical 
desired.  {Jourtial  of  the  American  Chemical  Society,  vol.  39, 
no.  5,  May  1917) 

X  RESE.4RCH  DEVELOPMENT   IN   ENGL.\ND 

As  an  illustration  of  the  development  of  reseai-ch  in 
England,  we  read  in  The  Engineer  for  February  16,  1917, 
that  the  Advisory  Council  of  the  Government's  Department  of 
Scientific  and  Industrial  Research  has  added  to  the  list  of  its 
technical  committees  a  Standing  Committee  on  Glass  and 
Optical  Instruments. 

The  Committee  met  on  December  11,  and  having  regard  to 
the  urgency  of  the  problems  requiring  investigation  in  respect 
to  these  essential  industries,  appointed  a  series  of  sub-com- 
mittees to  which  various  special  problems  were  referred. 
Among  these  problems  the  more  important  are : 

o  Raw  materials  for  glass  and  glass  making 

6  Optical  properties  of  a  large  range  of  glasses 

c  General  physical  and  chemical  properties  of  glass  and 

glassware  for  scientific  and  industrial  purposes 

d  Testing  and  standardizing  of  glassware 

e  Workshop  technique 

/  X-ray  glass  properties 

g  Optical  calculations  and  lens  designing 

//  Optical  instruments 

j  Translation  of  foreign  works  on  optics. 

This  brief  description  indicates  certain  lines  of  investigation 
which  have  been  brought  forward.  The  Standing  Committee 
does  not  propose  to  limit  itself  to  these  subjects,  but  is  pre- 
1  ared  to  consider  and  report  upon  the  necessity  for  investiga- 
tion in  other  directions,  relevant  to  its  terms  of  reference. 
Manufacturers  who  have  experienced  difficulties  requiring 
investigations  for  their  solution  in  connection  with  the  sub- 
jects of  glass  and  optical  instruments  or  who  desire  to  make 
suggestions  for  special  researches  on  these  subjects  are  invited 
to   communicate   in   the  first  instance   with   the   Secretary   of 
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the  Research  Department,  Great  George-street,  Westiuinster, 
S.  W.,  who  will  direct  the  correspondence  into  the  appropriate 
channels  for  attention. 

ALFRED  SAXON  FORESEES  AGREEMENT  ON  RESEARCH  NEEDS 

In  a  paper  I'ead  before  the  Manchester  Association  of 
Engineers  on  February  10.  1917,  Alfred  Saxon,  who  is  a 
representative  of  the  society  in  question  on  the  British 
Standing  Committee  on  Engineering,  said  that,  with  reference 
to  industrial  research  in  mechanical  engineering,  the  scheme 
was  likely  to  take  the  form  of  certain  well-defined  sections  of 
the  trade  being  brought  together  and  agreeing  as  to  the 
researches  that  were  the  most  necessary  and  desirable,  each 
firm  joining  being  asked  to  contribute  towards  the  cost, 
assisted  by  a  government  grant.  He  considered  that  the  value 
of  the  scheme  to  practical  mechanical  engineering  would 
depend  largely  upon  whether  the  government  was  prepared  to 
assist  until  the  research  schemes  became  self-supporting  by  the 
contributions  of  the  firms  themselves.  He  urged  that  all 
firms  would  act  wisely  by  making  provision  in  future  for  an 
outlay  on  research  work  as  a  standing  charge.  Inasmuch  as 
meclianical  engineering  was  the  key  industry  to  all  the 
industries,  the  need  of  scientific  research  to  assist  in  the  crea- 
tion of  new  ideas  and  new  methods  and  to  reduce  manufac- 
turing costs  and  prevent  waste  of  material  was  overwhelming. 
(The  Engineer,  vol.  123.  no.  3190.  February  G.  1917) 

EGBERT  KENNEDY  DUNCAN  AND  HIS  NOTABLE  RESEARCH 
PLAN 

No  synopsis  of  papers  on  industrial  research  in  America 
would  be  complete  without  a  quotation  from  some  work  by  the 
late  Prof.  Robert  Kennedy  Duncan.  First  as  professor  at  the 
University  of  Kansas,  then  in  a  broader  field  of  activity  at  the 
University  of  Pittsburgh,  Professor  Duncan  did  yeoman  work 
in  making  available  for  the  American  industries  such  means  of 
research  as  there  were.  His  work  was  largely  responsible  for 
the  establishment  of  the  Mellon  Institute  of  Research  at  the 
University  of  Pittsburgh,  which  not  only  did  and  is  doing 
useful  work  itself,  but  ser\-ed  as  an  example  in  the  recent 
establishment  of  a  system  of  research  cooperation  between 
technical  schools  and  industries  in  Australia. 

In  1906  Professor  Duncan  published  his  Chemistry  of 
Commerce,  the  object  of  which,  as  he  stated  in  the  introduc- 
tion, was  to  convince  the  manufacturer,  through  instances 
taken  here  and  there,  how  absolutely  applicable  is  modern 
science  to  the  economy  and  progress  of  manufacturing  opera- 
tions. 

At  that  time  he  preferred  against  American  industries  the 
grave  but  nevertheless  largely  true  charge  that  in  our  country, 
astonishing  to  say,  success  in  many  cases  has  been  achieved 
actually  by  working  in  accordance  with  the  motto,  "  Save  at 
the  spigot  and  waste  at  the  bunghole." 

Professor  Duncan  early  realized  the  tremendous  impor- 
tance of  the  German  system  of  research  as  an  element  in 
industry  and  often  expressed  his  ideas  in  a  striking  manner. 
"  The  Badisehe  Anilin  und  Soda  Fabrik  of  Ludwigshofen  am 
Rhine  "  is  a  name  to  conjure  with  in  Germany,  and  no  robber 
castle  on  that  historic  river  was  ever  more  dreaded  than  is  this 
modern  fortress  of  industry  by  those  against  whom  it  is  com- 
mercially and  inimically  inclined.  It  was  in  England  in  1831 
that  Peregrin  Phillips  discovered  that  sulphur  dioxide  and  air 
would  unite  with  the  most  agreeable  ease  in  the  mere  presence 
of  platinum.  However,  nothing  came  out  of  this  discovery  in 
England,    because    there    was    no    sympathy    there    between 


learning  and  maiuifacture.  In  Germany,  on  the  other  hand, 
there  was  no  tariff  wall  against  English  ideas  and  the  matter 
was  taken  up.  Difficulty  after  difficulty  arose,  and  plan  upon 
])lan  went  to  the  scrap  heap.  They  found  they  were  using 
little  air  when  they  ought  to  use  much;  they  found  they  were 
using  heat  when  they  ought  to  use  cold;  they  found  that 
platinum  was  being  constantly  poisoned  by  impurities  in  the 
roasted  gas.  But  after  an  enormous  expenditure  of  knowledge 
and  time  and  labor  and  money,  they  won.  The  roasted  sulphur 
gas  and  air  are  scrubbed  and  dried  and  cooled  and  passed  over 
platinized  asbestos,  only  to  be  eolleeted  therefrom  as  sulphuric 
acid — more  than  200,000  tons  in  1904.  And  all  this  has  added 
significance  from  the  fact  that  here  a  highly  valuable  product 
is  obtained  through  the  utilization  of  a  by-product,  the  waste 
sulphur  from  the  zinc  blend.  Here  the  enormous  dividends 
paid  by  these  companies  attest  the  profitable  nature  of  the 
application  of  pure  science  to  industry. 

The  industrial  fellowship  was  one  of  the  solutions  of  the 
problem  as  to  how  the  American  manufacturer  might  secure  the 
benefits  of  the  highest  grade  of  research  at  a  reasonable  cost. 
The  scheme  proposed  was  to  have  a  special  research  depart- 
ment in  the  university.  The  companj'  which  desires  a  certain 
problem  investigated  endows  an  industrial  fellowship  or 
fellowships  for  a  period  of  one  or  more  years.  The  exclusive 
purpose  of  such  fellowship  is  the  discovery  of  improvements 
in  the  particular  branch  in  which  the  donor  is  interested,  and 
the  holder  of  the  fellowship  gives  his  whole  time  and  attention 
to  that  particular  problem. 

The  fellow  is  appointed  by  the  university  authorities.  He 
is  a  member  of  the  university  and  pays  all  regular  fees,  works 
under  the  advice  and  direction  of  the  professor  in  his  depart- 
ment, and  periodically  forwards  through  this  latter  the  reports 
of  the  progress  of  his  work  to  the  industrial  company  which 
donated  the  fellowship. 

All  the  discoveries  made  by  the  fellow  during  the  tenure  of 
his  fellowship  become  the  property  of  the  company,  subject  to 
the  payment  by  them  to  the  fellow  of  one-tenth  of  the  net 
proceeds  arising  from  such  discoveries. 

The  concluding  words  of  Professor  Duncan's  book  may  be 
worth  recalling  at  the  present  time : 

"  Everywhere  throughout  America,  wherever  there  is  the 
smoke  of  a  factory  chimney,  there  are  unsolved,  exasperating, 
\itally  important  manufacturing  problems — problems  in  glass, 
porcelain,  starch,  tanning,  paints,  drugs,  meats,  iron,  oil, 
metallurgical  products — problems  wherever  man  deals  with 
substance.  It  seems  clear  that  these  problems  can  best  be 
answered  by  combining  the  practical  knowledge  and  the  large 
facilities  of  the  factory  with  the  new  and  special  knowledge  of 
the  universities,  and  by  making  this  combination  through 
young  men  who  will  find  therein  success  and  opportunity. 

"A  Temporary  Industrial  Fellowship  does  this:  it  affords  « 
young  man  everj'  incentive  to  lay  his  hands  on  the  vast  body 
of  correlated  knowledge  called  Science,  and  to  make  it  sub- 
serve the  practical  needs  of  the  human  race." 


The  Soeietj"  for  the  Promotion  of  Engineering  Education 
has  cancelled  its  meeting  planned  to  be  held  at  Northwestern 
University,  and  will  hold  its  1917  annual  meeting  in  Wash- 
ington, July  6  and  7,  in  connection  with  the  Educational  Com- 
mittee of  the  Advisory  Commission  of  the  Council  of  National 
Defense.  The  topic  of  the  meeting  wiU  be  The  Relation  of 
the  Engineering  Schools  to  the  National  Government  during 
the  Present  Emergency. 
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New  Tidewater  Tin-Plate  Plant 

It  is  expected  that  the  first  unit  of  the  new  tiii-i)late  plant 
now  being  built  for  the  Bethlehem  Steel  Company  at  Spar- 


In  connection  with  the  above  description,  attention  is  called 
to  the  accomijanying  photograph,  very  recently  taken  (Under- 
wood and  Underwood)  and  not  published  elsewhere,  of  the 
gun-machinery  room   of  the  Bethlehem   Steel   Company. 


Ij^"X-MaC1I1XE1!i'    KouJt    or    liETHLEHEil    STEEL    COMPAXY 


rows  Point,  Maryland,  will  be  ready  for  operation  by  July  1. 

This  plant  forms  part  of  the  tremendous  construction 
program  recently  undertaken  by  the  Bethlehem  Steel  Com- 
pany in  various  sections  of  the  country.  The  Sparrows 
Point  plant  was  formerly  operated  by  the  Maryland  Steel 
Company  and  the  tin-plate  works  will  form  another  link  in 
the  growing  chain  of  steel  products  manufactured  by  the 
Bethlehem  Steel  Company.  It  is  laid  out  for  an  eventual  pro- 
duction of  2,000,000  base  boxes  annually.  The  initial  unit 
of  12  mills  now  nearing  completion  will  have,  however,  a 
production  of  only  1,000,000  base  boxes  of  tin  plate  a  year. 

The  buildings  are  of  permanent  and  fireproof  construc- 
tion and  of  generous  size  throughout.  Although  only  twelve 
mills  are  being  installed  at  present,  the  buildings,  foundations, 
etc.,  have  been  completed  for  the  eventual  twenty-four  mill 
layout. 

Some  of  the  drives  used  are  of  considerable  interest.  The 
hot  mills,  which  are  of  very  massive  construction,  are  divided 
into  two  main  groups  of  six  each,  each  group  being  driven 
by  a  1200-hp.  motor  designed  to  operate  on  2200-volt,  25-cycle 
alternating  cun-ent.  The  motors  are  connected  to  the  hot- 
mill  spindles  by  means  of  cast-steel  cut  helical  reduction  gears. 
The  speed  reduction  is  eight  to  one. 

The  cold-rolling  department  consists  of  12  stands  of  24 
by  36-in.  cold  rolls  driven  in  tandem  of  three  by  a  rope  drive 
and  a  1200-hp.  motor.  The  Wuest  herringbone  reduction 
gear  is  interposed  between  the  motor  and  the  rope  pulleys. 
The  rope  drive  is  inserted  in  the  power-transmission  system 
in  order  to  be  sure  that  the  sheets  will  leave  the  mill  with 
the  most  desirable  surface  possible,  and  it  is  believed  that 
a  rope  drive  tends  to  give  a  better  surface  to  sheets  than  a 
rigid  gear  drive. 


Work  of  American  Colleges  and  Universities 
During  the  War 

The  report  has  been  received  of  a  meeting  held  in  Wash- 
ington, May  5,  of  college  presidents,  called  by  Dr.  Hollis 
Godfrey,  Chairman  of  the  Advisory  Commission  of  the  Coun- 
cil of  National  Defense  on  Science  and  Research,  including 
Engineering  and  Education.  The  object  of  the  meeting  was  to 
formulate  a  comprehensive  policy  for  cooperation  between  the 
higher  institutions  of  learning  and  the  Government  and  to 
determine  a  general  policy  to  be  pursued  by  the  American 
colleges  and  universities,  so  that  their  resources  would  be 
available,  to  the  fullest  extent,  for  Government  service. 

In  a  statement  of  principles  issued,  it  was  held,  first,  that 
all  young  men  below  the  age  of  liability  for  selected  draft 
who  could  avail  themselves  of  the  opportunities  afforded  by 
our  colleges  should  do  so  in  order  that  they  might  later  be 
able  to  render  the  most  effective  service.  Second,  that  the 
colleges  should  consider  the  advisability  of  dividing  the  col- 
lege year  into  four  quarters  of  approximately  12  weeks  each, 
and  that,  where  necessary,  courses  be  repeated  at  least  once 
a  year  so  that  the  college  course  might  be  best  adapted  to  the 
needs  of  food  production.  Third,  that  students  pursuing 
technical  courses,  such  as  engineering,  would  render  more 
valuable  service  by  continuing  their  training  than  if  they 
were  to  eni-oll  in  military  or  naval  service  before  graduation. 
Fourth,  that  the  colleges  should  include  as  a  part  of  their 
course  of  study,  teaching  in  military  science  in  accordance 
with  the  provisions  of  the  National  Defense  Act  of  June, 
1916. 

Resolutions  were  passed  looking  to  cooperation  between  the 
Government  and  the  colleges,  bv  which  means  the  latter  would 
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be  kept  informed  of  the  plans  of  the  Government  in  its 
various  departments  for  the  prosecution  of  the  war,  in  so 
far  as  they  concern  the  work  of  the  colleges;  and  of  the 
extent  and  type  of  technical  or  military  training  which  it 
may  seem  desirable  to  the  Government  that  the  colleges 
should  undertake. 

A  committee  was  appointed  by  the  Chainnan  to  ser^e  as 
a  special  section  on  education  of  the  Committee  on  Science, 
Engineering  and  Education  of  the  Advisory  Commission, 
which  took  preliminary  steps  toward  the  accomplishment  of 
results  indicated  by  the  resolutions  at  the  main  meeting. 

Notes   from   the   Engineering   Colleges 

Equipment  of  Laboratories — Investigations 

in  Progress — Changes  in  Curricula 

BELOW  is  a  continuation  of  the  review  of  professional 
work  being  undertaken  at  the  engineering  colleges.     The 
articles  contain  information  regarding   (1)   characteristics  of 
laboratory  equipment,  (2)  tests  or  researches  under  way  or  in 
prospect,  (3)  important  changes  in  curricula. 
The  articles  will  be  concluded  next  month. 

Armour  Institute  op  Technology 

Equipment:  The  laboratoiy  equipment  differs  very  little 
from  that  of  institutions  such  as  Cornell  or  the  University  of 
Illinois.  Special  equipment  for  research  work  in  automotive 
engineering,  refrigeration,  heat  transmission  through  insu- 
lating materials,  fan  blowers,  and  lubrication. 

Experimental  Work:  Specialization  in  testing  automotive 
engines  and  appliances;  work  for  commercial  concerns; 
method  of  testing  internal  combustion  engines;  testing  various 
materials  for  use  in  connection  with  Government  work. 

Brovtn  University 

Equipment:  Usual  college  apparatus,  to  handle  mechanical 
tests  of  materials  up '  to  400,000  lb.  in  tension,  compression 
and  cross  bending  and  to  60,000  in. -lb.  in  torsion.  Especially 
well  equipped  with  auxiliary  measuring  apparatus  and  with 
means  for  measuring  power. 

Experimental  Work:  Determination  of  causes  affecting  pre- 
■cision  of  machine  tools;  study  of  electric  high-temperature 
heating  furnaces  for  industrial  purposes.  Plans  under  con- 
■sideration  for  closer  cooperation  in  matters  of  instruction  be- 
iween  the  University  and  the  industrial  establishments  of  the 
•community. 

Curriculum:  Entire  revision  of  the  engineering  curriculum 
has  been  authorized  by  the  Board  of  Fellows  to  go  into 
•effect  next  fall,  as  the  result  of  a  careful  study  by  a 
large  committee  of  engineers  and  educators.  The  new  course 
is  desigiied  to  develop  the  broader  type  of  engineer.  It  has 
-come  about  as  a  result  of  the  demand  for  engineers  trained 
in  the  fundamental  sciences  and  their  applications,  with  power 
to  express  themselves  with  clearness,  accuracy  and  force : 
:and  with  a  knowledge  of  human  relations  to  enable  them  to 
•enter  executive  offices  and  industrial  organizations  as  well  as 
io  direct  the  work  of  construction  ordinarily  expected  of  an 
■engineer. 

Under  the  new  curriculum  the  student  may  either  take  a 
course  which  will  fit  him  for  a  broad  choice  of  positions ; 
.or,  if  he  is  to  specialize,  he  can  postpone  specialization  until 
ie  has  had  an   opportunity  to  determine  the   field   for  which 


he  is  best  fitted.  He  will  not  be  forced  to  an  early  decision 
as  to  the  particular  branch  of  engineering  which  he  is  to 
pursue. 

Throughout  the  course  emphasis  is  placed  on  the  funda- 
mentals of  science  and  engineering  together  wdth  such  appli- 
cations as  may  be  necessary  to  drive  home  the  principles 
and  give  the  engineering  point  of  view.  Courses  which  give 
mainly  information  easily  secured  while  on  practical  work 
after  graduation  are  either  eliminated  or  made  elective.  Sub- 
jects fundamental  to  all  branches  of  engineering  are  required 
of  all  students,  but  opportunity  will  still  be  given  for  special- 
ization in  civil,  electrical  and  mechanical  engineering  for 
those  who  desire  it.  Engineering  courses  are  introduced  in 
the  freshman  and  sophomore  years  to  parallel  the  courses 
in  mathematics  and  physics  and  to  give  an  opportunity  to 
apply  the  theories  to  actual  problems.  Foreign  languages 
as  a  requirement  are  eliminated,  although  they  may  be 
elected.  The  course  allows  considerable  flexibility  in  the 
choice  of  subjects.     The  requirements  are   as  follows : 

Freshman  Year:  Trigonometry,  analytic  geometry  and  ele- 
mentary calculus;  mechanical  drawing,  first  semester;  descrip- 
tive geometry,  second  semester;  surveying  and  engineeiing 
mechanics;  rhetoric  and  composition;  chemistry  or  substitute; 
during  part  of  the  summer  vacation  a  course  in  either  survey- 
ing or  shop  work  will  be  required. 

Sophomore  Year:  Differential  and  integral  calculus; 
economics  and  either  social  or  political  science;  physics,  me- 
chanics and  graphics,  English  or  approved  substitute. 

Junior  Year:  Mechanics  and  structures;  electrical  engi- 
neering; heat  and  power;  materials  of  engineering,  first 
semester;    hydraulics,    second    semester;    approved    elective. 

Senior  Year:  Engineering  economies,  report  of  special  in- 
vestigation, two  engineering  eleetives,  two  approved  electives. 

The  electives  include  advanced  surveying;  railroad  engineer- 
ing; geodesy;  highway  engineering;  structural  design;  water 
supply  and  sewerage;  advanced  electrical  engineering,  direct 
and  alternating  currents;  traction  engineering;  transmission 
engineering;  shop  practice,  organization  and  management; 
machine  design;  power  plant  engineering;  gas  power  engi- 
neering; experimental  engineering;  conference  courses  in 
heating  and  ventilation;  refrigeration,  fire  protection,  etc.; 
mathematics,  chemistry,  physics;  French,  German,  Spanish  or 
Portuguese;  English,  public  speaking,  history,  philosophy, 
social  and  political  science  and  economics;  the  entrance  re- 
quirements are  unchanged. 


Kansas  State  Agricultural  College 

Equipment:  For  testing  materials,  a  200,000-lb.  Olsen  uni- 
versal testing  mac-iiine,  a  2.50,000-in.-lb.  toreion  testing  maeliine, 
a  100,000-lb.  and  a  .50,000-lb.  Riehle  testing  machine,  a  10,000- 
Ib.  beam  testing  machine,  cement  and  concrete  testing  equip- 
ment, two  impact  machines,  a  hardness  testing  machine,  equip- 
ment for  testing  bitummous  road  materials,  etc. 

The  equipment  includes  also  a  number  of  dynamo  elec- 
tric machines,  a  compound  steam  engine  of  50  hp.,  12  steam 
engines  with  different  types  of  valve  gears,  three  steam 
turbines  equipped  with  condensers;  pumps;  a  Smith  suction 
gas  producer,  which  supplies  gas  to  a  25  hp.  Foos  gas  engine 
and  can  be  operated  either  with  producer  gas,  natural  gas, 
water  gas  or  with  light  and  heavy  liquid  fuels;  30  other  gas 
and  oil  engines,  one  3V2-ton  Frick  compression  machine  for 
refrigeration,  one  ^  2-ton  York  compression  machine  and  one 
'.'^o-ton  horizontal  compression  machine,  equipment  for  testing 
trucks  and  traction  engines. 


656 


ENGINEERING  SURVEY 


The  Journal 
Am.Soc.M.E. 


Research  Work,  Tests:  Concrete  aud  aggregates,  insulation 
for  electrical  conductors,  lightning  arresters,  machine  tools, 
heating  and  hardness  tests  on  metals,  Kansas  molding  sands. 

Investigations:  Refrigeration;  sewage  disposal;  uses  of 
electricity  in  the  home;  oil  engines  and  oil  traction  engines, 
automobile  motors,  lubricating  oils  for  automobiles,  properties 
of  paints,  thermodynamic  investigations  on  steam  and  inteinal- 
combustion  engines.  Members  of  the  engineering  faculty  are 
encouraged  to  take  up  investigations  of  value  to  the  profes- 
sion, which  are  carried  on  under  the  auspices  of  the  engineer- 
ing experimental  station. 

Curriculum:  The  engineering  courses  are  being  revised  as 
the  college  is  changing  from  the  three-term  plan  to  the 
semester  plan.  In  this  connection  a  study  has  been  made  of 
.the  time  devoted  to  the  various  subjects  in  thirty  of  the  leading 
engineering  colleges.  In  the  new  courses  of  study  these  re- 
sults will  be  incorporated. 


Levpis  Institute 

The  Cement  Users'  Association  makes  use  of  the  strength 
of  materials  laboratory  for  its  investigations  in  cement  and 
other  materials  entering  into  concrete  construction,  while  the 
Institute  continues  to  use  the  laboratory  for  the  pirrposes  of 
instruction.  This  arrangement  has  proved  very  satisfactory. 
The  students  are  showing  interest  in  the  work  of  the  labora- 
tory, and  there  seems  to  be  a  stimulus  to  good  work  in  the 
presence  of  this  busy,  scientific  workshop. 


New  Mexico  College  op  Agriculture  and  Mechanic  Arts, 
School  of  Engineering 

Equipment:  This  is  a  typical  land  grant  college,  witli 
emphasis  in  its  course  in  experimental  and  extension  woi;k 
in  agriculture  and  engineering.  The  agricultural  experiment 
station  is  conducting  work  regularly  along  improvements  in 
methods  and  efficiency  in  this  state.  The  organizing  of  an 
engineering  experiment  station  is  now  under  consideration. 

Experimental  Vt'ork:  Con.siderable  experimental  work  was 
done  on  arc  welding  and  testing  of  brick;  it  is  hoped  mate- 
rially to  increase  this  research  work  and  particularly  to  do 
work  of  help  to  the  United  States  Government. 

Curriculum :  In  addition  to  the  regular  engineering  courses, 
it  is  plaimed  to  give  a  six  weeks'  practical  course  in  highway 
construction  and  concrete,  to  further  the  good  road  movement ; 
also  to  give  a  practical  six  weeks'  course  in  electricity,  automo- 
bile mechanics  and  tractor  operation,  the  use  of  the  tractor 
in  New  Mexico  being  still  in  its  infancy.  A  one-year  short 
course  in  automobile  mechanics  proved  very  successful  last 
year. 

Oregon  Agricultural  College 

Equipment:  Apparatus  for  testing  materials,  cement,  etc.: 
highway,  hydraulic,  steam,  oil  and  gas  engines;  fuels  and 
oils;  metallography  of  iron  and  steel,  including  some  special 
apparatus  for  tests  in  power  transmission,  on  insulating 
materials,  and  on   heating  and   ventilating  equipment. 

E.rperimental  War!;:  In  addition  to  the  regular  instructional 
work  this  department  does  the  laboratory  work  for  the  Oregon 
State  Highway  Department  and  during  the  past  year  the 
majority  of  the  special  tests  have  been  on  Oregon  highway 
and  bridge  material.^. 


Pennsylvania  State  College  School  of  Engineering 

Equipment:  A  thermal  testing  plant  which  includes  refrig- 
erating apparatus,  and  a  heating  system;  a  separate  building 
thoroughly  insulated  in  which  is  a  second  insulated  compart- 
ment for  tests  of  the  transmission  of  heat  through  simple  and 
compound  walls  (additional  apparatus  is  being  installed  to 
l^rovide  for  accurate  automatic  regulation  of  temperatures), 
and  a  steam  laboratory  equipped  for  the  testing  of  steam,  gas, 
kerosene  and  oil  engines  of  various  types  and  capacities. 
There  is  also  a  completely  equipped  flour  mill  for  experi- 
mental and  research  work,  as  well  as  for  class  instruction,  and 
a  separate  building  equipped  for  the  study  of  causes  of  explo- 
sions in  flour  and  cereal  mills,  with  firing  apparatus,  instru- 
ments for  the  detection  of  static  electricity,  and  special  ap- 
paratus for  the  prevention  of  the  propagation  of  flame  from 
mills  to  storage  bins. 

Experimental  Work:  On  the  loss  of  heat  through  glass  as 
influenced  by  wind  velocity,  humidity  and  difference  in  tem- 
perature; explosiveness  of  various  mixtures  of  flour  milling 
materials,  and  possible  sources  of  ignition;  economy  of  oil 
engines  of  the  2fl-hp.  semi-Diesel  type;  on  the  life  of  various 
tj'pes  of  electric  lamps;  and  relative  fire  protection  offered 
by  unpainted  board  surfaces,  surfaces  painted  with  common 
white  lead  and  oil,  and  surfaces  painted  with  a  fire  resisting 
special  paint. 

The  study  of  the  explosiveness  of  various  flour-mill  dusts 
has  shown  that  where  separate  sources  of  ignition  are  pro- 
vided, such  as  electric  arcs,  in  the  attrition  mill,  explosions 
could  be  produced  at  will,  and  of  an  intensity  that  seemed  to 
indicate  that  the  destruetiveness  would  depend  upon  the  qual- 
ity and  quantity  of  material  ignited. 

Rose  Polytechnic  Institute 

Equipment:  The  institute  has  just  completed  a  very  suc- 
cessful campaign  whereby  means  have  been  provided  for  the 
erection  and  equipment  of  its  new  plant,  which  contemplates 
a  removal  of  the  entire  institute  within  the  next  two  years. 
The  new  site  lies  two  miles  outside  of  the  city  limits,  and 
will  occupy  a  campus  of  one  hundred  and  twenty-two  acres. 
The  plan  to  be  carried  into  effect  provides  for  complete  new 
equipment  as  well  as  new  buildings. 

The  laboratory  equipment  includes  a  200,000-lb.  Olsen  test- 
ing machine,  a  100,000-lb.  Riehle  testing  machine  with  record- 
ing apparatus,  a  32,000-lb.  special  testing  machine,  a  100,000- 
lb.  beam-and-column  testing  machine,  a  10,000-lb.  chain-,  rope- 
and  wire-testing  machine,  a  4-in.  continuous  torsion-testing 
machine,  three  cement-testing  machines  with  complete  ap- 
paratus for  cement  testing,  wire-testing  machine  for  elasticity, 
etc.,  an  alternating-stress  machine,  continuous  and  integrating 
indicators  for  steam  and  gas  engines,  indicator-testing  ma- 
chmes,  transmission  and  absorption  dynamometers,  tool-cut 
dynamometer,  6-in.  journal-friction  machine,  traction  dynam- 
ometers for  cars  and  eneines,  Kelvin  electric  balances  for 
standardizing  wattmeters,  volt  and  ammeters,  electrostatic 
voltmeters  up  to  100.000  volts,  apparatus  for  testing  insulat- 
ing materials;  testing  instruments  and  transformers;  dividing 
engine  and  comparator  for  length  standardizing. 

Experimental  Work:  Construction  and  test  of  hydraulic 
shunt  flow  tube;  study  and  comparison  of  the  road  resistance 
of  various  road-building  materials,  especially  with  reference 
to  automobile  traffic;  relative  strength  of  square  and  filleted 
corners;  effect  of  humidity  conditions  on  the  power  production 
of  gasoline  engines;  experimental  investigation  of  aliuninum- 


July 
1917 


ENGINEERING  SItRVEY 


657 


chromium  alloys;  efficiency  test  on  internal  combustion  en- 
gines; electric  hysteresis  test  and  losses  in  iron;  strength  tests 
on  bridge  members;  utilization  of  wood  waste;  utilization  of 
city  garbage. 

Sibley  College,  Cornell  University 

Equipmenl :  The  mechanical  laboratories  consist  of  the 
following : 

The  Materials  Testing  Laboratory,  which  is  equipped  for 
tension  and  compression  tests  with  an  Olsen  300,000-lb.  ma- 
chine, a  Riehl6  100,000-lb.  machine,  a  200,000-lb.  Emery 
hydraulic  machine;  for  transverse  tests  with  a  Riehle  machine 
of  200,000  lb.  capacity  and  a  Fairbanks  machine  of  10,000  lb. 
capacity.  There  are  two  Thurston  autographic  torsion  ma- 
chines, one  Olseu  torsion  machine  of  200,000  in. -lb.  capacity, 
and   two   Upton-Lewis    fatigue    testing    machines. 

The  Steam  Laboratory,  which  comprises  a  150-hp.  triple- 
e.xijansion  Allis-Corliss  engine  and  several  smaller  engines. 
There  is  a  35-kw.  horizontal  Curtis  turbine  and  a  15-kw. 
De  Laval  turbine,  an  Ingersoll-Rand  compressor  and  three 
air-brake  pumps  of  different  types,  a  150-hp.  Babcock  & 
Wilcox  water-tube  boiler  of  marine  type,  and  one  100-hp. 
Babcock  &  Wilcox  water-tube  boiler  of  standard  type,  an 
80-hp.  Heine  water-tube  boiler  and  a  25-hp.  Roberts  safety 
boiler   connected   with   a   Foster   independent   superheater. 

The  Gas  Engine  Laboratory,  including  gas  engines,  gaso- 
line engines,  and  hot-air  engines. 

The  Hydraulic  Laboratory,  containing  centrifugal  pumps, 
water  wheels  and  hydraulic  rams;  water  meters  and  other 
auxiliaries. 

The  Oil  Testing  Laboratory,  Refrigeration  Laboratory, 
Cement  Laboratory,  Fuel  Testing  Laboratory,  which  are  simi- 
larly  equipped. 

The  electric  ecjuipmcnl  includes  a  Dynamo  Laboratory, 
Standardizing  Laboratory,  and  a  Wireless  Laboratory. 

Work  Shops  include  a  foundry  occupying  floor  space  of 
about  4800  sq.  ft.,  a  forge  shop  with  the  usual  equipment  of 
standard  forges  and  small  tools,  a  pattern  shop  with  floor 
space  of  8440  sq.  ft;  the  machine  shop  has  the  same  floor 
area  as  the  pattern  shop.  It  is  equipped  with  an  electric 
traveling  crane  and  representative  modern  machine  tools.  A 
part  of  the  workshop  equipment  is  installed  to  illustrate  the 
latest  practice  in  production  with  specialized  labor-saving 
machinery. 

W.\.sHiNGTON  University  (St.  Louis) 

Equipment :  Laboratories  are  equipped  to  do  research  work 
on  fuels,  gas  and  steam  appliances,  automobiles,  etc.,  and 
especially  equipped  for  testing  cutting  tools. 

Eesearch  Work:  Tests  have  been  made  on  steam-turbine 
nozzles,  automobiles,  kerosene  carburetors,  and  high-speed 
steel  cutting  tools,  but  the  work  was  not  all  completed  owing 
to  the  seniors  carrying  on  the  work  being  excused  for  military 
duty.  In  the  tests  on  cutting  tools  particular  attention  was 
paid  to  the  effect  on  the  life  and  power  of  the  tools  when  tlie 
lip  and  front  angles  were  varied.  In  cutting  soft  steel  tlie 
best  results  were  obtained  when  using  a  lip  angle  of  25  deg. 
and  a  front  angle  of  14  deg.  In  the  carburetor  tests  it  was 
possible  to  operate  a  9  by  11-in.,  300  r.p.m,  two-cylinder,  four- 
cycle Bruce-Macbetli  gas  engine  on  various  mixtures  of  kero- 
sene and  water  and  of  kerosene  and  gasoline.  The  experi- 
ments were  not  carried  far  enough  to  amve  at  any  definite 
conclusions  as  to  the  best  mixtures  to  use. 


Sheffield  Scientific  School,  Yale  University 

Equipmrnt :  General  teaching  and  researcli  laboratories  in 
physics,  chemistry,  mechanical  engineering,  electrical  engi- 
neering, mining  engineering,  cement  testing.  The  mechanical- 
engineering  laboratory  is  equipped  to  handle  problems  relating 
to  motor  vehicles,  steam  and  gas  engines,  house-heating  boilers, 
and  the  testing  of  materials.  The  mining  laboi'atory  has  spe- 
cial facilities  for  investigations  in  the  fields  of  ore  dressing, 
metallurgy  and  metallography. 

Research  Work:  Testing  of  house-heating  boilers  (Journal 
A.S.M.E.,  Nov.  1916);  commercial  sampling  and  analysis  of 
producer  gas  (Journal  A.S.M.E.,  Dec.  1916)  ;  hardness  tests 
on  brass ' ;  shearing  strength  of  heat-treated  steels ;  power 
losses  in  pneumatic  tires  (Bulletin  S.A.E.,  Feb.  1917)  ; 
grinding  brass  ashes  in  the  conical  ball  mill  (N.  Y.  Meeting, 
A.I.M.E.,  Feb.  1916)  ;  tests  on  the  Hardinge  conical  mill  (St. 
Louis  Meeting,  A.I.M.E.,  Oct.  1917)  ;  comparison  between 
electrolytic  and  two  varieties  of  arsenical  Lake  copper  with 
respect  to  strength  and  ductility  in  cold-worked  and  annealed 
tests  (Trans.  A.I.M.E.,  1916)  ;  growth  of  grain  and  diffusional 
characteristics  on  annealing  bronze  containing  from  4  to  8  per 
cent  tin  (International  Ztsch.  fiir  Metallographie,  Oct.  1916) ; 
tests  with  various  aggregates  and  sands;  survey  of  sands  in 
(he  vicinity  of  New  Haven,  Conn. 

Industrial  Research:  Some  investigations  were  conducted 
under  a  coo;;:erative  agreement  with  certain  manufacturers.  A 
similar  arrangement  is  described  by  Professor  Mathewson  in 
his  paper  Cooperation  with  Metal  Industries  in  Metallographie 
Work  (Am.  Inst,  of  Metals,  1916).  As  it  may  be  of  interest 
to  manufacturers  and  other  engineering  schools,  a  brief  outline 
of  it  is  as  follows : 

A  graduate  student  whose  undergraduate  work  in  this  or 
other  universities  shows  promise  of  ability  to  handle  research 
work,  is  chosen  by  conference  between  the  company  and  instructor 
involved.  The  aim  of  the  company  in  the  agreement  then  entered 
into  is-  to  obtain  the  solution  of  one  or  more  of  the  technical 
problems  v.ith  which  it  may  be  confronted,  or.  at  the  end  of  one  or 
two  years,  to  obtain  as  an  employee  a  man  especially  trained  in 
its  work.  As  a  means  to  accomplish  one  or  both  of  these  ends, 
the  company  furnishes  the  machine,  apparatus,  or  material  to  be 
tested  and  pays  the  student  during  his  graduate  work  a  small 
salary,  usually  just  sufficient  to  cover  his  living  expenses,  tuition 
and  fees.  The  aim  of  the  student  is  special  training  along  a 
line  in  which  he  is  particularly  interested,  the  attainment  of  his 
advanced  degree,  and  the  chance  to  show  to  his  future  employer 
ability  to  handle  such  problems  as  may  be  presented  to  him.  In 
return  for  the  financ-inl  aid  which  he  receives  he  agrees  to  devote 
at  least  half  of  his  working  time  to  the  speciiil  problem  submitted 
by  his  company.  The  other  half  is  devoted  to  study  of  the 
collateral  subjects  required  by  the  department  for  the  granting 
of  the  degree  which  the  student  seeks.  The  student  further  agrees 
to  enter  the  employ  of  the  company  in  question  at  a  wage  not 
greater  than  that  paid  in  like  positions  to  recent  graduates  not 
specially  trained  and  to  remain  with  his  employer  at  such  wage 
for  at  least  1  year.  If  the  student  is  to  obtain  a  degree,  the 
special  work  forming  the  basis  of  his  investigation  must  be  such 
as  will  involve  repl  research  and  not  mere  routine  manipulation. 
The  subject  is  chosen  by  conference  between  the  three  parties  to 
the  agreement.  The  work  is  carried  on  under  the  direct  super- 
vision of  the  instructor  involved.  The  school  furnishes  the  cpn- 
eral  laboratory  and  library  equipment  essential  to  the  pursuit 
of  ."in.v  extended  investigation.  In  return  it  is  expected  that  the 
results  of  the  investigation  shall  be,  in  part  at  least,  available 
for  publication,  if  thoy  are  deemed  of  interest  to  the  profession. 

Tulane  University  of  Louisiana 

Exprrimental  Work:  The  College  of  Technology  has  well- 
equipped    laboratories.      Investigations    have    been    made    of 
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pumpiug-plant  equi])ment  under  the  auspices  of  the  U.  S. 
Department  of  Agrieultui-e,  and  results  have  been  reported 
from  time  to  time  in  the  bulletins  of  that  dejjartment  and  in 
papers  before  the  Society.  Commercial  tests  of  metals,  woods 
and  cements  are  frequently  made.  Other  work  touches  on  heat 
treatment  of  steel,  reported  in  the  Journal  of  the  Iron  and 
Steel  Institute;  physical  tests  of  bricks  manufactured  in  the 
States  of  Louisiana,  Mississippi  and  Alabama,  published  in  the 
Transactions  of  the  American  Society  for  Testing  Materials; 
and  drainage-pumping  plants. 

Department  of  Industrial  Chemistry:  Researches  are  made 
on  local  manufacturing  problems,  and  it  is  endeavored  to  meet 
the  peculiar  demands  of  the  locality  in  this  respect. 

West  Virgixia  Uxiveesity 

Eciuipment:  Machine,  woodworking,  forge,  sheet-metal  and 
pipe  shops  and  foundry. 

Steam  Laboratory:  High-pressure  boilers,  separately  fired 
superheater,  simple  and  compound  engines,  steam  turbine  and 
condensers  of  different  types;  apparatus  for  testing  separa- 
tors, drop  in  line  pressure,  flow  of  steam,  testing  indicators, 
gages,  etc. 

Testing  Material  Laboratory :  Testing  machines  ranging 
from  20,000  to  400,000  lb.;  complete  equipment  for  testing 
highway  materials,  cement  and  concrete;  Brinell  and  Shore 
hardness-testing  equipment. 

Hydraulic  Laboratory:  Not  extensive  but  well  adapted  to 
instruction  work  and  for  a  limited  amount  of  research  work. 
Well  equipped  for  measuring  flow  of  streams. 

Mining  Laboratory :  Well  equipped  for  first-aid  and  rescue 
work,  coal  calorimetry  and  coal  analysis:  analysis  of  mine  air, 
•etc. ;  furnace  work,  mining  machinery. 

Oil  and  Gas  Laboratory:  Fitted  up  especially  for  testing 
lubricating  oils  and  petroleum  and  for  the  extraction  of  gaso- 
line from  dry  natural  and  casing-head  gas. 

Electrical  Laboratory:  Especially  well  equipped  with  dyna- 
mo-electric machinery  of  various  types,  transformers,  rectifiers, 
-condensers,  high-tension  apparatus  and  electrical  instruments, 
■electric-railway  equipment. 

Research  Work:  Combustion  of  natural  gas  under  boilers 
and  the  heating  value  of  natural  gas;  tests  on  West  Virginia 
fcuilding  brick  in  cooperation  with  the  American  Society  for 
Testing  Materials ;  drop  in  pressure  in  pipe  lines,  using  differ- 
ential manometers:  correct  form  and  location  of  sampling  tubes 
for  steam-calorimeter  work:  effect  of  superheat  and  change 
■of  vacuum  on  the  economy  of  steam  turbines;  effect  of  varying 
percentages  of  carbon  on  the  hardness  of  steels;  flow  of  steam 
in  pipes;  distribution  of  concentrated  loads  on  concrete  slabs; 
crown  thickness  for  concrete  arches;  study  of  slag  concrete; 
curves  for  run-off  of  streams  in  Monongahela  Valley;  stan- 
dardization of  bridges,  and  culverts  for  State  Road  Bureau; 
■study  of  the  distortion  of  tlje  field  of  a  salient-pole  alternator 
.at  various  power  factors;  effect  of  inertia  on  the  performance 
■of  a  phase  converter;  effect  of  orienting  the  molecules  of  a 
•gas  on  the  opacity  of  the  gas  to  Roentgen  rays. 

The  Mining  Engineering  Department  is  the  official  Bureau 
•of  Research  for  the  State  Department  of  Mines,  and  does  all 
the  analyses  of  mine  air,  etc.  The  State  Road  Bureau  also 
uses  the  laboratories. 

Curriculum:  Chemical  engineering  has  been  added  and  the 
•course  in  oil  and  gas  engineering  has  been  enlarged.  The 
plan  of  continuous  sessions  will  be  adopted,  enabling  those 
-who  are  physically  fit  to  graduate  earlier.  By  tins  arrange- 
anent  the  present  junior  class  may  graduate  by  December  15. 


News  of  Other  Societies 
Institution  of  Mechanical  Engineers 

THE  annual  meeting  of  the  Institution  was  held  on  Friday 
evening,  April  20,  1917.     The  President,  Michael  Long- 
ridge,  gave  the  address. 

The  war  had  taught  us  many  things,  he  said,  but  none  more 
clearly  than  the  importance  of  our  engineering  industry. 
Upon  this  industry  we  depended  for  victory  today  and  for 
security  and  prosperity  tomorrow. 

The  mechanical  engineer  was  in  no  small  measure  respon- 
sible for  the  transformation  of  the  industrial  life  of  England, 
and  he  must  also  be  held  responsible  for  the  maintenance  and 
efficiency  of  the  workshop  on  which  the  feeding  of  the 
people  and  the  defense  of  the  people  against  their  enemies  now 
depended.  He  became  and  he  remained  a  trustee  for  the 
British  Empire. 

In  the  view  of  the  speaker  the  British  engineers  had  not 
fully  done  their  duty.  As  an  example,  he  quoted  the  story  of 
the  engine-building  trade  of  Lancashire.  There  was  a  time 
when  Lancashire's  supremacy  in  this  branch  of  engineering 
was  beyond  dispute.  But  when  the  speaker  went  to  the  Paris 
Exhibition  in  1900,  he  found  that  in  elegance  of  form,  in 
completeness  of  finish,  in  careful  arrangement  of  details,  the 
engines  exhibited  by  some  of  the  continental  countries  excelled 
the  British  stationary  engine.  It  was,  however,  only  through 
the  repeated  loss  of  orders  that  much  later  British  engineers 
were  forced  to  recognize  the  esteem  in  which  continental 
products  were  held  by  customers.  Later  still  the  time  came 
when  complete  steam  engines  built  abroad  were  brought  to 
England,  erected  and  set  to  work  by  foreign  workmen,  even  in 
the  very  home  of  British  steam-engine  manufacture,  in  Lanca- 
shire itself. 

■  Some  of  the  causes  of  the  relative  retrogi'ession  of  British 
mechanical  engineering.  Mr.  Longridge  said,  were  beyond  the 
control  of  engineer's.  Others  they  could  remove  in  part  or 
altogether.  And  of  these  he  named  inefficient  technical  educa- 
tion, lack  of  trade  organization,  and  the  policy  of  the  trade 
unions.  (Abstracted  through  The  Engineer,  vol.  123,  no.  3200, 
April  27.  1917,  pp.  371-374.  g) 


Canadian  Society  of  Civil  Engineers 

AT  a  luncheon  of  the  Ottawa  Branch  of  the  Canadian 
Society  of  Civil  Engineers  on  April  26,  1917,  Colonel 
David  Carnegie,  Ordnance  Advisor  to  the  Imperial  Munitions 
Board,  delivered  an  address  on  the  manufacture  of  munitions 
in  Canada  and  the  permanent  assets  to  Canadian  industry 
resulting  therefrom. 

In  September  1914,  said  Colonel  Carnegie,  when  General  Sir 

Sam   Hughes  undertook   the   first   order   for   shrapnel   shells, 

Canada's  capacity  to  produce  shells  amounted  to  340  18-Pr. 

shrapnel  shells  per  week.     These  were  made  at  the  Dominion 

Arsenal.  Quebec.     The  capacity  of  Canadian  factories  today 

approximates   400.000   18-Pr.   shrapnel   complete   rounds   per 

week,  including  cartridge  cases,  primers,  fuses  and  propellants. 

In  addition  to  this  amazing  output  there  is  a  weekly  capacity 

in  Canada  for  nearly  400,000  high-explosive  shells,  ranging  in 

sizes   from   18-Pr.   to   9.2   in.,   making   an   approximate   total 

weekly  output  of  800.000  shells.    This  large  output,  along  with 

other  supplies  made  independently,  requires  each  week  about : 

25,000  tons  of  steel  200  tons  of  antimony 

2,500  tons  of  brass  150  tons  of  resin 

750  tons  of  copper  500  tons  of  cordite 
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250  tons  of  zinc  500  tons  of  trinitrotoluol 

1,500  tons  of  lead  300  tons  of  nitrocellu- 

Several  tons  of  ferromolybdenum.  lose  powder. 

Over  300,000  boxes  are  required  for  these  shipments  per 
week,  and  about  3i/4  million  lineal  feet  of  board  are  used  in 
making  these  boxes. 

The  weekly  value  of  these  products  can  only  be  understood 
by  people  who  have  learned  to  think  in  millions. 

The  total  value  of  orders  for  munitions  placed  in  Canada 
approaches  eight  hundred  million  dollars,  and  the  value  of 
the  munitions  shiijped  is  close  upon  five  hundred  million 
dollars. 

When  the  first  order  for  200,000  empty  shrapnel  shells  was 
undertaken  no  one  had  any  idea  of  the  magnitude  of  the  work, 
the  foundation  of  which  was  then  laid.  That  order,  which 
required  over  six  months  to  complete,  represented  eleven 
years'  work  at  the  rate  of  output  of  the  Dominion  Arsenal. 
The  present  weekly  output  of  400,000  18-Pr.  shrapnel  shells 
from  Canadian  factories  is  equal  to  twenty-two  years'  output 
from  the  Dominion  Arsenal. 

The  uncertainty  of  securing  material  for  the  first  order,  of 
the  right  quality  and  in  sufficient  quantity,  together  with  the 
difficulty  in  obtaining  machinery  and  skilled  labor  to  produce 
shells  which  would  pass  inspection  and  gun  proof,  made  even 
the  most  courageous  manufacturer  hesitate  to  undertake  the 
work  without  having  the  assurance  of  the  Canadian  Govern- 
ment that  they  would  bear  any  financial  loss  incurred  in  the 
venture. 

Instead  of  placing  orders  for  the  complete  shells  with  each 
manufacturer,  an  arrangement  was  made  whereby  manufac- 
turers whose  domestic  trade  most  nearly  approached  that 
required  in  producing  the  component  parts  of  the  shells  were 
asked  to  undertake  the  work.  Such  parts,  when  finally 
inspected,  were  assembled  and  finished  at  the  works  of  other 
manufacturers,  who  had  to  install  machinery  and  plant  for  the 
purpose.  The  manufacturers  were  therefore  not  called  upon 
to  carry  the  responsibility  for  the  purchase  and  inspection  of 
any  of  the  materials  used  in  the  shells. 

They  were  also  supplied  with  a  complete  set  of  inspection 
gages  to  guide  them  in  making  or  obtaining  manufacturing 
gages  and  in  the  standard  of  finish  required  by  the  Government 
inspectors. 

While  the  manufacturers  were  relieved  of  these  responsi- 
bilities, the  cost  of  production  was  reduced  and  the  quality  of 
output  improved  by  purchasing  the  materials  through  one 
agency  instead  of  many,  and  by  standardizing  the  inspection 
of  work  in  supplying  the  gages  to  all  makers. 

All  manufacturers  were  paid  the  same  price  for  the  same 
work.  No  competition  was  admitted  among  them,  except  the 
rivalry  to  excel  each  other  in  making  the  largest  output  that 
would  pass  Government  inspection.  This  policy  united  the 
manufacturers  without  restricting  inventive  skill,  ingenuity 
of  design,  and  new  methods  of  individual  works  management. 
It  promoted  a  spirit  of  comradeship  among  them  and  an 
exchange  of  visits  to  their  works.  Freely  were  new  ideas  for 
cheapening  and  improving  the  quality  of  production  used  by 
all. 

One  could  hardly  mention  this  subject  without  being 
reminded  of  the'  almost  insuperable  difficulties  which  were  pre- 
sented in  the  early  days  of  the  war  in  obtaining  gages  for 
munitions.  Canadians  could  never  thank  the  United  States 
manufacturers  sufficiently  for  what  they  did  in  coming  to 
their  aid  at  that  time.  The  special  skill  in  making  gages  to 
the  limits  of  accuracy  required  could  not  then  be  found  in 
Canada.     Today  there  were  at  least  twenty  factories  producing 


gages  in  Canada,  and  while  they  were  not  independent  of  help 
from  the  States,  some  idea  of  the  magnitude  of  the  work  could 
be  understood  from  the  monthly  bill,  which  amounted  to  over 
$150,000  for  new  gages. 

During  the  month  of  March  about  10,000  new  gages  and 
checks  were  imported,  the  usual  accuracy  called  for  on  a  gage 
being  0.0003  in.,  and  for  a  check  0.0001  in.  An  army  of  over 
5000  examiners  was  engaged  upon  inspection  under  the  direc- 
tion of  Colonel  Edwards  and  his  staff  of  officers. 

The  Engineers'  Club  of  Brooklyn 

THE  Engineers'  Club  of  Brooklyn  was  addressed  at  its 
meeting  of  April  26  by  C.  E.  Drayer,  Secretary  of  the 
Cleveland  Engineering  Society,  on  cooperation  between  Engi- 
neering Societies  and  the  Newspapers  to  Promote  Intelligent 
Public  Opinion.  Successful  methods  of  close  cooperation  with 
newspapers  were  described  in  detail,  as  developed  during  a 
period  of  five  years  or  more  in  the  Cleveland  Engineering 
Society. 

News  arose,  said  Mr.  Drayer,  from  happenings  that  people 
wanted  to  hear  about.  It  was  evident  that  engineering  topics 
which  could  not  measure  up  to  this  standard  could  not  compel 
sjiace  in  the  papers.  On  the  other  hand,  if  the  society  was 
doing  things  which  would  interest  the  readers  of  the  papers, 
the  editor  could  not  for  long  keep  accounts  of  such  activities 
out  of  his  paper  and  hold  his  job.  But  the  inferred  premise 
was  wrong  that  editors  did  not  welcome  engineering  news. 
They  were  eager  for  it  if  the  right  kind  was  supplied.  At  once 
the  suggestion  arose  that  the  best  way  to  learn  how  to  supply 
copy  was  to  get  familiar  with  the  standards  of  news  measure- 
ment of  the  successful  editor.  The  methods  found  successful 
in  Cleveland  would  apply  equally  well  anywhere,  for  people 
would  be  found  to  be  people— with  very  slight  variations— 
everywhere. 

Publicity,  which  had  received  so  much  emphasis  of  late,  was 
a  means  only,  not  an  end.  The  end  was  service  to  the  com- 
munity first,  to  the  engineering  profession  second,  with  mutual 
profit.  When  the  public  learned  that  the  engineer  was  honest 
and  efficient,  capable  of  administering  its  affairs  better  than 
now  done,  it  would  make  short  work  of  the  old-time  politician. 
The  present  widespread  call  for  the  city-manager  form  of  gov- 
ernment over  the  country  was  but  a  demand  for  capable  gov- 
ernment. It  was  a  call  for  engineers,  but  not  for  the  kind 
that  were  content  with  technical  matters,  but  for  men  having 
technical  training  plus  the  determination  of  the  lawyer  to  be  a 
leader  in  the  community  and  the  mixing  ability  of  the  poli- 
tician. 

The  speaker  told  of  the  activities  of  the  Cleveland  Engi- 
neering Society  in  building-code  legislation,  paving  supervision 
and  water  supply  for  the  good  of  Cleveland  and  predicted 
that  the  next  mayor  would  be  an  engineer.  He  said  there 
would  be  no  dearth  of  engineering  news  and  that  the  space  in 
the  newspapers  would  be  freely  open  to  engineers  when  they 
woke  up  to  their  opportunity  and  took  what  was  awaiting  the 
taking. 

Using  the  Cleveland  Engineering  Society  as  an  illustration 
of  what  could  be  done  when  engineers  were  united  in  a  com- 
munity, Mr.  Drayer  urged  unity  and  federation  of  engineers  of 
tlie  United  States  after  the  manner  of  the  Chamber  of  Com- 
merce of  the  United  States,  and  noted  the  wonderful  influence 
of  the  American  Institute  of  Architects,  which,  with  a  member- 
ship of  but  1200,  had  nevertheless  left  its  imprint  on  the  na- 
tion more  deeply  than  all  the  engineering  societies,  because  it 
had  been  properly  organized.  He  arraigned  the  lecontly  formed 


660 


ENGINEERING  SURVEY 


The  Journal 
Am.Soc.M.E. 


Engineeriug  Council  as  missing'  its  opportunity  in  that  it  was 
undemocratic,  made  no  provision  for  fellowship  and  did  not 
find  its  strength  for  directing  legislation  -where  men  voted. 

Shipping  Pig  Iron  (Not  Pigs)  in 
Refrigerator  Cars 

'  '^J  0  short  has  been  the  supply  of  cars  in  the  South 
kJ  that  iron  has  been  shipped  to  navy  yards  in  refrig- 
erator cars.  These  came  loaded  with  iced  beef,  but  were  seized 
by  the  Government  as  the  only  available  equipment  and  loaded 
out  with  pig  iron." 

This  statement  from  a  report  of  the  iron  market,  issued  by 
the  Matthew  Addy  Company  of  Cincinnati,  clearly  indicates 
the  serious  shortage  of  rolling  stock,  when  even  the  National 
Government  must  adopt  such  heroic  measures  as  using  refrig- 
erator cars  for  the  handling  of  pig  iron. 

In  discussing  the  iron  market  in  connection  with  this  rolling- 
stock  situation,  the  Matthew  Addy  Company's  report  says: 

"  It  is  apparent  that  Government  needs  and  Government's 
right  of  eminent  domain,  so  to  speak,  are  going  to  have  a  pro- 
found effect  on  the  iron  market.  They  have  introduced  a  new 
element  into  the  situation  and  have  made  conditions  more 
strenuous.  In  some  districts  Uncle  Sam  is  requisitioning  cars 
by  the  hundreds  and  ordering  steel  by  the  million  tons;  every- 
where it  is  evident  that  the  Government  must  be  served  first 
and  that  private  consumers  must  sit  at  the  second  table.  There 
is  no  objection  to  this.  All  realize  that  Uncle  Sam  is  and  must 
be  paramount.  But  that  does  not  change  the  fact  that  the 
private  consumer  is  discommoded,  and  that  in  many  cases  he 
tinds  his  regular  source  of  supply  abruptly  cut  off.  And  the 
thing  has  just  begun.  What  the  end  may  be  is  a  mere  matter 
of  conjecture. 

"  This  week  there  has  been  a  great  increase  in  inquiry.  De- 
mand for  iron  knows  no  limits.  Part  of  this  demand  comes 
from  the  fact  that  iron  that  was  bought  has  not  been  shipped, 
and  if  consumers  cannot  get  what  they  have  under  contract, 
they  must  get  it  elsewhere.  As  an  example  of  this,  one  of  the 
large  Birmingham  producers  has  in  60  days  piled  to  exceed 
45,000  tons  of  iron  on  its  yards  simply  because  it  is  impossible 
to  get  cars  in  which  to  ship,  as  the  Government  has  requisi- 
tioned 50,000  cars  for  coal  and  rails.  And  all  the  time  con- 
sumers are  clamoring  for  this  very  iron.  So  short  has  been 
the  supi^ly  of  cars  in  the  South  that  iron  has  been  shipped  to 
navy  yards  in  refrigerator  cars.  These  came  loaded  with  iced 
beef,  but  were  seized  by  the  Government  as  the  only  equip- 
ment available  and  loaded  out  with  pig  iron.  It  is  things  like 
these  that  bring  to  the  mind  the  forcible  realization  of  the  fact 
that  the  railroads  have  fallen  down  in  this  great  crisis.  But 
the  people  who  starved  the  railroads  are  the  only  ones  to 
blame."  (Manufacturers  Record,  vol.  71,  no.  21,  May  24,  1917, 
p.  47) 


The  American  Machinist  of  May  31,  1917,  mentions  the 
receipt  of  a  600-page  catalogue  of  the  Lyons  Fair  which  was 
held  at  Lyons,  France,  from  March  18  to  April  1  of  this  year. 
Considering  the  conditions  under  which  this  fair  has  been 
carried  out,  the  American  Machinist  calls  the  exhibit  nothing 
if  not  mii-aeulous.  Besides  a  comprehensive  representation 
on  a  large  scale  that  drew  exhibits  from  practically  all  the 
industries  of  France  and  her  colonies,  many  allied  and  neutral 
countries  were  represented.  The  machine  tool  section  of  the 
catalogue  covers  14  pages,  and  among  the  representatives  of 
the  industry  one  notices  the  names  of  15  American  builders 
of  machine  tools. 


This  Month's  Abstracts 

AT  the  present  time,  when  the  United  States  Government 
has  under  consideration  the  expenditure  of  hundreds  of 
millions  of  dollars  on  aviation,  the  data  on  propellers  abstracted 
from  two  papers  by  J.  Lawrence  Hodgson  are  of  particular 

interest. 

The  description  of  a  British  continuous  enameling  and  stov- 
ing  machine  is  reported  from  an  article  in  (London)  Engineer- 
ing. 

L.  R.  Brown,  in  the  Engineering  News-Record,  publishes 
data  of  some  tests  of  sand  in  concrete  showing  the  infiuence 
of  the  duration  of  tests  on  the  results  secured. 

The  abstract  of  a  paper  on  the  influence  of  temperature  on 
the  bending  resistance  of  mild-steel  and  copper  wires,  orig- 
inally published  in  the  Zeitschrift  des  Vereines  deutscher  In- 
genieure,  is  here  reprinted  from  Science  Abstracts.  This  is 
because  German  journals  do  not  reach  this  country,  but  appear 
to  be  available  in  London. 

W.  K.  Shepard,  in  an  article  on  the  hardness  tests  of  brass, 
shows  that  the  plotted  relation  between  the  scleroscope  hard- 
ness number  and  the  ultimate  tensile  strength  for  brass  is  para- 
bolic (straight  line  for  steel).  On  the  other  hand,  no  constant 
relation  was  found  between  the  scleroscope  and  the  Brinell 
hardness  numbers  for  brass. 

Attention  is  called  to  the  article  on  the  performance  of 
lubricating-oil  coolers  by  M.  C.  Stuart,  Mem.Am.Soc.M.E. 
This  article  covers  the  relation  between  performance  and  the 
weight,  volume  and  amount  of  cooling  surface  in  various  types 
of  coolers. 

The  use  of  oscillogTaphs  for  the  study  of  internal-combus- 
tion engines,  especially  in  regard  to  phenomena  of  ignition, 
described  in  the  section  Measuring  Apparatus,  deserves  par- 
ticular attention,  as  this  instrument  has  proved  to  be  an  ex- 
tremely valuable  adjunct  in  the  study  of  electrical  machinery. 

The  Laws  of  Elastieo- Viscous  Fluids,  by  Prof.  A.  A.  Michel- 
son,  will  be  found,  in  abstract,  in  the  section  Mechanics.  The 
writer  makes  an  attempt  to  formulate  the  behavior  of  sub- 
stances under  stress  by  the  simplest  expressions  which  have 
been  foimd  to  satisfy  all  the  essential  requirements,  and  states 
that  the  behavior  of  any  solid  under  stress  may  be  considered 
as  the  resultant  of  four  elements  constituting  the  laws  of 
elastico-viscous  flow. 

From  papers  and  discussions  before  the  recent  Convention 
of  the  International  Railway  Fuel  Association  have  been  taken 
two  abstracts  on  locomotive  feedwater  heating;  one  more  or 
less  theoretical,  and  the  other  of  mainty  an  experimental  char- 
acter. 

The  stUl  largely  uncertain  subject  of  circulation  in  flooded 
systems  has  been  investigated  by  means  of  glass  models,  as 
described  in  an  article  abstracted  from  the  May  A.  S.  R.  E. 
Journal. 

The  section  Steam  Engineering  in  this  issue  contains  several 
abstracts  of  more  than  usual  interest :  Recent  Installations  of 
Large  Turbo-Generators,  a  paper  read  by  Richard  H.  Rice 
before  the  American  Iron  and  Steel  Institute,  presents  many 
data  on  the  most  modern  practice,  with  estimates  of  costs  in 
heat  units  and  money.  Another  paper,  by  John  A.  Stevens, 
read  before  the  Boston  meeting  of  the  National  Association  of 
Cotton  Manufacturers,  also  gives  data  on  turbine  practice, 
and  in  addition  presents  a  highly  interesting  description  of  a 
new  type  of  boiler  (Stevens-Pratt),  so  large  that  the  length 
of  the  tubing,  both  in  the  boiler  and  the  superheater,  is  meas- 
ured in  miles. 
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Tests  on  Model  Propellers 


Abstracts  of  two  papers  presented  to  the  Institution  of  Au- 
tomobile Engineers:  the  first  entitled,  The  Characteristic 
CuiTes  of  a  Propeller;  and  the  second,  An  Experimental 
Investigation  as  to  the  Relation  Between  the  Thrust  Ratio  of 
Lifting  Propellers  and  the  Number,  AiTangement,  Shape, 
Section  and  Pitch  of  Their  Blades,  both  by  J.  Lawrence 
Hodgson. 

The  Characteristic  Curves  of  a  Propeller.  The  investigation 
was  undertaken  with  a  view  to  obtaining  a  general  idea  as  to 
the  performance  of  a  propeller  when  it  was  moved  at  various 
speeds  forward  and  backward  along  its  axis  of  rotation,  and 
to  express  this  information  in  some  simple  way  so  that  the 
approximate  performance  of  any  similar  propeller  working 
in  a  fluid  medium  of  any  given  density  might  be  readily 
deduced. 

If,  when  comparing  the  performance  of  similar  propellers 
working  at  the  same  slip  ratio,  the  resistances  due  to  skin  fric- 
tion and  viscosity  are  assumed  to  follow  the  velocity-square 
law  and  change  of  density  in  the  neighborhood  of  the  propeller 
is  neglected,  there  are  six  main  features  to  be  considered. 
These  are,  thrust  in  lb.,  T;  revolutions  per  minute,  N;  torque 
in  Ib-in.,  q;  speed  of  advance  in  ft.  per  see.,  V ;  density  of 
fluid  in  which  propeller  rotates  in  lb.  per  cu.  ft.,  W ;  diameter 
of  propeller  in  inches,  D. 

For  given  values  of  W  and  D,  it  is  not  possible  to  predict 
accurately  by  any  simple  theory  the  manner  in  which  T,  N  and 
q  will  vary  for  different  values  of  F.  This  may,  however,  be 
determined  exjierimentally  and  expressed  by  means  of  curves. 
The  experimental  values  may  be  obtained  in  three  ways :  viz., 
with  T  constant,  or  with  N  constant,  or  with  q  constant.  In 
the  experiments  described  in  this  paper  the  first  way  has  been 
adopted. 

If,  instead  of  plotting  the  experimental  values  of  .A'  and  q 
to  obtain  various  speeds  of  advance  for  given  values  of  W 
and  V  when  T  is  constant,  we  plot  non-dimensional  coefficients 
which  connect  these  values  with  two  or  more  of  the  other  vari- 
ables, general  curves  are  obtained  from  which  the  performance 
of  any  similar  propeller  under  any  conditions  may  be  deduced. 
Such  curves  No.  1  and  No.  2,  Fig.  1.  may  be  termed  the  char- 
acteristic curves  of  the  propeller,  since  they  entirely  define  its 
jierformance  under  any  given  conditions. 

If  the  units  in  which  the  six  variables  are  measured  are  con- 
sistent among  themselves,  these  characteristic  curves  can   be 


used  without  recalculation,  but  the  curves  in  the  present  paper 
cannot  be  so  used. 

The  propeller  used  for  the  present  tests  was  6.25  in.  in 
diameter  and  had  a  pitch  of  approximately  6  in.  Its  blades 
were  constructed  of  soft  brass  and  attached  to  a  central  boss. 
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Fig.  1     Characteristic  Curves  of  Propellers 

All  the  tests  were  carried  out  in  water,  and  the  paper  describes 
in  detail  the  experimental  apparatus  and  method  of  carrying 
out  the  tests. 

A  series  of  comparative  tests  taken  in  the  same  bell  mouth 
with  similar  propellers  3  in.  and  6.25  in.  in  diameter,  respec- 
tively, showed  that  at  comparatively  small  positive  and  nega- 
tive speeds  of  advance  the  proximity  of  the  walls  of  the  bell 
mouth  produced  practically  no  effect. 

The  experimental  results  reduced  to  1  lb.  thrust  tor  the  6.25- 
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in.-diaineter  propeller  are  plotted  in  curves  reproduced  in  the 
original  article. 

The  following  special  points  of  interest  are  brought  out  in 
these  curves.  It  was  found  that  when  the  speed  of  advance  is 
negative,  it  is  possible  to  obtain  the  same  thrust  at  different 
torques  and  with  the  projieller  rotating  at  widely  different 
speeds.  Further,  it  appears  that  the  experimental  mean  pitch 
as  determined  from  the  lines  of  zero  thrust  (at  zero  thrust  the 
experimental  mean  pitch  multiplied  by  the  revolutions  equals 
the  speed  of  advance)  is  greater  when  the  fluid  impinges  upon 
the  leading  edge  of  the  propeller  than  it  is  when  the  propeller 
is  reversed  and  the  fluid  impinges  upon  the  trailing  edge. 

These  tests  have  indicated  how  N  and  q  are  related  to  V 
when  T,  W  and  D  are  constant.  Under  certain  assumptions 
the  variations  of  N,  q  and  V  with  T,  W  and  D  follow  quite 
simple  laws  for  points  on  the  curves  foi'  which  the  ratio  V/DN 
is  constant. 

Coefficients  a,  yS,  v,  which  connect  .V,  q  and  V  with  the  ex- 
pressions involving  T,  W  and  D,  are  determined  as  follows : 

Since  T  a  N'-WD*  for  points  for  which  the  ratio  V/DX  is 
constant,  we  may  write 


whence 


Also,  since 


we  may  write 
whence 


[1] 


q  <X  N-WD\  or 

T 

oc  a.- WD"  by  [11. 

WD'  ■    "^   -" 


q  =  liTD 

1 
TD' 


P  = 


■[2] 


Further,  since  for  the  points  considered  the  ratio  V/DX  is 
to  be  constant,  we  may  write 

,  V  ccDN 


a 


Da-x  by  [11 


whence 


F  =  r^, 


=  r 


T 
WD- 

I  WD' 


.[3] 


In  the  foregoing,  a,  p,  and  y  are  numerical  coefficients  which 
may  be  calculated  from  the  experimental  results. 

Curves  connecting  a  and  y  and  [3  and  ■/  are  jilotted  at  (1), 
(2),  Fig.  1. 

These  curves,  if  used  in  conjunction  with  equations  [1], 
[2],  and  [3],  enable  us.  if  we  know  T.  W  and  D  and  one  of 
the  variables  X,  q  and  V,  to  find  either  of  the  other  two. 

The  paper  proceeds  to  the  discussion  of  certain  problems 
which  may  arise  in  calculating  propellers  geometrically  similar 
to  the  model  used. 

For  the  solution  of  such,  in  similar  cases,  the  writer  suggests 
the  derivation  of  a  number  of  additional  equations  and  curves 
from  the  three  equations  and  the  two  curves  referred  to  above. 


Such  equations  are  immediately  derived  by  him  and  collected 
in  a  table  in  the  original  article. 

Among  other  things,  an  equation  is  given  for  the  calcula- 
tion of  the  thrusts  of  the  ideal  stationary  propeller.  Further, 
data  are  presented  showing  how  the  value  of  the  "  thrust 
ratio  ■'  t.  which  is  defined  as  the  ratio  of  the  actual  thrust  to 
the  theoretical  thrust,  is  affected  by  the  number  of  blades,  the 
blade  section,  the  developed  blade  outline,  the  developed  edge 
elevation  of  the  blade,  the  designed  pitch,  and  the  angle  be- 
tween the  chord  and  the  aerofoil  section  and  the  plane  of  rota- 
tion of  the  propeller,  this  latter  under  the  assumption  that  the 
pressure  face  of  the  blade  is  perfectly  flat. 

This  is  done  in  the  second  paper,  which  represents  an  experi- 
mental investigation  as  to  the  relation  between  the  thrust  ratio 
of  lifting  screws  and  the  number,  arrangement,  shape  and  sec- 
tion of  their  blades.  The  paper  is  suitable  for  abstracting  only 
in  jjarts. 

The  writer  found  from  an  examination  of  the  stream-line 
flow  through  a  stationary  propeller  by  means  of  smoke  fila- 
ments that  the  minimum  diameter  of  the  slip  stream  is  about 
0.6  of  the  blade  diameter.  Further,  the  smoke  filaments  show 
that  in  the  ease  of  a  propeller  of  the  usual  pitch  ratio  having 
thin  blades  of  good  aerofoil  section,  the  rotation  of  the  fluid 
set  up  is  small.  From  this  the  author  proceeds  to  establish 
equations  for  the  calculation  of  the  thrust  of  a  propeller  and 
the  determination  of  factors  affecting  the  value  of  the  thrust 
ratio.  From  a  large  number  of  experiments  it  was  found, 
among  other  things,  that  the  value  of  thrust  ratio  is  only  very 
slightly  increased  by  using  blades  of  helical  form. 

Also  an  unexpectedly  small  diminution  was  found  in  the 
value  of  the  thrust  ratio  consequent  upon  the  rounding  off  of 
the  leading  edge  of  the  aerofoil  section.  On  the  other  hand, 
a  great  reduction  was  found  consequent  upon  cutting  down 
the  blade  outline  and  modifying  the  edge  elevation.  Likewise 
a  great  reduction  was  produced  by  adding  round  struts  and 
wires  to  the  propeller,  but  a  quite  high  value  of  thrust  ratio 
was  found  possible  in  the  case  of  propellers  strengthened  by 
struts,  provided  that  these  are  made  of  streamline  form. 

The  broad  conclusions  from  these  tests,  which  were  carried 
out  with  the  object  of  obiaining  data  for  the  design  of  lifting 
propellers  of  large  size,  would  seem  to  be  that  there  is  little 
advantage  (except  reduction  of  vibration)  to  be  gained  by 
constructing  such  propellers  with  more  than  two  blades,  or 
by  making  the  blades  helical  instead  of  flat  (if  the  blades  are 
made  flat,  the  longitudinal  spars  are  much  simpler).  It  would 
also  appear  to  be  quite  practicable  to  use  blades  of  thin  aero- 
foil section  stiffened  up  by  exposed  struts  and  wires  of  stream- 
like form.  It  is  also  advantageous  to  thin  down  the  blades 
at  the  tip  and  along  the  trailing  edge.  So  far  as  the  experi- 
ments show,  there  seems  to  be  but  little  to  be  gained  by  dejiart- 
ing  from  blades  of  rectangular  blade  outline. 

Higher  values  of  -r  might  have  been  obtained  by  putting  the 
"  planes  ''  considerably  farther  apart.  But  this  would  have 
been  inadmissible  in  practice  for  constructional  reasons. 

A  reference  to  the  streamline  diagi-am  will  show  that  it  is 
preferable  to  place  the  motor  or  any  other  necessary  obstruc- 
tion to  the  flow  on  the  intake  side  of  the  lifting  screw  so  as 
to  avoid  undue  loss  of  energ-y  by  friction  in  the  high-velocity 
slip  stream. 

This  point  seems  to  be  well  understood  by  those  who  design 
electric  fans  and  screw-propelled  ships.  It  is,  howe\'er,  of  far 
less  importance  in  the  case  of  an  aeroplane  ]iropeller,  owing 
to  the  high  velocity  of  the  aeroplane. 

The  same  diagram  also  shows  how  necessary  it  is  to 
"  shroud  ■■  a  circulating  fan,  such  as  a  radiator  fan.  which  is 
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required  to  produce  a  high  velocity  on  the  intake  side.  (The 
Automobile  Engineer,  vol.  7,  no.  101,  April  1917,  pp.  90-95,  16 
figs.,  etA) 

Enameling 

Continuous  Enameling  and  Stoving  Machine  foe  Small 

Parts 

Description  of  a  machine  manufactured  in  England  for 
enameling  and  stoving  a  great  variety  of  parts  of  different 
shapes  and  sizes  by  continuous  mechanically  effected  rotation. 
It  is  stated  that  it  has  an  output  up  to  2000  parts  per  hour, 
with  the  attendance  of  only  two  unskilled  operators. 

The  machine  consists  of  two  distinct  units :  one,  the  painting 
or  enameling  machine,  and  the  other,  the  stoving  machine. 
The  painting  machine  consists  of  a  table  on  which  is  mounted 
a  vessel  in  the  form  of  a  tube  or  tunnel  through  which  the 
articles  to  be  painted  are  passed  at  a  uniform  speed  and  at  a 
uniform  distance  from  each  other  by  means  of  an  endless 
chain  and  wheels  driven  by  a  small  electric  motor.  Each  part 
to  be  painted  is  hung  on  a  specially  prepared  hook,  and  these 
hooks  are  so  made  that  they  insure  the  various  parts  being 
kept  at  an  equal  distance  from  each  other.  The  speed  at 
which  these  parts  pass  through  the  tunnel  can  be  up  to  2000 
per  hour,  and  the  distance  of  each  part  from  the  other  can  be 
varied  to  suit  the  requirements.  On  each  side  of  the  tunnel 
are  placed  two  or  more  pneumatic  paint-spraying  machines 
which  operate  through  coned  openings  in  the  sides  of  the 
tunnel  and  are  so  disposed  as  to  insure  the  paint  from  the 
sprays  reaching  all  the  surfaces  of  the  article  being  painted 
during  the  passage  through  the  tunnel.  After  passing  through 
the  painting  unit  each  article  is  disposed  automatically  by  the 
machine  on  a  small  rod  which  forms  a  connecting  link  between 
the  two  units  of  the  apparatus. 

The  continuous  stoving  machine  consists  of  a  rectangular 
chamber  abo\it  10  ft.  long  by  4  ft.  wide,  heated  by  suitable 
gas  jets  and  fitted  with  a  sliding  door  at  the  rear  end.  Two 
continuous  chains  with  suitable  sprockets  are  provided,  one 
on  each  side  of  the  machine,  and  operated  by  a  handle  so  ar- 
ranged that  at  each  revolution  of  the  handle  the  chain  travels 
longitiuliiially  inside  of  the  stove  a  distance  of  about  4I/2  in. 
These  chams  are  provided  to  cairy  rods  on  which  are  sus- 
pended the  parts  which  have  been  painted.  Each  rod  travels 
througli  the  stove  at  a  rate  equal  to  that  of  the  number  of 
revolutions  of  the  handle.  Tlie  result  is  that  by  the  time  the 
parts  on  any  one  rod  have  traveled  through  the  whole  length 
of  the  stove  they  will  have  been  subjected  to  the  heating  for 
a  definite  period  and  the  stoving  opeiation  completed.  [En- 
gineering, vol.  103,  no.  2678,  April  27,  1917,  pji.  410-411,  1 
fig.,  d) 

Engineering    Materials 

Long  and  Short  Sand  Tests,  L.  R.  Brown 

The  writer  mentions  a  case  where  the  results  of  a  7-day  test 
of  sand  were  so  unfavorable  tliat  it  was  rejected.  A  28-day 
test  also  showed  the  quality  of  the  sand  to  be  poor.  The  sand 
was,  however,  next  tested  with  a  different  brand  of  cement  and 
quite  favorably  passed  the  test  at  the  end  of  half  a  year. 

The  writer  believes,  therefore,  that  probably  the  values  of 
combinations  of  lake  sand  and  cement  found  in  the  7-day  and 
28-day  tests  are  influenced  by  properties  in  the  sand  that 
hasten  or  retard  the  setting  of  the  cement.  Thus,  a  compara- 
tively high  value  resulting  from  a  mixture  of  sand  and  cement 


may  be  due  to  chemical  action  produced  by  the  combination  of 
certain  chemicals  in  each  that  hasten  the  setting  of  the  mortar, 
rather  than  deliver  a  neutralization  of  the  injurious  substances 
in  the  sand  by  the  chemicals  in  the  cement. 

From  his  tests  the  writer  comes  to  the  following  conclusions: 

1  Nearly  all  well-graded  sand  has  proved  reliable  on  a  C- 
month  test. 

2  The  reason  for  the  low  values  obtained  in  the  7-day  and 
28-day  tests  is  due  to  a  delay  in  setting  because  of  chemical 
properties  in  the  sand  or  cement. 

3  AVhile  changing  the  brand  of  cement  used  with  a  given 
sand  may  give  higher  values  for  7  days  and  28  days,  the  6- 
month  results  may  be  lower. 

4  The  addition  of  small  (juantities  of  alkali  to  the  mortar 
probably  has  only  the  effect  of  hastening  the  hardening  of  the 
mortar.  {Engineering  News-Eecord,  vol.  7b,  no.  10,  June  7, 
1917,  pp.  .504-505,  e) 

Influence  of  TEMPER-iTURE  on  the  Bending  Resistance  op 
Mild-Steel  and  Copper  Wires,  Lautz 

An  apparatus  has  been  designed  in  which  it  is  possible  to 
effect  the  alternate  bending  of  wires  through  an  angle  of  180 
deg.  while  the  specimen  is  heated  at  temperatures  up  to  320 
deg.  cent,  in  an  oil  bath.  The  results  of  a  large  number  of 
tests  show  that  the  resistance  of  iron  wires  to  fracture  by 
alternate  bending  remains  fairly  constant  up  to  120  deg.  cent. 
Between  120  deg.  and  220  deg.  the  resistance  increases  rap- 
idly, and  above  the  latter  temperature  falls  very  abruptly. 
The  maximum  values  are  about  double  those  obsei-ved  at  or- 
dinary temperatures.  In  annealed  wires  the  maximum  is  very 
pronounced,  but  it  is  nothing  like  so  sharp  in  unannealed 
wires;  further,  it  occurs  at  about  10  or  20  deg.  higher  in  the 
unannealed  samples.  Contrary  to  expectations,  copper  broke 
quicker  than  iron  at  ordinary  temperatures;  the  number  of 
alternations  rose  continuously  with  the  temperature.  Bending 
around  a  sharp  edge  gives  more  reliable  results  than  bending 
around  a  radius.  The  work  is  to  be  continued  so  as  to  deter- 
mine the  effect  of  variation  in  composition,  and  so  on. 
(Zeitschrift  des  Vereines  deutscker  Ingenieure,  vol.  60,  pp. 
785-788,  September  23,  1916,  through  Science  Abstracts,  Sec- 
tion A— Physics,  vol.  20,  pt.  4,  p.  122) 


Experiments  with  Cold-Drawn  and  Annealed  Ingot  Iron, 
0.  Bauer 

A  series  of  tests  was  made  on  cold-drawn  and  annealed  ingot 
iron.  The  physical  tests  consisted  of  the  determination  of 
Brinell  hardness,  resistance  to  shock  and  tensile  strength.  The 
chemical  examination  consisted  of  solubility  tests  in  1  per  cent 
H,SO,  for  70  hours  and  rust  tests  in  1  per  cent  NaCl  for  30 
days.  It  was  shown  that  the  solubility  in  acid  gave  better 
results  in  ascertaining  the  approximate  annealing  temperature 
than  the  Brinell  hardness,  and  that  as  the  annealing  tempera- 
ture rose,  the  solubility  in  H.SO^  diminished.  The  rust  tests 
did  not  give  satisfactory  results,  and  there  appears  to  be  no 
distinct  relation  between  the  temperature  of  annealing  and  the 
rusting  tendency  of  the  Fe.  {Mitt.  kgl.  Materialprilfungsamt, 
33,  395-407;  Chem.  Zentr.  1916,  I,  1281,  through  Chemical 
Abstracts,  vol.  11,  no.  11,  June  10,  1917,  p.  1625) 


The  Hardness  Tests  of  Brass,  William  Kent  Shepard 

Data   of  an   investigation   made   by   the   Sheffield    Scientific 
School  to  determine  the  relation  between  the  ultimate  tensile 
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stronglli  of  brass  and  the  hardness  nuiiil)er  as  found  by  the 
Brinell  and  seleroscope  tests. 

Investigations  of  a  nature  similar  to  tlie  present  have  been 
made  on  various  stjies,  and  in  each  case  an  appropriate 
straight-line  relation  was  fouml  to  exist  between  the  ultimate 
tensile  strength  and  the  liardness  number,  whether  Brinell  or 
seleroscope. 

In  this  test  annealed  brass  and  brass  that  had  been  cold- 
rolled  with  reductions  in  thickness  from  4  to  45  per  cent  of 
the  original  was  used.  It  was  all  one  grade,  about  66  per 
cent  copper  and  34  per  cent  zinc.  The  data  are  presented  in 
the  form  of  tables  and  curves.  It  was  found  that  the  relation 
between  the  seleroscope  hardness  number  and  the  ultimate 
tensile  strength  is  parabolic  for  brass,  and  not  a  straight-line 
relation  as  in  the  case  of  steel.  Likewise  a  parabolic  relation 
was  found  to  exist  between  the  Brinell  hardness  number  when 
determined  by  each  different  load  and  the  ultimate  tensile 
strength  of  brass. 

The  curves  are  tabulated  to  show  also  that  there  is  no  con- 
stant relation   between   the  seleroscope  and  the  Brinell   hard- 


velopment,  where  the  mean  low-water  flow  is  5000  sec.-ft.  and 
the  high  flood  flow  has  reached  26,000  sec.-ft.  This  big  differ- 
ence has  been  taken  care  of  by  the  installation  of  41  Tainter 
gates,  14  ft.  high  and  20  ft.  wide,  placed  on  top  of  the  spillway 
section  of  the  dam.  This  permits  control  of  all  stages  of  floods 
and  has  a  very  important  bearing  on  the  present  successful 
operation  of  the  plant.  These  gates  are  all  electrically 
operated. 

The  present  normal  head  utilized  is  28  ft.,  maintained  the 
year  around,  as  nearly  as  possible,  by  means  of  the  control 
gates.  In  time  of  flood  water,  however,  this  is  somewhat  de- 
creased by  the  backing  up  of  the  water  in  the  taihace,  the  loss 
of  head  from  this  cause  being  sometimes  as  high  as  8  or  9  ft. 
{Electrical  Beview  and  Western  Electrician,  vol.  70,  no.  20, 
May  19.  1917,  pp.  828-833,  8  figs.,  d) 

Internal  Combustion  Engineering 

(See  The  Use  of  Oscillographs  for  the  Study  of  Ex- 
plosion Motors  in  section  Measuring  Apparatus) 
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inlet  oiltemperature. 
Fig.  2    Temperature  Diagram 

ness  numbers  for  brass.  In  the  curves  the  points  are  seen 
to  be  widely  distributed  along  a  general  straight-line  direction. 
{American  Machinist,  vol.  46,  no.  22,  May  31.  1917,  pp.  935- 
937,  7  figs.,  d) 

Hydraulic   Engineering 

Low-He.\d  Power  Development  at  Prairie  Du  S.^c, 
H.  W.  Young 

Description  of  a  hydroelectric  plant  of  the  Wisconsin  River 
Power  Company,  of  15,500  kw.  capacity,  representing  recent 
practice  in  design  of  low-head  waterpower  development. 

The  construction  and  efficient  operation  of  plants  of  the 
type  of  the  one  described  here  have  been  made  possible  through 
the  progress  of  hydroelectric  engineering  in  the  last  few  years. 
Until  quite  recently,  the  difference  in  the  mean  low-water  flow 
and  the  flood  flow  of  a  river  has  not  been  given  due  considera- 
tion. As  a  result,  lack  of  sufficient  spillways  and  adequate 
machinery  to  operate  properly  the  flood  outlets  has  endan- 
gered, to  a  great  extent,  all  low-head  waterpow-er  develop- 
ments where  these  conditions  of  flow  existed.  This  feature 
had  to  be  particularly  provided  for  in  the  Prairie  du  Sac  de- 


Lubrication 

The  Performance  of  Lubricating-Oil  Coolers,  M.  C.  Stuart 
(Mem.Am.Soc.M.E.) 

A  paper  presenting  the  main  data  of  tests  carried  out  at 
the  U.  S.  Naval  Engineering  Experiment  Station  at  An- 
napolis. This  paper  covers  the  relation  between  performance 
and  the  weight,  volume  and  amount  of  cooling  surface  in  vari- 
ous types  of  coolers. 

With  cooler  installed  and  a  certain  oil  selected  for  use,  the 
variables  for  the  test  are  limited  to  quantities  of  oil  and  cool- 
ing water  circulated,  and  oil  and  water  temperatures.  Hence 
the  test  is  divided  into  two  parts:  first,  runs  in  which  the 
rates  of  flow  of  oil  and  water  are  maintained  constant  and  the 
temperatures  of  the  inlet  oil  and  water  varied ;  and  second, 
runs  in  which  the  inlet  temperatures  are  maintained  constant 
and  the  rates  of  flow  of  oil  and  water  varied. 

In  the  first  division  of  the  test  runs  are  made  with  inlet 
water  of  varying  temperature,  say,  80  to  90  deg.  fahr.,  and  at 
each  inlet  water  temperature  runs  are  made  with  \-arying  inlet 
oil  temperatures,  say,  120,  140,  160  and  180  deg.  fahr.  The 
resultant  outlet  temperatures  of  oil  and  water  are  plotted  on 
what  is  termed  a  temperature  diagram.  Fig.  2  shows  the  rela- 
tions between  all  the  temperatures  involved  in  the  performance 
of  the  cooler  at  constant  rates  of  flow  of  oil  and  water. 

This  "  temperature  diagram  "  is  a  valuable  aid  in  the  analy- 
sis of  the  performance  of  oil  coolers.  As  shown  in  Fig.  2,  the 
abscissa3  are  inlet  temperatures  and  the  ordinates  are  outlet 
temperatures.  A  base  line,  or  equal  temperature  line  AG,  is 
first  drawn  diagonally  across  the  diagram.  The  values  of  inlet 
oil  temperature  versus  outlet  oil  temperatures  for  the  runs  in 
which  the  inlet  water  temperatures  were  90  deg.,  are  plotted 
and  line  CH  is  drawn  through  the  points.  The  intersection  of 
this  line  with  the  base  line  at  C  is  determined  from  the  follow- 
ing consideration.  Although  the  lowest  inlet  oil  temperature 
was  120  deg.,  it  is  evident  that  if  the  inlet  oil  temperature 
should  be  reduced  to  the  inlet  water  temperature,  or,  in  this 
ease  90  deg.,  the  outlet  oil  temperature  would  equal  the  inlet 
oil  temperature.  In  other  words,  the  curve  of  inlet  oil  tem- 
peratures versus  outlet  oil  temperature  for  a  constant  inlet 
water  temperature  intersects  the  base  line  at  the  temperature 
of  the  inlet  water.  In  the  same  manner  the  curve  CF  of  the 
inlet  oil  temperature  versus  outlet  water  temperature  also  in- 
tersects the  base  line  at  the  inlet  water  temperature.     The  lines 
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BL  and  BE  re|iresent  the  results  of  runs  made  at  inlet  water 
temperature  of  80  deg. 

The  important  property  of  the  temjierature  diagram  is  that 
the  lines  are  straight,  or  very  nearly  straight,  and  the  lines 
of  a  group  are  parallel.  By  means  of  this  property  curves 
may  be  constructed  for  other  water  temperatures  than  those 


temperature  diagram  is  in  showing  the  effect  of  the  placing 
of  two  or  more  coolers  in  series,  or  the  effect  of  tube  length. 

The  temperature  diagram  deals,  however,  only  with  variable 
temperatures,  and  gives  no  information  regarding  the  effect 
of  various  rates  of  flow  of  oil  or  water.  Hence,  a  second  divi- 
sion of  a  test  of  an  oil  cooler  becomes  necessary  with  the  tem- 
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Fig.  3    Quantity  Diagram 


co\ered  in  the  test.  Thus,  in  Fig.  2,  the  dotted  lines  AK  and 
AD  represent  the  outlet  oil  and  outlet  water  temperatures, 
respectively,  for  an  inlet  water  temperature  of  70  deg. 

The  writer  shows  how  such  a  diagram  may  be  constructed 
from  data  of  a  single  run.     The  temperature  diagram  may  be 
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used  to  derive  an  analytic  method  of  determining  the  relation 
between  the  various  temperatures  of  the  oil  cooler.     In  fact, 
he  establishes  the  following  formula : 
r,  —  T„ 

.  .^^       ^' 

in  which  T,  =  inlet  oil  temperature;  r„  =  outlet  oil  tempera- 
ture; and  ti  =  inlet  water  temperature. 

Data  from  a  single  run  at  given  quantities  of  oil  and  water 
may  be  used  to  determine  the  value  of  flow.  Then  for  any 
other  conditions  of  inlet  oil  temperature  and  inlet  water  tem- 
perature the  value  of  the  oil  temperature  drop  and  outlet 
temperature  may  be  found  by  substitution  in  the  above  equa- 
tion. 

The  writer  discusses  next  the  problem  of  determining  both 
inlet   and  outlet   oil   temperatures.     The   further  use  of   the 
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Fig.  4    Quantity  Diagram  in  Fig.  -3  Cross-Plotted 

peratures  of  inlet  oil  and  inlet  water  constant  and  rates  of 
flow  of  oil  and  water  variable.  The  results  of  such  a  group 
of  runs  are  plotted  in  Fig.  3  and  constitute  what  is  termed 
a  "  quantity  diagram."  The  curves  of  Fig.  3  are  cross-plotted 
in  Fig.  4,  to  coordinates  of  water  quantity  and  outlet  oil  tem- 
perature with  curves  of  equal  oil  quantities.  The  two  figures 
taken  together  show  the  complete  relation  between  oil  tem- 
perature flow  and  rates  of  flow  of  oil  and  water. 

The  quantity  diagram  provides  a  basis  for  determining  the 
capacity  of  an  oil  cooler  and  rating  it.  But  to  say  that  a  cooler 
has  a  certain  capacity  and  not  state  definitely  the  conditions 
under  which  this  capacity  is  produced  is  vei-y  unsatisfactoi-y. 
The  rating  of  a  cooler  may  be  defined  as  that  quantity  of  a 
particular  kind  of  oil  which  will  be  given  the  desired  tempera- 
ture drop  with  certain  inlet  oil  and  inlet  water  temperature 
and  a  certain  quantity  of  water,  or  a  certain  ratio  of  water 
to  oil  used. 

This  theoretical  discussion  is  followed  by  data  and  discus- 
sion of  the  actual  performance  of  three  types  of  coolers  so 
selected  that  their  performances  should  be  comparable.  Cooler 
-1  is  of  plain  tubes ;  cooler  B  of  plain  tubes  fitted  with  retard- 
ers;  and  cooler  C  of  special  coiTugated  concentric  tubes,  with 
dissimilar  oil  and  water  arrangements.  The  writer  considers 
the  heat-transfer  coefficient  as  a  measure  of  the  surface  eflS- 
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eiency  of  the  cooler,  but  points  out  that  the  efficiency  of  the 
volume  of  the  cooler  is  far  more  important  than  surface  effi- 
ciency. A  factor  which  places  performance  on  a  basis  of  vol- 
ume of  apparatus  is  B.t.u.  transferred  per  hour,  per  degree 
mean  temperature  difference,  per  cubic  foot  of  volume.  From 
this  point  of  view  it  is  of  interest  to  compare  Fig.  5,  which 
gives  the  heat-transfer  coefficients,  with  Fig.  6.  giving  the 
volume  efficiencies  of  the  same  three  coolers.  Of  particular 
interest  is  the  relative  position  of  the  curves  B  and  C  to  each 
other  in  the  two  figures. 

Finally  the  friction  drop  in  the  oil  is  considered,  and  it  is 
found  among  other  things  that  the  relative  friction  drops  are 
in  the  same  order  as  the  relative  heat-transfer  factors.  In  this 
connection  it  is  also  noted  that  weights  per  square  foot  of 
surface  are  in  the  order  of  the  heat-transfer  factors. 

Summing  up  the  subject  of  relative  performance  and 
merit  of  various  types  of  coolers,  the  writer  states  that  that 
cooler  is  best  which  will  produce  a  given  temperature  drop 
in  a  given  quantity  of  oil  with  the  least  volume  and  weight 
and  without  excessive  friction  drop.  (Journal  of  the  Ameri- 
can Society  of  Naval  Engineers,  vol.  29,  no.  2,  May  1917,  pp. 
300-318,  10  figs.,  teA) 

Navy  Lubkicants  and  Lubrication,  Lieut.-Commander  H.  T. 
Winston,  U.  S.  N. 

The  writer  discusses  the  selection,  testing  and  purchasing 
of  lubricating  oils  for  the  Na\'y  Department  for  various  uses, 
such  as  lubricating  oils  for  machinery,  lubricants  for  cutting 
tools,  greases,  graphites,  etc.,  and  in  an  appendix  gives  the 
Navy  specifications  and  tests  for  these  materials. 

Among  other  things  the  writer  states  that  oils  containing 
only  8  or  10  per  cent  of  blown  rape-seed,  or  other  fixed  oil,  are 
not  very  satisfactorj',  especially  at  high  speeds.  The  reasons 
for  this  are  not  entirely  clear  and  the  personal  equation  may 
be  an  important  factor.  Such  oils  do  not  form  a  heavy 
lather  and  seem  to  run  off  bearing  surfaces  easily,  allowing 
the  bearing  to  heat  up.  Possibly  the  mineral-oil  contents  used 
in  these  oils  have  too  low  viscosities  and  do  not  contain  the 
emulsified  constituents  needed  for  sticking  to  the  surface  of 
the  bearing.  These  oils  also  feed  more  rapidly  than  the 
heavier  oils,  unless  the  wicks  are  reduced  in  number,  or  the 
feed  otherwise  cut  down.  Hence,  a  man  familiar  only  with 
the  heavy  oil  is  likely  to  let  the  oil  box  empty  rapidly  and  the 
^"orine  run  dry. 

otraight  mineral  oils  which  form  an  emulsion  with  water 
and  are  exclusively  a  home  product  have  been  used  with  very 
good  results  in  lieu  of  the  compounded  oil.  This  is  shown  by 
extensive  tests  on  the  torpedo  boat  Bailey  at  Annapolis,  the 
battleship  Xebraska,  and  other  vessels.  While  the  straight  oil 
does  not  give  a  heavy  lather,  the  bearings  do  not  heat  up;  in 
fact,  the  machinery  is  cleaner  and  neater  without  a  heavy 
lather. 

The  writer  goes  fully  into  the  matter  of  classification  of 
oils  and  the  discussion  of  physical  properties  of  straight 
mineral  oils.  As  to  the  latter,  he  states  that  the  important 
lubricating  properties  are  viscosity,  cold  (or  pour)  point, 
emulsibility  with  water  (cold  or  hot),  and  carbon  actually 
deposited  in  an  internal-combustion  engine.  Unimportant 
properties  are  carbon  passing  through  the  engine,  gravity,  fire 
point,  flash  point  and  frictional  resistance. 

Mixing  similar  good  oils  does  no  harm,  and  the  resultant 
product  shows  no  unexpected  or  abnormal  properties. 

As  regards  the  so-called  "  worn-out  "  oils,  the  writer  states 
that  there  is  little  evidence  to  show  that  a  good  oil  wears  out 


or  loses  any  essential  lubricating  properties  under  ordinary 
circumstances.  High  heat  will  cause  some  light  oils  to  become 
heavier,  due  to  the  distillation  of  a  percentage  of  the  original 
product,  but  the  result  is  then  simply  a  somewhat  reduced 
amount  of  good  oil  with  the  increased  viscosity.  Interesting 
tests  have  been  made  on  "  used  "  lubricating  oils,  and  a  full 
description  of  such  tests  is  expected  to  appear  in  the  Journal 
of  the  American  Society  of  Xaval  Engineers.  Good  oils  used 
in  forced-feed  lubrication  systems  showed  after  about  1000 
hours'  use  some  oxidation,  but  the  lubricating  properties  were 
not  materially  changed.  The  cold  points  were  raised  10  to  20 
deg.  fahr.  and  there  was  an  increase  in  the  formation  of 
organic  acids  and  of  resins.  However,  such  harmful  ingre- 
dients are  easily  removed  by  filtering  the  oil  through  animal, 
charcoal,  the  filtered  product  being  as  good  as,  or,  possibly 
better  than,  the  original  oil.  (The  Journal  of  the  American 
Society  of  Naval  Engineers,  vol.  29,  no.  2,  pp.  239-261,  gd) 

Machine   Shop 

Calculating  the  Approach  op  Milling  Cutters,  Francis 
J.  G.  Rueter 

The  distance  between  the  initial  and  final  point  of  contact 
with  the  work,  considering  the  point  on  the  periphery  of  the 
cutter,  is  called  the  approach.  This  distance  is  used  in  time- 
study  estimating  together  with  the  length  of  the  piece  or  cut 
to  determine  the  time  required  by  the  machine  to  do  the  work. 
The  result  is  called  the  machine  time. 

To  calculate  the  approach  by  the  ordinary  mathematical 
method  requires  too  much  time.  The  writer  has  therefore 
deduced  a  simpler  formula  from  which  the  approach  can  be 
calculated  by  means  of  a  chart  in  the  original  article.  The 
solution  is  also  easily  made  with  logarithmic  cross-section 
paper  and  by  a  slide  rule.  (American  Machinist,  vol.  46.  no. 
22,  May  31,  1917,  pp.  928-930,  7  figs.,  p) 

Measuring  Apparatus 

A  New  Form  of  Pitot  Tube,  A.  Hagenbach  and  K.  Gegauff 

Describes  an  exploration  of  the  space  surrounding  a  circular 
plate  in  a  stream  of  air,  the  direction  of  the  stream  lines  and 
the  velocity  and  static  pressure  of  the  air  being  found  by 
means  of  a  new  form  of  gage.  This  consists  of  a  small  tube 
of  1.6  mm.  outside  and  1  mm.  inside  diameter,  closed  at  one 
end  and  pierced  at  the  side  with  a  small  hole.  The  open  end 
of  the  tube  is  connected  with  a  pressure  gage  by  means  of  an 
india-rubber  tube.  The  closed  tube  is  several  centimeters 
long  and  is  placed  with  the  portion  containing  the  opening 
at  the  point  to  be  studied,  the  axis  of  the  tube  being  per- 
pendicular to  the  direction  of  the  air  stream.  The  tube  is  then 
rotated  until  the  maximum  pressure  excess  is  obtained.  This, 
by  means  of  a  pointer  attached  to  the  tube,  gives  the  angle  of 
the  stream  line.  The  tube  is  then  rotated  through  4-1  deg., 
first  on  one  side  of  this  direction  and  then  on  the  other.  The 
mean  pressure  at  these  points  is  the  static  air  pressure,  for  it 
has  been  found  by  preliminary  experiments  that,  for  all  air 
velocities,  the  null  pressure  is  shown  at  an  angle  of  44  deg. 
(for  the  particular  tube  employed)  from  the  direction  of  flow, 
while  at  85  deg.  the  points  of  minimum  (reduced)  pressure 
are  found.  The  results  obtained  in  the  case  of  air  flowing  at 
an  average  speed  of  about  6.5  m.  per  sec.  past  a  normal  circu- 
lar plate  are  tabulated  in  full  in  the  paper,  and  a  map  of  iso- 
bars and  stream  lines  is  also  given.  (Physikalische  Zeitschrift, 
vol.  18,  pp.  21-30,  January  15,  1917,  through  Science  Abstracts, 
Section  A— Physics,  vol.  20,  pt.  4,  pp.  124-125) 
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The  Use  op  Oscillographs  for  the  Study  of  Explosion 
Engines,  M.  Camillerapp 

The  writer  indicates  a  method  of  investigating  the  part 
played  by  heat  and  the  behavior  of  the  spark  in  an  explosion 
engine  by  means  of  the  Blondel  oscillograph. 

In  the  course  of  a  series  of  experiments  made  for  the  pur- 
pose of  determining  the  part  played  by  heat  and  the  duration 
of  the  spark  of  the  plug  in  the  operation  of  an  explosion 
motor,  it  proved  to  be  impossible  to  use  a  manograph,  because 


While  the  author  makes  no  attempt  to  present  the  results 
obtained  in  his  investigation,  he  indicates  that,  contrary  to  the 
view  held  by  many  engineers,  ignition  is  not  followed  by  a 
sudden  explosion  and  the  spark  is  not  extinguished  by  the 
explosion,  which  he  explains  by  the  fact  that  after  all  no  ex- 
plosion occurs  in  the  eyhnder  of  the  engine  in  the  proper  sense 
of  this  term;  i.  e.,  no  sudden  increase  in  the  volume  of  the 
mixtui-e.  (Apjilication  de  I'oscillographe  a  I'etude  des  moteurs 
a  explosion,  M.  Camillerapp,  Revue  Generale  de  I'Electricite, 
vol.  1,  no.  17,  pp.  643-4,  4  figs,  e) 

Osc.  1 
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Fig.  7    (Top)  Oscillogram  Obtained  with  the  Single  Microphone 
Fig.  8    (Bottom)  Oscillogram  Obtained  with  the  Double  Microphone 


it  was  necessary  to  register  simultaneously :  a,  the  variations 
of  pressure  in  the  cylinder;  b,  the  time  between  two  explo- 
sions in  the  same  eyhnder  with  the  view  to  determining  the 
speed  of  the  engine;  and  c,  the  current  in  the  spai-k  and  its 
duration. 

Curve  1  of  the  oscillogTams  in  Figs.  7  and  8  represents  the 
vibrations  of  a  Lancelot  electro-  diapason  giving  200  double 
vibrations;  this  gives  the  velocity  of  the  photogi'aphie  film  of 
the  decoiler  of  the  oscillograph.  This  curve  also  gives  the  speed 
of  the  motor.  To  do  this  the  current  of  the  diapason  passes 
through  a  rotary  contactor  located  at  the  end  of  the  motor 
shaft.  This  contactor  short-circuits  at  each  revolution  with 
a  resistance  placed  in  series  with  the  carrying  circuit  of  tl'.e 
oscillogi'aph.  Hence  each  revolution  of  the  engine  is  indicated 
by  a  fall  in  the  amplitude  of  the  curve  of  the  diapason  ami 
the  speed  of  the  engine  is  measured  by  the  oscillations  regis- 
tered between  each  revolution.  The  tests  were  carried  out  by 
a  special  laboratory-type  oscillograph,  and  as  quantitative  re- 
sults were  not  sought  and  it  was  only  desired  to  obtain  curves 
that  would  give  an  idea  of  the  manner  in  which  the  ignition 
of  the  gas  occurs,  a  special  microphonic  apparatus  was 
employed. 

Curve  2  shows  pressures  in  the  cylinder  of  the  engine.  It 
was  obtained  by  means  of  a  microphone  held  on  the  spark- 
plug frame  in  a  manner  illustrated  in  the  original  article. 

Curve  3  gives  the  ignition  current  of  the  spark  plug.  A 
calibration  of  the  oscillograph  permits  the  determination  of 
its  volume  in  milliamperes ;  the  return  of  the  curve  to  0  gives 
the  duration  of  the  arc  between  the  terminals. 


Integrating  Tachometers,  Commander  L.  A.  Kaiser,  U.  S.  N. 

Description  of  an  integi-ating  speed  indicator  for  use  on 
board  ships  so  designed  as  to  make  possible  for  the  engine 
room  to  gain  or  lose  distance  as  directed  from  the  bridge.  The 
bridge  determines  by  stadimeter  or  otherwise  that  the  ship  is 
ahead  or  astern  of  position  and  directs  the  engine  room  to  lose 
or  gain.  By  consulting  the  previously  prepared  table  kept 
near  the  throttle,  the  man  on  watch  sets  the  engine  hand  ahead 
or  in  the  rear  of  the  clock,  and  then  by  the  throttle  causes  the 
engine  hand  to  lose  or  gain  until  it  is  in  coincidence.  If  the 
variable  gearing  in  the  mdicator  is  so  designed  that  the  engine 
hand  makes  one  revolution  per  minute  when  the  engine  is  mak- 
ing the  prescribed  speed,  then  it  is  evident  that  it  is  simply 
necessary  to  keep  the  engine  hand  coincident  with  the  second 
hand  of  the  clock,  which  also  makes  one  revolution  per  minute. 

With  this  in  view,  a  device  was  eonsti'ucted  on  board  the 
Washington  and  installed  by  the  ship's  force  under  the  direc- 
tion of  the  present  writer.  It  has  been  in  use  for  nearly  a 
year.  This  device  consists  essentially  of  a  12-in.  flat  disk  of 
steel,  driven  by  a  4-in.  wheel  perpendicular  to  its  face  and 
which  is  driven  by  a  shaft  connected  by  small  gear  wheels  to 
the  starboard  revolution  indicator.  The  distance  of  the  driv- 
ing wheel  from  the  center  of  the  large  disk  can  be  varied  by 
a  screw  of  %-Jri.  pitch.  On  this  screw  is  placed  a  scale  of 
revolutions.  A  clock  of  14-in.  dial,  with  a  lone  second  hand, 
is  placed  over  the  center  of  the  large  disk,  the  latter  caiTying 
a  U,  over  the  ends  of  which  an  elastic  band  is  stretched  across 
the  face  of  the  clock.     When  the  revolutions  of  the  main  en- 
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gines  agree  with  the  pointer  on  the  scale,  the  disk  should 
make  one  revolution  per  minute,  the  U-pointer  exactly  follow- 
ing the  clock  hand,  and,  conversely,  by  moving  the  scale  indi- 
cator until  the  U-pointer  exactly  follows  the  clock  hand,  the 
number  of  revolutions  of  the  main  engine  can  be  read  from 
the  scale. 

An  instrament  was  built  from  Washington  blueprints  and 
installed  on  the  Connecticut  during  the  battleship  cruise 
around  the  world.  The  fleet  engineer  reported  that  the 
cruise  has  demonstrated  the  necessity  for  some  instrument 
which  will  show  the  exact  speed  of  revolutions  of  the  engines 
at  any  time.  Such  an  instrument  would  make  it  possible  for 
the  engines  to  be  run  at  constant  speed,  and  in  changes  of 
speed  enable  the  man  at  the  thi'ottle  to  take  up  new  speed  with 
practically  no  loss  of  time  in  counting  revolutions  as  at  pres- 
ent. 

The  character  of  the  traction  surfaces,  that  is,  the  surface 
of  the  disk  and  the  rim  of  the  driving  wheel,  has  an  important 
bearing  on  the  correct  functioning  of  this  instrument.  It  has 
been  found  by  experience  that  best  results  are  obtained  by 
making  the  disk  of  a  saw-steel  blank  and  making  the  rim  of 
the  dri\ang  wheel  of  small  radius  and  of  hardened  steel.  In 
pouring  a  stream  of  oil  over  the  point  of  contact  and  also  in 
coating  the  face  of  the  disk  with  lard,  no  slip  was  discovered. 
{Journal  of  the  American  Society  of  Naval  Engineers,  vol.  29, 
no.  2,  May  1917,  pp.  262-267,  1  fig.,  d) 

Mechanics 

The  Laws  of  Elastico- Viscous  Flow,  Prof.  A.  A.  Michelson 

AVhen  a  solid  is  subjected  to  a  strain  beyond  the  elastic  limit, 
its  behavior  may  be  summarized  as  follows: 

1  The  application  of  the  stress  results  in  a  rapid  elastic 
yield  which,  if  inertia  be  negligible,  is  practically  instan- 
taneous. If  the  stress  be  now  removed,  the  specimen  returns 
to  its  former  position. 

2  This  is  followed  by  a  slower  yielding,  whose  rate,  if  the 
stress  is  not  too  great,  diminishes  with  time,  and  which  ulti- 
mately attains  a  constant  value  which  may  be  zero.  The 
return  to  or  near  its  original  position  depends  on  whether  the 
stress  was  or  was  not  too  great. 

The  writer  makes  an  attempt  to  formulate  the  behavior  of 
substances  under  stress  by  the  simplest  expressions  which  have 
been  found  to  satisfy  all  the  essential  requirements,  and  states 
that  the  behavior  of  any  solid  under  stress  maj'  be  considered 
as  the  resultant  of  four  elements  constituting  the  Laws  of 
Elastico-Viscous  Flow. 

The  elastic  displacement  is  characterized  by  being  approxi- 
mately proportional  to  the  stress  and  independent  of  time.  A 
closer  approximation  is  given  by 

S,  =  C^Pe^ 
in  which  L  =  \P 

The  elastico-viscous  displacement  is  manifested  in  a  slow  re- 
turn when  the  stress  is  removed.  This  displacement  is  repre- 
sented by  the  formula 

S,  =  A,_(l  —  e«) 

where  A^  =  C,  Pe^,  in  which  .V  =  h,  P,  and  31  =  —  a.\/t. 

The  viscous  displacement  applies  to  the  case  where  the 
elastic  force  is  absent  or  very  small  in  comparison  with  the 
viscous  resistance.  For  a  specimen  which  has  not  been  sub- 
jected to  previous  strain,  the  formula  is 

S,=  {Ft)P 
where  p  =  %  approximately ;   near  the  rupture  point   p  ap- 
proaches unity. 


A  more  complicated  formula  is  given  for  the  general  case. 

The  lost  motion  is  explained  as  follows:  If  the  stress  be 
applied  for  a  short  time  (even  a  small  fraction  of  a  second), 
the  specimen  does  not  return  to  the  original  zero.  The  dift'er- 
ence  between  the  original  and  the  new  zero  is  the  lost  motion. 
It  seems  probable  that  lost  motion  may  be  considered  as  a 
function  of  time. 

The  following  notation  is  used  iu  the  above  forraulse : 

S  =  displacement  (twist) 
t  =  time 

;•'  =  C,  Pe^.  where  A'  =  h^  P 
h,  a,  constants 
P  =  applied  torque. 

[Proceedings  of  the  National  Academy  of  Sciences  of  the 
United  States  of  America,  vol.  3,  no.  5,  May  1917,  pp.  319- 
323,  t) 

Railroad   Engineering 

Recent  Attainments  in  Locomotive  Feedwater  Heating 

Supplement  to  the  preceding  report  which  covers  the  subject 
mainly  from  the  theoretical  standpoint,  while  the  present 
article  shows  to  what  extent  the  savings  from  feedwater  heat- 
ing have  been  actually  attained  through  means  entirely  con- 
sistent with  American  locomotive  practice. 

These  experiments  were  made  with  the  heater  deriving  its 
heat  supply  from  exhaust  steam  and  resembling  in  its  construc- 
tion a  well-known  surface  condenser.  The  heat-exchanging 
elements  were  %-Ln.  (outside  diameter)  brass  tubes  of  such 
number  and  length  as  to  give  a  total  heating  surface  of  about 
120  sq.  ft.  As  the  heat  transfer  is  facilitated  by  the  agitation 
of  the  water  in  its  passage  through  the  tubes,  this  result  was 
accomplished  in  this  case  by  inserting  in  each  a  strip  of  brass 
of  a  width  equal  to  the  inside  diameter  of  the  tube  slightly 
crimped  and  twisted  to  a  pitch  of  31.-2  in. 

While  the  proportions  of  the  heater  were  such,  and  the  agi- 
tation of  the  water  so  thorough  as  to  yield  final  temperatures 
within  10  or  1.3  deg.  of  the  temperature  of  the  exhaust  steam, 
no  undue  burden  was  placed  on  the  feedwater  pump.  The 
extent  of  the  dropping  pressure  in  the  heater  was  roughly  1 
lb.  for  each  2000  lb.  of  water  delivered  per  hour.  The  average 
initial  temperature  of  the  feedwater  over  a  given  series  of 
tests  was  50.7  deg.  In  this  same  series  the  average  tempera- 
ture of  the  water  delivered  to  the  boiler  was  214.5  deg.,  indicat- 
ing the  average  increase  as  between  the  inlet  and  the  outlet 
sides  of  the  heater  of  163.8  deg.  The  proportions  of  the  heater 
must  have  been  pretty  nearly  correct  for  the  conditions  of  test 
to  permit  of  a  vei-y  close  approximation  to  the  temperature 
of  the  steam. 

The  effect  on  the  quantity  of  coal  consumed  was  very 
marked.  On  the  indicated  hp.-per-hour  basis,  the  quantity  of 
coal  saved  was  in  no  case  less  than  12.9  per  cent,  this  value  in 
one  instance  being  as  high  as  28.1  per  cent. 

On  the  basis  of  thermal  efHciency  of  the  locomotive,  the  aver- 
age increase  (disregarding  the  results  in  three  out  of  ten  tests) 
was  20.3  per  cent,  and  the  highest  of  these  values  was  only  4 
lb.  in  excess  of  the  average,  showing  consistency  in  the  re- 
sults. 

Since  the  average  increase  in  the  temperature  of  feedwater 
was  in  excess  of  160  deg.,  the  theoretical  deduction  of  1  per 
cent  increase  in  etficiency  attainable  through  each  10  deg.  ris- 
ing temperature,  as  indicated  in  the  report  of  the  Fuel  Asso- 
ciation Committee,  is  well  within  the  bounds  of  consen'atism. 

The  original  article  contains  the  diagram  indicating  the  re- 
lation between  water  rate  and  heat  expended  in  pumping  and 
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recovered  by  feedwater  heater.     {Railway  Review,  vol.  00,  no. 
22,  June  2.  1917,  pp.  75.3-754,  1  fig.,  e) 

Locomotive-Feedwater  Heating 

Data  from  a  rejiort  by  a  committee,  Monroe  B.  Lanier, 
Chairman,  presented  at  the  Convention  of  the  International 
Eailroad  Fuel  Association  held  in  Cliicago  in  May. 

The  economy  expressed  in  the  percentage  of  fuel  saving 
to  be  derived  from  preheated  as  compared  with  non-preheated 
feedwater,  is  in  direct  ratio  as  the  temperature  difference  of 
the  water  before  and  after  heating  is  to  the  difference  between 
the  total  heat  of  the  saturated  steam  at  a  given  jiressure  and 
the  final  temperature  of  preheated  feedwater.  With  other 
conditions  remaining  equal,  the  higher  the  initial  temperature 
the  greater  is  the  percentage  of  economy  per  degree  rise  of 
preheat.  In  fact,  the  writer  gives  a  curve  showing  that  the 
theoretical  fuel  saving  from  preheat  follows  a  straight-line 
law. 

From  an  operating  standpoint  feedwater  heating  is  a  pre- 
requisite to  the  best  performances  and  maximum  locomotive 
efficiency.  The  utilization  of  preheat  permits  a  freer  steaming 
boiler,  increases  the  confidence  of  the  fireman  and  leads  to  an 
increase  in  locomotive  capacity.  An  interesting  series  of 
curves  is  given  showing  the  amount  of  money  to  be  saved 
yearly  by  the  railroads  through  feedwater  heating. 

As  to  the  sources  of  preheat,  the  writer  indicates  that  ex- 
haust steam  and  waste  gases  may  be  used  for  this  purpose. 
The  greatest  waste  seems  to  be  in  exhaust  gases,  but  most  of 
it  is  unavoidable.  The  writer  presents  a  calculation  showing 
the  content  of  latent  heat  in  the  gases  and  states  that  experi- 
ments have  shown  that  the  abstracting  of  16  per  cent  of  the 
exhaust  does  not,  in  most  cases,  require  a  reduction  in  the  size 
of  the  nozzle  to  get  the  same  vacuum  in  the  front  end  and 
the  same  draft  in  the  fire.  A  table  is  given  in  this  connection 
covering  the  subject  of  distribution  of  heat  in  a  normal  loco- 
motive, the  same  subject  being  also  illustrated  graphically. 

The  next  source  of  heat  for  preheating  water  is  that  of 
the  smokebox.  It  is  impracticable  to  design  an  exhaust  heater 
to  preheat  water  from  the  tank-boiler  temperature,  but  ample 
space  is  available  in  the  front  end  of  the  modern  locomotive,  in 
addition  to  space  required  for  superheater,  units  to  build  a  gas 
heater  of  sufficient  heating  surface  to  obtain  a  high  degree 
of  preheat  feeding  by  means  of  an  injector,  the  preheat  in- 
creasing with  the  velocity  and  temperature  of  the  gases. 

As  the  final  temperature  of  the  feedwater  from  the  exhaust 
heater  is  limited  to  a  point  below  that  of  the  temperature  of 
the  exhaust  steam,  the  smokebox  heater  presents  greater  possi- 
bilities when  injector  feeding  is  practiced,  particularly  with 
certain  types  of  injectors. 

The  writer  advocates  the  advisability  of  the  combined  use 
•of  exhaust  steam  and  smokebox  heating,  as  after  utilizing  iti 
preheating  all  of  the  exhaust  steam  possible,  there  is  still  a 
margin  of  140  to  180  deg.  between  the  feed  temperature  and 
that  of  the  water  in  the  boiler.  On  the  other  hand,  the  prac- 
tical limit  of  preheating  feedwater  by  means  of  smokebox 
gases  is  that  of  the  boiling  point  which  at  200  lb.  pressure  is 
388  deg.  fahr.  (Railway  Age  Gazette,  vol.  62,  no.  21,  May  25, 
1917,  p.  1101-11(15.  :!  tis's..  ii) 

Refrigeration 

CiRruL.vnON  IN  Flooded  Systems,  A.  H.  Baer 

Data  of  experiments  with  the  glass  model  of  an  ammonia- 
tank  coil  and  an  accumulator.    By  supplying  these  with  liquid 


ammonia  inside,  and  with  ordinary  hydrant  water — also  with 
ice  water — on  the  outside,  the  behavior  of  the  ammonia  could 
be  plainly  observed. 

The  apparatus  used  for  the  test  was  similar  to  that  shown 
in  Fig.  9  and  the  experiments  were  made  with  the  coil  nearly- 
filled  with  liquid  ammonia ;  first,  in  the  open  air,  then  sprinkled 
with  hydrant  watei-,  and  finally  with  ice  water  on  the  outside. 
In  general,  the  direction  of  flow  was,  of  course,  upward  and 
out  from  the  upper  part  of  the  accumulator.  The  observers 
were  surprised  to  see  that  the  gas  in  the  lowest  horizontal  pipe 
flowed  backward  and  up  through  the  bottom  of  the  accumulator. 
Further,  the  vapor  in  the  second  lowest  pipe  cast  out  through 
the  bottom  pipe  and  up  through  the  drain  pipe  of  the  accum- 
ulator. And  in  doing  so  it  pushed  ahead  of  it  a  large  part 
of  the  hquid  in  the  lower  pipe,  delivering  it  to  the  accumulator 
and  raising  its  liquid  level. 

The  apparatus  was  then  somewhat  reconstructed  and  a 
gi-eater  head  of  liquid  was  provided,  but  this  failed  to  keep 
the  gas  in  the  lower  pipes  from  flowing  backward  and  up 
through  the  bottom  of  the  accumulator. 

The  glass  model  was  then  again  checked  and  a  check  valve 


Fig.  9    Glass  Model  of  a  Tank  Coil  and  an  Accumulator 

Used  fok  the  Study  of  Circulation  of  Ammonia 

IN  Flooded  Systems 

was  placed  in  the  drain  pipe  from  the  accumulator.  When 
this  model  was  partly  tilled  with  liquid  ammonia  and  the  water 
applied  as  before  the  evaporation  of  the  ammonia  was  uni- 
form throughout  the  length  of  the  coil  and  all  gas  flowed 
from  the  lower  pipes  up  through  the  entire  coil.  The  gas 
formed  into  bubbles  which  drove  ahead  of  them  the  liquid, 
and  as  the  bubbles  approach  the  upper  pipe  and  the  outlet  of 
the  coils  they  become  larger  and  the  liquid  bodies  between 
them  become  smaller  by  reason  of  continual  evaporation  of 
some  of  the  liquid  while  passing  through  the  coils.  At  the 
inlet  to  the  accumulator  the  small  amount  of  liquid  remaining 
between  the  gas  bubbles  readily  flowed  into  the  accumulator 
and  the  vapor  only  passed  from  the  outlet  at  the  top.  The 
check  valve  was  found  to  lift  when  the  accumulator  became 
paitly  filled  with  return  liquid. 

Tlie  apparatus  diagramatically  shown  in  the  original  was 
then  applied  to  the  ice  tank  with  a  check  valve  especially 
designed  for  this  purpose.  The  ammonia  feed  to  the  system 
was  jiurposely  arranged  to  favor  lifting  of  the  check  valve. 
Repeated  trials  showed  that  the  check  valve  regularly  lifted 
whenever  the  level  of  the  liquid  in  the  accumulator  was  raised. 
Since  this  variation   in   level  cannot  l)e  verv  a-reat.  the  clieck 
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valve  must  operate  frequently.  It  has  been  lound  that  a  dis- 
tance of  from  3  to  4  ft.  between  the  top  pipe  of  the  coils  and 
the  bottom  of  the  accumulator  is  sufficient  to  provide  the 
necessary  liquid  liead  for  operating  this  valve  positively  and 
regularly  without  causing  the  li(|ui,l  to  fill  up  more  than  a 
few  inches  in  the  bottom  of  the  accumulator  itself. 

This  apparatus  gave  good  results  and  it  was  thought  that 
the  elHciency  of  an  ice  plant  could  be  further  increased  by 
flooding  also  the  water  fore-cooler  coils.  Actually,  however, 
the  results  were  not  so  gratifying  as  in  the  case  of  the  ice 
tank. 

In  addition  to  this  the  writer  describes  the  present  direct 
flooded  system  and  the  so-called  submerged  flooding  system, 
and  discusses  the  cpiestions  of  comparative  efficiency  of  plants. 
(A.  S.  S.  E.  Journnl,  vol.  3,  no.  6.  May  1917,  pp.  5-1.5,  5 
figs.,  eA) 

Amjionia-and-Water   Mixer,    H.    Dannenbaum 

Data  on  the  so-called  ammonia-and-water  miser  specified 
in  the  municipal  regulations  of  the  City  of  New  York,  obtained 
from  experiments  made  at  the  factory  of  the  National  Ammonia 
Company,  Philadelphia,   Pa. 

The  regulations  provide  that  the  refrigerating  plants  must 
be  equipped  with  emergency  pipes  by  which,  in  case  of  acci- 
dent, the  ammonia  can  be  discharged  into  water  or  brought 
into  contact  with  sufficient  water  to  absorb  all  the  ammonia 
gas. 

"  The  apparatus  is  constructed  so  that  the  ammonia  gas  can 
be  absorbed  by  running  water,  wliich  makes  it  comparatively 
simple  and  inexpensive. 

The  article  describes  the  apparatus  used  and  the  experi- 
ments carried  out.  These'  experiments  have  shown  that  there 
is  a  definite  minimum  amount  of  water  necessary  for  the  suc- 
cessful operation  of  the  mixer,  and  that  when  less  than  this 
amount  passes  through,  the  mixing  may  cease  and  ammonia 
gas  enter  the  sewer.  On  the  other  hand,  the  experiments  show 
that  the  mixer  of  the  type  described  properly  proportioned 
will  give  satisfactory  results.  A  suggestion  has  recently  been 
made  to  connect  the  ammonia  mixer  to  the  bottom  of  the 
liquid  receiver.  This  would  mean  that  liquid  ammonia  would 
be  blow-n  into  the  mixer,  but,  of  course,  in  considerably  larger 
quantities  than  the  gas.  Some  experiments  have  also  been 
made  with  such  an  arrangement.  [A.  S.  li.  E.  Journal,  vol. 
3,  no  6,  May  1917,  pp.  16-19,  1  fig.,  d) 

Steam   Engineering 

Recext  Installations  of  Large  Turbo-Generators, 
Richard  H.  Rice 

In  this  paper  the  history  of  the  development  of  the  (ieneral 
Electric  turbo-generator  units  is  first  briefly  reviewed,  begin- 
ning with  the  5000-kw.  vertical  machine  installed  in  the  station 
of  the  Commonwealtli  Edison  Company  at  Chicago  in  the  year 
1903,  and  leading  up  to  45,000-kw.  units  in  a  single  shell  now 
under  construction.  Without  such  far-sighted  treatment  of 
the  situation  as  has  been  given  by  central-station  owners,  tlie 
development  of  the  steam  turbine  witli  the  rapidity  which  has 
characterized  it  would  not  have  been  possible. 

A  curve  is  given  showing'  that  the  steam  consunijition  in 
1916  was  exactly  half  of  that  in  1903.  Another  curve  shows 
that  the  price  per  kw.  in  1917  is  42  per  cent  of  that  in  1903, 
and  the  weight  per  kw.  in  1917  is  about  28  per  cent  of  that 
in  1903.     The  initial  steam  pressure  has  increased  from  17.5 


lb.  to  300  lb.,  and  tlie  initial  temperature  from  378  deg.  to  660 
deg.  The  vacuum  used  has  also  increased  from  about  27  in. 
to  about  29  in. 

Great  progress  has  also  been  made  in  boiler-house  efficiency. 
Economizers  are  being  used,  and  feedwater  heaters  in  the  flues 
are  also  jaossible.  With  the  most  modern  conditions,  a  boiler- 
house  efficiency  of  81  per  cent  can  be  obtained  with  blast- 
furnace gas. 

As  a  result  of  all  of  these  improvements,  the  heat  consump- 
tion of  a  complete  electric  station  in  B.t.u.  per  kw-hr.  has 
decreased  until  it  is  now  about  half  of  the  value  of  1903. 
Fig.  10,  reproduced  herewith,  shows  the  cur\'e. 

Estimates  are  given — using  infoi'mation  from  plants  in 
actual  operation — of  first  cost  and  operating  cost  of  complete 
blast-furnace  and  steel-mill  plants  using  respectively  gas  en- 
gines and  steam  turbines.  The  plant  chosen  is  one  of  four 
blast  furnaces,  each  caj'able  of  producing  550  long  tons  of  pig 
in  24  hours  with  a  coke  consumption  of  1800  lb.  of  coke  per 
long  ton  of  pig.  The  necessary  electric  generating  apparatus 
for  a  steel  mill  has  been  jirovided,  of  suitable  capacity  to 
utilize  all  of  the  available  gas  in  the  case  of  the  gas-engine 
plant,  and  to  furnish  exactly  the  same  amount  of  power  to 
steel  mills  in  the  case  of  the  steam-turbine  plant.     Some  make- 
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Fig.  10  Heat  Consumption  in  B.t.u.  Per  Kw-Hr.  for  Com- 
plete Electric  Stations  on  Steady  Load  (The  Figures 
IN  All  Cases  Cover  All  Power-Plant  Apparatus, 
Including  Auxiliaries  and  Emergency  Reserves) 

up  coal  is  recjuired  in  the  gas-engine  plant  on  account  of  occa- 
sional deficiency  of  gas  supply  or  excessive  mill  load. 

The  boilers  of  the  turbine  plant  have  considerable  heat- 
stoi-age  capacity  and  probably  would  require  no  make-up  coal. 
However,  for  conservatism,  this  is  ignored  and  a  small  addi- 
tional amount  of  coal  needed  to  make  the  heat  balance  the 
same  in  turbine  jdant  as  in  gas-engine  plant  is  included  in  the 
costs. 

A  complete  outfit  of  power-plant  auxiliaries  is  included,  with 
such  reserve  for  emergency  spares  as  has  been  found  neces- 
sary in  practice  in  the  case  of  gas-engine  plants.  This  calls 
for  steam  spares  and  reserve  boilers,  cai  able  of  being  fired 
by  blast-furnace  gas  or  coal  in  emergencies.  Pumping  sta- 
tions are  included  to  supply  the  demands  of  the  gas  washing 
and  electric  stations,  the  blast  furnace,  and  a  given  amount 
of  water  to  the  steel  mills. 

This  portion  of  the  paper  abstracts  a  previous  paper  before 
the  Engineers'  Society  of  Western  Pennsylvania,  March  1917, 
reviewed  in  the  Engineering  Survey,  May  1917,  p.  461,  except 
that  in  the  present  case  tlie  boiler  plant  has  been  improved 
by  use  of  modern  arrangements  previously  discussed  so  as  to 
yield  an  efficiency  of  81  per  cent. 

In  the  present  case,  that  part  of  the  plant  comprising  the 
electric    station    is    also    segi-egated    and    independent    figures 
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given.  This  segi'egated  electric  station  includes  the  electric 
power  house,  together  with  that  fraction  of  all  parts  of  the 
plant  directly  appertaining  to  the  electric  power  house,  such  as 
boiler  house,  pumping  and  gas-washing  station,  etc.  The  items 
necessary  to  constitute  a  complete  practical  modern  plant  have 
been  included. 

Abstracts  of  the  figures  and  specifications  of  the  plant  are 
given  in  the  appendices  to  the  paper.  All  costs  are  based  on 
prices  ruling  in  November  1916. 

The  overall  B.t.u.  consumptions  of  the  segregated  electric 
stations  of  the  plants,  including  all  the  auxiliaries  and  emer- 


equal   to   those   obtained   by   central   power   stations   can   be 
realized  for  blast-furnace  and  steel-mill  installations. 

The  utilization  of  waste  heat  from  open-hearth  and  heating 
furnaces  (and  even  from  Bessemer  converters),  the  use  of  by- 
product gas  resulting  from  the  manufacture  of  coke,  and  the 
installation  of  modern  steam-turbine  plants  at  all  furnaces, 
capable  of  utilizing  to  the  maximum  extent  possible  the  heat 
from  the  individual  furnaces  and  mills ;  and  the  tying  together 
of  all  plants  in  a  closely  developed  place  like  Pittsburgh  by 
electric  cables  will  probably  render  it  unnecessary  to  develop 
any  power  in  such  a  district  by  the  use  of  raw  fuel.     (Paper 
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gency  reserves,  are  given  in  horizontal  lines  in  Fig.  10.  The 
total  charges  for  operation  of  the  plants,  including  fixed 
charges,  are  shown  in  Fig.  11,  first  for  the  complete  plant,  and 
second  for  the  segregated  electric  station. 

It  will  be  noted  that  the  turbine  plant  is  very  much  cheaper 
than  the  gas-engine  plant,  so  that  the  resulting  fixed  charges 
taken  at  13  per  cent  are  very  much  less.  It  will  also  be  noted 
that  the  running  charges  of  the  cheaper  plant  are  also  much 
the  lower.  Hence  the  total  charges  of  the  turbine  plant  are 
very  much  lower  than  the  total  charges  of  the  gas-engine 
plant.  In  other  words,  the  modem  steam  turbine  has  reached 
such  a  state  of  development  that  the  modem  gas  engine  is  not 
a  competitor. 

Utilization  of  heat  units  is  only  one  of  the  secondary  ojiera- 
tions  with  which  the  management  of  blast  furnaces  and  steel 
mills  is  concerned.  However,  the  saving  which  could  be  made 
over  existing  jaractice  is  so  large  that  the  author  suggests  the 
creation  of  a  separate  department  of  the  works  to  handle  the 
question  of  power  generation,  under  the  control  of  an  engi- 
neer of  necessary  attainments  and  experience,  so  that  results 


read  before  the  American  Iron  <md  Steel  Institute  at  New 
York,  May  25,  1917,  hgc) 

The  Question  op  the  Tapering. op  the  Nozzles  of  Steam 
Turbines,  H.  Baer 

Deals  with  the  flow  conditions  in  actually  constructed  tur- 
bine nozzles.  It  was  found  previously  that  non-tapered  noz- 
zles can  advantageously  be  used  for  pressure  drops  far  above 
the  critical  drop,  up  to  which  latter  value  they  are  theoretically 
usable;  and  the  experiments  described  in  the  present  paper 
confirm  this  view.  (Zeitschrift  des  Vereines  deutscher  In- 
genieure,  vol.  60,  pp.  646-650,  669-676,  August  5  and  12,  1916, 
through  Science  Abstracts,  Section  B — Electrical  Engineering, 
vol.  20,  pt.  4,  p.  121) 

Theemo-Plug  Steam  Boilers,  Enoch  Rector 

The  thermo-plug  steam  boiler.  Fig.  12,  consists  preferably 
of  a  low  cvliiidrieal  drum  ,1,  which  in  its  turn  consists  of  two 
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flanged  heads  welded  together  by  the  osy-acetylene  process. 
The  heads  are  properly  stayed  and  the  bottom  head  is  drilled 
and  tapped  to  receive  the  thermo-plugs,  Fig.  13,  which  have 
a  tapering  tliread.  Tlie  plug  holes  should  be  as  close  together 
as  possible,  depending  on  the  thickness  of  the  metal  and  the 
diameter  of  the  plugs. 

The  drum  is  supported  by  brackets,  and  the  hole  enclosed 
in  a  spiral  coil  of  pipe  L  wound  close  and  packed  together 
by  the  oxy-acetylene  welding  process  to  form  a  complete  and 
very  rigid  outer  shell  for  the  boiler.  The  feedwater  is  forced 
through  this  coil  before  entering  the  economizing  coil  at  the 
top  B,  thereby  maintaining  the  lowest  possible  temperature 
on  the  outside.  The  economizing  coil  is  suported  above  the 
drum  into  which  it  discharges,  and  the  flue  gases  after  pass- 


FiG.  12    Thermo-Plug  Steam  Boiler 

ing  between   the  drum  and  the  encasing  coil  J  pass  between 
the  coils  of  the  economizer. 

These  boilers  have  been  developed  in  sizes  from  10  to  100 
hp.  The  drums  are  all  12  in.  in  height,  the  diameters  ranging 
from  12  in.  to  36  in.  The  100-hp.  unit  consisting  of  a  drum 
12  in.  high  and  36  in.  in  diameter  contains  306  thermo-plugs. 
It  is  enclosed  in  a  spiral  coil  containing  420  ft.  of  1-in.  pipe 
and  an  economizing  coil  containing  463  ft.  of  1%-inch.  pipe. 


As  high  as  200  de^'.  of  super'.eat 
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he  obtained  when   the 


Fig.  13    Thekmo-Plug 

boiler  is  forced.  The  maximum  capacity  of  the  boiler  is  aprox- 
imately  420  lb.  of  water  per  hour  from  and  at  212  deg.  fahr., 
with  an  evapoi-ation  of  14  lb.  of  water  per  lb.  of  oil.  The 
overall  dimensions  of  the  boiler  are  4  ft.  in  diameter  by  6  ft.  in 
height,  and  the  approximate  weight  is  4500  lb. 

The  external  projections  of  the  thermo-plug  units  should 
extend  into  the  heated  gases  with  a  decreasing  section  and  be 
so  designed  as  to  permit  the  gases  to  escape  readily.  The  ends 
of  the  plug's  projecting-  outward  are  made  sufficiently  long  to 
increase  the  rate  of  resistance  to  lieat  conduction,  so  that  the 
ends  become  incandescent. ' 

In  an  experimental  test  in  which  one  burner  was  used  the 
thermo-plugs   in    the    center   became    incandescent,    while    the 


plugs  farthest  removed  did  not  show  any  sign  of  color.  The 
temperature  of  the  gases  1  ft.  above  the  outer  row  of  thermo- 
plugs  and  in  passage  J  was  590  deg.  fahr.  The  evaporation 
was  92  lb.  of  water  per  sq.  ft.  of  crown  shed. 

The  internal  projections  of  the  thermo-plugs  should  be 
long  enough  to  always  extend  above  the  water  level.  They 
should  have  a  radiating  or  wetted  surface  not  less  than  two- 
thirds  t)f  the  external  heating  surface  and  they  should  be 
tapered  to  a  point  with  surfaces  which  permit  the  ascending 
steam  to  escape  with  the  least  possible  resistance,  giving  the 
highest  possible  velocity.  The  steam  escaping  rapidly  along 
these  plugs  not  only  assists  in  keeping  the  surfaces  clean  but 
also  drags  the  water  along  with  it,  creating  a  very  violent 
circulation. 

High-silicon  cast  iron  has  been  found  to  be  the  best  mate- 
rial of  which  to  make  these  thermo-plugs,  because,  among 
other  things,  it  has  a  lower  coefficient  of  expansion  than 
the  steel  of  the  drum,  a  condition  favorable  in  this  instance 
to  a  continuously  tight  screwed  joint. 

The  writer  states  that  after  31/2  years  of  experimenting 
with  a  boiler  which  has  suffered  all  kinds  of  abuse,  been  per- 
mitted to  run  dry  a  great  many  times,  and  had  water  pumped 
into  it  while  hot,  the  boiler  is  still  in  perfect  working  condi- 
tion and  has  never  sprung  a  leak.  These  expei'iments  have  all 
been  confined  to  Newark,  N.  J.,  where  the  water  is  fairly 
good. 

In  the  discussion  which  followed  the  writer  stated  that  the 
principle  on  which  the  use  of  the  thermo-pluas  is  based,  is 
the  same  as  that  of  a  target  of  iirebrick  in  a  large  oil-fired 
boiler;  the  plugs  are  put  in  to  get  high-temperature  target 
surfaces,  but  at  the  same  time  this  is  the  most  direct  method 
of  transmitting  heat  through  the  metal  into  the  water. 

In  a  number  of  tests  water  was  pumped  into  this  boiler 
while  it  was  hot.  This  would  be  dangerous  to  do,  if  the  water, 
in  the  form  of  water,  could  get  to  a  red-hot  surface ;  but  with 
this  construction  it  is  impossible  to  get  cold  water  into  the 
boiler.  If  the  boiler  is  properly  heated  there  is  a  large  amount 
of  specific  heat  in  the  metal  which  the  incoming  water  will 
take  up  while  passing  through  the  economizing  coils  to  suffi- 
ciently evaporate  a  portion  of  it  before  reaching  the  main 
drum. 

The  boiler  is  operated  at  about  300  lb.  pressure.  Enough 
economizing  coils  are  put  on  the  top  to  bring  the  tenperature 
of  the  escaping  gases  down  to  300  deg.  fahr.  {A.  S.  R.  E. 
Journal,  vol.  3,  no.  6,  May  1917,  pp.  20-29.  4  figs.,  d) 

The  Evolution  of  the  Steam  Turbine  in  the  Textile  In- 
dustry, John  A.  Stevens,  Mem.Am.Soc.M.E.,  and 
Associated  Engineers 

Discussion  of  the  application  of  the  steam  turbine  in  the 
textile  industry,  with  a  brief  summary  of  the  history  of  the 
development  of  steam  turbines  generally.  The  writer  dis- 
cusses, among  other  things,  the  mutual  positions  of  the  steam 
turbine  and  the  steam  engine  and  presents  the  main  reasons 
for  the  supremacy  of  the  former,  especially  in  larger  sizes. 
Of  particular  interest  is  the  following:  In  the  words  of  the 
writer,  jDerhajjs  the  most  important  characteristic  of  the  tur- 
bine is  the  fact  that  it  can  be  built  in  almost  unlimited  sizes. 
A  single  unit  of  70,000  kw.  is  now  under  consideration  and 
larger  units  contemplated.  In  this  field  engine-driven  units 
above  5000  kw.  are  very  uncommon.  The  largest  reciprocating 
engine  known  is  being  installed  at  the  Lukens  Steel  Company 
and  is  to  develop  25,000  hp.  The  largest  reciprocating  marine 
engines  are  capable  of  developing  20,000  hp. 
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The  paper  discusses,  among  other  things,  low  pressure, 
mixed  pressure,  and  extraction  turbines.  The  latter  also 
called  "  bleeder  "  type,  is  perhaps  one  of  the  most  important 
and  convenient  developments.  It  is  probably  due  to  the  de- 
mands of  the  textile  industry,  more  than  any  other,  that  this 
type  of  machine  was  developed.  The  steam  extracted  is  abso- 
lutely free  from  oil  and  can  be  used  with  great  economy  with- 
out any  danger  to  products  in  such  processes  as  dyeing, 
bleaching,  slashing,  etc.,  in  addition  to  drying  and  heating. 

The  matter  of  reduction  gears  is  discussed  in  some  detail. 
From  this  the  writer  proceeds  to  a  discussion  of  the  steam 
turbine  on  mechanical  mill  drive.  The  first  application  of  the 
steam  turbine  on  a  mechanical  mill  drive  of  considerable  size 
is  said  to  have  been  made  early  in  1913  by  the  Parsons  Com- 
pany of  England,  and  was  a  700-hp.  unit  for  driving  a  jute 
mill  in  Calcutta,  India.  The  turbine  was  for  low  pressure, 
taking  steam  from  old  engines.  The  turbine  and  engines  ran 
in  parallel.  The  single-reduction  gear  gave  a  change  of  speed 
from  3000  to  300  revolutions  per  minute,  and  the  drive  from 
this  low-speed  shaft  to  the  mill  shafting  was  through  ropes. 

A  considerable  number  of  direct-drive  turbines  have  recently 
been  erected  in  this  country.  Of  these  the  writer  describes 
two  which  he  has  installed  himself.  One  of  these,  at  the 
Jackson  mill  of  the  Nashua  Manufacturing  Company,  is  for 
16,800  hp.  at  160  lb.  steam  pressure  and  with  28  in.  of  vacuum. 
It  is  claimed  to  be  the  largest  anywhere  in  use  to  date.  The 
unit  consists  of  a  DeLaval  steam  turbine  with  single  reduc- 
tion gear  changing  from  32,800  to  308  revolutions  per  minute. 
Two  rope  sheaves  64  in.  in  pitch  diameter  and  each  carrying 
twenty-four  ly^-in.  ropes  connect  to  the  two  main  mill  head- 
shafts.  The  condenser  is  a  Leblanc  jet-type  condenser  located 
in  the  basement  directly  under  the  turbine  exhaust  nozzle. 

The  writer  particularly  emphasizes  the  improvement  of 
economy  in  steam  consumption  with  advance  in  the  art  brought 
about  partly  by  reiinements  in  design  and  partly  by  increase 
in  size  of  the  generating  units.  Two  tables  in  the  original  article 
bring  out  this  point  very  clearly.  One  of  these  tables  gives 
efficiency  and  economy  for  steam  engines  driving  generators 
and  the  other,  the  same  for  steam  turbines  and  generators. 

From  these  tables  the  writer  derives  the  following  conclu- 
sions: First,  the  steam  engine  in  the  smaller  sizes  is  more 
economical  in  the  use  of  heat  than  the  steam  turbine.  Second, 
the  economy  of  the  steam  turbine  increases  rapidly  with  in- 
crease in  size  of  units.  The  economy  of  the  latest  type  of 
turbine  of  about  1000-kw.  size  is  practically  equal  to  the  best 
obtainable  in  the  largest  and  most  economical  engine  built. 
While  the  larger  turbines  are  more  economical  in  proportion, 
the  limit  of  appreciable  improvement  in  economy  is  reached 
at  about  the  size  of  30,000  kw.  Third,  the  best  thermal  effi- 
ciency reached  at  the  present  stage  of  the  art  is  26.5  per  cent. 
If,  however,  all  exhaust  be  used,  the  thermal  efficiency  becomes 
very  much  higher. 

Among  other  things,  the  paper  describes  a  new  large-size 
boiler  unit  designed  to  be  employed  in  connection  with  the 
50,000-  and  60,000-kw.  tui'bines  now  coming  into  use  in  this 
country.  This  boiler  was  developed  by  a  manufacturing  com- 
pany with  the  assistance  of  Arthur  D.  Pratt,  Mem.Am.Soc- 
M.E.,  and  embodies  certain  types  of  general  design  suggested 
by  the  writer.  The  unit  is  a  complete  structure  in  itself, 
embodying  boilers,  superheaters,  forced-  and  induced-draft 
fan  equipment,  uptakes,  stack,  coal  bunkers  and  ash  hoppers, 
even  economizers  (Fig.  14).  This  unit  is,  in  reality,  made  up 
of  four  independent  sections  more  completely  arranged  than 
has  been  the  usual  custom.  Any  section  of  the  unit  may  be 
independently  operated  while  inspecting,  cleaning  or  repairing 


is  going  on  in  the  remaming  sections.    The  approximate  areas 
in  this  unit  are  as  follows : 

Grate  area 930-1108  sq.  ft.  (projected  area; 

AVater-heating  surface.       57,600  sq.  ft. 

Superheating  surface. .       14,352  sq.  ft. 

Economizer  surface...       36,800  sq.  ft.   (contemplated) 

Total  heating  surface.  108,752  sq.  ft. 
This  imit,  with  one  section  down  for  repairs,  would  easily 
supply  steam  for  a  30,000-kw.  turbine  and  its  auxiliaries,, 
while  the  entire  unit  would  deliver  enough  steam  to  operate  a 
45,000-kw.  turbine.  The  writer  has  observed  this  general  type 
of  boiler  operating  for  short  periods  of  time  at  400  per  cent 
and  over.  Under  these  conditions  the  entire  unit  would  supply 
steam  enough  for  a  modern  58,000-kw.  turbine  using  high- 
pressure  steam  and  high  superheat. 

The  unit  as  shown  contains  approximately  10.75  miles  of 
4-in.  tubes  in  the  water-heating  surface  alone.  The  total 
length  of  the  2-in.  superheater  tubes  in  one  unit  as  shown  is 
approximately  5.19  miles.  The  total  length  of  the  economizer 
tubes  as  now  contemplated  for  one  unit  is  10.64  miles,  or  in 
all,  26.58  miles  of  tubes  per  unit.  (Paper  read  before  the 
National  Association  of  Cotton  Manufacturers  at  a  meeting 
held  in  Boston,  Mass.,  April  25,  1917,  39  pages,  22  figs., 
hgdA) 

Thermodynamics 

Gas  Calorimeter  Tables  ' 

The  numerous  requests  for  a  brief  and  concise  set  of 
operating  directions  for  a  gas  calorimeter,  and  for  a  convenient 
set  of  correction  tables,  has  resulted  in  the  publication  by  the 
Bureau  of  Standards  of  Circular  No.  65,  Gas  Calorimeter 
Tables.  This  may  be  regarded  as  a  supplement  to  Bureau 
Circular  No.  48,  Standard  Methods  of  Gas  Testing.  The 
correction  tables  are  arranged  in  a  sequence  most  convenient 
for  use  in  connection  with  the  proposed  record  sheet. 

The  record  forms  for  calorimeter  tests  which  are  shown  in 
the  circular  have  been  used  for  some  time  and  found  to  be 
complete  and  convenient.  It  is  hoped  that  these  forms  will  be 
adopted  wherever  possible  so  that  there  will  be  greater  uni- 
formity in  operating  methods  and  the  records  used.  The 
Bureau  is  willing  to  loan  the  original  plates  for  preparation 
of  electrotypes  for  these  blanks  to  any  one  desiring  to  print 
them. 

The  Calculation  op  the  Constants  of  Planck's  Radiation- 
Equation,  AN  Extension  of  the  Theory  op 
Least  Squares,"  Harry  M.  Reeser 

The  problem  of  computing  from  experimental  data  the 
constants,  c,  and  c.,  of  Planck's  radiation  equation  for  the 
distribution  of  energy  in  the  spectrum  of  a  black  body  is 
attacked  by  the  method  of  least  squares.  The  data  were  fur- 
nished by  Dr.  W.  W.  Coblentz  and  have  been  used  to  determine 
the  constant  c.  by  another  method.  (Bull.  Bur.  of  Stds.,  13, 
1916,  p.  474). 

The  observation  equations  were  reduced  by  taking  logarithms 
of  both  sides  and  assigning  proper  weights  to  the  equations  so 
transformed.  The  method  of  assigning  weights  is  given  in  a 
general  form  that  can  be  adapted  to  any  scheme  of  transforma- 
tion. 

It  is  shown  that  the  "  two-point  "  method,   (Bull.  Bur.  of 


'  Abstract  of  Circular  No.  65. 

=  Abstract  ot  Scientific  Paper  No.  204. 
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Fig.  14    Babcock  &  Wilcox,  Stevens-Peatt  Boiler.    Left  :  General  View  ;  Right  :  View  Showing  Ultijiate  Arrange- 
ment OF  Furnaces  and  Setting  of  Boilers,  Including  Superheater  and  Economizer 
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Stcls.,  13,  1910,  p.  535)   of  (lelerniiuiiig  c.  may  be  made  ideii-  tioutr,   1884,   p.  141.     A  short   iiuinerical  example  is  given   to 

tioal   with   the   least-square   solution,   if  all   })ossil)le   pairs   of  show   that  this  system  of  weights   being  applied   to  an  arbi- 

1  oinis  are  eombiued  and  a  proper  system  of  weights  is  applied  trarily  selected  number  of  computed  values,  tlie  weighted  mean 

to   the   separately   computed   values   before   taking   the   mean.  approximates   the   least-square   value    better   than    the   simple 

This  is  suggested  by  T.  W.  Wright,  in  Adjustment  of  Observa-  mean. 
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nal of  the  American  Society  of  Naval  Engineers,  vol.  29,  no.  2, 
May  1917,  pp.  262-267,  1  flg. 

A  Standard  Screen  Scale  for  Testing  Sieves.  Bulletin  of  the 
American  Institute  of  Mining  Engineers,  no.  126,  June  1917,  pp. 
945-953. 

The  Datagraph  :  An  Instriment  for  Mechanically  Recording  Cart- 
age Operations.  Tie  Railway  IJazette.  vol.  26.  no.  20,  May  18, 
1917,  pp.  579-582,  5  figs. 

MESIIBE     DE     la     DCRETft     PAR     pfiNfiTRATION     D'CNE     MOLETTE,     M.     Felix 

Robin.      Bulletin   de   la   SocK^te  d'Encouiagcment   pour  L'Industrie 
Nationale.  vol.  127,  no.  2.  Mars-Avril  1917,  pp.  233-239,  2  flgs. 
Hardness  measurement. 


Procuring  Special  Machines  for  Minitions  Manifactlre,  H.  V. 
Haight.  Canadian  Machinery  and  Manufacturing  News,  vol.  17, 
no.  22,  May  3),  1917,  pp.  553-555,  2  flgs. 

Problems  in  Maniifactcre  of  Ammunition,  A.  L.  Humphrey.  The 
Iron  Trade  Review,  vol.  60,  no.  23,  June  7,  1917,  pp.  1227-1233, 
12  figs. 

Inspection  of  Gages  for  Ammunition,  E.  W.  Whitaker.  The  Iron 
Trade  Review,  vol.  60,   no.  2.3,  June  7,  1917,  pp.   1242-1243,  1   fig. 


POWER    GENERATION    AND    TRANSMISSION 

Combining  Power,  Heating  and  Ventilation,  Ira  N.  Evans.  Power, 
vol.  45,  no.  21,  May  22,  1917,  pp.  684-687,  1  fig. 

Coupling  Power  to  Machines.  Factory,  vol.  18,  no.  6,  June  1917, 
p.  831. 

Methods  of  Finding  Engine  and  Boiler  Capacity  for  Power  and 
Lighting,  Charles  L.  Hubbard.  Southern  FIngineer,  vol.  27,  no.  4, 
June  1917,  pp.  38-41,  5  figs. 

tTuRBiNE  Rope  Drive  with  Reduction  Gear.  Power,  vol.  45,  no.  23, 
June  5.  1917,  pp.  756-757,  1  flg. 


RAILROAD   ENGINEERING 

fLocOMOTiVE  Feed  Water  Heating.     Railway  Review,  vol.  60,  no.  20, 
May  19.  1917,  pp.  689-695,  illustrated. 

tRECENT  Attainments   in   Locomotive   Feed  Water   Heating.      Rail- 
way Review,  vol.  60,  no.  22,  June  2.  1917,  pp.  753-754. 

Rail  Failure  Attributed  to  Track  Service.     The  Iron  Age,  vol.  99, 
no.  23,  June  7,  1917,  pp.  1382-1385,  4  flgs.,  1  table. 

Mikado  and  Consolidation  Types  Compared.      Railway  Age  Gazette, 
vol.  62,  no.  23,  June  8,  1917,  pp.  1187-1191.  13  flgs. 

Remarkable  Locomotive  of  1916,  J.  F.  Gairns.     Cassier's  Engineering 
Monthly,  vol.  51,  no.  5,  May  1917,  pp.  310-321.  11  flgs. 

A   Seventy-Tons   Capacity   Well  Car  for  the   Pennsylvania   R.   R. 
Railway  Review,  vol.  60,  no.  23.  June  0,  1917,  pp.  799-80(1,  3  figs. 


MECHANICS 

Flow  of  Fluids  and  Frictional  Resistance  in  Pipes,  J.  M  Spitz- 
glass.     The  Armour  Engineer,  vol.  9,  no.  4,  M;iy  1917,  pp.  302-312. 

tTHE  Laws  of  Elastico-Viscous  Flow,  A.  A.  Mlchelson.  Proceed- 
ings of  the  National  Academy  of  Sciences,  vol.  3,  no.  5,  May  15, 
1917,  pp.  319-323. 

Reinforced  Concrete  Beams  Reinforced  for  Compression,  Leonard 
C.  Urquhart.  The  Cornell  Civil  Engineer,  vol.  25,  no.  7.  April 
1917,  pp.  335-344.  8  flgs. 

Alternating  Stress  Experiments,  William  Mason.  The  Journal  of 
the  Institution  of  Mechanical  Engineers,  May  1917,  no.  4,  pp. 
121-196,  25  flgs.,  8  tables. 

The  Initial  Wave  Resistance  of  a  Moving  Surface  Pressure.  T.  H. 
Hacelock.  Proceedings  of  the  Royal  Society,  Series  A,  vol.  93. 
no.  A  650,  Mathematical  and  Physical  Sciences,  pp.  240-253.  3  figs 


MUNITIONS 

Equipment,  Methods  and  Devices  fi>r  Machinini;  6  in.  Shell. 
Canadian  Machinery  and  Minufacturing  News.  vol.  IT.  no.  20. 
May  17,  1917,  pp.  499-504,  illustrated. 

United  States  Munitions:  3  to  6  in.  Cartridge  Qt.r.s.  .\iiicrican 
Machinist,  vol.  40.  no.  21,  May  24.  1017.  pp.  S.si  903.  ilhistr.ited 

What  American  Factories  Have  Learned  in  Making  Minmmins. 
Johnson  Heywood.  Factory,  vol.  18.  no.  6.  June  1017.  pii  .sit 
819,  2  flgs. 

Welfare  Work  in  British  Munition  Factories.  Bulletin  of  the 
United  States  Bureau  of  Labor  Statistics.  Whole  No.  222.  Miscel- 
laneous Series,  no.  14,  66  pp. 

The  Modern  Automobile  Torpedo,  Edward  F,  Chandler.  Scientific 
.\merican,  vol.  116.  no.  22.  June  2,  1917,  pp.  .")4S-549.  5  figs. 


REFRIGERATION 

Latent  Heat  of  Ammonia,  Gardner  T.  Voorhees.     Ice  and    Refrigera- 
tion, vol.  52,  no.  6,  June  1,  1917,  pp.  299-301,  1  fig. 


SHIPBUILDING 

The  British  SO-Foot  Patrol  Boats.  The  Rudder,  vol.  33.  no.  6, 
June  1917. 

Patrol  Boats  of  Rissia  and  Italy.  The  Rudder,  vol.  33.  no.  6, 
June  1917. 

Building  St  bmarine  Chasers  by  Standardized  Methods,  Henry  R. 
Sutphen.     S.  A.  E.  Bulletin,  vol.  12.  no.  2,  May  1917,  pp.  211-212. 

A  New  Motor  Installation  for  Barges.  The  Engineer,  vol.  123, 
no.  3202,  May  11,  1917,  p.  420.  3  flgs. 

Prepare  to  Build  Ships  by  Hundreds.  The  Iron  Trade  Review,  vol. 
60,  no.  21,  May  24,  1917,  p.  1145. 

Wooden  Cargo  Carriers  for  U.  S.  A.  The  Marine  Review,  vol.  47, 
no.  6.  June  1017.  pp.  191-194. 

Standardized  Geared  Turbines  fob  Cargo  and  Passenger  Steam- 
ships. International  Marine  Engineering,  vol.  22,  no.  6,  June 
1917,  pp.  255-256.  4  flgs. 

Per  Un   Navigi.io  da  Carico  a  Protezione  Subaquea,  Umberto  Pug- 
liese.      Rcvista  Marittima.  anno  50,  no.  2-3,  February-March   1917. 
pp.   203-231.   11   figs. 
Freighter  with  protection  against  submarine  attacks. 


.'iTEAM    ENGINEERING 

Discussion  on  High  Pressure  Stop  Valves.  Transactions  oi  the 
Institute  of  Marine  Engineers  (incorporated!,  vol.  28,  Paper  of 
Transactions  no.  223.  Session  1916-1917,  pp.  297-313. 
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A  Combined  Steam  Turbine  and  Centrifugal  Boiler  Feed  Pump. 
Metallurgical  &  Chemical  Engineering,  vol.  16,  no.  11,  June  1, 
1917,  pp.  660-661,  1  fig. 

tHiGH  Rate  Heat  Transmission  Through  Externally  and  Inter- 
nally Extended  Surfaces  of  High  Duty  Steam  Boilers,  Enoch 
Rector.  A.  S.  R.  E.  Journal,  vol.  3,  no.  6,  May  1917,  pp.  20-29. 
4  flgs. 

Results  with  Superheated  Steam,  B.  N.  Broido.  Power,  vol.  4.5. 
no.  23,  June  5,  1917,  pp.  767-768. 

DaMPFEKZEUGUNG    DURCH    ELEKTRIZITAT    MIT    WAEMB-AnPSPEICHERDSG, 

E.  Hohn.     Schwelzerische  Bauzeitung,  band  69,  no.  17,  April  28, 
1917,  pp.  183-^85. 
Steam  generation  by  electricity  with  heat  storage. 

THERMODYNAMICS 

A  Determination  of  the  Heat  of  Vaporisation  of  Water  at  100 
Deg.  Cent,  and  One  Atmospherb  Pressure  in  Terms  of  the 
Mean  Calorie,  T.  Carlton-Sutton.  Proceedings  of  the  Royal  So- 
ciety, Series  A,  vol.  93,  no.  A  649,  Mathematical  and  Physical 
Sciences,  pp.  155-176. 

VARIA 

Engineering  Equipment  of  a  Modern  Printeey.  Practical  En- 
gineer, vol.  21,  no.  11,  June  1,  1917,  pp.  455-459,  5  figs. 

Some  Phases  of  Testing  Laboratory  of  a  Large  Auto  Concern, 
Fritz  G.  Marstellar.  The  Michigan  Technic,  vol.  30,  no.  2.  May 
1917,  pp.  75-81.  4  flgs. 

The  Blind  Sufferers  from  the  War,  and  Their  Future  Employ- 
ment, Sir  C.  Arthur  Pearson.  Journal  of  the  Royal  Society  of 
Arts,  vol.  65,  no.  3365,  pp.  474-482. 

CHARTS 

Marine  Engine  Chart,  T.  Addison.  International  Marine  Engineer- 
ing, vol.  22,  no.  6,  June  1917,  pp.  263. 

Safe  Pressure  for  Given  Pipes.  John  G.  Farrar.     Power,  vol.  4.5.  no. 

21.  May  22,  1917,  p.  698. 
Standard  Dimensions  of  French  Bolts,  Nuts  and  Screws  : 
No.  1   Boulons  Normaus  d' Assemblage   (Numerotation  i   Acier. 
No.  2  Biiulons  Normau.\  d'Assemblage  (Dimensions  des  Totes  et  Filet- 
age)   Acier. 
No.  3  Ecrous  Normaux  (Numerotation  i. 
No.  4   Ecrous  Normaux  (Dimensions). 
No.  3  Goujons  Normaux  d'Assemblage  (Numerotation  et  Dimensions! 

Acier. 
No.  6  Vis  Normales  d'Assemblage  (Numerotation)  Acier. 
No.  7  Vis  Normales  d'Assemblage  (Dimensions  des  Tetes  et  Filetage) 

Acier. 
Standard  Dimensions  of  French  bolts,  nuts,  and  screws. 

Tubular  Connecting  Rods,  2  charts.  The  Horseless  Age.  vol.  4(1. 
no.  5.  June  1.  1917,  section  32,  p.  D. 

Factor  of  Evaporation  Chart,  N.  G.  Near.  Canadian  Machinery  and 
Manufacturing  News,  vol.  17,  no.  22,  May  31,  1917.  p.  566. 

Tank  Capacity  Chart.  Mechanical  World,  vol.  61,  no.  1585,  May  is. 
1917,  p.  250. 

Chart  for  Determining  Power  Costs,  H.  Bailey.  Power,  vol.  45. 
no.  23,  June  5,  1917,  pp.  763. 

Ready  Reckoner  Chart  for  Dynamometer  Contributed  by  H,  M. 
Brayton.     The  Automobile,  vol.  36,  no.  23,  June  7,  1917.  p.  1103. 


CLASSIFICATION  OF  ARTICLES 

Articles  appearing  in  the  Survey  are  classified  as  c  compara- 
t  ive ;  d  descriptive ;  e  experimental ;  g  general ;  h  historical ;  m 
mathematical;  p  practical;  s  statistical;  t  theoretical.  Articles 
of  especial  merit  are  rated  A  by  the  reviewer.  Opinions  ex- 
pressed are  those  of  the  reviewer,  not  of  the  Society.  The 
Editor  will  be  pleased  to  receive  inquiries  for  further  informa- 
tion in  connection  with  articles  rejiorted  in  the  Survey. 


Change  in  Government  Boiler-Plate 
Specifications 

As  the  results  of  protests  of  manufacturers  of  boiler  i)late 
that  the  requirements  of  the  rules  of  the  Board  of  Supervising 
Inspectors,  United  States  Steamboat-Inspection  Service,  gov- 
erning the  manufacture  of  steel  boiler  plate  are  too  stringent, 
and  unnecessarily  increase  the  cost  of  making  boiler  plate  to 
meet  regulations,  the  executive  committee  o'f  the  board  has 
adopted  amendments  relaxing  the  requirements  for  physical 
qualities  of  steel  plates  and  for  the  drilling  of  tube  and  stay 
holes. 

Manufacturers  claim  that  the  requirements  of  the  existing 
regulations  add  from  5  cents  to  6  cents  per  lb.  to  the  cost  of 
steel  boiler  plate  made  to  meet  the  rules  of  Lloyd's  Bureau, 
without  in  any  way  increasing  the  serviceability  of  the  boilers 
made  therefrom.  After  examining  the  evidence  in  support  of 
this  claim,  the  executive  committee  has  adopted  the  folio-wing 
rule  for  physical  quality  of  steel  plates : 

The  tensile  streng-th  determined  by  the  tests  shall  be 
not  less  than  58,000  lb.  per  sq.  in.  of  section,  nor  more 
than  73,000  lb.  per  sq.  in.  of  section,  and  the  elongation 
measured  in  a  gage  length  of  8  in.  shall  be  not  less  than 
20  per  cent. 

No  change  was  iua<le  in  the  regulation  regarding  the  phys- 
ical properties  of  iron  plates,  the  tensile  strength  of  which 
must  be  not  less  than  45.000  lb.  per  sq.  in.,  with  an  elongation 
of  not  less  than  15  per  cent.  The  reduction  of  area  must  be 
not  less  than  15  per  cent  for  45,000  lb.  tensile  strength,  and 
for  each  increase  of  1000  lb.  up  to  55,000  lb.  an  addition  of 
1  must  be  made  to  the  required  percentage  of  reduction  of 
area. 

The  board  further  modified  the  regulations  concerning  tubes 
and  stays  by  striking  out  of  section  15,  i-ule  2,  the  require- 
ment that  "  all  holas  for  tubes  shall  be  drilled  and  no  part 
punched,"  and  out  of  section  16,  rule  2,  the  stipulation  that 
"  all  holes  for  stays  shall  be  drilled  and  no  part  punched," 
substituting  therefor  the  following: 

Centers  of  guide  holes  not  to  exceed  75  per  cent  of  the 

diameter  of  the  full-size  finished   hole   for  which  tubes 

and  stays  may  be  punched.   The  remainder  shall  be  cleanly 

cut,  drilled  or  reamed  to  full  size. 

The  amendments  have  been  approved  by  the  Secretary  of 

Commerce  and  become  effective  immediately.     (The  Iron  Age, 

vol.  99,  no.  23,  -June  7,  1917,  p.  1372) 


On  May  16  a  contract  was  entered  into  for  the  boilers  for 
the  first  of  the  ships  of  the  new  Emergency  Fleet  being  built 
under  the  supervision  of  Major  General  Goethals. 

The  contract  for  these  ships,  eight  in  number,  of  8800  tons 
dead-weight  capacity,  426  ft.  in  length  and  54  ft.  beam,  was 
recently  awarded  to  the  Los  Angeles  Ship  Building  and  Dry 
Dock  Company. 

The  equipment  comprises  four  standard  Heine  marine 
boilers  for  each  vessel,  making  thirty-two  units  in  all.  Each 
boiler  is  to  contain  2900  sq.  ft.  of  heating  surface.  The  boilers 
will  be  oil-fired  and  built  for  200  lb.  working  pressure. 

In  general,  the  design  of  these  boilers  is  similar  to  those 
installed  on  the  Minnesota  and  also  now  being  installed  on 
the  ships  of  the  Luckenbach  Steamship  Company,  building  at 
the  Fore  River  Shiiilmildins'  Cinnpiiiiy  ;ird  the  Sun  Ship- 
building Company. 


LIBRARY  NOTES 

From  the  Libraries  of  the    Four   Founder   Societies  and   the    United  [Engineering   Society,   in 

the  Engineering  Societies  Building,  New  York  City 


U.  E.  S.  Accessions 

American  Bureau  of  Shipping.  Record  of  American  and  Foreign 
Shipping,  1917.     Neu>  York,  19n.    Purchase. 

American  Electrochemical  Society.  Transactions,  vol.  XXX.  1916. 
South  Bethlehem,  1917.     Purchase. 

American  Society  op  Heating  and  Ventilating  Engineers.  Tran- 
sactions, vol.  XXII,  1916.     New  York,  1916. 

Application  of  Hyperbolic  Functions  to  Electrical  Engineering 
Problems.     By  A.  E.  Kennelly.     New  York,  1916.     Purchase. 

Atoms.  By  Jean  Perrin.  Authorized  translation  by  D.  LI.  Hammieli. 
.Veic  York,  line.     Purchase. 

Byron  Oil  and  Gas  Field,  Big  Horn  County.  Wyoming  State  Geol- 
ogist's Office.     Bulletin  No.  14.     Cheyenne,  1917.     Purchase. 

California  Railroad  Commission.  Decisions.  Vol.  X,  May  1,  1916. 
to  Aug.  31,  1916.     San  Francisco,  1916.     Purchase. 

Can  the  Railway  Problem  Be  Solved?  An  address  before  the  Traf- 
fic Club  of  Minneapolis,  Apr.  12.  1917.  By  S.  O.  Dunn.  Pur- 
chase. 

Chemistry  of  Materials  of  the  Machine  and  Building  Industries. 
By  Robt.  B.  Leighou.     New  York,  Mil.     Purchii.se. 

Chilton  Automobile  Directory.  April.  1917.  Philadelphia.  1917. 
Gift  of  Leon  Cammen. 

Colorado.  Bureau  of  Mines.  Biennial  Report.  Hth,  1915-16.  Den- 
ver, 1916.     Purchase. 

Efficient  Purchase  and  Utilization  of  Mine  Supplies.  By  H.  N. 
Stronck  and  J.  R.  Billyard.    Neu  York,  1917.     Purchase. 

Electrical  Meters.  By  C.  M.  Jansky.  Ed.  2.  New  York,  1917.  Pur- 
chase. 

Elementary  Cams.     By  F.  deR.  Furman.     New  York,  J916.     Purchase. 

Engineering  Chemistry.  Ed.  3.  By  H.  J.  Phillips.  London,  1002. 
Purchase. 

Engineering  Directory,  1917.  Pt.  1-2.  Chicago,  Crawford  Publish- 
ing Co.,  1917.     Purchase. 

The  Flying  Machine  from  an  Engineering  Standpoint.  By  F.  W. 
Lanchester.     New  York,  1917.     Purchase. 

Gasoline  Automobile  ;  Its  Design  and  Construction  By  P.  M. 
Heldt.  Ed.  4.  vol.  I — The  Gasoline  Motor,  and  plate  supple- 
ment ;  vol.  II — ^Transmission,  running  gear  and  control.  Ni/ack, 
1916,  1917.     Purchase. 

Geology  of  Southern  Ohio,  Including  J.ickson  and  Lawrence 
Counties  and  Parts  op  Pike,  Scioto  and  Gallia.  Geological 
Survey  of  Ohio.     4th  ser.     Bulletin  No.  20.     Purchase. 

German-English  Dictio.vaby  for  Chemists.  By  A.  M.  Patterson. 
New  York,  1917.     Purchase. 

Gladstone  Mineral  District.  Tasmania.  Geological  Survey.  Bul- 
letin 25.     Tasmania,  1916.     Purchase. 

Historical  Sketch  of  Government  Ownership  of  Railroads  in 
Foreign  Countries.     By  W.  M.  Acworth.     Purchase. 

Industrial  Heating  as  a  Central  Station  Load.  Part  I — Electric 
Furnaces.  New  York,  1917.  Gift  of  Society  for  Electrical  De- 
velopment. 


Institution  of  Civil  Engineers.  Minutes  of  Proceedings.  Vol.  CCll. 
London,  1917.     Purchase. 

Institution  op  Engineers  and  Shipbuilders  in  Scotland.  Trans 
actions  vol.  LIX.     Glasgow,  1916.     Purchase. 

Institution  of  Mechanical  Engineers.  Proceedings,  Oct. -Dec.  1916. 
London,  1916.     Purchase. 

Interst.ate  Commerce  Commission.  Twelve  statements  and  testi- 
monies in  request  for  fifteen  per  cent  increase  in  freight  rates. 
May  7,  1917. 

Limits  op  Complete  Inflammability  of  Mixtures  of  Mine  Gases 
AND  OF  Industrial  Gases  with  Air.  TJ.  S.  Bureau  of  Mines. 
Technical   Paper,   no.   150.      Washington,  1917.      Purchase. 

Louisville,  Henderson  &  St.  Louis  Railway  Company.  Annual  Re- 
port year  ending  June  30,  1915 ;  June  30,  1916,  December  31. 
1916.     Louisville,  Ky.,  1915-16.     Gift  of  Company. 

Manufacture  op  Organic  Dyestopfs,  authorized  translation,  with  lul- 
ditions,  from  the  French  of  Andre  Wahl.  By  F.  W.  .\tack.  Li.n- 
don,  19U.     Purchase. 

Michigan,  Geological  Map  of.     1916.     Purchase. 

Mineral  Production  of  Canada  During  the  Calendar  Year  1915. 
Ottaica,  1917.     Purchase. 

Modern  Methods  in  Concrete  Construction.  Bulletin  A-5,  Na- 
tional Lime  Manufacturers'  Association  Hydrate  Lime  Bureau. 
Pittsburgh,  1917.     Gift  of  Association. 

The  Molybdenum  Industry  in  New  South  Wales.  New  South 
Wales.     Department  of  Mines.     Mineral  Resources  no.  24.     Sydney, 

1916.  Purchase. 

Monthly  Statement  of  Coal  Mine  F.atalities  in  the  United  States. 
March,  1917.  List  of  permissible  explosives,  lamps,  and  motors 
tested  prior  to  April  30,  1917.     Washington,  1917.     Purchase. 

Nature  of  Matter  and  Electricity.  By  D.  F.  Comstock  and  L.  T. 
Troland.     New  York,  1917..   Purchase. 

Nitrogen  Industries,  1912-1916.  Literature  op.  By  Helen  R.  Ho.s- 
mer.  Reprinted  from  the  Journal  of  Industrial  &  Engineering 
Chemistr*  vol.  9.  no.  4,  April,  1917.  Gift  of  General  Electric- 
Company. 

Oil  Field  Development  and  Petroleum  Mining.  By  A.  B.  Thomp- 
son.    New  York,  1916.     Purchase. 

Old  Colony  Railroad  Company.  Annual  Report  of  the  Directors  to 
the   Stockholders.     52d,   53d,     Boston,  191S-16.     Gift   of  Company. 

Organization  in  Accident  Prevention.     By  S.  W.  Ashe.     A'eic  York. 

1917.  Purchase. 

Oxygen  Mine  Rescue  Apparatus  and  Physiological  Effects  on 
Users.  U.  S.  Bureau  of  Mines.  Technical  Paper  82.  Washing- 
ton, 1917.     Purchase. 

Parallel  Tables  of  Slopes  and  Rises.  By  C.  K,  Smoley.  New 
York,  1917.     Purchase. 

Pennsylvania  Department  of  Labor  and  Industry.  Safety  Stand- 
ards OF  the  Industrial  Board.  Electric  code,  operative  on  and 
after  July  1,  1917.     Purchase. 

Pennsylvania  Public  Service  Commission.  Decisions  of,  July  2ii. 
1913,  to  June  30,  1915.     Vol.  I.     Barrisiurg,  1916.     Purchase. 

Pennsylvania  State  Library.  Report  of  the  State  Librarian.  1916. 
Harrisburg,   1917.      Purchase. 


Pennsylvania    State  Treasurer.     Message  of  the  Governor  of  Penn- 
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sylvania  to  tbe  General  Assembly.     1917.     Harrisburg,  ISll.    Pur- 
chase. 


WiBiNG  FOE  Light  and  Power.     By  Terrell   Croft.     Keu>  York,  1917. 
Purchase. 


The    "Philadelphia    Plan"   fob   Unified   Federal    Regulation    of        Weightsville  &  Tennille  Railroad  Company.     Annual  Report,  32d, 


Railroads.     Philadelphia,  May  1,  1917.     Purchase. 

Practical  Marine  Engineering.  By  C.  W.  Dyson.  Ed.  4.  New  York, 
1917.     Purchase. 

Production  of  Iron  and  Steel  in  Canada.  1915.  Canada  Depart- 
ment  of   Mines.    Publication   no.    419.      Ottawa,   1916.      Purchase. 

Public  Road  Mileage  and  Revenues  in  the  Central  Mountain,  and 
Pacific  States,  1914.  U.  S.  Dept.  of  Agriculture.  Bulletin  no. 
389.     Washington,  1917.     Purchase. 

Purdue  Engineering  Review.  No.  13,  1917.  Lajayette,  Ind.,  1917. 
Purchase. 

Railroad  Valuation.  By  H.  B.  Vanderblue.  Boston-New  York,  1917. 
Purchase. 

"  The  Railroads."  Address  by  B.  A.  Wortbington  before  the  Trans- 
portation Club  of  Indianapolis,  April  30,  1917.     Purchase. 

Report  on  the  Building  and  Ornamental  Stones  of  Canada.  Vol. 
IV.  Ottawa,  1916.     Purchase. 

Sandstone  Quarrying  in  the  United  States.  U.  S.  Bureau  of  Mines. 
Bulletin  124.     Washington,  1917.     Purchase. 

Scientific  Management.  A  list  of  references  in  the  New  York  Public 
Library.  Compiled  by  Walter  Vail  Brown.  New  York,  1917.  Gift 
of  New  York  Public  Library. 


Society  of  Naval  Architects  and  Marine  Engineers. 
vol.  24.    New  York,  1916.    Purchase. 


Transactions. 


Steam  Turbines.    Ed.  3.     By  J.  A.  Moyer.    New  York,  1917.    Purchase. 

Stresses  in  Structural  Steel  Angles,  with  Special  Tables.  By 
L.  A.  Waterbury.     New  York,  1917.    Purchase. 

Text  Book  of  Theemo-Chemistey  and  Thermodynamics.  By  Otto 
Sackur.  Translated  and  revised  by  G.  E.  Gibson.  New  York- 
London,  1917.     Purchase. 

The  Theory  of  Machines.  By  Robt.  W.  Angus.  Ed.  2.  New  York, 
1917.    Purchase. 


33d.    Tennille,  1915-16.    Gift  of  Company. 

Yukon  Territory  :  Its  History  and  Resources.     Ottawa,  1916.     Gift 
of  Chester  A.  Thomas. 

GIFT  OF  G.  S.  GREENE,  JR. 

Massachusetts,  Report  of  the  Rapid  Tran.sit  Commission.    April  5, 
1892. 

Method  of  and  Apparatus  for  Constructing  Tunnels.     U.   S.   Pat. 
466,046,  Dec.  29,  1891. 

Railway  Tunnel  Construction.     Spcciflcation  forming  part  of  Patent 
No.  469,453,  Feb.  23,  1892. 

The  Reno  Undbbgkound  Rapid  Transit  System.    Description. 

Terms   of   Sale   and   Specifications   for   the   Construction   or  A 
Rapid  Transit  Railroad  in  the  City  of  New  York,  Nov.  12, 1892. 


A.  S,  M.  E.  Accessions 


.\merican  Manifacturers  Export  Ai3S0ciATi0N.   Year  Book. 
New  York,  1917.     Gift  of  Association. 


1916-17. 


How  TO  Put  the  Crippled  Soldier  on  the  Pay  Roll.  By  Prank 
B.  and  L.  M.  Gllbreth.  Reprinted  from  The  Trained  Nurse  and 
Hospital  Review,  May,  1917. 

New  York  City.  Board  of  Water  Supply.  Information  for  bidders, 
forms  of  bid.  contract,  bonds  and  certificates,  etc.,  for  furnlsh- 
ine.  delivering,  installing  and  testing  electrical  lighting  appa- 
ratus at  Ashokan.  Kensico,  Hill  View  and  Silver  Lake  Reser- 
voirs and  at  various  structures  along  Catskill  Aqueduct.  Con- 
tract 168.     New  York,  1917.     Gift  of  Board  of  Water  Supply. 

New  York  City.  Board  of  Water  Supply.  Information  for  bidders, 
forms  of  bid,  contract,  bonds  and  certificates  and  specifications 
for  borings  at  Woodstock  and  Glenford  Dikes  of  the  Ashok&n 
Reservoir  in  the  town  of  Hurley,  Ulster  Co.,  N.  Y.  Contract 
186.     New  York,  1917. 


Vaporizing  of  Paraffin  for  High  Speed  Motors  (Electric  Ignition 
Type).     By  Edward  Butler.     London,  1917.     Purchase. 

Water  Purification.     By  Jos.  W.  Ellms.     New  York,  1917.     Purcbasa 

What  Peace  Means  to  Steel  Trade.  By  Samuel  A.  Benner.  Re- 
printed from  Iron  Trade  Review,  April  19,  1917.  New  York,  Am. 
Steel  Export  Co.,  1917.     Gift  of  S.  A.  Benner. 

Who's  Who  in  the  Rubber  World,  1914.    London,  19U.     Purchase. 


■ Information  for  bidders  and  forms  of  bid,  contract,  bond  and 

certificates  for  furnishing  and  delivering  Portland  Cement  for 
use  at  Woodstock  and  Glenford  Dikes  of  the  Ashokan  Reservoir, 
Contract  185.     New  York,  1917.     Gift  of  Board  of  Water   Supply. 

Southwestern  Electrical  and  Gas  Association.    Proceedings,  1916, 
Houston,  1916.     Gift  of  Association. 


North  Dakota   Society   of   Engineers.     Proceedings,   vol.   3. 
versify,  N.  D.,  1917.     Gift  of  Society. 


Uni- 


PERSONALS 


/N  these  columns  are  inserted  items  concerning  members  of  the  Society  and  their  professional 
activities.  Members  are  always  interested  in  the  doings  of  their  fellow-members,  and  the 
Society  welcomes  notes  from  members  and  concerning  members  for  insertion  in  this  section.  All 
communications  of  personal  notes  should  be  addressed  to  the  Secretary,  and  items  should  be  re- 
ceived by  July  16  in  order  to  appear  in  the  August  issue. 


CHANGES  OP  POSITION 

Robert  Mawson,  formerly  associate  editor  of  the  American  Ma- 
chinist. New  York,  has  become  identified  with  Mawson  Brothers, 
general  machinists,  of  Providence,  R.  I. 

John  D.  Eberhabdt  has  severed  his  connection  with  the  Asso- 
ciated Factory  Mutual  Insurance  Companies,  Boston,  Mass.,  as 
draftsman  of  the  plan  department,  and  has  entered  the  employ  of 
the  engineering  department  of  the  Sayles  Finishing  Plants.  Sayles- 
vllle,   R.  I. 

B.  H.  LisKOW,  formerly  affiliated  with  the  United  Engineering 
Company,  Chicago,  III.,  has  become  associated  with  the  Montague 
Iron  Works,  Montague,  Mich. 


Clifford  B.  Langstroth,  formerly  supervisor  of  the  heat-treat- 
ing and  drop-forge  departments  of  the  Ross  liitlc  Company,  Quebec, 
Canada,  has  accepted  the  position  of  metallurgist  with  the  Link-Belt 
Company,  of  Indianapolis,  Ind. 

James  G.  Roi.low  has  resigned  as  combustion  engineer  of  the 
Southern  California  Edison  Company,  Long  Beach,  Cal.,  and  has  ac- 
cepted a  similar  position  with  the  E.  I,  duPont  de  Nemours  and  Com- 
pany,  with   headquarters  at  Wilmington,    Del, 

Warren  P.  Doolittle  has  left  the  employ  of  the  Waterbury 
Manufacturing  Company,  Waterbury,  Conn.,  as  designing  engineer, 
and  has  taken  a  position  as  chief  designer  on  development  work  with 
the  United  States  Rubber  Company,  with  headquarters  at  the  Shoe 
Hardware  Division,   Waterbury,  Conn. 
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Siegfried  Rosenzweig,  formerly  mechanical  engineer  with  the 
Brie  City  Iron  Works  and  more  recently  consulting  engineer  of  the 
steam-engine  department  of  the  Yorli  Manufacturing  Company,  Yorli, 
Pa.,  has  joined  the  American  Spray  Company,  New  I'orli,  in  a  similar 
capacity. 

Fbedebick  R.  Pratt  has  resigned  his  position  as  superintendent 
of  mechanical  construction  with  the  Industrial  Service  and  Equipment 
Company  of  Boston,  Mass.,  to  accept  the  position  of  mechanical  super- 
intendent with  D.  Goff  and  Sons,  of  Pawtucket,  R.  I. 

C.  Edwin  Clarke,  formerly  master  mechanic  of  the  Cambria 
Steel  Company,  Johnstown,  Pa.,  has  assumed  the  duties  of  chief  engi- 
neer of  the  Wilmington   Steel  Company,   Wilmington.   Del. 

John  A.  Lafore.  until  recently  afBliated  with  the  Lafore-Foster 
Company,  Philadelphia,  Pa.,  has  become  identified  with  the  Merion 
Paper  Company  of  the  same  city. 


Gail  H.  I'.uow.ne  has  accepted  a  position  with  the  Lehigh  Valley 
Transit  Company,  of  Allentown,  Pa.  He  was  formerly  in  the  emploj 
of  Ford,  Bacon  and  Davis,  New  Orleans,  La. 

Samuel  C.  We.ston,  recently  associated  with  the  Remington  Arms 
Union  Metallic  Cartridge  Company,  Bridgeport,  Conn.,  as  safety 
engineer,  has  entered  the  employ  of  Bayles  Shipyards,  Inc.,  Port 
Jefferson,    Long    Island,    N.    X. 

George  B.  Rice,  formerly  consulting  chief  engineer  of  power  and 
manufacturing  equipment  of  Schoellkopf  Aniline  and  Chemical  Works, 
Inc.,  Buffalo,  N.  Y.,  has  assumed  the  duties  of  general  superintendent 
of  the  disk  record  division  of  Thomas  A.  Edison,   Inc..   Orange,   N.  J. 

J.  Charles  Strott  has  severed  his  connection  as  chief  engineer 
with  the  Curtis  Bay  Chemical  Company,  Curtis  Bay,  Md.,  and  has 
entered  the  maintenance  department  of  the  Bureau  of  Yards  and 
Docks,    Navy    Department.    Washington,    D.    C. 


Bdrt  D.  Thompson,  formerly  general  foreman  of  the  Base  Plug 
Department  of  the  American  Brake  Shoe  and  Foundry  Company, 
Erie,  Pa.,  has  accepted  a  position  as  superintendent  of  the  L.  O. 
Gordon  Manufacturing  Company,  Muskegon,  Mich. 

Victor  W.  Zilen^  formerly  chief  draftsman  of  the  motive-power 
department  of  the  Long  Island  Railroad,  New  York,  and  until  re- 
cently a  member  of  the  engineering  department  of  Public  Service  Elec- 
tric, Newark,  N.  J.,  has  accepted  the  position  of  assistant  engineer  of 
the  Lucey  Manufacturing  Corporation  of  Tennessee.  Chattanooga. 
Tenn. 

David  J.  Bonawitz  has  become  associated  with  the  R.  V.  V. 
Company  of  South  Norwalk,  Conn.  He  was  until  recently  in  the  em- 
ploy of  the  Pyrcne  Manufacturing  Company.  New  York,  in  the  capacity 
of  assistant  development  engineer. 

James  H.  Pennington,  formerly  associated  with  the  Public  Ser- 
vice Commission  of  Maryland,  Baltimore,  Md.,  has  assumed  the  posi- 
tion of  works  manager  with  the  Struthers-Wells  Company.  Warren,  Pa. 

Thomas  E.  Raymond  has  become  connected  with  the  Massachu- 
setts Institute  of  Technology,  Cambridge,  Mass.,  as  assistant  instructor 
In  machine  design  in  the  department  of  mechanical  engineering.  He 
was  until  recently  engineer  with  the  Metz  Motor  Car  Company. 
Waltham,  Mass. 

A.  L.  Wilson,  formerly  combustion  engineer  of  the  American 
Sugar  Refining  Company,  has  become  affiliated  with  E.  I.  duPont  de 
Nemours  and  Company,  as  efficiency  engineer,  with  headquarters  at 
City  Point,  Va. 

Harold  F.  Ely,  formerly  associated  with  tie  Alberger  Pump  and 
Condenser  Company,  New  York,  has  accepted  a  position  with  the  West- 
inghouse  Machine  Company,  East  Pittsburgh,  Pa. 

William  Sticht  has  severed  his  connection  with  the  Singer 
Manufacturing  Company,  Elizabethport,  N.  J.,  and  has  become  con- 
nected with  the  American  Lead  Pencil  Company,  Hobokcn,  N.  J.,  in 
the  capacity  of  mechanical  engineer. 

Louis  J.  Schneider,  formerly  sales  engineer  with  the  Hyatt 
Roller  Bearing  Company,  Detroit,  Mich.,  has  become  identified  with 
the  Harrison  Radiator  Corporation,  Lockport,  N.  Y. 

Chables  Stadlee,  connected  with  the  Central  Products  Company 
of  New  York,  as  chief  engineer,  has  become  associated  with  The  Stad- 
ler  Engineering  Company,  Chicago,  111. 


ANNOUNCEMENTS 

P.  H.  Troth,  second  vice-president  of  The  Fairbanks  Company,  is 
now  manager  of  the  New  Orleans.  La,,  branch  of  the  company. 

Le.ster  G.  Briggs.  chief  engineer  of  The  Fairbanks  Company.  New 
York,  has  been  transferred  to  the  Buffalo,  N.  Y.,  office  of  the  company 
in  a  similar  capacity. 

Victor  W.  Kliesrath,  for  many  years  chief  engineer  of  the 
Bosch  Magneto  Company,  New  Y'ork,  has  severed  his  connection  with 
that  concern,  after  a.  long  and  successful  period  as  head  of  the  main 
office,  and  the  technical  and  engineering  departments.  During  Mr. 
Kliesrath's  association  with  the  firm  many  improvements  in  the 
product  were  evolved,  and  he  was  largely  instrumental  in  bringing  the 
starting  and  lighting  equipment  up  to  the  high  standard  it  has  at- 
tained at  present.  His  plans  for  the  future  have  not,  as  yet,  been  an- 
nounced. 

Norman  L.  Snow,  associated  with  The  Terry  Steam  Turbine 
Company,  Hartford,  Conn.,  for  the  past  eight  years,  has  recently  been 
elected   vice-president   of  the  company. 

Through  an  error  announcement  was  made  in  last  month's  Journal 
that  Emile  H.  Nate  had  severed  his  connections  with  the  Nate-Earle 
Company,  Inc.,  of  New  York.  Mr.  Nate  is  still  president  and  treasurer 
of  the  Nate-Earle  Company,  Inc.,  and  is  also  acting  in  a  consulting 
capacity  to  Hammerston  and  Nate  of  New  York. 

William  Mason  Towle,  professor  of  industrial  engineering  at 
Clarkson  College  of  Technology.  Potsdam.  N.  Y..  retires  from  active 
service  at  the  close  of  the  present  academic  year.  The  trustees  have 
appointed  him  professor  emeritus  of  industrial  engineering. 

Chaeles  Whiting  Baker  has  established  offices  as  consulting 
engineer  at  31  Nassau  Street,  New  York. 


APPOINTMENTS 

Walter  J.  Sykes  has  been  appointed  chief  draftsman  of  the 
Canadian  Copper  Company  at  Copper  Cliff,  Ont.,  Canada. 

Herbert  W.  Alden,  vice-president  of  the  Timken-Detroit  Aile 
Company,  Detroit,  Mich.,  has  been  appointed  a  major  in  the  ordnance 
department. 

H.  L.  Worbois  has  been  appointed  chief  engineer  and  production 
manager  of  the  A.  J.  Detlaff  Company,  which  is  opening  a  new  clutch 
department  to  manufacture  a  new  design  of  disk  clutch  for  automo- 
biles, trucks  and  tractors. 


J.  Alfred  Svensson  has  entered  the  employ  of  The  New  Britain 
Machine  Company,  New  Britain,  Conn.  He  was,  until  recently, 
mechanical  engineer  with  the  Meisel  Press  Manufacturing  Company, 
Boston,    Mass. 


Harry   W.   Townsend,  formerly   factory  manager  of  the   Aldrich 

Pump    Company,    Allentown,    Pa.,    has    been    appointed  office    manager 

and  sales  engineer  for  Western   Pennsylvania,   for  the  same  company, 
with  headquarters  in  Pittsburgh,  Pa. 


PaoF.  John  R.  Allen,  head  of  the  department  of  mechanical 
engineering  of  the  University  of  Michigan,  has  been  offered  the  dean- 
ship  of  the  College  of  Engineering  and  Architecture  of  the  University 
of  Minnesota. 

Gordon  M.  Campbell,  formerly  connected  with  the  General  Elec- 
tric Company,  West  Lynn,  Mass.,  in  the  capacity  of  manufacturing 
engineer,  has  assumed  the  position  of  works  manager  of  the  Kerr 
Turbine  Company,   Wellsville,   N.   Y. 

William  J.  -\dam,  recently  superintendent  of  The  Eegina  Com- 
pany, Rahway,  N.  J.,  has  become  associated  with  the  Fickling  Enamel- 
ing Corporation,  Long  Island  City,  N.  Y.,  and  the  Davis-B'ournon- 
vllle  Company,  Jersey  City,  N.  J.,  as  general  manager  and  manage- 
ment   engineer    respectively. 


Arthur  R.  Cablyle  has  been  appointed  official  surveyor  for  the 
American  Bureau  of  Shipping,  American  Lloyds.  Mr.  Carlyle  still  re- 
tains his  position  as  marine  engineer  for  the  Union  Oil  Company  of 
California,  Los  Angeles,  Cal. 

Charles  W.  Nickerson,  for  the  past  nine  years  in  the  engineer- 
ing department  of  the  Westchester  Lighting  Company,  Mt.  Vernon. 
N.  Y.,  has  been  appointed  an  assistant  naval  constructor  in  the  Naval 
Coast  Defense  Reserve,  U.S.N.R.F.,  with  the  provisional  rank  of  Lieu- 
tenant, being  detailed  on  Government  work  In  the  Third  Naval  District. 

Louis  J.  Hiet,  formerly  vice-president  of  the  Pearson  Engineer- 
ing Corporation,  New  York,  has  been  appointed  consulting  engineer 
for  the  United  Gas  and  Electric  Engineering  Corporation,  and  will 
supervise  the  construction  and  engineering  work  of  the  subsidiary 
companies. 


THE   NEW   BOOKS 


ALL  books  received  by  The  Journal  will  be  listed  under  this  heading,  generally  accompanied  by 
■«^  brief  descriptive  notes.  Works  of  special  importance  to  mechanical  engineers  will  be  com- 
mented on  at  length  by  members  and  others  peculiarly  qualified  by  reason  of  their  experience  and 
training. 


Practical  Safety  Methods 
and  Devices 

Practical  Safety  Methods  and  Devices.  By  George  Alviii  Cowee,  E.M., 
S.B.  D.  Van  Nostrand  Company,  New  York,  1916.  Clotb,  5%  i  9 
in..  -13-1  pp..  12S  illustrations.     $3. 

The  author  in  his  preface  very  jjroperly  sets  forth  the 
enormous  human  loss  involved  in  the  annual  accident  roll  of 
this  country.  This  roll  now  exceeds  the  combined  annual 
losses  of  the  Union  and  Confederate  armies  during  the  Civil 
War.  In  his  introduction  he  gives  some  indication  of  the 
eiuirmous  financial  losses  as  a  result  of  this  great  waste  of 
human  power. 

The  book  is  intended  to  provide  for  employers,  superin- 
tendents, foremen,  underwriters,  safety  inspectors  and  engi- 
neers generally,  a  convenient  summary  of  standard  safety 
metliods  and  devices  developed  and  approved  by  those  who 
ha\e  specialized  in  this  subject.  In  the  introduction  the 
autlior  clearly  indicates  that  mechanical  safeguards  alone  can 
only  prevent  about  thirty  per  cent  of  the  preventable  acci- 
dents, while  at  least  sixty  per  cent  of  such  preventable  acci- 
dents can  be  eliminated  by  suitable  educational  methods  and 
regulations.  He  states  that,  in  his  judgment,  ninety  per  cent 
of  all  accidents  of  workmen  are  actually  preventable.  He  is 
justified  in  this  claim  on  the  basis  of  the  past  experience  of 
those  who  have  given  full  and  careful  attention  to  the  subject 
in  the  shops.  The  claim  which  he  makes  that  accident-preven- 
tion activity  is  a  paying  investment  is  also  well  verified  by 
practice. 

The  author  very  properly  begins  the  body  of  his  work  by  a 
chapter  upon  the  organization  of  safety  committees.  He  indi- 
cates the  necessity  of  such  committees  and  shows  how  they  may 
properly  be  organized  for  dift'erent-sized  establishments.  Thus, 
he  would  have  a  central  safety  committee,  consisting  of  a 
trained  officer  of  the  plant,  a  safety  inspector  and  a  foreman 
or  representative  from  each  plant  division.  He  gives  very 
excellent  tabulations  of  the  duties  of  this  committee  and  of  the 
individuals  of  its  constituent  membership.  He  then  shows  the 
wisdom  of  having  under  this  centralized  committee,  workmen's 
committees  for  each  department,  the  membership  of  which  is 
of  limited  duration  and  is  arranged  so  tliat  there  are  periodical 
changes  of  personnel.  In  addition  to  detailed  information  as 
to  individual  work  of  the  inspection  committees,  much  valuable 
information  is  given  as  to  general  educational  methods.  Thus 
the  author  takes  up  the  problem  of  periodical  talks  and  lec- 
tures; motion  pictures  where  available;  the  use  of  safety 
bulletin  boards  and  what  they  should  contain ;  competitive 
team  work;  the  offering  of  prizes;  etc.,  etc. 

A  full  discussion  of  the  general  conditions  to  be  found  in 
the  shop  is  included  under  such  headings  as  Guarding 
Machinery;  Danger  Signs;  Clothing;  Congested  Work  Places; 
Ignorance;  Intoxicants;  Fatigue;  Illness;  Thoughtlessness  and 
Carelessness;  Concentration;  Instruction;  Discipline;  Inspec- 
tion; Education  of  Children  and  Students;  and  the  Education 
of  the  Public.  These  titles  in  themselves  are  illummative  and 
indicate    the    general    proper    treatment    of    the    subject.      A 


chapter  is  given  to  proper  buildings  and  the  elimination  of  the 
fire  hazard.  A  careful  discussion  is  made  on  methods  of  Are 
egress,  fire  fighting,  fire  drills  and  fire  prevention.  A  very 
succinct  and  brief  though  satisfactory  chapter  is  devoted  to 
the  organization  and  handling  of  fire  brigades.  A  practical 
discussion  ending  with  a  set  of  boiler  rulings  is  given  on  the 
type,  handling,  and  care  of  boilers,  following  in  general  the 
instructions  called  for  by  the  Code  of  The  American  Society  of 
Mechanical  Engineers.  This  is  followed  by  a  discussion  of 
steam  engines,  care  relating  to  their  operation,  safety  stops, 
speed-limit  stops,  flywheels,  etc.  A  set  of  engine-room  mles  is 
appended  to  this  discussion.  An  even  more  extended  dis- 
cussion is  given  to  the  elevator,  in  which  the  dangers  of  this 
apparatus  are  clearly  brought  out  and  methods  for  correction 
given.  A  chapter  is  given  on  the  principles  of  protecting 
against  electrical  hazards  to  life. 

Following  this  is  a  chapter  on  transmission  machinery, 
showing  illustrated  examples  of  many  of  the  most  important 
types  of  guards,  and  describing  the  underlying  princiijles  of 
such  guarding.  This  is  followed  by  chajjlers  on  machine 
tools,  grinding  machinery,  woodworking  machinery,  and  ma- 
chines of  miscellaneous  types.  In  all  of  this  work,  evidently 
the  attempt  of  the  author  was  to  lay  down  fundamental  prin- 
ciples, giving,  so  far  as  necessary,  illustrations. 

A  chapter  is  devoted  also  to  the  manufacturing  of  iron  and 
steel,  in  which  the  points  distinctly  relating  to  actual  produc- 
tion are  developed. 

Following  this  the  book  takes  up  the  most  important  prob- 
lems relating  to  the  hazards  of  handling  and  storing  material 
and  of  construction  work,  dealing  with  them  in  much  the 
same  manner  as  with  the  other  subjects  mentioned.  The  book 
then  enters  into  the  subject  of  safety  as  related  to  steam  and 
electric  railways,  and  mining  and  quari-ying.  Following  this 
is  a  long  chapter  on  explosives. 

Under  a  miscellaneous  chapter  are  discussed  the  subjects  of 
eye  jjrotection,  respirators,  hand  tools  and  their  dangers,  lad- 
ders, traffic,  etc.  This  is  followed  by  a  fine  set  of  rules  for 
foremen,  and  general  rules  for  the  shop,  and  this  again  bv  a 
discussion  on  sanitation,  illumination,  heating,  and  ventila- 
tion. In  the  succeeding  chapter  on  welfare  work  the  author 
states  that  often  no  expense  is  being  spared  in  making  the 
living  and  social  conditions  among  the  workers  as  pleasant 
and  attractive  as  possible,  and  further  that  the  result  of  this 
welfare  work  is  directly  reflected  in  the  quality  and  quantity  of 
the  work  performed,  and  the  loyalty  and  efficiency  of  the 
employees.  The  author  in  making  these  statements  refers  to 
the  activity  of  a  number  of  large  corporations  in  this  country. 
He  gives  a  brief  but  illuminating  discussion  of  the  purpose  of 
welfare  work,  and  the  oi'ganization  necessary  to  perform  it. 
This  is  followed  by  a  discu.ssion  of  occupational  diseases  and 
first  aid  to  the  injured.  An  appendix  is  given  upon  the  subject 
of  asphyxiation  or  sul3focation,  including  methods  of  resuscita- 
tion by  artificial  respiration. 

As  indicated  from  the  discussion  above,  the  book  aims  to 
cover  a  very  wide  range  of  industrial  activity.  Its  author's 
intent,  therefore,  is,  undoubtedly,  to  bring  out  the  underlying 
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principles  of  safety  and  welfare  in  the  various  fields  he  has 
dealt  with  rather  than  to  work  out  detailed  safeguards  and 
methods  for  each  individual  condition  of  industry.  Indeed, 
to  do  the  latter  would  require  many  scores  of  volumes  the  size 
of  this  one.  He  has  apparently  succeeded  quite  well  and  this 
book  should  prove  a  valuable  reference  to  those  engaged  in 
industry  or  those  who  are  making  a  study  of  the  subject. 

The  author  is  to  be  particularly  commended  on  the  many 
compilations  of  practical  rulings  suitable  for  industrial  prac- 
tice. These  have  been  worked  in  unobtrusively  and  without 
breaking  the  thread  of  the  argument,  and  should  prove  of 
distinct  value  to  those  actually  engaged  in  industry.  The  book 
is  well  printed  and  bound,  with  carefully  selected  and  fairly 
clear  illustrations.  It  undoubtedly  is  the  result  of  a  large 
amount  of  intelligent  cooperative  labor  on  the  part  of  the 
author  and  his  publisher. 

John  Price  Jacksox. 

Valuation,  Depreciation  and 
the  Rate-Base 

Valantion,  Depreciation  and  the  Rate-Base.  By  Carl  Ewald  Grunsky, 
Eng.  D.,  Member  of  the  American  Society  of  Civil  Engineers, 
assisted  by  Carl  Ewald  Grunsky,  Jr.,  E.M.,  Member  of  the 
American  Institute  of  Mining  Engineers.  John  Wiley  &  Sons,  Inc., 
New  York,  1017.  Cloth,  5%  x  9  in.,  viii  +  3S7  pp.,  27  illustra- 
tions.    514. 

The  purpose  of  the  book  is  the  discussion  of  the  various 
problems  connected  with  the  valuation  of  property,  principally 
that  of  public  utilities,  the  proper  method  of  treating  depre- 
ciation, and  the  determination  of  a  base  rate  which  will  be 
equitable  to  the  public  and  yield  a  reasonable  return  to  the 
owner. 

The  thoughts  advanced  are  based  largely  on  the  long  experi- 
ence of  the  author  in  connection  with  such  work,  and  are  given 
out  for  the  assistance  of  others  who  may  be  engaged  in  similar 
work,  and  for  the  purpose  of  developing  further  discussion 
toward  the  standardization  of  these  jiroblems.  • 

The  author  urges  at  considerable  length  and  forcefully  that 
the  base  rate  should  be  on  the  full  normal  replacement  value, 
without  depreciation,  as  against  present  value — used  by  many 
authorities  and  as  ruled  in  many  court  decisions.  The  author's 
method  is  the  proper  one  to  follow  and  sets  forth  the  principle 
on  which  all  fixed  charges  must  be  estimated  in  any  public  or 
private  enterprise  which  it  is  expected  will  continue  for  many 
years  and  beyond  the  life  of  many  of  the  elements  which  go  to 
make  up  the  whole  property. 

In  the  consideration  of  normal  replacement  value,  that  is, 
value  as  determined  by  average  costs  of  a  series  of  years,  it  is 
stated  that  there  should  be  added  to  the  value  of  the  physical 
property  all  proper  overhead  expenses,  the  cost  of  organiza- 
tion, the  legitimate  expenses  during  such  a  period  of  time  as  it 
would  take  under  ordinary  conditions  to  build  up  the  business 
to  a  profitable  basis,  and  the  value  of  intangible  [iroperty  such 
as  water  rights,  etc. 

This  statement  is  agxeed  to  by  most  all  engineers,  but  not 
always  by  the  Courts.  All  of  the  above  would  seem  to  be 
proper  elements  of  expense  which  must  be  met  and  a  proper 
allowance  should  be  made  for  them,  the  only  debatable  thing 
being  the  extent  to  which  they  should  be  carried. 

The  elements  affecting  the  increase  or  decrease  in  the  value 
of  properties  are  discussed  and  recommendations  made  as  to 
the  proper  application  of  the  same. 

The  amount  of  unearned  increment  of  value  which  should  be 
allowed  to  the  owners  in  detennining  the  base  rate  is  also 
discussed. 


There  is  also  discussed  the  treatment  of  overdeveloped 
jiroj-ierties  and  the  wisdom  of  having  a  reasonable  margin  of 
cajiacity  for  increase  in  business  at  a  reasonably  early  date. 

The  various  methods  of  treatment  of  depreciation  and 
amortization  are  discussed  at  length  and  the  author  urges  with 
great  earnestness  the  use  of  what  is  defined  as  the  Unlimited 
Life  Method  for  the  treatment  of  depreciation. 

The  different  courses  followed  in  the  valuation  of  property 
for  various  purposes,  as  purchase  and  sale,  rate  fixing,  taxa- 
tion, etc.,  are  described. 

The  difficulties  of  determining  with  deflniteness  the  value  of 
mining  and  oil  properties  is  exjalained  and  an  argument  made 
for  the  taxation  of  such  properties  based  on  output  rather  than 
on  the  physical  features  of  the  jiroperties. 

The  necessity  of  a  careful  accounting  system  in  order  that 
all  interests  may  be  dealt  with  intelligently  is  urged. 

The  book  contains  many  tables  containing  valuable  informa- 
tion, and  those  at  the  end  on  Probable  Useful  Life,  Expec- 
tancy and  Remaining  Value,  and  other  actuarial  tables,  many 
of  which  have  original  arrangements,  would  be  helpful  to  any 
one  engaged  in  this  kind  of  work. 

The  subject-matter  is  clearly  developed  and  illustrated  by 
many  worked-out  examples.  The  material  is  largely  original, 
as  is  also  its  presentation,  but  it  necessarily  contains  much 
which  is  common  to  textbooks  on  this  subject. 

The  publication  will  be  helpful  to  advanced  engineers  and 
appraisers.  It  is  probably  too  far  advanced  to  be  used  as  a 
textbook  for  students. 

Chas.  T.  Maix. 


The  Industrial  and  Artistic  Technology  of  Paint  and  A'arnish.  By  .\lvah 
H.  Sabin.  John  Wiley  &  Sons,  Inc.,  New  York.  1917.  2d  ed., 
cloth,  6x9  in.,  473  pp.,  IS  illustrations,  including  S  plates.  $3.50. 

This  book  has  been  written  to  give  a  correct  general  outline 
of  the  subject,  with  a  brief  account  of  the  modern  use  of 
paints  and  varnishes,  and  the  principles  involved  in  their 
fabrication  and  application.  This  edition  is  nearly  one-third 
larger  than  the  first  one  and  takes  cognizance  of  the  changes 
in  the  character  of  the  cheaper  varnishes  due  to  the  use  of 
tung  oil. 

Uow  to  Find  Factory  Costs.  By  C.  Bertrand  Thompson.  .\.  W.  Shaw 
Co.,  Chicago,  1917.  Cloth.  6%  x9%  in.,  191  pp.,  53  illustrations. 
$3. 

The  author  has  endeavored  to  make  this  book  broad  enough 
to  apply  to  all  kinds  of  industries,  and  it  is  intended  to  be 
useful  to  the  accountant  as  well  as  the  factory  head.  Con- 
tents: What  a  Good  Cost  System  Means  to  You;  What  Goes  to 
Make  Up  Your  Costs;  How  to  Handle  Indirect  Costs;  What 
About  Interest  and  Depreciation?;  Charging  Each  Unit  with 
Its  Proper  Share;  The  Machine  Hour  Rate  Plan;  How  to 
Handle  the  Cost  of  Selling;  Tying  the  Costs  Into  the  General 
Accounts ;  An  Effective  System  of  Classification ;  Taking 
Factory  Costs  Apart ;  A  Cost  System  that  Safeguards ;  Making 
Costs  and  Bids  Agree. 

The  Naval  Architects'  and  Shipbuilders'  Focket-Book  of  Formulas, 
Kules,  and  Tables,  and  Marine  Engineers'  and  Surveyors'  Handy 
Book  of  Reference.  By  Clement  Mackrow  aud  Woodland  Lloyd. 
The  Norman  W.  Henley  Pub.  Co.,  New  York,  1916.  11th  ed., 
flexible  leather,  4  x  61/2  in..  742  pp.,  12  Illustrations.     $5. 

In  the  present  edition  a  new  section  on  speed  and  horse- 
power has  been  inserted,  together  with  a  brief  description  of 
modern  methods  of  powering  and  determining  forms  suitable 
from  a  propulsive  standpoint.  The  sections  on  strength  of 
materials,  riveted  joints,  and  stresses  in  ships  have  been  con- 
siderably extended,  and  information  on  British  standard  sec- 
tions, screws,  keys,  etc..  has  been  added. 


MOBILE   ARMAMENT  FOR  DEFENSE 


By  ANDREW  M.  COYLE,  NEW  YORK.  N.  Y. 
Member  of  the  Society 


BROADLY  speaking,  the  subject  "Mobile  Armament  for 
Defense  "  would  cover  every  weapon  and  engine  capable 
of  being  transported  from  place  to  place  and  used  to  repel  an 
enemy.  I  shall,  however,  confine  my  remarks  to  one  important 
brancli  of  land  equipment — to  those  weapons  and  engines 
which  have  been  recently  developed  and  present  points  of 
novelty  both  in  construction  and  military  value,  namely, 
armed  and  armored  automobiles  and  railway  cars,  and  heavy 
mobile  guns.  These  are  all  in  process  of  development  and 
offer  many  problems  for  the   engineer. 

The  prospect  of  valuable  development  along  these  lines  is 
particularly  good  in  tliis  country,  for  the  reason  that  we  are 
starting  with  a  clear  field.  We  are  not  bound  by  types  which, 
constructed  under  emergency,  have  to  some  extent  become 
fixed  in  the  armaments  of  other  countries.  We  are  free  to 
select  the  best  types  so  far  developed  and  to  add  thereto  the 
fuiishing  touches  of  American  design. 

It  is  my  purpose  to  point  out  briefly  the  general  features  of 
the  several  types  of  mobile  armament  which  have  been  de- 
veloped in  Europe,  so  far  as 
the  meager  information  ob- 
tainable permits.  Also  to  ex- 
plain the  simple  mechanics  in- 
volved in  the  problems  pre- 
sented. I  shall,  of  course,  not 
attempt  to  describe  the  arma- 
ments now  being  designed  and 
built  by  the  War  Department 
of  the  United  States.  I  hope, 
however,  that  some  of  those 
present  will  study  the  prob- 
.  lems  aud  be  ready  to  render 
practical  assistance  in  the  work 
before  us. 

War  in  Europe  has  assumed 
many  of  the  aspects  of  a  siege. 
In  this  country  the  same  condi- 
tion could  not  exist,  for  the 
reason  that  we  have  not  the 
same  density  of  population. 
We  must,  therefore,  be  pre- 
pared for  the  greatest  possible 
mobility  of  our  army  and  the 
highest  efficiency  in  our  mobile 
armament. 

Our  coast  line  is  of  such  ex- 
tent that  it  cannot  be  defended       v  

by  any  navy  we  are  likely  to 

build  or  would  be  able  to  maintain.  Our  important  harbors, 
will,  of  course,  be  protected  by  permanent  works,  but  for  the 
defense  of  all  the  rest  of  our  coast,  we  must  depend,  after  the 
Navy,  upon  heavy  mobile  armament.  The  medium  and  light 
mobile  equipment  is  a  strong — I  might  say  almost  indispen- 
sable— adjunct  to  land  operations. 

I   must  digi'ess  at   this   point   to  comment   on   the  singular 


mental  attitude  of  some  of  our  good  citizens  who  even  today 
do  not  realize  the  imperative  necessity  of  complete  military 
equipment. 

Right  thought  is  the  foundation  of  all  progress.  The  first 
step,  therefore,  toward  mobile  armament  is  to  mobilize  the  wits 
of  our  people.  If  we  could  only  lay  hold  on  the  thoughts  of 
these  complacent  locally  minded  people — place  them  on  wheels 
— or  even  wings — as  the  Army  is  doing  with  our  guns,  if  we 
could  cause  them  to  travel  north,  south,  east  and  west  over 
our  land  and  to  comprehend  that  this  is  a  land  of  States  United 
and  that  it  behooves  each  individual  to  sacrifice  something  for 
the  common  good,  we  would  accomplish  a  mobile  armament  of 
greater  national  value  than  that  which  shall  be  wrought  in 
bronze  and  steel,  important  as  that  is. 

THE    MILIT.ARY    IMPORT.\NC'E    OF    GOOD    ROADS 

The  next  important  step  toward  mobile  armament  is  the 
roadway.    The  day  of  field  artillei^y  has  not  passed.    The  types 

of  carriage  aud  limber  which 


This  paper  points  out  the  general  features  of 
the  several  types  of  mobile  armament  which 
have  been  developed  in  Europe,  as  an  aid  to  the 
engineers  of  this  country  who  will  now  have  to 
take  hold  of  the  problem  of  developing  this 
means  of  defense. 

The  author  emphasizes  the  importance  of  the 
roadway,  a  factor  which  must  be  carefully 
looked  after  and  in  the  direction  of  which  an 
enormous  amount  of  work  remains  to  be  done. 

He  revieivs  the  history  of  the  armored  and 
armed  automobile  from  the  inception  of  the 
common  automobile  provided  with  slight  protec- 
tion and  armed  with  a  machine  gun,  to  the 
present  "  tanks."  He  also  describes  the  devel- 
opment of  the  armored  railway  car. 

The  paper  concludes  with  a  description  of  the 
various  methods  proposed  for  meeting  the  re- 
quirements of  heavy  mobile  guns.  Of  interest 
are  descriptions  of  a  new  system  of  recoil 
for  mobile  guns  and  the  author  s  non-recoil 
coast-defense  gun,  in  which  latter  the  breech 
block  abuts  upon  a  hardened  steel  spherical  seg- 
ment and  the  reaction  at  the  time  of  explosion 
is  transmitted  to  a  heavy  concrete  foundation 
as  a  static  load. 


.\bstract  of  paper  presented  at  a  meeting  of  tlie  New  York  Section 
of  The  American  Society  op  Mechanical  Engineers,  March  18. 
1917. 


we  saw  pictured  in  our  school 
histories  as  drawn  by  dashing- 
horses  through  furrowed  lanes 
and  ploughed  fields  or  by  men 
laboriously  u\)  mountain  sides, 
are  not  to  be  thrown  on  the 
scrap  heap,  though,  when  pos- 
sible, motors  will  take  the  place 
of  animal  power.  Roadways 
are  more  important  in  warfare 
today  than  ever  before.  Great 
military  operations  have  al- 
ways followed  roadways,  and 
as  equipment  becomes  moi'e 
and  more  cumbersome  and  be- 
yond the  carrying  power  of 
man  and  beast,  roadways  must 
be  ever  more  carefully  looked 
after.  •  ,  i,.^.,;.-.-_    .. 

This  second  step,  in,! .mobile 
armament  is  one,,  o^.,  even 
greater  economic  than  military 
value.  It  is  difficult  to  think 
of  any  part  of  the  country  in 
wliich  railroads  and  roadways 
constructed  with  reference  to 
military  utility  would  not  be  of 
the  greatest  commercial  advan- 
tage. At  present  our  avenues  of  transportation  are  estab- 
lished mainly  with  reference  to  immediate  business  require- 
ments. Under  other  conditions  they  might  be  established  upon 
a  general  and  comiirehensive  plan. 

I  have  already  mentioned  the  impossibility  of  protecting  our 
coast  by  fixed  fortifications.  The  Navy  having  been  overcome 
or  outmaneuvred,  there  are  a  great  number  of  places  on  our 
coasts  where  an  enemy  could  make  landing  in  force — places 
where,  under  the  protection  of  the  enemy's  fleet,  thousands  of 
men  co.uld  be  lan'^ed   in  a   few  hours,     Wliile  in   time  of  war 
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each  of  these  places  is  a  point  of  danger,  in  time  of  peace  many 
of  them  are  possible  harbors.  The  same  roadways  which  would 
transport  mobile  armament  would  open  these  harbors  to  traffle. 

Parallel  to  our  eastern  coast  we  already  have  trunk-line  rail- 
roads. It  is  a  matter  of  no  great  difficulty  to  extend  branch 
roads  to  the  points  of  greatest  strategic  importance  and  to 
make  surveys  and  all  necessary  arrangements  to  enable  our 
military  engineers  to  construct  other  branches  on  short  notice. 
The  difficulties  are  mainly  legislative  and  political.  Before 
this  plan  can  be  inaugurated,  however,  many  questions  must 
be  settled  both  as  to  right  of  way  and  as  to  methods  of  opera- 
tion and  maintenance.  These  branches  should,  if  possible,  be 
operated  so  as  to  yield  a  profit. 

Within  the  past  few  years  we  have  made  enormous  improve- 
ments in  our  wagon  roads,  but  there  remains  an  enormous 
amount  of  work  to  be  done.  Here  again  we  find  the  neces- 
sity for  cooperation  between  the  national  and  local  authorities. 

Obviously,  every  trunk  line  and  branch  should  be  paralleled 
by  a  wagon  road  capable  of  standing  heavy  traffic.  By  paral- 
lel I  do  not  imply  proximity.  For  many  reasons  it  may  be 
desirable  to  have  the  trunk  lines  some  distance  apart  in  order 
that  the  lines  may  be  separately  defended. 

Our  bridges  must  be  carefully  considered.  We  need  many 
new  bridges,  and  they  should  all  be  strong  enough  to  permit 
of  the  transportation  of  heavy  ordnance. 

For  forty  years  the  subject  of  good  roads  has  been  agitated 
for  economic  reasons.  Let  us  hope  that  the  present  movement 
toward  military  preparedness  may  cause  this  good  work  to  take 
definite  form  and  go  forward. 

We  now  come  to  the  consideration  of  the  armaments  which 
shall  pass  over  these  good  roads — when  we  have  them  built, 
or  which  may  have  to  struggle  along  on  some  of  the  roads  as 
they  already  are.  The  defence  of  the  nation  will  depend  upon 
the  equipment  of  the  army.  The  day  when  men  could  be 
called  hastily  into  action  is  passed.  Numbers  and  valor  count 
for  but  little  against  equipment. 

ARMORED  AND  ARMED  AUTOMOBILES 

The  first  machines  developed  were  common  types  of  auto- 
mobiles provided  with  slight  protection  and  armed  with  rapid- 
fire  or  machine  gims.  The  rapid-fire  gun  is  necessarily  of 
small  size  (about  one  pound),  for  the  reason  that  the  recoil  of 
a  heavier  gun  would  be  too  much  for  the  car.  This  type  of 
machine  is  very  effective  for  guarding  roadways  and  may 
participate  in  offensive  movements,  provided  it  can  be  operated 
from  some  point  of  safety.  The  shields  protect  only  the  gun- 
ners and  not  the  working  part,  of  the  machine.  Its  use  is  to 
carry  these  light  guns  rapidly  from  point  to  point.  It  is  not 
possible  to  armor  automobiles  against  anything  heavier  than 
a  rifle  bullet,  for  the  reason  that  armor  plate  of  sufficient 
weight  to  withstand  even  a  1-lb.  projectile  would  make  the 
machine  too  heavy  for  service. 

These  light  armored  automobiles  were  improved  upon  by  the 
British,  who  developed  heavier  cars  with  turrets.  These  cars 
were  not  of  graceful  design,  but  are  said  to  have  done  excel- 
lent service.  The  gunners  are  well  protected,  but  the  running 
gear  is  not  protected  at  all.  The  advance  of  these  machines 
may  be  stopped  by  concentrated  fire  on  the  running  gear. 

The  Italians  later  developed  turret  machines  of  more  grace- 
ful design.  At  first  no  attempt  was  made  to  protect  the  run- 
ning part  of  the  machine,  but  the  gun  and  gun  crew  were  very 
well  protected;  in  fact,  the  machine  is  a  small  fort  on  wheels 
which  can  be  quickly  transported  from  place  to  place,  but  it 
always  will  be  necessary  to  use  it  in  a  road  "  cut "  or  behind 
some  barrier  which  will  protect  the  running  gear  from  damage. 


A  shield  of  light  armor  plate  is  provided  over  the  engine  and 
furnishes  fairly  good  protection. 

In  a  later  Italian  machine  the  wheels  are  protected.  Bars 
in  front  are  provided  to  cut  barbed  wire.  These  two  types  of 
Italian  machines  are  said  to  be  the  latest  and  best  types  of 
armored  automobile.  They  are  certainly  the  best  in  appear- 
ance. 

The  French  have  developed  machines  specially  designed  to 
carry  a  Schneider  anti-aircraft  gun,  which  is  mounted  upon 
the  rear  of  the  machine.  The  gun  used  on  such  machines  is 
necessarily  small  and  would  not  be  able  to  reach  an  aircraft  at 
a  high  elevation,  but  the  extreme  mobility  of  the  gun  renders 
the  outfit  a  very  effective  weapon.  The  Schneider  recoil  system 
is  very  efficient.  As  the  range  of  elevation  of  these  guns  is 
from  zero  to  zenith,  they  are  effective  in  any  situation  and  the 
term  "  anti-aircraft  "  is  to  some  extent  a  misnomer. 

The  French  have  made  successful  use  of  motor  trucks  for 
transporting  small  howitzers.  The  howitzers  are  not  fired  from 
the  trucks  but  are  skidded  off  when  they  are  to  be  put  in  action. 
This  operation  may  be  accomplished  in  about  the  same  time  it 
would  require  to  unUmber  regular  artillery. 

The  skid-mounted  howitzer  is  a  very  convenient  arrange- 
ment— it  may  be  fii-ed  from  all  sorts  of  positions,  from  the 
trenches  and  from  behind  low  breastworks.  When  the  howitz- 
ei-s  are  at  work  the  trucks  are  out  of  the  way.  The  motive 
power  is  withdrawn  out  of  range  just  as  in  the  case  of  horse- 
drawn  guns.  If  the  guns  remain  long  in  one  place  the  trucks 
are  available  for  other  purpos&s. 

The  Davis  non-recoil  gun  is  interesting  as  being  the  only 
weapon  so  far  developed  which  does  not  react  when  fired.  This 
result  is  accomplished  by  firing  a  charge  from  both  ends  of  the 
gun.  That  fired  toward  the  rear  being  of  shot  and  vaseline, 
breaks  up  soon  after  leaving  the  gun.  A  round  of  ammunition 
for  this  gun  weighs  about  one  and  six-tenths  times  as  much 
as  a  round  of  ammunition  for  a  3-in.  field  gun.  The  energy 
imparted  to  the  Davis  12-lb.  projectile  is  about  one-third  of 
the  energy  represented  by  the  15-lb.  projectile  fired  from  a 
3-in.  field  guu. 

If  we  compare  the  work  done  by  these  two  guns  on  the  basis 
of  the  amount  of  energy  delivered  from  the  muzzle,  it  will  be 
seen  that  the  amount  of  ammunition  necessary  to  be  carried 
to  produce  a  given  quantity  of  muzzle  energy  is  as  4.8:1. 

If  any  way  can  be  found  to  lessen  the  reactive  force  due  to 
recoil  without  greatly  increasing  the  distance  of  recoil,  it  will 
be  of  material  advantage.  In  this  case  the  method  is  so  waste- 
ful of  material  that  it  is  only  practical  to  use  it  in  very  extreme 
cases.     I  will  speak  further  regarding  the  question  of  recoil. 

Under  the  head  of  automobiles  we  may  consider  the  "  tanks  " 
which  have  been  used  by  the  British.  Their  primary  purpose 
is  for  direct  frontal  attack.  They  are  sufficiently  powerful  to 
break  down  barbed-wire  entanglements  and  will  cross  trenches, 
provided  the  trenches  are  not  very  large  and  the  ground  about 
them  is  solid.  But  the  weight  of  these  machines  is  so  enormous 
that  they  will  crush  in  anything  but  the  most  substantial 
ground.  The  remarks  about  the  weight  of  armor  which  can 
be  used  on  automobiles  apply  to  some  extent  to  these  tanks.  A 
direct  blow  from  a  15-lb.  projectile  will  put  the  tank  out  of 
commission.  Their  armor  is  heavy  enough  to  withstand 
glancing  blows  from  quite  heavy  projectiles.  The  progress  of 
one  of  these  machines  is  necessarily  rather  slow  and  the  enemy 
should  have  time  to  bring  into  action  g^uns  of  sufficient  size  to 
disable  the  tank  before  it  has  gone  very  far.  I  do  not  think 
that  machines  of  this  kind  would  be  of  any  use  in  this  country, 
although  they  have  been  of  some  value  on  level  fronts  in  north- 
ern France. 

The  new   "  tanks "   of  French   design   are   made   to   crush 
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through  wire  entanglements.  They  have  abandoned  the  trench- 
crossing  scheme  tried  by  the  English,  which  has  evidentlj 
turned  out  to  be  of  little  value. 

ARMORED  RAILWAY  CARS 

The  first  armored  railway  car  ever  used  in  warfare  was  con- 
structed in  this  counti-y.  It  was  built  under  the  orders  of 
General  Robert  E.  Lee,  who  was  an  engineer  officer  and  at  an 
early  stage  of  the  Civil  War  saw  the  value  of  this  equipment. 
During  the  Boer  AVar  tiie  British  developed  an  annored  ear 
(Fig.  1)  which  is  interesting  as  being  the  prototype  of  the 
modern  car  of  the  U.  S.  Army.  The  ear  is  divided  into  three 
compartments.  Those  at  the  ends  afford  protection  to  riflemen. 
The  central  compartment,  which  is  lower  than  the  ends,  is  the 
magazine.  Upon  the  top  of  the  magazine  is  mounted  a  3-in. 
naval  gun. 

Complete  trains  are  formed  of  cars  carrying  guns  ac- 
companied by  box  cars  carrying  ammunition  and  light  armored 
cars.  Outriggers  are  provided  for  stabilizing  the  gun  cars. 
Some  stabilizing  device  has  to  be  used  on  all  cars  from  which 
guns  of  large  size  are  to  be  fired.  When  in  operation,  the  heavy 
guns  are  separated  from  the  rest  of  the  train,  the  armored  ears 
being  used  to  protect  the  track  against  surprise  attacks. 

The  first  modern  car  built  in  America  (Fig.  2)  was  con- 
structed on  short  notice  when  trouble  with  Mexico  was  antici- 
pated. It  is  a  steel  box  erected  upon  the  platform  of  a  railroad 
car  of  standard  type.  The  stakes  of  this  car  afforded  an  excel- 
lent support  for  the  steel  plates.  The  port  holes  are  for  rifle 
fire  and  machine  gtins.  In  the  center  of  the  car  is  a  well  in 
which  a  3-in.  field  piece  is  mounted  upon  a  special  carriage. 
The  peculiarity  of  this  carriage  is  that  the  gun  is  traversed  in 
azimuth  about  a  center  which  is  nearly  below  the  breech  of  the 
gim  instead  of  below  the  trunnions  as  would  be  the  ease  in  a 


attacks  by  the  enemy.  Of  course,  an  armored  car  operating 
on  such  duty  cannot  go  far  from  its  base,  otherwise  it  would  be 
liable  to  capture,  as  is  the  case  with  any  other  detached  unit. 

The  motive  powers  available  are  storage  batteries,  motor- 
generator  sets  operated  by  Diesel  or  other  internal-combustion 
engines,  steam  and  also  direct-connected  gasoline  engines. 

There  has  also  been  developed  an  arrangement  of  a  gasoline 
motor  suitable  for  driving  an  armored  ear,  or,  for  that  matter, 
any  other  car.  In  this  construction  the  middle  sill  of  the  car  is 
replaced  by  two  very  deep  girders  separated  about  six  feet. 
The  gasoline  engine  is  of  the  V-type  and  should  be  of  not  less 
than  100  hp.     It  drives  the  ear  through  a  jointed  transmis- 


Engtncerlng. 

Fig.  1    British  Armored  Car  v7ith  12-lb.  Naval  Gun 
Mounted  in  Center 

sion  similar  to  that  used  on  large  motor  care.  The  location  of 
the  joints  used  in  this  shaft  is  such  that  the  movement  of  the 
truck  about  the  car  center  is  in  no  way  interfered  with.  The 
reverse  gear  is  operated  in  the  gear  ease  which  is  on  the  wheel 


Standard  Steel  Oar  Co. 

Fig.  2    First  Modern  Armored  Car  Built  in  America 


pedestal  mount.  This  arrangement  provides  a  clear  space  back 
of  the  gun  in  which  the  crew  can  work  and  avoids  the  necessity 
of  extended  platforms  such  as  used  on  English  and  French 
mounts. 

There  are  being  designed  some  new  types  of  armored  cars 
which  embody  great  improvement  on  those  shown.  I,  of  course, 
am  not  at  liberty  to  show  these  designs. 

It  is  highly  important  that  an  armored  car  should  be  pro- 
vided with  independent  motive  power.  While  these  cars  are 
sometimes  used  in  trains,  their  most  valuable  service  can  be 
rendered  independently,  each  car  patrolling  a  certain  portion 
of  railroad  and  being  continually  on  the  lookout  for  surprise 


shaft,  and  the  pinion  may  be  thrown  out  of  mesh  so  that  when 
the  car  is  connected  up  in  a  train  there  is  no  idle  machinery  in 
motion.  Within  the  space  of  this  deep  center  girder  the  oil 
tanks,  air  brake  and  other  vulnerable  parts  may  be  located,  the 
web  plates  of  the  girder  being  made  of  sufficient  thickness  to 
resist   penetration. 

Before  discussing  next  class,  I  wiU  call  attention  to  a  new 
type  of  coast  gun  which  is  not  mobile. 

Fig.  3  is  a  coast  gun.  The  peculiarity  of  the  gun  is  that 
the  breecli  block  does  not  screw  into  the  gun  and  that  the  gun 
does  not  recoil.  The  breech  block  is  a  simple  plug  provided 
with  a  gas  check.     This  block  abuts  upon  a  hardened-steel 
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surface  wliich  is  curved,  the  curve  being  concentric  with  the 
trunnions  of  the  gun.  The  reaction  at  the  time  of  explosion 
•acts  as  a  static  load  upon  the  abutment.  There  is  no  mass 
in  motion.  The  abutment  member  is  traversed  in  azimuth  in  a 
casting  which  is  a  splierical  segment.  The  concrete  foundation 
must  be  sufficiently  massive  to  stand  the  static  load  imposed. 
The  projectile  is  brought  to  the  gun  upon  a  carriage  which 


for  the  car  to  be  lifted  from  the  tracks.  The  center  of  action 
is  the  point  of  the  jackscrew.  Should  the  track  shift  there  is, 
of  course,  a  tendency  to  bend  the  screw,  which  may  result  in 
trouble  if  the  screw  is  extended. 

A  railroad  track  will  not  resist  a  very  great  force  applied 
transversely.  About  30  per  cent  of  the  load  on  the  track  is 
a  maximum.     As  the  tendency  is  to  lift  the  car  when  the  gun 
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Fig.  3    Section  of  Coast-Defense  Gun  with  Spherical  Mount 


travels  about  the  center  of  the  mount.  The  power  to  traverse 
and  elevate  the  gun,  also  the  electric  wires,  are  brought 
through  a  conduit  which  terminates  at  tlie  center  of  the  mount. 
This  gun  does  not  disappear,  but  the  splinter-proof  housing  is 
small  and  inconspicuous,  and  may  be  concealed  from  the  enemy 
until  he  is  within  close  range.  The  gun  has  all-round  flie  and 
may  be  elevated  to  any  desired  angle  up  to  30  deg. 

HE.4VY    GUNS    ON    RAILWAY    MOUNTS 

We  now  come  to  the  most  important  railway  armament,  i.  e., 
the  mounting  of  heavy  guns  upon  railway  cai's.  We  may  divide 
this  equipment  into  two  classes:  First,  guns  of  high  power  to 
be  used  against  vessels  at  sea.  These  guns  are  necessarily  fii-ed 
from  locations  which  have  beeen  carefully  predetermined  and 
to  some  extent  prepared.  They  are  never  fired  from  main-line 
railway  tracks.  The  second  comprises  guns  of  from  4.7-in.  to 
8-in.  caliber  and  is  useful  to  prevent  landina:  or  to  check  the 
enemy  if  he  has  made  a  landing. 

In  their  operations  in  Belgium  the  Germans  used  large  how- 
itzers which  were  not  originally  mobile  weapons.  They  were 
fired  from  previously  prepared  foundations.  When  placed 
upon  such  a  foundation  the  fire  of  a  gun  is,  of  course,  much 
more  accurate  than  that  of  a  mobile  gun.  The  best  foundation 
is  of  concrete,  but  a  more  quickly  constructed  foundation  may 
be  made  of  heavy  timber  bedded  in  clay,  sand  or  cement.  A 
foundation  of  this  kind  will  stand  a  number  of  shots  before  it 
gets  seriously  out  of  level.  These  guns  are  transported,  either 
assembled  or  in  parts,  upon  flat  cars.  They  are  lifted  off  and 
placed  upon  their  foundations  by  ordinary  cranes  and  may  thus 
be  considered  as  a  part  of  mobile  armament. 

Fig.  4  shows  a  car  of  French  design  carrying  a  moderate 
sized  howitzer.  It  is  necessary  to  use  outriggers  in  order  to 
stabilize  the  car  when  the  howitzer  is  fired.  As  depicted,  on 
level  ground  this  system  works  ont  very  well.  If  the  ground  is 
not  level,  footings  must  be  built  up  to  receive  the  jack  screws. 
There  is  provision  under  the  car  for  locking  to  the  track,  so  as 
to  resist  movement  in  a  horiz<intaI  diriection,     Tlie  tendency  is 


is  tired  liorizon  tally,  the  full  weight  of  the  car  cannot  be  con- 
sidered in  making  allowance  for  the  resistance  of  the  track. 

SCHEMES   FOR  MEETING   THE   REQUIREMENTS   OF 
MOBILE     (;UNS 

We  may  now  consider  some  of  the  schemes  devised  to  meet 
the  requirements  of  mobile  guns. 

In  Fig.  5  the  system  of  outriggers  used  on  the  French  car 
just  described  is  shown  at  (a).  It  will  be  seen  that  if  it  is 
tired  from  a  location  when  the  ground  on  one  side  of  the 
track  is  sloping,  a  certain  amount  of  blocking  will  be  neces- 
sary.   The  overturning-  moment  is  A  'B ;  the  center  of  action  is 


Illustrated  London  News. 

Fig.  4     French  Car  Carrying  Howitzer 

at  C.  Another  arrangement  is  shown  at  (6)  ;  the  outriggers 
are  nearly  on  a  level  with  the  ear  platform  and  are  supported 
by  struts  or  jackscrews  which  are  free  to  move  about  the  cen- 
ters C,  C.  The  overturning  moment  is  A/h.  The  entire  side 
thrust  must  be  provided  for  on  the  track.  The  tendency  to 
bend  the  jacks  is  eliminated.  If  the  ground  beside  the  track 
is  low,  the  jacks  are  lengthened,  no  blocking  being  required. 
At  (c)  is  shown  a  system  of  blocking  the  car  upon  the  railroad 
fies.     The  base  B  is  short,  but  if  the  car  is  heavy,  a  good- 
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sized  gun  may  be  Hied  from  a  car  blocked  in  tins  way.  It  is 
certainly  tery  desirable  to  work  within  the  limits  of  the  road- 
bed, as  we  are  then  fairly  certain  of  the  conditions  we  sliall 
find,  and  know  that  we  can  fire  the  gun  from  any  point  along 
the  road  witliout  previous  preparation. 

When  we  Are  a  gun  horizontally,  the  center  of  action  may 
be  kept  low,  but  when  high-angle  fire  is  required,  we  find  some 
difficulties.  The  trunnions  must  be  placed  higher,  not  only  to 
allow  for  tlie  actual  swing  of  the  gun,  as  shown  at  (d)  in  Fig. 
5,  but  to  allow  for  the  recoil  as  shown  at  (e).  This  increases 
the  overturning  moment  when  the  gun  is  fired  horizontally. 

This  principle  of  double  recoil  is  important  in  mobile  arma- 
ment. The  car  is  blocked,  as  shown  at  (c)  m  Fig.  5.  A  car 
blocked  in  Ibis  manner  will  stand  a  very  great  force  applied 
downward.  Its  horizontal  stability  is,  however,  much  less. 
The  principle  of  double  recoil  involves  the  use  of  one  recoil 
system  parallel  to  the  axis  of  the  gun ;  this  system  offers  heavy 
resistance,  the  movement  being  quite  short.  The  carriage  is 
free  to  recoil  in  a  nearly  horizontal  direction  upon  a  long  slide. 
The  resistance  to  the  horizontal  recoil  is  not  great  enough  to 
affect  the  stability  of  the  car.  This  principle  was  used  in 
some  of  tlie  older  types  of  carriages  in  which  the  recoil  along 
the  slide  was  inadequate  and  the  carriage  was  allowed  to  recoil 
horizontally,  being  checked  by  a  friction  brake  or  a  "  brake 
cylinder." 

It  has  been  found  convenient  to  develop  several  formulie 
for  determining  approximately  the  working  strains  and  dis- 
tances of  recoil  which  will  govern  the  mounting  of  a  gun  for 
double  recoil. 

For  free  recoil  of  the  gun, 

V  p  -\-  k  w 
V= [1] 

Where  1'  =  velocity  of  recoil  of  gun  if  unchecked 
V  =  muzzle  velocity  of  projectile 
p  =  weight  of  projectile 
ic  =  weight  of  powder  charge 
M  =  weight  of  gun. 
For  smokeless  powder  k  may  be  taken  at  from  4000  to  4700. 
For  double  recoil  the  formulae  are : 

A  =  Peos,j)~R [2] 

.,  ^  VAM 

py  +  AM  '■  ■' 

.r'  /N      ,    M-\-N\ 

iO\A  R       j 

■r-    Mv''—(U-\-N)x' 

[5] 

2gP 

where  A'  =  weight  of  carriage  or  car 

P  =  resistance  of  gun  recoil  system 

R  =  resistance  of  carriage  recoil  system 

A  =  accelerating  force  acting  on  carriage 

<j>  =  angle  of  elevation  of  gun 

X  =  velocity  of  combined  recoil 

y  =  distance  carriage  recoils 

z  =  distance  gun  recoils  on  its  slide. 

When  a  gun  is  fired,  the  gun  and  projectile  move  in  opposite 
directions,  in  accordance  with  Newton's  third  law  of  motion, 
their  relative  velocities  being  inversely  as  their  masses.  We 
have  also  to  take  into  consideration  the  effect  of  the  powder. 
The  gases  leave  the  gun  at  a  velocity  much  higher  than  the 
projectile.  All  problems  in  gun  recoil  begin  with  the  theoretic 
velocity  of  free  recoil. 

Formula  [1]  is  used  to  find  the  value  of  V,  and  fc  is  a  con- 
stant which  has  to  be  determined  for  each  kind  of  powder. 


Formula  [3]  expresses  the  velocity  of  combined  recoil,  that 
is,  the  velocity  reached  when  the  gun  and  carriage  are  moving 
together. 

The  other  formulie  are  for  determining  the  length  of  the 
recoil  of  the  carriage  when  checked  by  a  known  resistance  and 
the  length  of  recoil  of  the  gun  in  its  slide.  They  are  not  ac- 
curate, as  they  are  based  upon  the  supposition  that  the  re- 
sistances are  constant,  but  they  give  results  sufficiently  accurate 
for  preliminary  calculation. 

As  applied  to  the  problem  of  mounting  guns  ujjon  railroad 
cars  in  accordance  with  the  system  of  double  recoil,  just  ex- 
plained, the  formulas  are  used  as  follows: 

The  resistance  of  the  first  recoil  system  P  must  be  such  that 
when  the  gun  is  fired  at  the  highest  allowable  elevation,  the 
vertical  component  of  the  reactive  force  will  be  within  tlie 
bearing  capacity  of  the  ear  and  roadbed.  The  resistance  may 
lie  made  gTeat,  for  the  reason  that  the  car  may  be  solidly 
blocked  upon  the  road,  and  will  withstand  a  considerable  ver- 
tical load.     A   is  the   horizontal   component  of   the   force   P, 


Fifi.  5    Diagrams  Showing  Methods  of  Stabilizing 

which  tends  to  imjiart  motion  to  the  can'iage  and  is  found 
by  Formula  [2]. 

It  is  obvious  that  the  resistance  jB  must  not  be  great.  It 
must  be  so  small  that  it  will  neither  overturn  the  car  nor  shift 
the  roadbed  or  other  anchorage.  It  appears  to  me  to  be  easier 
to  provide  a  long  horizontal  recoil  than  a  special  anchorage. 

Having  determined  these  conditions,  we  find  that  after  the 
gun  is  fired  the  velocity  of  the  gnn  recoil  is  checked  and  a 
certain  velocity  is  imparted  to  the  carriage.  The  force  P  being 
great  as  compared  with  R,  a  ]ioint  is  soon  reached  when  the 
gun  and  carriage  are  moving  with  equal  velocity.  From  this 
point  they  may  be  treated,  for  practical  purposes,  as  a  single 
mass  in  motion.  The  gun  will,  of  course,  have  some  further 
motion  on  its  slide,  but  this  will  be  negligible  as  compared  with 
the  long  horizontal  recoil  of  the  carriage. 

The  weights  of  the  car,  gun  and  carriage  being  known,  and 
the  values  of  P  and  R  determined  with  reference  to  conditions 
of  strength  and  stability,  the  length  of  horizontal  recoil  for 
which  allowance  must  be  made  is  easily  determined  by  Formula 
[4],  which  gives  the  value  of  y. 

It  has  been  proposed  to  mount  heavy  naval  guns  upon  spe- 
cially designed  cars,  and  to  provide  at  suitable  points  concrete 
foundations,  with  locking  devices,  to  engage  the  cooperating 
members  on  the  cars,  thus  providing  stable  bases  from  which 
to  fire  the  guns.  The  objection  to  the  system  is  the  initial 
cost  and  the  difficulties  met  in  securing  the  sites  for  the  perma- 
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nent  foundations  and  in  maintaining  them;  also  the  fact  that 
these  sites  will  be  mapped  and  known  to  the  enemy. 

Another  system  contemplates  firing  guns  from  a  car  moving 
on  a  curved  track.  The  gun  has  a  slight  traverse  on  the  car, 
but  the  main  traverse  in  azimuth  is  secured  by  moving  the 
car  on  the  track.  The  gun  being  fired,  the  car  recoils  along 
the  track.  This  is  very  objectionable  for  the  reason  that  the 
gun  has  to  be  re-aimed  after  every  shot.  Thus  you  lose  the 
advantage  of  a  good  shot.  I  do  not  think  the  system  would 
be  of  value  against  a  moving  target. 

Fig.  6  shows  a  gun  of  rather  peculiar  design  mounted  upon 
a  railway  car  the  trucks  of  which  are  arranged  so  that  they 
can  be  completely  turned  under  the  car.  This  gun  is  fired 
from  a  track  shown  below.  When  being  made  ready  for  action, 
the  front  truck  of  the  car  is  switched  on  to  the  curved  track. 
The  switch  is  then  thrown  so  that  the  rear  truck  passes  on  to 
.the  straight  part  of  the  track.     Traversing  gears  are  provided 


though  the  work  of  mobile  defense  may  for  the  time  be  set 
aside  in  consequence  of  the  more  pressmg  business  of  attack- 
ing the  enemy,  it  is  a  work  which  must  be  carried  out  in  the 
long  run,  and  should  be  carried  out  so  fai  as  possible  even 
during  our  present  military  exertion  in  order  that  no  future 
emergency  may  find  us  unprepared. — The  Author.] 


War  is  a  vast  country-wide  engineering  enterprise.  Theo- 
retically speaking,  an  all-wise  and  powerful  board  of  experts 
should  determine  where  each  man  should  be  posted  in  the 
great  war  chain  of  fighters,  for  it  is  obvious  that  all  specially 
trained  men,  and  partieularlj'  all  technically  trained  men, 
should  keep  at  the  posts  where  their  training  is  needed.  It 
was  an  inevitable  mistake  made  by  our  allies  at  an  earlier  stage 
in  the  war  which  led  many  young  physicians,  engineers,  me- 
chanics and  valuable  specialists  to  rush  as  volunteers  for  the 
front.  The  technically  trained  men  should  be  kept  at  their 
profession  unless  there  happens  to  be  a  superfluity  of  them. 
The  junior  men  in  colleges,  and  particularly  in  technical  or 
medical  colleges,  will  probably  serve  their  country  better  by 
working  hard  at  their  educational  preparation  than  by  aban- 
doning their  college  work  before  their  training  is  completed. — 
The  Electrical   World. 


■  Fig.   6     Gun   with  Special   Recoil   Device   Mounted   on 

Railroad  Cab,  and  Circular  Track  foe  Traversing 

THE  Car 

on  the  trucks  so  that  the  car  may  be  worked  forward  until  the 
rear  truck  is  at  the  center  of  the  system.  Here  an  anchorage 
is  provided  of  sufficient  strength  to  sustain  the  reaction  due 
to  the  recoil.  The  forward  truck  is  traversed  on  the  curved 
track  about  the  center.  The  car  is  thus  made  to  serve  as  a 
turntable.  The  gun  fires  from  a  fixed  position.  When  the 
gun  is  elevated  the  breech  swings  down  through  an  opening 
provided  in  the  car  platfoi'm.  This  arrangement  brings  the 
axis  of  the  gun  low  for  horizontal  fire. 

The  laws  of  action  and  reaction  are  fixed,  and  it  may  be 
reasoned  that  no  way  can  be  found  to  lessen  the  shock  of 
recoil  excepting  by  making  the  recoil  long.  The  case  shown 
about  this  gun  does,  however,  contain  a  mechanism — which, 
for  obvious  reasons,  I  am  not  free  to  explain — which  does,  to 
a  great  extent,  lessen  the  shock  of  recoil,  and  the  gun  does  not 
move  back  from  the  position  shown  when  it  is  fired.  The 
normal  energy  of  recoil  of  a  14-in.  gun  is  over  3,000,000  ft-lb. 
— enough  to  crush  any  ordinary  railroad  ear  or  to  lift  it  over 
a  good-sized  building.  With  the  mechanism  I  have  spoken  of, 
the  thrust  upon  the  anchorage  is  only  about  80,000  lb. 

The  first  gun  mounted  upon  a  railway  truck  was  mounted 
in  the  United  States.  This  was  done  by  the  First  Connecticut 
Artillery  during  the  civil  war.  It  was  an  old-time  mortar, 
mounted  on  a  truck.  Five  shots  were  fired  from  this  gun 
before  the  truck  collapsed.  After  that  it  was  carried  about 
on  a  flat  car  and  fired  from  fixed  platforms.  Originally  it  was 
fired  from  a  curved  track. 

[The  paper  from  which  this  article  is  briefed  was  delivered 
prior  to  the  entrance  of  the  United  States  into  the  war.     Al- 


What  is  turning  out  to  be  a  great  storehouse  of  ammunition 
and  explosives  is  being  prepared  by  the  Bethlehem  Steel 
Company  in  New  Jersey  between  Mays  Landing,  in  Atlantic 
County,  and  Petersburgh,  in  Cape  May  County.  This  stretch 
of  territory  is  more  than  forty  miles  long,  stretching  from 
north  to  south  some  five  miles  in  width,  on  an  average.  It 
will  afford  ample  space  for  testing  good  guns  as  well  as  for 
the  storing  of  explosives  and  ammunition.  More  than  1000 
men  have  been  at  work  for  a  month  in  erecting  the  buildings, 
and  the  company  is  constructing  its  own  railroad  over  the 
long  stretch  of  territory,  and  the  Government  has  given 
authority  to  build  a  new  bridge  across  the  Tuckahoe  River. 
During  the  last  ten  days  more  than  150  freight  carloads  of 
ammunition  have  been  brought  into  the  grounds  and  stored. 
No  strangers  are  admitted  to  the  territory,  which  is  sur- 
rounded by  high  barbed-wire  fences,  and  the  whole  distance 
is  patrolled  by  a  company  of  soldiers  to  prevent  trespassing. 
(Philadelphia  Public  Ledger,  June  6,  1917,  p.  7.) 


Contracts  have  been  let  for  the  construction  of  a  wind-tunnel 
building  at  Throop  College  of  Technology,  where  researches  in 
aerodynamics  will  be  carried  on.  Here  interesting  and  valuable 
experiments  with  airplanes  will  be  conducted  under  the  direc- 
tion of  Dr.  H.  Bateman,  recently  arrived  in  Pasadena  from 
Johns  Hopkins  to  take  up  this  line  of  work,  in  wliich  Throop 
College  is  one  of  the  pioneers.  The  work  takes  on  added  sig- 
nificance from  the  recent  announcement  by  the  War  Depart- 
ment of  the  plan  to  send  an  army  of  aviators  abroad. 

Dr.  Bateman,  who  will  have  charge  of  the  work,  is  a  mathe- 
matical physicist,  and  his  immediate  investigations  will  relate 
to  the  stability  of  airplanes  during  flight,  with  which  study 
the  mathematical  study  relating  to  aeronautics  is  chiefly  con- 
cerned. This  aeronautics  laboratory  has  been  designed  in  con- 
sultation with  Government  experts  in  Washington  and  experts 
of  the  Curtiss  Company  in  Buffalo,  and  the  wind  tunnel  and 
apparatus  to  be  used  in  connection  with  it  represent  the  latest 
ideas  in  laboratory  study  of  the  science  of  aviation.  {Chris- 
tian Science  Monitor,  July  14,  1917,  p.  8) 


PROBLEMS   IN   WASTE   DISPOSAL 


By  henry  a.  ALLEN,  CHICAGO,  ILL. 

Member  of  the  Society 


THOUGH  the  questions  of  disposal  of  wastes  have  been 
under  consideration  for  many  years,  it  is  comparatively 
recently  that  such  have  been  submitted  to  careful  engineering 
study  and  analysis. 

The  main  factors  to  be  considered  in  the  disposal  of  muni- 
cipal wastes  are  sanitation  and  discommodity — the  first  as 
affecting  the  health  of  the  individual  and  of  the  general  public, 
the  second  as  affecting  the  individual  or  public  in  the  matters 
of  inconvenience,  unsightUness  and  ofi'ensiveness. 


Cost.  This  factor  is  put  last  because  it  is  assumed  that 
any  legislative  body,  appreciating  the  necessity  of  a  function, 
will  provide  funds  for  the  actuation  of  that  function. 

Often  conveniences  are  demanded  by  individuals  or  the 
public,  in  utter  disregard  of  the  fact  that  such  can  not  be  had 
without  commensurate  expenditure  of  funds. 

Economy  in  public  works  does  not  mean  the  apparent 
saving  in  moneys  by  the  non-execution  of  a  desired  or  re- 
quired public  improvement    (so  to  speak,  municipal  deferred 


Fig.  1     Chicago  Municipal  Reduction  Plant  with  Contemplated  Extensions 


In  designing  for  a  municipality,  it  is  my  opinion  that  the 
work  should  proceed  along  the  following  general  divisions 
stated  in  the  order  of  their  importance : 

FACTORS    to    be    considered    IN    WASTE    DISPOSAL 

Service.  Service  requires  that  the  apparatus  and  structures 
shall  at  all  times  be  able  to  perform  the  duties  imposed.  In 
the  case  of  waste  disposal  it  means  at  all  times  required  ability 
to  collect,  transport  and  dispose  of  in  a  convenient  and  sani- 
tary manner  all  wastes  produced. 

Discommodity.  Discommodity  or  inconvenience  relates  to 
handling  in  a  manner  least  disagreeable  to,  and  entailing 
minimiun  effoi't  on  the  part  of,  the  individual  or  public. 

Attractiveness.  Attractiveness  in  structures  is  desirable  as 
its  tendency  is  to  make  less  acute  any  actual  or  imaginary 
odium  attached  to  a  plant,  whereas  neglect  tends  to  magnify 
such. 

Economy  of  Operation.  Economy  of  operation  refers  to 
tbe  accomplishment  of  the  work  required  in  a  most  direct  and 
inexpensive  manner,  having  in  view  the  obtaining  of  the 
greatest  net  monetary  returns  compatible  with  good  sanitary 
and  inoffensive  operation. 


Abstract  of  paper  prosented  at  a  meeting  of  the  Chicago  Section  of 
The  American  Society  of  Mechanical  Engineers,  January  19,  1917. 


maintenance),  but  making  each  dollar  appropriated  go  farthest 
in  the  execution  of  a  necessary  or  desired  public  improvement. 
Obviously,  it  is  to  the  engineering  professions  that  the 
public  must  turn  if  it  is  desired  to  have  solved,  in  a  logical 
and  practical  manner,  the  various  intricate  problems  of  munic- 
ipal waste  disposal. 

THE   MUNICIPAL   WASTE    SITUATION   IN   CHICAGO 

As  the  municipal  waste  situation  in  Chicago  is  typical  of 
similar  situations  in  many  other  cities  of  the  United  States, 
the  following  brief  account  may  be  instructive : 

On  August  30,  1906,  the  city  of  Chicago  entered  into  a 
contract  with  the  Chicago  Reduction  Co.  for  the  disposal  of 
the  city's  garbage. 

The  laws  of  the  state  of  Illinois  permit  contracts  to  be 
entered  into  at  any  time  of  the  year  relative  to  the  disposal 
of  garbage,  provided  the  duration  of  such  does  not  exceed 
five  years. 

Owing  to  change  in  the  system  of  disposal,  at  the  end  of 
two  years  a  new  contract  was  entered  into  for  a  period  of 
five  years  ending  August  31,  1913,  which  provided  for  a  pay- 
ment by  the  city  of  $47,500  per  annum  to  the  contractor. 

During  this  period  it  was  claimed  by  the  Chicago  Reduction 
Co.  that  the  city  did  not  live  up  to  its  contract,  and  by  the 
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city  tli.Tt  the  company  did  not  operate  its  plant  in  a  sanitary 
and  inoffensive  manner,  as  contemplated  by  its  contract  with 
the  city. 

Much  dissatisfaction  having  arisen  in  regard  to  the  manner 
of  operation  of  the  plant  during  the  latter  part  of  the  term 
of  contract,  many  individuals  and  civic  associations  began 
agitation  for  imi3ro\ement  of  conditions,  which  finally  re- 
sulted in  an  appraisal  of  the  plant  being  ordered.  A  board 
of  ajjpraisers  was  appointed,  consisting  of  H.  M.  Byllesby 
&  Co.,  represented  by  Mr.  Harold  Almert,  myself,  appointed 
by  His  Honor  the  Mayor,  City  of  Chicago,  and  Mr.  Leonard 
Metcalf,  selected  by  the  two  appraisers  of  the  contending 
parties. 

There  was  practically  an  agreement  by  all  appraisers  as  to 
reproduction  cost  new;  but  a  great  ditferenee  in  the  question 
of  physical  depreciation,  the  city's  appraiser  estimating  41  per 
cent  at  the  end  of  the  five-year  period,  Byllesby  &  Co.  14  per 
cent,  and  the  third  appraiser  a  mean  proportional  of  24  per 
cent.  The  final  fair  values  arrived  at  were  approximately 
as  follows : 

City's  appraiser .$226,000 

Company's  appraiser  762,000 

Third  appraiser 492,000 

The  company's  appraiser  agreed  to  the  value  of  the  third 
appraiser,  but,  as  the  city's  appraiser  considered  this  juggling, 
he  withdrew. 

After  the  disagreement  of  the  appraisers,  the  city  having 


Fig.  2     Garbage  Box  Used  in  Chicago 

(Length,   12  ft.;  width,  4  ft.;  depth,  32   in.) 

no  place  to  dispose  of  its  garbage,  I  was  asked  to  erect  in  two 
weeks'  time  a  temporary  garbage  plant  capable  of  handling  a 
maximum  of  500  tons  a  day  until  the  city  could  make  other 
arrangements.  This  work  was  accomplished,  and,  while  not 
entirely  inoffensive  in  operation,  served  well  its  purpose  until 
the  purchase  of  the  plant  of  the  Chicago  Reduction  Co.  by 
the  city. 

Condemnation  proceedings  were  commenced  shortly  after 
the  appraisal  of  the  property,  but  before  they  were  completed, 
early  in  1914,  the  company  made  a  proposition  to  the  city  to 
sell  its  plant,  including  real  estate,  good  will,  etc.,  for  the  sum 
of  .$27.5,000.  I  ])reviously  advised  against  the  purchase  of 
thi.s  plant  by  the  city,  appreciating  that  rehaliilitating  an  old 
plant  and  adding  new  structures  while  operating  would  result 
in  high  cost,  and  that  when  completed  the  plant  would  not 
be  as  well  arranged  and  equipped  as  would  be  the  case  in  a 
new  plant  constructed  on  a  clear  piece  of  ground. 

Owing  to  the  difficulty  of  securing  a  suitable  location  for  a 
new  plant,  however,  it  was  decided  by  the  city  to  purchase 


the  plant  at  the  price  offered — $275,000.  in  my  original  ap- 
praisal I  estimated  the  worth  of  the  plant  to  the  city  as  the 
value  of  the  land,  plus  salvage  or  scrap  value,  plus  value  of 
supplies  on  hand,  plus  an  amount  that  may  be  termed  the 
■'  value  of  temporary  utility  "  or  "  availability  for  temporary 
use  value,"  making  a  total  of  approximately  $226,000.  As 
this  was  in  October  and  there  were  available  approximately 
seven  months  before  the  hot  weather  of  the  following  summer, 
I  estimated  the  "  temporary  utility  value  of  the  plant "  at 
apiiroximately  .$80,000.  When  the  oifer  from  the  Chicago 
Reduction  Co.  to  sell  was  made,  there  remained  practically  but 
three  montlis  before  the  hot  weather,  too  short  a  time  to  con- 
struct a  new  plant,  hence  I  estimated  an  increase  of  $25,000 
in  '•  temporary  utility  value."  As  the  cost  to  the  city  of  con- 
demnation proceedings  would  undoubtedly  have  been  not  less 
than  $25,000,  and  in  view  of  the  fact  that  the  property  so 
.obtained  could  be  used  for  no  other  purpose  than  that  for 
which  condemned,  I  advised,  all  conditions  being  considered, 
that  the  company's  offer  be  accepted. 

It  was  during  the  bad  weather  of  Feliruary  1914  that  in- 
structions were  issued  to  start  the  work  of  rehabilitating  the 
old  reduction  plant  purchased  from  the  Chicago  Reduction 
Co.  This  necessitated  the  work  of  design  and  construction 
being  carried  on  at  the  same  time  and  working  night  and  day. 
By  June  the  plant  was  in  condition  to,  and  did.  handle  all 
the  garbage  of  the  city  of  Chicago  in  a  practically  inoffensive 
manner. 

One  of  the  greatest  difficulties  in  disposal  problems  is  the 
location  of  loading  stations  and  plants,  or,  more  strictly,  the 
being  permitted  to  locate  such.  While  the  citizens  appreciate 
tlie  neces.sity  for  disposal  and  attendant  plants,  they  prefer 
such  situated  in  their  neighbors'  back  yards  and  offer  strenuous 
objections  when  their  own  are  under  consideration.  Hence, 
locations  are  too  often  required  decide;!  by  political  expediency 
rather  than  by  good  engineering  judgment. 

It  is  well  to  state  here  that  the  women  of  Chicago,  tlu'ough 
their  various  organizations,  have  played  a  most  prominent 
[lait  in  bringing  about  the  solution  of  the  city's  waste  ques- 
tion, especially  as  regards  garbage.  These  organizations  are 
of  invaluable  assistance  in  educating  householders  to  properly 
separate  and  take  care  of  household  wastes. 

In  my  opinion,  the  city  of  Chicago  has  approached  this 
great  question  in  a  most  broad-minded  and  businesslike  way, 
appropriating  requisite  funds  to  enable  investigations,  studies 
and  experiments  to  be  made,  to  the  enl  that  a  foundation  can 
lie  laid  for  the  solutions  of  the  various  problems — not  alone 
for  today,  but  for  years  to  come. 

selection  of  a  garbage-collection   TINIT 

Having  been  selected  chief  of  the  technical  staff,  created  on 
the  recommendation  of  the  city's  Waste  Commission,  the  neces- 
sary engineering  and  working  forces,  including  waste  investi- 
gators, were  organized  and  systematic  studies  begun.  At  the 
same  time,  work  on  the  design  and  construction  of  the  munic- 
ipal reduction  plant,  95th  Street  incinerator.  Bridewell  crema- 
tory, and  collecting  and  handling  equipment  was  being  carried 
on.  To  facilitate  this  work  it  seemed  to  me  that  somewhere 
along  the  line  from  the  production  of  waste  to  the  point  of 
final  disposal  a  unit  should  be  selected.  The  most  difticult 
phase  of  the  entire  problem  is  getting  the  garbage  from  the 
kitchen  to  the  collecting  unit. 

It  was  for  this  reason  that  the  garbage  box  was  selected. 
The  larger  the  capacity  of  this  unit,  other  things  being  e(|ual, 
the  less  the  cost  of  collecting  and  handling.    Study  showed  that 
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a  six-cubic-yard  box  when  filled  became  too  lieavy  for  a  two- 
horse  team,  except  on  the  very  best  of  paved  streets.  As  but 
13  per  cent  of  our  alleys  are  paved  and  62  per  cent  of  our 
streets,  this  prohibited  such  a  unit  being  used  throughout  the 
city.  So,  taking  all  in  consideration,  the  unit  adopted  appears 
to  be  the  most  satisfactory.  This  consists  of  a  box  12  ft.  long, 
4  ft.  wide,  and  32  in.  high,  as  shown  in  Fig.  1. 

Two  such  boxes  can  be  loaded  abreast,  tliree  in  length  and 
two  vertically,  making  twelve  boxes  per  specially  designed 
railway  car.  One-half  this  number  can  be  loaded  on  a  specially 
designed  street  car.  The  net  loads  of  garbage  contained  will 
be  approximately  3-t  and  17  tons,  respectively. 

By  adopting  a  standard  collecting  unit,  hoisting  equipment, 
including  cranes,  runways  and  slings;  hauling  equipment,  in- 
cluding wagons  and  tractors;  transporting  eiiuipment,  includ- 
ing railway  and  electric  cars,  steam  and  tow  barges,  become 
standards  for  loading  and  disposal  stations  for  various  wastes. 

The  studies  so  far  conducted  indicate  that  it  may  be  con- 
sidered an  axiom  that  that  system  liandling  an  offensive  sub- 
stance which  exposes  the  least  or  fewest  surfaces  to  contact 
with  such  substance  is  the  most  sanitary,  lea.st  offensive  and, 
in  general,  commerciallv  the  best. 


TABLE  1  COST  OF  GARBAGE  DISPCSAL  IN  CHICAGO  FOR  FIVE 
YEARS  PREVIOUS  TO  ACQUISITION  OF  GARBAGE  PLANT  BY 
THE  CITY 


Year  Ended 
September  30 

Amount  Paid 
by  City 

Number  of  Tons 
Delivered 

Cost  Per 
Ton 

1909 
1910 
1911 
1912 
1913 

S47,500 
47.500 
47.500 
47..500 
47.500 

89,957 

97,087 

115,364 

118,225 

144,343 

If  0,528 
0  489 
0.411 
0.401 
0.329 

Totals 

.S237.500 

564,976 

$0  420 

TABLE  2  AVERAGE  NET  COST  PER  TON  TO  THE  CITY  OF  CHICAGO 
FOR  HANDLING  GARBAGE  AT  THE  MUNICIPAL  GARBAGE 
PLANT  FRO.M  TIME  OF  ACQUISITION  TO  SEPTEMBER  30.  1916 


Year 

Expense  of 
Operation 

Revenue 

Net  Cost  of 
Operation 

Garbage  Ton- 
nage Received 

Net  Cost 
Per  Ton 

1914 

1915 

1916 

$1.54,684.48 
278,570.35 
432,721.86 

$  96.585.06 
183,196.83 
410,512.28' 

$  58,099.42 
95.373.52 
22,209.58 

75.5993-4 
1 50,874  Ji 
137,920!  2 

$0,768 
0.632 
0.161 

Totals.. 

$865,976.69 

$690,294.17 

$175,682.52 

364.395 

$0,482 

'  During  the  year  1916  the  extractor  plant  was  in  operation  but  from  the  first 
of  June,  and  the  mill  house  was  not  in  full  operation  until  the  latter  part  of  June  . 

From  January  1  to  the  time  of  starting  the  extractor  plant,  the  city  received 
only  13.27  a  ton  for  commercially  dried  garbage,  which  is  green  garbage  dried 
down  to  10  per  cent  moisture. 

The  capacity  of  the  old  mill  house  was  not  sufficient  to  handle  all  garbage  de- 
greased,  necessitating  the  storage  of  approximately  14,000  tons  on  the  property 
north  of  the  plant,  thereby  greatly  increasing  the  cost  of  production  of  tankage. 


TABLE   3     ESTIMATED   PROFIT   IN   HANDLING    GARBAGE   AT   THE 
CHICAGO  MUNICIPAL  PLANT  DURING   1917 


Cost  of 
Operation 

Revenue  ' 

Net 
Revenue 

Garbage 
Tonnage 

Net  Profit 
Per  Ton 

$477,000 

$603,000 

$126,000 

145,000 

$0,869 

*  Price  of  grease  taken  at  5  cents  per  pound  and  tankage  at  $5.00  per  ton,  both 
figures  much  below  the  present  market  prices. 


.    COST  FIGURES  ON  GARBAGE  DISPOS.\L 

It  is  entirely  feasible  to  construct  a  reduction  plant  or  an 
incinerator  to  operate  in  a  sanitary  and  inoffensive  manner. 
To  lay  down  a  fixed  set  of  rules,  however,  is  not  permissible, 
as  the  waste  problems  of  each  city  must  be  considered  as 
separate  and  distinct.  Generally  it  costs  money  to  incinerate, 
whereas  money  can  be  made  by  reduction,  as  will  be  seen 
from  Tables  1  to  3. 

SYSTE.MS  OF  GARBAGE  REDUCTION 

Briefly,  the  following  may  be  considered  the  present  methods 
or  systems  of  garbage  reduction:  Cooking  process  (Ai-nold 
and  Edgerton),  Cobwell  system,  chemical  process,  and  drying 
process  (Mertz  and  Simons). 

In  the  cooking  process  the  raw  garbage  is  fed  into  large 
tanks  called  digesters,  holding  several  tons  of  garbage  each. 
These  tanks  are  then  closed  and  the  contents  subjected  for 
several  hours  directly  to  a  steam  pressure  varying  between 
40  and  80  lb.  per  sq.  in.,  the  tendency  being  to  break  down  the 
cellular  structures  by  boiling. 

When  the  digestion  is  completed  the  emulsion  of  grease  and 
tank  liquors  is  drawn  off.  The  solid  matter  generally  is  fed 
to  a  press  where  the  main  portion  of  the  entrained  oil  and 
liquors  is  forced  out,  leaving  a  tankage  containing  40  to  50 
per  cent  of  moisture.  The  tank  liquois  and  grease  obtained 
from  the  cooking  and  pressing  process  are  passed  through  a 
series  of  settling  tanks  or  basins  in  which  the  grease  is 
separated  gravimetrically  and  drawn  off  or  skimmed  from 
the  top. 

The  tank  liquors,  which  contain  considerable  fertilizer  value, 
are  treated  in  a  multiple-effect  evaporator  to  thicken  before 
mixing  with  the  degreased  tankage. 

The  tankage  after  pressing  is  properly  dried  and  sub- 
jected in  a  percolator  to  the  action  of  a  grease  solvent  which 
absorbs  the  remaining  grease.  The  saturated  solvent  is  dis- 
tilled off'  and  condensed,  leaving  the  grease,  the  solvent  being 
ready  to  use  again.  The  degreased  tankage  and  liquor,  called 
■'  stickwater,"  are  mixed,  dried,  milled  and  sliipped. 

There  are  several  successful  reduction  plants  employing 
this  process,  among  them  being  the  municipally  owned  and 
ojjerated  plant  of  the  city  of  Columbus,  Ohio,  and  privately 
operated  plants  at  Pittsburgh  and  Philadelphia. 

In  the  Cobwell  system  the  green  garbage  is  fed  into  a  tub- 
shaped  digester  tank  of  several  tons  capacity,  provided  with 
a  steam  jacket  or  interior  heating  coils,  and  subjected  to  the 
direct  action  of  a  grease  solvent  at  a  temperature  under  200 
deg.  fahr.  Dehydration  takes  place  for  several  hours,  during 
which  time  the  vapors  are  drawn  off  and  condensed.  These 
vapors  consist  principally  of  moisture  and  a  portion  of  en- 
trained solvent.  After  condensation  the  solvent  is  separated 
from  the  water  and  is  ready  for  use  again,  the  water  gener- 
ally being  wasted. 

During  this  operation  a  large  proportion  of  the  grease  is 
dissolved  in  the  sohent  and  the  cellular  structures  for  the 
most  part  broken  down.  The  saturated  solvent  is  then  drawn 
off. 

The  tankage  remaining  in  the  digester  is  subjected  to  one 
or  more  washings  of  grease  solvent,  for  the  purpose  of  obtain- 
ing-the  greatest  permissible  amount  of  grease.  The  solvent 
with  the  dissolved  grease  is  then  drawn  off  and  live  steam 
introduced,  as  in  the  case  of  most  percolator  ])rocesses,  to 
drive  off  as  much  of  the  remaining  solvent  as  possible,  to 
minimize  loss.  The  tankage  is  then  subjected  to  drying  under 
vacuum   by  heat   supplied   from   the   steam   jacket   or   coils. 
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When  the  moisture  content  has  been  reduced  to  less  than 
10  per  cent,  the  contained  tankage  is  removed,  ground,  screened 
and  shipped. 

It  wiU  be  noted  in  this  process  that  a  large  portion  of  the 
reduction  is  done  in  the  one  tank  or  digester. 

Some  of  the  latest  municipal  installations  emjDloy  tliis  sys- 
tem, among  which  are  those  in  New  Bedford  and  Los  Angeles. 
The  city  of  New  York  is  endeavoring  to  build  a  plant, 
equipped  with  this  process,  of  2000  tons  capacity  of  green 
garbage  per  24   hours,  estimated   to   cost  approximately  two 


drying.  The  material  from  the  crusher  is  then  fed  into  dryers, 
its  moisture  content  being  reduced  to  10  per  cent  or  less. 
From  the  dryers  it  is  fed  into  percolators  where  it  is  sub- 
jected to  the  action  of  a  grease  solvent.  The  grease-saturated 
solvent  is  then  drawn  off  and  the  solvent  distilled  off  and 
condensed  for  repeated  use,  the  grease  being  treated  and 
stored  ready  for  shipment.  Steam  is  then  turned  on  to  drive 
off  any  residual  solvent,  after  which  the  tankage,  which  con- 
tains about  26  per  cent  moisture,  is  withdrawn  and  then  put 
through    final    dryers   and    dried    to   about    6    to   8   per   cent 
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Fig.  3    Longitudinal  Section  of  Dryer  Building,  Chicago   Municipal  Reduction  Plant 


and  one-half  million  dollars.  New  York  is  having  the  common 
difficulty  of  securing  a  suitable  location  for  the  plant,  owing 
to  the  objection  of  property  owners  near  sites  deemed  suitable. 

The  chemical  process  proposed  by  Dr.  Hirsch  has  not  been 
demonstrated  with  the  required  exactitude  to  enable  competent 
engineering  judgment  to  be  jjassed  upon  it.  It  consists  of  a 
treatment  tank  containing  several  tons  of  green  garbage,  the 
garbage  being  subjected  to  the  action  of  certain  chemicals 
which  convert  the  cellulose  into  dextrin,  or  dextrose,  depending 
upon  the  temperature  employed  and  the  time.  Personally,  I 
have  great  hope  that  such  a  system  may  be  evolved. 

Dr.  Morgan  claims  to  have  a  process  by  which  he  produces 
alcohol  directly  from  garbage.  The  experiments  so  far  made 
by  him  have  not  yet,  I  am  informed,  been  suflBeiently  con- 
clusive to  enable  an  engineering  report  to  be  made. 

In  the  three  systems  above  described  it  wiU  be  noted  that 
the  green  garbage  is  fed  into  tanks,  which  are  then  closed  and 
the  contents  exposed  to  treatment. 

GAEBAGE-KEDUCTIOX   PROCESS   USED    IN    CHICACJO 

The  fourth  process  mentioned  is  the  dryer  process  and  is  the 
system  in  use  at  the  municipal  reduction  plant  in  Chicago.  In 
this  process  the  garbage  is  generally  first  run  through  a 
crusher  to  smash  open  cans  of  condemned  foodstuffs  and  to 
break   up    other   large   material   to   permit   of   more   efficient 


moisture.  It  is  then  screened,  milled  and  screened  and  stored 
ready  for  shipment. 

This  system  was  one  of  the  first  employed,  but  in  most 
eases  has  been  replaced  by  the  cooking  process  or  its  latest 
modification — the  Cobwell  system.  My  investigation  convinced 
me  that  one  great  cause  of  offense  at  the  jjlant  of  the  Chicago 
Reduction  Co.  was  due  to  the  use  of  direct-heat  dryers  and  the 
consequent  burning  or  carbonizing  of  certain  greases  and 
materials  such  as  hair  and  flesh.  This  scorching  action  not 
only  was  the  cause  of  offense,  but  also,  I  believed,  the  cause 
of  loss  in  the  amount  and  value  of  the  by-products.  The 
result  was  the  installation  of  the  more  costly  direet-indirect- 
heat  dryers. 

As  predicted,  when  using  the  indirect-heat  dryers  not  only 
has  the  necessity  for  scrubbing  practically  been  eliminated, 
but  the  tankage  and  grease  produced  are  better,  with  con- 
sequent increased  values.  The  garbage  is  dried  from  75  per 
cent  moisture  to  10  per  cent  or  less  in  one  cylinder. 

The  principal  aim  in  designing  this  plant  was  to  eliminate 
offense;  therefore,  not  being  content  with  the  results  thus 
attained,  I  thought  it  advisable  to  provide  each  dryer  with  a 
jjettieoat  stack.  This  stack  permits  commingling  of  outside 
air  with  the  gases  escaping  from  the  dryer,  therefore  cooling 
and  throwing  down  a  certain  amount  of  moisture  (which  canies 
with  it  considerable  very  fine  suspended  matter)  and  in  addi- 
tion causing  dilution. 
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The  stacks  are   provided  with  suitable  sprays,  for  use  in 
case  of  any  possible  emergency  due  to  delayed  collection  in 


Dried  Oarboqe 
Convzuor 


Fig.  4    Ckoss-Section  of  Extractor  Building 


Tig.  5    Cross-Section  op  Mill  Building 

hot  weather  or  accidental  fire  or  overloading.    It  will  be  noted 
that  each  dryer  is  arranged  in  the  newly  designed  dryer  build- 


ing as  a  practically  complete  unit,  having  its  own  cyclone  and 
petticoat  stack. 

BY-PRODUCTS   FROM  GARBAGE 

An  interesting  as  well  as  an  economically  important  phase 
of  the  garbage-disposal  situation  are  the  many  products  deriv- 
able and  derived  from  garbage,  as  indicated  in  Table  4.  The 
kind  and  number  of  by-products  produced,  however,  are  mat- 
ters to  be  determined  by  commercial  expediency. 

TABLE  4     PRODUCTS  DERIVABLE  AND  DERIVED  FROM  GARBAGE 


Garbage. 


Moisture 
plus 
Volatile 
(75%).... 


Ethyl  alcohol 
Methyl  alcohol 
Formic  acid 
Acetic  acid 
Citric  acid 
Malio  acid 
Essential  oils 


Solids 
(25%).. 


Garbage  Grease 


Glycerine. 


Steanc  acid. 


Red  oil. 


Tankage . 


Carbohydrates 


Proteins... 


Inorganic  salts 


i  Nitroglycerine 
Soapa 
Toilet  articles 
Confectionery 

(Candles 
Soaps 
Fluxes 

r  Automobile 
J       industrj- 
I  Liquoring  fat 
[  Sulphonated  oil 

Starches 

Sugars 

Gums 

Dextrine 

Alcohol 

f  Stick 

\  Ammonium 
[^  sulphate 

Potassium  sulphate 
and  other  potas- 
sium salts 

Acid  phosphate 

Bone    phosphate    of 
lime 

Paper  pulp 


Tin  cans. 


Miscellaneous. 


Tin 
_  Iron  scrap 

Glass,  crockery,  metal 
(other  than  tin  cans) 
sand,  ashes  and  rub- 
bish 

I  estimate  the  amount  of  garbage  that  will  be  delivered 
to  the  plant  during  the  year  1917  at  not  less  than  150,000 
tons,  from  which  should  be  obtained  not  less  than  8,000,000  lb, 
of  grease  and  30,000  tons  of  tankage.  The  city  of  Chicago 
at  present  has  a  contract  for  the  purchase  of  garbage  gi'ease 
at  a  price  of  7.29  cents  per  lb.  on  a  basis  of  3  per  cent 
unsaponifiable,  total  impurities  not  to  exceed  6  per  cent.  The 
city  has  a  contract  for  the  purchase  of  gai'bage  tankage  at 
the  sum  of  $4.16  per  ton.  The  price  received  for  the  grease 
is  high,  but  that  received  for  tankage  is  low,  the  present 
market  value  of  garbage  tankage  exceeding  $7  per  ton. 


In  the  July  issue  of  the  Proceedings  of  the  Engineers'  Club 
of  Philadelphia  J  D.  Robert  Yamall  and  G.  A.  Binz  review 
recent  development  in  V-notch  weir  measurement,  concluding 
with  a  description  of  an  elaborate  test  of  a  standard  Lea 
meter  made  at  the  University  of  Pennsylvania.  The  paper 
is  abstracted  from  the  proceedings  of  the  meeting  of  the 
Philadelphia   Section   of  the   Am.Soc.M.E.,   April   24,   1917. 


COMBINED  STRESSES 


By  a.  lewis  JENKINS,  CINCINNATI,  O. 

Member  of  the  Society 


IN  the  past  few  years  much  has  been  written  regarding  the 
applications  of  the  formulse  for  combined  stresses.  The 
discussions  consist  of  theoi'etical  and  experimental  analyses  of 
the  stress  relations  resulting'  from  complesed  loadings  which 
produce  more  than  one  kind  of  simple  stress,  such  as  combined 
shear  and  tension ;  and  most  of  these  are  endeavors  to  prove 
that  the  designer  should  base  his  calculations  on  the  maximum 
existing  shear  stress  regardless  of  the  relative  strengths  of  the 
materials  in  tension  compression  and  shear. 

This  popularity  and  stimulated  interest  in  the  subject  of 
combined  stresses  was  induced  by  Guest,  who  in  1900  pub- 


FiG.    1     Bae    Subjected   to 
Compressive  Load 


Fig.    2     Bar    Subjected   to 
Two  Compressive  Loads 


lished  the  results  of  his  tests  on  the  strengths  of  soft  steel. 
copper  and  brass  tubing  when  subjected  to  bending  and 
twisting.  The  main  conclusion  drawn  from  the  results  of  these 
experiments  was  that  they  were  in  accordance  with  the  previ- 
ously established  fact  that  soft  steel  and  most  ductile  materials 
are  weaker  in  shear  than  in  tension.  Recently  several  writers 
have  extensively  advocated  the  use  of  the  maximum-shear- 
stress  hypothesis  until  they  have  reached  the  limit  of  having 
suggested  its  application  in  the  design  of  cast-iron  members! 
One  of  the  most  recent  handbooks  for  designers  gives  only 
Guest's  formula  for  the  design  of  shafting  subjected  to  com- 
bined bending  and  twisting,  without  mentioning  the  fact  that 
it  is  absurd  to  use  it  for  anything  but  a  soft,  ductile  material. 
There  are  six  possible  hyiiotheses  upon  which  a  formula  for 
combined  normal  and  shearing  stresses  may  be  based,  namely, 
the  maximum  apparent  and  the  maximum  true  or  equivalent 
stresses  in  tension,  compression  and  shear.  Of  these  only  the 
maximum  apparent  stresses  in  tension  and  shear  and  the 
equivalent  tensile  stress  have  been  generally  proposed  for  the 
design  of  shafts.  Guest's  formula  is  evidently  not  based  on  the 
apparent  maximum  shear  stress  as  some  writers  have  assumed. 


.VPPAREXT  .\ND  EQUIV.\LEXT  STRESSES  DUE  TO  LOADS  TH.\T 
PRODUCE  SIMPLE  TENSION  AND  COMPRESSION  UIRECTLY 

Apparent  Stresses  in  Normal  and  Obliqtte  Planes.  The  bar 
shown  in  Fig.  1  is  subjected  to  a  compressive  load  W,  and"  the 
simple  compressive  unit  stress  on  the  section  EB  is  C  =  W/A 
where  A  is  the  area  of  the  cross-section  through  EB. 


Presented  at  a  meeting  of  the  Cincinnati  Section  of  The  American 
SociETif  OF  MECH.4XICAL  EXGI.NEERS,  February  l,"i,  1917. 


The  area  of  the  cross-section  through  DF,  inclined  at  an 
angle  G  with  EB,  is  A/cosG;  and  the  force  normal  to  the 
plane  DF  is  TV  cosG;  hence  the  apparent  compressive  unit 
stress  acting  normal  to  DF  is 


C  = 


W  cosG 


TF  cos^G 


=  C  cos'G 


A/  cosG  A 

The  component   of   W  acting  parallel   to  DF  is   TF  sinG; 
lience.  the  apparent  tangential  or  shear  unit  stress  along  DF  is 
W  sinG  TF  sinG  X  cosG         C  sin'G 


S'=- 


2 


A/eos  G  A 

The  value  of  S'  is  a  maximum  when  G  =  45  deg.,  which 
means  that  the  maximum  apparent  shear  stress  is  along  the 
plane  making  45  deg.  with  the  direction  of  the  load  and  is 
equal  to 


,_C         TF 
^  ^T"  2A 


.[1] 


This  indicates  that  the  shear  stress  in  a  east-iron  cube  is 
rougldy  equal  to  half  tlie  compressive  str^s  when  failure 
occurs. 

The  bar  shown  in  Fig.  2  is  subjected  to  two  compressive 
loads  TT^,  and  TT^,  acting  at  right  angles.     Denoting  the  simple 


Fig.  3    Deformation  of 
Loaded  Bar 


Fig.  4     Direct  Compressive 
I'xiT  Strain  on  Bab 


compresses  unit  stresses  by  C^  and  C„  respectively,  the  apparent 
compressive  unit  stress  on  the  plane  DF  is  equal  to 

C  =  G,  cos=G  +  C,sin=G [2] 

and  the  apparent  unit  shear  stress  on  DF  is 


^^i"2G-- 


^in2G 


which  is  a  maximum  when  G  =  45  deg.  and  equal  to 

S'  =  V2{C,  —  CJ [3] 

If  TF,  and  TF,  were  reversed,  they  would  produce  tension  in- 
stead of  compression,  and  the  apparent  tensile  unit  stress  on 
DF  would  be 

r  =  r,  cos=G  -f  T,  sin'G 
where  T,  =  TF,/^4,  and  T.,  =  TT'/J.,.     The  maximum  ap]iarent 
shearing  unit  stress  is  a  maximum  when  G  =  45  deg.  and  is 
equal  to 

S'  =  i/2(r,  — TJ 

If  TT\  produced  direct  compression  and  TF,  direct  tension, 
the  apparent  unit  stresses  would  be 
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C  =  C,  cos'G  —  T,  sin'ff 
r  =  T,  siirt;  —  C,  cos'G 
and  the  maximum  apparent  shearing  stress  is 

It  is  seen  from  equation  [2]  that  the  greatest  apparent  com- 
pressive unit  stress  for  the  loading  shown  in  Fig'.  2  is  either 
C\  =  W/A^  or  C.  =  W./A...  depending  upon  tiie  relative  values 
of  the  loads  and  respective  areas,  the  compressive  stress  normal 
to  IF,  being  independent  of  the  load  IF„  or  the  unit  stress  C... 

Equivalent  Stresses  in  Normal  and  Oblique  Planes.  The 
above  method  of  determining  the  effect  of  combined  stresses 
employs  the  ordinary  methods  of  statics,  and  the  results  are 
known  as  apparent  stresses.  The  method  is  based  on  the  con- 
ception that  unit  stress  is  an  internal  resisting  force  acting  on 
a  unit  area,  and  is  found  by  dividing  the  load  by  the  area. 

A  better  conception  of  stress  assumes  that  it  is  that  property 
of  a  material  which  resists  deformation  of  strain,  and  its  in- 
tensity is  measured  by  the  product,  Es,  where  E  is  the  modulus 
of  elasticity  and  s  the  unit  strain  or  deformation  jiroduced  in 
a  unit  of  length. 

In  Fig.  3  the  load  W  deforms  the  bar  of  unit  area  an 
amount  equal  to  D  and  the  unit  deformation  in  the  direction 
of  IF  is  s  =  D/L,  where  L  is  the  length  of  the  bar,  and  the  unit 
compressive  stress  is  C  =  Es. 

Although  there  is  a  slight  decrease  in  the  volume  in  this 
ease,  due  to  the  load  IF,  the  lateral  dimension,  which  is 
equal  to  unity,  is  increased  an  amount  equal  to  F.  The 
ratio  F/ (D/L)=  F/s  =  ?/  for  a  unit  block  is  a  constant  for 
a  given  material,  and  is  known  as  Poisson's  ratio  of  lateral 
contraction.  For  any  size  block  having  a  lateral  dimension  in 
the  direction  of  F  equal  to  L',  then  y  ={F/L')^r-{D/L). 

In  Fig.  4,  IF,  produces  a  direct  compressive  imit  strain  in 
its  direction  equal  to  s,  =  CJE  and  a  lateral  unit  strain  (ex- 
tension) equal  to  s,«/. 

The  total  unit  strain  in  the  direction  of  IF,  is 

C,         CJt 

The  equivalent  stress,  or  the  single  simple  stress  that  will 
produce  an  equivalent  strain  in  the  direction  of  IF,  equal  to 
that  actually  produced  in  that  direction  by  the  combined  action 
of  IF,  and  IF„,  is  Ce,.    Hence 

E    ~  E  E 

and  C'„,  =  C,  —  C'„«/. 

Similarly  the  equivalent  stress  in  the  direction  of  IF.,  is 

C'e.  =  a  — C,2/ 
The  equivalent  compressive  stress  on  the  section  DF  is 
C'e  =  C'e,  cos'G  -{-  Cf,  sin'G 
and  the  maximum  equivalent  shear  stress  is 

S.  =  %  (C«,  —  C,,)  =  1/2  (C,  —  C.AJ—  Ce,  —  Cojj)  = 


1  +  2/ 


(f'.-cg. 


In  general,  the  equivalent  normal  stresses  (compression  and 
tension),  jjroduced  by  simple  compressive  and  tensile  stresses 
acting  in  three  directions  perpendicular  to  one  another,  as 
shown  in  Fig.  5,  are  when  all  are  tension, 

T,,=  T^~T,y-T^y 
If  any  of  the  stresses  should  be  compression  instead  of  ten- 
sion, its  sign  in  the  above  equations  should  be  changed. 

The  equivalent  shearing  stresses  are: 
■      -  :   S,  =  1/2  (r„  —  Te,)  in  the  plane  of  S,  and  S, 
-■    -S,  =  14 (Te,—  Te,)  in  the  plane  of  S,  and  iS,,  etc. 


MAXIMUM  APPARENT  AND  EQUIVALENT  STRESSES  DUE  TO 
COMBINED  NORMAL  AND  SHEAR  STRESSES 

In  machine  construction  many  parts  are  required  to  resist 
both  a  single  normal  stress  (tension  or  compression)  and  a 
simple  shear  stress.  Cases  where  a  machine  element  is  sub- 
jected to  more  than  one  normal  stress,  together  with  one  or 
more  shear  stresses,  are  quite  rare;  but  there  are  many  ex- 
amples of  a  single  normal  stress  being  combined  with  a  single 
shear  stress,  as  in  shafts  being  subjected  to  bending  and  twist- 
ing, propeller  shafts,  webs  of  beams,  girders  and  machine 
frames,  lathe  beds,  planer  and  boring-mill  rails,  spindles  of 
milling  machines,  drilling  machines  and  saws,  bolts,  screws  for 
transmitting  power,  and  numerous  other  machine  parts. 

Let  the  rectangle  in  Fig.  6  represent  a  small  elementary 
area  subjected  to  both  a  simple  tensile  stress  T  and  a  simple 
shear  stress  S,  such  as  exists  on  the  tension  side  of  a  shaft 
subjected  to  bending  and  twisting  or  in  the  web  of  a  beam  sub- 
jected to  bending.  On  the  compression  side  of  a  shaft  or  beam 
the  normal  stress  is  compression,  or  negative,  and  is  denoted 
by  C  as  shown  in  Fig.  7. 

The  normal  stresses  T  and  C  may  be  produced  by  loads  caus- 
ing tension,  compression  or  by  any  of  their  combinations,  and 


Fig.  5    Loads  in  Three  Direptions 

the  shear  stress  S  may  be  produced  by  torsion  or  any  other 
shearing  action,  such  as  vertical  and  horizontal  shear  in  beams. 
There  are  two  ways  in  which  the  combined  effect  of  these 
simple  stre.sses  rnay  be  expressed,  namely, 

1  By  emj;loying  the  ordinary  methods  of  statics,  in  which  case 

the  results  are  known  as  apparent  stresses 

2  By  applying  the  elastic  theory,  which  states  that  the  stress 

depends  entirely  upon   the  deformation   or  strain  in   the 
body.     The  results  of  this  method,  which  is  merely  a  re- 
finement of  the  other,  are  called  equivalent  stresses. 
The   derivation   of   the   formuloe    for   finding   these   stresses 
may  be  found  in  most  textbooks  on  the  strength  of  materials. 
Maximum    Apparent    Normal    Stresses.      By    resolving    the 
stresses  T,  C  and  <S'  perpendicular  and  parallel  to  any  line  such 
as  AB  in  Fig.  6,  the  apparent  shear  stress  along  ^-11?  and  the 
apparent  compressive  stress  perpendicular  to  it  may  be  found. 
Similarly,    the   tensile   stress   on    FD   may    be   found.      When 
tan2G  =  —  2S/T,  the  normal  stresses  are  a  maximum,  which 
gives  for  the  maximum  aiaparent  tensile  stress 

'^ '  =  .J  +  y  V^S^+r' [5] 

and  for  the  niaxinunu  aiqiaient  compressive  stress  acting  at 
right  angles  to  it 

C  =  ^  -  ^  VW+V [6] 

similarly,  in  Fig.  7  the  niaxinuini  apparent  tensile  stress  is 

■  ■     r  =  ^- _L  vi5M^r....: [7] 
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and  the  maximum  apparent  compressive  stress  is 
C       1 


C'  =  2-+2  V4S^+r. 


.[8] 


From  these  equations  it  is  seen  that  if  a  body  is  subjected 
to  both  a  simple  tension  and  a  simple  shear  stress,  the  maxi- 
mum apparent  tensile  stress  is  gi-eater  than  the  maximum  ap- 
parent compressive  stress  by  an  amount  equal  to 

r  —  c'  =  V4S'  +  P. 

In  the  case  of  a  circular  shaft  subjected  to  bending  and 
twisting,  the  stresses  due  to  bending  are  T  on  the  tension  side 
and  C  on  the  compression  side,  and  since  these  are  numerically 
equal,  the  values  of  I'  and  C  are  also  equal. 

Rankine  held  that  the  yielding  of  a  material  subjected  to 
combined  stresses  depends  entirely  upon  the  maximum  appar- 
ent normal  stress,  and  was  independent  of  the  apparent  shear 
and  other  stresses  which  may  act  at  right  angles  to  it.  He 
also  made  no  distinction  as  to  the  relative  strengths  of  material 
in  simple  tension,  compression  and  shear. 

Maximum   Apparent   Shear   Stress.      The   apparent    shear 


Fig.  6     Small  Elementary      Fig.   7     Normal   Stress  on 
Area  in  Simple  Tension  Compressive  Side 

AND  Sheab 


stress  acting  along  AB  in  Fig.  6  becomes  a  maximum  when 
cotG  =  2S/T  and  is  equal  to 

S'  =  i/2V4S'+2" [9] 

and  for  Fig.  7 

S'  =  _  %  V4S'  +  C [10] 

These  formulae  have  recently  become  popular  on  account  of 
some  writers  having  suggested  their  use  in  preference  to  any 
others,  and  by  so  doing  they  have  made  the  same  claims  for 
them  as  Rankine  made  for  the  maximum  normal  stress 
formulae,  and  again  the  relative  strength  of  the  material  has 
been  neglected. 

Mammum  Equivalent  Normal  Stresses.  Any  point  on  the 
surface  of  an  area  subjected  to  the  simple  stresses  T  and  S  is 
acted  upon  by  an  apparent  tensile  and  an  apparent  compres- 
sive stress  having  directions  at  right  angles  to  each  other.  In 
the  planes  of  maximum  stress  these  stresses  become  T'  and  C" 
and  they  produce  a  deformation  or  strain  equal  to 

E        E 

The  equivalent  stress,  namely,  that  single  tensile  stress  which 
would  produce  a  deformation  equal  to  that  actually  produced 
by  r  and  C  is 

T,  =  r  —  C'y 
and  the  equivalent  compressive  stress  is 

C.  =  C  —  ry 
By  substituting  the  values  of  T  and  C", 


and 

1-w  l-\-v 

Ce=  ~T ~  ViS'+r [12] 

In  Fig.  7  the  equivalent  tensile  stress  is 

1-w  1  +  v 

Te  =  -^  C ~  V4S"  +  r [13] 

and  the  equivalent  comjjressive  stress  is 

1  -  jy  1  +  V 

C,=-~C-\--^^/4S'+r [14] 

It  should  be  noted  that  according  to  equation  [11],  2',= 
(l  +  )/)Swhen  2'  =  0;and  T,  =  T  when  S  =  0. 

The  theory  that  these  equations  should  be  applied  to  prob- 
lems in  combined  stresses  is  due  to  Saint  Venant,  and  is  based 
on  the  assumption  that  the  yield  point  of  a  material  does  not 
depend  upon  the  apparent  stress  or  stresses  in  any  given 
dii-ection,  but  upon  the  deformation  or  strain.  It  is  sometimes 
known  as  the  "  maximum  strain  theory."  This  theory  also 
neglects  the  relative  strengths  of  the  material. 

Equivalent  Shear  Stress.    The  equivalent  shear  stress  is 

and  by  substituting  for  the  case  shown  in  Fig.  6,  gives 

1-f  V       

'S'.  =  -^  V4S^  +  2" [15] 

and  for  Fig.  7, 


1  +  2/ 


S.  =  —  -~-V^S'  +  C' 


.[16] 


1-v 

T.  =  — —  T  - 

2 


1  +  ?/ 


V4fi^- 


•[11] 


In  equation  [15]  it  should  be  noted  that  S.={l-\-y)S  when 
T  =  0;  and  S,=        '   -"  T  when  S  =  0. 

The  quantity  1  +  2/  is  the  ratio  of  the  modulus  of  elasticity 
in  tension  to  the  modulus  of  elasticity  in  shear  (modulus  of 
rigidity). 

This  indicates  that  the  true  stress  in  a  circular  shaft  sub- 
jected to  a  torsional  moment  M„  is 
_      5.1  M, 

*^'-(I+^W 
and  the  true  shear  produced  by  a  direct  or  purely  tension  or 
compression  load  is 

(1  +  2/) 
5.  =  — ^    '£  instead  of  V^T 

(l+2/)C  1 

and  Cc  = s instead  of  —  C. 

Although  these  formulae  are  given  in  Merriman's  Mechanics 

of  Materials  in  the  form  S,  = ,  they  have  not  been 

mentioned  in  the  numerous  discussions  on  combined  stresses 
occuring  in  engineering  periodicals. 


RELATIVE  STRENGTHS  OF  MATERIALS 

Hard  or  brittle  steels  and  cast  iron  fail  in  tension  when  sub- 
jected to  torsional  load  or  a  tension  load,  and  in  shear  when 
subjected  to  compression.  Soft  steels  and  other  ductUe  mate- 
rials fail  in  shear  when  subjected  to  either  a  tension  or  com- 
pression load  or  a  torsional  moment. 

A  hard-steel  or  cast-iron  beam  of  T  cross-section  will  fail 
in  tension  even  though  the  flange  is  on  the  tension  side.  It  is 
practically  impossible  to  design  a  cast-iron  beam  that  will  fail 
on  the  compression  side,  and  if  the  facilities  for  testing  the 
strengths  of  materials  were  limited  to  a  bending  test,  not  even 
a  conception  of  the  compressive  resistance  of  cast  iron  could 
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be  determined.  Neither  can  the  shearing  strength  of  a  rec- 
tangular or  a  round  bar  made  of  brittle  steel  be  determined 
from  a  bending  test,  for  the  simple  reason  that  the  tensile 
stress  reaches  the  ultimate  strength  of  the  material  before 
either  the  compressive  or  shear  stresses  become  "ultimate. 

A  torsion  test  of  a  round  bar  is  extensively  used  in  deter- 
mining the  shearing  strengths  of  materials  because  pure  tor- 
sion produces  a  shear  stress  that  is  greater  than  the  normal 
stresses.  The  apparent  normal  and  equivalent  stresses  pro- 
duced are  at  least  equal  to  the  shear  stress,  and  if  the  material 
is  stronger  in  shear  than  in  tension,  it  will  fail  in  tension  along 
a  helical  surface  making  an  angle  of  about  45  deg.  with  the 
surface  of  the  bar.  Such  a  test  is  by  no  means  a  measure  of 
the  shearing  strength  of  a  brittle  material  such  as  cast  iron. 

When  a  highly  finished  soft-steel  bar  is  subjected  to  tension, 
a  series  of  lines  inclined  to  the  axis  at  about  45  deg.  are  readily 
noticeable  after  the  elastic  limit  has  been  reached.  These  are 
known  as  "  Liider's  lines,"  and  are  in  the  direction  of  the 
maximum  shear  stress.  They  indicate  that  the  elastic  shearing 
resistance  and  not  the  elastic  tensile  stress  determines  the 
yield  point.  Soft-steel  bars  actually  fail  in  shear  with  a  cup- 
shaped  fracture  that  is  somewhat  modified  by  the  flow  of  the 
metal  during  contraction. 

It  is  known  that  brittle  materials  do  not  suffer  an  appreci- 
able lateral  contraction  before  failing  in  tension.  They  are 
stronger  in  shear  than  in  tension,  and  the  yield  point  of  a 
hardened-steel  bar  almost  coincides  with  the  ultimate  streng-th, 
it  being  elastic  under  almost  any  load  within  its  ultimate 
strength.  These  facts  suggest  that  the  yield  point  and  elastic 
limit  might  be  wholly  dependent  upon  the  shear  and  not  upon 
the  tension-  or  compression-resisting  properties  of  the  material. 
In  the  light  of  the  present  knowledge  of  the  effect  of  harden- 
ing steels,  it  is  entirely  possible  that  the  actual  ultimate  tensile 
stress  is  not  increased  by  hardening  and  the  apparent  increase 
in  tensile  strength  is  caused  by  the  increased  shearing  re- 
sistance due  to  the  treatment. 

In  view  of  these  facts,  it  seems  quite  probable  that  the  ten- 
sion test  of  a  soft-steel  bar  does  not  reveal  its  true  tensile 
strength,  yield  point  or  elastic  limit  with  any  greater  degree 
of  accuracy  than  a  torsion  test  reveals  the  shearing  strength  of 
hard  steel  or  cast  iron.  It  would  be  very  interesting  to  know 
the  tensile  strength  of  a  bar  loaded  in  such  a  way  as  to  elim- 
inate the  shearing  stresses  and  thereby  forcing  its  failure  to 
occur  in  tension. 

The  term  compressive  strength  is  merely  used  to  denote  the 
unit  compressive  stress  in  a  body  subjected  to  a  compressive 
load  when  the  shearing  stresses  and  friction  can  no  longer 
resist  rupture. 

It  is  easy  to  see  that  a  bar  may  be  ruptured  in  tension  by 
the  fractured  surfaces  separating  normally  or  in  shear  by  the 
fractured  surfaces  sliding  upon  each  other,  producing  tangen- 
tial separation;  but  in  the  ease  of  a  short  bar  of  metal  or 
stone  subjected  to  compression,  the  direct  effect  of  the  load 
is  to  jiress  the  material  together  instead  of  producing  separa- 
tion. 

Very  soft  materials,  when  subjected  to  compression,  flow 
laterally  and  do  not  separate;  whereas  brittle  materials  fail 
in  shear  before  they  will  flow,  and  some  steels  develop  cracks 
parallel  to  the  direction  of  the  load  after  the  material  has 
suffered  considerable  lateral  extension,  showing  that  the  sep- 
aration is  caused  by  tension.  It  is  difficult  to  acquire  an  ab- 
stract conception  of  ultimate  compressive  strength,  and  no 
means  are  available  by  which  even  the  elastic  compressive 
strength  may  be  shown  to  be  dependent  upon  any  property 
other  than  the  elastic  strength  in  shear. 


SELECTION  OF  FORMULA  FOR  A  GIVEN  MATERIAL  AND 
LOADING. 

A  body  subjected  to  a  complex  loading  will  fail  when  the 
stress  in  any  direction  at  any  point  reaches  the  ultimate  re- 
sistance of  the  material  in  that  direction  at  that  point. 

Conceive  of  a  chain  consisting  of  three  or  more  elements 
of  special  design — one  link  so  designed  that  the  maximum 
stress  is  tension,  another  in  which  the  compressive  stress  is 
much  higher  than  the  tension  or  shear,  and  the  third  element 
having  its  minimum  resistance  in  shear.  The  links  are  so  pro- 
portioned that  a  load  on  the  chain  will  produce  a  tension, 
compression  and  shear  stress  in  the  respective  links  that  is 
numerically  the  same  for  all.  How  would  the  chain  fail?  If 
made  of  east  iron  it  would  fail  in  tension,  of  glass  it  would 
fail  in  compression,  and  of  soft  steel  it  would  fail  in  shear. 
It  is  obviously  absurd  to  say  that  such  a  chain  constructed 
of  hard  steel  or  cast  iron  would  fail  in  shear;  yet  that  is  in 
accord  with  the  idea  that  some  discussions  on  combined 
stresses  were  intended  to  convey. 

According  to  Hancock,  the  numerical  values  of  the  stress  at 
the  yield  point  and  at  the  elastic  limit  are  practically  equal. 
It  has  also  been  observed  that  a  material  usually  fails  ulti- 
mately in  the  same  manner  in  which  it  first  yields;  hence  the 
yield  points  or  elastic  strengths  of  a  material  may  be  used  as 
a  criterion  of  its  relative  ultimate  strengths. 
Let  Q   =  yield  j-ioint  in  shear 
P   =  yield  point  in  tension 
Fs  =  factor  of  safety  in  shear  =  Q/S, 
Ft  =  factor  of  safety  in  tension  =  P/T, 

In  order  to  have  equal  factors  of  safety  against  yielding  in 
tension  and  shear 


Ft  =  F,  and 


F 


substituting, 
P 


s. 


P/T, 
(1-2/) 


=  1 

T/S 


.[17] 


(1  +  2/)  V  (4+T7S=)' 

If  the  right-hand  side  of  this  equation  is  greater  than  the  left 
the  factor  of  safety  in  tension  is  less  than  the  factor  of  safety 
in  sheai',  and  yielding  will  occur  first  in  tension ;  which  shows 
that  the  equivalent-normal-stress  formula  should  be  used.  If 
the  left-hand  member  is  the  greater,  yielding  will  occur  fu-st  in 
shear;  showing  that  the  formula  for  equivalent  shear  stress 
should  be  used. 

If  the  value  for  Q  is  obtained  by  a  torsion  test  it  is  more 
accurate  to  use 

(1-2/)    T/S 

1+2/ [18] 


P 

Q 


T, 

S, 


These  formulae  are  for  determining  whether  a  body  made 
of  a  given  material  and  subjected  to  a  given  shear  and  a  given 
tensile  stress  is  weaker  in  shear  than  in  tension  and  enable 
the  designer  to  select  the  proper  formula. 

Similar  formula;  may  be  written  for  compression  and  shear 
or  compression  and  tension. 

FORMULAE  FOR  THE  DESIGN  OF   SHAFTS  SUBJECTED  TO 
BENDING  AND  TWISTING 

,     Let  Mt,   =  external  bending  moment 
Mt   =  external  twisting  moment 

Mbe  =  equivalent  bending  moment  which  would  produce 
the  same  normal  stress  as  Mb  and  Mt 
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J/,,  =  tlie  eqiiivaleut  twisting  momeut  that  would  pro- 
duce the  same  shear  stress  as  M^,  and  il/, 
/  =  rectanguhir  momeut  of  inertia 
J  :=  polar  moment  of  inertia 

c  =  distance  from  the  neutral  axis  to   the  extreme 
fiber  or  radius  of  a  round  shaft 
2r,  =  rectangular  modulus  of  section,  I/c;  for  round 

section  D''.'l():2 
Z,  =  jjolar    modulus    of  section   J /c  =  21/c  =  D'/b.l 

fur  round  section 
D  =  diameter  of  shaft 
P  =  unit  tensile  stress  at  yield  point 
Q  =  unit  shearing  stress  at  yield  point 
2  =  working  stress  in  tension 
5  =  working  stress  in  shear. 
Then 

Mb  =  I-i/c  and  J/t  =  SJ/c 
Maximum-Normal-Stress  Theory.     According  to   the  maxi- 
mum normal  tress  theory  the  stress  producing  yielding  is 

r=  ^-\-~ViS'  +  r [19] 

2       2 
By  multiplying  this  equation  through  by  J/c  and  remembering 
that  J/c  =  21 /c,  it  becomes 

1        

ri/c  =  Ti/2c  +  -  s/s^r/c'  +  rr/cr 
it 

by  substitution,  the  equivalent  bending  momeut  is 

1  

3/,,  =  -  ( J/„  +  Vi>4'  +  J^.') [20] 

and  consequently  the  stress  is 

7-  =  ^  (J/,  +  V-W.=  +  -l/t=) [21] 

The  form  frequently  L;iven  in  text  books  is  due  to  Rankine, 
who  wrote  it  in  terms  of  the  equivalent  twisting  moment; 
namely : 

.1/,.  =  J/,  +  VWTlA' [22] 

from  which  the  shearing  stress  is 
•5.1 


The  formula  used  bv  the  French  engineers  is 


S'  =  ~    ( J/b  +  VJV  +  .1/,=  ) [2:i] 

which  is  the  same  value  as  given  for  the  tensile  stress  above. 
This  is  due  to  the  substitution  of  il/te  for  I'J /c  in  the  deriva- 
tion of  the  latter  formula.  If  the  tensile  stress  at  the  yield 
point  due  to  bending  is  the  same  as  shearing  stress  at  the  yield 
point  due  to  torsion,  I'  might  be  substituted  for  5";  but  as  a 
matter  of  fact,  the  ratio  P/Q  is  not  unity.  The  requirement 
for  equal  factors  of  safety  in  shear  and  in  tension  was  found 
to  be  T  =  PS'/Q.  Hence,  Rankine's  equation  should  be 
written 

Q  

-v,e=  2p  (J/.  +  Vii/.'Mr) 

fur  the  general  case. 


[24] 


Maximum-Strain  or  .  Maximum-Equivalent-Normal-Stress 
Theory.  According  to  Saint  Tenant's  theory  the  stress  pro- 
ducing yielding  is 


T,= 


(l-,v) 


(1  +  ^/) 


^JiS' 


r. 


2.3 


2  2 

By  the  same  method  used  in  the  preceding  case  it  is  found  that 
(1-2/)     _     ,    [l  +  y) 


-l/„. 


-1/.  + 


VM,=  +  J/r [20] 


and 


Q 


^ ,  [  CI  -  //)  -v..  ^a  +  u)  vj/„^  +  M.n . . . 


P  : 


,[27] 


-¥,,  =  0.375  Bh  +  0.625  x/J^b'  +  iW," [28] 

and  was  derived  by  Grashof,  who  used  0.25  for  the  value  of  y. 
The  formula  due  to  Bach  and  much  used  in  Germany  is 

Mbe  =  0.35  Mb  +  0.65  VWT^' [29] 

the  value  of  y  being  taken  equal  to  0.3. 

Maximiim-Ajjparent-Slifar-Stress  Theory.  It  has  been 
shown  that  the  maximum  apparent  shear  stress  is 


=  I  V4s=  +  r 


[30] 


By  multiplying  through  by  J. 
that 


and 


M,,=   ^M^'  +  M,' 
P 


M.^  = 


2Q 


and  substituting,  it  is  found 
[31] 

V-1/b^  +  J/r    [32] 


Equivalent-Shear-Stress    Theory.      From    the    equation    for 

equivalent  shear  stress 

(1  +  y)      

Se=^ V4-S=+r [33] 


The  equivalent  twisting  and  bending  moments  are 


.[34] 


and 


J/,.  =  (1  +  ,,)  VMb=  +  J/r 

Mbe  =  —  (1  +2/)   VMb^  +  iW,' [35] 

Mi(.ii)iiinii  Compn'ssive  Sii'engtii.  The  fact  that  practically 
all  materials  used  in  machine  construction  are  e(iually  as  strong 
or  stronger  in  compression  than  in  shear  or  tension  eliminates 
the  compressive  strength  as  a  criterion  in  design.  Glass  has 
the  distinction  of  having  a  greater  resistance  in  tension  than 
in  compression  and  if  its  physical  properties  were  definitely 
known  it  is  quite  jnobaljle  that  the  maximum-corapressive- 
stress  theory  would  be  found  applicable. 

Guest's  Formula.  The  formula  deduced  by  Guest  from  his 
experiments  is  written 

J/be  =   ^m+W [36] 

whereas  the  maximum  apparent  shear  stress  gives 

J/,e  =  V-^V  +  -Vr. 
In   order  to   determine   the   diameter   of  shaft    the   former  is 
equated  with  TD'/32  and  the  latter  with  5I>V16,  which  causes 
Guest's  formula  to  give  a  stress  twice  that  of  the  maximum, 
apiiarent-sheai'-stress  formula. 

The  expression  given  by  Guest  could  be  obtained  from  equa- 
tion [32]  if  P/Q  =  2  or  from  equation  [35]  when 

.(1  +  2/) 


2<? 


-=1 


By  assuming  y  =  0.3  this  expression  reduces  to  P/Q  =  1.57. 
Guest  did  not  give  the  values  of  P/Q  and  y  for  the  materials 
used  in  his  experiments.     The  values  of  P/Q  given  by  Han- 
cock' are  as  follows : 


Steel  Tubing 21,000 

Nickel  Steel 76,500 

Mild  Carbon  Steel 47,000 

Steel    (Seoble) 64,600 

Carbon   Steel 55.500 

Rivet    Steel 38,900 

Nickel  Steel 56.000 

Steel  Tubing 17,000 

Steel  Tubing 28,000 

Steel  Tubina 20.000 


Q 

P/Q 

10,500 

2.000 

38,000 

2.013 

30.500 

1.546 

29.170 

2.214 

24,400 

1.454 

23,400 

1.662 

35,000 

1.555 

11,500 

1.478 

16,000 

1.750 

12.000 

1.666 
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It  is  seen  from  the  results  in  this  table  that  the  value  of 
P/Q  =  1.54  corresponds  to  that  given  for  mild  carbon  steel; 
and  the  values  for  steel  tubing,  the  material  used  by  Guest, 
vary  from  1.47  to  2.00.  These  results  apparently  favor  the 
t^Vo  shearing-stress  theories  about  equally  well;  but  by  accept- 
ing the  elastic  theory  it  is  preferable  to  assume  that  the  value 
1.-54  is  the  proper  one  to  use,  which  means  that  the  equivalent- 
shear-stress  theory  is  the  more  accurate  of  the  two  and  should 
be  used  for  soft  or  ductile  materials.  There  is  nothing  in 
Guest's  results  to  show  which  of  these  theories  he  used.  His 
formula  is  empirical  and  the  data  on  the  elastic  limits  and 
ratios  of  lateral  contraction  are  lacking. 

Selection  of  Formula.  For  the  design  of  shafts  made  of 
hard  or  brittle  materials  such  as  ca-st  iron  or  hard  steel  the 
Grashof  formula 

3M„  5       — , — 

should  be  used. 

For  the  desig-n  of  shafts  made  of  soft  or  ductile  materials 
such  as  very  mild  steels  the  equivalent-shear-stress  formula 

Mt<,=  (l+y)    ^WT'+W  =  1.3  yjlil+W? 
should  be  used. 

When  the  equation 

P         n  —  tj)  M, 


(l  +  j/)  VM/  +  il/,=    ' 

is  satisfied  both  of  the  above  equations  give  the  same  result  and 
either  may  be  used.  When  the  right-hand  side  of  the  equation 
is  the  gxeater,  use  the  equivalent-normal-stress  formula,  and 
when  less  use  the  equivalent-shear-stress  formula. 

CONCLUSION 

The  equivalent  stresses  are  a  refinement  over  the  apparent 
stresses  and  both  theoretical  and  experimental  results  show 
that  the  former  is  the  more  accurate.  The  equivalent-stress 
f ormulse  are  written  as  follows : 

Equivalent  tensile  stresses 


r,  =  (1 


T  + 


-C- 


(1- 


(1  +  .'/) 


^^/is'  +  r 


^JAS'  +  C 


Equivalent  compressive  stresses  are 


C,  = 


C.  = 


(1— ?/) 

2 
(1  — i/) 


(1 


■?/) 


2 

(!  +  .'/) 


V4-S''  +  C 


T  ~ 


\/4S''  +  r 


Equivalent  shear  stresses  are 

6'   =   '^+-"^ 


5e 


2 

1  +  .V) 


ViS'  +  cr- 


The  tensile-stress  formulae  should  be  used  when  P/Q  is  less ; 
and  the  shear-stress  formulae  should  be  used  when  P/Q  is 
greater  than 

(l+y)V4^=+7-        "^ 
if  the  material  fails  in  torsion  with  a  helical-shaped  fracture, 
the  equivalent-normal-stress  formula  should  be  used,  and  if  in 
torsion  it  fails  in  a  plane  perpendicular  to  the  axis,  the  equiva- 
lent-shear-stress formula  should  be  used. 

If  a  material   fails  in   tension   with   a    decided   cup-shaped 


fracture,  the  equivalent-sliear-stress  formula  should  be  used; 
whereas  failure  perpendicular  to  the  axis  of  the  tension  speci- 
men indicates  that  the  equivalent-normal-stress  formula  is 
preferable. 

The  Association  of  Iron  and  Steel  Electrical  Engineers  will 
hold  its  eleventh  annual  convention  at  Philadelphia,  Pa., 
Sept.  10-14,  with  headquarters  at  the  Bellevue-Stratford  Hotel. 
The  day  of  Sept.  12  will  be  devoted  entirely  to  a  patriotic 
program,  witli  addresses  by  army  and  navy  engineers  on  vital 
subjects  concerning  our  industries. 


At  Harvard  University  three  prizes,  amounting  to  $200, 
known  as  The  Nelson  Prizes  in  Plumbing,  have  just 
been  awarded  for  the  best  papers  on  subjects  having  to  do 
with  the  theory  or  practice  of  plumbing.  A  new  contest 
similar  to  the  one  just  completed  but  involving  a  larger  sum 
of  money  is  planned,  to  be-  offered  this  coming  year.  It  is 
probaljle  that  a  fellowship  will  be  also  offered  by  Harvard, 
and  engineeering  graduates  who  have  knowledge  and  ability 
to  handle  problems  dealing  with  sanitation  should  be  especially 
interested. 

The  annual  convention  of  the  American  Institute  of  Elec- 
trical Engineers,  wliich  was  to  have  been  held  at  Hot  Springs, 
^'a.,  was  postponed  on  account  of  many  conditions  arising 
from  the  war,  and  in  its  place  a  special  two-day  convention 
was  belli  in  the  Engineering  Societies  Building,  .June  27 
and  28. 

Topics  of  the  professional  sessions  included  high-tension 
cables,  high-tension  insulators,  use  of  electricity  m  mines,  and 
economical  combinations  of  water-power  and  steam  plants.. 
A  paper  on  the  last  subject  described  a  method  for  determin- 
ing the  economical  limits  in  steam  and  water-power  develop- 
ments. 

In  liis  presidential  address,  President  H.  W.  Buck  pointed 
out  that,  although  engineering  has  been  one  of  the  most  im- 
portant factors  in  the  development  of  our  civilization,  never- 
theless the  engineer  has  had  a  difficult  struggle  to  begin  to 
attain  the  recognition  due  him.  However,  the  particular  train- 
ing that  the  engineer  acquires  in  the  pursuit  of  his  profession 
particularly  fits  him  to  fill  every  position  in  our  political 
and  economical  affairs,  and  in  the  future  he  is  destined  to 
occupy  more  and  more  positions  of  public  trust. 

Mr.  E.  W.  Rice,  Jr.,  president-elect  for  the  coming  year, 
addressed  the  meeting  on  Modern  Warfare  a  Question  of 
Engineering.  He  said  in  substance  that  although  it  is  im- 
portant that  we  have  an  army  at  the  front,  the  most  effective 
work  can  be  done  in  the  shop  and  office  at  home  by  bending 
forth  every  effort  toward  supplying  the  army  with  all  the 
modern  apjiliances  of  warfare  to  make  it  most  efficient,  and 
not  to  wait  for  the  miracle  that  will  never  appear.  He  ex- 
pressed his  belief  that  the  submarine  problem  will  be  solved 
by  the  combined  efforts  of  engineers  and  scientists,  that  we 
should  build  ships  and  the  best  kind  of  ships,  and  that  all 
shipping  should  be  used  to  the  best  advantage;  that  it  is  not 
so  much  a  question  of  the  number  of  ships  as  it  is  a  case 
of  keeping  them  in  use,  which  means  that  our  docks  must  be 
equipped  by  the  most  modern  apparatus  for  loading  and 
unloading  the  vessels  so  as  to  keep  them  in  service. 

C.  0.  Mailloux  announced  that  recruiting  for  a  corps  of 
electrical  engineers  and  electrical  workers  to  go  to  France 
would  soon  begin,  to  build  up  the  electrical  systems  in  that 
country.  Tiiis  corps  will  be  similar  to  the  body  of  railway 
engineers  that  was  recently  organized  in  this  country  to  build 
up  the  transportation  sj'stems  in  France. 


CONTRIBUTED  DISCUSSIONS  OF  SPRING   MEETING   PAPERS 


SUBSEQUENT  to  the  publication  of  the  account  of  the 
Spring  Meeting  in  the  July  issue  of  The  Journai.,  five 
contributions  have  been  received  which  should  be  appended 
to  this  account.  Prof.  R.  Poliakoff,  of  the  Technical  Institute 
of  Moscow,  Russia,  contributes  a  statement  of  the  Technical 
Bureau  of  the  Russian  Artillery  Commission  in  discussion  of 
Mr.  E.  T.  Walsh's  paper  on  The  Importance  of  Intelligent 
Inspection  in  Munitions  Manufacture;  also  a  more  complete 
discussion  of  Mr.  A.  L.  De  Leeuw's  paper  on  A  Foundation 
for  Machine  Tool  Design  and  Construction.  Mr.  Victor  B. 
Phillips,  author  of  the  paper  on  Relation  of  Efficiency  to 
Capacity  in  the  Boiler  Room,  now  in  active  service,  forwards 
the  closure  to  the  discussion  of  his  paper.  Mr.  Charles  Meier 
replies  to  Mr.  Carl  G.  Barth's  discussion  of  his  paper  on 
Metal  Planers  and  Methods  of  Production,  and  Mr.  Barth 
answers  Mr.  Meier's  reply. 

DISCUSSION    OF    PAPER     ON    A    FOUNDATION    FOR    MACHINE 
TOOL   DESIGN  AND   CONSTRUCTION 

To  THE  Editor: 

In  Par.  32  of  his  paper,  Mr.  De  Leeuw  refers  to  a  tool 
which  he  shows  in  his  Fig.  4,  mentioning  that  this  tool  broke 
down  very  soon  after  the  surface  of  the  hollow  began  to  show 
scratches.  I  do  not  know  what  was  the  plan  of  the  tool, 
whether  it  had  a  round  edge  or  not,  but  the  scratches  might 
have  been  attributed  to  the  following  reason: 
.  If  you  take  the  ordinary  round-edge  tool  (Fig.  1)  with  the 
ordinary  angles  of  front  rake,  side  rake  and  clearance,  you  wiU 
find  by  a  very  simple  mathematical  analysis  that  when  the 
front  rake  is  less  than  the  side  rake — as  it  usually  is — the 
cutting  angle  changes  from  point  to  point  of  the  edge.  I 
assume  herewith  that  the  chip  and  all  its  elements  go  off  the 
bar  at  a  right  angle  to  the  cutting  edge  at  the  respective 
point.  It  wiU  have  one  value  at  the  plane  ab  (i.e.,  at  the 
plane  of  the  front  rake),  a  lesser  value  at  the  plane  be  (side 
rake),  and  intermediate  values  at  points  de,  etc.;  and  if  you 
lay  off  the  respective  values  of  the  cutting  angles  at  the  corre- 
sponding different  points  a,  d,  e,  c,  of  the  cutting  edge,  then 
these  values  would  change  like  the  curve  a,  d',  m,  c  (Fig.  2). 
In  other  words,  the  angles  will  first  decrease,  then  go  up  a 
Little,  then  decrease  again  until  they  reach  the  lesser  value  ce', 
corresponding  to  the  plane  be.  These  angles,  with  an  ordi- 
nary round-edge  tool  and  the  ordinary  usually  accepted  angles 
of  side  and  front  rake,  therefore  change  in  a  curve  with  some 
peak  points  in  it. 

If  you  will  assume  that  the  chip  consists  of  elementary 
chips,  each  element  going  off  the  bar  at  right  angles  to  the 
cutting  edge,  then  these  different  elementary  chips  have  to 
descend  on  inclined  planes  with  changing  angles,  and  neces- 
sarily one  elementary  chip  is  either  retarded  or  accelerated  in 
its  downward  movement  by  its  adjoining  chip;  and  this  re- 
tardation or  acceleration  necessarily  must  create  inner  friction 
and  cause  the  different  scratches  on  the  hollow  of  the  tool, 
every  single  scratch  being  the  mark  left  by  the  elementary 
chip. 

If  the  scratch  to  which  Mr.  De  Leeuw  referred  can  be 
attributed  to  the  reasons  just  cited,  then,  in  my  judgment, 
the  following  remedy  could  be  suggested  to  avoid  these 
scratches  and  prolong  the  life  of  the  tool : 

All  the  cutting  angles  must  be  equal  at  all  points  of  the- 


cutting  edge,  starting  at  the  ab  plane  and  terminating  at  the 
plane  be;  and  in  order  to  achieve  this  end,  the  quadrant  adec 
should  not  be  a  plane  but  a  quadrant  of  a  circle  drilled  out  by 
a  drill  with  its  center  point  at  6  and  having  a  radius  ab  equal 
to  be  and  its  cylindrical  body  projecting  in  the  line  adc.  In 
this  way  all  the  cutting  angles  would  be  equal  all  the  way 
through  from  a  to  c  just  as  in  the  case  of  a  straight-edge  tool. 

Of  course,  tliis  calls  for  another  way  of  preparing  the 
turning  tool  altogether,  both  with  regard  to  machining  and 
giinding,  but  this  can  be  very  easily  arranged.  In  fact,  I 
introduced  such  a  tool  in  the  Laboratory  of  Technology  at 
the  Technical  Institute,  Moscow,  Russia,  some  two  and  a  half 
years  ago,  and  have  also  designed  some  grinding  attachments 
to  grind  the  hollow  produced  by  the  driU. 

I  started  to  make  some  experiments  with  a  tool  so  designed, 
but  had  to  discontinue  them  on  account  of  being  sent  over  to 
this  countrj'  in  connection  with  the  war.  I  hope,  however,  to 
resume  the  experiments  in  the  near  future,  and  shall  be  glad 
to  report  to  your  Society  the  results  obtained. 

I  also  made  some  dynamometer  tests  with  such  a  tool,  but 
these  tests  are,  too,  in  an  unfinished  condition  as  yet. 

Referring  to  the  circular  tool  of  Mr.  De  Leeuw,  Par.  35, 
I  believe  that  he  originated  this  tool  about  two  and  a  half 
years  ago.  I  do  not  know  how  much  experimenting  has  been 
done  with  this  tool  in  this  country,  but  I  may  mention  that 
as  soon  as  I  read  about  it  in  the  American  Machinist,  where 
it  was  originally  described,  I  prepared  a  tool  along  the  same 
lines  with  the  object  of  making  some  experiments,  but,  as 
already  stated,  I  had  to  leave  for  the  United  States  and 
therefore  could  not  make  them. 

However,  I  published  an  article  in  a  Russian  technical  maga- 
zine describing  the  construction  of  this  tool,  and,  based  upon 
this  description,  a  few  tools  have  been  prepared  in  the  Ijev 
Rifle  Works,  in  the  Ural  mountains.  When  I  visited  these 
works  in  1915  I  was  shown  the  results  of  their  experiments, 
which  proved  to  be  very  satisfactory,  both  with  regard  to 
speed  and  life  of  the  tool.  I  have  sent  these  facts  to  the 
Russian  magazine,  Vestnik  Ingenerov,  for  publication. 

Referring  to  Mr.  De  Leeuw's  Suggested  Lines  of  Experi- 
mentation, I  fully  agree  with  what  the  author  says,  but  I  can 
easily  see  some  objections  from  the  so-called  practical  view- 
point of  shop  men.  Mr.  De  Leeuw  suggests  that  these  experi- 
ments should  be  made  at  low  speeds,  and  whatever  the  results 
of  such  experiments  should  be,  the  ordinary  shop  man  will 
probably  say,  "  That's  all  right — it  may  be  all  right  in  theory, 
but  how  about  the  practical  side,  where  the  results  of  such 
experiments  are  quite  different  ? "  They  will  doubt  if  the 
results  of  such  experiments  can  be  fully  applied  to  practice. 

In  connection  with  this  I  may  mention  that  very  few  ex- 
perimental data  have  been  published  along  the  line  of  cutting 
with  fine  cuts,  although  a  little  has  been  done. 

Edward  Herbert,  of  Manchester,  England,  has  been  working 
along  such  lines  for  some  time,  and  has  invented  a  special 
machine  for  taking  very  fine  cuts  from  a  hollow  tube.  He 
has  published  some  of  the  results  of  his  experiments  and  they 
are  verj'  interesting,  especially  with  reference  to  the  cut,  as 
they  show  that  a  finishing  tool  fails  quite  differently  from  an 
ordinary  roughing  tool. 

In  the  roughing  cut,  when  you  increase  the  speed,  leaving  all 
other  conditions  equal,  the  time  of  the  endurance  of  the  tool 
decreases,   something   like   curve   ab,   Fig.    3,    in   which   the 
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abscissae  represent  the  speed  and  the  ordinates  the  endurance 
time.  In  the  ease  of  the  finishing  tool,  however,  the  endurance 
curve  is  something  like  the  curve  abed,  Fig.  4,  with  some  peaks 
in  it,  which  means  that  when  you  increase  the  speed  of  the 
finishing  cut  the  endurance  time  may  increase  up  to  a  certain 
limit,  and  then  will  start  to  decrease  with  a  further  increase  in 


a-t-J'l. 


Fig.  1    Round-Edge  Tool 


Q  d  e  c 

Fig.  2    Values  of  Cutting  Angles 


Fig.  3    Endurance  Time  of  Tool  in  Roughing  Cut 


0  -^ 

Fig.  4    Endurance  Time  of  Tool  in  Finishing  Cut 

the  cutting  speed.  If  the  cutting  speed  continues  to  increase, 
the  endurance  time  may  go  up  again.  From  this  one  can  draw 
the  conclusion  that  there'  is  probably  a  certain  speed  which 
is  the  most  profitable  for  working  so  far  as  endurance  of 
the  tool  (and,  as  experiments  show,  also  the  appearance  of  the 
machined  surface)  is  concerned. 

When  Mr.  Herbert  presented  his  paper  on  this  subject 
some  three  or  four  years  ago,  he  met  with  the  same  objections 
to  which  I  have  just  referred,  i.e.,  that  these  experiments  may 


be  of  much  theoretical  value  but  are  very  doubtful  so  far  as 
practical  results  are  concerned. 

In  order  to  meet  these  objections  to  a  certain  extent,  I 
made  some  experiments  on  finishing  cuts,  but  in  a  quite  prac- 
tical way,  and  under  conditions  absolutely  identical  with 
those  prevailing  in  ordinary  shop  practice.  It  would  perhaps 
be  out  of  place  to  go  into  too  many  details  of  these  experi- 
ments at  this  time,  especially  as  I  have  already  presented 
them  in  a  paper  before  the  Institution  of  Mechanical  Engi- 
neers, in  Mancliester,  an  extract  of  which  was  published  in 
the  American  Blachinist  some  ten  months  ago. 

Suffice  it  here  to  say  that  these  practical  experiments  fully 
eonfii-med  the  results  of  Mr.  Herbert's  experiments  made 
under  conditions  different  from  shop  practice. 

Therefore,  I  can  most  assuredly  say  to  shop  men  that  prac- 
tice and  theory  go  hand  in  hand  together,  and  if  the  theoretical 
experiments  are  conducted  on  the  right  lines,  they  are  sure  to 
yield  valuable  practical  results. 

R.  Poliakoff. 

New  York,  N.  Y. 


AUTHOR'S  CLOSURE  TO   DISCUSSION  OF  PAPER  OX   REL.VTION 
OF  EFFICIENCY  TO  CAPACITY  IN  THE  BOILER  ROOM 

To  the  Editor  : 

In  their  discussions  both  Mr.  Barrus  and  Mr.  Reiuicker  are 
unwilling  to  attach  any  accuracy  to  tests  of  eight  hours' 
duration.  The  author  understands  fully  the  validity  of  objec- 
tions to  eight-hour  tests  and  the  tests  in  question  were  con- 
ducted with  these  objections  in  mind.  They  could  not  have 
been  conducted  otherwise.  As  regards  the  degree  of  accuracy 
of  the  efficiencies  obtained,  it  may  be  said  that  the  closely 
accurate  determination  of  efficiency  was  tlu-oughout  of  second- 
ary importance.  None  of  the  data  sought  nor  conclusions 
reached  is  impaired  by  an  inaccuracy  of,  say,  3  per  cent  in 
the  overall  efficiency.  The  overall  efficiency  is  the  only  quan- 
tity that  the  employment  of  the  short  test  can  bring  into 
question.  It  will  be  noted  that  differences  in  efficiency  by 
virtue  of  differences  in  fuel-bed  thickness  are  far  in  excess  of 
any  possible  inaccuracy  in  the  values  of  efficiency.  Further- 
more, all  other  observations  and  the  conclusions  drawn  there- 
from are  in  no  way  subject  to  the  criticism  of  the  short 
duration.  It  is  quite  conceivable  that  the  curvature  or  slope 
of  some  of  the  lines  on  the  furnace  and  boiler  unit  operation 
charts  may  be  appreciably  in  error.  These  charts  were  pre- 
sented, however,  to  illustrate  certain  general  principles,  and 
are  believed  to  be  of  sufficient  accuracy  to  serve  this  piu'pose. 
The  entire  part  of  the  paper  relating  to  the  boiler  as  a  heat 
absorber  is,   of   course,   not   subject   to   the   above   criticisms. 

The  reason  for  the  short  tests  was  the  impossibility  of  oper- 
ating for  a  longer  period  at  the  heavy  overload.  It  will  be 
noted  that  the  coal  used  was  very  high  in  sulphur.  The  re- 
sultant difficulties  with  clinker  building  out  from  the  bridge 
wall  prevented  continuing  these  tests  over  eight  hours.  The 
eight-houl-  test  was  adopted  for  tliis  investigation  only  after 
considerable  experimentation.  It  was  found  that  very  small 
changes  in  the  fuel  supply  could  be  readily  observed  in  their 
effect  upon  the  fuel-bed  thickness.  In  considering  the  accuracy 
of  the  tests  it  must  be  remembered  that  firing  conditions  were 
kept  very  constant.  Every  effort  was  made  to  this  end. 
Under  such  conditions  objections  to  the  eight-hour  test  are 
minimized.  In  view  of  the  observed  fact  that  cutting  off  the 
fuel  supply  for  five  minutes  produced  an  easily  observed 
change  in  the  fuel  bed,  the  author  feels  justified  in  claiming 
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an  accuracy  in  efficiency  figures  within  a  3  per  cent  limit  of 
variation. 

Mr.  Spitzglass  speaks  of  the  author's  failure  to  study  the 
relation  between  efficiency  and  capacity.  The  author  would 
say  here  that,  assuming  the  possession  of  complete  data  on 
the  operating-  characteristics  of  a  steam  boiler,  the  study  of 
the  above  relation  must  necessarily  be  a  prolonged  affair.  It 
involves  the  loading  conditions  of  the  plant,  prices  of  coal  and 
labor,  cost  of  equipment  and  of  land  and  other  conditions 
affecting  power  costs.  Manifestly  it  could  not  be  so  much  as 
touched  upon  in  the  present  paper.  All  that  the  author  hoped 
to  do  was  to  establish  the  importance  of  the  relation  of  effi- 
ciencj'  to  capacity  in  the  boiler  as  the  prime  basis  of  the 
investigation  which  has  been  presented. 

Mr.  Spitzglass  also  questions  the  ability  of  the  fireman 
"  to  observe  air  velocities,  draft-gage  readings,  gas  analysis 
and  the  flue  temperatures,"  or  to  interpret  such  readings. 
As  regards  flue-gas  analyses,  the  author  fully  agrees  with 
Mr.  Spitzglass,  and  takes  great  pains  in  the  paper  to  point 
out  how  the  conditions  of  combustion  may  otherwise  be  easily 
and  simply  indicated.  As  regards  the  observing  of  air  veloci- 
ties, the  author  believes  that  the  air  meter,  an  illustration  of 
which  is  shown  in  the  paper,  may  be  read  as  easily  as  any 
other  form  of  meter.  Concerning  the  use  of  instruments  in 
general,  the  practice  of  the  best  plants  throughout  tlie  country 
is  a  sufficient  answer.  The  author  heartily  subscribes  to  the 
value  of  the  steam-flow  meter  as  mentioned  by  Mr.  Spitzglass. 

The  author  wishes  to  correct  the  impression  that  may  have 
been  gained  that  he  ever  had  in  mind  the  use  by  the  fireman 
of  charts  such  as  have  been  presented  in  this  paper.  He 
would,  however,  propose  the  use  of  scales  on  the  various  in- 
struments, having  the  numbers  so  an'anged  as  to  correspond 
when  operating  conditions  are  proper;  e.g.,  all  numbers  indi- 
cating .5  when  No.  5  load  is  to  be  carried.  Such  a  system 
would  be  readily  intelligible  to  the  fireman. 

Messrs.  Alpern  and  Reinieker  both  call  into  question  the 
matter  of  air-pressure  drops  through  the  tuyeres  and  fuel 
bed  (i.e.,  sum  of  pressure  in  air  boxes  of  stoker  and  draft 
in  combustion  chamber).  Clearly  this  drop  is  a  function  of 
the  amount  of  air  forced  through  the  fuel  bed,  the  areas  of 
air  openings  in  the  grates,  and  the  thickness  and  resistance  of 
the  fuel  bed.  The  criticisms  seem  to  assume  ability  on  the 
part  of  the  operator  to  regulate  this  pressure  drop  inde- 
pendently of  load.  Such  cannot  be  the  case,  since  any  increase 
in  air  pressure  with  a  given  condition  of  fuel  bed  will  simply 
result  in  a  greater  combustion  rate  and  will  not  change  pro- 
portionately the  ratio  of  air  to  coal  burned.  This  ratio  may 
be  regulated  only  by  regulation  of  tlie  fuel-bed  resistance. 

Mr.  AJpern  speaks  of  "  some  operating  faults  of  the  tests."' 
The  author  has  nowhere  indicated  that  the  air  supply  to  the 
extension  grates  was  kept  continuously  at  the  maximum,  nor 
does  Mr.  Alpern's  discussion  indicate  to  him  any  faults  in 
operation.  The  point  is  that  at  heavy  overloads  it  is  obviously 
necessary  to  increase  the  combustion  rates  on  all  parts  of  the 
grate  surface.  This  necessity  applies  to  the  extension  grates  as 
well.  The  author  does  not  believe  that  the  maximum  supply 
of  air  to  these  grates  is  sufficient  for  prolonged  overloads  in 
the  stoker  under  discussion.  Mr.  Alpern's  statement  regarding 
the  relation  of  air  pressures  to  the  different  fuel-bed  thick- 
nesses is  not  in  accord  with  tlie  data  given  in  the  paper.  The 
author  certainly  agrees  with  Mr.  Alpern  that  '"  the  heavy-fuel- 
bed  condition  was  an  unnatural  one." 

In  answer  to  Mr.  Reinicker's  statement  that  the  furnace 
drafts  were  too  high,  the  author  would  say  that  in  the  par- 
ticular setting  tested,  lesser  drafts  could  not  be  used  without 


driving  some  gas  out  of  the  setting  near  the  top  of  the  first 
pass  and  without  endangering  dump-grate  bars.  The  author 
fully  agrees  with  Mr.  Reinieker  as  regards  the  limitations 
placed  upon  both  capacity  and  efficiency  by  high  furnace 
temperatures.  Difficulties  from  clinker  and  destruction  of  the 
refractory  lining  are  perhaps  the  greatest  single  barrier  oper- 
atmg  against  heavy  overloading.  Mr.  Reinicker's  statement 
regarding  the  unimportance  of  radiation  and  convection  as 
losses  and  his  criticism  based  thereon  have  no  bearing  on  the 
jaaper  under  discussion.  The  author  treated  radiation  and 
convection  as  the  modes  of  heat  transmission  from  the  furnace 
to  the  boiler,  and  at  no  point  considered  their  bearing  upon 
the  incidental  losses  from  the  setting. 

In  the  first  paragraph  of  his  discussion,  William  Kent  has 
put  in  a  few  words  and  in  admirable  form  the  idea  that  has 
been  in  the  mind  of  the  author  for  some  years,  and  which  led 
to  the  preparation  of  this  paper. 

Victor  B.  Phillips. 

Ft.  Leavenworth,  Kan. 

DISCUSSION    OF    P.iPER    OX    METAL    PLANERS    AND    METHODS 
OF  PRODUCTION 

To  THE  Editor: 

Regarding  Mr.  Earth's  statement  in  his  discussion  that  the 
time  consumed  in  stopping  and  reversing  the  planer  and  table 
must  be  independent  of  the  length  of  the  stroke  and  can  be 
considered  equal  to  the  time  it  would  take  the  table  to  travel 
an  imaginary  addition  to  its  actual  stroke,  I  think  this  is  where 
the  misunderstanding  comes  in.  I  take  it  Mr.  Barth  believes 
a  constant  can  be  found  which  would  be  correct  for  all  lengths 
of  strokes.  This  is  impossible  owing  to  the  variable  quanti- 
ties goveniing  the  different  belt  conditions;  for  instance,  on 
long  strokes,  where  the  reversals  are  less  frequent,  the  pulleys 
do  not  heat  up  and  the  belt  slips  less  than  it  does  on  short 
strokes.  It  is  a  positive  fact  that  if  a  planer  is  run  for  any 
length  of  time  on  short  strokes  (especially  with'  cast-iron 
pulleys)  the  belt  conditions  are  continually  changing,  owing 
to  the  slipping  of  the  belts  and  the  heating  of  the  pulleys 
and  the  air  which  seems  to  get  between  the  belt  and  the  pulley. 
This  condition  becomes  a  great  deal  more  aggravated  on 
short  stn)kes  than  it  does  on  long  strokes,  and  even  at  times  I 
have  seen  it  get  to  a  point  where  the  belts  would  smoke 
terribly.  Anyone  who  has  stood  and  watched  such  a  per- 
formance and  observed  the  variation  in  the  length  of  stroke 
will  admit  that  no  practical  constant  can  be  found  which 
will  be  correct  for  all  conditions  and  for  all  the  lengths  of 
strokes. 

As  to  the  imaginary  length  of  a  perfect  stroke,  why  try  to 
determine  on  this  imaginary  quantity  when  the  actual  quantity 
can  be  so  easily  figured?  Knowing  the  cutting  and  return 
speed  and  assuming  there  is  no  loss  at  either  end,  we  have 
the  actual  ideal  condition,  which  is  the  theoretical  number  of 
strokes  I  referred  to  in  Table  1. 

In  making  our  aluminum  pulleys,  we  aim  to  get  as  close 
to  this  theoretical  or  ideal,  stroke  as  possible,  and  just  how 
near  we  have  approached  this  condition  is  represented  by  the 
efficiency  column,  from  which  it  can  be  seen  that  no  one  con- 
stant can  be  found  to  cover  all  lengths  of  strokes  which  would 
be  correct ;  because  what  would  be  correct  for  the  average  long 
strokes  would  not  be  coiTect  for  the  shorter  strokes.  A 
graphical  diagram,  such  as  is  shown  in  Mr.  Barth's  Fig.  1, 
could  not  be  determined,  therefore,  as  the  values  of  a  would 
be  variable  for  different-length  strokes. 

I  cannot  see  that  Mr.  Barth's  contentions  are  at  all  well 
founded,  ami  I  lielieve  if  he  will  carefully  analyze  the  prac- 


AtlGUST 

1917 


SPRING  MEETING  DISCUSSIONS 


703 


tical  side  of  these  points,  he  will  agree  with  me  that  I  am 
correct  in  what  1  have  said. 

Charles  Meier. 
CinciDnati,  Ohio. 

To  THE  Editor: 

1  appieoiate  fully  wliat  Mr.  Meier  says  in  regard  to  the 
absurdity  of  my  contentions  about  a  constant  imaginary  over- 
lun  for  very  short  strokes,  but  as  I  never  allow  any  planer 
to  run  on  such  absurdly  short  strokes,  it  did  not  occur  to  me 
to  qualify  my  statement,  as  I  have  now  done  in  correcting  my 
discussion.  However,  I  can  assure  him  that  I  have  too  often 
demonstrated  that  my  contention  is  coiTect  for  all  practical 
purposes,  to  admit  that  there  is  any  misunderstanding  about 
this  matter,  on  my  part.  Besides,  the  accompanying  plot.  Fig. 
1,  of  his  experiments  clearly  shows  that  his  shortest  stroke 
did  not  adversely  influence  the  effective  pull  of  the  belt,  which, 
in  fact,  indicates  a  higher  effective  pull  on  the  shortest  stroke, 
both  for  the  cast-iron  pulleys  and  the  aluminum,  provided 
any   reliance   can   be    placed   on   his   experimental    figures   in 
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Fig.  1    Plot  of  Mr.  Meier's  Experiments 

Table  1.  I  may  say,  in  tliis  connection,  that  I  certainly  cannot 
approve  of  Mr.  Meier's  way  of  figuring  the  theoretical  number 
of  strokes  from  the  theoretical  speeds  40  and  90  ft.  It  savors 
too  much  of  time  studies  that  give  nothing  closer  than  0.1  min. 
You  can  aiTive  at  such  matters  by  indirect  methods  only. 

Regarding  the  power  question,  in  Par.  11  of  his  paper,  Mr. 
Meier  makes  the  unqualified  statement  that  the  aluminum 
pulleys  show  a  saving  of  25  per  cent  in  power,  which,  taken 
by  itself,  is  very  misleading,  though  of  course  he  did  not 
mean  it  that  way.  I  therefore  suggest  that  he  rewrite  it 
something  like  the  following: 

"  11.  Table  2  also  shows,  what  we  should  expect  to  find, 
some  reduction  in  the  peak  load  on  the  motor  during  I'eversal. 
namely  2.5  per  cent,  with  the  aluminum  pulleys  as  against  the 
cast-iron  pulleys. 

Carl  G.  Barth. 

Philadelphia,  Pa. 


The  Society  of  Industrial  Engineers,  which  was  recently 
organized  at  Washington,  D.  C,  consists  of  professional  tech- 
nical engineers,  accountants,  managing  executives  in  commer- 
cial and  industrial  activities,  technical  writers,  educators  and 
students.  It  is  planned  to  offer  the  services  of  the  organiza- 
tion to  the  Government  through  Howard  E.  Collin,  chairman 
of  the  Advisory  Committee,  CouncU  of  National  Defense,  and 
through  such  committees  as  can  use  the  services  of  industrial 
engineers.  A  bureau  has  been  organized  under  the  direction 
of  the  president  of  the  society  to  list  all  the  industrial  special- 
ists in  the  country  who  may  be  called  upon  to  serve  either  as 
advisers  or  directors  of  eflSeieney  work.  D.  C.  Dent,  of  Chi- 
cago, is  acting  secretary  of  the  organization. 


Standard  wrought-iron  or  steel  pipe  of  any  size  up  to  and 
including  10-in.  is  with  three  exceptions  larger  in  diameter  in- 
ternally than  its  specific  designation  would  indicate.  Ordinary 
1-in.  wrought-iron  pipe,  for  example,  when  made  to  conform 
exactly  to  standard  dimensions  (which,  however,  is  not  always 
the  ease)  has  an  internal  diameter  of  1.05  in.,  which  is  1-20 
in.  over  the  nominal  size. 

On  the  other  hand,  extra  strong  pipe  having  a  higher  desig- 
nation than  ^2-in.  and  up  to  12-in.  is  smaller  in  diameter, 
with  one  exception,  than  the  nominal  size  would  indicate. 
Thus,  extra  strong  1-in.  wrought-iron  pipe  is  0.95  in.  diameter 
inside,  which  is  1-20  in.  under  the  nominal  size,  while  double 
exti'a  strong  1-in.  pipe  has  an  actual  internal  diameter  of 
only  0.60  in.,  or  a  little  more  tlian  half  the  nominal  value. — 
Power,  Jnlv  17,  1917. 


The  Shipping  Board  has  announced  a  call  for  engineers  to 
serve  on  the  great  war  fleet  that  is  to  be  built.  It  is  an- 
nounced that  in  the  next  18  months  no  less  than  5000  engi- 
neers will  be  needed. 

Engineering  schools  in  terms  beginning  July  21  will  be 
ii])ened  at  the  Massachusetts  Institute  of  Technology,  Cam- 
bridge, Mass. ;  at  Stevens  Institute,  Hoboken,  N.  J. ;  at  the 
Case  School  of  Applied  Science,  Cleveland,  Ohio;  at  the 
Armour  Institute  of  Technology,  Chicago,  111.;  at  the  Uni- 
versity of  Washington,  Seattle,  Wash.;  and  at  Tulane  Uni- 
versity, New  Orleans,  La. 

Each  term  will  last  one  month,  the  expense  of  tutoring 
lieing  borne  by  the  Shipping  Board.  The  Massachusetts  In- 
stitute of  Technology,  it  is  said,  can  put  through  150  stu- 
dents a  month,  and  other  institutions  an  average  of  35  stu- 
dents. Marine  engineers  of  all  grades,  oilers,  water  tenders, 
and  stationary  engineers  are  eligible  for  the  classes.  {Chris- 
tian Science  Monitor,  .lune  23,  1917,  p.  3.) 


The  Chemical  News  and  Journal  of  Physical  Science  (vol. 
15,  no.  3003,  .June  15,  1917)  announces  a  unique  British  in- 
vention, namely,  a  secret  process  for  manufacturing  rubber 
sponges. 

In  making  certain  rubber  goods  a  "fault"  was  developed. 
Its  cause  was  traced  and  out  of  it  the  artificial  sponge  gradually 
emerged. 

Within  the  last  five  years,  however,  a  similar  product  has 
been  manufactured  in  America.  It  ap)iears  now  that  an  Eng- 
lish inventor,  G.  W.  Leeson,  has  produced  an  artificial  sponge 
which  is  claimed  to  be  superior  to  those  now  on  the  market,  as. 
with  or  without  soap  it  has  not  the  slightest  trace  of  rough- 
ness and,  in  addition,  the  new  sponge  retains  its  freshness  for 
a  long  time. 


WORK  OF  THE  BOILER  CODE  COMMITTEE 


rHE  Boiler  Code  Committee  meets  monthly  for  the  purpose 
of  considering  communications  relative  to  the  Boiler  Code. 
Any  one  desiring  information  as  to  the  application  of  the  Code  is 
requested  to  communicate  with  the  Secretary  of  the  Committee, 
Mr.  C.  W.  Obert.  29  (Test  39th  St.,  New  York  City. 

The  procedure  of  the  Committee  in  handling  the  cases  is 
as  follows:  All  inquiries  must  be  in  written  form  before  they 
are  accepted  for  consideration.  Copies  are  sent  by  the  Secre- 
tary of  the  Committee  to  all  of  the  members  of  the  Committee. 
The  interpretation,  in  the  form  of  a  reply,  is  then  prepared 
by  the  Committee  and  passed  upon  at  a  regular  meeting  of 
the  Committee.  This  interpretation  is  later  submitted  to  the 
Council  of  the  Society  for  approval,  after  which  it  is  issued 
to  the  inquirer  and  simultaneously  published  in  The  Journal, 
in  order  that  any  one  interested  may  readily  secure  the  latest 
information  concerning  the  interpretation. 

Below  are  given  the  interpretations  of  the  Committee  as 
approved  by  the  Council  on  June  21,  1917,  in  Cases  Nos.  150, 
153-157  and  159-161  inclusive.  In  this  report,  as  previously, 
the  names  of  inquirers  have  been  omitted. 


Case  No.  154 

Inqiury:  In  the  staying  of  a  segment  of  a  head,  above  the 
tubes,  of  an  h.r.t.  boiler  in  which  a  manhole  is  inserted,  is  there 
an  allowance  of  100  sq.  in.  under  the  rules  of  the  Boiler  Code, 
as  is  allowed  by  Par.  218  for  manholes  inserted  in  heads  below 
the  tubes? 

Reply:  Where  a  manhole  is  placed  above  the  tubes  in  an 
h.r.t.  boiler,  no  allowance  shall  be  made  as  for  the  head  sur- 
face that  need  not  be  braced,  and  the  bracing  of  the  head  with 
such  manhole  opening  should  conform  to  that  which  would  be 
used  provided  there  was  no  manhole. 

Case  No.  155 

Inquiry:  What  is  the  application  of  the  rules  in  Part  I, 
Section  2,  of  the  Boiler  Code  to  the  workmanship  on  steel 
plate  heating  boilers?  Are  punched  rivet  holes  permissible, 
and  also  may  cast  iron  mud  rings  and  door  frame  rings  be 
used? 

Beply :  The  Code  does  not  require  the  drilling  of  rivet  holes 
for  boilers  for  low  pressure  heating  or  hot  water  supply,  ex- 
cept those  that  come  under  the  power  boiler  rules  as  specified 
in  Par.  335.  This  also  applies  for  cast  iron  mud  rings  and 
door  frame  ring-s,  where  used. 


Case  No.  150  (Reopened) 

Inquiry:  Is  it  permissible  under  the  rules  of  the  Boiler 
Code  to  brace  that  portion  of  the  head  of  an  h.r.t.  boiler  below 
the  tubes  with  diagonal  braces,  or  must  this  portion  of  a  boiler 
be  braced  with  through  stays? 

Reply :  Diagonal  bracing  is  not  permissible  for  that  portion 
of  the  front  head  of  an  h.r.t.  boiler  which  comes  below  the 
tubes,  under  Par.  218  of  the  Code,  but  it  is  rermissible  for  the 
corresponding  portion  of  the  rear  head. 


Case  No.  153 

Inquiry:  Does  the  crowfoot  brace  illustrated  in  Fig.  7  meet 
with  the  requirements  of  Par.  223  and  Table  4  of  the  Boiler 
Code? 
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Reply:  The  strength  of  each  branch  of  the  crowfoot  in  the 
design  shown  is  difficult  to  compute.  As  the  crowfeet  vary  so 
widely  on  different  braces,  it  was  the  idea  of  the  Boiler  Code 
Committee  in  formulating  this  rule  that  the  manufacturer 
would  test  each  type  of  brace  made  to  determine  whether  it 
meets  the  requirements  or  not,  and  the  Committee  suggests 
that  the  braces  be  tested  to  determine  the  relative  strength  of 
the  body  of  the  brace  and  of  a  crowfoot.  According  to  the 
rule,  the  foot  of  the  brace  should  be  one-third  stronger  than 
the  body  of  the  brace.  It,  therefore,  follows  that  if  a  test 
brace  is  made  with  the  body  one-third  stronger  than  the  brace 
to  be  used,  the  crowfoot  of  this  test  brace  should  be  as  strong 
as.  the  body  of  the  brace. 
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Case  No.  156 

Inquiry:  a  Will  brass  or  bronze  valves  and  fittings  with 
flange  ends  in  accord  with  the  "  1914  Brass  Standard  Flange 
Dimensions,"  when  bolted  to  fen-ous  fittings  as  prescribed  in 
Code  Tables  15  and  16,  comply  with  the  purpose  and  intent  of 
the  Boiler  Code  Committee's  reply  in  Case  No.  101? 

h  Does  the  Boiler  Code  Committee  approve  the  recom- 
mendation that  the  raised  face  be  removed  from  a  Table  16 
fitting  when  it  is  bolted  to  a  brass  or  bronze  fitting? 

c  Does  the  Boiler  Code  Committee  approve  the  recom- 
mendation that  full  face  gaskets  be  used  in  a  non-ferrous  to 
non-feiTous  or  a  non-ferrous  to  ferrous  flange  joint? 

Reply:  a  The  standardization  of  bronze  fittings  has  been 
referred  to  a  special  committee  of  the  Society.  Until  a  report 
upon  such  standards  is  prepared  and  accepted  by  the  Society, 
the  Boiler  Code  Committee  will  abide  by  the  decision  in  Case 
No.  101. 

6  All  dimensions  shall  conform  to  the  American  Standard 
given  in  Tables  15  and  16  of  the  Appendix  for  the  pressures 
therein  specified,  except  that  the  face  of  the  fitting  to  which 
it  is  attached  shall  be  flat  and  without  the  raised  face  where 
brass  or  bronze  composition  fittings  are  used. 

c  It  is  the  opinion  of  the  Committee  that  full  face  gaskets 
should  be  used. 


Case  No.  157 

Inquiry:  a  Will  cast  iron,  dove-tail  lugs  be  permissible 
under  Pars.  323  and  324  of  the  Boiler  Code?" 

h  In  empire  and  economic  type  boilers,  where  the  pads  on 
the  cross  braces  form  a  reinforcement  to  the  side  sheets,  what 
coefficient  should  be  used  under  Par.  199  of  the  Boiler  Code? 

c  A  ruling  is  desired  covering  Par.  254  of  the  Boiler  Code, 
if  no  burrs  are  present. 

Reply :    a  This  inquiry  is  answered  by  Case  No.  151. 

h  According  to  Par.  203,  the  value  of  C  to  be  used  should 
be  135. 

c  It  is  the  opinion  of  the  Boiler  Code  Committee  that  the 
plates  should  be  separated  to  make  sure  there  are  no  biu'rs. 

Case  No.  158 
(In  the  hands  of  the  Committee) 

Case  No.  159 

Inquiry:  If  the  material  of  which  a  dished  head  is  formed 
is  thicker  than  necessarj-  under  the  rules  of  the  Boiler  Code 
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to  sustain  the  pressure  carried,  is  it  necessary  to  flange  a  man- 
hole opening,  if  inserted,  to  a  depth  of  three  times  the  thick- 
ness of  the  material  used? 

Reply:  The  intent  of  Par.  198  of  the  Code  is  that  a  man- 
hole opening  in  a  dished  head  shall  be  flanged  to  a  depth  of 
not  less  than  three  times  the  required  thickness  of  the  head, 
measured  from  the  outside.  If,  therefore,  the  required  thick- 
ness of  material  for  a  head  is  1/2  in.,  the  opening  needs  to  Be 
flanged  to  a  depth  of  not  less  than  11/2  in. 

Case  No.  160 

Inquiry:  Does  Par.  316  of  the  Boiler  Code  allow  the  feed 
inlet  to  be  located  3  in.  from  the  bottom  tube  sheet  of  a  small, 
vertical  laundry  boiler? 

Reply:  The  Committee  has  decided  that  the  requirement  of 
Par.  316  does  not  apply  to  a  small  laundry  boiler  of  the  type 
you  describe. 

Case  No.  161 

Inquiry:  Does  Par.  218  of  the  Boiler  Code  prohibit  the 
hexagonal  or  beehive  arrangement  of  tubes  used  in  the  design 
of  h.r.t.  boiler  shown  in  Fig.  8?     The  reply  in  Case  No.  142 


be  published  later  on  with  the  request  that  they  also  be  dis- 
cussed. 

PAGE  12 

Par.  29a.    Change  Par.  29o  to  read  as  follows  : 

29  Modifications  in  Elongation,  a  For  material  over 
11/16  in.  in  thickness,  a  deduction  shall  be  made  from  the 
percentage  of  elongation  in  Par.  28o  of  four  times  the 
thickness  in  inches  in  excess  of  11/16  in.  to  a  minimum  of 
20  per  cent. 

Par.  30o.    Change  Par.  30o  to  read  as  follows: 

30a  Tension  test  specimens  shall  be  taken  longi- 
tudinally from  the  bottom  of  the  finished  rolled  material, 
and  bend  test  specimens  shall  be  taken  transversely  from 
the  middle  of  the  top  of  the  finished  rolled  material.  The 
longitudinal  test  specimen  shall  be  taken  in  the  direction 
of  the  longitudinal  axis  of  the  ingot,  and  the  transverse 
test  specimen  at  right  angles  to  that  axis.' 

Par.  30b.    Change  Par.  306  to  read  as  follows  : 

30b  The  test  specimen  shall  bend  cold  through  180  deg. 
without  cracking  on  the  outside  of  the  bent  portion,  as 
follows :  For  material  1  in.  or  under  in  thickness,  around 
a  pin  the  diameter  of  which  is  equal  to  the  thickness  of 
the  specimen ;  and  for  material  over  1  in.  in  thickness, 
aromid  a  pin  the  diameter  of  which  is  equal  to  twice  the 
thickness  of  the  specimen. 


PAGE  13 

Par.  33a.    Change  Pah.  33a  to  read  as  follows  : 

33a    Number  of  Tests.     One  tension  and  one  bend  test 
shall  be  made  from  each  plate  as  rolled. 


Fig.  8.  Hexagonal  Arrangement  of  Tubes  in  H.R.T.  Boiler 

is  taken  to  apply  to  the  usual  tube  layout,  and  does  not  seem 
to  apply  to  the  special  tube  layout,  there  shown. 

Reply:     The  reply  in  Case  No.  142  applies  irrespective  of 
the  tube  arrangement  in  an  h.r.t.  boiler. 

Revision  of  Boiler   Code 

THE  Council  of  the  Society  has  directed  that  the  pro- 
posed changes  in  the  Boiler  Code  be  published  in  The 
Journal,  with  the  request  that  any  desired  discussion  on  the 
proposed  changes  be  mailed  to  the  Boiler  Code  Committee  for 
consideration.  These  proposed  changes  embody  suggestions 
made  at  the  meetings  held  at  the  Society  headquarters,  Decem- 
ber 8  and  9,  1910,  which  were  widely  advertised  as  public 
meetings  to  which  all  those  interested  were  invited  to  attend 
and  participate  in  the  discussions.  Publishing  the  proposed 
changes  will  make  it  possible  for  any  one  to  discuss  the  revi- 
sions before  they  are  brought  to  the  final  form  and  presented 
to  the  Council  of  the  Society  for  approval.  All  suggestions 
will  be  gratefully  received  and  will  be  carefully  considered  by 
the  entire  Committee,  and  a  full  and  free  discussion  is  so- 
licited. 

A  number  of  proposed  revisions  were  published  in  the  June 
issue  of  The  Journal.    There  are  other  revisions  which  will 
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Par.   335.     Change   heading 
Materials  "  to  "  General." 


WHICH   NOW   reads   "  Boiler 


A  New  Size  of  Boiler  Stamp 

WHEN  the  A.S.M.E.  Boiler  Code  was  first  issued  early 
in  1915,  stencil  stamps  conforming  with  the  require- 
ments of  Par.  332  were  prepared  by  the  Society  and  offered 
to  the  public.  The  stamps  were  made  %  in.  in  diameter  and 
conformed  generally  with  the  exterior  proportions  of  the 
Society  emblem.  They  were  widely  distributed  among  boiler 
manufacturers  and  are  now  in  extensive  use  in  all  parts  of 
the  country,  seventy  stamps  in  all  having  been  issued  up  to 
the  present  time  under  the  Boiler  Code  Committee's  supervi- 
sion. 

In  using  a  stamp  of  this  size  on  plates  ^  in.  thick  or  less, 
the  rebound  made  it  diflBcult  to  obtain  a  legible  impression 
unless  great  skill  was  used  in  the  stamping  process.  As  a 
result  of  this  difiiculty,  an  inquiry  concerning  the  matter  was 
placed  before  the  Committee.  It  was  considered  as  Case  No. 
139  at  the  March  16  meeting,  and  treated  as  follows : 


Case  No.  139 

Inquiry:  Is  it  possible  to  secure  a  smaller  A.S.M.E.  boiler 
stamp  than  the  present  %-in.  stamp  that  is  furnished  to  meet 
the  requirements  of  Par.  332  of  the  Boiler  Code?  It  is  difficult 
to  stamp  thin  plates  with  the  present  ^4-in.  stamp  on  account 
of  the  rebound. 

Reply:    A  new  stamp  will  be  provided,  %-in.  size,  hammer 


'  Exceptions  made  for  tension  test  specimens  for  plnte  which  is 
rolled  longitudinally  with  reference  to  position  when  used  in  a  boiler 
•hell.     See  Par.  190. 
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type,  and  with  the  top  end  square,  so  that  it  can  be  either  used 
as  a  hammer  stamp  or  struck  tvith  a  sledge. 

The  Boiler  Code  Committee  desires  to  announce  that  a  new 
stamp  is  now  offered  in  the  form  of  a  hammer  stamp,  with  the 
size  of  emblem  reduced  to  V2  iii--  as  illustrated  in  Fig.  1.  The 
reduced  size  of  the  emblem  will  greatly  facilitate  the  stamping 
of  thin  plates,  and  where  desired  the  impression  may  be  ob- 


tioii  of  the  war.     (Announcement  in  Le  Genie  Civil,  vol.  70, 
no.  23,  June  9,  1917,  p.  373) 


Fig.  3     Hammer  Stamp  for  A.S.M.E.  Staxdard  Boiler.s 

tained  by  using  the  stamp  as  a  hammer  instead  of  as  a  sledge 
in  the  usual  manner. 

Manufacturers  desiring  stamps  are  reminded  that  apijlica- 
tions  either  for  new  or  old  size  stamps  must  be  accompanied 
by  an  affidavit  made  out  on  the  form  provided  by  the  Commit- 
tee and  properly  executed  according  to  the  following  resolu- 
tion a]i])roved  by  the  Council: 

It  is  the  opinion  of  the  Committee  that  the  official  symbol 
or  stamp  is  to  be  used  to  indicate  that  The  American  Society 
of  Mechanical  Engineers'  rules  have  been  com]iiled  with  in 
the  construction  of  the  boiler.  The  stamp  shall  be  affl.xed  by 
the  manufacturer.  Certification  to  be  governed  by  law  or 
contract. 

The  blank  affidavit  form  may  be  obtained  upon  apiilication 
to  the  Boiler  Code  Committee  at  the  Society  headquarters. 


In  an  effort  to  cooperate  in  the  solution  of  various  prol)lems 
of  vital  importance  to  the  development  of  the  French  in- 
dustries, the  French  Society  of  Civil  Engineers  decided  to  or- 
ganize a  Congress  of  Civil  Engineering,  which,  in  its  idea, 
would  constitute  something  like  General  Assizes  of  the  In- 
dustry for  the  study  of  a  program  to  be  carried  out  after  the 
wai'. 

According  to  a  preliminary  announcement,  the  work  of  this 
congress  will  be'  divided  into  two  groups  and  several  sections. 

The  first  group,  embracing  Sections  1  to  7,  will  be  of  a 
technical  character  and  will  be  devoted  to  the  following  special- 
ties: Section  1,  public  works  and  civil  constructions;  Section 
2,  transportation;  Section  3,  mechanical  engineering,  motors 
and  machine  tools;  Section  4,  mining  and  metallurgy;  Sec- 
tion 5,  industrial  i)hysics  and  chemistry;  Section  6.  industrial 
applications  of  electricity;  Section  7,  farm  engineering  and 
agricultural  industries. 

The  second  group,  comprising  three  sections,  will  be  dexoted 
to  economic  problems  and  divided  as  follows :  Section  8,  ra- 
tional organization  of  industrial  works;  Section  9,  social  hy- 
giene, accident  prevention,  healthful  work;  Section  10,  indus- 
trial legislation. 

It  is  expected  that  the  first  part  of  the  congress,  i.  e.,  the 
National  Congress,  will  be  held  next  November  and  will  be 
opened  to  all  interested  in  the  economic  and  industrial  future 
of  France.  The  terms  of  admission  have  not  yet  been  an- 
nounced. 

As  regards  the  Inter-Allied  Congress,  for  many  reasons  it 
is  not  expected  that  it  can  be  organized  until  after  the  termina- 


Tests  of  aerojjlane  engines  will  be  made  at  a  laboratory  at 
the  Bureau  of  Standards.  At  a  recent  meeting  of  a  subcom- 
mittee on  power  plants  of  the  National  Advisory  Committee 
for  Aeronautics  preparations  were  made  for  the  development 
at  the  Bureau  of  Standards  of  a  laboratory  for  testing  air- 
craft engines  under  conditions  of  altitude  and  temperature 
similar  to  those  encountered  in  flights  at  an  altitude  of  20,000 
ft.  or  more.  The  laboratory'  and  its  experimental  equipment 
will  be  organized  under  the  auspices  of  the  Advisoi^y  Com- 
mittee, and  the  investigations  will  be  directed  by  the  sub- 
committee on  power  plants.  (The  Automobile  and  Automotive 
Industries,  vol.  37,  no.  2,  July  12,  1917,  p.  82) 


The  Autogenous  Welding  Committee  of  the  American  So- 
ciety of  Refrigerating  Engineers  has  been  appointed  and  con- 
sists of  the  following  members :  F.  L.  Fairbanks,  Mem.Am.Soe. 
M.E.,  chairman;  Llewellyn  AYilliams,  Mem.Am.Soc.M.E. ;  S.  F. 
Jeter,  Mem.Am.Soc.M.E. ;  P.  A.  E.  Armstrong,  metallurgical 
engineer,  the  North  American  Co.;  Charles  H.  Bromley,  as- 
sociate editor  Power;  James  C.  McCabe,  Mem.Am.Soc.M.E. ; 
Theo.  Vilter,  president  Vilter  Manufacturing  Co.,  Milwaukee, 
Wis.;  Prof.  Edward  F.  Miller.  Mem.Am.Soc.M.E.;  John  E. 
Starr,  Mem.Am.Soc.M.E.,  and  Thomas  Anderson,  refrigerat- 
ing inspector,  City  of  Chicago. 

The  purpose  of  the  committee  is  to  assist  in  the  develop- 
ment of  the  welding  art  and  to  make  its  application  to 
pressure  vessels  as  safe  as  the  best  knowledge  of  the  subject 
can  make  it. 


The  government  of  the  Union  of  Sotith  Africa  has  ap- 
pointed an  advisory  board  to  deal  with  the  develojiment  of  the 
natural  resources  of  the  country.  A  special  scientific  and  tech- 
nical committee  has  been  appointed  to  carry  out  scientific 
investigations.  This  committee  consists  of  Mr.  J.  -Burtt- 
Davy  (botany  and  agriculture)  ;  Mr.  L.  Colquhoun  (chemis- 
try) ;  Professor  Young  (geology)  ;  Professor  John  Orr,  Mem. 
Am.Soc.M.E.  (mechanical  engineering)  ;  Mr.  Bernard  Price 
(electrical  engineering);  Professor  Beattie  (physics);  Dr. 
Caldecott  (metallurgy)  ;  Professor  van  der  Riet  (chemistry)  ; 
Professor  Malherbe  (chemistry)  ;  Dr.  L.  Peringuey  (president 
of  the  Royal  Society  of  South  Africa).  The  first  step  taken 
by  the  new  committee  has  been  to  arrange  for  the  preparation 
of  fifty-two  reports  by  leading  experts,  dealing  with  the  avail- 
able raw  materials  of  South  Africa  suitable  for  manufacture 
or  export.  It  is  intended  that  these  reports  shall  be  pub- 
lished for  the  guidance  of  intending  manufacturers  and  other 
business  men. 


In  reply  to  a  query  from  E.  P.  V.  Ritter,  of  the  Mer- 
chants and  Manufacturers'  Exchange,  New  York  City,  asking 
about  the  advisability  of  holding  conventions  during  the  war, 
the  President  has  sent  the  following  letter: 

■'  In  reply  to  your  letter  of  June  4,  allow  me  to  say  that  I 
not  only  see  no  reason  why  commercial  conventions  should  be 
omitted  during  the  war,  but  should  regret  to  see  any  instru- 
mentality neglected  which  has  proved  serviceable  in  stimu- 
lating business  and  facilitating  its  processes.  This  is  not 
only  not  a  time  to  allow  any  slowing  up  of  business,  but  is  a 
time  when  every  sensible  process  of  stimulation  should  be  used. 
Cordially  and  sincerely  yours, 

(Signed)     Woodrow  Wilson." 
{Joitrnal  of  Commerce,  June  18.  1917,  p.  1.) 


SOCIETY  AFFAIRS 

A  Record  of  the  Current  Activities  of  the  Society,  Its  Members,  Council,  Committees, 

Sections  and  Student  Branches;  and  an  Account  of  Professional 

Affairs  of  Interest  to  the  Membership 


APART  from  the  regular  monthly  departments,  this  issue 
of  The  Journal  is  practically  devoted  to  the  Sections 
of  the  Society,  the  Proceedings  Section  containing  papers 
presented  and  discussed  at  Section  Meeting's,  the  publication 
of  which  will  be  continued  in  the  next  issue,  and  the  Society 
Affairs  Section  containing  reports  of  the  year's  activities  re- 
ceived from  the  respective  chairmen  of  Sections. 

In  reading  these  accounts  of  Sections  work,  members  of  the 
Society  will  become  impressed  with  the  increasing  importance 
and  tremendous  possibilities  of  this  activity  of  the  Society, 
whei'eby  we  are  able  to  bring  the  Society  work  in  direct  toucli 
with  eighty  per  cent  of  the  whole  membership. 

Quoting  from  Vol.  31  of  the  Transactions,  only  eight  years 
ago,  during  the  presidency  of  Mr.  Jesse  M.  Smith,  "  A  meeting 
of  members  of  the  Society  residing  in  St.  Louis  and  vicinity 
was  called  by  Wm.  H.  Bryan,  member  of  the  Meetings  Com- 
mittee. Prof.  E.  H.  Ohle  acted  as  secretary  and  about  twenty 
engineers  were  present.  Tliis  was  the  first  local  meeting  of 
the  Society  to  be  held  outside  of  New  York  City."  Boston 
almost  simultaneously  held  its  first  meeting.  All  the  de- 
velopment of  (he  Sections  has  come  within  the  space  of  eight 
short  years,  and  has  now  reached  a  magnitude  that  112  local 
meetings  were  held  during  the  season  just  closed. 

The  President,  Dr.  Hollis,  proposes  to  further  accentuate 
the  national  character  of  the  Society  by  instituting  the  hold- 
ing of  Council  meetings  in  various  cities.  The  Council  meet- 
ing for  November  will  be  held  in  Chicago.  This  will  bring 
together  a  larger  number  of  the  officers  of  the  Society  than 
would   ordinarilv   be  brousht   in   connection   with   one   of  the 


local  meetings,  it  being  jjlanned  to  adjust  the  date  of  the 
Council  meeting  to  the  same  day  as  that  of  the  Chicago 
local  meeting. 

The  President  contemplates  in  the  early  fall  a  visit  to 
the  Coast.  With  this  trip  he  will  have  atteiuleil  meetings 
of  the  Society  in  all  of  the  centers  where  we  have  established 
Sections. 

The  Committee  on  Sections  also  contemplate  holding  meet- 
ings next  season  in  various  cities  where  Sections  meetings 
will  be  held.  In  this  way  an  intimate  knowledge  will  be 
gained  of  the  reciuirements  in  different  parts  of  the  country. 
The  first  meetings  will  probably  be  held  at  St.  Louis,  Chicago 
and  Detroit,  during  the  month  of  October.  By  arranging 
meeting's  at  these  cities  on  consecutive  days  the  committee 
will  be  able  to  visit  several  cities  in  one  week  with  a  saving 
in  traveling'  expenses  and  the  time  of  the  members  of  the 
committee.  These  meetings  will  be  arranged  to  fall  on  dates 
when  the  monthly  meeting  of  the  Section  is  being  held,  so  that 
the  members  of  the  committee  will  not  only  have  opportunity 
to  meet  the  Executive  Committee  but  also  all  members  of  the 
Section.  In  this  way  it  is  hoped  that  all  Sections  will  be 
\'isited  at  least  once  every  two  years. 

This  will  tend  to  bring  all  members  into  close  association 
with  the  work  the  Society  aims  to  accomplish  through  Sec- 
tion activities,  and  will  also  give  the  members  opportunity  to 
get  first-hand  information  regarding  matters  of  vital  interest 
to  them. 

Calvin  W.  Rice, 

Secretary. 


WHAT  THE   SECTIONS   HAVE   DONE   THIS  YEAR 


A  CLOSE  association  between  the  various  local  organiza- 
tions of  other  societies  representing  the  divisions  of  en- 
gineering practice  and  our  own  Sections  lias  resulted  in  the 
holding  of  a  large  number  of  joint  meetings  during  the  season 
just  closed.  The  largest  of  these  meetings  was  that  held  in 
November  1916,  when  the  Sections  from  Boston,  New  Haven, 
New  York  and  Worcester  and  the  Providence  Engineering  So- 
ciety, affiliated  with  our  Society,  met  with  a  number  of  engi- 
neering organizations  in  a  visit  to  New  London,  Conn.  There 
were  over  1600  present  on  this  occasion,  and  the  event  was 
described  in  detail  in  the  December  issue  of  The  Journal. 

The  title  of  the  Associated  Technical  Societies  of  Baltimore 
indicates  that  a  plan  of  full  cooperation  of  the  engineering  or- 
ganizations has  now  been  achieved  in  that  city.  In  Buffalo  our 
Section  has  cooi^erated  with  the  Buffalo  Engineering  Society 
to  the  mutual  benefit  of  both,  while  the  Cincinnati  Section  is 
affiliated  with  the  Engineers'  Club  of  Cincinnati  and  takes 
charge  of  three  or  four  of  the  joint  meetings  held  each  year. 
In  Erie  the  Section  has  developed  relations  with  the  Engineer" 
Society  of  Northwestern  Pennsylvania,  and  plans  are  being 
perfected  whereby  it  will  supply  the  speakers  at  two  of  the 
joint  meetings  of  the  season,  ^'ery  cordial  relations  exist  be- 
tween the  Minnesota  Section  and  the  other  engineering  socie- 


ties of  that  state,  and  there  have  been  joint  meeting's  with  the 
local  branch  of  the  American  Institute  of  Electrical  Engineers. 
The  plan  of  affiliation  of  the  Philadelphia  Section  with  the  En- 
gineers' Club  is  working  very  successfully  and  Philadelphia  is 
being  pointed  to  as  an  example  of  cooperation  of  engineers. 
Joint  meeting's  have  been  held  during  the  year  with  The  Frank- 
lin Institute  and  with  the  American  Society  of  Heating  and 
\'entilating  Engineers.  The  meetings  in  Providence  have  been 
those  of  the  Providence  Engineering  Society,  affiliated  with 
our  Society.  The  Section  meetings  in  New  Orleans  have  been 
held  jointly  with  the  local  branch  of  the  American  Society  of 
Civil  Engineers  and  the  Louisiana  Engineering  Society.  New 
Haven  is  organizing  a  Connecticut  State  Section  to  secure 
more  complete  cooperation,  and  a  meeting  of  the  Bridgeport 
branch  of  this  Section  has  been  held  during  the  i)ast  month; 
the  work  in  this  state  has  developed  a  new  field  for  Sections 
activities.  In  Atlanta  the  Section  is  cooperating  with  the 
Affiliated  Technical  Societies  there.  The  Detroit  Engineering 
Society  and  the  local  Section  of  our  Society  are  working  in 
comjilete  harmony  for  the  development  of  the  ])i'ofession  in 
that  busy  center,  and  joint  meetings  are  held  by  both  organiza- 
tions with  the  Detroit  Branch  of  the  Society  of  Automotive 
Engineers. 
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The  reports  from  the  various  Sections  of  the  year's  work  in- 
dicate more  fully  how  this  spirit  of  cooperation,  of  which  the 
above  are  potent  examples,  is  being  developed.  These  reports 
show  also  how  the  sections  are  joining  with  local  branches  of 
the  other  national  societies  in  their  meetings,  and  are  thus 
carrying  out  in  an  equally  effective  way  the  work  which  the 
parent  societies  are  endeavoring  to  do  nationally. 

THE  SECTIONS  AND  THE  SOCIETY 

At  the  Annual  Meeting  in  December  the  third  Conference  of 
Sections  was  held,  when  the  official  delegates  of  sixteen  Sec- 
tions and  the  representatives  of  five  centei-s  contemplating  the 
establishment  of  Sections  met  with  the  Committee  on  Sections. 
One  session  was  devoted  to  an  "  experience  "  meeting,  at  which 
each  delegate  reported  the  work  of  his  Section  during  the  past 
year  and  plans  for  the  ensuing  season.  The  conference  led  to  a 
better  understanding  of  the  problems  with  which  each  Section 
has  to  deal  and  develojied  ways  and  means  for  their  ultimate 
solution. 

The  Committee  on  Sections  also  held  a  luncheon  and  business 
meeting  at  the  Spring  Meeting  in  Cincinnati  in  May  1917,  at 
which  seventeen  Sections  were  represented.  That  the  coopera- 
tion of  the  Sections  might  be  even  more  complete,  it  was  urged 
at  this  meeting  that  there  be  an  exchange  of  literature  and  no- 
tices of  meetings  between  the  Sections. 

At  the  Spring  Meeting,  also,  the  Committee  on  Constitution 
and  By-Laws  presented  an  amendment  to  the  constitution 
recommending  that  the  Committee  on  Sections  be  made  a 
Standing  Committee  of  Administration  of  the  Society  and 
that  it  have  a  seat  on  the  Council  without  vote. 

A  NEW  DEVELOPMENT  IN  SECTION    ORGANIZATION 

The  Connecticut  members  are  developing  a  new  method  of 
section  organization  in  the  nature  of  a  State  Section,  with 
branches  at  the  important  industrial  centers  of  the  state. 
Heretofore  the  requirements  of  the  members  of  that  locality 
were  met  by  the  activities  of  the  New  Haven  Section.  This 
Section  has  been  holding  two  meetings  annually  for  some  time 
—one  in  the  fall  and  the  other  in  the  spring.  These  meetings 
were  held  at  Yale  University,  and  through  them  the  Society 
has  grown  in  Connecticut  to  such  an  extent  that  a  more  com- 
prehensive i^rogram  has  been  found  desirable.  This  movement 
has,  in  a  measure,  been  prompted  by  a  feelmg  on  the  part  of 
the  members  in  other  localities  of  the  state  that  it  was  unjust 
to  continuously  put  upon  the  New  Haven  members  and  Yale 
University  the  burden  of  arranging  the  meetings,  .because  all 
of  the  members  of  the  Society  in  the  state  of  Connecticut 
were  always  invited  to  the  meetings  of  the  New  Haven  Section. 

The  members  of  the  New  Haven  Section  have  set  an  excel- 
lent example  in  cooperation  by  not  only  unselfishly  stepping 
aside  to  make  way  for  the  State  Section,  but  by  taking  a  lead- 
ing part  in  its  development. 

About  three  months  ago  a  meeting  was  held  in  Bridgeport 
at  which  were  present  members  of  the  Committee  on  Sections, 
Secretary  Rice,  a  majority  of  the  members  of  the  New  Haven 
Section,  and  a  large  number  of  members  of  the  Society  rep- 
resenting various  parts  of  the  state.  At  that  meeting  the 
following  organization  committee  was  appointed ;  H.  B.  Sar- 
gent, chaii-man,  representing  New  Haven ;  C.  K.  Decherd,  rep- 
resenting Meriden ;  Harry  E.  Harris,  representing  Bridgeport ; 
S.  F.  Jeter,  representing  Hartford,  and  E.  S.  Sanderson,  rep- 
resenting Waterbury. 

A  formal  petition  has  now  been  submitted  for  the  establish- 
ment of  a  Connecticut  Section,  with  branches  at  New  Haven. 


Bridgeport,  Hartford,  Meriden  and  Waterbury.  Each  branch 
will  be  governed  by  an  Executive  Committee  of  five  members, 
the  chairmen  of  the  five  branches  composing  the  Executive 
Committee  of  the  State  Section. 

The  Bridgeport  branch  organization  committee  met  on  the 
evening  of  July  16  at  the  Algonquin  Club,  and  tentatively 
selected  the  following  officers :  H.  E.  Harris,  chairman ;  F.  R. 
Pleasonton,  vice-chairman ;  R.  W.  Ellingham,  treasurer ;  E.  L. 
Fletcher,  secretary;  C.  W.  Burges,  chairman  of  Committee  on 
Increase  of  Membership.  The  other  proposed  branches  will 
soon  organize,  so  that  the  whole  scheme  may  be  put  into 
effective  working  order  by  the  beginning  of  the  new  fiscal 
year,  on  October  first. 

NEW  SECTIONS 

New  Sections  have  been  established  during  the  year  at  Balti- 
more, Erie,  Indianapolis,  New  Orleans  and  Ontario,  the  head- 
quarters of  the  last  being  at  Toronto.  This  brings  the  total 
number  of  Sections  up  to  twenty-one. 

LOCAL  ORGANIZATIONS 

In  several  cities  in  which  the  number  of  members  of  the  So- 
ciety is  not  sufficient  to  organize  a  Section,  the  members  meet 
together  or  with  e.xisting  local  organizations  periodically.  The 
accounts  of  these  meetings  have  been  published  during  the  year 
with  the  regular  Section  reports. 

The  Committee  on  Sections  is  anxious  to  extend  the  benefits 
of  the  Society  as  rapidly  and  as  far  as  possible.  Obviously  the 
initiative  must  be  taken  by  the  members  themselves,  and  in 
those  centers  where  the  numbers  and  interest  are  sufficient  to 
waiTant  meetings  being  undertaken. 

The  Society  through  the  Committee  on  Sections  is  anxious  to 
assist  in  the  development  of  Sections  work  and  makes  appro- 
priations to  cover  fixed  expenses. 

MEETINGS  AKD  PAPERS 

In  the  October  1916  issue  an  outline  was  given  of  the  pro- 
posed Sections  activities  for  the  season.  A  report  from  each 
Section  gave  the  number  of  meetings  expected  to  be  held,  trips 
to  be  taken  and  entertainment  features  planned.  As  far  as 
possible  the  papei-s  which  were  to  be  presented  were  listed, 
thus  giving  a  fairly  complete  program  of  the  work  laid  out  for 
the  year. 

To  a  large  extent  the  programs  in  each  city  have  been  car- 
ried out  as  planned.  In  all  112  meetings  have  been  held  this 
season,  and  all  have  been  reported  in  The  Journal.  Eleven 
of  the  papers  presented  locally  have  been  published  in  The 
Journal. 

the  sections  and  visits  of  officers 

In  the  fall  of  1916  President  Jacobus  and  Secretary  Rice 
made  a  tour  of  the  Sections  and  of  the  centers  where  members 
were  contemplating  the  formation  of  Sections.  President  Ja- 
cobus delivered  an  address  in  Buffalo  on  the  relations  existing 
between  the  parent  Society  and  its  Sections  and  on  coopera- 
tion between  the  Sections  and  local  engineering  societies  and 
clubs.  The  places  visited  were  Meriden,  Pittsburgh,  Cleveland, 
Buffalo,  St.  Louis  and  Baltimore. 

In  January  of  this  year  President  Hollis  visited  the  Sections 
at  Detroit,  Chicago,  Milwaukee,  New  Orleans,  Bii-mingham  and 
Atlanta.  President  Hollis's  message  to  the  Sections  was  sen-- 
ire  of  the  individual  to  society.    In  March  Dr.  HolUs  made  a 
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second  tour  which  took  him  as  far  west  as  the  Minnesota  Sec- 
tion, whose  headquarters  are  at  Minneapolis-St.  Paul.  En  route 
he  visited  the  Sections  at  Buffalo,  Chicago  and  Indianapolis, 
receiving  a  rousing  welcome  from  all.  His  spirited  address  on 
Service  to  the  Country  in  This  Crisis  brought  forth  enthusiastic 
responses.  He  has  also  spoken  before  the  members  of  the 
Sections  at  Boston,  New  York,  Philadelphia  and  Worcester, 
and  the  Providence  Engineering  Society. 

In  April  Secretary  Rice  supplemented  President  Hollis's 
visits  by  a  tour  to  the  Sections  at  Cincinnati,  Chicago  and  Mil- 
waukee, and  to  Madison  and  Oklahoma  City. 

The  President  expects  to  make  a  trip  to  the  Coast  in  the 
fall  and  visit  the  Sections  there. 

SECTIONS  REPORTS  FOR  THE  i'E.VR 

At  the  close  of  the  season's  work  the  Sections  have  sent  in 
reports  to  headquarters  giving  detailed  accounts  of  their  work. 
Some  of  these  reports  are  published  below  and  the  remainder 
will  be  included  in  the  next  issue  of  The  Journal. 

The  thanks  of  the  Society  are  due  to  the  Executive  Commit- 
tees of  the  Sections  whose  terms  of  office  have  just  expired, 
for  the  personal  time  they  have  devoted  and  labor  spent  in 
continuing  and  fostering  this  very  important  activity  of  the 
Society.  To  maintain  the  full  measure  of  cooperation  and  of 
amicable  relations  with  other  engineering  societies  which  the 
Sections  enjoy  calls  for  the  exercise  of  a  great  deal  of  tact  and 
perseverance  on  the  part  of  committee  members,  and  the  Soci- 
ety has  cause  for  congratulation  because  of  the  fine  spirit  in 
wliich  this  work  has  been  conceived  and  carried  out  during 
the  past  season. 


BUFFALO 

The  Eugineering  Society  of  Buffalo  was  organized  in  1912  from 
a  group  of  members  of  the  A.  S.  M.  E..  and  by  a  sturdy  growth 
it  has  absorbed  the  entire  activities  of  the  local  Section.  The 
why  of  the  E.  S.  B.  is  "'  cooperation,"  the  greatest  force  in  the 
world  today. 

Today  the  society  has  a  membership  of  over  500.  comprising 
the  various  branches  of  professional  engineering,  mechanical,  elec- 
trical, chemical  and  civil,  all  of  which  are  splendidly  represented. 
The  society  believes  that  the  intermingling  of  engineers  of  some- 
what different  interests  is  broadening  to  all,  and  conducive  to 
the  greater  effectiveness  of  the  intluence  of  engineers  on  questions 
ailecting  the  general  public  welfare,  as  well  as  to  the  advancement 
of  the  profession  nationally. 

Every  two  weeks  during  the  months  of  October  to  May,  inclusive, 
meetings  are  called  in  the  Hotel  Statler,  and  the  average  attend- 
ance is  about  200.  Preceding  each  meeting  a  dinner  is  served  to 
promote  social  intercourse  of  members  and  their  guests. 

Bulletins  are  prepared  announcing  all  meetings,  and  for  special 
meetings  display  posters  are  used.  Return  postal  card  notices 
of  meetings  are  also  forwarded  to  all  members. 

A  practice  is  made  of  inviting  the  more  prominent  business 
men  and  heads  of  manufacturing  establishments  to  the  meet- 
ings. 

Each  j'ear  there  has  been  an  increase  in  interest  and  attendance 
at  tliese  meetings,  but  the  season  just  closing  has  been  marked  by 
more  ambitious  programs  and  an  eveu  more  enthusiastic  attend- 
ance. In  arranging  the  program  for  the  year  special  attention 
was  given  to  securing  subjects  of  general  rather  than  speciinc 
technical  interest  in  order  to  stimulate  enthusiastic  support  from 
the  entire  local  membership.  An  analysis  of  the  program  shows 
that  effort  has  been  concentrated  upon  making  the  subjects  as 
broad  as  possible,  and  also  of  special,  interest  in  Buffalo,  and  its 
vicinity.     A  similar  series  is  being  planned  for  next  season. 

JouN  Younger. 

Section  Chairman. 


Sections   Reports 


BALTIJIORE 

The  Baltimore  Section  was  organized  at  a  meeting  on  October 
19,  1916.  President  Jacobus  and  Secretary  Rice  attended  the 
organization  meeting. 

In  organizing  the  Section  it  was  realized  that  its  work  could 
be  made  much  more  effective  if  the  mechanical  engineers  could 
secure  the  cooperation  of  all  the  other  engineers  in  the  city.  It 
was  felt  that  a  joint  organization  of  engineers  in  Baltimore  would 
tend  towards  greater  interest  in  each  particular  section  and  also 
ii-  matters  of  general  engineering  interest.  Steps  were  therefore 
taken  at  the  outset  to  bring  about  such  a  cooperative  organization. 
Following  a  number  of  conferences  the  Associated  Technical  So- 
cieties of  Baltimore  was  formed  of  all  local  technical  societies 
and  the  local  sections  of  the  national  engineering  societies. 
Each  local  organization  invites  members  of  all  sections  of  sister 
societies  to  all  its  meetings,  except  those  of  a  strictly  business 
character.  It  is  hoped  that  later  on  this  association  may  develop  a 
close  union  and  that  the  joint  organization  will  be  one  of  consider- 
able influence. 

The  first  year  of  the  Section's  activities  has  been  marked  with 
many  meetings  of  interest  with  such  subjects  and  speakers  as 
Work  of  the  Navy  Experiment  Station,  by  W.  F.  DeBaufre. 
Mem.Am.Soc.M.E. ;  Recovery  and  Use  of  By-Products  from  Coal 
Tar,  by  F.  H.  Wagner.  Mem.Am.Soc.M.E. :  Flow  of  Values 
Through  an  Industrial  Plant,  by  Harrington  Emerson.  Mem. Am. 
Soc.M.E. :  Safety  First  on  the  B  &  O.  by  J.  T.  Broderick.  and 
Munitions  and  Preparedness,  by  Alten  T.   Miller. 

The  formation  of  a  Section  in  this  city  has  stimulated  interest 
in  the  Society,  as  evidenced  by  the  Increased  membership  during 
the  past  year :  it  has  also  encouraged  the  formation  of  a  Student 
Branch   at   .Tohns   Hopkins   University. 

The  outlook  for  next  fall  is  most  encouraging  and  it  is  antici- 
pated that  the  four  meetings  already  planned  for  next  winter  will 
prove  of  even  greater  interest  to  engineers  than  those  of  the 
past  year. 

C.  C.  TnOM.iS. 

Section  Chairman. 


NEW  YORK 

Following  out  the  plan  inaugurated  toward  the  close  of  the 
preceding  year,  the  activities  of  this  Section  were  carried  out  along 
three  distinct  lines :  namely,  the  regular  monthly  meetings,  at 
which  papers  or  addresses  were  delivered ;  social  evenings  under 
the  direction  of  the  Entertainment  Committee,  and  excursions 
arranged  and  conducted  by  the  Excursion  Committee.  In  each 
of  these  activities  the  Acquaintanceship  Committee  assisted,  and 
informal  suppers  before  the  monthly  meetings  were  also  effective 
in  getting  the  members  better  acquainted. 

The  regular  meetings  were  divided  between  technical  papers  and 
those  of  a  semi-popular  nature,  the  latter  this  year  being  chiefly 
on  military  topics.  The  technical  papers  were  The  Development 
of  the  Poppet  Valve  Steam  Engine,  by  Siegfried  Rosenzweig; 
Standards  of  Business  Success,  by  Earle  Buckingham ;  Narrow- 
Gage  Motor  Cars,  by  C.  W.  Hunt,  and  an  address  by  Dr.  Ira  N. 
Hollis.  Among  the  semi-technical  were  those  on  Explosives,  by 
Charles  L.  Reese,  of  the  E.  I.  Du  Pont  de  Nemours  Powder  Co. : 
Submarines,  by  Mr.  Charles  H.  Bedell  of  the  Electric  Boat  Co. ; 
Mobile  Armaments,  by  Andrew  M.  Coyle.  and  an  address  by 
Commander  E.  P.  Jessop.  U.  S.  Navy. 

The  average  attendance  was  about  300.  with  a  notable  increase 
of  the  younger  members  of  the  Section. 

During  the  first  half  of  the  year  the  Excursion  Committee, 
under  the  direction  of  its  Chairman,  carried  out  a  number  of 
interesting  and  instructive  Saturday-afternoon  excursions,  the 
largest  of  which  was  the  trip  to  the  submarine  base  at  New 
London,  in  conjunction  with  the  Boston,  Providence,  New  Haven 
and  Worcester  Sections :  700  members  and  guests  of  the  New  York 
Section  journeyed  by  special  train  on  this  excursion.  The  com- 
mittee also  conducted  the  excursions  at  the  Annual  Meeting. 
Unfortunately  the  war  condition  has  prevented  carrying  out  the 
plans  of  this  committee  during  the  latter  half  of  the  year. 

.\mong  other  activities  of  the  Entertainment  Committee  may 
be  mentioned  an  informal  smoker  held  early  in  the  season,  and  a 
dinner-dance  at  the  Machinery  Club  in  April,  both  of  which  were 
largely  attended. 

H.  R.  ConLEiGH. 

Section  Chnirninn. 


PRESENTATION  OF  THE  JOHN   FRITZ   MEDAL 


THE  John  Fritz  Medal,  awaidud  to  Dr.  Henry  Marion 
Howe  in  January  of  this  year  for  his  "  investigations  in 
metallurgy,  especially  in  the  metallogi-ajiliy  of  iron  and  steel," 
was  presented  to  him  in  the  Auditorium  of  the  Engineering 
Societies  Building,  New  York,  on  the  evening  of  Thursday, 
May  10. 

Mr.  Ambrose  Swasey,  Chairman  of  the  John  Fritz  Medal 
Board  of  Award  this  year, 
presided  at  the  ceremonies,  and 
addresses  wei'e  delivered  by  Di'. 
Rossiter  W.  Raymond,  Secretary 
Emeritus  of  the  American  Insti- 
tute of  Mining  Engineers,  and  Dr. 
Ira  N.  Hollis,  President  of  The 
American  Society  of  Mechanical 
Engineers. 

Prof.  Albert  Sauveur,  Chair- 
man of  the  Board  at  the  time  the 
award  was  made,  jaresented  the 
medal,  and  the  ceremonies  con- 
cluded with  the  response  of  Dr. 
Howe.  A  full  account  of  the 
proceedings  at  the  meeting  is 
given  below. 


MR,  SW.\SEY  WELCOMES  THE 
FRIENDS  .\ND  MEMBERS  OF 
THE    ENGINEERING     SOCIETIES. 

In  welcoming  the  friends  and 
members  of  the  engineering  so- 
cieties, and  in  introducing  the 
first  speaker  of  the  evening,  Mr. 
Swasey  said :  "  It  is  a  happy 
privilege  that  we  can  meet  here 
this  evening  to  honor  one  of  our 
number  who  has  distinguished 
himself  in  the  profession  of  engi- 
neering, and  that  we  may  call  to 
mind  that  splendid,  noble  char- 
acter for  whom  the  medal  to  be  presented  this  night  was  named, 
and  for  whom  it  was  established,  and  also  call  to  mind  the  num- 
ber who  have  received  the  medal  as  the  years  have  gone  on. 

"  I  am  sure  we  can  but  feel  that  this  has  been  an  elevating  in- 
fluence, a  broadening  influence,  and  that  today,  because  of  the 
John  Fritz  Medal,  the  engineering  profession  in  this  counti-j' 
occupies  a  higher  plane  and  has  a  broader  horizon  than  ever 
before.  It  has  brought  the  different  sections  of  the  engineering 
societies  together  in  a  more  cooperative  way  than  has  been  in 
the  years  before,  and  I  am  sure  that  we  all  rejoice  that  these 
medals  are  awarded  as  we  go  along  through  life.  I  would 
that  dear  Mr.  Fritz  could  take  a  part  in  and  know  of  the 
work  that  is  being  undertaken  in  his  behalf  and  in  his  name, 
in  which  he  was  so  much  interested. 

'■  I  remember  one  day  we  went  down  to  the  studio  of  the 
sculptor  and  he  was  extremely  interested  in  the  model  for  the 
medal  which  is  to  be  presented  this  evening.  He  took  much 
interest  in  every  detail,  not  only  as  to  the  obverse,  but  as  to 
the  reverse  side  of  the  medal.  In  many  ways  he  was  identi- 
fied with  this  work,  and  it  is  a  great  pleasure  to  think  of  him, 
of  his  sweet  ways,  and  of  the  interest,  not  only  as  a  great 
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engineer,  but  of  tlie  great  broad  man  he  was  in  every  respect,, 
and  I  may  say  that  we  appreciate  the  noble  works  of  those 
who  have  received  the  medal  since  his  day,  and  we  are  glad 
to  have  one  of  the  medalists  with  us  here  this  evening  in  addi- 
tion to  the  one  who  is  to  be  the  recipient  of  the  medal  that  is 
bestowed  this  evening. 

"  I  am  sure  you  will  be  interested  to  liave  me  read  -  the 
names  of  those  who  have  received 
the  medals  from  time  to  time : 

"  The  first  was  John  Fritz,  then 
came  Lord  Kelvin,  George  West- 
inghouse,  Alexander  Graham  Bell, 
Thomas  Alva  Edison,  Charles  Tal- 
bot Porter,  Alfred  Noble,  Sir 
William  Henry  White,  Robert 
Wilson  Hunt,  John  Edson  Sweet, 
James  Douglas,  Elihu  Thomson, 
and  this  evening  Henry  Marion 
Howe. 

"  This  certainly  is  a  splendid 
list  of  members  and  a  great  honor 
roll.  Many  liave  passed  on,  have 
ended  their  work  here,  and  others 
are  still  going  on  with  the  work, 
Init  the  names  and  the  memories- 
of  those  who  have  passed  away 
still  abide  with  us,  and  now  this 
evening  as  we  take  up  the  cere- 
monies of  presentation  of  the 
medal,  I  am  going  to  first  call 
upon  one  who  needs  no  introduc- 
tion, because  you  all  know  him 
because  of  the  splendid  work  that 
he  has  done,  for  what  he  has  ac- 
complished for  the  engineering 
])rofession.  We  all  have  a  deep 
affection  for  him,  and  therefore 
I  am  going  to  simply  present  to 
vou  Dr.  Ravmond." 


DR.    R.WMUXD    PRESENTS    .\    FITTING    TESTIMONIAL    TO    THE 
.VCHIEVEMENTS  OF  PROFESSOR   HOWE 

Dr.  Raymond,  with  his  intimate  knowledge  of  the  life  and 
the  work  of  Professor  Howe,  delivered  a  very  interesting  and 
foi'cef ul  address  which  is  reproduced  in  full  below : 

"  The  genesis  of  a  new  science  or  branch  of  science  is  in 
this  wise :  First  there  is  the  invention  of  some  new  means 
or  method  of  investigation,  such  as  the  chemical  laboratory, 
the  telescope,  the  microscope,  or  the  spectroscope,  followed 
at  once  by  an  innumerable  host  of  startling,  confusing,  mostly 
qualitative  observations.  Such  an  invention  reveals  to  man- 
kind a  dazzling  but  vague  new  world,  the  very  existence  of 
which  was  scarcely  suspected  before,  and  the  indefinite  out- 
lines of  which  inspire  poetic  generalizations,  and  vast  hypothe- 
ses— beautiful  if  true — beautiful,  indeed,  irrespective  of  their 
truth. 

"  Then  comes  the  long  period,  less  thrilling  yet  not  less 
meritorious  and  even  more  important,  during  which  the  means 
and  methods  of  observation  are  rendered  more  precise,  and  the 
recognition  of  differences  more  minute.  At  the  same  time, 
the   older   data    are   revised,    corrected,    and    assorted — many,. 


no 


■SAUGUST 

.    1917 


SOCIETY  AFFAIRS 


711 


-probably  most,  of  them,  being  rejected.  This  is  the  stage  of 
.preparation  of  the  raw  material  of  the  science;  and  it  is 
■characterized  in  every  science  by  the  accumulation  of  a  well- 
nigh  intolerable  burden  of  distinctly  separated  facts.  But 
this  burden  must  be  patiently  borne,  and  the  separate  units 
of  which  it  is  compose  1  must  be  delimited,  measured  and 
weighed,  in  order  that  the  mathematical,  that  is.  the  quantita- 
tive, character  may  be  impressed  upon  them.  Illustrations  of 
this  principle  will  occur  to  all  who  have  followed  the  growth 
of  any  science. 

■  "  General  Myer,  the  creator  of  our  U.  S.  Weather  Bureau, 
once  told  me  that  when  he  began  to  organize  that  service  at 
Washington,  he  found  in  the  garret  of  the  Smithsonian  In- 
■stitution  tons  of  old  papers  containing  '  weather  observations  ' 
.contributed  by  public-spirited  citizens  all  over  the  country 
who  had  heroically  got  out  of  bed  at  certain  hours  to  read 
their  thermometers,  rain  gages  and  weathercocks  and  anemom- 
eters. But  nobody  had  tested  or  standardized  their  apparatus, 
and  nobody  guaranteed  its  freedom  from  accidental  aberra- 
tion or  mischievous  meddling. 

"  I  have  heard  also  of  a  great  German  mineralogist,  who 
made  many  thousand  measurements  of  crystals,  and  based 
upon  their  varying  angles  some  beautiful  hypotheses.  But 
after  his  death,  another  mineralogist  tested  his  goniometer, 
and  found  in  it  defects  which  vitiated  his  observations. 

"  Such  are  the  pseudo-materials  of  science,  which  must  be 
got  out  of  the  way  before  safe  induction  can  begin.  But 
even  really  scientific  data  may  present,  during  the  stage  of 
verification  and  inchoate  arrangement,  an  overwhelming  com- 
plexity, which  threatens  to  smother  a  new  science  in  its 
cradle.  Take,  for  instance,  the  condition  of  biology  before 
Wallace  and  Darwin.  Everybody  was  furiously  busy  detect- 
ing differences,  and  founding  upon  them  the  definitions  of 
new  species:  and  the  mere  catalogues  of  species  were  beyond 
the  student's  comprehensive  grasp.  We  all  remember  the 
universal  sigh  of  relief  with  which  the  scientific  world,  wel- 
coming the  Darwinian  hypothesis  as  its  new  guide,  began  to 
study  similarities  and  relationships  instead  of  differences,  and 
saw  the  incalculable  multitude  of  individual  species  grouji 
themselves  in  a  grand  order,  illuminated  by  a  new  law. 

This  emergence  of  a  general  formula  from  a  chaos  of 
equations  marks  the  final  stage  in  the  genesis  of  a  science. 
That  is  not  the  end,  but  only  the  beginning,  of  its  history, 
[t  must  still  grow  by  accretion,  subdivide  by  fissile  separation, 
and  establish  its  relations  to  other  sciences.  And  at  every 
step  the  operations  of  observation,  verification,  criticism,  an 
alysis  and  synthesis  must  be  repeated,  just  as  the  embryo  re- 
hearses in  miniature  the  history  of  a  species. 

"  It  follows  that  the  stages  of  development  which  I  have 
indicated,  though  they  may  seem,  on  'the  large  scale,  to  follow 
one  another,  really  go  on  pari  jmssii.  There  is  no  time  at 
which  any  one  of  them  ceases.  Yet  with  regard  to  a  single 
and  limited  branch  of  scientific  inquiry,  their  existence  and 
succession  may  be  clearly  discerned. 

"  It  is  my  difficult  but  honorable  and  welcome  task  to  set 
before  you  an  outline  of  the  work  of  a  master  who  has  con- 
tributed mightily  to  all  these  phases  in  the  growth  of  the  new 
science  of  metallography:  as  a  discoverer  and  obser\-er,  as  an 
industrious  compiler,  and  as  the  builder  of  a  noble  edifice  out 
of  the  materials  thus  gathered  and  prepared. 

"  It  is  not  my  purpose  to  give  a  complete  biograjihieal  and 
bibliographical  statement.  But  I  must  say  here  at  least  so 
much  as  will  indicate  the  peculiarly  fitting  endowment  and 
environment  by  which  this  life  and  its  work  were  determined 
and  perfected. 


"  Henry  Marion  Howe  was  born  March  2,  1848.  at  Boston, 
Mass.  His  father  was  Dr.  Samuel  G.  Howe,  famous  for  liis 
service  to  Greece  in  her  war  for  independence  (from  1824  to 
18.30)  and  later  for  liis  labors  in  the  instruction  of  the  blind. 
His  mother  was  Julia  Ward  Howe,  author  of  the  Battle  Hymn 
of  the  Republic,  and  leader  in  many  reforms.  He  was  of  good 
stock  on  both  sides,  making  him  heir  to  intellectual  keenness 
and  refinement,  the  capacity  for  both  enthusiasm  and  perse- 
verance, a  passion  for  the  pursuit  of  knowledge,  and  a  gift 
of  clear  and  felicitous  statement. 

"  This  inheritance  was  improved  by  a  lilieral  education. 
No  matter  how  vehemently  the  business  or  .scientific  value 
of  a  '  college  course  '  may  be  controverted,  I  notice  that,  with- 
out exception,  the  successful  men  who  have  had  such  a 
course  are  glad  they  had  it,  and  tliose  who  have  not 
wish  they  had.  We  may  be  sure  that  Professor  Howe's  easy 
command  of  his  field  in  techiiical  literature  owes  much  to  the 
circumstance  that  he  was  graduated  in  1865  from  the  famous 
Boston  Latin  School,  and,  four  years  later,  received  his  degree 
as  Bachelor  of  Arts  from  Harvard  College.  Thus  equipped, 
he  entered  the  Massachusetts  Institute  of  Teelinology,  which 
gave  him  in  1871  the  degree  of  Graduate  in  the  Department 
of  Geology  and  Mining  Engineering — a  cumbrous  title  for 
which  the  institution  substituted,  a  few  years  later,  that  of 
Bachelor  of  Science.  And  Harvard  made  him  Master  of 
Arts  in  1872,  and  Doctor  of  Laws  in  1905. 

"  But  upon  this  basis  of  wide  and  liberal  culture  it  was 
necessary  to  his  future  achievements  that  he  should  lay 
another  foundation  of  acquaintance  with  practice;  and  this 
he  did  during  the  next  dozen  years,  as  a  student  in  the  steel 
works  at  Troy,  manager  of  works  at  Pittsburgh,  and  designer 
and  builder  of  the  works  of  the  Orford  Nickel  and  Copper  Co. 
at  Capleton  and  Eustis  in  the  province  of  Quebec,  and  at 
Bergen  Point.  N.  J.  His  experience  in  the  metallurgy  of 
copper  bore  legitimate  fruit  in  the  publication  at  a  later 
period  of  his  first  book,  Copper-Smelting;  but  before  this 
appeared  (in  1885)  he  had  already  become  known  through 
liis  technical  papers  as  an  acute  observer  and  reasoner,  by 
no  means  averse  to  friendly  controversy. 

"  Since  it  is  my  present  duty  to  offer  not  so  much  a  sym- 
metrical and  complete  accomit  of  Professor  Howe's  activities 
as  a  description  of  the  particular  labors  in  recognition  of 
which  he  receives  today  from  his  brother  engineers  the  John 
Fritz  gold  medal,  I  shall  pass  lightly  over  the  general  features 
of  his  career,  merely  observing  that  from  1883  to  1897  he 
resided  at  Boston,  and,  besides  his  private  practice  as  a 
consulting  metallurgist  and  expert  witness  in  metallurgical 
patent  suits,  was  lecturer  on  metallurgy  at  the  Massachusetts 
Institute  of  Technology;  that  in  1897  he  was  called  to  the 
professorship  of  metallurgy  in  Columbia  University,  from 
which  position  he  retired  in  1913  with  the  title  of  Professor 
Emeritus;  and  that  for  the  last  ten  years  he  has  declined  as 
far  as  practicable  all  professional  business,  in  order  to  devote 
himself  exclusively  to  the  completion  of  what  had  clearly 
become  the  great  scientific  mission  of  his  life.  To  this  end, 
he  has  maintained  at  his  own  expense  a  special  laboratory 
of  research. 

"  It  gives  me  pleasure  to  fancy,  whether  or  no  the  fancy 
he  also  fact,  that  I  remember  the  beginning  of  that  mission, 
forty-odd  years  ago.  In  1871.  the  first  year  of  the  existence 
of  the  American  Institute  of  Mining  Engineers.  Mr.  Howe, 
then  just  graduated  from  the  Massachusetts  Institute  of 
Technology,  became  a  member  of  the  new  organization.  His 
two  earliest  contrilmtions  to  its  Transactions,  Blast-Furnace 
Economy,  in  Vol.  TIT,  and  Thoughts  on  the  Thermic  Curves  of 
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Blast-Fumaees,  in  Vol.  V,  indicated  already  that  he  was 
making  a  scientific  study  of  practice.  But  between  the  dates 
of  these  papers  a  famous  controversy  was  inaugurated  in  the 
forum  of  the  Institute  by  the  brilliant  paper  of  Alexander  L. 
Holley,  primus  inter  pares,  entitled  What  Is  Steel?  In  this 
controversy,  eminent  metallurgists  like  Wedding,  chemists  like 
Prime,  and  expert  captains  of  industry  like  Metcalf,  vigor- 
ously took  part;  but  of  all  the  knights  in  the  tourney,  none 
rode  a  straighter  course  or  laid  in  rest  a  sharper  lance  than 
Howe,  whose  paper  on  The  Nomenclature  of  Iron  ardently 
advocated  a  scientific  as  distinguished  from  a  commercial 
nomenclature.  To  tell  the  truth,  the  battle  had  a  commercial 
origin.  The  real  question  at  issue  was  not,  What  is  steel?  but. 
What  may  fairly  be  called  steel  at  the  custom  house?  And 
the  technical  reputation  of  the  Institute  was  invoked  by  one 
party  in  favor  of  a  convenient,  practical,  industrial  classi- 
fication which  would  relieve  importers  from  the  expensive 
refinements  of  science. 

"  Well,  there  was  even  an  international  committee  on  the 
subject,  and  the  committee  made  a  report,  and  the  report 
was  not  adopted  by  the  Institute,  except  provisionally  for 
optional  use  in  its  publications,  because  the  Institute  was 
wisely  deemed  to  be  an  arena  of  discussions  and  not  a 
tribunal  of  decisions.  Never  was  a  more  fortunate  position 
assumed,  for  the  great  question  was  left  open,  as  it  should 
be  always.  The  tariff  difficulty  was  adjusted  somehow;  the 
antagonists  shook  hands;  the  thunder  of  the  captains  of 
industry  and  the  shoutings  died  away.  But  one  man  con- 
tinued the  inquiry  fiercely  in  his  own  soul.  Henry  Marion 
Howe,  before  whom  the  dust  of  the  controversy  loomed  like 
a  giant  Afrite  still  defying  attack,  devoted  his  life  thence- 
forward to  the  mighty  conundrum.  What  is  steel?  That  he 
has  spoken  the  last  word — even  his  own  last  word — on  the 
subject,  no  one  would  venture  to  say;  but  certain  it  is  that 
he  has  brought  us  to  a  degree  of  knowledge  the  very  existence 
of  which  was  scarcely  dreamed  in  1876. 

"  It  is  curious  that  at  that  time  he  insisted  upon  the  capacity 
of  steel  for  hardening  as  an  essential  element  in  classification. 
For  it  was  through  this  door — the  study  of  the  conditions 
and  nature  of  the  hardening  process — that  the  advance  was 
to  be  made  into  the  wider  field  of  knowledge.  And  the 
instrument  of  knowledge  was  to  be  the  new  science  of 
metallography. 

"  That  science,  at  least  so  far  as  it  relates  to  iron  and  steel, 
may  be  said  to  have  begun  with  the  observations  of  Sorby 
on  the  microstructure  of  iron,  reported  in  1804  and  1868. 
Martens  published  independently  in  1878.  But  already  in 
1868,  Tschernoff  had  enunciated  the  chief  laws  which  govern 
the  metallography  of  iron.  These  were  supplemented  by  the 
appearance  in  StaM  und  Eisen,  1885,  of  Brinell's  laws.  AU 
these  creditable  steps  of  progress  were  rendered  more  or  less 
uncertain  and  incomplete  by  the  imperfection  of  the  apparatus 
and  methods  of  precision,  by  consequent  errors  of  observation, 
and  by  gaps  in  the  data — though  the  aggregate  quantity  of 
material  was  already  overwhelming.  Then  came  in  1887 
and  subsequent  years  the  remai'kable  investigations  and  intui- 
tions of  Floris  Osmond,  who  discovered  that  metals  frequently 
combine  to  form  definite  chemical  compounds,  and  that  these 
compounds  frequently  form  solid  solutions.  He  discovered 
also  the  thermal  critical  points  of  iron,  and,  interpreting 
these  changes  in  the  cooling  curve  as  indications  of  some 
molecular  change,  propounded  the  brilliant  hypothesis  of  the 
allotropy  of  iron  which  furnished  the  acceptable  allotropic 
theory  of  the  hardening  of  steel.  To  him,  as  Professor 
Sauveur    remarks    in    his    Biographical    Notice    of    Osmond 


(Trans.  A.I.M.E.  xlv,  p.  274),  we  owe  likewise  the  dis- 
covery of  austenite,  the  non-magnetic  solid  solution  of  iron 
and  carbon  existing  above  the  thermal  critical  range,  and  the 
transition  constituents,  martensite,  troostite  and  sorbite,  mark- 
ing as  many  distinct  and  important  steps  in  the  transforma- 
tion, on  cooling,  of  the  solid  solution  austenite  into  the  ferrite- 
cementite  aggregate. 

"  This  brings  us  to  the  date  of  Howe's  fii'st  book  on  the 
subject;  and  the  history  of  the  new  science,  as  I  have  already 
sketched  it  in  general  terms,  is  epitomized  in  the  essays  and 
books  of  Professor  Howe  from  the  appearance  of  his  Metal- 
lurgy of  Steel  in  1888  to  that  of  his  Metallography  of  Steel 
and  Cast  Iron  in  1916.  The  first  of  these  books  was  an 
amazing  accumulation  of  reported  facts,  tabulated,  verified 
and  explained  as  far  as  was  then  practicable.  The  last  is  an 
equally  amazing  arraj'  of  facts,  but  now  sifted,  tested,  logically 
arranged  and  luminously  interpreted,  exhibiting  not  uncom- 
prehended  differences,  but  significant  similarities  and  relation- 
ships. The  first  was  a  heap,  parts  of  which  had  been  sorted; 
the  last  is  an  edifice.  To  produce  the  first  required  intel- 
ligent and  inexhaustible  industry  and  critical  discernment. 
The  second  exhibits  the  creative  genius  of  an  architect.  Be- 
tween the  two  lies  the  history  of  a  science,  to  every  stage  of 
which  this  builder  has  made  some  important  contribution. 
Let  me  mention  a  few  of  these,  under  the  heads  of  invention 
of  improved  methods;  discovery  of  new  facts;  testing  of 
data;  and  correlation  and  interpretation  of  observed  phe- 
nomena. I  shall  not  pretend  to  comprehensive  completeness 
in  this  survey.  I  must  be  content  with  the  exhibition  of 
typical  samples. 

"  One  of  the  new  methods  invented  by  Professor  Howe  is 
that  of  determining  the  microstructural  and  other  conditions 
which  exist  in  steel  at  high  temperatures  by  fixing  those  con- 
ditions through  the  process  of  quenching — a  method  which 
has  been  generally  adopted,  and  by  the  use  of  which  much 
clearer  and  more  trustworthy  results  have  been  obtained 
than  were  formerly  possible. 

"  Among  his  discoveries  of  new  facts  may  be  mentioned  the 
isotropy  of  the  effects  of  plastic  deformation  (announced  in 
1888,  and  supported  in  1914) ;  the  possibility  of  effacing  blow- 
holes in  soft  steel  by  welding  (1909) ;  the  relations  of  graphite 
flakes  in  cast  iron,  representing,  not  complete  discontinuities 
of  the  metal,  but  only  the  filling  by  graphite  of  the  inter- 
stices in  ferrite  skeletons;  and  the  crystallography  of  the 
slip  planes  (Metallography  of  Steel  and  Cast-iron,  p.  327). 

"  But  this  investigator  kept  himself  acquainted  with  the 
discoveries  of  others.  In  1893  he  confirmed  by  rigorous  ex- 
perimental proof  the  brilliant  hypothesis  of  Osmond  that  the 
transformations  in  steel  represent  the  alternate  acquisition 
and  loss  of  hardening  capacity. 

"  Under  the  head  of  testing  and  verifying  data,  I  would 
name  the  rigorous  analysis  of  the  so-called  Clapp-GriflBths 
process;  the  demonstration  that  the  chief  benefit  of  rolling 
and  forging  is  due  to  the  low  finishing  temperature  rather 
than  to  the  degree  of  mechanical  reduction,  as  formerly 
believed;  and  the  striking  demonstration  that  the  results  of 
one  of  the  most  important  investigations  of  the  gas  evolved 
from  iron  were  wholly  vitiated  by  the  leakage  of  the  apparatus. 
All  these  may  be  found  in  the  Metallurgy  of  Steel,  which 
contains  also  analyses  of  the  conditions  of  dephosphoriza- 
tion,  of  the  chemistry  of  the  crucible  process,  and  of  the 
technique  of  Bessemer  practice. 

"  In  a  remarkable  paper  on  the  structure  of  steel,  con- 
tributed to  the  proceedings  of  the  American  Society  for  Test- 
ing  Materials   for   1911,   Professor   Howe   collected    into   the 
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form  ot  propositions  or  laws  the  observed  relations  of  heat 
treatment  to  the  microstructure  and  mechanical  properties 
of  steel.  In  that  paper  he  enunciated  twenty-three  of  these 
laws;  and  had  he  then  ceased  from  his  labors,  his  work  would 
have  followed  him  as  an  imperishable  record  indelibly  carved 
upon  the  history  of  science.  But  he  was  destined  to  go  still 
further  during  the  five  years  which  followed.  His  latest  book, 
The  Metallography  of  Steel  and  Cast-iron,  published  in  1916, 
occupies  intellectually  a  higher  plane  than  its  predecessors, 
by  which  I  mean  that  it  commands  a  wider  outlook,  permitting 
grander  generalizations,  and  the  recognition,  in  due  per- 
spective, of  causes,  effects  and  relations.  This  book,  in  short, 
exhibits  that  simplification  which  I  have  described  as  following 
the  stage  of  maximum  complexity  in  the  development  of  a 
science.  Its  very  title,  coupling  steel  with  cast  iron,  expresses 
the  maturer  view  which  includes  both  in  one  continuous  series, 
subject  to  the  same  laws — a  significant  conclusion  of  the 
controversy  which  began  with  the  contention  that  steel  was 
not  cast  iron.  Not  that  the  difference  has  been  disproved 
but  that  a  higher  unity  has  been  shown  to  embrace  it.  Such  is 
indeed  the  normal  end  of  controversy — '  peace  without  victory ' 
through  agreement  on  a  higher  level. 

"  This  book  is  not  a  textbook,  repeating  what  is  generally 
accepted  already.  Covering  the  field  in  which  others  have 
meritoriously  labored,  it  propovmds,  suggests  and  prophesies 
new  truth  and  new  views  of  truth.  It  is  a  product  of  the 
two  kinds  of  genius,  the  genius  which  consists  in  an  infinite 
capacity  for  taking  pains,  and  the  genius  which  with  happy 
intuition  surveys,  divines,  coordinates  and  interprets  the 
cosmos  in  the  chaos. 

"  That  my  estimate  of  the  work  of  our  great  American 
colleague,  as  summed  up  and  set  forth  in  this  book,  is  not 
merely  an  expression  of  personal  affection  or  patriotic  pride, 
let  me  prove  by  one  or  two  opinions  from  eminent  authorities. 

"  I  would  quote  first  a  few  paragraphs  translated  from  a 
review  of  the  book  by  Professor  Le  Chatelier  in  the  Revue  dc 
Metallurgie  (Vol.  xiii.  No.  2,  March- April,  1916) : 

The  new  work  of  Mr.  Howe  is  entirely  orisinal.  It  has 
nothing  iu  common  with  the  numerous  treatises  on  metal- 
lography which  have  appeared  during  the_  last  ten  years. 
Whoever  has  read  one  of  them  has  read  them  all.  Here  we 
have  to  do  with  the  personal  observations  and  views  of  the 
author.  As  he  indicates  in  his  preface,  he  has  written  this 
treatise,  not  to  state  the  solidly  established  principles  of  a 
young  science,  but  to  cause  the  creators  of  that  science  them- 
selves to  think ;  to  open  before  them  new  horizons.  Hence 
he  has  not  feared  to  announce  theories  sometimes  a  little 
hazardous.     .     .     . 

This  study  will  make  an  epoch  in  the  history  of  the  progress 
of  science.  It  represents  many  years  of  uninterrupted  re- 
search, but  for  a  much  longer  period  it  will  certainly  be 
consulted  by  investigators  with  fruitful  results. 

"  The  following  remarks  are  taken  from  a  similar  review 
by  H.  C.  H.  Carpenter,  Professor  of  Metallurgy  at  the  Royal 
School  of  Mines,  South  Kensington,  England : 

It  is  quite  safe  to  say  that  Professor  Howe's  book  will  at 
once  take  its  place  as  an  authoritative,  and  indeed,  classical, 
exposition  of  the  field  of  knowledge  with  which  it  deals. 
From  whatever  standpoint  it  is  judged,  it  is  a  great  book — 
great  in  its  power,  lucidity,  balance,  comprehensiveness,  and 
preeminently  scientific  character. 

"  In  a  private  letter,  written  with  reference  to  the  announce- 
ment that  the  John  Fritz  medal  was  to  be  conferred  upon 
Professor  Howe,  the  same  distinguished  author  says  that  he 
believes  no  award  could  have  given  greater  pleasure  to  the 
metallurgists  of  Great  Britain,  who  look  upon  Professor 
Howe  not  merely  as  the  doyen  of  metallographists  in  America 
but  as  their  most  distinguished  representative;  'a  worker 
whose  single-mindedness  in  the  pursuit  of  truth  is  an  example 


to  us  all,  and  whose  conscientiousness  gives  to  his  publica- 
tions a  character  of  their  own.' 

"  Finally,  I  take  the  liberty  of  quoting  from  a  private  letter 
received  by  me  from  a  no  less  eminent  American,  Prof.  Albert 
Sauveur  himself,  who,  as  the  President  of  the  Board  of  Award, 
bestows  this  medal  tonight : 

Professor  Howe,  in  his  recent  masterly  book  on  The  Metallog- 
raphy of  Steel  and  Cast-iron  reviews  exhaustively  and  exam- 
ines critically,  as  he  alone  can  do,  every  view  at  all  worthy 
of  recognition,  dealing  with  the  subject  he  covers.  I  believe 
that  any  responsible  author  who  has  ever  expressed  a  reason- 
able opinion  on  any  subject  dealing  with  the  metallography 
of  iron  and  steel  will  find  his  views  recorded  and  discussed 
in  this  book.  Professor  Howe  then  proceeds  to  weigh  with 
great  fairness  and  extraordinary  intelligence  and  lucidity  the 
arguments  or  evidence  supporting  the  different  views,  and 
draws  his  conclusions  accordingly.  His  method  is  that  of  a 
mathematician  solving  a  problem  in  which  each  factor  is 
given  its  proper  value.  In  this  way,  Howe  has  rendered  to 
metallurgists  an  inestimable  service;  and  he  alone  could 
render  it.  Where  most  of  us  could  see  only  chaos  and  ob- 
scurity, he  is  able  to  bring  order,  and  to  discover  the  light 
that,  under  his  skillful  manipulation,  soon  illuminates  the 
darkest  corners.     .     .     . 

This,  I  think,  is  his  greatest  achievement — the  marvellous 
coordination  which  he  has  brought  into  the  science  of  metal- 
lography through  his  genius  and  his  labor,  tremendous  in 
quantity,  marvelous  in  lucidity.  To  him  more  than  to  any 
one  else  we  owe  the  quick  rejection  of  weak  or  ill-supported 
theories  in  favor  of  the  survival  of  the  fittest — a  process  so 
necessary  to  the  advance  of  any  branch  of  human  knowledge. 

"  To  these  expressions  of  individual  and  representative 
opinion  should  be  added  the  numerous  formal  honors  bestowed 
upon  Professor  Howe  by  institutions  and  governments  in 
many  lands.  England,  France  and  Russia  have  each  conferred 
three  of  these  recognitions,  while  others  have  come  from  Ger- 
many and  Sweden.  And,  last  but  by  no  means  least  to  his 
patriotic  heart,  come  two  announcements,  received  since  I  began 
the  preparation  of  this  address,  the  one,  of  his  election  as  a 
member  of  our  National  Academy  of  Sciences;  the  other,  of 
his  selection  as  one  of  the  charter  members  enumerated  in  the 
proposed  Act  of  Congress  incorporating  the  American  Acad- 
emy of  Engineers. 

"  Thus  the  applause  of  two  continents  attends  the  act  of  the 
John  Fritz  Medal  Committee  in  selecting  Henry  Marion 
Howe  as  a  recipient  of  that  great  honor.  And  the  act  has 
also  another  significance.  It  is  a  recognition  on  the  part  of 
engineers  that  the  microscope  and  the  test  tube  have  become 
the  tools  of  engineering.  Indeed,  when  we  remember  that 
the  strength  of  materials  is  the  alphabet  of  every  branch  of 
engineering  science  represented  by  the  givers  of  this  medal, 
we  must  admit  that  the  man  who  with  microscope  and  test  tube 
analyzes  the  causes  and  determines  the  conditions  of  that 
strength  is  among  the  greatest  of  engineers. 

"  While  this  testimonial  is  bestowed  by  engineers,  I  cannot 
forbear  to  utter  my  satisfaction  that  it  is  received  by  one 
who  is  more  even  than  an  engineer;  whose  many-sided  patri- 
otic and  literary  activity  is  typical  of  this  age,  in  which 
engineers  are,  as  St.  Paul  said  of  the  Gentiles,  '  no  more 
strangers  and  foreigners,  but  fellow-citizens  with  the  saints.' 
If  we  may  say  of  him,  as  Johnson  said  of  Goldsmith,  '  non 
tetigit  quod  non  adornavit,'  we  may  almost  add,  '  non  est,  quod 
non  tetigit.' 

"  And  so  we  crown  to-day  with  grateful  pride,  not  only  the 
leader,  but  also  the  comrade  and  friend !  " 


DR.  HOLLIS  EULOGIZES  THE  RECIPIENT  OF  THE  MED.4.L 

Expressing  his  opinion  that  the  spirit  of  the  meeting  shotild 
lead  us  to  a  new  dedication  of  ourselves  to  the  service  of  man- 
kind. Dr.  Hollis  said :     "  It  is  not  only  a  privilege,  but  also 
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an  honor,  to  have  a  share  in  the  award  of  the  .John  Fritz  Medal 
to  Henry  Marion  Howe  for  liis  contributions  to  applied  science. 
This  medal  as  a  recognition  of  aehievement  in  applied  science 
has  completely  justified  itself  if  it  has  served  no  other  purpose 
than  to  record  in  this  admirable  way  the  practical  service  to 
science.  But  it  does  more  in  calling-  attention  to  the  great 
value  of  research.  The  popular  conception  of  invention  as  a 
mere  happy  guess  or  thought  has  led  many  into  a  totally  false 
conception  of  the  method  by  which  applied  science  has  grown. 
As  a  matter  of  fact,  j^ractically  all  of  our  advancements  have 
been  the  results  of  patient  study  and  research,  the  work  of 
developing  a  thought  always  being  the  harder  and  better  part 
of  it.  In  calling  attention  to  the  method  by  which  Mr.  Howe's 
gTcat  work  has  been  accomplished,  this  meeting  serves  to  edu- 
cate and  to  clear  the  popular  mind  on  the  true  value  of  scien- 
tific research  and  of  the  abstract  study  of  all  science.  Not  one 
of  the  recipients  of  the  John  Fritz  Medal  has  earned  his  right 
to  distinction  by  mere  thought.  Each  one  of  them  has  worked, 
and  worked  steadily  through  bis  life,  with  some  definite  end 
in  view,  usually  without  much  thought  of  the  money  side  of 
his  discovery.  In  this  respect  Mr.  Howe  is  a  worthy  successor 
of  all  those  who  have  preceded  him  on  this  honorable  list. 
His  work  has  been  done  quietly  and  modestly  without  the  help 
from  daily  papers  that  has  become  so  disturbing  and,  in  some 
eases,  so  disastrous  a  part  of  the  scientist's  achievement  in 
these  later  years.  He  is  not  only  a  fitting  successor  to  all  the 
men  who  have  received  the  same  honor,  but  he  is  also  beyond 
all  others  of  the  same  family  as  .John  Fritz.  No  professional 
man  has  ever  earned  lasting  fame  who  has  not  obtained  it 
through  the  high  respect  of  those  in  his  own  profession.  It 
is  not  the  printing  press  and  the  public  who  make  the  reputa- 
tion of  a  great  man,  but  rather  his  companions  in  the  profes- 
sion who  understand  his  work.  Mr.  Howe  is  thus  singularly 
happj'  in  the  friends  who  have  gathered  around  him  tonight 
to  rejoice  with  him.  They  will  remember  and  understand  well 
what  he  has  done  for  the  science  of  metals  and  for  his  country 
as  well.  As  a  teacher,  a  writer,  and  a  scientist,  his  life  is  a 
speaking  example  of  science  wisely  and  unselfishly  used  in 
man's  service.  He  has  given  and  published  freely  his  dis- 
coveries and  his  ideas  on  steel  so  that  all  his  fellow  citizens 
might  benefit  alike.  There  has  been  no  touch  of  the  baneful 
search  for  power  through  money.  Without  being  an  announced 
leader  in  scientific  management,  his  work  in  teaching  the 
industries  the  value  of  special  steels,  in  adapting-  the  means 
to  the  end,  has  been  a  great  contribution  to  safety  and  ef- 
ficiency. 

"  He  has  pointed  out  the  path.  Sometimes  by  simply  indi- 
cating where  the  path  enters  the  unknown,  a  teacher  opens 
the  way  and  leads  others  from  traditional  methods  to  new  and 
better  things.  Life  is  made  up  of  wandering  pathways,  and 
some  great  pathfinder  stands  at  every  parting.  James  Watt 
was  at  the  beginning  of  modern  industry,  George  Corliss  at 
the  first  great  departure  in  the  economical  use  of  steam,  .John 
Fritz  lived  to  see  liis  work  culminate  in  the  great  Bethlehem 
Company.  All  the  others  on  the  list  of  medalists  have  found 
themselves  at  the  beginning  of  an  era  in  their  subjects  and 
now  Henry  Howe  joins  these  immortals  who  have  stood  as 
the  great  teachei-s  and  pathfinders  of  mankind. 

"Nothing  that  I  can  say  here  will  add  to  his  reputation. 
That  is  written  in  his  books.  This  great  meeting  should,  how- 
ever, lead  us  to  a  new  dedication  of  ourselves  to  the  kind  of 
sen'iee  so  much  needed  toward  the  rational  life  of  man  of 
this  planet. 

"Science  has  three  aspects:  first,  to  discover  truth  and  fol- 
low it;  second,  to  employ  the  forces  and  materials  of  nature 


for  the  good  of  all  mankind ;  third,  to  set  us  into  closer  accord 
with  the  will  of  God. 

"  It  is  not  necessary  to  dwell  on  these,  except  perhaps  the 
last,  which  is  the  only  pure  science  that  we  have.  In  these 
days  of  struggle  for  power,  in  these  days  when  the  white  races 
are  using  their  scientific  knowledge  to  weaken  one  another, 
to  destroy  one  another,  it  is  well  for  us  to  search  our  hearts 
for  those  things  in  which  science  has  been  found  wanting. 
At  times  we  have  made  a  god  of  it,  with  the  thought  that  it 
alone  has  brought  the  human  race  out  of  darkness,  that  it  has  dis- 
pelled the  shadow  of  superstition,  and  by  promoting  the  well- 
being  of  man  it  has  formed  a  true  civilization.  We  some- 
times forget  that  no  civilization  can  continue  to  exist  in  an 
unbalanced  condition.  Science  alone  Mould  make  of  this  a 
hard,  cold  world,  just  as  all  intellectuality  without  heart  tends 
to  mere  machinery.  There  are  always  two  sides  to  a  shield. 
Well-being  and  comfort  without  the  spirit  of  self-sacrifice  de- 
stroy rather  than  promote  an  enhghtened  civilization.  It  is 
well,  therefore,  on  an  occasion  like  this  to  give  some  thought 
to  the  religious  side  of  life,  and  by  religious  I  mean  that  kindly 
spirit  brought  into  the  world  by  Jesus  Christ  1900  years  ago. 
Nothing  that  the  world  has  done  or  that  science  has  produced 
is  comparable  with  His  one  precept  as  the  chief  motive  by 
which  men  can  live.  We  may  consider  this  great  struggle 
going  on  in  Europe,  into  which  we  ourselves  are  plunging, 
as  the  greatest  thing  that  ever  happened  in  this  world,  and 
yet  it  is  insignificant  by  the  side  of  that  appealing  life  that 
ended  on  the  cross  so  many  centuries  ago.  '  Love  thy  neigh- 
bor as  thyself  is  the  best  inheritance  of  the  race,  as  it  is  the 
chief  hope  of  the  future.  Science  is  valuable  only  in  so  far 
as  it  vitalizes  and  strengthens  that  one  principle,  because  we 
care  notliing  for  new  inventions,  we  care  nothing  for  the  com- 
fort of  men,  and  we  care  still  less  for  the  possible  support  of 
a  greater  population,  if  the  soul  be  dead.  Only  so  far  as 
science  promotes  true  democracy  (not  political  democracy) 
and  that  love  of  men  which  will  make  wars  impossible  and 
eventually  turn  the  lawyers  into  farmers  is  it  worth  while. 
In  1900  years  it  has  done  something  toward  making  possible 
Christ's  reign  on  earth.  The  famine  areas  of  the  earth  have 
been  reduced  by  "the  development  of  transportation  and  the 
communication  by  telegraph.  Where  there  is  a  shortage  of 
crops,  we  can  quickly  rush  aid  and  supplies,  and  the  world 
is  generally  willing  to  give  a  small  percentage  of  its  gain.  It 
has  remained  for  science  to  develop  the  most  effective  method 
of  destroying  the  whole  yield  of  a  harvest,  and  plunge  it  into 
the  bottom  of  the  sea,  so  that  it  is  only  just  to  say  that  the 
human  race  has  developed  no  international  conscience.  The 
organization  for  relief  is  still  in  its  infancy,  and  there  is  only 
enough  Christianity  left  to  provide  help  more  or  less  spas- 
modically. Another  direction  in  which  science  has  promoted 
Christianity  is  in  preventive  medicine,  and  in  hospitals  that 
have  been  established  for  all  kinds  of  infectious  and  inherited 
diseases. 

"  But,  after  all,  we  have  just  touched  the  fringes  of  a  real  civ- 
ilization, in  which  righteousness  will  be  the  guiding  principle 
for  nations,  as  well  as  for  men.  When  the  best  minds  are  devot- 
ing themselves  to  the  invention  and  construction  of  machinery 
and  chemicals  for  killing  men  on  a  great  scale,  we  are  very  far 
from  loving  our  neighbors  as  ourselves.  Science  has  there- 
fore done  as  much  to  enslave  as  to  emancipate,  and  we  have 
not  yet  learned  that  its  votaries  are  worshipping  only  half 
of  the  truth.  Unless  the  engineer  and  those  who  profit  through 
his  work  can  be  brought  to  realize  that  everything  produced 
through  science  is  held  in  trust  for  humanity,  we  shall  make  no 
]3rogress.      Our  country  will  be  plunged  more  and  more  into  that 
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lethargic,  luxurious  state  which  can  be  cured  only  by  the 
shedding  of  blood.  Already  we  feel  in  this  war  a  certain 
impulse  of  regeneration,  and  we  need  it.  Our  country  has 
been  called  '  dollar  mad '  by  Europe.  Aknost  everything  is 
judged  from  the  one  single  basis  of  money.  A  book  is  good 
only  if  it  sells.  Fortunately  there  is  one  place  into  which  this 
surrender  has  not  penetrated:  that  is  the  teaching  profession, 
and  Mr.  Howe's  life  well  illustrates  the  kind  of  altruism  that 
will  biing  us  a  happy  regeneration,  and  a  more  lasting  peace 
than  we  shall  ever  get  through  the  blood  of  war.  A  better 
democracy  must  come  through  science.  Men  must  learn  to  be 
ashamed  to  accumulate  wealth  through  invention.  No  privi- 
lege by  birth  and  no  inheritance  through  the  patent  office 
should  stain  our  democracy.  No  king  can  love  his  neighbor 
as  himself,  no  gTcat  land  owner  who  has  the  peasant  on  his 
farm  can  e\er  feel  that  the  creature  who  toils  is  exactly  like 
himself.  This  great  war  then  is  a  war  against  false  doctrine. 
Its  end  must  be  that  greater  democracy  which  teaches  men  un- 
selfish service  to  one  another,  without  which  the  race  is  not 
worthy  to  remain,  and  without  which  it  ought  to  disappear. 
Only  so  far  as  science  strengthens  righteousness  will  it  con- 
tribute to  the  great  task  before  us  as  a  free  ]jeople. 

"  We  see  some  signs  in  our  country  of  a  true  enlightenment. 
The  wealthy  desire  to  give.  Our  privately  owned  colleges  and 
schools  are  supported  in  large  part  by  generous  men  who  be- 
lieve that  their  wealth  is  a  public  trust.  It  is  only  a  gleam 
of  light,  however,  for  the  percentage  of  giving  is  extremely 
small,  and  our  problem  will  not  be  solved  until  we  attain  that 
enlightenment  which  makes  it  a  duty  for  every  man  to  give. 
We  must  think  of  invention  and  science  and  wealth  as  the 
mere  instruments  through  which  the  individual  is  enabled  to 
benefit  the  race.  It  is  important  that  we  should  consider  this 
whole  question  now,  because  the  treaty  of  peace  that  must 
eventually  come  will  ask  for  an  answer.  Science  and  Chris- 
tianity must  join  hands  to  find  some  means  by  which  the  prob- 
lem <it  a  larger  life  can  be  solved  between  nations,  as  between 
individuals. 

''  Our  profession  has  an  ethical  purpose,  and  it  will  fail  if 
it  does  not  see  clearly  that  its  place  is  not  with  science  alone. 
Under  various  names  it  has  been  the  one  great  constructive 
profession  since  reason  began  to  develop  in  the  creatures  on 
this  earth.  Its  history  is  praeticaUy  the  history  of  the  human 
race.  The  political  struggles  have  but  recorded  the  advance 
of  science  in  one  fonn  or  another.  To  us  as  a  profession, 
therefore,  is  confided  the  great  task  of  enabling-  men  to  live  on 
this  planet  under  the  theory  that  the  liighest  happiness  is  at- 
tained through  love,  rather  than  through  force.  Organization 
is  a  science,  as  important  as  the  machine.  Life  itself  is  the 
greatest  of  sciences.    We  must  contribute  our  share. 

"  My  chief  reason  for  dwelling  on  the  moral  aspect  of 
science,  especially  on  that  side  of  it  which  promotes  the  prac- 
tical application,  is  that  Mr.  Howe's  career  well  illustrates  the 
motive  that  must  always  lie  behind  the  engineer's  work,  if 
our  profession  is  to  live  and  to  be  found  worthy." 


PROFESSOR    SAL'VEUR   THEN    PRESENTS   THE    MED.\L. 
ADDRESS  OF  PROl-'ESSOR  SAUVEUR 

Professor  Sauveur  made  a  brief  introductory  allusion  to  the 
municipal  reception  of  the  French  mission,  at  that  moment 
taking  place  at  the  Public  Library.  He  thought  it  a  happy 
coincidence,  in  view  of  Professor  Howe's  early,  earnest  and 
persistent  advocacy  in  public  and  private  of  the  cause  of  the 
Entente  Allies.  Then,  turning  to  the  subject  of  the  evening,  he 
continued:      "After   what   vou   have   heard   there   can   be   no 


doubt  left — if  any  doubt  ever  existed — in  anyone's  mind  as 
to  the  wisdom  and  discrimination  exercised  by  the  John  Fritz 
Medal  Board  of  Award  in  selecting  its  medalist  for  1917. 

"  There  is  nothing  that  I  could  add  to  what  has  been  so 
al)ly — yea,  so  brilliantly — told  by  Dr.  Raymond.  To  me,  how- 
ever, as  Chairman  of  this  Board  at  the  time  the  award  was 
made,  is  assigned  the  delightful  duty  of  actually  presenting 
the  John  Fritz  Medal  to  Professor  Howe. 

"  Henry  Marion  Howe,  son  of  an  illustrious  father  and  of  an 
illustrious  mother, 

Lover  of  justice  and  of  humanity, 

Public  servant  and  public  benefactor. 

Master  of  the  English  language, 

Loyal  and  devoted  fi-iend. 

Untiring  and  unselfish  worker  in  an  import-ant  field  of 
science, 

Stimulating  teacher,  inspiring  investigator  and  generous  col- 
laborator, hundreds  have  been  guided  by  the  light  radiating 
from  your  pen,  encouraged  by  your  kind  words,  dazzled  it  is 
true,  but  also  stirred  to  further  and  more  vigorous  efforts  by 
the  heights  you  reach, 

Voyager  in  realms  but  dimly  perceived  by  your  I'ellow- 
wcjrkers. 

Lone  explorer  of  fields  destined  to  yield  rich  harvest  to 
future  generations, 

Man  of  genius,  honored  and  loved  the  world  over, 

By  authority  of  the  Board  of  Award,  I  now  place  in  your 
hands  tlie  John  Fritz  Medal." 

REPLY   OF   PROFESSOR    HOWE 

"  It  is  not  to  me  but  to  the  bright  unbodied  image  which  you 
have  created,  to  the  foster  child  of  your  chivali-y  and  your 
leniency,  that  these  more  than  generous  words  apply,  that  this 
noble  memorial  is  due.  I  thank  you  from  the  bottom  of  my 
heart  on  his  behalf,  while  on  my  own  I  thank  you  as  warmly 
for  his  acquaintance,  for  the  hope  that  it  may  kindle  into  an 
inspiring  friendship,  letting  me  '  grapple  him  to  my  soul  with 
hooks  of  steel,'  and  above  all  for  this  incitement  to  further 
and  vigorous  striving,  holding  with  Ulysses  that 

'  Old  age  hath  yet  his  honor  and  his  toil ; 

something  ere  the  end, 

'  Some  work  of  noble  note  may  yet  be  done.' 

"  To  prolong  thanks  is  so  thankless  that  I  might  well  now 
hold  my  peace  w-ere  it  not  for  the  world  crisis,  ever  in  our 
consciousness.  This  so  presses  for  our  best  thought  that  at- 
tention to  other  matters  suggests  fiddling  while  Rome  burns. 
For  Rome  truly  is  m  flames.  We  are  as  a  family  in  a  burning 
home.     Democracy  itself  is  at  stake. 

■'  This  conflagration  should  arouse  Americans  all  the  more 
because   it  is  a   necessary  and   integral   part   of  the  train   of 
events  which  our  forefathers  started  when  those 
'  embattled  farmers  stood. 
And  fired  the  shot  heard  around  the  world.' 

■•  In  that  shot  was  stored  the  whole  process  of  the  liberation 
of  man,  including  today's  tragedy,  as  surely  as  the  history 
of  the  oak,  its  growth,  its  majesty,  and  its  fall,  are  stored  in 
the  acorn.  The  example  of  our  freedom  not  only  incited  the 
more  plastic  peoples  to  democratization  as  in  France  and 
Britain,  but  also  started  a  process  of  selection  leading  straight 
to  this  death  grapple  between  democracy  and  autocracy.  For 
by  selection  those  most  impatient  of  despotic  control,  those  of 
greatest  initiative,  in  short  the  most  independent  from  all  other 
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lands,  immigrated  to  us  and  to  the  other  democracies  induced 
by  our  example,  leaving  as  a  residuum  the  less  independent, 
the  more  docile. 

"  The  democratizing  impulse  of  our  example,  aided  as  it 
was  in  France  by  hunger  and  by  outraged  manhood,  and  in 
England  by  royal  fatuity,  was  irresistible.  But  in  Prussia  it 
was  so  far  weakened  by  material  comfort  created  by  the  skill 
and  craft  of  her  kings  that  it  failed,  and  in  failing  exaggerated 
this  process  of  selection. 

"  That  failure  found  the  Teutons  without  those  influences 
■which  in  France  and  Great  Britain  temper  the  selection  by 
emigration,  the  inborn  domesticity  of  the  French,  and  the 
closeness  of  the  ties  between  Britain  and  her  colonies,  which 
leads  great  numbers  of  her  sons  to  send  their  children  back  to 
school,  and  to  return  to  the  motherland  later  in  life  when  their 
adventurousness  has  spent  itself,  thus  restoring  to  the  nation 
much  of  its  more  adventurous  blood  which  the  dreams  of  youth 
send  abroad.  Because  Gennany  was  intensely  autocratic  and 
without  hope  of  democratization,  she  lost  by  emigration  not 
only  the  most  adventurous  and  independent,  but  even  a  vast 
number  of  those  of  intermediate  independence,  to  our  great 
gain.  Thus  the  mean  docihty  of  the  residuum  was  exaggerated. 
Because  Germany  lacked  colonies  these  emigrants  identified 
themselves  with  the  countries  to  which  they  went,  and  re- 
nounced allegiance  to  their  land  of  birth,  so  that  the  sub- 
missiveness  of  those  left  at  home  was  undiluted  by  the  return 
in  later  life  of  the  more  independent  stock. 

"  It  is  this  exaggerated  docility,  resulting  thus  irresistibly 
from  the  selection  started  by  our  liberation,  that  has  led  to 
this  terrible  struggle.  For  it  has  enabled  the  Hohenzollerns 
and  Hapsburgs,  through  their  Nietzsehes  and  their  Treitschkes, 
through  a  cunningly  devised  state  education  appealing  to  all 
the  baser  motives,  to  ensnare  the  Teutons,  drunk  with  vanity 
and  new  riches,  in  the  intellectual  slavery  implied  by  their 
adopting  the  monstrous  doctrine  that  might  makes  right,  with 
all  its  sickening  corollaries,  its  frightfulness,  its  foulness,  and 
its  treachery, 

'  hideous  as  the  deeds 
Which  you  can  scarce  hide  from  men's  revolted  eyes.' 

"  It  is  this  docility,  with  the  resultant  intellectual  enslave- 
ment, that  has  enabled  these  autocrats  to  weld  their  people 
into  a  mass  so  coherent,  so  blindly  unquestioning,  as  to  strike 
with  an  initial  force  wholly  disproportionate  to  their  numbers 
when  compared  with  those  of  democracies,  whose  units,  how- 
ever strong  individually,  cohere  but  feebly  in  every-day  life 
because  of  their  individualism. 

"  It  is  this  frightfulness,  it  is  this  depth  of  depravity  and 
cruelty  engrafted  on  all  Teutonia  through  this  same  process, 
that  has  added  incalculably  to  the  danger  that  autocracy  will 
win,  by  frightening  into  neutrality  or  even  into  ill-concealed 
cooperation  Germany's  small  neighbors  who  are  our  natural 
allies.  Such  a  victory,  leaving  the  Hohenzollerns  and  Haps- 
burgs still  in  powder,  could  at  best  be  followed  by  a  truce  be- 
tween two  armed  camps,  autocracy  and  democracy,  during 
which  the  world  would  be  putting  all  its  available  energies 
into  arming  for  a  renewal  of  flgliting. 

"  Slow  as  we  have  been  to  understand  that  this  struggle  is 
something  more  than  the  latest  of  the  European  wrangles 
'whose  obscure  sources  do  not  interest  us,'  once  we  let  our 
eyes  be  opened,  once  we  saw  that  a  great  moral  principle  was 
at  stake,  we  resolved  that  as  it  was  we  who  had  begun  the 
extirpation  of  autocracy,  so  we  must  share  in  carrying  this 
work  to  its  triumphant  end,  not  because  any  other  course 


might  well  leave  us  to  fight  Teutonia  singlehanded  but  because 
we  are  determined  that  '  government  of  the  people,  by  the 
people,  for  the  people  shall  not  perish  from  the  earth.' 

"  Our  efforts  should  be  quickened  by  the  thoughts  that  though 
the  means  of  creating  men  cannot  in  the  nature  of  the  case 
be  hastened,  those  of  destroying  men  can  be  accelerated  to  an 
indefinite  degree  by  the  applications  of  science.  The  very 
qualities  which  have  enabled  man  to  better  himself  at  a  rap- 
idly accelerating  rate  by  his  inventions,  the  steam  engine,  an- 
esthesia, the  sewing  machine,  the  motor  car,  the  telegraph,  the 
telephone,  and  wireless  telegraphy,  are  capable  of  being  used 
to  hicrease  at  an  equally  accelerating  rate  the  means  of  slaying 
him.  From  the  enormous  increase  in  the  powers  of  human 
destruction  in  the  few  decades  since  Sedan  we  get  but  a  first 
foretaste  of  what  man  is  inherently  capable  of  inventing.  We 
are  indeed  shocked  at  the  new  and  higher  order  of  destructive- 
ness  of  this  war,  but  our  imagination  fairly  reels  in  trying  to 
conceive  the  still  higher  order  of  ruin  of  future  wars,  should 
autocracy  stay  in  the  saddle.  Those  against  whom  this  en- 
hanced destruction,  this  annihilation,  would  be  launched  would 
not  be  the  savage  and  uncivilized  but  the  very  flower  of  the 
race,  those  who  tlireaten  autocracy  most.  Because  man  cannot 
deprive  his  fellows  of  these  powers  of  invention,  he  can 
prevent  his  own  annihilation  only  by  curbing  autocracy,  that 
form  of  government  which  evolves  naturally  through  human 
destruction,  or  better  by  destroying  it  and  replacing  it  with 
democracy,  which  evolves  naturally  through  human  betterment. 

"  Our  problem  at  the  end  of  the  war  will  be  to  prevent 
future  wars,  to  prevent  the  actual  employment  of  the  enor- 
mously enhanced  destructive  powers  sure  to  evolve,  to  force 
the  nations  to  keep  the  peace  as  we  have  forced  individuals. 
To  say  that  we  are  inherently  incapable  of  preventing  our 
own  annihilation ;  that  because  the  less  developed  past  did  not 
learn  to  prevent  its  little  wars,  killing  their  tens  of  thousands, 
the  more  developed  future  must  ever  remain  impotent  to 
prevent  its  wars  with  their  far  higher  order  of  havoc,  killing 
their  millions,  is  to  betray  a  fatalism,  a  pessimism  as  un- 
worthy of  Americans  as  it  is  foreign  to  our  nature.  To  me  it 
seems  an  insult  to  the  mothers  who  bore  us,  nay,  to  the  God 
who  made  us." 

Volume  38  of  Transaction.s 

The  thirty-eighth  annual  volume  of  Transactions  of  The 
American  Society  of  Mechanical  Engineers  is  now  off  the 
press  and  will  shortly  be  placed  in  the  hands  of  the  member- 
ship. The  volume  records  the  affairs  of  the  Society  during  the 
year  1916,  and  includes  the  annual  report  of  the  Coimcil, 
giving  a  resume  of  the  activities  of  standing  and  special  com- 
mittees, and  a  calendar  of  the  103  general  and  local  meetings 
held  during  this  period.  It  also  contains,  imder  46  titles,  all 
the  papers  and  discussions  presented  at  the  Spring  Meeting, 
held  in  New  Orleans  in  April  1916,  and  at  the  Annual  Meet- 
ing, held  in  New  York  in  December  1916.  The  papers  deal 
with  industrial  management,  the  appraisal  and  valuation  of 
industrial  property,  power-plant  equipment  and  operation, 
the  measurement  of  flow  of  air,  natural  gas,  steam  and  water, 
drainage  pumping,  hoisting  and  handling  machinery,  balanc- 
ing, vibration  in  mill  buildings,  machine-tool  standardization, 
gas  producers,  steam  and  electric  locomotives,  electric  boiler- 
joint  welding,  etc.  A  Code  of  Safety  Standards  for  Cranes, 
jirepared  by  the  Sub-Committee  on  Protection  of  Industrial 
Workers,  is  presented.  Credit  for  these  papers  should  be 
given  to  the  Committee  on  Meetings,  its  Sub-Committees,  and 
the  Sections  Committees,  through  whom  they  were  secured. 
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Standardization  of  Machine-Screw  Nuts 

ON  June  8,  our  Society  and  the  Society  of  Automotive 
Engineers  received  a  request  from  the  Navy  Department 
to  consider  the  standardization  of  machine-screw  nuts.  This 
request  was  embodied  in  the  following  letter  from  Naval  Con- 
structor D.  W.  Taylor : 

NAVY  DEPARTMENT 

bureau  op  construction  and  repair 
washington,  d.  c. 

Mr.  Calvin  W.  Rice,  Secretary, 
The  American  Society  op  Mechanical  Engineers, 
29  West  39th  Street,  New  York  City. 

Dear  Sir: 

The  Bureau's  attention  has  recently  been  directed  to  the 
fact  that  paragraph  8  of  Na\'y  Department  specifications 
42S5b  specifies  dimensions  of  machine-screw  nuts  which  pro- 
hibit the  supply  of  such  material  by  other  than  a  limited  num- 
ber of  manufacturers.  Upon  investigating  the  question,  the 
Bureau  has  been  impressed  with  the  fact  that  there  are  appar- 
ently no  standardized  widths  and  thicknesses;  brass  and  iron, 
hexagon  and  square  nuts  supplied  by  different  manufacturers 
vary  considerably  in  such  dimensions  for  the  same  nut  num- 
ber. Seven  manufacturers  of  this  material  have  furnished  the 
Bureau  dimensions  of  the  nuts  they  make;  these  requirements 
have  been  tabulated  in  the  blueprints  attached  hereto.  The 
last  column  in  each  of  the  blueprints  contains  the  sizes  as  at 
present  appearing  in  paragraph  8  of  Navy  Department  speci- 
fications 42S5b. 

It  would  appear  that  it  would  be  desirable  for  The  Ameri- 
can Society  of  Mechanical  Engineers  or  the  Society  of  Auto- 
motive Engineers  to  undertake  to  standardize  the  dimensions 
of  machine-screw  nuts,  if  such  work,  in  fact,  has  not  already 
been  inaugurated.  It  is  felt  that  the  elements  involved  in  the 
investigation,  such  as  any  desirable  relation  of  the  width  or 
outside  diameter  of  nuts  to  the  diameter  of  washers,  the  rela- 
tion between  the  thicknesses  of  nuts  and  the  usual  commercial 
thicknesses  as  rolled  of  sheet  brass  or  sheet  steel,  etc.,  can 
better  be  handled  by  you  or  a  similar  national  society  than  by 
the  Bureau.  A  letter  similar  to  this  is,  therefore,  being  ad- 
dressed to  the  Society  of  Automotive  Engineers. 

The  Bureau  desires  to  express  its  interest  in  the  problem, 
its  willingness  to  cooperate  in  any  way  practicable,  and  would 
appreciate  your  comments  relative  to  the  question  at  issue. 
Respectfully, 

(Signed)     D.  W.  Taylor, 

.  Chief  Constructor,  U.  S.  N., 

Chief  of  Bureau. 

After  conference  with  the  Society  of  Automotive  Engineers, 
the  Society  accepted  the  duty  and  addressed  the  following 
reply  to  the  Navy  Department,  and  President  HoUis  appointed 
E.  H.  Ehrman,  E.  Burdsall  and  Charles  Glover  as  a  committee 
to  cooperate  with  the  S.  A.  E.  Committee,  consisting  of  E.  H. 
Ehrman,  chairman ;  Clarence  Carson,  E.  S.  Crawford,  J.  E. 
Diamond,  W.  H.  Nolls,  Berne  Nadell,  H.  H.  Newson  and 
E.  E.  Sweet. 

Rear-Admiral  D.  W.  Taylor,  Chief  Constructor,  U.  S.  N., 
Chief  of  the  Bureau  of  Construction  and  Repair, 
Washington,  D.  C. 
Dear  Sir  : 

We  accept  cheerfully  the   request  to  standardize   machine- 
screw   nuts,   and   will   immediately   apjioint   a   committee   and 
cooperate  with  the  Society  of  Automotive  Engineers. 
Yours  truly, 

(Signed)     Calvin  W.  Rice, 

Secretary. 


The  Navy  Department  acknowledged  the  offer  of  the  two 
societies  in  the  following  letter : 

NAVY  DEPARTMENT 

bureau  op  construction  and  repair 

washington,  d.  c. 

The  American  Society  op  Mechanical  Engineers, 

29  West  39th  Street,  New  Y'ork  City. 
Gentlemen  :  _, 

The  Bureau  is  pleased  to  note  from  The  American  Society 
of  Mechanical  Engineers'  letter  of  the  9th  instant,  and  the 
Society  of  Automotive  Engineers'  telegrams  of  the  11th  and 
12th  instant,  that  the  suggestion  offered  in  the  Bureau's  let^ 
ter  that  work  be  inaugurated  in  the  standardization  of  dimen- 
sions of  machine-screw  nuts  has  been  adopted.  It  is  further- 
more noted  that  The  American  Society  of  Mechanical 
Engineers  and  the  Society  of  Automotive  Engineers  are 
cooperating  in  this  problem.  The  Bureau  is  gratified  indeed 
at  the  prompt  response  accorded  the  question  in  hand. 

You  will  be  communicated  with  at  a  later  date  relative  to 
the  Bureau's  representative  in  connection  with  the  subject 
at  issue.  It  is  felt  that  the  question  to  be  investigated  is  of 
interest  not  alone  to  this  Bureau,  but  also  to  one,  and  possibly 
two,  other  Bureaus  concerned  with  the  suggestion  that  rep- 
resentatives be  nominated  to  cooperate  with  The  American 
Society  of  Mechanical  Engineers  and  the  Society  of  Automo- 
tive Engineers.  The  Bureau  also  feels  that  it  will  be  highly 
desirable  to  have  representatives  of  the  Army  and  the  Bureau 
of  Standards  on  the  Committee;  it  would  be  better,  however, 
to  have  your  organizations  communicate  with  those  branches 
of  the  Government  direct  as  to  any  representatives  which  each 
branch  might  desire  to  nominate. 
Respectfully, 

(Signed)     B.  Stocker,  Acting 
Chief  Constructor,  V.  S.  N., 
Chief  of  Burecm. 

The  joint  committee  met  in  Washington  on  June  23,  and  the 
Navy  Department  was  represented  by  Naval  Constructor  J.  A. 
Furer,  U.  S.  N. ;  the  Bureau  of  Standards  was  represented  by 
Mr.  L.  A.  Fischer,  and  the  Aircraft  Engineering  Board  by 
Mr.  C.  B.  King. 

At  this  first  meeting  a  table  of  proposed  machine-screw  nut 
dimensions  was  formulated  to  be  sent  to  all  manufacturers  of 
such  nuts  for  their  criticism  and  suggestions. 

The  Bureau  of  Ordnance  of  the  Navy  Department  has  nomi- 
nated W.  W.  Smyth  as  its  representative  on  this  committee. 

Engineering  Council 

At  the  organization  meeting  of  the  Engineering  Coimeil, 
held  in  the  rooms  of  The  American  Society  of  Mechanical 
Engineers,  on  June  27,  the  following  officers  were  elected : 
President,  I.  N.  Hollis;  vice-presidents,  H.  W.  Buck,  George 
F.  Swain;  secretary,  Calvert  Townley.  Executive  Committee: 
Those  named,  with  J.  Parke  Channing  and  D.  S.  Jacobus. 

The  council  discussed  at  length  ways  and  means  by  which 
the  founder  societies  through  the  council  may  be  of  use  to 
the  nation.  The  unanimous  desire  to  help  the  Government 
in  the  prosecution  of  this  war  resulted  in  a  resolution  instruct- 
ing the  executive  committee  to  cooperate  with  the  Govern- 
ment in  procuring  the  services  of  engineers,  also  in  the  appoint- 
ment of  a  committee  of  tliree,  consisting  of  Messrs.  H.  W. 
Buck,  A.  M.  Greene,  Jr.,  and  Edmund  B.  Kirby,  to  consider 
the  best  means  of  utilizing  the  inventive  ability  of  members 
of  the  founder  societies. 

The  secretary  was  instructed  to  inform  all  Government 
bureaus  that  might  be  interested  of  the  organization  of  the 
Engineering  Council  and  of  its  desire  to  be  of  assistance. 


CANDIDATES   FOR    MEMBERSHIP 


TO  BE  VOTED  ON  AFTER  SEPTEMBER  10,  1917 


THE  American  Society  of  Mechanical  Engineers  is  an 
organization  for  mutual  service  of  over  8100  engineers 
and  associates  cooperating  with  engineers.  The  membership 
of  the  Society  comprises  Honorary  Members,  Members,  As- 
sociates, Associate-Members  and  Juniors,  all  elected  by  ballot 
of  the  Council.  Application  for  membership  is  made  on  a 
regular  form  furnished  by  the  Secretary  which  provides  for  a 
statement  of  the  standing  and  professional  experience  of  the 
applicant  and  requires  references  from  voting  members  per- 
sonally acquainted  with  the  applicant.  The  requirements  for 
admission  to  the  various  grades  will  be  furnished  upon  re- 
quest. 

Below  is  the  list  of  candidates  who  have  filed  applications  for 
membership  since  the  date  of  the  last  issue  of  The  Journal. 
These  are  classified  according  to  the  grades  for  which  their 


ages  qualify  them,  and  not  with  regard  to  professional  qualifi- 
cations, i.e.,  the  ages  of  those  under  the  first  heading  place 
them  under  either  Member,  Associate  or  Associate-Member, 
those  in  the  next  class  under  Associate-Member  or  Junior, 
and  those  in  the  third  under  Junior  grade  only.  Applications 
for  change  of  grading  are  also  posted. 

The  Membership  Committee,  and  in  turn  the  Council,  urge 
the  members  to  scrutinize  this  list  with  care  and  advise  the 
Secretary  promptly  of  any  objections  to  the  candidates  posted. 
All  correspondence  in  this  regard  is  strictly  confidential.  Un- 
less objection  is  made  to  any  of  the  candidates  by  September 
10,  1917.  and  providing  satisfactory  replies  have  been  received 
from  the  required  number  of  references,  they  will  be  balloted 
upon  by  the  Council.  Those  elected  will  be  notified  about 
October  1.5,  1917. 


SOIE.  The  Council  desires  to  impress  upon  appUcunls  for  membership  that  under  the  present 
national  conditions  the  procedure  of  election  of  members  may  be  somewhat  sloiver  than  under  normal 
conditions.  The  first  step  in  the  consideration  of  an  application  is  taken  by  the  Membership  Committee, 
and  this  committee  is  composed  of  bttsy  men,  with  fewer  opportunities  to  meet  together  in  these  strenuous 
tim  es. 


NEW  .\PPLIC.iTIONS 

FOR    CONSIDERATION    AS     MEMBER,    ASSOCIATE    OR    ASSOCIAIE-MEMEKR 

Colorado 

AKERLOW,    Carl    G.    W..    Engineer    in    Ciiaige    of    Drafting    and 
Designing. 
Colorado  Iron  Worlcs  Co.,  Denver 

Connecticut 

BREUL,  Fred  G.,  Owner  and  Manager. 

Private  Manufacturing  Business,   Design  and   Construction 
Automatic  Machiner.v,  Bridgeport 

DOYLE.  Bartholomew  M..  Chief  Engineer, 

Housatonic  Power  Co..  Waterbury 

District  of  Columbia 

EICKHOFF.  Theodore  H., 

Research  in  Ordnance  Work.  Washington 

Indiana 

II.\MILTON,  William  E.,  Efficiency  Engineer, 

Premier  Motor  Corp.,  Indianapolis 

Massachusetts 

AFFLECK,  Bertraji:  ^j.,  Prevocational  Instructor, 

City  of  Boston.   Schuol  Department. 
JUDGE,  Fkanklix,  General  Superintendent, 

Greenfield  Tap  &  Die  Corp.,  Greenfield 

MACOMBER,  Carltox  H.. 

With  General  Electric  Co.,  Lynn 

POWELL,  Albert  M.,   Consulting  Engineer, 

Powell  Machine  Co.,  Worcester 

WHIPPLE,  George  F..  Compiler  "  Catalogue  Studies,"         Boston 

Micliigan 

KREIDLER,  DANA  W.,  Chief  Engineer,  Carburetor  Division, 
Detroit  Lubricator  Co.,  Detroit 

PERRY,  Thomas   D.,   Secretary. 

Grand  Rapids  Veneer  Works.  Grand  Rapids 

Mississippi 

DROSS.  Phillipp,  Vice-President  and  General  Manager, 

The  Marty  Foundry  Co,,   Inc.,  Meridian 

New  Jerse.v 

-iCKERMAN,  Albert  A.  JB.,  Chief  Draftsman, 

The  Singer  Manufacturing  Co.,  Elizabethpon 

HAGELTHORN,  Thomas, 

4,'36  Highland  Avenue.  Arlington 

New  York 

COLLINS,   Edgar  F..   Engineer   Industrial    Heating. 

General   Electric   Co..  Schenectady 

DI.^M.\NT,    Sidney.  President. 

De  Mant  Tool  &  Machine  Co..  New  York 

McCOY,  William  T..  Tool  Department  Head. 

Savage   .\rms   Co.,  Utica 

WILLI.^MS,  Charles  S..  Sales  Engineer. 

American   District   Steam   Co.,  North   Tonawanda 


Cleveland 


Cincinnati 


Cincinnati 


Ohio 

C.IMM,  John  A.,  Vice-President. 

The  Cleveland  Milling  Machine  Co., 
DO.-iN.   James   B.,   President, 

The  .\raerican  Tool  Works  Co., 
WESCHE,   Bjarne   a.,   Owner, 

B.  A.  Wesche  Electric  Co., 
Pennsylvania 

GLYNN.  Charles  V.,  Mechanical  Engineer, 

Hershey   Chocolate   Co.,  Hershey 

McBRIDE,  John  J..  Chief  Export  Inspection  Bureau, 

.\merican  Car  &  Foundry  Co..  Berwick 

Wasliington 

WITHERSPOON,  William  O.,  Designing  Engineer, 

Washington  Portland  Cement  Co.,  Concrete 

West  Virginia 

JENKINS.  Edwin  M.,  Mechanical  Engineer, 

Virginian    Railway   Co.,  Princeton 

AVisconsin 

BREED,  Preston  H.,  formerly  with 

National  Brake  &  Electric  Co..  Milwaukee 

KELLER.  William  H.,  President  and  General  Manager, 

Keller  Pneumatic  Tool  Co..  Fond   Du  Lac 

Pliilippine  Islands 

ST.INTON,     Robert    B.  ,   Jr.,    Manager    Mechanical     Engineering 

Department,   Frank  L.   Strong  Machinery  Co.,  Manila 


FOR    consideration    AS    ASSOCIATE-MEMBER    OR    JUNIOR 

Connecticut 

R.\TZKOFF,    Silas   M.,    Production    Superintendent,    Gun    Depart- 
ment, 
Winchester   Repeating  .\rms   Co.,  New    Haven 

New  Jersey 

McWILLI.\MS,   William   W.,  Assistant  General  Manager. 

Aeromarine  Plane  &  Motor  Co..  Keyport 

New  York 

HORN,  Harry  P.,  Draftsman, 

General  Acoustic  Co.,  Jamaica,  L.  I. 

ROBERTS,  Mortimer  J..  Sales  Engineer, 

Air  Reduction  Co.,  New   York 

Ohio 

EST.4BR00K,   Charles  B..  Manager, 

The   Safety   Ladder  Co.. 
SPE.\R.  Walter  A.,  Test  Engineer. 

Cincinnati  Milling  Machine  Co.. 

Pennsylvania 

LYONS,  Karl  M..  Production  Manager, 
Clarendon   Refining  Co., 


Dayton 
Cincinnati 


Clarendon 
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Vermont 

BEAL.   Henrv  S.,  Manager  of  Cost  Department, 

Jones  &   Lamson   Machine   Co.,  Springfield 

Washington 

GOFF,  Clifford,  Machinist, 

U.  S.  Navy  Yard,  Puget  Sound,  Bremerton 


.SUMMAHY 

New    applications 63 

Applications   tor   change   of  grading : 

Promoliou     Ironi    .Junior 3 

Total 66 


Mechanical  Engineer, 


Industrial   Engineer. 


New  Haven 


Bridgeport 


Chicago 
Chicago 

1917, 
Louisville 


Baltimore 


Baltimore 


New   Bedford 


Chicopee  Falls 


FOR    CONSIDERATION    AS    JUNIOR 

Connecticut 

ENGLEHART,    Rlssell   J., 

With  Winchester  Repeating  Arms  Co.. 
PRYOK,    WiLLARD   L.,   Assistant   to    Superintendent, 
Singer  Manufacturing  Co., 
niinois 

ATZENHOFFER,  Arthur  H., 

Western  Electric  Co.. 
CLIFFORD.   Charles   H..   Jr., 
Cooley  &  Marvin  Co., 
Kentucky 

GRAY',  Henry  C,  Graduate  Rose  Polytechnic  Institute, 
Resident 
Maryland 

MICHEL,   Rudolph,   Draftsman, 

Baltimore  Oil  Engine  Co., 
TYSER,  Leo,  .Superintendent  Heating  Division, 
Terminal  Freezing  &  Heating  Co., 
Massachusetts 

BOLTON,  Wright  Jr.,  Master  Mechanic, 

Acushnet  Mills  Corp., 
ELIN,   Michael  B.,  Engineer, 

New  England  Westinghouse  Co., 
KNIGHT,  Earl  R.,  Assistant  to  the  Superintendent  on  Production 
Worli. 
Washburn  Shops,  Worcester  Polytechnic  Institute,         Worcester 
W.^RNEl!.  Edward  P..  Assistant  in  Aeronautical  Engineering, 
Massachu.setts  Institute  of  Technology,  Cambridge 

Michigan 

OTIS,  J.  Hawley.  Student.  Mechanical  Engineering, 
University  of  Michigan, 
Missouri 

CHOCKLEY,  Fred  W.,  Chief  Draftsman, 

Henrici  Kent  &  Lowry  Eng.  Co., 
RENKEN, 
ment, 
Fairbanlis,  Morse  &  Co., 
New  Jersey 

HARMON,  William  C,  Jr., 
With  Caico  Chemical  Co.. 
New  York 

FRIBDKIX.    Georce,    Mechanical    and    Radio    Engineer    Superin- 
tendent, 
Dubilier  Condenser  Co.,  Inc., 
MacNABB,  Cluton  E.,  Sales  Engineer. 

Worthiugton  Pump  &  Machinery  Corp.. 
PLONSKER,  Maurice  J.,  Machine  Designer, 

Lidgerwood  Manufacturing  Co.. 
SPERRY,   Sajiuel  E.,  Jr.,  Draftsman, 

Interborough   Rapid  Transit  Co., 
THOMAS,  Oscar  A.,  Ordnance  Department,  Inspector, 

New  Yorli  Arsenal,  Governors  Island,  New  York 


Ann  Arbor 


Kansas  City 


Harry   J.,   Traveling   Representative    Railroad   Depart- 

St.  Louis 


Bound  Brooli 


New  Yorlc 


New  York 


Broolslyn 


New  I'ork 


Ohio 

BROCKMAN,  Bernard  N.,  Special  Representative, 

The  R.  K.  Le  Blond  Machine  Tool  Co., 
GIEl'.EL,  Robert  L.,  Production  Engineer, 

Cincinnati  Milling  Machine  Co., 
M0NAGH.\N,  Walter  I.,  Sales  Engineer, 

Armstrong  CorJ^  &  Insulation  Co., 
SOLLER.  Walter,  Fellow  Mechanical  Engineer, 

University  of  Cincinnati, 
Pennsylvania 

CONNELL,  F.  Van  Buren,  Assistant  Superintendent, 


Tlie  Baldwin  Locomotive  Works, 


Cincinnati 
Cincinnati 
Cincinnati 
Cincinnati 

Philadelphia 


NECROLOGY 

FRANK  FIRMSTONE 

Fiauk  Firmstone  was  born  in  Gleiulon,  Pa.,  on  August  29, 
1846,  and  received  his  early  education  at  the  Phillips  School, 
Easton,  Pa.  From  there  he  went  to  the  Saunders  Military 
Academy  in  Philadelphia,  and  in  1865  was  graduated  from 
the  Polytechnic  College  of  Pennsylvania  as  a  mining  engineer. 

His  first  position  was  with  his  father  in  the  Glendon  Co., 
and  he  was  associated  with  this  firm  for  21  years.  Upon  the 
death  of  his  father  in  .1875  he  became  general  manager  of 
the  company.  He  resigned  in  1887  and  soon  after  became 
associated  with  the  Cranberry  Iron  &  Coal  Co.,  Cranberry, 
N.  C.  He  was  president  of  this  company  for  a  number  of 
years  and  was  a  director  of  all  its  subsidiary  companies  until 
the  time  of  his  death. 

He  was  a  recognized  authority  on  engineering  matters,  and 
contributed  valuable  papers  on  blast-furnace  practice  to  the 
American  Institute  of  Mining  Engineers. 

Mr.  Firmstone  was  a  member  of  the  American  Institute  of 
Mining  Engineers,  the  American  Society  of  Civil  Engineers, 
the  American  Society  for  Testing  Materials,  the  American 
Forestry  Association,  and  the  Engineers'  Club  of  New  York. 

He  became  a  member  of  the  Society  in  1880.  He  died  on 
June  27,  1917. 

JAMES  JOHNSON  PEARD 

James  J.  Peard  was  born  in  New  York  City  on  .July  25, 
1849,  and  was  educated  in  the  public  schools  of  Hartford, 
Conn.  He  left  school  to  enter  the  employ  of  Colt's  Patent 
Fire  Arms  manufacturing  Co.,  where  he  learned  his  trade. 

In  1873  he  went  to  Providence  where  he  worked  with  the 
Providence  Tool  Co.  and  afterward  with  the  Brown  &  Sharpe 
Manufacturing  Co.  In  1876  he  became  a  contractor  in  the 
employ  of  the  Remington  Arms  Co.,  Ilion,  N.  ¥.,  and  after 
remaining  there  five  years  returned  to  the  Colt  company  at 
Hartford.  In  the  employ  of  this  firm  he  gradually  worked 
up  until  he  became  assistant  superintendent  in  1888  and 
superintendent  in  1902.  He  retained  the  latter  position  until 
1911,  when  he  retired  because  of  ill  health. 

For  twelve  years  Mr.  Peard  was  a  member  of  the  Board  of 
Education  of  Hartford,  serving  as  its  secretary  and  president. 
He  was  a  member  of  the  Colt  Mutual  Benefit  Association, 
which  he  organized  and  of  which  he  was  president  until  1914. 
He  was  the  inventor  of  many  improvements  in  the  products  of 
the  Colt  company  and  was  a  recognized  authority  on  firearms. 

He  became  a  member  of  the  Society  in  1891.  He  died  on 
July  3,  1917. 


application   for  change  of  grading 

promotion   from  junior 

Miclligan 

EMSWILER.  .lOHN  E..  Professor  of  Mechanical  Engineering, 

University  of  Michigan,  .\nn  .\rbor 

New  York 

HUESTIS.  Broxson  L.,  Draftsman, 

Westinghouse   Church   Kerr  &   Co..  New   York 

ROBERT,  Montague  H.,  Chief  Engineer, 

.\ir  Reduction  Co.,  New  York 


WALTER  BEVERLY  PEARSON 

Walter  B.  Pearson  was  born  in  Madison,  Wis.,  on  Dec.  2, 
1861.  He  spent  his  boyhood  in  Wisconsin  and  obtained  his 
education  there,  completing  it  with  two  years  spent  in  the 
University  of  Wisconsin,  where  he  specialized  in  mechanics. 
Upon  leaving  the  University  he  went  to  Cleveland,  where  he 
took  a  position  with  the  Warner  &  Swasey  Co. 

He  left  this  firm  to  become  assistant  superintendent  of  the 
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Prospect  Machine  and  Engine  Co.,  Cleveland,  resigning  in 
June  1887  to  take  a  position  with  the  Kummer  Engine  Co.  in 
Chicago,  selling  engines.  Later  he  worked  in  the  same  capacity 
for  Ide  &  Co.,  and  for  tlie  Ball  Engine  Co.,  both  of  Chicago. 

In  the  meantime  he  organized  the  Peai'son  Machine  Co., 
manufacturing  special  machinery  of  his  own  invention  and 
later  specializing  in  producing  and  selling  machine-screw 
products  manufactured  on  the  Pearson  automatic  screw 
machines. 

In    1900    the    Pearson    Machine    Co.    was    acquired    by   the 


Standard  Screw  Co.,  and  in  1901  Mr.  Pearson  became  a 
director  of  the  latter  company  and  was  made  vice-president. 
In  1904  he  was  elected  president.  Under  his  able  management 
the  company  grew  in  strength  and  importance,  acquiring  in 
this  process  a  number  of  the  smaller  machine-screw  companies. 

Mr.  Pearson  was  a  member  of  many  clubs  and  societies, 
including  the  Engineers'  Club  of  New  York  and  the  Chicago 
Engineers'  Club. 

He  became  a  member  of  the  Society  in  1886.  He  died  in 
Chicago  on  May  19,  1917. 


EMPLOYMENT   BULLETIN 

rHE  SECRETARY  considers  it  a  special  obligation  and  pleasant  duty  to  make  the  office  of  the 
Society  the  medium  for  assisting  members  to  secure  positions,  by  putting  them  in  touch  with 
special  opportunities  for  which  their  training  and  experience  qualify  them,  and  for  helping  any- 
one  desiring   engineering   services.      The  Society   acts   only   as   a   clearing   house   in    these    matters. 


POSITIONS  AVAILABLE 

In  loruarding  applications,  stamps  should  be  enclosed  for  trans- 
mittal to  advertisers;  applications  for  non-members  should  be 
accompanied  by  a  letter  of  reference  or  introduction  from  a  mem- 
ber, such  reference  letter  to  be  filed  ivith  the  Society.  Copy  for 
notices  must  be  in  hand  by  the  15th  of  the  month. 

ENGINEEIi,  technical  graduate  preferred,  experienced  in  the  design 
of  open  feedwafer  lieaters.  softeners,  etc.  Good  position  to  right  per- 
son.    Write  fully,  giving  details  of  experience  and  references.     102. 

INDUSTRIAL  ENGINEER — COST  ACCOUNTANT.  A  well-estab- 
lished firm  can  offer  exceptional  opportunities  for  effective  and  inter- 
esting work  to  engineering  graduates  who  have  had  substantial  expe- 
rience with  modern  industrial  accounting,  with  special  reference  to 
manufacturing  costs.  In  reply  state  age,  education,  experience, 
present  and  expected  salary.      431. 

ELECTRICAL  ENGINEER  possessing  extensive  experience  with 
electrolytic  plants  for  producing  oxygen  and  hydrogen,  wanted  by 
New  York   concern.      Sll. 

HIGH-GRADE  MAN  having  a  technical  training  desired  by  company 
with  factory  in  western  Maryland  in  the  capacity  of  assistant 
designer  and  works  manager.  Duties  to  assist  in  designing  special 
machinery  and  developing  ideas  ;  analyze  machine  operations,  prescribe 
equipment  and  devise  means  to  effect  speedy  and  economical  produc- 
tion ;  superintend  the  manufacturing  of  such  machinery.  Requires 
the  ability  of  a  thoroughly  practical  master  mechanic  with  original 
ideas  as  to  methods,  a  knowledge  of  modern  shop  practice,  familiarity 
with  the  design  and  application  of  time-saving  fixtures,  executive 
ability  and  diplomacy  necessary  to  successfully  direct  a  mi.nufacturing 
plant.  No  question  of  .salary  if  the  right  man  applies.  State  full  par- 
ticulars and  technical  experience  with  the  assurance  that  such  infor- 
mation will  be  held  as  confidential  and  no  investigation  will  be  made 
with  present  employer  prior  to  conference.     95S. 

DESIGNERS.  Men  experienced  in  steam-engine  and  turbine  work 
preferred.     907. 

DRAFTSMEN,  technical  graduates,  familiar  with  design  of  power- 
station  installations,  steam  piping  and  a  fair  amount  of  structural 
work.     State  age  and  experience.     Location  Brooklyn,     990. 

DRAFTSMEN  AND  DESIGNERS.  Expeerienced  men  with  some 
knowledge  of  valves  and  fittings ;  good  future  with  large  concern. 
State  experience  in  full,  salary  expected  and  references.  Confiden- 
tial.     1002. 

DESIGNER,  familiar  with  pumps,  blowers,  heating  and  ventilating 
systems,  for  concern  in  Rochester.  N.  Y.     1008. 

YOUNG  DRAFTSM.\N  required  immediately  hy  manufacturer  of 
power-plant  specialties.  Must  be  technical  graduate  and  have  had 
shop  experience.  One  familiar  with  feedwater  heaters  preferred. 
Exceptional  opportunities  to  acquire  knowledge  of  design  and  pro- 
duction.     Rapid  advancement.      Location  Pennsylvania.   1013. 

DRAFTSMAN.      Young    engineer,    preferably    a    technical    graduate 


with  about  a  year's  practical  experience,  who  could  work  into  a  good 
position.     Salary,  $25  to  start.     Location  New  York.      1080. 

DRAFTSMEN  desired  by  firm  manufacturing  railroad  specialties. 
Location  New  I'ork  State.     1084. 

YOUNG  ENGINEERING  SALESMAN,  not  over  2S  years  of  age, 
(►n  application  of  steam  specialties.      1089. 

OPERATING  CHIEF  ENGINEER  in  charge  of  paper  mill — man 
thoroughly  familiar  with  boiler  plants  who  is  capable  of  making  study 
of  furnace  conditions  and  tests.  Salary  .$2500  to  $3000.  Location 
New  Haven,  Conn.      1129. 

ESTIMATING  ENGINEER.  Prefer  to  secure  a  man  of  such  age 
as  not  to  be  likely  to  be  drafted  for  military  service.  Position 
requires  a  fairly  comprehensive  knowledge  of  construction  work,  a 
thorough  knowledge  of  pumping  machinery,  piping  and  preferably 
concrete  work,  also  qualifications  that  will  enable  a  man  to  estimate 
on  more  or  less  complicated  special  machinery.  Location  New  Jersey. 
1130. 

DRAFTSMEN  experienced  in  ordnance  work,  particularly  small  arms 
and  machine  guns,  or  experienced  in  complicated  automatic  machinery. 
1131. 

COMBUSTION  ENGINEER.  Duties  primarily  those  of  efficiency 
work  in  the  burning  of  fuel  and  generation  of  power,  also  in  the  use 
of  power  In  the  various  departments  of  plant.  Power  plant  is  of 
4000  hp.  capacity,  with  extensive  distributing  system  for  air,  steam  and 
electricity.  Excellent  opening  for  a  man  interested  in  steam  power- 
plant  work.  State  fully  qualifications,  training  and  experience.  Loca- 
tion New  Jersey.     1133. 

GRADUATE  MECHANICAL  ENGINEER  with  knowledge  of  cen- 
trifugal machinery — preferably  fans,  pumps  and  compressors — and 
also  thoroughly  familiar  with  their  design  and  methods  of  testing  same. 
Apply  by  letter.      Location  New  Y'ork.      1140. 

RECENT  MECHANICAL  ENGINEERING  GRADUATES.  Must 
have  initiative  and  capacity  for  plenty  of  hard  work  in  design,  con- 
struction and  operation  of  gasoline  plants  for  large  independent  oil 
company.      Location   Oklahoma.      Expenses  paid.      1141. 

MASTER  MECHANICS,  ASSISTANTS,  INSPECTORS,  ETC..  in  the 
construction  and  operation  of  a  large  shipyard.  The  organization  must 
be  completed  as  soon  as  possible.     Location  Pennsylvania.      1146. 

SUPERINTENDENT  OF  CONSTRUCTION  for  mechanical  equip- 
ment, including  power  plant,  of  hospital  and  medical  college  in  Peking. 
China,  for  group  of  14  buildings.  Work  will  be  installed  by  day  labor 
and  clients  desire  capable  executive  to  act  as  superintendent  for  in- 
stallation of  such  equipment.     1147. 

1917  GRADUATE  IN  MECHANICAL  OR  ELECTRICAL  EN- 
GINEEERING  for  drafting  and  estimating  work  in  connection  with 
blast  furnaces  and  mines.     Location  East  Tennessee.      1152. 

DRAFTSMAN  for  steel  company.  Position  will  be  interesting,  as 
there  is  a  lot  of  new  work  started.     Location  New  York  State.     1153. 

DRAFTSMAN.  Work  includes  a  wide  range  of  designing  machinery 
for  roofing  manufacture,  conveying,  foundations  and  plant  layout. 
Location   Perth   Amboy,   N.   J.      11.54. 
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DESIGNER,  between  25  and  35  years  oE  age,  with  mechanical  and 
electrical  engineering  knowledge  and  sufficient  shop  experience  to 
enable  him  to  design  apparatus  so  that  it  can  be  economically  manu- 
factured. Some  pneumatic  engineering  experience  desired,  but  not 
absolutely  necessary.  Work :  improvement  ol  present  product  in 
regard  to  increasing  the  quality  of  finished  article.  Design  of  new 
products  now  in  process  of  development.  Salary  $1200  to  $3600, 
depending  entirely  upon  the  man  and  his  ability.  Location  Hoboken, 
N.  J.      1155. 

DRAFTSMAN  on  agricultural  machinery  for  positions  In  either 
Porto  Bico  or  Santo  Domingo.  Write  fully  stating  age,  experience, 
salary  required  and  whether  married  or  single.     1156. 

SHOP  SUPERINTENDENT  for  machine  shop  manufacturing  planers, 
lathes,  etc.,  and  employing  200  to  300  men.     Confldential.     115S. 

GENERAL  FACTORY  EXECUTIVE.  High-grade  mechanical  en- 
gineer wanted  for  position  of  works  superintendent  having  direct 
charge  of  all  power  and  maintenance  work  in  a  factory  of  over  two 
thousand  employees.  Applicant  must  be  able  to  show  that  he  has 
made  good  previously  in  a  similar  position  and  must  have  pronounced 
executive  and  machine-designing  ability.  A  desire  to  work  har- 
moniously with  organization  a  prime  qualification.  In  first  letter  state 
age,  salary  and  complete  record  of  experience.  Location,  New  York 
district.     Permanent  position  for  a  real  man.     1162. 

COMPETENT  MAN,  about  35  years  old,  to  take  hold  of  maintenance 
and  machine  repairs  and  general  shop  economies.  Prefer  one  who  has 
had  technical  education  and  enough  shop  experience  to  understand  the 
operation  of  all  machine  tools,  and  who  has  a  full  appreciation  of  the 
value  of  time  on  an  operation  without  going  into  any  efficiency  work. 
Opportunity  for  advancement  and  eventually  an  executive  position. 
1166. 

SALESMAN  for  mechanical  apparatus.  Salary  depends  on  man. 
1167. 

DRAFTSMAN  experienced  in  laying  out  dies.  Permanent  position. 
State  previous  experience  and  salary  expected.  Location  New  Jersey. 
1170. 

SALES  ENGINEER  for  Spain  desired  by  export  house.  Must  be 
an  experienced  man  who  has  actually  sold  machinery  in  that  country 
Must  be  competent  to  develop  efficient  sales  organization,  appoint  sub- 
agents,  etc.  A  substantial  profit  share  will  be  paid  in  addition  to 
salary,  exceptional  opportunity.  Address  applications  in  Spanish  or 
English.     1172. 

SALES  ENGINEER  for  France  desired  by  export  house.  Must  be 
an  experienced  man  who  has  actually  sold  machinery  in  that  country. 
Must  be  competent  to  develop  efficient  sales  organization,  appoint 
sub-agents,  etc.  A  substantial  profit  share  will  be  paid  in  addition  to 
salary,  therefore  an  exceptional  opportunity.  Address  application  in 
French  or  English.     1173. 

MECHANICAL  ENGINEER  familiar  with  general  machinery  in 
woodworking  and  machine  shops  to  take  charge  of  drafting  room. 
Concern  at  present  planning  ship  ways,  and  the  work  for  this  par- 
ticular engineer  will  be  the  laying  out  of  the  woodworking  shop  and 
the  machine  shop,  as  well  as  derricks,  cranes,  etc.  Location  Pennsyl- 
vania.    1175. 

INSPECTOR,  Energetic,  capable  young  man  as  inspector  in  plant 
manufacturing  small  machinery  and  machine  parts.  Should  have  had 
experience  as  a  machinist.  State  initial  salary  expected,  age,  expe- 
rience and  qualifications.  Good  opportunity  for  advancement.  Loca- 
tion New  Jersey.     1183. 

ENGINEER  in  drafting  and  engineering  department.  Able  man 
with  technical  training  wanted,  familiar  with  structural  work  and 
machine  design  ;  convoying-machinery  experience  will  bo  of  advantage. 
Splendid  future  for  right  man.  State  fully  particulars  of  education, 
experience,  age,  salary  expected,  etc.  All  letters  regarded  as  con- 
fidential.    11S5. 

S.ILES  ENGINEERS.  Men  of  at  least  34  years  of  age.  with  college 
education  or  its  equivalent,  who  have  had  mechanical  training  and 
shop  experience  in  the  sales  department  of  a  prominent  manufacturer 
of  pneumatic  machinery.  Good  opportunity  for  the  right  man.  Give 
references,  experience  and  salary  expected.     1187. 

DR.\FTSM.\N  with  sufficient  experience  to  enable  him  to  take  charge 
of  the  making  and  checking  of  detail  drawings  in  a  drawing  room 
employing  two  or  three  men.  State  qualifications  and  past  experience 
fully.  Large  part  of  the  work  will  consist  of  routine  calculations. 
Applicants  must  be  possessed  of  technical  training.  Salary  about 
$150  per  month.     Location  New  York  State.     1189. 


FACTORY  EXECUTIVE,  technically  trained,  about  30  to  35  years 
of  age,  tor  large  textile-machinery  manufacturing  plant.  Knowledge 
of  up-to-date  shop  methods  essential,  also  successful  experience  in  the 
handling  of  mechanics.  Applicant  would  be  required  to  spend  from 
one  to  two  years  in  shop  to  become  familiar  with  the  various  classes 
of  work,  after  which  the  position  of  assistant  superintendent  with 
further  excellent  opportunities  for  promotion  will  be  open  to  him. 
Salary  at  start,  about  $2500.     Location  Mass.     1191. 

ASSISTANT  SUPERINTENDENT.  Man  about  30  years  of  age, 
who  has  worked  his  way  through  a  technical  institution  along 
mechanical  or  chemical  lines.  Duties  partake  of  the  nature  of  assist- 
ant superintendent  without  such  official  title.  Position  requires 
application  and  long  hours,  and  affords  inducement  and  opportunity 
for  pay  beyond  the  starting  wage.  Salary  to  start,  about  $25.  Loca- 
tion Virginia.     1192. 

YOUNG  DRAFTSMAN.  Location  Jersey  City,  N.  J.  ,  Salary  $20. 
1193. 

YOUNG  ENGINEER  to  work  up  and  report  on  shop  efficiency. 
Salary  $20.     Location  Jersey  City,  N.  J.     1194. 

TWO  YOUNG  ENGINEERS  :  One  a  recent  graduate  with  some  elec- 
trical-engineering training,  at  a  salary  of  $90  a  month  ;  the  other  with 
some  experience  in  drafting-room  work,  salary  $125  per  month.  Loca- 
tion, New  York.     1197,  1198. 

YOUNG  DESIGNER  on  jigs  and  fixtures.  Salary  $125  to  start. 
Prefer  young  man  with  some  shop  experience.  Location  New  York. 
2000. 

YOUNG  TECHNICAL  ENGINEER  for  sales  work  on  fans,  blowers, 
turbines.  Need  not  have  had  previous  experience  in  sales  line. 
Salary  to  start,  $1500.     2001. 

TOOL  DESIGNERS  capable  of  designing  jigs  and  fixtures  on 
machine-tool  equipment  from  the  piece-part  drawings.  None  but  first- 
class  men  will  be  considered.  Salary  $85  per  week  ;  transportation 
charges  paid.      Location   Middle  West.     2004. 

EXPERIENCED  TOOL  DESIGNERS.  Familiar  with  tools,  jigs  and 
fixtures  for  miscellaneous  machine  shop  production  work,  Including 
turbines,  reduction  gears,  guns  and  gun  carriages.  Attractive  offer 
to  capable  man.     Location  Maryland.     2006. 

DESIGNER  of  centrifugal  pumps  capable  of  taking  charge  of  de- 
partment in  established  concern  manufacturing  pumps  for  special  con- 
ditions. State  age,  experience  and  references.  Location  Pacific  Coast — 
New  York  City  conference.      2008. 

MAN  30  to  35  years  old,  preferably  with  some  experience  along 
manufacturing  lines  and  capable  of  working  into  responsible  position 
in  short  time.  Opening  is  with  well-established  concern  in  New 
England,  manufacturing  variety  of  metal  articles  and  novelties.  Give 
full  details  of  education,  experience,  positions  held,  salary  expected, 
etc.     2009, 

DRAFTSMAN  with  at  least  five  years'  experience  in  the  detail  of 
machine  parts.  State  age,  experience,  salary  expected,  and  give  refer- 
ences.    Position  permanent.     Location  near  New  York  City.     2012. 

CHIEF  DRAFTSMAN  with  executive  and  engineering  ability,  com- 
petent to  direct  the  work  of  eight  draftsmen  and  superintend  design 
of  output  of  plant  manufacturing  large  tankage,  steel  mill  buildings, 
zinc-smelter  equipment  and  cement-mill  work,  along  engineering  lines. 
Must  be  competent  to  operate  system  now  installed  in  relation  to 
billing,  routing  and  ordering  materials.  Want  man  with  at  least  ten 
years'  experience  in  manufacturing  lines.  Salary  .f2000.  Location 
Kansas.      2013. 

MANUFACTURING  COMPANY  has  openings  and  invites  applica- 
tions from  men  of  engineering  experience  familiar  with  design  of 
plate,  mechanical  and  construction  work.  These  openings  offer  per- 
manent positions  and  exceptional  opportunities  for  men  who  are 
competent  to  prepare  drawings,  write  bills  of  materials  and  shop  orders 
and  requisition  materials  for  this  class  of  work.  Salaries  entirely 
contingent  on  ability  to  produce  results.     Location  Kansas.     2014. 

DR.4FTSMAN  for  general  design  of  new  machinery  and  improve- 
ment of  existing  machinery  in  large  going  plant.  Position  leads  to 
industrial-management  work.  Write  giving  full  particulars.  Loca- 
tion Maine.     2020 

MEN  AVAILABLE 

Only  members  of  the  Society  are  listed  in  the  published  notices 
in  this  section.  Copy  for  notices  should  be  in  hand  by  the  15th 
of  the  month,  and  the  form  of  the  notice  should  be  such  that  the 
initial  words  indicate  the  classification.  Notices  are  not  repeated 
in  consecutive  issues. 

INDUSTRIAL  PLANT  ENGINEER.  Technical  graduate,  age  32. 
Nine   years'    experience   in   design,    construction,   operation   and   main- 
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tenance  of  industrial   plant  and  pmver  plauts.      Specializ.Ml  in   beatiug 
and  ventilation,   refrigeration  and  drying  of  materials.      H--69. 

MECHANICAL  AND  ELECTRICAL  ENGINEER  of  fifteen  years- 
successful  practical  experience.  Can  design,  supervise  or  organize 
original  or  new  work  where  initiative,  tact  or  perseverance  are  re- 
quired Can  furnish  best  professional  and  character  references.  Tem- 
peramentally qualified  to  adapt  self  to  various  personnel  within  or 
without  an  organization.  At  present  employed,  but  desires  new  con- 
nections where  there  is  ample  opportunity  to  produce  results.     H-270. 

ASSISTANT  OR  ASSOCIATE  PROFESSOR  OF  MECHANICAL 
ENGINEERING.  Technical  graduate,  degrees  of  B.S.  and  M.E.  Age 
27.  married.  Two  years'  experience  as  assistant  superintendent  of 
manufacture  with  iliuminating  gas  company,  in  charge  of  labor  and 
mechanical  equipment.  Experience  in  drafting,  heating  and  ventila- 
tion work  and  as  assistant  to  a  consulting  engineer.  Three  years' 
experience  teaching  mechanical-engineering  subjects.  Desires  position 
with  a  progressive  college  or  university  for  the  year  beginning  Septem- 
ber 1,  1917.     H-271. 

MECHANICAL  ENGINEER.  Columbia  graduate,  age  37,  married. 
Fourteen  .years'  service  in  motive-power  department  of  large  western 
railroad,  in  testing  laboratory,  as  draftsman,  assistant  engineer  of 
tests  and  assistant  mechanical  engineer.  Desires  opportunity  for 
advancement  and  greater  responsibility.     At  present  employed.     H-272. 

MECHANICAL  ENGINEER.  Technical  graduate,  with  knowledge 
of  Spanish  and  experience  in  power  plant  and  sugar  mill,  desires 
position  as  manufacturer's  representative,  power-plant  engineer,  sugar- 
mill  engineer  or  instructor  in   a  technical  school.     H-273. 

MECHANICAL  ENGINEER,  EXECUTIVE.  Age  32.  married.  Ten 
years'  experience.  Aggressive  and  courageous,  having  an  excellent 
record  and  many  reliable  references.  At  present  employed  as  head  of 
the  engineering  department  of  a  large  manufacturing  firm.  Would 
like  position  in  engineering,  production  or  sales  department  of  com- 
mercial firm.  Available  on  short  notice.  Salary  expected,  $2500  per 
year.     H-274. 

SALES  ENGINEER.  Graduate  mechanical  engineer  having  charge 
of  New  York  territory  for  the  past  ten  years  for  well-known  company 
manufacturing  factory  equipment  would  like  to  make  a  change.  At 
present  employed.      Highest   references.      H-275. 

ASSISTANT  TO  EXECUTIVE.  M.E.,  Cornell,  age  31.  Experienced 
as  a  machinist,  draftsman  and  foreman.  Desires  position  as  assistant 
to  an  executive  in  a  manufacturing  or  engineering  firm  where  there 
will  be  an  opportunity  for  advancement.     H-276. 

DESIGNING  ENGINEER  OR  ASSISTANT  TO  EXECUTIVE.  Me- 
chanical engineer,  university  graduate,  not  liable  for  military  service. 
Fourteen  years'  broad  experience  in  the  design  and  construction  of 
special  machinery,  tools,  jigs,  etc,  including  ordnance,  design  of 
ammunition-handling  devices,  hydraulic  machinery  with  automatic 
controlling  attachments,  structural-steel  design  and  specifications. 
Familiar  with  shop  methods  and  follow-up  work.  Thoroughly  prac- 
tical, with  executive  ability  ;  not  afraid  of  work  or  responsibility. 
Available   on   short  notice.      H-277. 

RAILWAY  MECHANICAL  ENGINEER.  Age  38.  Technical  educa- 
tion and  IS  years'  experience  as  railway  machinist,  draftsman,  chief 
draftsman  and  mechanical  engineer.  Desires  position  with  railway 
company,  railway-equipment  manufacturing  company,  supply  house 
or  industrial  plant,  with  greater  responsibility  and  opportunity.  At 
present   employed.      Location   immaterial.      Salary   $3000.      H-27S. 

MECHANICAL  ENGINEER  OR  SUPERINTENDENT.  American, 
14  years'  practical  and  theoretical  experience.  Specialist  in  valves, 
fittings  and  engineering  specialties  of  all  descriptions  :  machines,  tools, 
fixtures  and  equipment  for  same,  shop  maintenance :  efficiency  and 
production  engineer.  Successfully  held  positions  and  has  references 
verifying   above  experience.      H-279. 


factory  experience  erecting  and  repairing  sugar-refining  machinery. 
One  year  doing  master-mechanic  work  in  an  acid  plant.  At  present 
a  draftsman.  Desires  position  in  munition  or  other  manufacture. 
H-282. 

MECHANICAL  ENGINEER  with  metallurgical  training  desires  posi- 
tion  as  assistant  metallurgist.     Four  years'   shop  experience.     H-2S3. 

INDUSTRIAL  ENGINEER.  Age  33,  married,  technical  education. 
Two  years'  practical  shop  experience,  4  years  in  drawing  room,  3 
years  designing  and  erecting  mill  buildings  and  machinery.  At  pres- 
ent employed  as  mechanical  engineer  with  manufacturing  company. 
Can  furnish   best  references.     H-2S4. 

RESEARCH   ENGINEER    AND   COMMERCIAL    DESIGNER   on   gas 

and  oil  engines,  farm  tractors  or  marine  motors.  Employed  in  experi- 
mental engineering  department  of  a  university  in  Central  Northwest. 
Desires  position  in  commercial  or  educational  research  laboratory  or 
large  factory  devoting  entire  time  to  research  or  research  aud  design. 
Originative  ability  in  application  of  scientific  principles.  Active 
member   Society   of  -Automotive   Engineers.      H-285. 

MECHANICAL-ELECTRICAL  ENGINEER.  Columbia  graduate,  age 
32,  married.  Desires  position  as  works  engineer.  Ten  years'  expe- 
rience in  industrial-plant  engineering,  including  the  installation  and 
operation  of  power-generating,  transmission  and  receiving  apparatus, 
and  shop  machinery.  Also  experienced  in  the  application  of  electricity 
to    shop    processes,    welding,    electric    heating,    pyrometry.    etc.      H-286. 

HEAT-TREATING  AND  RESEARCH  ENGINEER.  Graduate  M.E., 
age  33,  married.  Seven  years'  experience  in  heat  treatment  of  all 
kinds  of  steels.  Shop  and  research  experience  in  large  munition  fac- 
tory. Can  take  full  charge  of  all  heat-treating  and  pyrometer  testing. 
H-287. 

MECHANICAL  ENGINEER.  Columbia  graduate,  1912.  Five  years' 
experience  in  design,  construction,  and  inspection  with  prominent  con- 
cerns. Desires  position  in  engineering  department,  or  as  assistant  with 
good  chance  of  advancement.  Employed  at  present.  Salary  $1800  to 
$2000.     H-28S. 

GRADUATE  of  university  mechanical  engineering  course,  age  26, 
desires  position  with  a  manufacturing  plant  or  steel  works  where 
chances   for   advancement   into   the   business    end   are   good.      H-289. 

SALES  PROMOTER.  Successful  specialty  sales  manager  and  sales- 
man, especially  good  on  introductory  work,  is  open  for  high-grade 
connection.  Enthusiastic,  convincing  talker,  with  initiative,  stability, 
good  appearance  and  judgment.  Accustomed  to  handle  large  busi- 
ness ;  age  37,  American  born,  single,  technically  educated,  with  prac- 
tical experience.  Has  covered  territor.v  from  New  York  to  San  Fran- 
cisco.     Will   go  anywhere.      No  objection   to   long   trips.     H-290. 

EXECUTIVE  OR  WORKS  M.\NAGER.  Mechanical  engineer  with 
wide  experience  in  positions  as  executive  manager  .-ind  engineer.  Spe- 
cialty, small  arms  and  interchangeable  parts  production;  last  six 
years'  work  has  been  in  that  line.     Position  in  East  preferred.      H-291. 

EXECUTIVE  position  in  the  steel  business  either  in  the  manufac- 
turing or  sales  end  desired  by  an  American,  technical  graduate.  Age 
36 :  married.  Fifteen  years'  experience  in  steel  plant,  general  con- 
struction and  varied  engineering  work.  At  present  employed.  Will 
arrange  for  New  York   interview.      H-292. 

MECHANICAL  ENGINEER.  American.  33,  married.  Technical 
education.  Experienced  in  standardization  work  in  manufacture,  in 
design  of  heavy  machinery,  structural  work,  concrete.  Engineer  of 
construction.  Especially  experienced  in  power-plant  construction  and. 
in  combustion  engineering.     H-293. 

MANUFACTURING  EXECUTIVE  desires  to  locate  with  progressive 
organization  producing  mechanical  or  electrical  material.  Has  execu- 
tive and  practical  experience  in  engineering  and  efficiency  methods, 
costs,  inter-department  systems,  tools,  machinery,  equipment,  power, 
labor-saving  methods,  quantity  production.  Available  after  one  month's 
notice.     Location  New  Y'ork  or  vicinitv.     H-294. 


SALES  ENGINEER.  Age  32,  technical  graduate.  Four  years'  expe- 
rience selling  power-pl.TUt  equipment  as  well  as  in  design,  erection 
and  operation.      Good  executive  ability.      H-2S0. 

MECHANICAL  ENGINEER  for  industrial  plants.  Six  years'  spe- 
cialized work  on  steam  and  combustion  equipment.  Desires  position 
as  works  engineer  or  superintendent.      H-281. 

TECHNICAL   GRADUATE,    M.E..    Columbia,    age    27.      Three    years' 


BOILER  MAN  fully  conversant  with  every  detail  of  design  and 
construction  of  steam  boilers,  particularly  water-tube  boilers,  oil 
burners  as  well  as  automatic  stokers,  building,  erecting,  static  and 
efficiency  tests.  Will  be  open  for  responsible  position  by  August  20. 
Location   near   New   York   City.      Highest   references.      H-295. 

STEAM-TURBINE  ENGINEER.  Fifteen  years'  experience  in  the 
design,  manufacture,  testing  and  operation  of  all  commercial  types, 
especially  small  units,  in  U.  S.  and  abroad.  Desires  to  make  a  change. 
H-29(l 
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A  Review  of  Engineering  Progress  and  Attainment   in   Mechanical   Engineering   and    Related 
Fields,  Including  a  Digest  of  Current  Technical  Periodicals  and  a  Selected 

List  of    Engineering  Articles 


National  Committee  on  Gas  and  Electric 
Service 

SOME  months  ago  the  Committee  of  the  American  Gas  In- 
stitute to  Cooperate  with  the  Government  in  regard  to  the 
Military  Needs  of  the  Nation  and  the  Committee  of  the  Na- 
tional Electric  Light  Association  on  War  Conditions,  at  a 
joint  conference  held  ^n  New  York  City,  decided  to  organize 
a  National  Committee  which  would  secure  to  the  United  States 
Government  the  most  effective  cooperation  in  the  conduct  of 
the  war  from  tlie  gas  and  electric  light  and  power  industries. 
The  National  Committee  on  Gas  and  Electric  Service  was 
thereupon  organized  with  a  membership  of  representative  men 
from  these  two  industries  and  the  related  natural  gas  industry. 
The  Committee,  as  constituted,  has  the  following  members  of 
The  American  Society  of  Mechanical  Engineers  on  its  roster: 

John  A.  Britton,  Vice-President,  Pacitic  Gas  and  Electric 
Company,  San  Francisco,  Cal. 

Alexander  Dow,  President,  Detroit  Edison  Company,  De- 
troit, Mich. 

Charles  L.  Edgar,  President,  Edison  Electric  Illuminating 
Company  of  Boston,  Mass. 

A.  E.  Forstall,  President,  American  Gas  Institute,  New 
York,  N.  Y. 

D.  C.  Jackson,  Professor  of  Electrical  Engineering,  Massa- 
chusetts Institute  of  Technology,  Boston,  Mass. 

S.  S.  Wyer,  Consulting  Engineer,  Natural  Gas  Industry, 
Columbus,  Ohio. 

John  W.  Lieb,  Vice-President,  The  New  York  Edison  Com- 
pany, New  York,  N.  Y. 

The  Committee  is  recognized  by  the  Advisory  Commission  of 
the  Council  of  National  Defense  as  one  of  its  advisory  com- 
mittees, and  it  has  established  an  official  headquarters  in  the 
Munsey  Building,  Washington,  D.  C,  where  it  has  placed  itself 
at  the  service  of  the  Government  for  any  assistance  it  may  be 
able  to  render  in  behalf  of  the  public-utility  industries  it  rep- 
resents. It  is  prepared  to  act  as  a  vehicle  of  communication 
between  the  various  instrumentalities  organized  by  the  Gov- 
ernment for  the  conduct  of  the  war  and  the  gas  companies  pro- 
ducing and  distributing  artificial  and  natural  gas  and  the  elec- 
tric light  and  power  companies  furnishing  electric  service,  in 
all  matters  relating  to  the  national  defense.  It  proposes  to 
place  promptly  at  the  disposal  of  the  Government  any  data 
or  information  which  it  may  require  as  to  the  facilities  in  men 
or  sendee  which  they  may  have  available,  to  insure  the  continu- 
ous operation  of  their  plants  so  as  to  enable  the  munition 
plants,  navy  yards  and  manufacturing  establishments,  through 
continuous  and  uninterrupted  service,  to  maintain  their  maxi- 
mum output,  and  it  will  endeavor  to  provide  the  Government 
with  the  necessary  quantity  of  the  essential  by-products  they 
can  make  available  for  the  production  of  high  explosives  and 
of  ammunition. 

One  of  the  most  essential  requirements  in  the  coordination 
of  the  industrial  resources  of  the  country  for  the  successful 
conduct  of  the  war  is  to  provide  a  regular  and  adequate  .sup- 
ply of  fuel  to  the  important  utilities  engaged  in  enterprises 


through  which  they  render  service  to  the  Government  and  to 
the  public.  To  facilitate  solving  the  many  problems  affecting 
the  continuous  supply  of  fuel  to  operate  their  plants,  the  Na- 
tional Coal  Board  has  been  pleased  to  appoint  Mr.  George  M. 
Elliott,  Secretary  of  the  Committee,  to  membership  on  the  Coal 
Committee.  A  questionnaire  has  been  prepared  and  forwarded 
to  every  gas  and  electric  light  and  power  company  in  the  coun- 
try, asking  them  to  send  a  statement  of  the  various  kinds  and 
quantities  of  fuel  each  uses  per  annum  for  its  various  pur- 
poses, the  water  or  rail  connections  over  which  they  are  re- 
ceived, together  with  a  monthly  statement  of  fuel  contracted 
for,  received  and  consumed.  This  will  enable  the  Committee 
to  give  prompt  information  to  the  authorities  of  fuel  shortage 
in  any  particular  locality,  with  the  transportation  lines  in- 
volved, loading  and  unloading  delays,  car  shortages,  routing 
and  trans-shipment  difficulties,  etc. 

Scientific  Research  in  France 

IN  a  paper  under  the  title  Organization  of  Scientific  Ee- 
search  in  France,  presented  by  Henry  Le  Chatelier  to  the 
Academy  of  Sciences,  the  author  bitterly  complains  of  the 
slight  estimation  in  which  science  is  apparently  held  by  society 
and  government  in  France.  He  states  that  men  of  science  are 
never  consulted  on  measures  of  public  interest,  even  those 
most  directly  connected  with  science,  such  as,  for  example, 
problems  of  organization  of  public  education.  He  claims 
that  science  is  not  appreciated  in  France  to  the  same  extent 
as  it  is  in  Germany.  There  the  captains  of  industry  are 
proud  of  the  right  to  prefix  the  title  of  Doctor.  In  France 
a  man  who  would  follow  the  same  custom  would  make  him- 
self ridiculous.  In  England  industrial  magnates  are  quite 
flattered  at  being  invited  to  preside  at  meetings  of  scientific 
societies.     But  that  could  not  be  done  in  France. 

Curiously,  even  while  we  in  America  consider  our  state  of 
research  as  quite  backward,  Le  Chatelier,  whose  name,  by  the 
way,  is  quite  well  known  in  this  country  as  that  of  the  in- 
ventor of  the  pyrometer  and  other  instruments  and  the  author 
of  many  valuable  papers  on  metallurgy,  cites  the  United  States 
as  one  of  the  examples  of  a  progressive  count^-y  where  re- 
search is  generously  endowed. 

In  France  there  is  one  magnificent  institution  of  research, 
the  Pasteur  Institute,  of  which  the  coiuitry  is  proud,  but  only 
one.  As  regards  laboratories  created  specifically  for  indus- 
trial research,  thei'e  is  only  the  Experimental  Station  of  the 
Coal  Mines  Committee  at  Lievin,  maintained  by  the  Coal 
Mines  Company.  While  this  laboratory  is  vei-y  well  equipped, 
it  does  not  make  much  of  a  shovidng  as  compared,  for  ex- 
ample, with  the  numerous  laboratories  of  the  German  syndi- 
cates, metallurgical,  raining,  ceramic,  cement  industries,  efc. 

A  field  in  which  still  more  remains  to  be  done  is  the 
creation  of  private-plant  laboratories  serving  the  needs  of 
individual  concerns.  According  to  the  statement  of  the  writer, 
a  good  many  industries  completely  neglect  the  use  of  labora- 
tories and  none  knows  how  to  fidly  profit  by  them. 
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taken  from  the  diagonal  corners  of  the  plate,  and  the 
queneh-bend  specimen  to  be  taken  from  that  part  of 
the  plate  which  represents  the  top  of  the  billet,  slab, 
or  ingot. 

The  quench-ben  d  specimen  shall  withstand,  without 
fracture,  being  bent  over  until  the  ends  are  parallel 
and  the  inner  radius  equal  to  one  and  one-half  times 
the  thickness  of  the  test  specimen. 
Section  IS,  Rule  II,  all  classes,  of  the  general  rules  and 
regulations,  has  been  stricken  out  and  a  modified  rule  for 
determining  the  working  pressure  on  flat  surfaces  of  boilers 
has  been  adopted. 

All  the  amendments  agreed  upon  by  the  Board  of  Super- 
vising Inspectors  will  be  embodied  in  detail  in  a  circular 
letter  entitled  "  Sixth  Supplement  to  General  Rules  and  Regu- 
lations," which  will  be  issued  within  a  few  days  by  the 
Steamboat  Inspection  Service  to  boiler  manufacturers,  manu- 
facturers of  boiler  plate,  steamboat  companies  and  others. 
The  circular  may  be  obtained  on  application  to  United  States 
local  inspectors  of  the  Steamboat  Inspection  Ser\-iee.  {The 
Iron  Age,  vol.  100,  no.  2,  July  12,  1917,  p.  79) 

New  Navy  Specifications  for  Steel  Castings 

NEW  specifications  governing  the  manufacture  of  steel 
castings  have  recently  been  issued  by  the  United  States 
Navy  Department.  They  are  dated  May  1,  1917,  and  are 
desigTiated  as  49  Sid,  superseding  those  issued  June  1,  1916. 
The  chemical  and  physical  properties  demanded  by  those 
specifications  are  as  follows: 


^Yhen  one  comes  to  consider  ways  and  means  to  remedy 
this  deplorable  situation,  one  finds  that  the  main  difficulty  is 
the  skepticism  of  the  educated  classes  in  French  society  with 
respect  to  the  reality  and  usefulness  of  science. 

One  often  hears  engineers,  even  those  who  have  arrived  at 
high  positions  in  the  industry,  say :  "  Our  study  of  science 
has  never  been  of  any  use  to  us.  It  is  nothing  but  good 
mental  gymnastics,  the  same  as  fencing  exercises  are  good 
bodily,  even  if  one  does  not  intend  to  use  the  art  for  actual 
purposes  of  fighting.  Perhaps  even  the  study  of  Chinese 
might  prove  of  more  value  than  that  of  mathematics." 

Such  statements  are  a  clear  proof  of  an  incomplete  scien- 
tific formation.  The  war,  however,  has  thrown  a  vivid  light 
on  this  subject  and  has  shown  in  France,  even  if  somewhat 
late,  the  exact  state  of  affairs. 

The  principal  error  in  the  past  has  been  that  science  was 
reduced  to  a  collection  of  facts  and  laws;  that  is,  to  only 
the  results  of  science,  and  in  the  presence  of  the  immense 
number  of  problems  facing  the  industry  only  a  few  of  these 
results  acquired  with  so  much  effort  could  be  utilized  in  the 
course  of  the  career  of  an  engineer.  Therein  lies  the  ex- 
planation of  the  apparent  uselessness  of  the  study  of  science. 
But,  side  by  side  with  the  results  there  is  the  method  of  science, 
that  which  produced  these  results,  and  this  method  contrary 
to  what  is  the  case  with  the  results  themselves  can  be  of  daily 
application.  It  is  to  training  in  tliis  way  that  the  teaching 
of  science  should  be  exclusively  devoted.  It  is  not  enough  to 
clutter  the  mind  with  a  variety  of  bits  of  knowledge;  what 
should  be  done  is  to  give  it  a  certain  formation. 

This  point  of  view  being  admitted,  certain  consequences 
immediately  result  therefrom.  The  basic  method  of  physical 
sciences  is  the  experimental  method,  and  it  is  acquired  in  the 
laboratory  and  not  in  front  of  a  blackboard.  Therefore,  the 
extension  of  laboratories,  or  rather  their  better  utilization,  as 
there  are  already  a  good  many  of  them  in  universities,  should 
apparently  be  the  dominant  problem  in  all  reforms  of  our 
system  of  tuition.  (Revue  de  Metallurgie,  vol.  13,  no.  3,  May- 
June  1916,  p.  161  and  following.) 


Changes  in  Boiler-Plate  Specifications 

A    S  a  result  of  an  investigation  by  the  Bureau  of  Standards 

£\   of  the  requirements  of  the  Steamboat  Inspection  Service  ,  ^^^^^  j,  ^^^^^  ^^  ^„„,^„  ^^t^,  „  ^^^^^  ^n^^^^^  ^^^^,^ 

for  steel  boiler  plate,  the  interesting  fact  has  been  developed  '  Cold  bend  about  an  inner  diameter  of  i  m. 

that  the  specifications  heretofore  in  force  have  been  unneces-  t^      ■„  i              .,    i  ^i         ,   i 

.,                        -              ,          i.  ,         ,        1                .      .  It  will  be  seen  that  the  sulphur  requirements  are  not  over 

sarily  severe   and  may  be  satelv  relaxed  so   as  to  increase  „  „^               ,  •       ,,         i        i,       ,■                  ,  r,     ■,     ^      ,  ■  ■, 

,,          .            .  ,      ,    .  ■                  ",          .        ,,          „  ,        „    ,  .  0.05  per  cent  m  all  grades  oi  castmgs  except  Grade  C,  which 

the  output  without  m  any  wav  lessening  the  safety  of  this  •:.,,• 

,.,„,,.        ,,      o       ■   ,              ,    ,,               \-  IS  not  tested  in  any  way. 

material,     i  ollowmg  the  Bureau  s  report  the  executive  com-  ^      -,       ,..,,,„         „    •           .      ,          ,          ,  ■     ,    , 

„  ,,      ^       ^    „  „           .  .       T           ,           ,.  .,      r.  Grade  A   is   intended   lor   all   important   parts   subiect    to 

mittee  of  the  Board  oi  Supervising  Inspectors  of  the  Steam-  ,  .         ,                        j.                      ,           ,         ,              • 

,      ,   ,           ,.    .  „       .          ,              ,.                 ,,     ,    ,1  ,          ,  crushing  stresses  or  surface  wear  only,  such  as  hawse  pipes, 

boat  Inspection  Service,  at  a  meetmg  recently  held  here,  has  ,    .       "         ,        ,      ,,          ,,            .   "       ..        ,.               . 

,,,              .          „              ,        ,.,,                  ,        ,            ,  chain  pipes,  turret  roller  paths,  engine  guides,  slippers,  etc. 

adopted   a   series   or   amendments  m   the   general   rules   and  ^     -,  \.  ■    ■   .      ,   ,  „            ,        7-     ,  ,     ,       •, 

,    .                                                              "  Grade  B  is  intended  for  parts  subject  to  tensile  or  vibratory 

^    '         '              ,    .          ^     ^     ,                               1   I   ,        ,  stresses,  such  as  stems,  stem  posts,  stern  tubes,  rudder  frames, 
One  of  the  most  important  changes  recommended  bv  the  ,     ,            .       ,    ,   ,  ,            ,•    ,                          .      ,      , 
_                „  „,      ,     ,     .     ,,          •  ■          n  .,          ,   ,        ,.  ■.,    .  struts,    engine    bedplates,    cylinders,    gun-mount    stands,    car- 
Bureau  of  Standards  is  the  raising  of  the  sulphur  limit  m  .            ,.f           ,     ,,             1       ,  ■    .  T    ,,       ,     ,      j,         ■, 
,       ,,      ,    ,   „         n  n.  i     o  n^               i      -vT      ,            .  riages,  slides,  and  other  parts  subiect  to  the  shock  of  recoil, 
open-hearth  steel  irom  0.04  to  0.05  per  cent.     No  change  is  S     -,,,..,,/  ,.                         .            ,          ,       ■,    , 

,    ■     ,,       ,        ,           ,,               1  J      ,          T            ,.  „"  Grade   C  is   intended   tor  gun  mounts,  such   as   brackets, 

made  in  the  phosphorus,  the  amended  rule  reading  as  follows:  ,                ,     ,        ,            ,        ,  .     ,    ,       ,     ,       „           .,          ,    o 

levers,  wheels,  etc.,  not  subject  to  shock  of  recoil,  and  tor 

Open-hearth  steel  shall  contain  not  more  than  0.04  commercial  fittings  where  structural  strength  and  separation 

per  cent  of  phosphorus  nor  more  than  0.05  per  cent  of  watertight   compartments   are  not  involved,  such   as   pipe 

of  sulphur.  flanges    (other  than  bulkhead   and   deck),   cagemast   fittings. 

The  Bureau  also  recommended  the  adoption  of  a  new  rule  stowage  lugs  and  clips,  hinges  for  doors  and  hatches  where 

relating  to  tensile-test  specimens  and  quench-bend  specimens  watertightness  is  not  involved,  etc. 

which  has  been  adopted,  as  follows :  Grade  D  is  intended  for  the  same  general  purpose  as  Grade 

Two  tension  tests  and  one  quench-bend  test  shall  B,  but  where  greater  strength  is  required  with  equal  ductility. 

be  made  from  each  plate  as  fii-st   rolled  from  the  Grade  F  is  intended  for  castings  for  gun  yokes,  gun-mount 

billet,  slab,  or  ingot,  the  tensile-test  specimens  to  be  stands,  carriage  slides,  deck  lugs,  etc.,  of  large  size. 


Percentage 

Physical  Requirements 

Grade 

Composition 
(not  over) 

Minimum 

Tenailo 

Strength, 

Lb.  per  Sq.  In. 

Minimum 
Yield  Point, 

Lb.  per  Sq.  In. 

Minimum 
Elongation, 
Percent 
in  2  in. 

Minimum 
Reduction 
of  Area, 
Per  Cent 

SO   OS 

P 

S 

Fi 

A 

D 

B 

C 

0.05 
0.05 
0.05 
0.06 
0.06 

0.05 
0.05 
0.05 
0.05 
0.07 

85,000 

80,000  1 

70,000 

60,000 

53,000 
45  per  cent  of 
tensile  strength 
obtained 

22 
17 
22 
22 

35 
20 
30 
30 

120  deg. 

90  deg. 

120  deg. 

120  deg. 

August 
1917 
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The  latest  specifications  of  the  Navy  for  structural  steel- 
work, dated  Feb.  1,  1917,  and  designated  as  48  Sic,  demand 
not  over  0.05  per  cent  sulphur  and  phosphorus  in  all  steel 
castings  used  in  yards  and  docks  and  similar  work  and  limit 
the  sulphur  to  0.045  per  cent  for  rivet  steel  for  bridges  and 
buildings. 

It  is  known  that  in  many  cases  it  has  been  difficult  to  meet 
a  sulphur  specification  of  not  over  0.05  per  cent  in  recent 
months,  even  in  acid  open-hearth  work.  The  intensive  stress 
for  output  under  which  blast  furnaces  and  coke  plants  have 
had  to  operate  has  tended  to  increase  rather  than  diminish 
the  quantity  of  sulphur  in  these  raw  materials,  thereby  making 
it  still  more  difficult  for  steel  makers  to  meet  specifications. 
(The  Iron  Age,  vol.  100,  no.  2,  July  12,  1917.) 

News  of  Other  Societies 
Annual   Meeting  of  the  S.    P.  E.  E. 

THE  twenty-fifth  annual  meeting  of  the  Society  for  the 
Promotion  of  Engineering  Education  was  held  in  Wash- 
ington, D.  C,  July  6  and  7,  in  cooperation  with  the  Committee 
on  Engineering  and  Education  of  the  Advisory  Commission  of 
the  Council  of  National  Defense.  The  main  topic  of  the  meet- 
ing was  the  relation  between  the  engineering  schools  and  the 
national  Government  during  the  present  emergency.  An  ambi- 
tious program  was  prepared  which  featured  a  number  of  ad- 
dresses by  government  officials,  by  engineers  rendering  service 
at  Washington  on  various  public  and  semi-public  committees 
at  this  time,  and  by  representatives  of  foreign  governments 
also  on  business  in  the  capital.  Considering  the  important 
calls  upon  the  time  of  these  men,  the  program  was  very  satis- 
factorily carried  out  and  there  were  but  one  or  two  disap- 
pointments. 

The  trend  of  opinion  at  the  meeting  was  that  students  in  en- 
gineering courses  should  be  urged  to  continue  their  studies  to 
completion  rather  than  enlist  in  the  national  ser\-ice,  since  by 
so  doing  they  would  ultimately  become  of  much  gi-eater  use  to 
their  country  as  trained  specialists.  On  the  other  hand,  the 
schools  themselves  should  possibly  devise  means  of  speeding 
up  their  work  so  that  men  could  complete  their  courses  in  less 
time  and  in  consequence  more  men  would  be  available.  Opin- 
ions were  also  expressed  that  the  engineering  schools  should 
introduce  military  instruction  into  their  curricula. 

President  G.  R.  Chatbum  occupied  the  chair  during  the 
meeting,  and  at  the  opening  session  greetings  from  Canada 
were  extended  by  Dr.  A.  S.  Mackenzie,  president  of  Dalhousie 
University,  who  recited  the  mistakes  of  Canada  at  the  outset  of 
the  war,  especially  in  regard  to  the  men  in  her  engineering 
schools,  and  hoped  this  country  would  profit  by  the  lesson  Can- 
ada had  learned. 

Dr.  S.  P.  Capen,  specialist  in  higher  education  of  the  U.  S. 
Bureau  of  Education,  discussed  the  resolutions  passed  at  a 
meeting  of  college  presidents  called  by  the  Advisory  Commis- 
sion of  the  Council  of  National  Defense.  He  considered  it 
especially  desirable  that  a  comprehensive  policy  of  cooperation 
between  the  colleges  and  the  Government  be  established  and 
maintained. 

Dr.  Hollis  Godfrey,  member  of  the  Advisory  Commission  of 
the  Council  of  National  Defense,  delivered  an  interesting  ad- 
dress upon  The  Consulting  Engineer  in  Public  and  Private 
Service,  in  which  he  reviewed  the  construction  of  the  Council 
of  National  Defense,  a  body  created  to  "  coordinate  the  indus- 
tries and  resources  for  the  national  security  and  welfare."  He 
spoke  of  the  consulting  engineer  in  his  relation  to  the  Govern- 


ment and  of  bis  place  in  making  effective  governmental  organ- 
ization and  machinery  in  time  of  war. 

The  Hon.  Newton  D.  Baker,  Secretary  of  War,  pointed  out 
the  duty  of  engineering  schools  in  war.    He  said  in  part: 

Tlie  progress  in  the  art  o£  war  is  from  day  to  day,  not  from 
year  to  year.  There  is  afmost  lightninglike  rapidity  in  ingenuity 
being  fed  to  the  troops  at  the  front.  There  must  he  the  same  sort 
of  response  by  the  engineering  scientists  of  this  country.  .Vll  must 
learn  by  constant  reading  and  study,  by  evolving  and  bringing  to 
as  near  completed  form  as  may  be  advantageous  to  our  efficiency 
and  safety. 

In  addition  to  that,  the  larger  subject  is  the  relation  of  engineer- 
ing education  and  technical  education  to  the  prospective  needs  of 
the  country.  We  are  in  need  of  fresh  accessions  of  trained  young 
men  from  the  technical  schools  of  the  country.  Our  Coast 
Artillery  and  our  engineer  departments  are  in  constant  need  of 
large  accessions  and  they  can  get  them  at  their  very  best  from 
the  schools.  It  therefore  becomes  the  necessary  thing  that  the 
great  engineering  schools  of  the  country  should  in  large  part  con- 
tribute to  the  actual  organization  of  the  Army  in  peace  time  a 
substantial  part  if  not  the  major  part  of  peace-time  preparation 
for  our  defense  should  aggression  force  us  into  defensive  action. 

I  hope,  therefore,  that  it  will  be  assumed  that  one  of  the  func- 
tions of  the  colleges  and  technical  schools  ought  to  be  so  to  modify 
their  curricula  that  the  young  men  who  have  special  aptitude  for 
the  scientific  things  which  are  useful  in  military  science  will  have 
an  opportunity  to  develop  their  aptitude  and  bring  their  talent  to 
the  aid  of  their  country  either  for  peace-time  preparation  or  in  an 
emergency  such  as  faces  the  country  now. 

So  that  my  suggestion  is  that  all  of  the  engineering  and  scientific 
talent  of  the  country — and  the  utmost  pressure  should  be  devoted — 
study  the  solution  of  the  scientific  problems  presented  by  the  war. 
Tou  ought  to  expedite  the  training  of  youug  men  for  immediate 
use  by  the  Government  in  this  great  emergency,  and  you  ought  to 
look  forward  for  the  future  to  a  large  contribution  of  your  great 
engineer  schools  and  colleges  and  collaborate  the  training  so  that 
it  will  be  very  easy  for  the  .voung  men  to  render  a  maximum 
assistance  to  the  Government  if  the  emergency  comes. 

Nobody  knows  what  the  world  is  going  to  be  like  when  this 
war  is  over.  No  imagination  is  able  to  picture  the  sort  of  civiliza- 
tion the  world  will  have  after  this  conflict  is  over.  Nobody  knows 
how  long  this  war  is  going  to  last.  But  we  do  know  that  when 
this  war  is  over  the  rehabilitation  of  a  stricken  if  not  paralyzed 
civilization  is  going  to  be  a  long-drawn-out  and  uphill  task,  and 
there  will  be  need  on  every  hand  for  trained  minds,  for  trained 
and  schooled  men.  That  day  of  the  engineer  will  be  indeed  the 
big  day.  Men  should  then  be  present  in  very  great  numbers  to 
help  bring  about  the  rehabilitation  of  industries,  the  reconstruc- 
tion upon  an  earth  which  has  been  swept  by  an  all-consuming 
conflagration. 

And  so  I  think  you  ought  to  have  as  an  especial  object  the  urgent 
invitation  to  young  men  of  America  to  come  into  your  technical 
schools  and  devote  themselves  to  engineering  branches  of  education  ; 
so  that  when  this  war  is  over  the  struggle  will  not  have  been  in 
vain  ;  so  that  young  men  can  quickly  and  efficiently  play  a  part 
in  that  reconstruction. 

Brig.  Gen.  AV.  M.  Black,  Chief  of  Engineers,  U.  S.  A.,  em- 
phasized that  for  the  good  of  the  country  the  four-years' 
course  in  the  engineering  schools  should  be  kept  up  and  that 
men  should  not  be  gradtiated  "  half  educated."  He  also  thought 
we  had  enough  men  m  the  country  without  taking  trained  spe- 
cialists "  to  shoulder  a  musket."  Classes  should  keep  right  on 
with  their  work  as  in  normal  times,  but  of  course  if  any  young 
men  particularly  wanted  to  go  to  war,  let  them  go. 

Dr.  Philander  P.  Claxton,  U.  S.  Commissioner  of  Education, 
expressed  his  opinion  that  every  man  in  the  technical  schools 
should  remain  there  until  he  had  completed  his  course,  unless 
he  left  to  do  some  work  that  could  not  be  well  done  by  some 
other  person. 

Commander  Cluverius,  U.  S.  N.,  described  the  methods 
adopted  at  Annapolis  to  speed  up  the  courses  and  graduate 
men.  He  suggested  that  the  schools  along  the  Atlantic  coast 
giving  courses  in  marine  engineering  could  do  very  effective 
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Vvoik  !)>■  teiuliiiii;  I  In-  |ira(-tic-al  (ipeialioii  of  steam  eii^jines  and 
hdilcrs. 

Among  the  speakers  were  also  Dr.  W.  P.  MeClellan,  director 
of  the  Intercollegiate  Intelligence  Bureau,  who  described  the 
work  of  the  Bureau  in  getting  graduates  to  fill  positions  in  the 
t'ivil  service  and  in  the  enlisted  service;  Dr.  S.  W.  Stratton. 
director  of  the  U.  S.  Bureau  of  Standards,  who  described  in 
an  interesting  manner  the  diversitj'  of  problems  coming  before 
the  bureau;  Civil  Service  Commissioner  Galloway,  who  con- 
veyed an  idea  of  how  the  Commission  is  meeting  the  great  de- 
mands now  being-  made  upon  it  by  government  departments 
for  men;  Mr.  Frank  B.  Gilbreth;  Prof.  W.  F.  Durand, 
member  of  the  National  Research  Council,  who  described  the 
work  of  the  committee  on  engineering  of  the  Council;  Prof. 
A.  L.  Williston;  Dr.  George  Smith,  of  the  U.  S.  Geological 
Survey,  who  emphasized  the  Government's  great  need  of  topo- 
graphical engineers;  Prof.  H.  Wade  Hibbard;  Dr.  F.  H.  New- 
ell, who  pointed  out  the  great  shortage  of  engineers  in  state 
and  city  service ;  Prof.  I.  W.  Lichfield ;  Prof.  W.  M.  Thornton ; 
Prof.  W.  G.  Ra>-mond;  Prof.  F.  P.  McKibbcn  and  Prof.  F.  H. 
Constant ;  Dr.  J.  A.  L.  Waddell. 

On  the  second  day  a  number  of  committees  of  the  societj', 
including  those  on  engineering,  education,  physics,  chemistry, 
English,  mechanics  and  hydraulics  and  economics,  reported  the 
jirogress  of  their  work. 

At  the  close  of  the  meeting  Dean  Milo  S.  Ketchum  was  elect- 
ed president  of  the  society  for  the  ensuing  year,  and  the  retir- 
ing president.  Dr.  Chatburn,  delivered  his  presidential  ad- 
dress, entitled  Our  Patriotic  Duty.  Dr.  Chatburn  reiterated 
the  necessity  for  speeding  up  the  college  courses,  making  any 
changes  necessary  in  the  curricula  and  then,  if  the  war  proves 
short,  changing  back  again. 

Society  of  Automotive  Engineers 

THE  S.A.E.  held  a  two  days'  meeting  on  June  25-26  in 
Washington,  momentous  in  the  history  of  the  society 
both  because  of  the  important  problems  considered  and  be- 
cause of  the  very  hearty  and  active  participation  of  the 
Government.  The  idea  of  holding  the  meeting  at  the  nation's 
capital  was  shown  to  be  distinctly  proper.  As  The  Auto- 
mobile (June  28,  1917,  to  which  credit  should  be  given  for  an 
excellent  account  of  this  meeting)  states,  there  was  hardly  a 
report  of  the  Standards  Committee  and  not  a  single  paper 
that  was  not  strongly  touched  with  the  influence  of  the  war 
problems  on  the  nation. 

The  meeting  opened  on  June  25  with  the  Standards  Com- 
mittee section  at  the  Bureau  of  Standards  Building,  and  was 
attended  by  a  large  number  of  members  of  the  society  who 
were  not  members  of  the  Standards  Committee.  This  had  the 
good  result  of  familiarizing  the  membership  with  the  work 
done  by  its  Standards  Committee  before  the  resolutions  were 
brought  up  for  action  by  the  general  society.  Hence,  no 
delay  was  experienced  and  the  entire  conduct  of  the  meeting 
was  accelerated. 

A  number  of  new  standards  have  been  added  covering 
matters  aeronautic,  research,  parts,  engines  and  electrical 
equipment. 

The  professional  session  held  during  the  afternoon  of  the 
second  day  had  six  papers  on  its  program,  of  which  four 
were  actually  ready.  Henry  R.  Sutphen,  of  the  Elco  Boat 
Company,  presented  a  paper  dealing  with  the  standardized 
construction  of  high-speed  motor  boats  used  as  submarine 
chasers,  a  subject  on  which  he  was  particularly  qualilied  to 
speak,  as  the  Elco  Company,  under  his  direction,  performed 


the  remarkable  feat  of  delivering  to  the  British  government  in 
record   time   550  80-ft.   submarine   chasers. 

Wing  Commander  I.  W.  Seddon,  of  the  British  Commis- 
sion, who  has  had  actual  war  experience  with  the  Royal  Flying 
Corps,  spoke  of  the  design  and  constraction  of  aircraft  in 
war  time  and  gave  his  views  on  the  way  in  which  America 
could  aid  in  establishing  the  supremacy  of  the  air. 

Lieut.  Amaui-y  de  la  Grange,  of  the  French.  Commission, 
who  also  took  part  in  military  flying  on  the  other  side,  spoke 
of  the  classification  and  uses  of  battle  planes  and  of  what 
America  can  do  in  this  connection. 

H.  L.  Horning  (Mem. Am.Soc.M.E.)  presented  a  paper  on 
Tractors  and  the  Food  Problem,  discussing  not  only  the  im- 
mediate demands  created  by  the  war,  but  also  those  which 
may  be  expected  to  come  from  the  pressure  of  the  coming 
increase  in  the  population  of  the  world. 

An  interesting  and  pleasant  feature  of  the  meeting  was 
that  constituted  by  the  participation  of  the  highest  Govern- 
ment officials  in  the  work  of  the  society.  Thus,  at  the  dinner 
of  the  society  on  June  26  in  the  grand  ballroom  of  the  New 
Willard  Hotel,  as  chief  speaker  of  the  evening  appeared  Sec- 
retary of  War  Baker.  The  keynote  of  his  speech  was  that 
the  United  States  was  now  engaged  in  war  and  a  twentieth- 
century  war  it  was.  When  the  history  of  tliis  war  is  finally 
written  it  will  be  shown  that  we  won  because  we  were  able  to 
contrive  more  ingenious  engines  than  our  adversary.  To  re- 
duce the  percentage  of  our  losses,  we  shall  have  to  make  use 
to  the  fullest  possible  extent  of  all  the  appliances  which 
modern  science  affords.  Aeroplanes  would  be  a  great  aid  in 
tliis  connection.  We  must  make  better  and  more  aeroplanes, 
so  that  we  can  see  where  our  adversaries  cannot.  Engineers 
building  aeroplanes  should  realize  that  they  are  as  truly  win- 
ning battles  as  though  they  were  engaged  at  the  front. 

Edward  A.  Deeds  (Mem. Am.Soc.M.E.),  Chairman  of  the 
Aeroplane  Construction  Board,  gave  some  information  re- 
garding the  activities  of  the  Aircraft  Production  Board  which 
was  organized  on  May  6  last  and  is  now  under  the  chair- 
manship of  Howard  E.  Coffin  (Mem.Am.Soc.M.E.). 

American  Society  for  Testing  Materials 

THE  annual  meeting  of  the  American  Society  for  Testing 
Materials  was  held  at  the  Hotel  Traymore,  Atlantic  City, 
N.  J.,  June  26-29,  1917.  Among  other  activities  of  the  meet- 
ing the  following  papers  were  jjresented : 

The  Committee  on  Steel,  C.  D.  Young  (Mem.Am.Soc.M.E.), 
Pennsylvania  Railroad,  Chairman,  recommended  a  number  of 
revisions  in  both  standard  specifications  and  tentative  stand- 
ard specifications  and  proposed  a  new  tentative  standard  speci- 
fication for  carbon  tool  steel. 

These  specifications  cover  tool  steel  in  ten  classes  and  three 
grades  determined  by  the  chemical  composition  specified  in  a 
table.  In  this  specification  maximum  manganese  is  given  for 
the  three  grades.  A,  B  and  C,  respectively,  as  0.40,  0.45  and 
0.60;  phosphorus  as  0.02,  0.025  and  0.035;  sulphur  0.02,  0.035 
and  0.04;  and  silicon  0.35,  0.35  and  0.25. 

In  the  specification  for  steel  tie  plates  are  described  two 
types  of  specimen  which  may  be  used.  The  2-in.  specimen  of 
circular  cross-section  shall  have  filleted  shoulders  or  threaded 
ends  to  fit  into  the  holders  of  the  testing  machine  in  such  a  way 
that  the  line  of  action  of  the  force  exerted  by  the  testing  ma- 
chine shall  coincide  with  the  axis  of  the  specimen.  Tension- 
test  specimens  may  also  be  rectangular  in  section,  in  which 
case  there  shall  be  not  less  than  V2  in-  in  width  between  the 
plane  sides,  and  the  test  piece  shall  have  two  parallel  faces 
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as  rolled.  When  the  tie  plates  are  of  such  a  design  that  the 
rectangular  specimens  cannot  be  obtained  with  out  projecting 
ribs,  these  shall  be  planed  off  before  the  tests  are  made. 

L.  N.  Edwards  presented  a  paper  entitled  The  Effects  of 
Grading  of  Sand  and  Consistency  of  Mix  upon  the  Strengtli 
of  Plain  and  Reinforced  Concrete.  This  paper  describes  the 
methods  used  and  gives  the  results  obtained  from  tests  made 
upon  (1)  cylinders  in  which  12  sands  of  predetermined  grad- 
ings  were  used  as  sand  aggTCgates;  (2)  cylinders  and  rein- 
foreed-concrete  beams,  in  the  preparation  of  which  five  con- 
sistencies of  mix  were  used;  and  (3)  cylinders  for  which  the 
time  of  mixing  was  varied  from  1/4  to  2  min. 

The  writer  came  to  the  following  conclusions: 

1  The  commonly  practiced  "  visual  examination "  test  of 
sand  aggregate  for  concrete  is  generally  unreliable,  since  it 
gives  at  best  only  a  superficial  knowledge  of  the  cleanliness 
of  a  given  sand.  Its  adaptation  to  the  determination  of  grad- 
ing could  be  of  value  to  the  observer  only  after  long  ex- 
perience in  the  granulometric  analysis  of  sands. 

2  The  generally  accepted  practice  of  proportioning  a  con- 
crete mix  by  volume,  as,  for  example,  1  part  cement,  2  parts 
sand  and  4  parts  broken  stone,  is  impracticable  and  unscientific, 
since  it  does   not   take   into   account   the   adaptability   of   the 
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Fig.  1    Compressive  Strengths  op  Test  Cylinders  of 
Different  Consistencies 

grading  of  a  given  sand  to  the  production  of  a  dense,  strong 
and  reliable  concrete.  Proportioning  by  volume,  as  commonly 
used,  gives  no  guarantee  of  the  production  of  a  concrete  hav- 
ing a  desired  strength,  hardness,  or  other  physical  properties. 

3  The  strength,  toughness  and  durability  of  concrete  to  be 
secured  from  the  use  of  a  given  sand  can  be  determined  only 
by  actual  test  of  that  sand  in  a  properly  prepared  concrete. 

4  In  field  operations  incident  to  spading,  slicing,  or  other- 
wise compacting  the  concrete,  the  movement  of  the  water 
content  of  the  mass  is  intensified  whenever  the  sand  aggregate 
contains  sufficient  fine  material  to  hold  the  cement  in  sus- 
pension by  the  formation  of  an  adequate  amount  of  sandy 
paste.  The  free  movement  of  the  water  tends  to  produce  an 
improper  distribution  of  the  cement. 

Fig.  1  shows  the  compressive  strengths  obtained  from  the 


tests  of  cylinders,  in  whicli  the  consistency  of  the  mix  was 
varied  from  a  sticky,  semi-plastic  to  a  very  wet  condition.  The 
sand  and  stone  were  of  limestone  origin. 

Several  conclusions  may  be  drawn  from  these  results.  The 
use  of  a  quantity  of  water  sufficient  to  produce  a  concrete 
the  mortar  component  of  which  is  of  a  saturated,  sticky,  semi- 
plastic  consistency,  is  for  most  practical  purposes  required 
in  order  to  facilitate  economical  and  efficient  placing.  The 
quantity  of  water  is  ample  for  the  development  of  the  proper 
functions  of  the  cement.  An  increase  in  the  quantity  of  water 
used  results  in  a  proportionate  decrease  in  the  strength  of  the 
concrete.  This  decrease  is  in  no  sense  a  function  of  the  pro- 
portions of  the  mix. 

The  results  of  the  test  on  the  influence  of  time  of  mixing 
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are  shown  in  Fig.  2.  The  abrupt  change  in  the  direction  of 
the  curve  at  the  location  indicating  the  1-  and  2-min.  period 
of  mixing,  together  with  the  rapid  increase  of  strength  shown 
for  mixing  periods  of  less  than  1-min.  duration,  show  ex- 
clusively the  advantage  gained  by  continuing  the  mixing  opera- 
tion for  a  period  of  from  I  to  2  min.  after  all  the  materials 
have  been  placed  in  the  mixer. 

H.  A.  Gardner  presented  a  paper  on  Metal  Primer  Tests 
reporting  the  continuation  of  his  researches  on  painting  ma- 
terials (previously  announced  at  other  meetings  of  the  same 
society ) . 

In  previous  tests  the  writer  observed  that  red  lead  which 
has  been  highly  oxidized  during  production  and  which  is, 
therefore,  practically  a  neutral  pigment,  is  not  as  well  suited 
for  application  to  metal  as  red  lead  which  is  higiily  basic  in 
nature  and  which  contains  a  considerable  percentage  of 
litharge.  In  the  present  tests  it  has  been  demonstrated  that 
incompletely  oxidized  or  hig-hly  basic  red  leads  have  a 
superior  value.  This  was  shown  by  an  inspection  of  the  paints 
at  the  end  of  three  years'  exposure. 

The  tests  have  further  demonstrated  that  two  coats  of  the 
neutral  iron-oxide  paint  (chromated  or  containing  zinc 
chromate  or  zinc  oxide)  are  superior  to  two  coats  of  the 
neutral  red-lead  paint.  It  has  also  been  demonstrated  that 
excellent  results  can  be  obtained  with  one  coat  of  a  highly 
basic  red  lead.  Further  a  comparative  durability  of  one-  and 
two-coat  work  on  an  iron-oxide,  zinc-oxide  paint  was  demon- 
strated. The  results  obtained  would  indicate  that  all  metal 
should  preferably  be  given  two  coats  of  paint  when  erected. 

The  same  series  of  tests  covered  problems  of  storage  of  red 
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lead  in  packages.  Some  of  the  paint  used  in  this  test  had 
been  standing  for  thiee  years  in  half-gallon  cans.  When  the 
cans  were  opened  some  of  the  clear  oil  was  removed  from 
each  package  and  ashed  to  determine  the  amount  of  pigment 
that  had  gone  into  the  solution. 

The  results  indicate  that  red  leads  high  in  lead  tetroxide 
are  quite  as  soluble  in  linseed  oil  as  red  leads  high  in  lead 
monoxide.  The  condition  of  the  paints,  obsei-ved  at  the  time 
of  opening,  would  seem  to  indicate  that  the  softness  of  red- 
lead  paints  after  aging  is  due  not  solely  to  the  amount  of 
litharge  contained  therein,  but  also  to  the  settling  properties  of 
the  red  lead.  In  other  words,  red  leads  of  high  weight  per 
volume  will  settle  down  to  the  bottom  of  the  cans  and  become 
hard;  whereas,  red  leads  of  low  specific  gravity  are  more 
likely  to  be  maintained  in  a  bulky  form. 

The  results  obtained  in  the  storage  tests  indicate  that  some 
chemical  action  takes  place  other  than  that  which  can  be  ac- 
counted for  by  the  formation  of  lead  linoleate.  The  writer 
is  of  the  opinion  that  the  chemical  reactions  which  are  partly 
responsible  for  the  hardening  of  red-lead  paints  cause  the 
formation  of  lead  glycerinate,  a  substance  that  is  recognized  as 
one  of  the  hardest  and  one  of  the  most  durable  cementing 
materials.  (Abstracted  through  the  Railway  Age  Gazette,  vol. 
63,  no.  1,  July  6,  1917  pp.  13-16,  4  figs.,  ge) 

Junior  Institution  of  Engineers 

IN  THE  course  of  a  short  paper  on  Gas  Turbines,  recently 
read  before  the  Junior  Institution  of  Engineers,  Mr.  S.  E. 
Hutson  stated  that  the  great  hindrance  in  the  way  of  the  de- 
velopment of  the  gas  turbine  as  a  commercial  unit  was  the,  at 
present,  insurmountable  difiiculty  of  finding  a  metal  which 
would  withstand  the  extremely  high  temperature  of  the  gases. 
He  referred  to  the  general  lines  along  which  most  gas-turbine 
designers  had  proceeded,  and  showed  that  practically  aU  the 
experimental  machines  which  had  been  built  were  based  upon 
one  of  three  principles.  The  first  involved  the  use  of  a  com- 
bustion chamber  lined  with  refractory  material  into  which 
some  form  of  fuel  was  forced,  together  with  such  an  amount 
of  compressed  air  as  was  necessary  for  combustion.  The  gases 
were  ignited  in  this  chamber,  and  were  then  directed  on  to  the 
buckets  of  an  impulse  wheel  after  passing  through  the  diverg- 
ing nozzles.  The  air  and  fuel  were  driven  into  the  combustion 
chamber  by  means  of  pumps  or  compressors,  which  took  power 
from  the  turbine.  The  second  type  of  turbine  was  based  on 
much  the  same  piinciple  as  the  first,  but  was  fitted  with  a 
water  jacket  which  surroimded  the  combustion  chamber.  The 
third  principle,  which  the  author  considered  the  most  feasible 
and  upon  which  he  had  himself  been  working,  was  described 
as  the  regenerative  principle.  In  this  case  a  charge  was 
forced  into  the  combustion  chamber,  suiTounded  by  the  water 
jacket,  and,  after  combustion,  was  brought  down  to  a  tempera- 
ture more  suitable  to  the  turbine  blading,  on  to  which  it  was 
passed  through  nozzles.  The  reduction  of  temperatiwe  in  the 
combustion  chamber  was  brought  about  by  steam  generated  in 
a  special  type  of  boiler  placed  in  the  path  of  the  gases  as  they 
exhausted  from  the  turbine.  After  briefly  describing  several 
of  the  experimental  machines  which  had  been  built  by  British 
and  continental  engineers,  Mr.  Hutson  described  the  designs 
of  a  turbine  for  which  he  was  largely  responsible.  This  de- 
sign was  based  upon  the  regenerative  principle,  and  in  many 
points  showed  considerable  ingenuity;  but  Mr.  Hutson  had 
found  himself  up  against  most  of  the  difficulties  which  had 
confronted  other  experimentalists,  and,  as  he  admitted,  his 
efforts  had  been  attended  with  as  little  success  as  theirs.    In 


the  first  place,  he  had  been  unable  to  obtain  a  suitable  mate- 
rial to  withstand  the  high  temperature  of  the  gases.  He  had, 
moreover,  found  that  in  nearly  all  the  experimental  turbines 
which  had  been  built,  the  fuel  and  air  compressors  had  con- 
sumed a  very  large  percentage  of  the  output  of  the  machines, 
but  on  his  machine  Mr.  Hutson  had  naturally  had  to  resort 
to  the  use  of  a  feed  pump  to  get  the  water  into  his  boiler, 
which  was  an  additional  drain  upon  the  power  developed  by 
the  turbine.  (The  Mechanical  Engineer,  vol.  39,  no.  1013,  pp. 
442) 

Notes   from   the   Engineering   Colleges 

Equipment  of  Laboratories — Investigations 

in  Progress — Changes  in  Curricula 

BELOW  is  a  continuation  of  the  review  of  professional 
work  being  undertaken  at  the  engineering  colleges.     The 
articles  contain  information  regarding   (1)   characteristics  of 
laboratory  equipment;  (2)  tests  or  researches  under  way  or  in 
prospect,  (3)  important  changes  in  curricula. 
The  articles  will  be  concluded  next  month. 

University  op  Cincinnati 

Research  Work:  The  principal  investigational  work  carried 
on  in  the  Department  of  Mechanical  Engineering  was  a  study 
of  times  of  explosions  of  mixtures  of  natural  gas  and  air. 
This  work  was  undertaken  over  a  year  ago,  and  results  which 
were  thought  to  be  reasonably  accurate  were  secured.  The 
experiments  made  at  that  time  suggested  certain  refinements 
in  apparatus,  which  have  been  followed  during  the  past  year. 

The  apparatus  is  an  interesting  device  for  obtaining  a 
graphical  record  of  the  explosion  of  a  gas  in  a  closed  vessel. 
The  principal  feature  is  the  use  of  an  oscillograph.  The  pres- 
sure due  to  the  explosion  of  the  gas  is  made  to  act  directly 
on  a  steel  diaphragm  in  the  wall  of  a  cylinder.  The  deflection 
of  this  diaphragm  displaces  a  small  amount  of  mercury  from 
a  well,  causing  it  to  move  up  a  glass  tube  of  small  bore. 
Within  the  glass  tube  is  a  small  carbon  filament  carrying  an 
electric  current.  The  movement  of  the  mercury  column  along 
the  carbon  filament  varies  the  resistance  and  hence  the  amount 
of  current  flowing  in  the  circuit.  Since  the  oscillograph  reg- 
isters instantly  any  variation  in  the  current,  the  building  up 
of  the  pressure  in  the  cylinder  is  accurately  recorded. 

This  type  of  apparatus  can  be  adapted  for  use  on  a  gas- 
engine  cylinder,  since  it  will  follow  very  rapid  fluctuations 
in  pressure  and  can  therefore  be  used  to  determine  the  proper 
mixture.  It  was  used  in  the  University  laboratory  to  study 
the  time  of  explosion  and  the  pressure  produced  by  various 
mixtures  of  air  and  natural  gas.  The  advantages  obtained 
by  its  use  were  that  no  carbon  deposits  could  interfere  with 
the  moving  parts,  and  that  there  was  practically  no  inertia 
effect.  The  time  of  the  explosion  was  obtained  by  sending 
a  60-cycle  alternating  current  through  the  oscillograph  at  the 
time  of  the  explosion.  Then  the  distance  from  peak  to  peak 
of  the  alternating-current  wave  represented  to  scale  1-60  sec, 
and  the  time  between  various  points  on  the  explosion  curve 
could  be  read  directly  in  sixtieths  of  a  second. 

The  apparatus  consists  of  an  explosion  cylinder,  gas  meter, 
vacuum  pump,  and  oscillograph,  and  is  shown  set  up  in  Fig.  1. 
A  number  of  tests  were  made  with  varying  amounts  of  gas, 
and  different  ratios  of  gas  and  air.  No  difficulty  was  found 
in  adjusting  the  apparatus  to  record  both  the  extremely  rapid 
explosions  of  rich  mixtures  and  the  much  slower  explosions 
of  lean  mixtures.    Table  1  gives  typical  results. 
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In  typical  our.es  ol.faintfl  it  is  noticed  tliat  after  the  spark         Other  work  consisted  of  tests  of  a  6-ft.  plain  radial  drill 


is  passed  the  pressure  increases  very  slowly  for  a  time,  then 
there  is  a  lapid  incroas"  to  maximum  pressure. 

Another  piece  of  work  done  vas  an  analysis  of  a  Stuebing 
lift  truck.  A  c-eries  of  graphs  was  obtained  of  the  force  re- 
quired to  drag  the  truck  over  concrete,  wood-block,  and  steel- 


when  drilling  holes  of  various  diameters  in  cast  iron  and  ma- 
chinery steels.  An  apparatus  was  designed  for  obtaining  the 
power  required  to  feed  a  drill  and  to  turn  the  drill.  The  ap- 
paratus is  now  complete,  but  the  tests  have  not  yet  been 
made.    It  is  expected  that  this  will  be  done  this  summer. 


Fig.  1    Apparatus  for  Studying  Times  of  Explosions  of  Mixtures  of  Natural  Gas  and  Air 

a.  Operating  Bench  ;  6,  Oscillograph  ;  c.  Vacuum  Pump ;  d.  Gas   Meter  ;  e.  Explosion  Cylinaer ;  /,  Compressed  Air. 


plate  floor  surfaces,  with  different  loads  and  using  plain  and 
roller  bearings.  The  graphs  were  continuous,  showing  the 
starting,  maintaining,  and  stopping  forces.  Static  tests  were 
made  to  ascertain  the  strength  of  various  parts  of  the  machine 
under  load.  One  of  the  interesting  features  of  the  experi- 
ments was  that  the  wheels  of  the  truck  were  caused  to  revolve 

TABLE   1      typical   EXPLOSION   DATA 

No.    1  No.   2 

Ratio  of  mixture 14.6  to  1  10. S  to  1 

Volume  of  natural  gas,  cu.  ft 0.040  0.080 

Initial  pressure,  lb.  per  sq.  in 40.0  60.0 

Maximum  pressure,  lb.  per  stj.  in 190.0  410.0 

Time  between  spark  and  rapid  increase  in  pressure, 

sec    0.10  0.05 

Time  between  rapid  increase  in  pressure  and  max. 

pressure,   sec 0.23  0.11 

Time  between  spark  and  max.  pressure,  sec 0.23  0.157 

while  the  truck  was  under  load  for  an  equivalent  of  eighty 
miles  of  travel.  Chemical  analyses  of  these  steels  were  ob- 
tained and  microphotographs  of  a  section  of  each  shaft  after 
use  in  the  roller  bearings,  to  show  the  change  in  structure 
of  the  material.  One  such  mierophotograph  is  shown  in  the 
accompanying  Fig.  2. 

Several  interesting  tests  were  begun  upon  machine  tools. 
One  was  of  a  large  new-type  milling  machine.  The  principal 
deflections  of  the  main  frame  members  of  a  column-and-knee- 
type  milling  machine  were  obtamed  by  means  of  static  loading. 
This  load  was  first  applied  in  a  horizontal  direction  then  45 
deg.  with  the  table.  The  comparative  deflections  due  to  both 
twisting  and  bending  of  the  main  units  were  obtained.  The 
power  consumed  at  the  cutter  in  removing  cast  iron  was  ob- 
tained.    The  meters,  motor  and  machine  were  calibrated. 


Equipment:   A   new   electric   djiiamometer  has   been   pur- 
chased for  the  measurement  of  power  of  internal-combustion 


Fig.  2    Microphotograph  op  Section  op  a  Shaft  After  Use 
IN  Roller  Bearings  (0.20  Carbon,  0..39  Manganese) 

engines  of  high  speed,  which  has  a  capacity  of  100  hp.  and 
3500  rev.  per  min.  In  the  design  of  this  dynamometer  careful 
study  was  made  of  existing  dynamometers  at  the  Automobile 
Club  of  America  and  elsewhere,  and  it  is  believed  that  very 
delicate  tests  will  be  possible  on  this  machine. 
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University  of  Michigan 

Equipment:  Special  equipment  for  the  testing  of  heating 
and  ventilating  apparatus;  radiator-testing  apparatus  and 
other  special  heat-testing  devices;  small  refrigerating  plant 
for  special  research  work;  besides  standard  instructional 
apparatus. 

The  new  univereity  power  plant  contains  a  500-kw.  cross- 
compound,  non-condensing  steam  engine;  a  new  275-kw. 
turbine  of  the  impulse  type  is  about  to  be  installed. 

Experimenlnl  Work:  Tests  on  steam  radiators  to  determine 
coefficients  under  different  circumstances,  such  as  location,  and 
the  characteristics  of  different  types  of  radiators;  also  to  de- 
termine the  effect  of  enclosing  a  radiator  m  a  nook  with  a 
grating  in  front;  determination  of  the  rate  of  heat  transfer 
through  an  iron  coil  and  through  a  brass  coil  located  in  a 
tank  of  water;  investigations  to  determine  coefficients  for 
sharp-edged  orifices  in  connection  with  the  measurement  of 
steam  flow ;  investigation  of  the  coefficient  of  friction  of  steam 
flowing  in  pipes  at  different  pressures  and  various  velocities; 
investigation  of  the  coefficient  of  heat  transfer  through  walls  of 
various  building  materials,  notably  hollow  building  tile.  Also 
tests  on  screw  threads,  more  particularly  to  determine  the  size 
of  tapping  drill  to  be  used  in  tapping  out  nuts  up  to,  say,  1-in. 
size;  and  whether  threads  in  the  nuts  shallower  than  the  full- 
depth  thread  will  not  be  just  as  strong  as  full-depth  threads; 
what  depth  will  make  a  combination  as  strong  as  the  screw  at 
the  root  of  the  thread ;  and  stresses  on  taps  when  tapping  the 
nuts  at  different  speeds. 

Virginia  Polytechnic  Institute 

Equipment :  The  engineering  laboratories  are  designed  more 
on  pedagogical  lines  than  for  research,  and  for  practical  utility 
rather  than  for  scientific  research  work.  There  are  chemical, 
metallurgical,  physical,  and  agricultural  laboratories. 

Metalliirrjical  Laboratory :  Volume  changes  during  the  har- 
dening and  setting  of  silver,  tin  and  other  amalgams ;  possible 
connection  between  the  microstructure,  Brinell  hardness,  and 
the  durability  of  valve  and  piston  packing  rings  for  locomo- 
tives. 

Graphics  Laboratory:  Investigations  in  pure  mechanism 
and  special  problems  in  machine  design ;  classification  of  higher 
plane  linkages,  non-circular  rolling  wheels,  parallel  motions  of 
straight-line-describing  linkage;  design  of  a  dynamic  balanc- 
ing machine  to  weigh  cjuickly  and  accurately  the  unbalanced 
forces  of  rotating  masses. 

Pure  Mathematics:  Mathematical  investigation  has  been  com- 
pleted on  the  subject  of  a  new  transition  curve. 

Mining  Engineering :  Determination  of  the  best  methods  of 
treating  complex  ore  in  Spottsylvania  County :  examination 
of  natural  deposits  of  ores  and  minerals. 

Experimental  Engineering :  Investigation  of  the  local  power 
plant  for  a  determination  of  the  cost  of  heat  and  power  per 
unit;  test  of  bearmg  metals  and  dental  alloys,  with  specially 
designed  impact  machine ;  freezing  and  oil-penetration  tests  of 
cement  and  concrete;  test  of  brick  of  the  state  for  the  Ameri- 
can Society  of  Testing  Materials. 

Quite  radical  changes  in  the  courses  of  instruction  are  now 
being  prepared.  On  account  of  the  improved  condition  of  the 
primary  schools  of  the  state,  the  degree  courses  in  engineering- 
will  be  reduced  from  five  years  to  four  years.  As  the  entrance 
requirements  were  put  on  a  fourteen-unit  basis  some  years  ago. 
this  change  can  be  made  at  this  time. 


This  Month's  Abstracts 

THE  reference,  taken  from  a  paper  read  before  the  Aero- 
nautical Society  of  Great  Britain,  to  a  475-hp.  18-cylin- 
der  engine  is  a  good  showing  of  what  lias  been  done  abroad 
in  the  last  two  years  in  the  way  of  developing  big  power 
plants  for  aircraft. 

A  table  is  reprinted  giving  standard  dimensions  of  cop- 
per tubes  for  aircraft  as  adopted  by  the  British  Air  Board. 

In  the  section  Engineering  Materials  will  be  found  an 
abstract  of  an  investigation,  published  by  the  Bureau  of 
Standards,  on  the  properties  of  component  parts  of  port- 
land  cement.  Taken  in  conjunction  with  previous  data, 
it  forms  a  valuable  contribution  to  our  knowledge  of  this 
important  material  of  construction. 

The  data  on  iron-aluminum  alloys  melted  in  vacuo,  taken 
from  the  Unive-rsity  of  Illinois  Bulletin,  are  of  particular 
interest  as  an  example  of  an  originally  purely  laboratory 
investigation  rapidly  becoming  industrially  important — first 
in  the  field  of  electrical  engineering  and  now  mechanical. 

Attention  is  called  to  an  abstract  of  a  paper  in  a  German 
periodical  on  the  influence  of  radiation  on  fire  temperature. 

From  the  Journal  of  the  Society  of  Mechanical  Enginects 
of  Japun  are  abstracted  data  on  the  thermal  relations  oi 
casting  and  molding  sand,  thi-owing  an  interesting  light  on 
the  processes  of  solidification  of  metal. 

In  the  section  Lubrication  will  be  found  data  on  a  series 
of  tests  on  lubricating  oils,  interesting  both  because  of  the 
results  and  because  of  the  novel  method  adopted  by  the 
authors.  Particular  attention  is  paid  to  the  determination 
of  the  durability  of  oils. 

Those  engaged  in  the  design  of  screw  pumps  will  be  in- 
terested in  the  abstract  of  an  investigation  on  this  type 
of  machinery  taken  from  a  German  periodical.  Unfortu- 
nately, the  original  of  the  article  is  not  now  available  in  this 
country. 

In  the  section  Railroad  Engineering  there  are  abstracts 
of  several  articles  on  locomotive  engineering.  Particular  at- 
tention is  drawn  here  to  the  description  of  the  Pennsylvania 
Decapod  locomotive,  which  embodies  some  quite  novel  features 
tor  this  type  of  construction. 

In  the  same  section  will  be  found  an  abstract  of  a  paper 
reporting  some  tests  on  corrugated  culvert  pipe  under  a 
sand  bed,  the  significant  feature  of  which  is  that,  among 
other  things,  it  appears  that  a  sand  load  over  a  culvert  pipe 
behaves  essentially  in  the  same  manner  as  a  grain  load  in 
an  elevator. 

An  extensive  abstract  is  made  of  a  paper  in  the  Pro- 
ceedings of  the  German  Society  of  Engineers  on  the  con- 
struction and  operation  of  boilers  for  intensive  service. 

The  absolute  value  of  entropy  and  energy  is  discussed  in 
an  interesting  manner  in  a  paper  presented  before  the 
French  Academy  of  Sciences,  and  from  the  Proceedings  of 
the  Royal  Academy  (Great  Britain)  is  taken  an  abstract  of 
a  paper  on  the  determination  of  the  heat  of  vaporization  of 
water  at  100  deg.  cent,  and  one  atmosphere  of  pressure  in 
terms  of  the  mean  calorie. 


The  Automobile  Committee  of  the  Council  of  National  De- 
fense has  inaugurated  a  comprehensive  industrial  inventory 
of  the  automobile  industries,  including  automobile,  airjilane 
and  watercraft  factories,  to  make  available  to  the  Government 
all  possible  information  regarding  their  manufacturing  facil- 
ities and  possibilities  of  expansion  for  Government  work.  The 
inventory  is  being  taken  by  the  industrial  inventory  section 
of  the  Council  of  National  Defense. 


REVIEW  OF  ENGINEERING   PERIODICALS 


Standardization  of  Copper  Tubes  for 
Aircraft  in  England. 

sunbeam-coatai.en    aircraft   engines. 

Calcium     Silicates     and    Aluminate, 
Physical  Properties  of. 


Allots     Melted     in 


Iron-Aluminum 
Vacuo. 

Influence  of  Radiation  on  Fire  Tem- 
perature. 

Thermal  Researches  on  Casting  and 
Molding  Sand. 


SUBJECTS  OF  THIS  MONTH'S  ABSTRACTS 

Tractor-Engine  Design. 

Gas  Turbines. 

Testing  of  Lubricating  Oils. 

Durability  op  Oil,  Determination  of. 

Screw  Pumps. 

Comparison  op  Mikado  and  Consolida- 
tion Types  of  Locomotives. 

Interchangeability     of     Locomotive 
Parts. 

CORRUG-iTED    CUI.VERT    PIPE    UNDER    SaND 

Bed. 


Pennsylvania  Railroad  Decapod  Loco- 
motive. 

.\uxiLiARY  Starting  Arrangement  in 
Decapod  Locomotive. 

.\sle-Generator  Belts. 

Boilers  for  Intensive  Service. 

Forming  Steel  by  Pressing.  Hamjier- 
ING  OR  Rolling. 

Absolute  Value  op  Entropy  and  En- 
ergy. 

Heat  of  Vaporization  op  Water  in 
Terms  of  Mean  Calorie. 


Aeronautics 

ST.\ND.\HDIZ.VnON   OF   t'OPPER    TUBE.S   FOR  AIRCRAFT 

Difficulties  having  been  experienced  by  aircraft  contractors 
in  obtaining  supplies  of  copper  tubing,  the  causes  were  investi- 
gated, and  they  were  found  to  be  (1)  the  great  variety  of  sizes 
called  for  and  (2)  the  fact  that  tube  makers  received  orders 
very  irregularly  and  for  small  quantities. 

Arising  out  of  the  investigation,  the  specification  committee 
of  the  Air  Board  has  decided  that  in  future  cojiper  tube  for 
aircraft  contracts  will  be  specified  in  terms  of  extei'nal  diam- 
etei'  and  legal  standard  wire  gage.  As  far  as  possible  tubes 
of  20  gage  (0.036  in.)  will  be  used  to  the  exclusion  of  all  other 
thicknesses.  Where  for  special  considerations  it  is  desirable 
to  use  other  thicknesses,  the  choice  will,  as  far  as  possible,  be 
restricted  to  gages  16,  18  and  22.  The  last-named  is  difficult 
to  manufacture,  and  will  be  avoided  as  far  as  possible.  A 
new  Air  Board  specification  for  copper  tube  will  shortly  be 
issued,  and  will  have  as  an  apjiendix  the  following  list  of  sizes 
and  gages  which  the  Air  Board  regard  as  standard : 


20  Gage:     JL  '"v  V-i 


IB 


in.,  %  in.,  J^  in.,  1/2  in. 


%  in., 


%  in.,  %  in.,  1  in.,  IVs  in.,  IVi  in.,  1%  in.,  II/2  in.,  1%  in., 

1%  in.,  2  in. 
18  Gage:     1  in.,  V-/^  in.,  11-2  in.,  1%  in.,  2  in. 
16  Gage:     1/2  in.,  %  in.,  %  in.,  %  in.,  1  in.,  1^4  in.,  IV2  in., 

1%  in.,  2  in.,  21/2  in. 
22  Gage:  1  in.,  I'.s  in.,  II4  in-.  1%  i".,  II/2  in-.  1%  in..  -  in. 
(Engineeriiifi.  vol.  103,  no.  2685,  June  15,  1917,  p.  577) 


SUNBEAM-COATALEN  AlRCEAFT  ENGINES 

Desci'iption  of  several  types  of  these  engines  used  in  the 
British  Army. 

A  feature  common  to  all  of  these  engines  is  that  the  crank- 
case  and  nose  piece  are  cast  in  one,  an  arrangement  which  has 
the  advantage  of  lightness  and  rigidity,  as  well  as  accessibility. 
Flywheels  are  absent. 

Overhead  valves  are  used  exclusively,  with  two  inlet  and  two 
exhaust  valves  per  cylinder. 

In  the  big  18-cylinder  engine  of  475  b.hp.  there  are  no  fewer 
than  six  magnetos,  each  one  being  enclosed.  Two  sparks  are 
furnished  to  each  cylinder  from  two  independent  magnetos. 
There  are  also  six  carburetors.  Shortness  of  crankshaft  and 
absence  of  vibration  are  achieved  by  the  linking  of  the  con- 
necting rods,  three  cylinders  working  on  one  crankpin,  the 
outer  rods  being  linked  to  the  central  master  one.  In  conse- 
quence of  this  arrangement,  the  piston  travel  in  the  case  of  the 
central  row  of  cylinders  is  160  mm.,  while  the  stroke  of  the 


pistons   of  the  cylinders  set   on   either  side  is  in   each  case 
168  mm. 

In  the  12-cyliuder  350-b.hp.  aircraft  engine  a  duplicate 
ignition  scheme  is  also  employed.  But  this  engine  is  char- 
acterized by  the  passage  formed  through  the  center  of  each 
induction  pipe  for  the  spark  plug  in  the  center  of  the  cylinder 
of  each  block  of  three.  (Lecture  before  the  Aeronautical 
Society  of  Great  Britain,  abstracted  through  the  Auto,  vol.  22, 
no.  23/8.57,  .June  8.  1917,  pp.  40.5-406.  4  figs.,  d) 

Engineering  Materials 

Properties  of  Calcium  Silicate  and  Calcium  Aluminate 

Occurring  in  Normal  Portland  Cement,  P.  H.  Bates 

and  A.  A.  Klein 

It  has  been  shown  previously,  e.g.,  by  Rankin  (cp.  abstract 
in  The  .Journal,  .July,  1916,  p.  591),  that  commercial  portland 
cement  is  made  up  essentially  of  three  constituents,  viz.,  tri- 
caleic  silicate,  diealeic  silicate  and  tricalcic  aluminate.  The 
present  investigation  has  for  its  purpose  the  determination 
of  the  physical  properties  of  these  eom))ounds,  alone  and 
mixed  in  various  proportions. 

The  writers  come  to  the  following  main  conclusions : 

1  At  early  periods  the  constituents  of  portland  cement  of 
normal  composition  and  manufacture,  in  the  order  of  their 
strength-conferring  properties,  are  tricaleium  silicate,  trical- 
oium  aluminate,  and  dicalcium  silicate. 

2  At  periods  beyond  28  days,  the  dicalcium  silicate  gains 
sufficient  strength  to  place  it  almost  on  an  equality  with  the 
tricaleium  silicate. 

3  Tricaleium  aluminate  containing  10  per  cent  plaster 
gains  practically  no  strength  after  the  first  period  .at  which  it 
was  tested;  that  is,  24  hours. 

4  Tricaleium  silicate  of  the  purity  used  in  this  investiga- 
tion (90  per  cent  SCaO.SiO^  in  one  case  and  95  per  cent  in  the 
other)  has  all  the  important  properties  of  portland  cement, 
especially  those  of  the  "  rate  of  setting  "  and  strength  devel- 
oped. 

5  Dicalcium  silicate,  such  as  used  in  this  investigation,  sets 
too  slowly  and  attains  strength  too  slowly  to  be  of  any  com- 
mercial value  when  used  alone. 

6  Tricaleium  aluminate  alone,  as  used  in  this  investigation, 
sets  too  rapidly  and  attains  too  little  strength  to  be  of  any 
commercial  value  as  a  hydraulic  cementing  material. 

7  Tricaleium  aluminate,  when  used  to  replace  about  19  per 
cent  of  the  dicalcium  silicate  (which  is  approximately  the 
amount  of  aluminate  present  in  portland  cement),  adds  some- 
what to  the  strength  of  the  latter  at  the  later  periods.     This 
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mixture  when  used  in  addition  of  3  per  cent  of  plaster  gives 
lower  strengths  than  the  silicate  alone,  as  neat  test  pieces,  but 
as  a  1:3  mortar  the  strengths  are  higher  than  any  of  the 
dicalcium-silicate  mixtures  not  containing  the  triealcium  sili- 
cate. 

8  Triealcium  aluminate,  when  used  to  replace  about  19  per 
cent  of  triealcium  silicate,  did  not  add  to  the  strength  of  the 
latter,  showing  rather  a  slight  tendency  to  decrease  it.  The 
addition  of  3  per  cent  of  plaster  gave  higher  early  strengths 
but  lower  later  ones. 

9  Triealcium  aluminate,  when  used  to  replace  about  19 
per  cent  of  mixture  of  equal  parts  dicalcium  and  triealcium 
silicate,  increased  the  strength  at  24  hours  and  7  days,  but 
decreased  it  at  the  later  periods.  The  addition  of  3  per  cent 
of  plaster  increased  the  strength  at  all  periods. 

10  Plaster  of  paris,  when  added  to  any  of  the  compounds 
or  mixtures  of  those  studied,  generally  increased  their  strengih. 
This  effect  is  more  marked  at  the  early  periods. 

11  The  amount  of  water  of  hydration  of  any  of  the  com- 
pounds at  any  period  is  not  a  measure  of  the  strength  devel- 
oped, as  the  dicalcium  silicate  at  one  year  with  5.5  per  cent 
water  of  hydration  has  a  strength  almost  as  great  as  the  tri- 
ealcium silicate  with  11.5  per  cent,  whereas  the  triealcium 
aluminate  with  26.4  per  cent  has  a  strength  of  less  than  100 
pounds  per  square  inch. 

12  The  dicalcium  silicate  hydrates  to  a  vei-y  granular  por- 
ous mass,  which  allows  of  ready  egress  of  solutions,  and,  while 
it  is  chemically  more  resistant  to  the  action  of  solutions  than 
the  triealcium  silicate,  yet  it  furnishes  a  gi'eat  number  of  voids 
in  which  salts  may  ci^ystallize  out  of  solution,  and  it  is  conse- 
quently very  little  able  to  resist  the  mechanical  action  of  the 
"freezing  out"  (crystallization)  of  salts  from  solution. 

13  On  the  other  hand,  the  hydrated  triealcium  silicate,  with 
its  very  dense  structure,  composed  of  gelatinous  (colloidal) 
silicate  interspersed  with  crystals  of  lime  hydrate,  is  prolsably 
very  susceptible  to  strains  produced  by  alternate  wettings  and 
dryings,  colloidal  material  of  this  kind  being  subject  to  con- 
siderable volume  change  resulting  from  slight  moisture 
changes. 

14  It  appears,  therefore,  that  the  composition  of  portland 
cement  should  be  along  lines  which  would  not  produce  a  great 
preponderance  of  either  silicate.  The  ideal  cement  should  pos- 
sibly have  an  excess  of  the  dit-alr-ium  silicate,  wliieh  would  sive 
a  not  too  dense  hydrated  material,  gaining  strength  at  later 
periods.  A  lesser  amount  of  the  triealcium  silicate  would  fur- 
nish the  desired  early  strength  and  also  overcome  the  exces- 
sive porosity  of  the  dicalcium  silicate. 

15  It  is  possible  to  make  a  cement  that  will  have  the  prop- 
erties of  Portland  cement  by  grinding  together  the  previously 
separately  burned  constituents  in  approximately  the  amounts 
in  which  they  exist  in  portland  cement. 

16  The  function  of  triealcium  in  the  finished  cement  is 
somewhat  problematical.  A  cement  with  less  than  one  per  cent 
of  alumina  has  all  the  jiroperties  of  ]3ortland  cement.  Such 
a  cement  is,  however,  not  a  commercial  possibility  from  the 
manufacturing  standpoint,  on  account  of  the  temperatures  and 
amount  of  burning  involved.  To  state,  however,  that  the 
aluminate  in  the  finished  cement  is  of  the  nature  of  a  diluent 
or  inert  material  would  be  drawing-  a  conclusion  wliicli,  while 
justified  by  the  present  investigation,  requires  further  con- 
firmatory work. 

17  The  actual  products  of  the  hydration -are  those  noted 
by  Klein  and  Phillips,  excepting  as  noted  before  the  case  of 
the  dicalcium  silicate,  when  apparently  during  the  hydration 
of  this  compound  lime  hydrate  is  formed. 


(Technologic  Paper  of  the  Bureau  of  Standards,  No.  78, 
June  9,  1917,  38  pp.,  21  figs.,  eA) 

M.-vGNETic  AND  Other  Properties  of  Iron-Aluminum  Alloys 

Melted  in  Vacuo,  Tryg-ve  D.  Yensen  and 

Walter  A.  Gatward 

Data  of  results  of  experiments  carried  out  at  the  University 
of  Illinois  to  determine  the  magnetic  and  allied  j^roperties  of 
iron-aluminum  alloys  melted  in  vacuo.  Only  the  part  referring 
to  the  mechanical  properties  of  these  alloys  is  reported  here. 

In  general,  it  has  been  foimd  that  aluminum  in  the  absence 
of  carbon  increases  the  strength  of  iron  in  almost  direct  pro- 
portion to  the  amount  added.  Furthermore,  aluminum  appears 
to  affect  the  toughness  of  the  iron  only  slightly,  for  in  alloys 
containing  in  the  neighborhood  of  0.1  per  cent  carbon,  alumi- 
num up  to  8  per  cent  has  no  marked  effect  either  upon  the 
strength  or  upon  the  toughness  of  the  iron,  which  is  especially 
evident  in  the  case  of  annealed  alloys. 

The  effect  of  small  amounts  of  carbon  is  particularly  great 
upon  nearly  pure  iron  and  increases  its  strength  about  50  per 
cent.  The  strength  curves  for  alloys  containing  small  amounts 
of  carbon  will  consequently  be  nearly  horizontal,  and  will  raise 
the  curves  for  the  more  nearly  carbon-free  alloys  at  4  to  5 
per  cent  aluminum,  where  the  effect  of  carbon  seems  to  be  very 
small.  In  general,  the  effect  of  small  amounts  of  carbon  is  to 
conceal  the  true  effect  of  aluminum  on  the  mechanical  prop- 
erties of  iron. 

The  writers  also  compare  the  effect  of  aluminum  upon  the 
mechanical  properties  of  iron  with  that  of  silicon.  Up  to  4.5 
per  cent,  silicon  increases  the  strength  much  more  than  does 
aluminum.  On  the  other  hand,  2.5  to  4.5  per  cent  silicon 
markedly  increases  the  brittleness  of  iron;  aluminum  has  no 
such  effect.  Furthermore,  silicon  beyond  4.5  per  cent  rapidly 
decreases  both  the  strength  and  the  toughness,  while  aluminum 
continues  to  add  strength  to  the  iron  without  materially  affect- 
ing the  toughness. 

It  has  also  been  found  that  aluminum  is  more  powerful  as 
a  deoxidizer  than  is  silicon,  for  it  does  not  commence  to  com- 
bine with  iron  until  all  oxides  present  are  reduced.  Aluminum 
forms  a  solid  solution  with  iron  throughout  the  range  studied. 

It  has  been  found  that  the  ultimate  strength  of  a  6  per  cent 
aluminum-iron  vacuum  alloy  is  85,000  lb.  per  sq.  in.  in  the 
unauuealed  state  and  70,000  lb.  in  the  annealed  state.  The 
corresponding  figures  for  pure  iron  are  48,500  lb.  and  35,000 
lb.,  respectively.  (University  of  Illinois  Bulletin,  vol.  14,  no. 
22,  January  29,  1917,  50  pp.,  19  figs.,  etA) 

Firing 

Influence  of  Radiation  ox  Fire  Temperature,  Deinlein 
(Zeits.  d.  Bayerischen  Revisionsvereins,3i\\y  31,  1916; 
Elektrot.  u.  Maschinenbau,  35,  p.  10,  Jan.  7,  1917, 
Abstract.) 

It  is  usual  to  determine  the  temperature  of  gases  above 
boiler  grates  without  reference  to  radiation  from  the  burning 
surface,  it  being  assumed  that  all  the  heat  developed  by  the 
fuel  is  in  the  combustion  chamber.  If  allowance  is  to  be  made 
for  the  lower  temperature  of  the  glowing  surface,  as  compared 
with  that  in  a  furnace  protected  against  radiation  loss,  it  must 
be  remembered  that  when  equilibrium  is  established,  the  heat 
corresponding  to  the  reduction  of  the  combustion  temperature 
is  equal  to  the  heat  radiated  at  the  reduced  temperature.  If 
B  denote  the  weight  of  calorific  value  H,  L  the  weight  of  the 
air  needed  for  combustion,  G  the  weight  of  gas,  «,  the  eombus- 
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tion  temperature,  Cp  the  specific  heat  content  of  the  gas,  then 
BH  +  BLCftj^  =  GCft^.  Also  if  t^  denote  the  true  tire  tem- 
perature, (3  temperature  of  heating  surface  receiving  radiation, 
C  the  radiation  constant,  R  the  combustion  surface,  and  cf,  a 
coefficient  giving  the  fraction  of  the  heat  radiated  from  the 
grate,  wliicli  falls  on  tlie  heathig  surface,  then  6-'(f,c,,, — 
«,CpJ=C{[(i,  +  273)/10(^]*-[(C+273)/100]'}</,B.  If  </, 
=  0,  i.e.,  if  no  part  of  the  heating  surface  is  affected  by  grate 
radiation  and  if  heat  radiated  from  the  gTate  is  not  wasted, 
then  <j  =  t„  that  is,  the  actual  fire  temperature  equals  the  theo- 


perature  as  soon  as  the  molten  metal  was  poured  in.  Tlie  next 
five  thermometers,  located  respectively  at  distances  of  7  rnm, 
for  the  first  and  20  mm.  for  the  second  and  equal  intervals 
of  10  mm.  for  the  rest,  were  of  the  mercury  tyjie. 

The  molding  sand  was  ordinary  river  sand  with  a  humidity 
equal  to  dry  sand  plus  10  per  cent  by  weight  of  water. 

Fig.  1  shows  data  of  one  of  the  experiments.  This  indicates 
that  T,  rises  rapidly  as  far  as  about  85  deg.  cent,  and  then 
rises  very  slowly  until  it  reaches  the  maximum  of  128  deg.  cent. 
A  feature  to  which  special  attention  is  called  is  that  the  tem- 
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retical  combustion  temperature.  Tlie  above  equation  permits 
of  calculation  of  the  radiation  ratio  it=(*,  —  fj/^i  from  the 
measured  fire  temperature,  and  hence  determination  of  how 
much  of  the  calorific  value  of  the  fuel  is  absorbed  by  radiation 
to  the  heating  surface.  For  a  given  rate  of  combustion  the 
radiation  ratio  is  practically  independent  of  the  fuel.  When 
the  rate  of  combustion  is  100  kg.  per  sq.  m.,  tr  =  27  per  cent 
(ca.) ;  i.e.,  about  27  per  cent  of  the  thermal  value  of  the  fuel 
is  conveyed  to  the  heating  surface  by  radiation.  At  25  kg.  per 
sq.  m.  the  radiation  ratio  increases  to  44  per  cent.  The  radia- 
tion ratio  is  higher  the  lower  the  rate  of  combustion,  and  from 
the  relation  between  fire  temperature  and  radiation  ratio  it 
follows  that  the  latter  (for  a  given  fire  temperature)  is  higher 
the  better  the  fuel  used.  {Science  Abstracts,  Section  B — Elec- 
trical Engineering,  vol.  20,  pt.  5,  May  1917,  pp.  164-165) 

Foundry 

Thermal  Reseaeches  on  Casting  and  Molding  Sand, 
Masatosi  Okochi 

An  investigation  on  the  heat  conductivity  of  molding  sand. 

As  an  apparatus  for  the  experiment,  a  wooden  box  33  cm. 
square  and  21  cm.  deep  was  filled  up  with  ordinai-y  molding 
sand.  A  cylindrical  wooden  ])attt'rn  7.1  cm.  in  diameter  and 
15.7  cm.  in  height  was  pressed  into  the  sand  to  half  its  height 
at  the  center  of  the  box.  Then  molten  lead  having  a  tempera- 
ture of  358  deg.  cent,  was  poured  into  the  mold.  Six  thermom- 
eters were  used.  The  first,  nearest  to  the  face  of  the  mold, 
was  a  thermocouple,  made  necessary  by  the  rapid  rise  of  tem- 


perature remains  stationary  in  the  range  of  96  to  98  deg.  cent. 
This  fact  was  observed  in  another  experiment  and  is  ascribed 
to  the  influence  of  the  humidity  in  the  sand.  According  to  the 
writer,  the  diminished  rate  of  rise  of  temperature  near  the 
casting  is  maintained  under  100  deg.  cent.,  because  a  certain 
fixed  amount  of  heat  flowing  out  of  the  casting  is  made  use 
of  in  evaporating  the  water  contained  in  the  cylindrical  layer 
of  the  sand  between  the  thermometer  and  the  easting. 

In  another  test  there  was  a  very  slight  amount  present,  re- 
sulting in  a  temporary  rapid  rise  of  temperature.  The  writer 
investigates  this  phenomenon  analytically  by  means  of  the 
theory  of  heat  conductivity  and  comes  to  the  conclusion  that 
castings  will  prematurely  solidify,  or,  in  other  words,  poured 
metal  will  not  have  sulTieient  fluidity  if  there  is  much  humidity 
in  the  sand,  even  if  the  surface  of  the  mold  is  thoroughly 
dried.  {Journal  of  the  Society  of  Meclicmical  Engineers, 
Tokyo,  Japan,  vol.  20,  no.  47,  February  1917,  pp.  1-14,  4 
tigs.,  el) 

Internal-Combustion  Engineering 

Tractor-Engine  Design,  C.  E.  Sargent  (Mem.Am.Soc.M.E.) 
Pajier  deseril)ing  tlie  ideal  combination  of  high  compression 
of  less  than  a  eylinderful  of  air  and  injection  of  fuel,  expan- 
sion to  a  low  temperature  and  pressure,  and  control  by  oil 
reg-ulation.  The  writer  states  that  under  the  most  favorable 
conditions  an  efficiency  of  40  per  cent  is  possible. 

In  a  standard  gasoline  engine  the  efficiency  at  full  load  is 
limited  first  by  the  low  compression,  and,  other  things  being 
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equal,  the  tliermal  efficiency  increases  as  the  cooling  surfaces 
of  the  cylinder  walls  during  inflammation.  The  second  loss  is 
caused  by  releasing  the  burning  gases  at  an  absolute  pressure 
three  times  as  great  as  it  was  before  compression,  eliminating 
the  benefits  of  expansion  so  essential  for  efficiency  in  other 
heat  engines.  The  third  loss  and  the  greatest  limitation  to  the 
efficiency  of  the  present  engine  is  the  method  of  reducing  the 
mean  effective  pressure  when  developing  only  a  light  or  idling 
load.  In  order  to  fill  the  engine  cylinder  with  combustible 
mixture  when  its  gi-eatest  possible  output  is  desired,  large  inlet 
valves  are  provided;  yet  when  less  than  full  load  is  required, 
and  that  is  most  of  the  time,  the  gas  is  throttled,  which  not 
only  reduces  the  compression  so  essential  for  efficiency,  but 
puts  a  back  pressure  of  as  much  as  10  lb.  per  sq.  in.  on  the 
piston.  As  a  result,  at  least  10  per  cent  of  the  power  of  the 
engine  is  required  to  overcome  the  braking  effect  inherent  in 
this  form  of  speed  control.  Controlling  by  throttling  the  in- 
take is  a  method  both  simple  and  cheap,  but,  as  was  the  case 
with  the  early  steam  engines,  is  not  conducive  to  economy. 

The  writer  proceeds  to  the  discussion  of  the  use  of  kerosene 
as  a  fuel.    He  believes  that  burning  kerosene  commercially  in 
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Fig.  2    Machine  foe  Testing  Lubricating  Oils 

a  gasoline  engine  will  never  be  accomplished  until  the  tem- 
perature of  the  induced  charge  can  be  maintained  constant 
automatically,  u-respective  of  the  exhaust  temperature,  com- 
pression and  cooling  effect  of  throttling.  Even  if  this  can  be 
accomplished,  the  engine  capacity  will  decrease  as  the  tem- 
perature is  raised  to  the  point  necessary  for  a  perfect  gas. 
Regulation  by  throttling,  then,  is  not  conducive  to  the  burning 
of  kerosene. 

What  the  writer  suggests  is  an  engine  with  a  50  per  cent 
longer  stroke  but  of  the  same  bore.  Such  an  engine  will  weigh 
a  few  pounds  more  than  an  engine  with  two-thirds  piston 
displacement,  but  there  will  be  a  net  gain  of  25  per  cent  more 
power  from  the  same  fuel.  The  exhaust  will  be  cooler  and  the 
average  temperature  much  less  during  the  working  stroke; 
also  the  cycle  will  permit  of  a  speed  control  that  eliminates 
the  back  pressure  caused  by  throttling. 

•  The  ideal  tractor  engine  (and  it  is  almost  real)  is  one  that 
compresses  pure  air  to  a  predetermined  pressure  sufficiently 
hot  to  ignite  the  fuel  when  introduced,  one  in  which  the  power 
and  speed  can  be  reduced  without  introduction  of  back  pres- 
sure, in  which  the  fuel  used  varies  with  the  load  and  the  burn- 


ing charge  is  expanded  to  a  greater  volume  than  the  air  com- 
pressed. Every  feature  embodied  in  the  description  of  the 
ideal  engine  is  stated  to  have  been  attained.  (Paper  presented 
at  the  Semi-Annual  Meeting  of  the  Society  of  Automotive 
Engineers,  Washington,  June  26,  1917,  abstracted  through 
Automobile  Topics,  vol.  46.  no.  8.  June  30,  IftlT.  pji.  889-890, 
7  figs.,  td) 

Lubrication 

Testing  of  Lubricating  Oils,  Hugh  K.  Moore  (Mem.Am.Soc. 
M.E.)  and  G.  A.  Richter 

Description  of  an  apparatus  for  testing  of  lubricating  oils, 
and  data  obtained  in  the  tests. 

The  writers  assert  that  the  selection  of  the  most  suitable 
lubricating  oil  for  plant  operation  depends  upon  three  things : 
the  specific  conditions  under  which  the  oil  is  to  be  used,  the 
cost  of  lubrication,  and  the  cost  of  power.  This  they  cor- 
roborate by  experimental  data. 

The  apparatus  used  is  shown  diagiammatically  in  Fig.  2. 
It  consists  essentially  of  the  bearing  cone  A,  which  is  rotated 
within  the  conical  sleeve  B,  the  desired  pressure  being  main- 
tained by  a  suspended  weight  W  on  the  shaft  C.  The  machine 
is  operated  by  a  ^/^-hp.  direct-current  motor  through  a  gear 
drive.  The  conical  sleeve  is  made  high  enough  to  use  cones 
of  the  different  sizes,  and  is  jacketed  in  order  to  maintain  any 
desired  temperature  either  high  or  low  at  the  bearing  surface, 
and  also  to  provide  means  for  bringing  the  temperature  of  the 
bearing  to  any  selected  temperature  just  ]irevious  to  each  suc- 
cessive run  in  a  series. 

The  power  consumption  by  friction  during  the  operation  is 
measured  by  means  of  an  ammeter  and  voltmeter,  and  the 
results  obtained  with  different  lubricants  are  directly  comjiara- 
ble  when  the  efficiency  of  the  motor  is  known. 

Provision  is  made  for  several  different  methods  of  testing 
the  oil  in  question  and  the  writers  indicate  several  such  factors. 
Thus,  when  the  power  consumption  is  a  determining  factor,  the 
input  in  watts  is  plotted  against  time.  In  this  way  the  "  dura- 
bility "  or  "breaking-down"  qualities  of  the  oil  may  be 
studied.  In  this  case  the  oil  was  allowed  to  circulate  in  a 
closed  cycle. 

table  1     RESULTS  OF  TESTS  OF  MACHINE  OILS 


Temperatures,  Deg 

.  Cent. 

Time  in  Minutes 

Number 

of  Oil 

Initial 

Final 

Increase 

Run  I 

Run  II 

Average 

7 

24.0 

36.5 

12.5 

40 

40 

40  0 

13 

26.5 

30.5 

4.0 

5 

7 

6  0 

14 

22.0 

38.5 

16.5 

47 

54 

50  5 

19 

23.0 

36.0 

13.0 

30 

32 

31  0 

23 

25.0 

38.0 

13.0 

31 

33 

32.0 

30 

-    23.0 

37.0 

14.0 

35 

38 

36.5 

35 

22.0 

32.0 

10.0 

24 

24 

24  0 

36 

20.0 

37.0 

17,0 

26 

28 

27.0 

Note. — Normal  pressure,  1.5  lb,  per  sq.  in.     End  of  groove  in  cone  plugged. 
No  circulation  of  oil;    3  cc.  of  lubricant  used  for  each  test.      Bearing  material,  brasa. 

Another  method  consists  in  eliminating  the  oil  pump  and 
dropping  the  lubricant  on  to  the  bearing  as  needed.  This 
determines  the  consumption  of  lubricant  per  unit  of  time.  A 
third  method  is  to  plug  the  lower  end  of  the  spiral  feeding 
grooves  leading  to  the  bearing  surface,  add  a  certain  amount 
(3  cc.)  of  oil  to  the  bearing  and  record  the  power  input  each 
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minute.  The  machine  is  allowed  to  rim  until  the  maximum 
allowable  power  input  is  reached,  and  the  power  is  plotted 
against  time.  Such  a  curve  gives  information  regarding  the 
internal  friction  (power  consumption)  and  also  tlie  "durabil- 
ity "  of  the  oil  in  question. 

In  the  tests  made  by  the  writers  it  has  been  found  that  the 
oil  which  .stands  up  for  the  longest  period  of  time  without 
exceeding  the  allowable  power  consumjjtion  requires  a  com- 
paratively higher  power  input  during  that  interval  of  opera- 
tion than  do  the  other  oils  which  reach  the  same  jjredetermined 
maximum  in  siiorter  time.  This  indicates  that  although  the 
one  oil  i^ossesses  greater  durability,  most  of  the  other  oils 
require  a  much  smaller  power  consumption  during  their  time 
of  operation.  Hence,  the  selection  of  the  most  economical  oil 
depends  on  both  the  cost  of  the  lubricant  and  the  cost  of 
power.  The  most  economical  oil  is  not  necessarily  the  most 
suitable,  however,  since  factors  such  as  bearing  temperature, 
gumming  and  cold  test  must  be  considered  also. 

Data  of  some  of  the  tests  are  presented  in  the  form  of  curves 
and  a  table  (compare  Table  1). 

From  this  table  it  appears  that  with  the  flooded   type  of 


out  suction  and  delivery  guide  wheels,  with  sharpened  and 
unsharpened  guide  and  runner-wheel  blades,  show  that  this 
type  of  pump  behaves  exactly  like  centrifugal  pumps,  and  that 
the  fundamental  equations  of  turbine  theory  are  applicable  to 
it.  In  all  the  tests  it  was  found  that  the  quantity  of  water  q 
delivered  by  the  runner  wheel  =  kn,  that  is,  is  proportional  to 
the  speed  n  r.p.m.  Further,  if  i?  =  delivery  head,  then  H  = 
k,n',  so  that  §'  =  k,H  or  Q  =  k^\/H.  Since  §  «  w,  «  0^  \/H, 
the  power  N  of  the  pump  =  QyH/75  =  k,H\/H  =  k,n'.  This 
equation  and  the  above  ones  between  Q,  n  and  H  are  already 
well  known  in  connection  with  Francis  turbines  and  centrif- 
ugal pumps.  The  best  efficiency  of  the  screw  pump  (about  57 
per  cent)  is  obtained  by  using  a  suction  guide  wheel  with 
sharpened  flat  blades  approximately  perpendicular  to  the  di- 
rection of  rotation,  and  with  an  inclination  of  the  runner-wheel 
blades  to  the  direction  of  circumferential  velocity  of  /J,  =  30 
deg.  Tests  without  guide  wheel  show  the  most  favorable  blade 
angle  to  lie  between  fi^  =  25  deg.  and  30  deg.  The  gain  in 
efliciency  as  compared  with  the  efBeiency  without  suction  guide 
wheel  is  so  small  (about  3  per  cent)  that  it  is  doubtful  whether 
it  is  worth  providing  the  guide  wheel.     The  influence  of  a_ 
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bearing,  oil  14  is  by  far  the  most  durable,  but  its  average 
power  consumption  is  greater  than  that  of  the  other  oils  (Fig. 
3).  On  the  other  hand,  oils  19  and  30  last  for  a  shorter  inter- 
val, but  during  that  interval  the  average  power  consumption 
is  much  less.  Hence,  if  the  cost  of  power  is  the  deciding 
factor,  oils  19  and  30  are  probably  more  economical  to  employ 
than  is  oil  14,  the  proportional  saving  depending  on  the  rela- 
tive cost  of  power  and  of  the  oil. 

The  tests  referred  to  in  this  article  were  carried  out  at  the 
Research  Laboratory  of  the  Berlin  Mills  Co.,  Berlin,  N.  H. 
(Metallurgical  and  Chemical  Engineering,  vol.  16,  no.  12,  June 
15,  1917,  pp.  692-694,  3  figs.,  ed) 

Pumps 

Investigation  with  Screw  Pumps,  A.  Pfeiffer 

{Zeits.  ges.  Turbinenwesen,  Nos.  17-25,  1916.    Elek- 

trut.  u.  Maschinenhnii,  vol.  35,  pp.  10-11,  .January  7, 

1917,  Abstract.) 

The  author  presents  fresh  contributions  to  the  theory  and 

design   of  screw   pumps,   based   on   tests   carried   out  in   the 

Munich  Technical  Institute.    Tests  undertaken  with  and  with- 


delivery  guide  wheel  on  the  efficiency  of  the  pump  has  yet 
to  be  determined,  the  tests  made  hitherto  bearing  only  on  the 
most  favorable  blade  angle  a„  =  03  =  90  deg..  as  determined 
with  suction  guide  wheel  alone.  As  regards  the  runner-blade 
angle  /3,  giving  highest  efficiency,  it  is  found  that  on  increasing 
/3,  from  10  deg.  to  50  deg.  almost  exactly  the  same  delivery  on 
the  same  head  is  obtainable,  but  the  efficiency  increases  up 
to  fi..  =  25  deg.  or  30  deg.,  and  then  decreases  again.  The 
revolutions  per  minute  decrease  to  a  minimum  at  /3,  =  30  deg. 
(approx.),  and  thereafter  increase  again.  The  delivery  head 
being  predetermined,  the  blade  angle  fi„  affects  only  the  speed 
and  efficiency  of  the  pump,  and  not  the  quantity  of  water 
delivered.  One  therefore  selects,  for  each  newly  designed 
runner  wheel,  that  value  of  /3,  yielding  the  highest  efficiency. 
The  efficiency  is  55  per  cent  with  /3,  =  25  deg.  and  six  sharp, 
flat  runner-wheel  blades,  and  apart  from  the  small  increase 
(about  3  per  cent)  due  to  addition  of  a  suction  guide  wheel. 
If  the  pump  diagram  be  constructed  for  this  blade  angle,  the 
runner-wheel  dimensions  may  be  determined  for  any  delivery 
head  and  quantity  by  observing  the  ratios  b/D  =  0.1835  and 
l/D  =  0.25,  of  blade  width  and  length  to  runner-wheel  diam- 
eter.    Tlie  diagram  must   l)e  altered   when    for  predetermined' 
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r.p.m.  the  ratio  h/B  exceeds  the  permissible  limit.  Results  are 
then  altered  so  materially  that  fresh  tests  are  needed  to  give 
the  basis  for  further  calculations.  Serew-pump  wheels  may 
be  built  m  "  series,"  but  at  least  one  from  each  series  should  be 
investigated  thoroughly  on  the  test  bench.  {Science  Abstracts, 
Section  B — Electrical  Engineering,  vol.  20,  pt.  5,  May  1917, 
p.  168) 


Other  data  obtained  in  the  test  (compare  Fig.  5)  indicate 
the  equivalent  evaporation  per  pound  of  dry  coal.  The  results 
for  the  Consolidation  are  considerably  below  those  for  the 
Mikado,  as  the  latter  on  a  basis  of  heating  surface  shows  a 
range  of  evaporation  between  3  and  16  lb.  of  water  per  sq.  ft. 
of  heating  surface. 

Very   interesting   curves   of   boiler   efficiency   are  shown   in 


^ 


*  '« 

^ 

s 

Ifi'^ 

c«f> 

3  *- 

^^/4 

^^ 

n/2 

l^:'" 

t 

t     "^ 

^ 

■  DI6sb 

Passenger  Coal 

X  Ms 

a  ees 

O  Lfs 
d.  H9S 
•  Kzsa 
AKZ9S 
tf  H9S-387 

^^ 

\ 

\ 

\ 

\ 

N 

\ 

\ 

\ 

'N 

s 

N. 

FreighfCoal 

X 

^ 

■s 

<■ 

^ 

^ 

Fig.  4 


2  4  6  B  10  IZ  14  16  la 

Ratio  of  Tube  Heafing Surface  fo  Firebox  Heading  Surface. 

The  Effect  of  Heating-Surface  Di.stributiox  on 
Rate  of  Evaporation 


14 

V 

^ 

■>, 

o 

^ 

f^ 

--. 

'■^'s^. 

8 

"Jr^ 

s," 

>    d 

n 

Ir 

■-i^. 

( 

0 

() 

^^ 

"^j 

"^ 

<s 

<* 

u 

s 

H^- 

^v 

•U 
1-^^^ 

Fig.  -j 


Z  4  6  S  10  IZ  14  16  la 

Bquiy.  Fyop.,  Pounds  Per  Hour  Per  Sq.  Ft  of  Heafing  Surface. 

Relation  of  Equivalent  Evaporation  Per  Pound  op 
Dry  Coal  to  the  Rate  of  Evaporation 


Railroad  Engineering 

Mikado  and  Consolidation  Types  Compared 

Additional  data  (compare  The  Journal,  May  1917,  p.  471) 
of  tests  made  at  the  Altoona  testing  plant  of  the  Pennsylvania 
Railroad  of  a  Consolidation  2-8-0  type  of  locomotive  as  com- 
pared with  the  Mikado  2-8-2  type.  The  present  article  rejjorts 
especially  data  obtained  from  the  tests  on  this  latter  type. 

The  tests  were  all  run  with  a  wide-open  throttle,  the  speeds 
ranging  from  7.2  to  31.1  miles  per  hour  with  cut-offs  from  20 
to  80  per  cent  of  the  stroke.  The  coal  used  was  run  of  mine, 
as  used  in  freight  service  on  the  Pennsylvania,  with  the  heating 
value  between  13,600  and  14,300  B.t.u.  per  lb. 

As  regards  the  hoiler  performance,  the  maximum  steam  tem- 
perature obtained  was  590.6  deg.  fahr.,  the  superheat  then 
being  207  deg.  From  curves  given  in  the  original  article,  it 
is  seen  that,  as  a  rule,  the  smokebox  temperatures  are  below 
530  deg.,  indicating  the  efficiency  of  the  heating  surfaces.  On 
the  other  hand,  the  firebox  temperatures  above  2400  deg.  for 
rates  of  firing  above  83  lb.  per  sq.  ft.  of  grate  per  hour  are 
unusually  high,  and  the  whole  range  of  firebox  temperatures 
is  greater  than  usual. 

From  comparisons  of  tests  with  seven  locomotives  at  the 
testing  plant,  it  is  apparent  that  the  maximum  evaporation  is 
closely  related  to  the  fire  area  or  the  area  of  all  the  tube  open- 
ings. These  seven  locomotives  indicate  that  under  normal  con- 
ditions each  square  foot  of  fire  area  of  the  tubes  should  give 
a  maximum  evaporation  of  about  7000  lb.  of  water  per  hour. 
But  with  the  improved  Consolidation  locomotives  (H9s)  a 
maximum  evaporation  of  only  5308  lb.  per  sq.  ft.  of  fire  area 
of  tubes  was  obtained.  This  was  due  to  certain  features  of 
construction  of  the  Consolidation  locomotive  firebox. 

Fig.  4  indicates,  however,  how  the  relatively  large  firebox 
heating  surface  makes  possible  a  high  rate  of  evaporation  per 
unit  of  total  heating  surface. 


Fig.  6.    They  bring  out  how  rapidly  the  efficiency  of  the  Con- 
solidation boiler  falls  off  compared  with  that  of  the  Mikado 
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Fig.  6    Variation  of  Boiler  Efficiency  with  Evaporation 

Rate 

at  rates  of  evaporation  above  2500  lb.  per  hour.  It  is  stated 
that  for  the  Mikado  the  firing  rate  was  between  20  and  175  lb. 
per  sq.  ft.  of  grate,  the  efficiency  of  the  boiler  ranging  between 
80  and  45  per  cent.  The  maximum  evaporation  of  the 
Mikado's  boiler  was  6990  lb.  of  water  per  sq.  ft.  of  fire  area 
through  the  tubes,  a  rate  never  before  obtained  at  the  test 
plant. 

Engine  Perfornutnce.  The  indicated  horsepower  of  the 
Mikado  covered  a  range  between  356,  with  20  per  cent  cut-off 
and  a  speed   of  7.2  m.p.li..  and  2837  at  00  jier  cent  cut-off 
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and  a  speed  of  31.7  miles  per  hour.  The  best  steam  perform- 
ance of  the  Mikado  is  at  a  rate  of  working  about  2000  i.hp., 
the  steam  rate  varying  between  19  and  24  lb.  The  maximum 
horsepower  obtained  from  the  Mikado  is  greater  than  that  ob- 
tained from  any  other  freight  locomotive  ever  tested  at  the 
Altoona  plant.  The  curve  in  the  original  shows  the  economical 
relation  of  the  water  rate  to  the  indicated  horsepower  to  be 
in  favor  of  the  Consolidation,  probably  due  to  the  higher 
degree  of  superheat  obtained. 

On  the  other  hand,  in  the  matter  of  back  pressure  the 
Mikado  shows  a  minimum  of  less  than  one  pound  and  a  maxi- 
mum of  16  lb.  At  the  maximum  hp.  of  the  Consolidation, 
which  was  1800  in  these  tests,  the  back  pressure  is  8  lb.,  while 
the  Mikado  shows  but  4  lb.  at  the  same  power.  The  larger 
exhaust  nozzle  of  the  Mikado  (38.3  sq.  in.  as  against  30.9  sq. 
in.  for  the  Consolidation)  probably  has  an  important  bearing 
on  this  result.  Engines  of  the  Mikado  type  use  from  18,500 
to  26,100  B.t.u.  per  i.hp-hr.  and  convert  into  work  from  9.7 
to  13.7  per  cent  of  the  heat  suj^plied.  In  plotting  the  thermal 
efficiency  of  the  engines  it  has  been  again  found  that  they  are 
the  most  efficient  when  developing  about  2000  i.hp. 

Dynumometer  tests  have  also  shown  the  advantage  of  the 
Mikado  over  the  Consolidation  for  all  classes  of  freight  service. 
In  fact,  the  drawbar  pulls  obtained  indicate  that  it  gives  25 
per  cent  greater  pulls  at  10  m.p.h.  and  60  per  cent  greater  at 
30  m.p.h.  (Pennsylvania  R.  R.  Testing  Plant  Bulletin,  No. 
28,  abstracted  through  the  Railway  Age  Gazette,  vol.  62,  no. 
23,  June  8,  1917,  pp.  1187-1191,  13  figs.,  eA) 


are  geared  to  a  jackshaft  impelling  the  driving  wheels  through 
connecting  rods,  the  springs  in  the  gears  of  these  jackshafts 
being  so  adjusted  as  to  give  the  effect  of  a  solid  gear  up  to  a 
tractive  effort  equivalent  to  25  per  cent  of  the  weight  on 
drivers.  Therefore,  under  all  ordinary  conditions,  the  effect 
of  a  solid  gear  is  obtained.  (This  jackshaft  is  illustrated  in 
the  original  article.) 

Each  truck  receives  power  from  its  two  motors  through  a 
spring  gear  wheel  on  each  side  mounted  on  a  jackshaft.  Each 
gear  wheel  is  connected  to  the  three  drivers  by  the  usual  side 
rods  and  the  remainder  of  the  drive  and  running  gear  is 
similar  to  those  used  for  steam  locomotives.  The  spring  gear 
for  each  truck  is  of  the  three-point-suspension  type,  one  point 
being  over  the  pony  truck  and  the  other  two  points  over  each 
frame,  consisting  of  equalizers  over  each  box,  elliptical  springs 
between  journals  and  helical  springs  outside  the  first  and  third 
journals. 

The  articulation  between  the  motor  trucks  is  of  a  construc- 
tion involving  a  pedestal  adjustment  to  the  car  center  sills. 
The  lower  ends  of  the  jsedestal  legs  are  connected  by  means  of 
a  tie  bar,  permitting  each  truck  to  rotate  around  the  axis  of 
the  center  plate  without  restriction.  All  bearing  surfaces  in 
the  articulation  are  plated  with  manganese  steel.  The  design 
is  such  that  pulling  and  pushing  strains  between  drawbars 
cany  through  the  trucks  and  articulation  in  a  direct  plane  341/2 
in.  above  the  rail,  so  that  the  cab  is  entirely  relieved  of  these 
strains.  {Eailway  Eevieiv,  vol.  60,  no.  25,  June  23,  1917,  pp. 
870-873,  7  figs.,  d) 


Design  op  Locomotives  with  Interchangeable  Paets 

The  St.  Louis-San  Francisco  Railway  has  recently  received 
forty  locomotives  of  modem  and  heavy  types  from  the  Bald- 
win Locomotive  Works,  and  advantage  was  taken  of  the  fact 
that  this  large  order  was  given  at  one  time.  Of  these  forty 
locomotives,  ten  are  of  the  Pacific  type  for  express  passenger 
service,  and  thirty  of  the  Santa  Fe  type  for  heavy  freight 
service.  In  many  respects  the  two  types  are  similar  in  con- 
struction, and  interchangeable  details  are  used  when  prac- 
ticable. 

Thus,  in  the  case  of  the  Santa  Fe  locomotives,  the  machinery 
and  iTinning-gear  details  are  similar  to  those  of  the  passenger 
locomotives.  The  jiiston  valves  are  interchangeable,  and  as  the 
frame  width  and  driving  journals  are  of  the  same  dimensions, 
the  driving  boxes  and  shoes  and  wedges  interchange.  The 
same  is  true  of  the  rear  trucks. 

The  valve  gear  of  the  Pacific-type  locomotives  is  of  the 
Baker  type  and  is  controlled  by  the  Ragonnet  power  reverse 
mechanism.  An  interesting  detail  is  the  pistons,  which  have 
rolled-steel  heads  of  dished  section  with  bull  rings  and  pack- 
ing lings  of  Hunt-Spiller  metal.  {Railway  Review,  vol.  60, 
no.  25,  June  23,  1917,  pp.  863-868,  9  figs.,  d) 

New  Electric  Locomotives  of  the  Pennsylvania  R.R.  Co. 

In  anticipation  of  the  application  of  electric  power  to  the 
portion  of  its  main  line  traversing  the  summit  of  the  Allegheny 
Mountains  between  Altoona  and  Conemaugh,  Pa.,  the  Penn- 
sylvania Railroad  has  constructed  a  large  electric  locomotive. 

This  locomotive  is  designed  to  operate  on  11,000-volt,  single- 
phase,  25-cycle  current  from  an  overhead  trolley.  The  phase 
converter  changes  it  to  three-phase  cun-ent  for  the  use  of 
traction  motors.  These  motors,  of  which  there  are  four,  have 
a  rating  of  1200  hp.  each,  giving  the  locomotive  a  capacity  of 
4800  hp.    Two  motors  are  mounted  on  each  truck  frame;  they 


Tests  of   Corrugated   Culvert   Pipe   under  a   Sand   Bed, 
Geo.  L.  Fowler  (Mem.Am.Soe.M.E.) 

Description  and  data  of  tests  of  pressure  produced  by  a 
bed  of  sand.  These  tests  were  made  in  several  ways,  described 
in  detail  in  the  original  article. 

The  first  tests  were  made  \^ith  wrought-iron  pipes  2,  4  and 
6  in.  in  diameter,  18,  16  and  21  in.  long.  Each  was  fitted  with 
a  flange  coupling  at  one  end,  to  wliich  a  similar  flange  could 
be  bolted.  A  sheet  of  cheap  white  wood-pulp  writing  paper 
was  bolted  between  the  coupling  flanged.  This  formed  a 
diaphragm  closing  the  pipe.  Wooden  plungei-s  were  provided 
that  fitted  loosely  in  the  pipe  and  by  means  of  which  the 
pressure  could  be  applied  to  the  paper  diaphragm.  The 
amount  to  burst  the  diaphragm  was  noted.  Then  a  fresh 
diaphragm  was  put  in  place  and  covered  to  a  depth  of  1  in. 
with  dry  sand.  The  pressure  was  again  applied  and  the 
amount  noted.  In  this  way  were  determined  the  loads  re- 
quired to  burst  the  paj3er  diaphragms  and  the  results  have 
been  plotted  in  a  diagram  of  bursting  pressures,  assuming 
that  a  circle  at  the  center  carrying  60  lb.  was  the  pressure 
transmitted  to  the  paper  and  that  the  annular  space  outside 
of  it  represented  the  pressure  carried  by  the  arching  of  the 
sand. 

In  the  diagrams,  of  which  Fig.  7  is  given  as  an  illustra- 
tion, the  line  B  is  drawn  from  the  ends  of  the  percentage 
lines  at  314  diameters  of  such  diagram  to  the  edge  of  the 
pipe.  The  angle  which  this  line  B  makes  with  the  side  of 
the  pipe  is  6  deg.  58  min.  37  sec.  for  the  6-in.  pipe,  6  deg. 
57  min.  56  sec.  for  the  4-in.  pipe,  7  deg.  2  min.  39  sec.  for  the 
2-in.  pipe,  or  a  total  variation  of  4  min.  and  43  sec.  This  is 
a  very  close  agreement  and  may  be  considered  as  an  approxi- 
mation to  the  angle  of  arching  sand.  Further,  it  tallies  closely 
with  the  investigations  of  J.  A.  Jamieson  on  grain  pressure. 

These  investigations  were  supplemented  by  tests  with  dif- 
ferent arrangements  in  which  lateral  thrust  of  the  sand  under 
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a  superimposed  loaft  and  the  vertical  pressure  of  the  sand 
were  registered  by  djiiamometers.  As  regards  vertical 
pressure,  it  was  found  that  the  bottom  pressure  decreased  with 
the  depth  of  sand,  but  for  any  given  depth  the  ratio  of  pres- 
sure is  nearly  constant  and  rises  on  approximately  straight 
lines  as  in  the  other  tests  above  referred  to. 

However,  as  regards  the  pressure  of  the  sides,  an  entirely 
different  state  of  affairs  was  found.  With  the  depth  of  WVz 
in.  of  sand  above  the  bottom  and  4l^  in.  above  the  center  of 
the  side  dynamometers,  there  was  a  steady  rise  in  the  lateral 


1n5ide   di^mtter  of  top  of  sand 
arch  4  inch  pipe 

Fig.  7  Diagram  of  Bijesting  Pressures  of  Paper  Diaphragm 
IN  Tests  of  Corrugated-Pipe  Culvert 

thrust  as  the  pressure  increased.  But  when  the  load  was  re- 
moved from  the  top  the  compacted  mass  of  sand  continued  to 
exert  its  side  pressm-e  and  there  was  an  initial  load,  and  after 
the  depth  had  been  increased  and  loads  were  applied  there  was 
practically  no  increase  of  pressure  on  the  side.  In  other 
words  the  lateral  thrust  rose  rapidly  to  its  maximum  under  a 
comparatively  shallow  depth  of  sand  and  then  remained 
practically  constant  for  all  increases  of  dejjth.  It  appears 
from  this  that  on  a  slightly  yielding  bottom  like  that  of  the 
type  of  a  eoiTugated  culvert  the  sand  arches  and  the  bottom 
are  relieved  of  the  load. 

These  tests  were  checked  by  another  series  of  tests  with 
a  more  elaborate  equipment.  These  new  tests  have  empha- 
sized in  a  marked  manner  the  importance  of  having  the  mate- 
rial well  tamped  against  the  pipe.  It  was  further  found 
that  the  sand  flows  and  transmits  its  pressures  without  much 
delay.  The  influence  of  a  vertical  load  does  not  extend  very 
far  laterally.  During  the  building  up  of  high  pressures  the 
sand  yields. 

In  general,  these  experiments  have  corroborated  the  work 
of  J.  C.  Meem.  who  found  that  in  an  excavation  the  lateral 
pressure  increased  very  rapidly  from  the  top  down,  reaching 
a  maximum  at  a  point  dependent  on  the  angle  of  repose  of 
the  material  and  then  decreasing.  It  appears  that  after  a 
certain,  as  yet  undetermined,   depth   has  been   reached  there 


can  be  no  further  load  put  upon  a  culvert  pipe  by  an  increase 
of  the  depth  of  cover.  And  furthermore,  such  an  increase 
of  depth  serves  directly  to  protect  the  pipe  against  any 
burden  due  to  an  increase  of  surface  loading. 

The  question  next  investigated  was  that  of  the  behavior 
of  culverts  under  a  loading  similar  to  that  applied  in  railway 
service,  where,  instead  of  the  application  being  made  on  a 
broad  platform  covering  a  considerable  area,  it  is  applied 
through  ties  of  limited  width  and  separated  by  intervals  in 
which  no  load  is  applied  to  the  material.  It  was  found  that 
with  the  load  applied  to  broad  platens,  the  increase  of  loading 
was  stopped  when  the  pipe  had  been  deflected  by  approxi- 
mately one  inch,  it  being  quite  evident  that  the  platen  would 
carry  a  greater  load.  With  the  load  appUed  on  the  ties,  the 
increase  was  stopped  automatically  by  the  ties  sinking  in 
the  sand  and  thus  refusing  to  carry  more.  The  result  was 
that  the  distortion  of  the  pipes  under  the  greatest  pressures 
obtainable  was  very  slight. 

These  tests  have  established  the  fact  that  under  the  heaviest 
load  that  can  be  applied  to  the  ties  of  a  railroad  track  by  the 
wheels  of  any  existing  locomotive  or  car,  a  24-in.  corrugated 
culvert  pipe  having  proper  depth  of  corrugation  and  thick- 
ness of  metal  and  buried  under  a  cover  of  24  in.  of  dry  sand 
cannot  be  deflected  beyond  its  elastic  properties  of  complete 
recovery  of  its  shape  when  the  load  is  removed.  {The  Railway 
Gazette,  vol.  26,  no.  24.  .June  15,  1917,  pp.  687-691,  7  figs.,  e) 

Pennsylvania  Locomotive  of  the  Decapod  Type 

In  December  1916  the  Pennsylvania  Bailroad  built  at  the 
Juniata  shops  a  Decapod  locomotive  ha\Tng  imusual  features 
of  construction,  and,  among  other  things,  a  total  weight  of 


'5  e  cf  ion  A-B 


Fig.  8    Detail.s  of  the  Auxiliary  Starting  Port 

366,500  lb.,  a  weight  on  drivers  of  344,500  lb.  and  a  tractive 
effort  of  80.640  lb. 

Instead  of  operating  at  a  maximum  cut-off  of  approximately 
90  per  cent,  the  valves  have  been  given  a  steam  lap  of  2  in. 
and  a  maximum  cut-oft'  with  a  reverse  gear  in  the  corner  of  50 
per  cent  (for  reasons  explained  below). 

The  desire  to  secure  a  maximum  tractive  effort  in  proper 
relation  to  the  weight  on  drivers  necessitates  the  use  of  much 
larger  cylinders  than  are  required  where  90  per  cent  cut-off 
can  be  obtained.  Hence,  the  cylinders  are  made  30  in.  in  diam- 
eter by  32  in.  long,  the  boiler  pressure  being  fixed  at  250  lb. 
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per  sq.  in.,  so  as  to  take  care  of  clearance  limitations  which 
prohibit  a  still  further  increase  in  the  diameter  of  the  cylin- 
ders. 

The  use  of  a  2-in.  steam  lap  necessitates  some  auxiliary 
means  of  admitting  steam  to  the  cylinders  when  the  locomo- 
tive is  standing,  in  order  that  it  may  be  started  from  any 
position  of  the  crankpins.  This  difficulty  was  overcome  in  a 
very  simple  manner.  Pockets  about  1%  in.  deep  are  cored  out 
of  the  inside  edge  of  each  steam  port  in  the  valve  chamber, 
two  in  each  port.  Two  ports,  y^  in.  wide  and  II/2  in-  long, 
are  cut  through  the  valve  chamber  opposite  the  openings  into 
the  pockets  in  the  cylinder  casting.  This  arrangement  is 
shown  in  Fig.  8,  from  which  it  is  seen  that  the  auxiliary  ports 
are  so  placed  that  their  steam  lap  is  I/4  in.  These  ports  serve 
merely  to  move  the  engine  until  the  main  ports  are  opened. 

The  purpose  of  the  use  of  50  per  cent  cut-off  is  to  eliminate 
the  range  of  cut-offs  within  which  the  water  late  of  the  cylin- 
der is  excessive,  thereby  making  possible  an  increase  in  the 
ratio  of  cylinder  power  to  boiler  capacity.  {Railway  Age 
Gazette,  vol.  62,  no.  24,  June  15,  1917,  pp.  1241-1243,  4 
figs.,  d) 

Analysis  of  the  Axle-Generator  Belt  Problem 

The  Railway  Electrical  Engineer  announced  in  April  a  com- 
petition for  papers  ju'esenting  an  analysis  of  the  axle-genera- 
tor belt  problem.  The  two  papers  which  received  the  first  and 
second  prizes,  respectively,  are  published  in  the  article  of 
which  this  is  an  abstract. 

J.  R.  Sloan,  Engineer  Electric  Car  Lighting,  Pennsylvania 
Railroad,  gives  the  following  list  of  factors  affecting  belt  life 
in  axle-generator  service : 

1  Lost  motion  in  running  gear  of  cars 

2  Type  of  generator  suspension 

3  Track  conditions  and  water  conditions 

4  Size  of  pulleys 

5  Alignment  of  pulleys 

6  Belt  fasteners  and  their  application 

7  Character  of  belt. 

The  writer  then  discusses  in  detail  each  one  of  these  factors. 
The  size  of  pulleys  used  is  an  important  factor  in  the  life 
performance  of  the  belt ;  the  smaller  the  diameter  of  the  pulley, 
the  less  the  area  of  contact  and  consequently  the  greater  the 
belt  tension  for  the  same  amount  of  power  transmitted.  Also 
the  smaller  the  pulley,  the  greater  the  relative  motion  of  the 
fibers  of  the  belt,  and  the  greater  the  tendency  toward  internal 
wear  due  to  friction  of  the  fibers  of  the  belt  on  each  other. 
To  obtain  maximum  belt  sei-vice,  therefore,  the  pulleys  should 
be  as  large  as  possible. 

As  regards  belt  fasteners  and  their  application,  the  writer 
states  that  all  types  of  belt  fasteners  known  to  him,  with  the 
exception  of  one,  weaken  the  belt  by  cutting  the  fibers  and 
are  objectionable  in  that  respect.  They  have  also  the  disad- 
vantage of  introducing  a  rigid  section  in  the  belt. 

The  writer  has  a  record  of  approximately  15,000  individual 
belts,  of  about  thirty  different  makes,  of  widths  from  4  in.  to 
61/2  in.  and  plies  from  four  to  six,  on  which  various  types  of 
fasteners  were  used.  These  belts  were  rubber,  friction  and 
canvas.  Tliis  record  sliows  car  number,  date  and  place  of  ap- 
plication, and  date  and  place  of  application  of  the  next  belt, 
and  the  Car  Record  Office  furnishes  the  mileage  between  the 
two  dates  and  places  as  above.  The  belts  were  practically  all 
bought  under  the  same  specifications  and  the  record  has  been 
carefully  studied  with  a  view  of  determining  what  make  and 
type  of  belt  is  the  most  suitable. 


The  evidence  is,  however,  too  contradictory  to  enable  one 
to  say  that  any  one  make  of  belt  is  best,  although  it  has  made 
it  possible  to  eliminate  the  purchase  of  certain  belts  that  were 
decidedly  poor.  It  has  also  shown  that,  with  operating  con- 
ditions as  they  are,  a  5-in.  5-ply  belt  will  give  service  at  the 
least  cost  per  thousand  miles.  However,  the  more  these  records 
are  studied,  the  more  convinced  the  writer  becomes  that  the 
reason  for  low  belt  mileage  is  not  so  much  the  quality  of  the 
belt  used  as  it  is  the  effect  of  the  other  causes  enumerated 
above,  and  it  is  believed  the  fastener  is  the  greatest  factor, 
with  rough  handling  of  cars  next.  The  perfect  belt  fastener 
for  axle-generator  service  has  yet  to  be  devised. 

The  writer's  idea  of  a  suitable  belt  for  axle-generator  serv- 
ice is  a  5-in.  5-ply  belt,  the  yarn  being  Sea  Isle  long-fiber 
cotton  woven  to  weigh  not  less  than  28  oz.  per  sq.  yd.,  and 
with  the  edges  straight,  the  variation  in  width  not  to  exceed 
3.5  per  cent  ])lus  or  minus. 

Each  inch  of  width  of  each  ply  should  have  a  tensile  strength 
of  at  least  200  lb.  and  the  plies  should  be  cemented  together 
with  a  friction  of  at  least  18  lb.  per  in.  of  width  when  tested 
at  a  speed  of  20  in.  per  min.  The  outer  surface  should  be 
covered  with  a  1/32-in.  layer  of  good-cjuality  rubber.  The 
complete  belt  under  test  load  should  not  stretch  over  II/2  in. 
in  18  in. 

J.  R.  Davis,  Electrical  Engineer  of  the  Baltimore  &  Ohio, 
in  discussing  the  same  problem  states  that  his  experience  has 
shown  that  alignment  and  maintenance  of  suspensions  and 
trucks  is  a  more  vital  factor  in  affecting  belt  life  than  the 
difference  between  the  two  general  types  of  suspension.  In 
addition,  the  kinds  of  belting  and  fasteners  used  are  also  im- 
portant factors  affecting  belt  maintenance.  The  following 
belt-performance  data  with  various  types  of  suspensions  are 
based  on  an  average  extending  over  a  period  of  more  than 
two  years.  The  number  of  equipments  shown,  however,  are 
those  at  present  in  service. 

Table  2     Data  on  Axle-Generator  Belting,  Baltimore  & 
Ohio  R.  R. 

truck  suspension 

No.  of  Average  Belt 

Tj-pe  of  Suspension  Cars  Mileage 

Two-point  swinging  link 44  14  300 

Parallel  link  with  belt  passing  over  end  frame  and  under 

brake  beam 24  21  500 

Parallel  link  with  open-end  truck  and  inside-hung  brake 

beam g  35,000 

Inverted  link 33  15,900 

BODY  SUSPENSION 

\'ariable-speed  generator  with  constant-tension  device.     60  16,900 

The  experience  so  far  obtained  does  not  permit  of  reaching 
any  definite  decisions  with  reference  to  types  of  suspensions 
and  kinds  of  belting,  but  indicates  the  following : 

1  The  belting  and  belt  fasteners  that  have  given  vei"y  sat- 
isfactory results  with  truck-mounted  generators  may  not  be  at 
all  adapted  for  body-mounted  generators. 

2  To  secure  the  best  results,  with  respect  to  belt  life,  with 
body-supported  generators  of  constant-speed  type,  a  belt  of 
special  quality  is  required  which  should,  however,  give  equally 
satisfactory  results  with  other  types  of  equipment. 

3  Truck-mounted  generators  of  either  the  two-point  swing- 
ing type  or  parallel  type,  with  open-end  truck  and  inside-hung 
brake  beam,  thus  eliminating  all  possibility  of  belt  interfer- 
ence, will  give  longest  belt  life. 

4  The  advantages  of  the  body-supported  generator  as  com- 
pared with  the  truck-sujjported  are  that  it  has  greater  ease  for 
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inspection  and  making  repairs,-  esj^ecially  under  adverse 
weatlier  conditions;  materially  reduced  maintenance  cost  of 
suspensions  and  troubles  incidental  thereto,  ■which  will  prob- 
ably be  found  to  be  of  greater  importance  than  any  differences 
that  may  be  found  to  exist  in  the  belt  life.  {Baihuay  Electrical 
Engineering,  vol.  8,  no.  6.  June  1917,  \>\i.  159-151,  ep) 

Steam  Engineering 

Construction  and  Operation  of  Boilers  for  Intensive 
Service,  F.  Miiuzinger 

(Zeits.  Vereines  Deulsch.  Ing.,  vol.  60,  pp.  933-939, 
Nov.  11;  958-962,  Nov.  18;  1001-1006,  Dec.  2,  aad 
1017-1021,  Dec.  9,  1916) 
The  author  considers  modem  boiler  practice  from  the  stand- 
point of  cheapness  obtained  by  better  utilization  of  construc- 
tional materials  and  higher  stressing  of  the  finished  equipment. 
The  influence  of  turbine  development  on  boiler  practice  has 
been  far-reaching.  The  possibility  of  concentrating  vei-y  high 
power  in  single,  compact  units  led  to  the  development  of  two- 
story  boiler  houses;  large  overliead  bunkers  gave  way  to  small 
pockets  directly  coal-handling  plant  became  sufficiently  reli- 
able; this  eliminated  much  hea\y  ironwork  and  saved  gi-eatly 
on  the  size  and  cost  of  buildings.  By  using  comparatively 
small  and  cheap  feed  heaters  it  became  possible  to  add  to  over- 
all efficiency  while  cutting  away  that  ijortion  of  the  boiler 
which  would  othei-wise  extract  heat  from  the  cooled  flue  gases. 
A  good  example  of  the  nature  and  rapidity  of  progress  in 
boiler  practice  is  to  be  found  in  the  power  stations  erected  by 
the  A.  E.  G.  during  the  period  1908-1912.  The  boiler-house 
designs  submitted  in  1906  contemplated  a  cheaper  construction 
than  had  hitherto  been  employed,  and  these  plans  were  further 
improved  in  respect  of  the  space  occupied  by  feed  heaters.  By 
building  the  economizers  of  wrought  instead  of  east  iron,  and 
by  making  them  an  organic  part  of  the  boilers,  sufficient  sav- 
ing was  effected  to  outweigh  the  probably  shortened  life  of  the 
economizer  tubes;  also,  loss  in  the  pipe  line  was  reduced  by 
the  shorter  pipes  and  higher  steam  velocities  possible.  The 
first  cost  of  the  whole  boiler  installation  and  the  invariable 
losses  are  both  reduced  considerably.  Interesting  data  con- 
cerning boiler  installations  in  South  Africa,  at  Brakpan,  Sim- 
merpan,  Roshei'villedam,  and  Vereeniging,  respectively,  are  as 
follows:  Date  of  construction,  1908,  1909-1910,  1911,  1912; 
weight  of  boiler,  feed  heater,  and  induced-draft  equipment. 
405,  405,  306,  323  kg.  per  sq.  m.  of  boiler  heating  surface; 
total  weight  of  boiler  equipment  and  steelwork  of  boiler  house, 
576,  546,  344,  400  kg.  per  sq.  m.  of  boiler  heating  surface; 
ground  space  of  boiler  house,  0.292,  0.287,  0.204,  0.204  sq.  m.; 
sjjace  occupied  by  boiler  house  and  bunkers,  5.70,  5,24,  3.05, 
2.24  eu.  m.  per  sq.  m.  of  boiler  heating  surface  in  all  eases. 
The  cost  of  boilers  in  a  modem  central  station  working  at  a 
high  load  per  unit  of  heating  surface  is  25  to  30  per  cent  of 
the  total  installation  cost,  and  the  constant  losses  of  the  boiler 
are  more  serious  with  the  usual  type  of  load  curve  than  in 
works  with  nearly  constant  load.  In  the  ease  of  a  public 
supply  station,  even  the  shortest  intermption  of  supply  must 
be  avoided  at  any  cost.  As  a  consequence,  special  desiderata 
in  the  boiler  equipment  are  maximum  efficiency,  adaptabilitj' 
to  load  variations  at  minimum  capital  expense,  great  reliabil- 
ity and  liberal  reserve  capacity. 

Boilers  are  almost  unique  in  the  amount  of  careful  attention 
which  they  demand  in  respect  to  often  contradictory  require- 
ments, and  there  cannot  be  a  boiler  which  is  at  once  the  most 
desirable  for  such  industrial  service  as  that  of  a  paper  mill, 
and  also  for  central-station  work.     Too  much  importance  is 


often  attached  to  a  high  thermal  efficiency,  apart  from  other 
considerations.  The  total  cost  of  one  ton  of  steam  must  be 
a  minimum,  and  this  includes  interest  and  dejjreciation  on  the 
first  cost  of  the  boilers  with  buildings  and  site,  and  the  cost 
of  coal,  repairs,  maintenamce,  and  attendance.  High  efficiency 
increases  in  importance  with  rising  price  of  fuel  and  longer 
working  hours,  but  the  other  factors  in  "  total  cost  "  should 
never  be  overlooked.  Good  eflScieney,  high  steaming  capacity, 
and  compact  construction  are  often  found  in  boilers  which 
have  serious  organic  defects,  and  when  an  apparently  good 
boiler  is  discovered,  it  often  happens  that  some  part  of  the 
equipment  or  construction  is  very  unsatisfactory  (e.g.,  defec- 
tive brickwork  or  bad  grate  bars  in  an  othenvise  satisfactoi-y 
boiler). 

The  steaming  capacity,  referred  to  heating  surface,  has  been 
so  much  increased  that  a  continuous  output  of  35  to  40  kg. 
per  sq.  m.  is  nothing  unusual  in  modern  boilers.  To  allow  for 
the  heavier  dejireciation  and  repairs,  the  cost  of  these  items 
should  be  referred  to  the  weight  of  steam  produced  and  not 
to  the  heating  surface.  This  applies  particularly  to  the  fire 
arch  and  lining  of  the  combustion  chamber.  A  characteristic 
of  well-designed  high-power  boilers  is  the  flat  course  of  the 
upper  portion  of  their  efficiency  curve,  due  to  the  large  heating 
surface  exposed  to  radiation  over  the  grate  and  to  the  large 
economizer  surface  (as  compared  with  boiler  heating  surface). 
In  boilers  with  inclined  tubes,  radiation  from  the  large  volume 
of  limiinous  flame  in  the  combustion  chamber  is  an  important 
factor,  and  gives  additional  efficiency,  which  is,  however,  offset 
to  some  extent  by  the  better  transfer  of  heat  by  contact  when 
the  gases  are  guided  through  and  through  the  tubes  by  bafifie 
plates.  Test  data  relating  to  six  modern  high-power  boilers, 
with  heating  surfaces  rangmg  from  344  to  770  sq.  m.,  econo- 
mizers and  induced  draft,  show  the  evaporation  to  range  from 
18  to  53  kg.  per  sq.  m.  of  heating  surface  per  hour ;  boiler  effi- 
ciencies (including  superheater)  from  67.3  to  81  per  cent;  and 
overall  efficiencies  from  79  to  90  per  cent.  Tests  on  two  boil- 
ers, taken  for  24-hour  periods  without  the  knowledge  of  the 
boiler  crew,  showed  the  efficiencj'  to  be  only  about  one  per 
cent  lower  after  six  months'  sen'ice  than  the  value  obtained 
during  the  acceptance  test.  Heavy  brickwork  mounting  causes 
an  apparent  decrease  in  efficiency  during  the  period  at  the 
beginning  of  the  day  and  a  corresponding  increase  at  night 
after  the  load  decreases.  An  A.  E.  G.  boiler  with  plate  casing, 
however,  withstood  load  reduction  from  6000  kw.  to  2800  kw. 
in  ten  minutes  without  blowing  off,  although  the  pressure  all 
day  was  within  7^2  Ih.  of  the  safety-valve  setting. 

The  water  connections  between  the  bottom  drums  of  vertical 
and  inclined  water-tube  boilers  should  be  so  arranged  that  the 
circulating  water  passes  through  the  lowest  parts  of  the  drums. 
Where  boilers  have  to  be  put  in  and  out  of  service  very  fre- 
quently, provision  should  be  made  to  pass  steam  from  the 
mains  into  the  lower  di'ums  so  as  to  equalize  heating  and  re- 
duce unbalanced  stresses.  The  author  shows  diagrammatically 
the  water  and  steam  circuits  in  various  boilers,  and  discusses 
the  relative  merits  of  the  several  arrangements.  Where  very 
reliable  load  has  to  be  supplied,  there  is  some  advantage  in 
preheating  the  feedwater  on  part  of  the  boiler  heating  surface 
before  mixing  it  with  the  remainder  of  the  water;  part  of  the 
boiler  then  serves  the  function  of  economizer.  The  author  con- 
siders it  of  minor  importance  whether  water  tubes  are  straight 
or  cuiTed;  it  is  a  little  easier  to  inspect  straight  tubes,  but  it 
is  not  easier  to  form  a  correct  estimate  of  the  thickness  of 
scale;  probably  the  chief  advantage  of  straight  lines  is  the 
simplicity  of  renewals.  In  boilers  with  separate  steam  and 
water  connections  between  the  upper  drums,  the  steam  velocity 
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may  range  from  21/2  to  8  m.  per  sec,  but  if  a  common  connec- 
tion for  water  and  steam  be  used,  the  velocity  must  be  reduced 
to  0.8  to  21/2  m-  per  sec.  (approximately).  When  water  in 
the  front  drum  is  very  much  agitated  by  severe  working  of 
the  front  tubes,  steam  in  the  front  drum  is  apt  to  be  very 
moist,  and  it  is  given  an  opportunity  of  separating  if  the  tlow 
to  the  rear  drum  is  subdivided  and  at  moderate  speed.  Mod- 
erate steam  velocity  also  favors  uniform  pressure  and  water 
level  in  the  two  drums:  if  any  marked  pressure  difference 
exists,  pressure  variations  with  fluctuating  load  are  trans- 
mitted partially  through  the  water  tubes,  disturbing  the  water 
circulation  and  producing  wet  steam.  Owing  to  the  violent 
agitation  of  water  in  the  top  drums  of  water-tube  boilers, 
special  measures  are  generally  needed  to  secure  dry  steam. 
The  author  recommends  that  in  all  cases  a  separate,  large 
steam  accumulator  should  be  provided  between  the  top  drum 
and  the  steam  main.  The  greater  the  heating  surface,  the 
larger  must  be  the  top  drums,  steam  accumulator,  and  all  in- 
ternal water  and  steam  connections  of  a  vertical-tube  boiler. 
It  is  not  enough  merely  to  change  the  grate  surface  in  order 
to  change  the  steaming  capacity.  If  properly  designed  and 
constructed,  this  type  of  boiler  will  give  as  dry  steam  as 
double-header  boiler. 

In  large  central-station  boilers  an  automatic  feed  regulator 
is  generally  installed  between  economizer  and  boiler.  The 
economizer  is  then  exposed  to  all  shocks  in  the  feed  pipe,  and 
if  of  cast  iron  is  particularly  liable  to  be  damaged.  It  is  jjref- 
erable  to  place  the  regulator  in  front  of  the  feed  heater,  espe- 
cially as  this  does  not  affect  the  actual  feeding  in  any  way. 
Quick-acting  control  valves  naturally  cause  greater  pressure 
rises  than  slower  valves;  air  vessels  reduce  the  shocks  caused 
by  quick-acting  valves,  but  it  is  better  to  use  a  slow-acting 
valve.  Pressures  up  to  25  atmospheres  were  reached  in  front 
of  a  quick-acting  valve  controlling  the  feed  to  a  large  boiler 
through  a  100-m.  pipe  line.  Higher  water  velocities  and  more 
severe  stresses  are  reached  with  intermittent  than  with  con- 
tinuous feed.  Steam  generated  in  the  feedwater  can  escape 
more  easily  if  the  control  valve  is  not  between  economizer  and 
boiler. 

The  author  gives  the  results  of  measurements  by  optical 
pyrometer  on  various  types  of  boilers  at  various  loads.  The 
firebox  temperatures  range  from  1067  deg.  to  1500  deg.  cent. 
The  combustion  space  of  vertical-tube  boilers  is  generally  much 
loftier  than  that  of  double-header  water-tube  boilers,  and  in 
order  to  bring  the  flames  into  close  contact  with  the  tubes, 
large  arches  were  often  placed  over  the  grate  in  the  early 
vertical-tube  boilers.  By  preventing  direct  radiation  to  the 
heating  surface,  such  arches  increase  the  temperature  of  the 
combustion  chamber,  favoring  complete  combustion,  but  short- 
ening the  life  of  the  refractory  bricks.  In  a  certain  case  the 
furnace  lining  became  useless  after  600  working  hours  due  to 
this  cause.  The  better  heat  transmission  by  radiation  in  an 
open  combustion  chamber  compensated  for  the  less  favorable 
transmission  by  contact. 

Flue  passages  must  be  such  that  there  is  maximum  "  wash- 
ing "  of  the  heating  surface,  with  minimum  loss  of  draft. 
Sharp  turns,  and  pockets  in  which  explosive  gas  mixtures 
might  collect,  are  to  be  avoided.  Easy  access  should  be  pro- 
vided to  rivets,  flanges,  etc.,  and  for  cleansing.  The  lower 
drum  should  foul  up  very  slowly.  Manholes  should  be  prop- 
erly sealed  and  protected  from  the  heat ;  suitably  placed  in- 
spection posts  are  very  useful,  as  also  are  openings  for 
pyrometers.  Staggered  tubes  are  useful,  especially  in  the 
back  rows,  so  long  as  renewals  are  not  made  difficult.  Tubes 
should  not  be  set  at  too  small  pitch,  otherwise  the  cost  of  con- 


struction is  increased,  and  even  flow  of  gases  and  good  heat 
transmission  are  made  impossible.  The  great  difference  in  out- 
put per  sq.  m.  of  heating  surface  of  economizers  differing 
little  in  construction  is  due  to  the  more  or  less  complete  dis- 
tribution of  gases  over  the  heating  surface.  Consequently  it 
is  difficult  to  establish  any  definite  relationship  between  feed- 
heating  performance  and  gas  velocity.  Provision  should  be 
made  for  varying  the  effect  of  the  superheater  at  will;  refrac- 
tory plates  should  be  used,  and  a  temperature  regulator  is 
desirable  where  the  quality  of  the  coal  varies  much  and  often. 
By  placing  the  superheater  in  parallel  with  part  of  the  heat- 
ing surface,  the  steam  temjjerature  may  be  kept  nearly  con- 
stant within  a  wide  range  of  load.  The  superheater  should 
be  suiTounded  by  boiler  heating  surface  rather  than  by  brick- 
work, otherwise  very  high  steam  temperatures  may  be  reached 
after  a  sudden  decrease  in  load. 

A  good  fireproof  material  for  boiler  masonry  must  resist 
high  temperatures  without  meltmg  or  softening.  Quartz  tiles 
resist  intense  heat,  but  are  sensitive  to  temperature  changes, 
and  do  not  resist  the  fire  so  well  in  the  direction  of  their 
grain  as  perpendicular  thereto.  Firebricks  composed  of  SiO, 
and  AUOj  are  used  more  commonly.  Classification  of  such 
bricks  as  acid  or  basic  is  lax  and  unreliable.  A  small  per- 
centage of  such  fluxes  as  Fe^Oj,  CaO,  MgO,  K,0  lowers  the 
heat-resisting  value  of  the  brick.  Quartz  additions  always 
lower  the  melting  point.  Undue  importance  should  not  be 
attached  to  high  Al^O^  content,  nor  should  the  Seger  cone 
number  be  taken  as  a  complete  index  of  refractoriness. 
(Science  Abstracts,  Section  B — Electrical  Engineering,  vol.  20, 
pt.  5,  May  1917,  pp.  161-164) 

Steel  Plant 

Relative  Methods  of  Forming  Steel  by  Pressing,  Hammer- 
ing, OR  Rolling,  John  Lyman  Cox 

Paper  presenting  comparative  data  on  effectiveness  and 
quality  of  jn'oduct  in  very  heavy  work  with  hammers  and 
presses.    The  paper  is  partly  historical. 

With  the  exception  of  the  tube,  which  is  generally  made 
solid,  the  larger  forgings  for  heavy  artillery  are  usually  made 
hollow,  as  are  marine  shafts  and  other  forgings  when  desired 
of  especially  high  quality.  As  it  is  difficult  to  manipulate 
under  a  hammer,  in  upsetting  and  punching,  blocks  too  heavy 
to  be  handled  on  levers,  it  is  customary  to  bore  the  ingot  with 
a  hole  of  considerable  size  and  cut  from  it  a  hollow  block  of 
the  proper  weight  for  the  job.  This  involves  a  considerable 
waste  of  material,  which  may,  however,  be  avoided  by  proper 
arrangements. 

The  width  of  a  hammer  anvil  block  is  not  great,  and  if  the 
forging  is  heavy,  it  is,  in  practice,  necessary  to  use  an  ingot 
of  initial  section  sufficient  to  give  the  requisite  weight  in  the 
short  length  that  will  go  between  the  checks  of  the  mandrel 
housing,  for  uiDsetting  of  heavy  blocks  under  a  hammer  is  im- 
practicable. 

The  employment  of  ingots  of  large  cross-section  being 
objectionable  for  various  reasons  constitutes  one  weakness  of 
the  hammer,  namely,  it  cannot  make  great  hollow  forgings  such 
as  are  easily  producible  under  the  press.  It  might  be  urged 
that  an  anvil  of  a  special  design  would  permit  the  use  of  long 
billets  of  less  diameter,  but  the  low,  unsupported  mandrel  will 
not  withstand  the  impact  of  hammer  blows.  A  14-in.  mandrel 
on  a  span  of  45  in.  to  open  a  hole  some  2  in.  is  about  the  limit 
for  a  hammer. 

When  made  under  a  hammer  of  ample  power,  forgings  show 
test   results   practically    identical   with    press    forgings   made 
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under  the  same  conditions,  so  long  as  neither  is  expanded ;  but 
beyond  the  point  where  hammer  expansion  is  possible,  the 
advantages  are  altogether  with  the  press. 

Lest  it  be  thought  that  too  much  stress  is  laid  upon  the 
advantages  of  expansion  in  the  manufacture  of  hollow  forg- 
ing's,  the  writer  cites  an  experience  of  the  Midvale  Steel  Com- 
pany with  jackets  for  a  lot  of  12-in.  steel  coast-defense  mor- 
tars. These  were  rather  short  forgings  drawn  on  about  a  19- 
in.  mandrel  and  bored  originally  with  a  20-in.  hole.  The  hole 
was  so  small  that  it  had  been  decided  expansion  would  not  pay. 
But  on  testing,  the  jackets  gave  a  great  deal  of  trouble,  and 
it  was  concluded  to  bore  the  ingot  w-ith  a  14.5-in.  hole,  expand 
on  a  14-in.  mandrel  to  16.25  in.  in  diameter,  substitute  a  15.75- 
in.  mandrel  and  expand  to  20  in.,  and  after  this  draw  the 
forgings  in  the  V-die  as  before.  Expansion  of  the  whole  in- 
ercasrol  the  outside  diameter  by  only  1%  in.,  giving  that  mucli 
reduction  in  the  V-dies,  but  on  the  other  hand,  the  amount  of 
testing  was  reduced  to  21  per  cent. 

The  danger  in  solid  hammered  work  is  always  that  for 
economy's  sake  too  light  a  hammer  is  used,  and  the  forging 
left  with  an  imperfectly  reduced  grain  size  towards  the  center. 
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INCHES 

Fig.  9    Relative  Effects  op  Various  Thicknesses  and  Tem- 
peratures FROM  Experiments  on  Forging  Pressures 

The  pressure  produced  by  a  hammer  is  directly  proportional 
to  the  effective  stroke  and  inversely  proportional  to  the  con- 
tact area  of  the  dies  and  to  the  distance  through  which  the 
pressure  is  exerted.  The  pressure  exerted  by  a  press  is  inde- 
pendent of  the  stroke,  is  definite  in  amount,  equaling  the  net 
power  of  the  tool  divided  by  the  contact  area  of  the  dies  and 
the  piece  being  forged. 

In  press  forging  the  work  is  turned  up  after  every  stroke, 
thus  always  presenting  a  new  and  smaller  contact  surface.  In 
cogging  down  an  ingot  under  a  hammer  before  rounding  up 
begins,  several  blows  are  usually  struck  in  the  same  spot  unfil 
fear  of  lapping  stops  them.  Due  to  the  inertia  of  the  part  of 
the  ingot  beyond  the  die  at  the  instant  the  blow  falls,  there  is 
a  tendency  to  cock  up  the  end  of  the  piece,  and  the  tendency 
in  practice  is  to  let  it  occur  and  for  the  hammer  die  to  cut  in 
more  deeply  on  one  side  of  the  ingot  than  on  the  other,  grad- 
ually throwing  the  axis  of  the  forging  out  of  the  axis  of  the 
ingot.    This  does  not  occur  in  the  press. 

As  regards  the  limits  of  effective  reduction,  the  writer  calls 
attention  to  the  fact  that  friction  between  press-die  faces  and 
their  work  is  very  great,  while  the  longer  time  of  contact  as 
compared  with  the  hammer  tends  to  chill  the  surface  of  the 


forging  and  to  prevent  the  flow  along  the  die  faces.  This 
results  particularly  in  a  reduction  of  the  effective  thickness  of 
the  forging-  and  the  increase  in  the  pressure  required  to 
forge  it.  The  article  gives  a  table  containing  ratios  of  thick- 
ness to  pressure;  in  addition  to  this.  Fig.  9  is  given,  showing 
graphically  the  relative  effects  of  the  various  thicknesses  and 
temjieratures  employed  in  a  recent  series  of  experiments.  The 
important  influence  of  thickness  is  con'oborated  by  two  full- 
sized  experiments,  where,  in  upsetting  at  full  forging  heat 
:i7-in.  octagon  slices  from  43  in.  to  13.5  in.  in  length,  it  re- 
quired 8700  tons,  which,  figured  on  the  areas  of  the  final  diam- 
eters of  59  in.  and  65  in.  at  tlie  die  faces  and  center,  respec- 
tively, gives  3.18  tons  per  contact  inch  and  2.6  tons  at  the 
center.  In  upsetting  the  48-in.  roimd  from  45  in.  long  to  33 
in.  long,  it  took  only  1.4  tons  per  sq.  in.  of  contact  area  and 
1.3  tons  per  sq.  in.  of  median  area,  on  account  of  the  extra 
thickness  of  the  piece. 

With  all  its  advantages,  such  as  convenience  of  handling 
and  absence  of  shock,  the  press  has  two  failings,  due  to  its 
lack  of  impact:  first,  it  is  harder  to  get  rid  of  scale,  and  sec- 
ond, it  cannot  strike  in  a  mold  as  large  a  forging  as  a  hammer 
its  equivalent  iu  other  respects.  At  the  Midvale  Steel  Com- 
pany they  consider  a  500-ton  press  the  equivalent  of  a  214- 
ton  hammer;  a  1200-ton  press  the  equivalent  of  a  10-ton 
hammer,  and  a  2500-ton  press  the  equivalent  of  a  25-ton  ham- 
mer. Yet  the  4i/2-ton  hammer  can  make  drop  forgings  which 
are  beyond  the  power  of  a  1200-ton  press,  and  a  2y2-ton 
hammer  can  about  equal  it. 

The  rest  of  the  article  is  devoted  to  a  comparison  of  forged 
and  rolled  rounds  and  to  armor-plate  practice.  {The  Blast 
Furnace  and  Steel  Plant,  vol.  5,  no.  6,  June  1917,  pp.  252-257, 
8  figs.,  e) 

Therinodynainics 

Concerning  the  Absolute  Value  of  Entropy  and  Energy, 
E.  Aries 

The  writer  asserts  that  there  is  an  initial  stage  common  to 
all  bodies  and  convenient  to  be  used  as  a  starting  point  for 
measuring  their  entropy  and  energy.  For  all  bodies  this  state 
is  defined  by  the  following  conditions:  The  body  is  at  zero 
absolute  temperature,  is  condensed  to  the  state  of  saturation, 
and  not  subject  to  any  pressure.  Any  finite  increase  of  volume 
to  which  it  may  be  subjected  at  constant  temperatures  results 
only  in  the  body  being  forced  to  emit  at  fixed  pressures 
(T  =  0,  p  =  0)  an  inappreciable  quantity  of  vapor  (which 
cannot  be  measured),  so  that  the  entropy  and  energy  of  the 
body  remain  nil. 

On  the  other  hand,  evei-y  reduction  of  its  volume  obtained 
by  means  of  compression  at  constant  temperature  increases  its 
pressure  and  energy  which  have  at  first  been  nil  and  now 
become  positive,  but  its  entropy  remains  at  zero.  In  short,  a 
body  when  at  zero  of  absolute  temperature  has  an  entropy 
equal  to  zero  and  an  energy  either  nil  or  positive,  no  matter 
what  may  be  the  pressure  to  whicli  it  is  subjected  and  the 
volume  which  it  occujaies. 

Let  V  be  the  volume  thus  occupied  by  the  body  at  zero  abso- 
lute temperature.  Next,  let  the  body  while  maintaining  the 
constant  volume  undergo  a  succession  of  increases  of  tempera- 
ture dT  in  such  a  manner  as  to  bring  about  some  state  deter- 
mined by  its  initial  volume  v  and  by  its  final  temperature  T. 
As  often  happens,  the  application  of  these  elementary  trans- 
formations of  one  of  the  laws  so  fruitful  of  displacements  of 
equilibrium  leads  to  quite  remarkable  conclusions. 

The  law  under  consideration  in  this  case  states  that  each 
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transformation  at  constant  volume  with  a  positive  variation  dT 
of  temperature  will  produce  an  increase  of  entropy,  the  prod- 
uct dSdT  being  necessarily  positive.  From  this  it  follows  that 
the  entropy  S  of  a  body  taken  in  any  state  whatsoever  deter- 
mined by  its  volume  and  its  temperature  (■;;,  T)  is  a  positive 
quantity,  except  for  the  case  of  the  zero  absolute  temperature, 
when  this  entropy  becomes  equal  to  zero.  In  each  of  the 
elementary  transformations  thus  considered,  the  variation  of 
energy  dU  is  given  by  the  classical  formula 

dU  =  TdS  —  pdv 
and  as  dv  =  0, 

dU  =  TdS 

Since,  according  to  what  has  been  stated  above,  dS  is  posi- 
tive, so  will  be  dJJ.  Each  elementary  rise  dT  of  temperature 
will  produce  an  increase  of  energy,  and  as  the  body  starts 
from  temperature  zero  with  an  energy  nil  or  positive,  it  will 
necessarily  reach  a  temperature  T  and  a  volume  v,  i.e.,  any 
state  whatsoever,  with  a  positive  energy. 

These  two  important  consequences  of  the  fundamental  prin- 
ciples of  thermodynamics  tend  to  throw  a  vivid  light  on  the 
notions  of  absolute  magnitude  of  entropy  and  absolute  magni- 
tude of  energy.  It  has  just  been  shown  that  the  entropy  and 
the  energy  of  a  body  can  never  go  below  the  value  which  they 
have  at  the  initial  stage,  as  selected  and  defined  above.  And 
that  can  only  mean  that  both  the  entropy  and  the  energy  of 
a  body  are  quantities  perfectly  determined,  usually  positive. 
never  negative,  which  are  to  be  measured  from  this  initial 
stage. 

Furthermore,  there  is  nothing  surprising  in  the  conditions 
under  which  entrojiy  and  energy  become  zero.  In  fact,  these 
conditions  a|)pear  fairly  rational.  The  body  maintained  at  the 
limit  temperature  of  zero  absolute,  no  matter  what  pressure 
it  may  be  under,  can  have  no  tendency  to  transmit  heat  to  the 
ambient  medium,  which  is  at  least  at  the  same  temperature; 
hence,  it  is  entropy  which  cannot  undergo  any  reduction  and 
has  to  be  considered  as  being  zero.  If,  in  addition  to  that, 
the  body  does  not  support  any  pressure,  then  it  has  no  expan- 
sive force,  though  capacity  for  work.  And  if  it  can  cede  its 
energy  neither  in  the  form  of  heat  nor  in  the  form  of  work, 
its  energj'  must  also  be  considered  as  nil.  {Sur  la  valeur 
absolue  de  I'entropie  et  de  Venergie,  E.  Aries,  Comptes  rendus 
des  seances  de  I'Academie  des  Sciences,  vol.  164,  no.  20,  May 
14.  1917,  ])p.  774-776.  f) 

A  Determination  of  the  Heat  of  Vaporization  of  Water 

AT  100  Dec.  Cent,  and  One  Atmosphere  Pressure  in 

Terms  op  the  Mean  Calorie,  T.  Carlton-Sutton 

An  article  describing  how  the  value  of  the  latent  heat  of 
vaporization  of  water  at  100  deg.  cent,  and  one  atmosphere 
pressure  was  measured  directly  in  terms  of  the  mean  calorie 
by  using  a  steam  calorimeter  that  may  be  regarded  as  a  de- 
velopment of  Joly's  classical  apparatus.  It  is  claimed  that 
a  high  degree  of  accuracy  has  been  attained  on  account  of 

1  An  ice-bath  that  remains  steady  for  one  or  two  hours 

2  A  shielding  device,  by  means  of  which  a  damp  body  can  be 

left  hanging  in  a  steam  chamber  without  loss  or  gain  in 
weight ;  and 

3  A  determination  of  the  etfect  of  the  damjjness  of  the  steam. 
The  temperature  of  a  bulb  of  thermal  capacity  K  is  raised 

from  the  freezing  point  G  to  the  boiling  point  9  by  surround- 
ing it  with  steam,  a  mass  m  of  steam  being  condensed  on  the 
bulb,  where 

K{  0  —  6)=  wL. 
The  bulb   was   then   filled   with  water    (of  mass   M)   and   the 


process  repeated,  a  mass  m'  of  steam  being  condensed,  where, 

omitting  small  corrections, 

(it  —  Ms)(e  —6)=  m'L 

Ms 

whence  L  =— (9—6)  • 

m  —  m 

i.e.,  the  heat  of  vaporization   is   measurable   in   appropriate 

calories   (s  =  1)  in  terms  of  a  temperature  difference  and  the 

ratio  of  the  masses  M  and  (m'  —  m). 

The  author  then  proceeds  to  describe  the  apparatus  used  and 
details  of  the  method  of  experimentation  and  the  necessary 
corrections  applied. 

The  following  results  have  been  obtained:  Determination 
with  first  bulb,  538.89  mean  calories;  with  second  bulb,  538.86 
mean  calories.  These  determinations  are  independent  in  the 
sense  that  they  have  been  made  with  different  bulbs  and  under 
different  conditions  of  steam  supply,  and  that  any  one  meas- 
urement is  used  in  one  series  only. 

The  values  may  be  expected  to  agree  to  within  seven  or  eight 
units  in  the  tifth  figure,  a  degree  of  accuracy  that  is  confirmed 
by  the  experimental  figures  (see  Tables). 

The  conclusion  is,  therefore,  that  the  value  5.38.88  mean 
calories  for  the  heat  of  vaporization  of  water  at  100  deg.  cent, 
and  one  atmosphere  pressure  is  coi-rect  to  the  fourth  significant 
figure  for  the  samples  of  steam  used;  and  in  consideration  of 
the  results  of  Section  E  IX,  it  is  held  that  the  dampness  of 
these  samples  has  not  affected  the  result  to  the  extent  of  one 
part  in  5000.  (Proceedings  of  the  Royal  Society,  Series  A, 
vol.  93,  no.  A  649,  pp.  155-176,  3  figs.,  eA) 

Prizes  for  Research  on  Hardness  of  Metals 

The  Institution  of  Mechanical  Engineers  (Great  Britain) 
has  announced  that  Sir  Robert  A.  Hadfield  has  placed  in  its 
hands  the  sum  of  £200,  which,  with  any  income  thereon,  may 
be  awarded  at  the  discretion  of  the  Council  of  the  Institution 
as  a  prize  or  prizes  for  the  description  of  a  new  and  accurate 
method  of  determining  the  hardness  of  metals,  especially  of 
metals  of  a  high  degree  of  hardness. 

The  ordinary  tests  of  hardness  such  as  are  described  in  the 
report  of  the  Hardness  Test  Research  Committee  (Proceed- 
ings of  the  Institution  of  Mechanical  Engineers,  1916,  pp. 
677-778)  fail  to  some  extent  when  the  hardness  of  the  material 
exceeds  about  600  to  800  Brinell.  What  is  desired  is  a  de- 
scription of  a  research  for,  or  an  investigation  of.  some  method 
of  aeciu'ately  determining  hardness  suitable  for  application  in 
metallurgical  work  in  cases  where  present  methods  partially 
fail. 

The  Council  of  the  Institution  will  consider  annually  all 
communications  received,  but  in  January  1922  the  offer  of 
prizes  wiU  be  withdrawn.  Communications  should  be  addressed 
to  the  Secretary,  The  Institution  of  Mechanical  Engineers,  11 
Great  George  St.,  Westminster,  London,  S.W.I,  and  marked 
"  Method  of  Detei-mining  Hardness,"  and  should  reach  liim 
at  least  one  month  before  the  first  of  January  in  any  year. 
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AERONAUTICS 

AiBPLiNE   Standards   Needed,   W.   F.   Bradley.     The  Automobile,   vol. 
36,  no.  21,  Mny  24,  1917,  pp.  996-999,  3  flgs.,  1  table. 
See  also   Internal-Combustion  Engineering. 

Commercial  Aeronautics.  Engineering,  vol.  103,  no.  2684,  June  8, 
1917,  pp.  548-549. 

Theory  of  Air  and  Water  Screws,  J.  Edward  Schipper.  The  Auto- 
mobile, vol.  36,  no.  26.  June  2S,  1917,  pp.  1239-1241,  3  figs. 

Military  Aeronautics,  Major  Wm.  Mitchell.  Proceedings  of  the  En- 
gineers' Club  of  Philadelphia,  vol.  34-7,  no.  152,  July  1917,  pp. 
324-330,  1  flg. 

Symposium  ox  Aeronautics. 

1  Dynamical  Aspects,  Arthur  Gordon  Webster. 

2  Physical  Aspects,  George  O.  Squier. 

3  Mechanical  Aspects,  W.  F.   Durand. 

4  Aerology,   William    R.   Blair. 

5  Theory  of  an  Aeroplane  Encountering  Gusts,    II.,   Edwin  Bid- 

well  Wilson. 

6  Engineering  Aspects,   Jerome  C.   Hunsalier. 

7  Remarks  on  the  Compass  of  Aeronautics,  Louis  A.  Bauer. 
Proceedings  of  the  .\merican  Philosophical  Society,  vol.  56,  no.  3, 

1917,  pp.  161-255,  illustrated. 

The  Teaching  of  Flying,  Brigadier-General  Brancker.  The  Aero- 
nautical Journal,  vol.  21,  no.  SI,  January-March  1917,   pp.  10-27. 

The  Case  for  the  Large  Aeroplane,  F.  Handley  Page.  The  Aero- 
nautical Journal,  vol.  21,  no.  81,  January-March   1917,   pp.  28-49. 

The  Less  S.atisfactory  Materials  of  Aircraft  Construction,  Capt. 
G.  S.  Walpole.  The  Aeronautical  Journal,  vol.  21,  no.  81,  Jan- 
uary-March 1917,  pp.  50-74,  14  figs. 

Hydrogen  fob  Military  Aeronautics — A  List  of  Recent  References. 
Library  Bulletin  of  the  Pittsburgh  Experiment  Station,  Bureau 
of  Mines,  June  1,   1917,  p.   10. 


ENGINEERING    MATERIALS 

The  Influence  of  High  Temperature  Upon  the  Elastic  and  Ten- 
mle  PuorEiiTiES  of  Wkought  Iron,  Franlc  A.  Epps  and  E.  Olney 
Jones.  Metallurgical  and  Chemical  Engineering,  vol.  17,  no.  2,  pp. 
67-71,  6  flgs. 

SrsTEME  Ternaire  Fer-Bore-Xickel,  N.  p.  Tchijvesky  and  S.  Mikhal- 
lovsky.     Revue  de  Metallurgie,  Memoires,  tome  14,  no.  1,  January- 
February   1917,   pp.   17-21,   5   figs. 
Ternary   system   iron-boron-nickel. 

Le   Fer  et  Le  Bore,   N.  Tchijvesky  and  A.   Herdt.      Revue  de  Metal- 
lurgie. Memoires,  tome  14,  no.  1,  January-February  1917,  pp.  21-26^ 
10  figs. 
Iron  and  boron. 

Structure  of  the  Co.vting  of  Tinned  Sheet  Copper  in  Relation  to 
A  Specific  Case  of  Corrosion,  Paul  D.  Merica.  Technologic 
Papers  of  the  Bureau  of  Standards,  no.  90,  17  pp..  17  figs. 

t  The  Testing  of  Lubricating  Oils,  Hugh  K.  Moore  and  G.  A.  Rlch- 
ter.  Metallurgical  and  Chemical  Engineering,  vol.  16,  no.  12^ 
June  15,  1917,  pp.  692-094,  3  flgs. 

Effect  of  Hydrated  Lime  on  Essential  Qualities  of  Concrete, 
Norman  G.  Hough.  Monthly  Journal  of  the  Engineers'  Club  of 
Baltimore,  vol.  6,  no.  12,   June  1917,  pp.   303-308. 

SUR  LES  PROPRlfiTt;s   RfiFRACTAiREs  DE  L'Argile,  H.   LeChatclier  and 
F.    Bogitch.       Comptes    Rendus    Hebdomadaires    des    Seances    de 
L' Academic    des    Sciences,    tome    104,    no.    20,    May    14,    1917,   pp. 
761-767. 
Refractory   properties  of  clay. 

Etide  Experimentale  du  RiSfroidissement  de  Divers  MfiTAux  pab 
Immersion   Dans    L'Eau,   M.M.    Garvin   and    Portevin.      Comptes 
Rendus   Hebdomadaires  des   Stances  de  L'Acadfmie  des  Sciences, 
tome  164,  no.  20,  May  14,  1917,  pp.  7S3-786. 
Cooling    of   metals    by    immersion    in    water. 


AIR    ENGINEERING 

Compressed  Air.  Charles  L..  Hubbard.  Industrial  Management,  vol. 
53,  no.   4,   July  1917,   pp.   563-577,   16  figs,    (concluded). 

Ventilation  of  the  Connaught  Tunnel,  Canadian  Pacific  Ry.  The 
Railway  Review,  vol.  60,  no.  26,  June  30,  1917,  pp.  901-904,  5  flgs. 

Ventilation  Standard  and  the  Synthetic  Air  Chart,  Dr.  E.  V.  Hill. 
Journal  of  the  American  Society  of  Heating  and  Ventilating  En- 
gineers,  vol.    23,   no.   4,   July   1917,   pp.   477-498,    11    figs. 

A  Study  in  Air  Measurement.s  and  Air  Flow.  Arthur  K.  Ohmes. 
Journal  of  the  American  Society  of  Heating  and  Ventilating  En- 
gineers,   vol.    23,    no.   4,    July    1917,    pp.    577-586,    9   figs. 


AUTOMOBILES 

Military  Influence  on  Motor  Truck  Design,  H.  D.  Church.  Jour- 
nal of  the  Cleveland  Engineering  Society,  vol.  9,  no.  6,  May  1917, 
pp.  369-398. 

Much  Learned  in  Standard  Car  Test,  David  L.  Gallup  and  A.  Lud- 
low Clayden.  The  -Automobile,  vol.  36,  no.  26,  June  28,  1917,  pp. 
1230-1233,    4    figs. 


Re.sults  of  Tests  of  Sand-Cast  Metals  and  Alloys.  The  Foun- 
dry,   vol.    45,    no,    299,    July    1917,    pp.    271-272,    2    flgs. 

Properties  and  Structure  of  Nickel  Steel,  S.  W.  Parker.  The 
Iron  Age,  vol.  100,  no.   2,  July  12,  1917,   pp.   67-69,  illustrated. 

Magnetic  Analysis  of  Steel  Products,  Dr.  Charles  W.  Burrows. 
The  Iron  .4ge.  vol.  100,  no.  2,  July  12,  1917,  pp.  74-78,  4  flgs. 

The  Metallurgy  of  Ferrochromium,  Robert  J.  .\nderson.  The  Iron 
Trade  Review,  vol.  61,  no.  2,  July  12,  1917,  pp.  75-78,  3  figs., 
3  tables. 


FORCINGS 

Heat    Treatment    of    Drop    Forcings,    Particular    Attention    to 

-iutomobile  parts methods  of  determining  temperature  of 

Steel  During  Heat  Tre.\tment — Checking  Stock  Distribution 
BY  Scleroscope  TEST — RATE  OP  He.^ting,  W.  C.  Peterson.  The 
American  Drop  Forger,  vol.  3,  no.  6,  June  1917,  pp.  185-187. 


FUEL  AND  FIRING 

Powdered  Coal.     Railway  Age  Gazette,  vol.  62,  no.  24.  June  15,  1917, 
pp.    1230-1232. 


CONVENTIONS 

Congress  of  Human  Engineering,  October  26,  27  and  28,  1916. 
The  Ohio  State  University  Bulletin,  vol.  21,  no.  12,  January  1917. 
Bulletin  no.   16,   College  of  Engineering.   IfiO  pp. 

tCoxGRfcs  General  du  G±nie  Civil  N.iTioxAL  et  InteralliiS,  E. 
Barbet.     Le  Qinle  Civil,  tome  70,  no.  23,  June  9,  1917,  pp.  373-375. 

AMERICAN  Society  fob  Testing  Materials.  Railway  .\ge  Gazette, 
vol.  63,  no.  1,  Jul.v  6,  1917,  pp.  13-14,  2  flgs. 


f.Vbstr.icted  in  the  Engineering  Survey  in  this  issue. 


Motor  Gasoline  Properties,  Laboratory  Methods  of  Testing,  ani> 
Practical  Specifications,  E.  W.  Dean.  Bureau  of  Mines  Techni- 
cal  Paper   166,   Petroleum  Technology   39,   27   pp.,   1    fig.,    1    table. 

The  Fuel  Situation  as  .\ffected  by  the  War,  Railway  .-Vge  Gazette, 
vol.  62,  no.  25,  June  22,  1917.  pp.  1295-1298,  2  flgs. 

Les   Remplacants   de   L'Essence,   Experiences    Suisses   .\lcool   et 
Essence..    La  Pratique  .\utomobile,  13  annee,   no.  249,   pp.  5290- 
5292,    2   figs. 
Gasoline  substitutes. 

Combination  Coal  and  Gas  Firing,  .-ilex  W.  Morgan.  Electrical 
World,  vol.   70.  no.  2.  July  14.  1917,  pp.  52-54.  5  figs. 
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HYDRAULICS 

Flow  Through  Sharp-Edged  Notches  or  Weirs,  E.  W.  Doelber  and 
F.  H.  Riiyfleld.  The  Cornell  Civil  Engineer,  vol.  25,  no.  S,  May 
1917,  pp.  389-397,  7  flgs. 

The  Frictio.n  of  Water  in  Iron  Pipes  axd  Elbows,  F.  E.  Giesecke. 
Journal  of  the  American  Society  of  Heating  and  Ventilating 
Engineers,  vol.  23,  no.  4,  July  1917,  pp.  0S7-094,  G  figs. 

INTERNAL-COMBUSTION  ENGINEERING 

liA   TDYAHTERIE    D'lSclIAI'PEMEXT   DA.N'S    LE    MOTEUR    D'AUTOMOBILE,    Henry 

W.  Haegler.     La  Pratique  Automobile,  13  annee,  no.  239,  January 
15,  1917,   pp.  1530-1530,  10  figs. 
Exhaust  piping  in  automobile  engines. 

Factors  in  Aviation  Engine  Design,  Louis  Coatalen.  Pt.  1,  The 
Automobile,  vol.  36,  no.  24,  June  14,  1917,  pp.  1129-1130.  (To 
be  continued). 

Six  Years'  Development  of  the  Werkspoor  Marine  Diesel  En- 
gine, Thomas  Orchard  Lisle.  The  Shipbuilder,  vol.  16,  no.  S2, 
June  1917,  pp.  313-317,  4  flgs. 

tTHE  Sdnbeam-Coatelen  Aircraft  Engines.  The  Auto,  vol.  22,  no. 
23,  June  8,  1917,  pp.  405-406,  4  flgs. 

Heavy  Oil  Engine  Facts  and  Fallacies,  Reginald  W.  Crowly.  The 
Automobile,  vol.  36,  no.  26,  June  28,  1917,  pp.  1212-1216,  7  flgs. 

Raising  the  Mean  Effective  Pressure,  P.  M.  Heldt.  The  .Automo- 
bile, vol.  36,  no.  26,  June  28,  1917,  pp.  1237-1238. 

Duesenberg  Motor  for  Training  Planes.  The  .\utomohilc,  vol.  37. 
no.   1,  July  5,   1917,   pp.  10-12,   5   flgs. 

Fbontenac  Aluminum  Engine.  The  Automobile  and  Automotive  In- 
dustries, vol.  37,  no.  2,  July  12,  1917.  p.  57. 


MACHINE  PARTS 

Ball  Bearing  for  Electric  Motors,  H.  N.  Trumbull.  Electrical  Re- 
view and  Western  Electrician,  vol  70,  no.  25,  June  23,  1917,  pp. 
1054-1057,  12  flgs. 

The  Production  of  Screwed  Elements,  Trevor  Rapson.  The  .\uto- 
mobile  Engineer,  vol.  7,  no.   103,  pp.  161-164,  14  figs. 

Factory  Transportation,  Edward  Hammond.  Machinery,  vol.  23, 
no.  11,  July  1917,  pp.  941-95S,  54  flgs. 


MACHINE   SHOP 

Metal  Extrusion,  F.   G.   Schranz.     Machinery,   vol. 
1917,  p.  959,  2  flgs. 


3,    uo.    11.   July 


Gaging  Systems  for  Screws  and  Taps.  Machinery,  vol.  23,  no.  11, 
July  1917,  pp.  967-968,  9  flgs. 

Evolution  and  Revolution  in  Machine  Shop  Practice,  J.  H.  Rodg- 
ers.  Canadian  Machinery  and  Manufacturing  News,  June  28, 
1917,  pp.  677-682,  11  figs. 


MACHINE  TOOLS 

Economy  in  Hacksaw  Blades,  Frank  E.  Merriam.     Page's  Engineer- 
ing Weekly,  vol.  30,  no.  065,  June  S,  1917,  pp.  27S-279,  281. 

Efficiency   of  Forward  and   Reverse   Drives,  John   S.   Myers.     Ma- 
chinery, vol.  23,  no.  11.     July  1917,  pp.  983-988,  0  flgs. 

Canada's    Machine-Tool    Industry    in    Retrospect.      Can.idian    Ma- 
chinery and  Manufacturing  News,  June  28,  1917,  pp.  6S3-G93. 


M.VRINE  ENGINEERING 

Lb  "Milazzo,"'  Navire  Charbonnier  et  Petrolier  muni  d'appareils 
spficiAUX   DE  DficHARGEMENT.      Le   GSuie   Civll,   tome  70,   no.   25, 
June  23,  1917,  pp.  397-399,  4  figs. 
Coal-  and  oil-carrying  ship  Milaz:o,  with    its   special   unloading  ap- 
paratus. 

How  WOODEN  Ships  Are  Built,  IT.  Cole  Estep.  Pt.  2,  The  Marine 
Review,  vol.  47,  no.  7,  July  1917,  pp.  231-237.  257,  Illustrated, 
(concluded). 


MECHANICS 

Effect  of  Countershaft  Speed  R.atio  on  Power  and  Torque,  A. 
Lewis  Jenkins,  .\merican  Machinist,  vol.  47,  no.  2,  July  12, 
1917,  pp.   49-53,   3  figs.,   3  tables. 

The  Specification  of  Stbes.s,  R.  F.  Gwyther.  Memoirs  and  Pro- 
ceedings of  the  Manchester  Literary  and  Philosophical  Society, 
lOl.T-1910,  vol.  GO,  pt.  3,  no.  14,  pp.  1-5. 


-MEASUREMENTS 

Temperature  Measurements  in  Bessemer  and  Open-Hearth  Prac- 
tice, George  K.  Burgess.  Technologic  Papers  of  the  Bureau  of 
Standards,  no.  91,  29  pp.,  10  tables. 

A  ViER.iTiox  Type  Tension  Meter.  Flight,  no  442  (no.  24,  vol.  9), 
June  14,  1917,  p.  583,  1  fig. 


MUNITIONS 

Testing    Springs    for    Military    Rifles,    S.    N.    Bacon.      Machinery, 
vol.  23,  no.  11,  July  1917,  pp.  969-971,  5  flgs. 


POWER  GENERATION  AND  TRANSMISSION 

Cotton  Rope  for  Power  Transmission,  J.  Melville  Alison.  Pro- 
ceedings of  the  Engineers'  Society  of  Western  Pennsylvania,  vol. 
33,   no.  5,   June  1917,   pp.    271-303,   15  flgs. 

Power  House  Economics,  V.  T.  Kropidlowski.  Railway  Mechanical 
Engineer,  vol.  91,  no.  7,  July  1917,  pp.  373-375,  4  flgs. 


RAILROAD  ENGINEERING 

t.\NALYSis  OF  THE  .-iXLE  GENERATOR  BELT  PROBLEM.  Railway  Elec- 
trical Engineer,  vol.  8,  no.  6,  June  1917,  pp.  149-151. 

A  Departure  in  Design  of  Export  Coal  Piers.  Railway  Age  Ga- 
zette, vol.  62,  no.  24,  June  15,  1917,  pp.  1226-1230,  illustrated. 

tPENNSYLVANiA  LOCOMOTIVE  OF  THE  DECAPOD  TYPE.  Railway  Age  Ga- 
zette, vol.  62,  no.  24,  June  15,  1917,  pp.  1241-1243,  4  flgs. 

fDECAPOD  LOCOMOTIVE  FOB  THE  PENNSYLVANIA  R.  R.  Railway  Re- 
view, vol.  60,  no.  25,  June  23,  1917,  pp.  875-878,  15  figs. 

tNEw  ELECTRIC  Locomotive,  Pennsylvania  R.R.  Railway  Review, 
vol.  60,  no.  25,  June  23,  1917,  pp.  870-873,  S  figs. 

Small  Locomotives  Used  at  the  Front.  Railway  Age  Gazette,  *ol. 
62,  no.  25,  June  22,  1917,  pp.  1383-13S6,  7  flgs. 

Quick  Repairs  to  a  Heavy  Locomotive.  Railway  Age  Gazette,  vol. 
62,  no.  25,  June  22,   1917,  pp.   1370-1373,   6  flgs. 

fTESTS  of  Corrugated  Culvert  Pipe  under  a  Sand  Bed,  George  L. 
ITowler.  The  Railway  Gazette,  vol.  26,  no.  24,  June  15,  1917, 
pp.   687-691,   illustrated. 

Betrachtungen  iJEER  die   storenden  Nebenbewegungen  der  Eisen- 

EAHN-FAHRZEUGE     IIIT     BESONDERER     BERtjCKSICHTIGUNG     DES     ElN- 

PLUSSES   DER   Radreifen-Konizitat,   U.    R.    Ruegger.      Schweizer- 
ische    Bauzeitung,    band   69,    no.    24,    June    16,    1917,    pp.    271-276, 
illustrated. 
Disturbances  in  the  moving  of  railroad  cars  due  to  side  motions. 


SCRAP  METAL 

The  Ronay  Metal  Briquetting  Process,  A.  L.  Stillman.     .\utoniotive 
Engineering,  vol.  2,  no.  3,  March  1917,  pp.  77-79,  5  flgs. 

Reclaiming  and  Reusing  the  Factory  Scrap,  Joseph  H.  Gallon.     Au- 
tomotive   Engineering,    vol.    2,    no.    4,    .Vpril    1917,    pp.    113-116,    2 


The  Briquetting  of  Metal  Swarf,  No.  3.     The  Engineer,  vol.   123, 
no.  3208,  June  22,  1917,  pp.  557-588,  flgs.  5-6. 

NY      MeTOD      fOE      EKONOJIISKT      TlLI.IiODOOORANDE      AF      METALLAFFALL. 

Teknisk  Tidskrift  Mekanik.  47  arg.,  hilft  6,  pp.  53-55,  6  flgs. 
New  method  for  economic  handling  of  metal  chips. 
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The  JoDRNAi. 
Am.Soc.M.E. 


STEAM  ENGINEERING 

Condenser  at  the  Lots-Road  Power  Station.  Engineering,  vol. 
103,  liO.  2683.  June  1,  1917,  pp.  516-518,  figs.  38-46.  (to  be  con- 
tinued). 

Manchester  Steam  Users'  A.ssociation.  Engineering,  vol.  103,  no. 
2683,  June  1,  1917,  p.  520. 

Exhaust  Heads.  Practical  Engineer,  vol.  21,  no.  13,  July  1,  1917. 
pp.  534-535,  6  figs. 

The  "Howden  "  Sectional  Ttpe,  Water-Tube  Steam  Boiler.  Ma- 
rine Engineering  of  Canada,  vol.  7.  no. '6,  June  1917,  pp.  127-130. 
11  figs. 

The  Development  op  the  Water  Tube  Boiler,  W.  F.  Schaphorst. 
Steam,  vol.  20,  no.  1,  July  1917,  pp.  3-5.  (to  be  continued). 

Use  of  Thermometers  to  Increase  Boiler  Efficiency,  H.  A.  Coz- 
zens,  Jr.  Practical  Engineer,  vol.  21,  no.  14.  July  15,  1917,  pp. 
583-584. 


THERMODYNAMICS 

fSuR  LA  valeur  absolue  de  l'entropie  et  de  l'^nergie,  M.  B.  Ari6s. 
Comptes   Rendus   Hebdomadaires   des   Stances  de  L'Acadfmle   des 
Sciences,  tome  164,  no.  20,  May  14.  1917,  pp.  774-776. 
Absolute  value  of  entropy  and  energy. 

Intorno  ad  Alconi  Modi  di  Calcolare  L'Esperienza  di  Clement  k 

Desormes  e  di  dedurne  l'equivalente  meccanico  della  caloria. 

G.   Guglielmo.      II   Nuovo   Cimento,    Anno    62,    serie   6,   vol.    12.    2 

Seiu.,  fasc.  11,  November  1916,  pp.  195-212. 

Concerning    some    methods    of   computing    the    experimental    data    of 

Clement   and   Desormes,   and  of  deducing   from  them  the  value   of  the 

mechanical  equivalent  of  heat. 


The  Engineering  Society  in  War  Time,  George  C.  Whipple.  Jour- 
nal of  the  Boston  Society  of  Civil  Engineers,  vol.  4,  no.  6,  June 
1917,  pp.  239-241. 

The  Relation  of  American  Colleges  and  Universities  to  the 
National  Government.  Engineering  Education,  vol.  7,  no.  10, 
June  1917.  pp.  591-609. 

How  TO  Organize  a  Fire  Drill  in  Yoor  Factory,  Chief  Guerin.  Con- 
struction,  vol.  4,   no.   3,   March,   1917,   pp.   119-120. 

Six  United  States  Army  Wino  Sections,  Captains  Edgar  S.  Gorrell 
and  H.  S.  Martin,  U.S.A.  Aviation  and  Aeronautical  Engineering, 
vol.  2,  no.  6,  April  15,  1917,  p.  256. 

The  National  Research  Council  and  Its  Chemistry  Committee, 
A  Preliminary  Statement  to  the  Chemists  of  the  United 
States.  The  Journal  of  the  American  Chemical  Society,  vol.  39, 
no.   5,  May,   1917,   pp.  841-855 

Some  Observations  on  Dust  Separator  Problems.  B.  F.  Henry. 
Metal  Worker,  Plumber  and  Steam  Fitter,  vol.  87,  no.  15.  April 
13,  1917,  pp.   479-481,  7  flgs. 

Tbb  University  Man  as  an  Industrial  Asset,  Dwight  T.  Farn- 
ham.  Industrial  Management,  vol.  53,  no.  2,  May,  1917,  pp. 
209-216. 

The  Divining  Rod,  .A  History  op  Water  Witching,  with  a  Bibli- 
ography BY  Arthur  J.  Ellis.  Water-Supply  Paper  416,  Depart- 
ment of  the  Interior,  United  States  Geological  Survey,  59  pp. 

Goodyear  Adopts  Metric  System.  Scale  Journal,  vol.  3,  no.  8,  May 
10,   1917,   p.    7. 

The  Metric  System.  Engineering,  vol.  103,  no.  2674,  March  30,  1917, 
pp.   301-307. 


WELDING 

Welded   Containers,    Charles    HoUup.      Refrigerating    World,    vol.    52. 
no.  6,  June  1917,  pp.  25-27,  14  flgs. 

Welds — The  Weaknesses  and  Merits  of  Their  Structure.  P.  A.  E. 
Armstrong.     Power,  vol.  45,  no.  26,  June  26,  1917,  pp.  836-860,  5 


Assisting  Shrinkage  in  .\utogexous  Welding  by  Mechanical 
Means.  The  Railway  Gazette,  vol.  26,  no.  25,  June  22,  1917,  p. 
717,  1  flg. 


VARIA 

Balancing  Machine  I.mi'KOVed.  The  .\utomobile,  vol.  36,  no.  24, 
June  14.  1917,  pp.  1132-1133,  3  figs. 

The  Primary  Volatile  Products  of  the  Carbonization  of  Coal, 
Guy  B.  Taylor  and  Horafe  C-  Porter.  Bureau  of  Mines,  Technic- 
al Paper  140,  55  pp..  25  figs. 

The  New  ENGiNEEiiiNii  LABOR-iTORiEs.  The  Technology  Review,  vol. 
19.  no.  1,  January  1917.  pp.  1-8. 

The  National  Physical  Laboratory  in  1916-1917.  Engineering, 
vol.  103,  no.  2686,  June  22,  1917,  pp.  598-599,  1  flg.  (to  be  con- 
tinued). 

National  Physical  Laboratory  Report  for  the  Year  1916-17. 
Flight,  no.  443   (no.  25,  vol.  9),  June  21,  1917,  pp.  611-612. 

Workshop  Training  of  Apprentices  in  the  Light  of  Recent  De- 
velopments, Neil  J.  Maclean.  Engineering,  vol.  103,  no.  2686, 
June  22.  1917,  pp.  583-584. 

Design  op  Concrete  Tanks,  Ernest  McCullough.  Illinois  Society  of 
Engineers,  Thirty-second  .\nnual  Report,  1917.  pp.  40-44. 

L'Enseignement  Technique  SurfiRiEUR,  Discussion  sur  la  forma- 
tion   des    INGfiNIEURS    A    la    SOClftT^    DES    iNGItlNIEURS    CiVILS    DE 

France.      Le  Gfnie   Civil,    tome   70,   no.    25.   June   23,   1917.   pp. 
399-404. 
Higher  technical  education  in   France    (a  discussion). 

Glasses  for  Protecting  the  Eyes  from  Injurious  Radiations, 
W.  W.  Coblentz  and  W.  B.  Emerson.  Technologic  Papers  of  the 
Bureau  of  Standards,   no.   93.   14  pages. 


New  Chicago  Electric  Steel  Works,  George  H.  Manlove.     The  Iron 
Trade  Review,  vol.  60,  no.  19.  May  10,  1917.  pp.  1039-1040.  1  flg. 

Reducing  Cost  of  Ingot  Molds.     The  Iron  Trade  Review,  vol.  60.  no. 
16.   April   19,    1917.   pp.   880-884.   12   flgs. 

Hyperbolic   Analysis    for   Engineering    Problems,   W.    D.   Peaslec. 
Journal  of  Electricity,  vol.  39,  no.  1,  July  1.  1917,  pp.  8-10. 


CHARTS 

Charts  for  Calculating  Engine  or  Turbine  Efficiency,  Fig.  1, 
Condenser  Water  Rate  Chart ;  Fig.  2,  Efficiency  Chart  for  Tur- 
bines and  Engines.  The  Practical  Engineer,  vol.  21,  no.  12, 
June  15,  1917,  pp.  497-498. 


Chart    for    Adjusting    Levers    of    Track    Scales. 
vol.  3,  no.  9,  Juue  1917,  p.  11. 


Scale    Journal, 


Comparative  Logarithmic  Curves  fob  V-Notched  Weirs,  Flow 
THROUGH  Sharp-Edged  V-Notches  or  Weirs,  E.  W.  Doebler 
and  F.  H.  Rayfleld.  The  Cornell  Civil  Engineer,  vol.  25,  no.  8, 
May  1917,  p.  397. 

Balanced-Rudder  Stocks,  Peter  Doig.  The  Shipbuilder,  vol.  16,  no. 
82,  June  1917,  p.  310. 

Chart  for  Determining  Inertia  Force.  The  Automobile,  vol.  36, 
no.  26,  June  28.  1917,  pp.  1211. 

Chart  to  Determine  Relative  Cost  of  Coal  and  Oil  Fuel,  R.  L. 
Wales.  Engineering  and  Mining  Journal,  vol.  103,  no.  26,  June 
30,  1917,  pp.  1147. 

The  Synthetic  Air  Chart,  Dr.  E.  V.  Hill.  Journal  of  the  American 
Society  of  Heating  and  Ventilating  Engineers,  vol.  23,  no.  4, 
July  1917,' p.  494. 

Modification  of  the  Synthetic  Air  Chart  Introducing  Air  Mo- 
tion Curves,  Dr.  E.  V.  Hill.  Journal  of  the  American  Society 
of  Heating  and  Ventilating  Engineers,  vol.  23,  no.  4,  July  1917, 
p.  496. 

Chart  Showing  Power  Required  to  Move  Air  Through  the  Chan- 
nels, Arthur  K.  Ohmes.  Journal  of  the  American  Society  of 
Heating  and  Ventilating  Engineers,  vol.  23,  no.  4,  July  1917, 
p.  581. 


LIBRARY  NOTES 

From  the  Libraries  of  the   Four   Founder   Societies  and    the    United    Engineering   Society,   in 

the  Engineering  Societies  Building,  New  York  City 


A.  S.  M.   E.  Accessions 

Engineering  Economics.  By  J.  A.  L.  Waddell.  Lauretice,  Kansas, 
1917.     am  of  A.S.M.E. 

Gbeenfield  Tap  and   Die   Corporation.     Manual   containing   instruc- 
tions and  iiif((rniation  issued  to  eniplo.vees.     Greenfield,  n.d.     Gift 
•    of  Greenfield  Tap  and  Die  Corporation. 

How  TO  Put  the  Crippled  Soldier  on  the  Payroll.  By  Frank  B. 
and  Lillian  M.  (.iilbretli.  Reprinted  from  the  May  1917  num- 
ber of  the  Trained  Nurse  and   Hospital   Review.     Gift  of  Author. 

INDU.STEIAL  DEVELOPMENT  IN  KANSAS.  By  P.  F.  Walker.  Gift  of 
A.S.M.E. 

INTERNATIONAL  HiGH  COMMISSION.  An  appendix  to  the  report  of  the 
United  States  section  of  the  International  High  Commission  on 
the  first  general  meeting,  held  at  Buenos  Aires,  April  3-12.  191t>. 
U.  S.  Senate,  64th  Congre.ss,  2d  session.  Doc.  No.  739.  Wash- 
ington, 1917.     Gift  of  A.S.M.E. 

New  England  Association  of  Gas  Engineers.  Proceedings,  1909-10, 
1915-16.      Boston,  1909,  191.j.      Gift  of  Association. 

Outline  of  the  Metallurgy  of  Iron  and  Steel.  Blue  print.  By 
Frank   E.    Sanborn,      1917.      Gift  of  author. 

Polytechnic  Engineer.  Vol.  XVH,  1917.  Brooklim.  1917.  Gift  of 
Brooklyn  Polytechnic  Institute. 

Rice's  Guidebook  on  Water  Treating  foe  Industrial  Purposes. 
By  Cyrus  W.  Rice.     Philadelphia,  n.d.     Gift  of  author. 

Scientific  Management  Practically  Applied.  Address  by  Fred  J. 
Miller  before  the  Cleveland  Chamber  of  Commerce,  Dec.  12,  1916. 
Gift  of  F.   J.   Miller. 

Theoretical  Depreciation.  Presented  for  the  consideration  of  the 
Public  Service  Commission  for  the  First  District,  State  of  New 
York,  by  the  Consolidated  Gas  Company  of  New  York.  Gift  of 
A.S.M.E. 


U.   E.   S.   Accessions 

American  Gas  Institute.  Proceedings.  Vol.  XI,  pt.  1-2.  Neii 
York,  1917.     Purchase. 

Boston  Public  Library.  Annual  Report  of  the  Trustees,  1916-17 
Boston,  1917.     Purchase. 

Carnegie  Library  of  Pittsburgh.  Annual  Reports  to  the  Board  of 
Trustees,  21st.     Pittsburgh,  1917.     Purchased. 

Cement  World.     Vols.  1-2.     Chicago,  1907-1908.     Purchased. 

CoMiTB  Central  des  Houilleres  de  France.  Codes  Miniers — Russie. 
Paris,  189.5.      Purchase. 

Commercial  Fertilizer.     Y'ear  Book,  1917.     Atlanta,  1917.     Purchase. 

Electric  Switch  and  Controlling  Gear.  By  Charles  C.  Garrard. 
London,   1916.      Purchase. 

E.vgineering  Association  of  New  South  Wales.  Vol.  XXXI. 
Sydney,  191G.     Purchase. 

The  Extension  of  Municipal  Activities  and  its  effect  on  iiiunicip:il 
expenditures,  including  a  review  of  the  budgets  of  New  York  City 
since  consolidation,  1898-1917.  Lecture  by  W.  A.  Prendergast. 
Delivered  at  the  College  of  the  City  of  New  Y'ork,  Feb.  14,  1917. 
Gift  of  New  York  City  Dept.  of  Finances. 

Geology  of  a  Portion  of  the  Flathead  Coal  Area,  Briti.sh  Colum- 
bia. Canada.  Mines  Department.  Memoir  87.  Ottawa.  191(1 
Purchase. 

Hyperacoustics.  Division  I — Simultaneous  tonality.  i;y  .lohn  L. 
Dunk.      Loiidon-7(.    Y.,  1916.     Purchase. 


Los  Angeles  Board  of  Harbor  Commissioners.  Port  of  Los  An- 
geles,  Jan.    1,    1917.      Gift   of  Board   of  Harbor  Commissioners. 

Manufacture  of  Sulphuric  Acid  and  Alkali  with  the  Collateral 
Branches.  Ed.  4.  Supplement  to  Vol.  I.  Sulphuric  and  Nitric 
Acid.     By  George  Lunge.     London,  1917.     Purchase. 

Milwaukee  (Wis.)  City  Planning  for  Milwaukee.  What  it  means 
and  why  it  must  be  secured.  Milnaukee,  1916.  Gift  of  Milwaukee 
Real  Estate  Association. 

New  I.nternational  Y'ear  Book,  1916.     Mew  York,  1917.     Purchase. 

New  Y'ork  State  Bridge  and  Tunnel  Commission.  Report,  7th. 
Albany,  1917.     Gift  of  Commission. 

New  York  (State)  Public  Service  Commission  for  the  First  Dis- 
trict.     Report,    1915.      Vols.    I-II.      Albany,   1916.      Purchase. 

Oil  and  Petroleum  Manual,  1917.  By  Walter  H.  Skinner.  London, 
1917.     Purchase. 

Royal  Society  of  Victoria.  Transactions.  Vol.  VI.  1914.  Mel- 
bourne, 1911,.     Purchase. 

Special  Collections  in  Libraries  in  the  United  States.  By  W. 
D.  Johnston  and  Isadore  G.  Mudge.  U.  S.  Bureau  of  Education. 
Bulletin  no.   23.      ^Yaahington,  191?..     Purchase. 

The  Story  of  Bethlehem  Steel.  By  .\runde!  Cotter.  The  Moody 
Magazine  and  Book  Co.,  New  York,  1916.  Cloth,  5x71^  in.,  65 
pp.,   8  illustrations.     .$0.75.     Gift  of  the   publisher. 

Text  Book  on  Motor  Cab  Engineering.  Vol.  Ill — Design.  By  A.  G. 
Clark.     London,  1917.     Purchase. 

Topicos  Tecnicos.  By  Octavio  A.  Acevedo,  Santo  Domingo,  R.  D., 
1917.       Gift  of  author. 

Tre.atise  on  Qua.ntitative  Inorganic  -Analysis.  J.  W.  Mellor. 
London,  191S.     Purchase. 

Underwriters'  Laboratories.  List  of  Inspected  Mechanical  Appli- 
ances, July  1916.     Purchase. 


List    of    Inspected    Electrical    Appliances,    April    1917. 


Purchase. 


U.  S.  Department  of  Commerce,  Bureau  of  Foreign  and  Domestic 
Commerce.  Artificial  Dyestuffs  used  in  the  United  States. 
Special  Agents   Series,  no.    121.      Washington,  1916. 

■ Danish    W^est    Indies,    their    resources    and    commercial 


importance.      Special    Agents    Series,    no.    129.      Washington,   1917. 
Government  Aid  to  Merchant  Shipping.  Special  .\gents 


Series,   no.    119.      Washington,  1916. 


Lumber    Markets    of    the    West    and    North    Coasts    of 

South   America.     Special  Agents  Series,  no.   117. 

Pilotage   in    the    United   States,   summary   of  laws   and 


regulations    relating    to    pilotage    in    the    several    states.      Special 
-Agents  Series,  no.   136.      Wa.^hington,  1917. 

Statistical     Abstract     of     the     United     States,     1916. 


Washington,  1917.     Gift  of  United  States  Department  of  Commerce. 

Value  of  Peat  Fuel  for  the  Generation  of  Steam.     Canada.    Mines 
Department.      Bulletin    17.      Ottawa,  1917.      Purchase. 


Gift  op  Wm.   Paul  Gerhard 

Control  of   Plumbing    Work    by   Water   Departments.      By    W.    P. 
Gerhard.      Reprinted   from    the   Sanitary   Engineer,    1916. 

Progress   of   the   Public   Movement   in   the   United   States.      Re- 
printed from  Metal   Worker,    Dec.   12,   19,   1913. 

Public   Bath    Houses   and    Swkm.ming    Pools.      By    Wm.    P.    Gerhard. 

I'tuLic  Comfort  Stations.     By  Wm.  P.  Gerhard. 

Wati.r    Supply    of    Country    Houses.      By    Wm.    P.    Gerhard.      Re- 
printed with  permission  of  The  Review  of  Reviews  Company,    191i. 
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PERSONALS 

/N  these  columns  are  inserted  items  concerning  members  of  the  Society  and  their  professional 
activities.  Members  are  always  interested  in  the  doings  of  their  fellow-members,  and  the 
Society  welcomes  notes  from  members  and  concerning  members  for  insertion  in  this  section.  All 
communications  of  personal  notes  should  be  addressed  la  the  Secretary,  and  items  should  be  re- 
ceived by  August  16  in  order  to  appear  in  the  September  issue. 


CHANGES  OF  roMTIOX 

Padl  Fenton,  (oiinerly  instructor  ot  machine  design  at  Cornell  I'lii- 
vei-sity,  Ithaca,  N.  Y.,  has  accepted  a  position  as  engineer  with  the 
Hughes  Tool  Company,  Houston.  Tex. 

Ejni.B  G.  .Tegge,  formerly  assistant  chief  engineer  of  The  Arlington 
Company.  Arlington.  N.  J.,  has  become  affiliated  with  the  Du  Pont 
Fabrikoid  Company,  Newburgh,  N.  Y. 

OL.iF  T.  .\vxsi>E.  mechanical  engineer  with  The  lola  rortland 
Cement  Company,  lola.  Kan.,  has  become  associated  with  the  Cuban 
Portland    Cement   Company,   Mariel,    Cuba. 

Howard  A.  G'illan,  formerly  assistant  engineer  with  the  Union 
Pacific  System,  New  York,  has  assumed  the  duties  ot  purchasing  engi- 
neer of  the  Eastman  Kodak  Company.  Rochester,  N.  Y. 


Tap    and    Die    Corporation,    in    the    capacity    ot    designer,    with    head- 
quarters at  their  Springfield,  Mass.,  arsenal. 

Enwix  V.  Davis,  for  the  past  two  years  in  the  engineering  depart- 
ment of  the  Remington  Arms  and  Ammunition  Company,  Bridgeport, 
Conn.,  has  resigned  to  accept  the  position  of  superintendent  of  tha 
Modern  Manufacturing  Comi)any  of  the  same  city. 

Robert  W.  Sweeny,  chief  draftsman  of  the  car  department  of  the 
Chicago,  St.  Paul,  Minneapolis  and  Omaha  Railway,  Hudson,  Wis., 
has  become  affiliated  with  the  Minnesota  Manufacturers'  Association, 
North  St.  Paul,  Minn.,  in  the  capacity  of  chief  engineer. 

.ToHX  B.  Price  has  entered  the  employ  of  The  Mechanical  Appliance 
Company,  of  Milwaukee,  Wis.,  with  temporary  headquarters  at 
Chicago,  Hi.  He  was,  until  recently,  connected  with  the  Peerless 
Electric  Company.  Warren,  O.,  as  assistant  superintendent. 


Howard  G.  Wright,  superintendent  of  construction.  Anaconda 
Copper  Mining  Company,  Anaconda.  Mont.,  is  at  present  connected 
with  the  r.  S.  Smelting  Company.  Salt  Lake  City,  Utah. 

Walter  Grothe  has  severed  his  connection  with  the  National  Car- 
bon Company.  Fremont,  C  and  has  taken  up  the  duties  of  engineer 
for  the  C.  L.  Best  Gas  Traction  Company  of  San  Leandro,  Cal. 

.\NDREW  We.stwater,  formerly  with  the  Columbia  River  Ship  Build- 
ing Corporation.  Portland,  Ore.,  has  been  appointed  chief  engineer  of 
the  (J.  M.   Standiter  Construction  Corporation  ot  the  sanu>  city. 


Siegfried  Rosexzweig,  formerly  mechanical  engineer  with  the  Erie 
City  Iron  Works,  and  at  the  present  time  consulting  engineer  of  the 
steam-engine  department  of  the  York  Manufacturing  Compan.v,  York, 
I'a..  has  also  joined  the  American  Spray  Company.  New  Y'ork.  in  a 
similar  capacity. 

George  P.  Rettig,  mechanical  engineer  with  the  Cincinnati  Motor 
Syndicate.  Cincinnati,  O.,  has  become  associated  with  the  office  of  the 
army  inspector  of  the  Curtiss-Elmwood  plant  at  Buffalo,  N.  Y'.  Mr, 
Rettig  is  connected  with  the  II.  S.  Signal  Service  at  large,  as  in- 
spector of  airplanes  and  airiilane-engines. 


C.  R.  Cady,  until  recently  industrial  engineer  with  Smith.  Ilinchm.an 
and  Grylls,  Detroit.  Mich.,  has  assumed  the  duties  of  manager  of  the 
wheel  department  of  The  Clark  Equipment  Conipaiiy.  P.ucluinau.  Mi<-h. 

Clarence  Ficiiter  has  severed  his  relations  with  the  Chatfield 
Manufacturing  Company,  Cincinnati,  O..  and  has  accepted  a  position 
as  combustion  engineer  with  Day  and  Zimmermann,  of  Philadelphia,  Pa. 

John  W.  Woodcock  has  severed  his  connection  with  the  Crane 
Company,  of  Bridgeport,  Conn.,  and '  has  accepted  the  position  of 
mechanical  superintendent  of  the  Pratt  and  Cady  Company,  Hartford, 
Conn. 

.lAMKs  L.  IviiiscH,  formerly  engineer  in  the  estimating  department 
of  Struthers-Wells  Company,  Warren,  Pa.,  is  now  associated  with  the 
Adamson  Machine  Company,  Akron,  O.,  in  the  capacity  of  superin- 
tendent. 


ANNOUNCEMENTS 

.Tames  H.  Herron  has  been  elected  president  of  The  Cleveland 
Enginc-ering  Society. 

Charles  C.  Lyxde,  editor  of  The  Blast  Furnace  and  Steel  Plant, 
joined  the  Engineers'  Officers  Reserve  Camp  at  Fort  Oglethorpe,  Ga., 
on  May  21. 

Lerov  T.  P.vron  has  enlisted  in  the  U.  S.  Naval  Reserve  Forces 
as  chief  petty  officer,  and  is  on  duty  at  the  Brooklyn  Navy  Yard, 
Brookl.vn,    N.    Y. 

Amasa  M.  Holcombe  has  been  assigned  to  active  duty  in  the 
small  arms  division  of  the  Ordnance  Department,  United  States  Army, 
Washington,    D.    C. 


Hbxrv   a.    STRixGt-ELLow    has   resigned    his 
engineer    with    the    Sedgwick    Machine    Work 
accepted    a    position    as    designer    with    the 
Company,  of  Pittsburgh,  Pa. 


position  of  mechanical 
s.  New  York,  and  has 
Epping-Carpenter    Pump 


-RuiiERT  R.  Keith,  for  the  past  five  years  in  charge  of  the  Sheffield 
Plant  of  the  Fairbanks-Morse  Compan.v.  Three  Rivers,  Mich.,  has 
recently  accepted  the  position  of  plant  manager  of  The  Holt  Manu- 
facturing Company,  Peoria,   111. 

R1CH.UID  M.  Jamks.  rate  setter  with  the  Westinghouse  Electric  and 
Manufacturing  Company.  East  Pittsburgh.  Pa.,  has  entered  the  em- 
ploy of  tne  Boonton  Rubber  Manufacturing  Company.  Boontiui.  N.  .!.. 
as  foreman  of  the  finishing  department. 

W.vLTBK  S.  GiELE.  formerly  general  superintendent  of  the  plants  of 
the  Harrison  Safety  Boiler  Works.  Philadelphia.  Pa.,  is  now  con- 
nected with  the  Lebanon  Gear  and  Machine  Works.  Lebanon,  Pa., 
as  vice-president  and  general  manager. 

Ronald  V.  Bii.lixgton  has  become  a.ssociated  with  the  Interstate 
Commerce  Commission,  Kansas  City,  Mo.,  as  junior  engineer.  He  was, 
until  recentl.v,  connected  witli  the  engineering  department  of  the  Great 
Western  Sugar  Company,  Lovell,  Wyo. 

AXTELL  A.  Lliiyd  has  left  the  employ  of  the  .\mericin  Ammunition 
Company,  of  New  York,  and  has  become  affiliated  with   the  (Jreenfield 


LiEiT.  A.  Laxgst.\ff  JonxsTON,  .Tu..  has  been  called  to  active 
duty  at  the  Newport  News  Shipbuilding  and  Drydock  Company.  New- 
port News,  Va.,  and  has  temporarily-  closed  his  office  in  Richmond,  Va. 

Ambrose  Swasey,  Past-President,  .Vm.Soc.M.E..  was  elected  presi- 
dent of  the  Cleveland  Young  Men's  Christian  Association,  at  the  an- 
nual election  on  June  1.  He  has  been  very  active  in  the  association, 
and  has  been  its  first  vice-president  for  several  years. 

Cai'TAIN  Elmer  K.  HIles  has  been  called  Into  active  service  of 
the  Fifth  Regiment.  Engineers'  Reserve  Corps,  and  has  reported  for 
duty.  Captain  Hiles  is  secretary  of  the  Engineers'  Society  of  West- 
ern Pennsylvania,  and  began  training  for  the  service  last  summer  at 
Plattsburg. 

John  P.  Flippex,  formerly  chief  engineer  of  the  C.  H.  Wheeler 
Mannfacluring  Company.  Philadelphia.  Pa.,  is  now  district  manager 
of  that  company's  interests  in  Western  Pennsylvania.  Ohio  and  West 
Virginia,  with  offices  in  Cleveland  and  Pittsburgh.  Mr.  Flippen  Is 
operating  in  conjunction  with  the  Baker  Dunbar  Allen  Company,  con- 
tracting engineers. 

It  was  incorrectly  stated  in  the  July  Journal  that  Gail  II.  Browne 
left  the  employ  of  Ford,  Bacon  and  Davis.  Mr.  Browne  has  been 
transferred  from  the  New  Orleans  office  of  the  company  to  their  New 
Y'ork  office,  and  is  still  emplo.ved  by  them  as  resident  engineer  on  an 
increased  power  project  for  the  Lehigh  '^'alley  Transit  Company  at 
Allentown.  Pa. 
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Al-I^  books  received  by  The  Journal  will  be  listed  under  this  heading,  generally  accompanied  by 
■^~^  brief  descriptive  notes.  Works  of  special  importance  to  mechanical  engineers  will  be  com- 
mented on  at  length  by  members  and  others  peculiarly  qualified  by  reason  of  their  experience  and 
training. 


Friinoo-Anieiioan  Trade.  Keport  to  the  Ainericnii  Mauufaoturers'  Ex- 
port Associatitm  Uy  thr  American  Industrial  Commission  to 
I-'rance.  Tin-  American  Manufactnrers"  ICxport  Association.  1(»0 
Hroailwa.v.  New  York,  I'.IIT.  Boards,  S  x  KV'i  in..  i.">ti  pp..  .'il 
illustrations  and  1(»  folding  maps. 

The  American  Industrial  Commission  to  France,  organized 
and  sent  l)y  the  American  Manufacturers'  Export  Association 
in  August  1916  (see  The  Journal,  September  1916,  p.  735), 
has  recorded  in  a  liandsome  volume,  just  issued,  the  results  of 
its  comprehensive  study  of  the  means  whereby  American 
resources  may  best  be  made  available  for  the  reconstruction 
of  the  devastated  regions,  and  Franco-American  trade  rela- 
tions may  otherwise  be  furthered. 

The  Commission,  whose  persoiniel  included  Messrs.  W.  W. 
Nichols  (Chairman).  Laurence  V.  Benet  and  J.  E.  Sagne  of 
this  Society,  was  composed  of  twelve  members  representative 
of  a  wide  range  of  interests,  and  in  the  forty-odd  days  spent 
in  the  chief  industrial  centers  and  ports  of  the  sister  republic 
managed  to  accumulate  the  wonderful  fund  of  information 
which  is  here  set  forth  with  an  abundance  of  illustrations 
and  maps. 

Tlie  work  consists  of  twenty-five  chapters  and  an  apjiendix, 
and  among  the  many  topics  treated  are  those  of  trade  and 
tarifl',  industry  and  plant  construction;  industrial  and  agri- 
cultural machinery,  labor,  syndicates  and  cooperative  so- 
cities;  chambers  and  courts  of  commerce,  seaports  and  ship- 
ping, transportation;  hydroelectric  power;  chemical  industry; 
alcohol,  social  welfare,  city  planning;  education,  the  devas- 
tated regions  and  their  rehabilitation;  Belgian  reconstruction, 
etc.  Manifestly  it  has  been  impossible  to  give  more  than  a 
very  general  outline  of  any  one  subject,  but  it  is  the  belief 
of  the  Commission  that  the  facts  cited  and  opinions  expressed 
will  throw  light  not  only  on  present  conditions,  but  on  some 
of  the  probable  developments  that  may  be  anticiiiated  as  a 
result  of  the  war.  A  suggestive  bibliography,  as  well  as  re- 
ports and  recommendations  of  the  American  Chamber  of 
Commerce  in  Paris,  made  at  the  request  of  the  Commissinn, 
are  included. 


A  Discussion  cif  the  l*rineiples  and  Practice  I'nderlying  Char^ji^  for 
Water,  Cias,  Kleetrieit.v,  Communication  and  Transportation  Serv- 
ices. L!y  Harry  i;arl;or.  McGraw-Hill  I'.ook  Co.,  Inc.,  New  York, 
1017.     Cloth,  U  X  9  in.,  3S7  pp.     $4. 

The  author's  aim  has  been  to  present,  concisely  and  impar- 
tially, and  as  far  as  possible  in  non-technical  language,  the 
diverse  ]diases  of  rate-making  for  public  utilities,  including  a 
comprehensive  discussion  of  (1)  such  corporation  and 
municipal  activities  as  aiifect  service  and  rates;  (2)  the  trend 
of  public  ojjinion  and  court  and  commission  decisions;  and 
(3)  the  most  important  engineering  and  economic  problems 
involved,  with  the  hope  that  it  will  prove  of  service  to  lawyers 
and  legislators,  to  editorial  writers  of  the  daily  press,  to  stu- 
dents of  mnnicijial  affairs,  and  to  the  general  public.  Con- 
tents :  Development  of  Utility  Regulation ;  Utility  Privileges 
and  Obligations;  Rights  of  the  Public;  Product  and  Service 
Companies;  Some  Definitions  of  Rates  and  Services;  Various 
Bases    for    Rates;    Details    of    tlie    Cosf-of-Service    Study    of 


Rates;  Test  for  P'ixed  and  Uiieialiiig  Charges;  Fair  ^'alue  of 
a  Utility  Property;  Valuation  as  an  Engineering  Task; 
Appraisal  of  Land  and  Water  Rights;  Reasonable  Return, 
Interest,  Compensation  for  Risk  and  Attention,  Extra  Profits; 
Depreciation  as  it  Affects  Utility  Rates;  Miscellaneous  Prob- 
lems Indirectly  Related  to  Rate-Making;  Problems  of  Railway 
Rates;  Problems  of  Express  Transportation  Rates;  Rate 
Problems  of  Street  and  Interurban  Railway  Transportation; 
Problems  of  Water  Rates;  Rate  Problems  of  Gas  Utilities; 
Rate  Problems  of  Electricity  Supply  Works;  Problenis  of 
Telephone  Rate-Making;  Appendices   (4). 

Modern  I'nderpinning:  Development,  Methods  and  Typical  E.xamples. 
By  Lazarus  Whit»  and  Edmund  .\.  Prentis.  Jr.  .Tohn  Wiley  & 
Sons,  Inc.,  New  Y'ork,  1H17.  Cloth.  (!  x  !•  in.,  94  pp.,  4,S  illus:ra- 
tions.     $1..50. 

Exhibits  by  means  of  photographs  and  drawings  the  es- 
sential steps  in  underpinning  as  illustrated  by  the  methods 
used  in  subway  construction  in  New  York  City.  Only  enough 
text  to  supplement  the  illustrations  is  included.  Contents: 
General  Aspects;  Development  of  Underpinning  and  Methods; 
Shores,  Needles,  and  Foundation  Reinforcements;  Specific 
Examples  of  Underpinning;  Ajipeiidix. 

steam  Piping.  Its  Ec(momical  Design  and  Correct  Layout.  By  A. 
Langstaffi  Johnston,  Jr.  The  Engineering  Magazine  Co.,  New  York, 
191(i.     Cloth,  5  X  7Mi  in.,  02  pp.,  7  illustrations,  .f2. 

Consolidated  and  revised  from  a  sei'ies  of  articles  published 
in  The  Enyineering  Magazine  in  191.5.  The  factors  governing 
the  flow  of  steam  in  pipes  are  analyzed,  and  a  group  of  curves 
is  presented  for  use  in  solving  the  proldems  of  practical  instal- 
lation and  determining  the  most  economical  size  of  pipe  to 
select  for  any  given  conditions.  Contents :  How  to  Find  the 
Right  Pipe  Sizes;  Special  Conditions  Affecting  Low-Pressure 
Systems;  and  Savings  Obtainable  from  Exhaust  Steam. 


MieroHcopie  Examinatinu  of  Steel.  Hy  Henry  ra.v.  John  Wiley  &  Sons, 
Inc.,  New  Y'ork,  1917.  Cloth,  CxO  in.,  IS  pp.,  32  full-page  plates. 
$1.25. 

While  originally  issued  by  the  Ordnance  Department, 
U.  S.  A.,  and  intended  for  the  exclusive  use  of  inspectors  of 
ordnance  material,  this  volume  is  now  published  for  the  use  of 
others  interested  in  the  inspection  of  steel.  It  presents  an 
outline  of  metallographie  methods,  illustrating  typical 
examples.  It  is  intended,  not  for  use  as  a  textbook,  but  ijar- 
ticularly  for  those  who  are  in  need  of  .some  help  in  the  interpre- 
tation of  results. 


steam  Power.      By  C.   !<'.   llirslifcld  and  T.   C.    ril.ri<ht.      J<ihn   Wiley  & 
Sons,  Inc.,  New  York,  19111.     Cloth,  .'>',    x  S  in..  42ii  pp.,  2;;2  ligs. 

5;2. 

The  authors  have  endeavored  to  collect  in  a  eom])arativ(ly 

small  book  such  parts  of  the  field  of  steam  power  as  sliould  he 

familiar  to  engineers  whose  work  does  not  require  that  they  he 

conversant    with    the    more    com]>licated   therniodynaniic    prin- 
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ciples  considered  in  advanced  treatments,  and  the  work  is 
primarily  intended  for  use  as  a  textbook  by  students  of  civil 
engineering  and  in  teaching  power-plant  operators.  Mathema- 
tical treatment  of  the  subject  has  been  eliminated  to  the 
greatest  possible  extent. 

The  Theory  of  Machines.     By   Robert  W,  Angus.   B.  A.   Sc,  Mem. Am. 

Sgc.M.E.     Second  edition.    McGraw-Hill  Book  Co.,  Inc.,  New  York, 
1917.     Cloth,  6  .X  9  in.,  340  pp..  193  figs.     $3. 

This  is  a  treatise  on  the  principles  of  mechanism  and  the 
elementary  mechanics  of  machines,  for  use  in  colleges.  It  deals 
with  problems  of  fairly  common  occurrence,  for  which  gTaphi- 
cal  solutioiis  have  been  devised  by  the  author.  In  the  first  part 
of  the  book  a  vector  method  of  representing  the  relative  mo- 
tions of  the  different  parts  of  a  mechanism,  called  the  "  phoro- 
graph  "  method,  is  employed,  which,  it  is  stated,  appeared  in 
print  for  the  first  time  in  the  previous  edition.  The  second 
part,  of  much  greater  difficulty,  is  devoted  to  governors,  speed 
fluctuations,  flywheel  weights,  accelerations  in  machinerj'  and 
their  effects,  balancing  (new  chapter),  etc. 


The  Ventilation  Hand  Baol<:  The  Principles  and  Practice  of  Ventila- 
tion as  Applied  to  Furnace  Heating ;  Ducts,  Flues  and  Dampers 
for  Gravity  Heating ;  Fans  and  Fan  Work  tor  Ventilation  and 
Hot  Blast  Heating.  By  Charles  L.  Hubbard.  Sheet  Metal  Pub 
lishing  Co.,  New  York.   1910.     Cloth.  6  x  .S  in.,  218  pp.,  137  figs. 


A  series  of  ciuestions,  answers  and  descriptions,  with  illustra- 
tions arranged  from  a  series  of  articles  prepared  for  Sheet 
Metal.  The  author  states  that  he  has  endeavored  to  keep  all 
descriptions  and  mathematical  work  well  within  the  understand- 
ing of  the  student  and  beginner. 


Handbook  of  Casingiiead  Gas.  By  Henry  P.  Westcott.  Metric  Metal 
Works.  Erie.  Pa.,  1916.  Cloth,  5x8  in.,  274  pp..  49  illustrations. 
$2.50. 

Information  on  the  processes  used  for  extracting  gasoline 
from  natural  gas,  based  on  visits  to  many  existing  plants  and 
a  study  of  their  reports.  Contents:  General  Physical  Prop- 
erties of  Casinghead  Gas  Wells ;  Construction  of  Pipe  Lines : 
Measuring  Casinghead  Gas;  Gasoline  Plant,  Compression 
Method ;  Gasoline  Plant,  Absorption  Method ;  Transportation 
of  Gasoline;  Miscellaneous. 


steam  Turbines:  A  Treatise  Covering  U.  S.  Naval  Practice.  By  (J.  .T. 
Meyers.  The  U.  S.  Naval  Institute,  Annapolis.  Md.,  1917.  Cloth, 
8    X    12    in..    246    pp.,    202    tigs.      S4..-i0. 

This  book  has  been  prejiared  to  serve  as  an  elementary 
treatise  on  steam  turbines  for  the  use  of  midshipmen  at  the 
U.  S.  Naval  Academy,  and  deals  mainly  with  tyjies  found  in 
the  U.  S.  Naval  Service. 


Practical  Slieet  Metal  Duct  Construction:  .\  Treatise  on  the  Construc- 
tion and  Erection  of  Heating  and  Ventilating  Ducts.  By  William 
Neubecker.  The  Sheet  Metal  Publishing  Co..  New  York.  191i'i 
Cloth,  6x8  in.,  194  pp.,  217  figs.     $2. 

Illustrated  descriptions  of  the  various  operations  involved 
in  the  construction  and  erertion  of  sheet-metal  air  ducts. 


A  Handbooli    for   Cane-Sugar  Manufacturers   and   Their   Chemists.      B.v 
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students.  Representative  examples  of  modern  tramway  and 
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trifleation  have  been  omitted  and  generating  stations  and 
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Apparatus;  RoUing  Stock;  Detailed  Study  of  Train  Move- 
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Gives  the  English  equivalents  (correct  to  six  places)  of  the 
metric  measures  of  length  and  weight  and  of  the  old  French, 
Prussian,  Austrian  and  Russian  measures  of  length.  Intended 
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Fig. 


1    Crystalline  and   Amorphous 
Natural  Graphite 
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A  STUDY  OF  GRAPHITE  AND  OF  ITS  COMPOUNDS  FOR 

LUBRICATING   PURPOSES 

By  CHRISTOPHER  H.  BIERBAUM,'  BUFFALO,  N.  Y. 
Member  of  the  Society 


MAN'S  earliest  knowledge  of  graphite  dates  back  to  the 
remotest  antiquities,  its  application  for  useful  purposes 
being  shown  in  the  prehistoric  remains  on  continental  Europe. 
Here  it  had  been  used  not  only  as  a  coloring  material  in 
the  early  art  of  pottery  making,  but  also  mixed  with  day 
for  making  refractory  melting  pots  or  crucibles. 

The  earliest  written  history  of  graphite  seems  rather  in- 
definite, leaving  considerable  doubt  in  some  instances  as  to 
wliether  graphite  was  actually  referred  to  or  some  other  mineral 
substance.  This  was  due  entirely  to  a  lack  of  exact  chemical 
knowledge,  which  resulted  in  confusing  graphite  with  lead 
and  molybdenite  and  gave  rise  to  the  terms — still  modern — 
plumbago,  black  lead,  reisblei,  crayon  noir,  and  the  like. 

The  first  positive  and  definite  written  accounts  of  graphite 
and  its  uses  for  refractory  melting  pots  are  given  by  Agricola 
(1494-1555).  The  next  definite  economic  use  of  graphite  of 
which  we  have  written  history  is  in  the  lead  pencil,  made 
as  far  back  as  the  sixteenth  century  by  placing  a  carefully 
shaped  piece  of  natural  graphite  into  a  grooved  wooden 
stick.  It  may  never  be  known  who  first  used  graphite  for 
lubrication  in  modern  machinery,  though  bearing  troubles  in 
the  modern  sense  could  not  have  existed  until  after  modern 
machinery  existed.  Statistics  show  that  the  number  of  users 
of  graphite  for  lubricating  purposes  is  increasing  at  an 
enormous  rate,  the  consumiDtion  for  this  purpose  for  the  latest 
year  for  which  we  have  data,  namely,  1913,  being  30,000  tons. 

Early  in  the  writer's  experience  with  bearings  and  lubricat- 
ing problems,  graphite  proved  an  inviting  subject.  The  re- 
sults obtained,  however,  were  so  varied  and  at  times  so  unsatis- 
factory that  he  was  finally  led  to  investigate  broadly  the 
entire  subject  of  graphite  for  lubrication,  which  resulted  in 
perfecting  a  process  by  means  of  which  more  than   thirteen 
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per  cent  of  earthy  materials  have  been  eliminated  from  one 
of  the  best-known  graphites  on  the  market. 

Graphite  is  one  of  the  three  allotropic  forms  of  the  chemii-al 
element  carbon,  amorphous  carbon — say,  the  charcoal  made  of 
pure  sugar— and  the  diamond  being  the  other  two.  All  tliree 
forms  are  subject  to  a  large  number  and  variety  of  impurities. 
It  is  the  impurities  of  a  graphite  that  largely  determine  its 
physical  characteristics,  and,  strange  as  it  may  seem,  graphite 
is  a  material  whose  impurities  give  it  its  designation. 

The  origin  of  graphite  is  twofold — natural  and  artificial. 
Artificial  graphite  is  a  by-product  of  the  electric  furnace  in 
the  production  of  silicon  carbide,  which  is  known  in  the  trade 
as  carborundum  and  crystolon.  Natural  graphite  is  derived 
from  coal  or  early  vegetable  forms,  and  from  bituminous 
sources.  The  gradual  process  in  which  Nature  has  produced 
graphite  from  the  vegetation  of  the  Carboniferous  Age  is 
distinctly  seen  in  the  successive  steps  in  the  development  of 
the  coal  formations — peat,  lignite,  semi-bituminous,  bituminous, 
semi-anthracite,  anthracite,  and  finally  graphite  itself,  having 
all  the  impurities  corresponding  to  the  admixture  of  earthy 
matter  during  the  entire  development.  The  natural  graphite 
of  vegetable  origin  is  that  generally  known  as  natural 
amorphous  graphite.  This  is  usually  a  high  grade  of  graphite, 
that  is,  the  carbon  is  usually  very  completely  graphitized  and 
free  from  the  high  hydrocarbons,  but  has  very  decided  draw- 
backs owing  to  its  impurities,  consisting  mostly  of  earthy 
admixtures.  The  other  class  of  natural  graphite  is  that  formed 
of  asphaltic  or  bituminous  matter.  The  best  examples  of 
this  class  are  the  Ceylon  grades,  many  of  which  are  known 
as  crystalline  or  columnar— sometimes  called  fibrous  graphites. 
In  addition  to  earthy  impurities,  this  grapliite  also  contains 
some  of  the  very  highest  orders  of  the  hydrocarbon  com- 
pounds. The  affinity  that  hydrogen  has  for  carbon  is  very 
strikingly  shown  in  these  graphite  formations:  the  conversion 
of  the  carbon  to  graphite  seems  complete  and  the  hydrogen  is 
still  held  in  combination,  at  least  in  part.  In  fact,  one  of  the 
world's    greatest    diamond    experts    finds   that    the   Brazilian 
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Fig     4     \hrasions    AUde    bv    Impurities    Fig.     5     Artificiai,     Graphite     Showing    Fig.     6     Artificial     Graphite     .Showing 
(120  Diameters)  Sh-icon    Carbide    (120   Diameters)  Silicon    Carbide    (120  Diameters) 


diamond  still  possesses  a  small  percentage  of  hydrogen  ;uul 
that  its  specific  luster  is  due  to  this  impurity.  To  tlie  lat- 
ter class  of  natural  graphites,  those  of  bituminous  origin, 
belong  the  micaceous  graphites,  those  formations  in  which 
the  flakes  are  made  up  of  alternate  layers  of  mica  and  graphite ; 
and  also  those  having  sufficient  micaceous  material  to  impart 
to  the  graphite  the  crystallized  structure  corresponding  to  the 
different  varieties  of  mica. 

It  will  be  observed  that  the  usual  classifieation  is  not  adhered 
to — that  the  micaceous  graphite  is  not  included  in  the  crystal- 
line variety.    The  reasons  for  this  classification  are  as  follows: 

1  Some  of   the   very   finest   microscopic   subdivisions   of  the 

coarsely    laminated    micaceous    varieties    appear    to    be 
amorphous 

2  All  varieties  of  the  micaceous  graphites  when  ground  to 

ultramicroscopic    fineness   show    transparent   particles    of 
mica 
.'i     There  is  a  clear  dividing  line  between  the  micaceous  and 
non-micaceous   graphites   of   bituminous    or   non-organic 
origin. 

The  characteristic  difference  between  two  of  the  natural 
graphites,  the  amorphous  and  crystalline,  is  shown  in  Fig. 
1.  The  right-hand  side  represents  the  amorphous  graphite 
and  the  left  side  the  crystalline.  They  are  substantially  of 
the  same  degree  of  purity,  one — the  amorphous — having  more 
or  less  irregular  rounded  particles,  while  the  other  has  sharp 
and    angular    particles.      This    holds    true    even    though    the 


pai  tides  are  reduced  to  the  minutest  microscopic  subdivisions. 
According  to  the  foregoing  classification  the  strictly  crystalline 
graphites,  not  being  suited  for  lubrication,  are  not  given 
further  consideration. 

Fig.  2  shows  a  very  beautiful  specimen,  a  sliver  or  trans- 
verse section  of  the  micaceous  variety  of  grai^hite  (magnified 
200  diameters),  in  which  are  seen  the  alternating  layers  of 
mica  and  graphite,  the  mica  being  translucent  or  light  colored 
and  the  grajihite  black  or  strictly  opaque.  This  striated  oblong 
particle  shows  a  small  portion  broken  off  from  the  main 
body  but  still  held  by  a  filament  of  mica  which  has  been  bent, 
showing  that  the  mica  is  of  the  flexible  variety.  This,  together 
with  the  lines  of  fracture  shown  under  the  microscope,  indi- 
cates that  this  particular  mica  is  the  variety  known  as  musco- 
vite,  a  comparatively  tough  and  flexible  variety.  This  specimen 
has  rather  coarse  laminations,  corresponding  to  the  largest 
Hake  formation,  the  layers  of  mica  approaching  a  thickness 
of  0.0001  in.  Anyone  can  appreciate  that  graphite  having 
tills  amount  of  mica  as  an  impurity  is  undesirable  in  bearings. 
To  illustrate,  if  one  of  these  particles  should  become  located 
between  an  engine  shaft  and  its  babbitt  bearing  over  night, 
the  inevitable  result  would  be  "  pockmarking.'" 

Fig.  3,  a  photomicrograph,  shows  the  impurities  taken  from 
one  of  the  highest  grades  of  micaceous  or  tlake  graphite  pro- 
curable on  the  market.  It  shows  a  number  of  crystals  of 
abrasive  material  and  other  particles  composed  of  mica,  clay, 
alumina,  hornblende,  and  the  like.  A  simple  method  of 
testing  the  abrasive  properties  of  these  impurities  was  resorted 
to:    it   consisted   in   placing  a   small   soft-wond    hWk   on    the 


Fig.  7    Abrasioins  Made  by  Silicon  Cab- 
bide  (120  Diameters) 


Fig.  8    Abrasions  Made  by  Siiicon  Cab- 
bide   (120  Diameters) 


Fig.      9       Impurities      in      Air-Floated 
Graphite   (120  Diameters) 
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Fig.  10    Abrasions  Made  by  Impurities 

IN  Air-Floated  Graphite  (120 

Diameters) 


Fig.   11     Milled   Bronze   Surface 
(100  Diameters) 


Fig.     12     Surface     Shown     in     Fig.     11 
Abraded   by   the   Impurities   in   Air- 
Floated   (Juaphite    (100   Diameters) 


end  of  a  small  t'an-motor  shaft,  then  mixing  the  impurities 
with  oil  and  applying  the  mixture  to  the  end  of  this  wooden 
bloek,  holding  a  microscopie  slide  against  the  block  while 
it  was  revolving  rapidly,  and  then  making  a  photomicrogi'apli 
of  the  abraded  microscopic  slide,  using  oblique  illumination. 
Fig.  4  shows  this  abraded  surface.  It  will  be  appreciated 
that  in  all  of  these  abrading  tests  only  those  particles  which 
are  hard  enough  to  cut  glass  liave  been  brought  into  con- 
sideration, since  all  particles  hard  enough  to  cut  glass  are 
also  hard  enough  to  cut  any  bearing  for  which  graphite 
might  be  used  as  a  lubricant,  whether  it  be  a  babbitt,  bronze, 
or  hardened-steel  roller  or  ball  bearing. 

Artificial  graphite  is  an  amorphous  graphite,  as  is  clearly 
shown  in  Fig.  5.  As  already  stated,  it  is  a  by-product  of  the 
electric  furnace  in  the  manufacture  of  silicon  carbide — next 
to  the  diamond  the  hardest  known  abrasive  substance — and 
it  is  difficult  to  remove  all  traces  of  this  matter  from  the 
graphite.  In  the  center  of  the  view  is  shown  a  small  spicule 
of  this  material,  so  undesirable  in  a  lubricant.  Fig.  6  like- 
wise shows  a  pair  of  silicon-carbide  crystals. 

Fig.  7  is  a  photomicrograph  of  a  glass  surface  abraded  in 
the  manner  already  described  by  using  artificial  graphite 
which  had  been  marketed  in  the  dry  form.  It  is  interesting 
to  note  the  sharp,  definite  cuts  in  this  view,  characteristic  of 
a  high-class  abrasive. 

Fig.  8  shows  an  abraded  surface  made  with  an  artificial- 
grajshite  com]ionnd  marketed  in  the  form  of  a  graphite  grease. 


Fig.  9  shows  the  impurities  of  an  amorphous  natural 
graphite.  These  impurities  are  somewhat  clotted  together, 
though  sharp  and  distinct  crystals — mostly  silica  or  white 
sand — are  discernible.  It  will  be  observed  that  these  crystals 
are  more  or  less  rounded,  and  Fig.  10  shows  a  surface  abraded 
by  matter  resembling  sea  sand,  but  not  in  as  clear-cut  a 
manner  as  in   the  preceding  figures. 

It  has  sometimes  been  argued  that  the  impurities  of  graphite 
could  be  counteracted  by  simply  using  a  larger  amount  of 
graphite,  just  as  an  excess  quantity  of  oil  or  grease  is  sup- 
plied when  the  quality  is  deficient.  This,  however,  cannot 
be  done  with  graphite.  The  following  two  photomicro- 
graphs (magnified  100  diameters)  show  that  any  abiasive 
impurity  whatever  cannot  be  present  in  the  graphite  without 
leaving  its  undesirable  or  destructive  effect  upon  the  bearing 
surfaces.  Fig.  11  shows  the  smooth-milled  surface  of  a 
bronze  gear  tooth  of  a  rotary  pressure  pump  which  was 
used  for  pumping  a  mixture  of  substantially  equal  parts 
of  water  and  fine  air-floated  graphite,  the  mixture  having" 
the  consistency  of  cream.  The  pump  was  used  for  pumping 
this  mixture  against  a  head  of  2  lb.  per  sq.  in.  for  the  purpose 
of  forcing  the  graphite  and  water  through  a  burr  mill  in  order 
to  effect  proper  grinding.  Fig.  12  shows  the  surface  of  this 
tooth  after  it  had  been  in  use  for  thirty  days,  and  demonstrates 
very  conclusively  that  it  is  impossible  to  use  graphite  with 
impurit'ps  in  any  form  between  metallic  wearing  surfaces  with- 
(lut  having  the  injurious  abrasive  effects  of  these  impurities. 
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Fig.  13     Impurities   in   Air-Floated 
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Fig.   li     Impurities  in   Air-Floated 
Graphite   (120  Diameters) 


Fig.  15     Impurities  in  Air-Floated 
Graphite    (120  Diameters) 
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Fig.  16  Abrasions  Made  by  Impurities 
IX  Air-Floated  Graphite  (120  Diame- 
ters) 


Fig.  13  shows 
the  impurities 
separated  out 
from  the  graph- 
ite-water mixture 
passing  through 
the  pump  men- 
tioned, also  mag- 
nified 100  diam- 
eters. 

Fig.  14  shows 
the  washed  crj's- 
tals  of  another 
natural  a  m  o  r  - 
phous  graphite  of 
a  very  high-grade 
variety.  While 
this  graphite  was 
prepared  with  the 
gi-eatest  care  before  marketing,  the  purifying  process  being 
that  of  air  floating,  it  nevertheless  contained  a  very  fine- 
grained clear  sand. 

Fig.  15  shows  the  impurities  of  another  variety  of  air- 
floated  graphite  on  the  market  which  are  of  a  somewhat 
different  nature,  being  more  oblong  or  elongated  crystals. 
This  is  due  to  the  nature  of  the  composition  of  these  impun 
ties,  which  are  crystallized  aluminum  oxide.  If  we  had  these 
impurities  in  their  natural  colors  they  would  represent  jewels, 
the  blues  being  sapphires,  the  yellow  and  canary-colored 
ones  oriental  topazes,  and  the  whites  leucosapphires.  Fig. 
16  shows  an  abraded  surface  made  by  the  impurities  slmwii 
in  the  preceding  figure. 

Fig.  17  shows  a  microscopic  scale  consisting  of  a  very 
fine  graduation  on  a  glass  surface,  the  smallest  subdivision 
being  0.01  mm.  (about  0.0004  in.).  This  scale  was  sub- 
jected to  the  abrasive  test  previously  described,  the  graphite 
used  on  tlie  small  revolving  block  being  that  from  which  the 
impurities  had  been  removed  by  the  Bierbaum  process.  The 
surface  of  this  slide  speaks  for  itself — there  was  no  abrasion. 
and  it  can  be  appreciated  that  the  slightest  abrasive  particle 
on  this  finely  graduated  surface  would  have  left  its  mark. 

Fig.  18  shows  a  fungus  growth  in  a  graphite  compound 
purcl'.ased  on  the  market,  and  evidences  the  fact  that  a  veg- 
etable or  animal  oil  was  used,  at  least  in  part,  in  its  prepara- 
tion. 

Fig.  19  shows  the  developing  spore  of  another  variety  of 
fungus   also   growing   in    this   graphite   compound,    and    Fig. 


20  still  another  species  entering  into  the  decomposition  of  the 
oil  wliile  it  is  in  the  process  of  becoming  rancid. 

Fig.  21  shows  the  fatty  acid  crystals  in  the  decomposed  oil. 
All  animal  and  vegetable  oils,  chemically  speaking,  are  salts, 
glycerine  being  the  base  and  the  acids  being  the  organic 
radicals  corresponding  to  the  chemical-  coinposition  of  these 
oils.  Tliis  decomposition  cannot  and  does  not  occur  in  pure 
mineral  oils.  Graphite  compounds  using  animal  or  vegetable 
oils  should  be  thoroughly  sterilized  before  they  are  sealed 
in  their  containers. 

It  has  always  been  found  diflicult  to  apply  the  dry  graphite 
to  an  ordinary  bearing,  and  for  that  reason  grease  or  oil 
has  been  chosen  as  a  carrier.  In  the  case  of  grease  there  is 
no  difficulty — the  graphite  will  not  settle  out,  but  in  the 
case  of  oil  it  has  given  rise  to  the  interesting  study  of  graphite 
suspension.  Anyone  who  has  observed  the  suspension  of  dust 
in  the  air  as  revealed  by  a  small  beam  of  bright  sunlight 
entering  a  dark  room  must  be  forced  to  the  conclusion  that 
this  suspension  of  material  particles  in  the  air,  that  is,  solid 
matter  suspended  in  a  gaseous  medium,  is'  due  entirely  to  the 
extreme  fineness  of  the  ]iarticles,  since  it  is  observable  in  air 
which  for  days  has  been  in  a  quiescent  state.     The  suspension 
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Fig.    17    Microscopic   Glass    Scale   after   Abrasive    Test 
WITH  Purified  Graphite 

of  a  solid  in  a  fluid  should  therefore  he  more  easily  obtainable, 
especially  when  we  consider  graphite  and  oil,  since  there  is 
a  film  tension  of  oil  around  each  particle  of  graphite  and 
the  oil  has  a  positive  capillary  affinity  with  the  surface  of  the 
graphite,  and  by  the  fine  subdivision  of  the  graphite  its  ag- 
gregate surface  is  increased  enormously.  To  illustrate,  if  it 
were  possible  to  crush  a  1-in.  cube  of  graphite  to  such  a 
state  of  fineness  that  its  largest  particle  would  not  exceed 
0.000001  in.  in  diameter,  the  aggregate  surface  area  of  this 
quantity  of  graphite  would   then   exceed   1   acre,  whereas  its 


Fig.  18     Fungus  in  RANcro  On, 

(900  DtiMETEBS) 


Fig.  19     Fungus  in  Rancid  On. 
(900  Diameters) 


Fig.  20     Fungus  in  Ran  cm  On. 
(900  Diameters) 
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original  surface  area  was  but  6  sq.  in.  Such  an  extreme 
degree  of  fineness,  however,  is  not  necessary  in  order  to  brinii 
I  he  graphite  out  of  leach  of  the  action  of  gravity  when  mixed 
with  a  light  mineral  lubricating  oil;  in  fact,  microscopic 
observations  seem  to  indicate  that  particles  1/200,000  in.  in 
diameter  are  beyond  the  reach  of  the  action  of  gravity. 

Tt  may  be  of  iuterest  to  express  the  results  of  subdivisions 
mathematically  and  for  the  purpose  start  with  an  inch  cube 
and  consider  the  successive  subdivisions  in  decimal  order. 
The  first  subdivision  gives  cubes  of  one-tenth  inch,  the  second 
hundredths,  the  third  thousandths,  and  so  on.  Now,  let  A 
represent  in  numerical  value  the  length  of  an  edge  of  a  cube, 
and  we  have  for  the  successive  subdivisions :  A — '  the  number 
of  cubes,  6A — '  the  aggregate  surfaces  of  any  subdivision, 
6^4    '  the  surface  of  a  single  cube,  and  A — '  the  weight  of  a 

single  cube.  As 
the  subdivision  is 
increased  the 
weight  of  the 
particles  is  de- 
creased and  the 
relative  surface 
increased,  lessen- 
ing the  weight  of 
a  particle  and  in- 
creasing capillary 
affinity,  and  the 
latio  of  these  two 
values  in  any 
subdivision  gives 
the  specific 
buoyancy  for 
that  subdivi- 
sion; that  is, 
6^-1  /A  =  6A  ' ;  and  omitting  the  common  factor  6  we 
have  A  '  for  the  specific  buoyancy,  which,  from  the  ac- 
companying tabulation  of  results,  is  seen  to  increase  directly 
in   proportion  to  the  increased  subdivision. 

Fig.  22  is  a  graphic  representation  showing  the  law  of 
increase  of  surface  corresponding  to  an  increased  subdivi- 
sion. Of  necessity,  only  a  limited  part  of  the  curve  is  given, 
still  it  shows  that  the  curve  is  hyperbolic  and  asymptotic  to 
the  X-axis  and  that  an  infinite  subdivision  gives  an  infinite 
amount  of  surface. 

From  a  purely  mechanical  viewpoint  the  suspension  of 
graphite  in  oil  should  be  a  relatively  simple  matter;  un- 
fortunately, however,  when  the  particles 
of  graphite  are  fine  enough  to  be  able 
to  defy  the  force  of  gi-avity,  they  are 
then  subject  to  another  force  known  as 
the  Brownian  movements.  Under  the 
latter  force  the  graphite  particles  are 
subject  to  what  approaches  perpetual 
motion;  it  is  not  a  continued  movement 
in  one  direction,  but  a  zigzag  course, 
caused  by  the  free  electrons  striking 
the  particles  of  graphite.  A  particle  on 
being  struck  starts  with  a  jerky  move- 
ment and  continues  moving  until  ar- 
rested by  the  fluid  friction  of  the  oil, 
provided  it  has  not  already  been  struck 
by  another  electron  causing  it  to  bound 
off  in  another  direction.  An  observer 
who  saw  this  fascinating  action  for 
the    first    time    expressed    himself    to 


Fic.  21     Fatty  Acid  Crystals  in  Decom- 
posing Oil   (900  Diameters) 
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Fig.  22     Curve  Showing  Increase  of  Surf.^ce  with 
Increased  Subdivision 

the  effect  that  the  particles  seemed  to  be  on  a  St.  Vitus 
dance.  During  these  erratic  movements  the  particles  of 
graphite  collide  with  each  other  and  as  a  result  adhere; 
they  in  turn  are  struck  by  other  particles,  and  in  this  maimer 
there  is  gradually  built  up  a  mass  of  adhering  particles  which 
is  subject  to  the  action  of  gravity  and  results  in  settling  out. 
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It  is  obvious,  from  what  has  gone  before,  that  the  greater 
the  number  of  free  electrons  present  in  the  oil,  the  more 
rapidly  the  coagulation  and  settling-out  process  should  proceed, 
and  such  is  the  case.  It  is  fully  borne  out  by  experience  that 
the  addition  of  a  free  acid  or  salt  greatly  accelerates  the 
precipitation;  in  fact,  any  electrolyte  present  has  this  effect, 
such  as  the  acid  residue  or  its  resultant  neutralized  salt  re- 
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2.3     Coagulation  of  Graphite  in 
Oil   (1200  Diameters) 


Fig.  24     Coagulation  of  Gbaphite  in 
Oil   (IGOO  Diameters) 
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maining-  in  a  lubricating  oil  after  refining,  or  the  rancidity 
of  an  oil,  all  tending  to  increase  the  number  of  free  electrons 
and  the  precipitation  of  the  fine  particles  of  graphite. 

^'^arious  expedients  have  been  resorted  to  in  order  to  effect 
so-called  permanent  suspension  of  graphite  in  oil.  The  one 
most  commonly  made  use  of  is  that  of  coating  the  finely  ground 
particles  witli  a  foreign  substance  and  then  effecting  a  high 
dispersion  of  these  coated  particles  throughout  the  oil.  The 
coating  material  is  usually  a  vegetable  compound ;  if  an  oil 
it  should  be  one  insoluble  in  the  mineral  oils,  such  as  castor 
oil,  or  it  may  be  tannic  acid  or  an  allied  tannin  compound. 
Fig.  23  shows  the  precipitation  of  a  commercial  variety  of 
oil-coated  suspended  graphite.  Fig.  24  shows  one  more  highly 
magnified,  it  being  the  precipitation  of  a  commercial  variety 
of  tannin-coated  suspended  graphite,  the  largest  particles 
of  which  do  not  exceed  1/250,000  in.  in  diameter. 

The  value  of  a  so-called  permanent  suspension  of  graphite 
in  oil  is  more  fanciful  than  real,  for  the  reason  that  in  all 
such  attempts  the  graphite  is  ground  to  such  an  extreme  degree 
of  fineness  that  this  very  fineness  mitigates  against  its  being 
useful.  In  a  bearing  properly  constructed,  lubricated  and  in 
operation  the  bearing  surfaces  are  completely  separated  by 
the  oil  film  and  the  extremely  fine  particles  of  graphite  simply 
float  in  the  film,  exerting  no  appreciable  effect  either  beneficial 
or  otherwise. 

The  time,  however,  when  grapliite  can  be  of  benefit  anil 
perform  its  only  and  supreme  function  is  when  the  oil  film 
between  the  bearing  surfaces  is  destroyed  and  the  graphite 
serves  as  a  solid  lubricant.  The  graphite  is  carried  between 
the  bearing  surfaces  by  the  oil,  and  in  the  same  mamier,  when 
the  oil  film  is  destroyed  by  being  squeezed  out,  the  graphite 
particles  are  carried  along  with  the  oil  from  between  the 
bearing  surfaces  until  the  film  is  reduced  to  a  thickness  cor- 
responding to  the  dimensions  of  the  largest  particles  of 
graphite  whieli  at  this  stage  will  be  arrested  and  held  between 
the  surfaces.  Upon  the  complete  destruction  of  the  film  these 
particles  so  held  are  crushed  and  imbedded  into  the  grain  and 
pores  of  the  surfaces  and  thus  are  made  to  perform  their 
function  of  solid  lubrication.  It  is  evident  that  the  smaller 
the  particles  are,  the  less  will  be  the  amount  of  graphite  so 
intercepted  between  the  bearing  surfaces;  therefore,  a  given 
amount  of  graphite  is  most  efficient  if  it  exists  in  particles  of 
the  largest  possible  size.  The  more  nearly  permanent  a 
graphite  suspension  is,  the  more  nearly  does  it  approach  tlie 
colloidal  state  and  the  more  completely  is  it  carried  out  from 
between  tlie  bearing  surfaces  when  the  oil  film  is  being 
destroyed. 

This  can  be  demonstrated  in  a  most  striking  manner  by 
faking  a  light-colored  lubricating  oil,  thoroughly  mixing  with 
it  a  definite  amount  of  graphite,  and  then  placing  it  between 
two  highly  accurate  glass  surfaces  and  observing  the  amount 
of  color  left  after  a  definite  pressure  has  been  applied  for  a 
definite  time,  while  maintaining  a  fixed  temperature.  An 
amorphous  natural  graphite  ground  so  that  its  coareest  par- 
ticles did  not  exceed  0.0002  in.  showed  under  the  foregoing 
conditions  an  almost  opaque  surface,  wliile  a  commercial 
graphite  suspended  in  tannin  and  whose  largest  particles 
did  not  exceed  1/250,000  in.,  showed  a  substantially  colorless 
surface.  This  is  readily  accounted  for  by  the  fact  that  the 
largest  particles  in  the  one  graphite  contained  125.000  times 
the  bulk  of  those  in  the  other,  a  condition  existing  at  the  time 
the  glass  surfaces  in  each  case  had  approached  each  other  near 
enough  to  arrest  the  flow  of  the  respective  particles. 

The  carbon  content  of  grapliite  is  not  an  indication  of 
its   lubricating  value   or   its  purity,    for  tl;e   reason    tluit    t)ic 


percentage  of  amorphous  carbon  in  some  varieties  is  com- 
paratively iiigh.  Amorphous  carbon,  or  carbon  not  completely 
graphitized,  can  best  be  classed  as  an  inert  impurity;  its 
presence  always  shows  extreme  blackness.  The  same  is  true  of 
another  common  impurity,  hydrogen,  or  a  hydrocarbon;  this 
is  also  black,  whereas  the  purest  graphite  is  a  dark  steel- 
gray  when  mixed  with  a  clear  white  oil.  The  chemical  labora- 
tory can  only  give  valuable  information  on  the  subject  of  the 
gTa])hites  when  the  work  is  done  by  an  expert  or  specialist. 

Advisory  Committee  for  Aeronautics 

THE  report  of  the  Advisory  Committee  for  Aeronautics 
(British)  for  the  year  1916-1917  has  just  been  issued. 
Following  the  rule  of  the  immediately  preceding  years,  it  omits 
tlie  technical  apiiendices  wliicli  in  j  eace  time  were  the  prin- 
cipal and  most  interesting  parts  of  the  reports. 

Strength  of  Construction.  A  number  of  questions  relating 
to  strength  of  construction  have  been  investigated,  and  some 
general  conclusions  have  been  reached  tending  to  simplification 
of  strength  calculations.  The  basis  is  to  be  adopted  in  design 
to  secure  adequate  strength  in  high-speed  machines,  with  the 
power  to  rapid  maneuvering  essential  in  aerial  fighting,  is  a 
matter  demanding  the  most  careful  consideration.  To  secure 
the  highest  possible  speed  it  is  necessary  to  keep  down  the 
weight  to  a  minimum,  and  the  best  compromise  between  these 
two  opposed  conditions  does  not  admit  of  precise  determina- 
tion. This  question  has  received  attention,  and  the  manner  in 
which  strength  varies  with  increase  of  dimensions  has  also 
been  made  the  subject  of  investigation.  Cases  in  which  vibra- 
tion has  been  set  up  have  been  examined,  and  calculations 
relating  to  the  strength  of  the  body  structure  have  been  made. 

Engines.  A  number  of  questions  relating  to  engines  and 
engine  design  have  been  submitted  by  the  Air  Board  for  con- 
sideration by  the  Engine  Sub-Committee.  These  have  re- 
quired vei-y  careful  investigation,  and  the  sub-committee  has 
been  closely  occupied  since  its  formation  with  the  various 
problems  which  have  arisen.  Experimental  work  has  been 
carried  out,  by  request  of  the  sub-committee,  at  the  Royal 
Aircraft  Factory;  and  the  sub-committee  has  received  much 
assistance  in  the  examination  of  special  questions  both  from 
manufacturing  firms  wliose  works  have  been  visited. 

Light  Alloys.  The  use  of  light  alloys  in  the  construction  of 
aircraft  and  aircraft  engines  is  becoming  of  rapidly  increasing 
importance,  and  improvements  in  the  production  of  light 
alloys  will  have  great  effect  on  future  development.  The 
investigations  relating  to  light  alloys  which  have  been  in 
progress  for  many  years  at  the  National  Physical  Laboratory 
have  been  continued,  and  results  of  special  interest  have  been 
achieved  during  the  past  year.  Suggestions  have  been  made 
to  the  Air  Board  by  the  Committee  which  may,  it  is  hoped, 
help  to  secure  the  best  conditions  in  manufacture  for  the 
development  of  such  alloys.  The  formation  of  the  Light 
Alloys  Sub-committee  will  be  of  great  assistance  in  coordinat- 
ing the  work  on  light  alloys  which  is  being  done  in  various 
quarters,  and  in  collecting  the  information  resulting  from 
experimental  investigation  and  manufacturing  experience.  Ex- 
perimental work  has  been  carried  out  for  the  sub-committee 
at  the  Royal  Aircraft  Factorj-,  the  University  of  Birmingham, 
the  National  Physical  Laboratory,  and  elsewhere,  and  arrange- 
ments have  been  made  for  placing  the  information  obtained 
at  the  disposal  of  manufacturers. 

Other  subjects  treated  in  the  report  are:  Experimental 
work  in  aerodynamics;  fabrics,  dopes,  etc.,  and  investigations 
relating  to  seaplanes. 


SYMPOSIUM  ON  STEAM   LOCOMOTIVES   HELD   BY  THE 

MINNESOTA   SECTION 


A  SYMPOSIUM  on  steam  locomotives  was  held  by  the 
Minnesota  Section  of  the  Society  on  the  afternoon  ant! 
evening-  of  March  10,  1917,  at  the  Main  Engineering  Building 
of  the  University  of  Minnesota.  Seven  papers  were  presented, 
as  well  as  a  discussion  on  Metal  Alloys  Used  in  Locomotives, 
by  Prof.  G.  L.  Hoyt,  and  a  short  address  by  Dr.  Ira  N.  HoUis, 
President  Am.Soc.M.E.  J.  V.  Martenis,  Mem.Am.Soe.M.E., 
opened  the  afternoon  session  with  an  address  on  the  Historical 
Development  of  the  Locomotive,  which  was  profusely  illus- 
trated with  lantern  slides  and  later  illuminatingly  discussed  at 
some  length  by  .J.  .J.  Flather,  Mem.Am.Soe.M.E.  Papers  were 
then  read  which  had  been  prepared  by  Messers.  Foque,  Toltz, 
Bourne,  Muhlfeld.  Ostermann,  and  Basford,  extended  abstracts 
of  which  immediately  follow. 

MODERN  LOCOMOTIVE   PRACTICE 

By  T.   a.   foque,   MINNEAPOLIS.   MINN. 
Member  of  the  Society 

IX  passenger  service  the  locomotive  best  suited  to  present- 
day  requirements  is  the  4-6-2,  or  Pacific  type,  which  is 
almost  universally  used  where  a  tractive  effort  of  from  42,000 
to  45,000  lb.  is  required.  Where  very  heavy  grades  are 
encountered,  or  where  long,  heavy  trains  are  operated  on  even 
moderate  grades,  the  4-8-2,  or  Mountain  type  of  locomotive, 
is  becoming  popular. 

In  freight  service  tlie  2-8-2,  or  Mikado  type,  is  now  largely 
used  in  place  of  the  2-8-0,  or  Consolidation  engine,  where  a 
tractive  effort  of  from  50,000  to  60,000  lb.  is  required.  With  a 
63-in.  driving  wheel  it  is  not  only  good  for  heavy  freight 
service,  but  is  well  adapted  to  fast  freight  work.  On  lines 
with  very  heavy  grades  this  type  of  engine,  with  the  addition 
of  a  fifth  pair  of  driving  wheels,  is  designed  for  a  tractive 
effort  of  from  65,000  to  83,000  lb.  and  is  known  as  the  Santa 
Fe  type.  Increased  boiler  capacity  and  factor  of  adhesion 
make  this  type  of  engine  better  for  heavy  slow  service  than 
the  Mikado  type. 

On  exceiitionally  heavy  grades,  extending  over  a  large  por- 
tion of  a  division.  Mallet  compound  engines  are  quite  generally 
used  in  2-8-8-0  and  2-8-8-2  types.  The  tractive  effort  of 
existing  engines  runs  from  91,000  to  103,000  lb. 

For  pusher  service  over  heavy  grades  triple-compound  types, 
2-8-8-8-2  and  2-8-8-8-4,  are  now  being  used  by  two  railroads. 
Tliese  have  two  high-jiressure  and  four  low-pressure  cylinders, 
and  the  rear  set  of  driving  wheels  and  truck  are  located  under 
the  tender. 

One  road  is  now  experimenting  with  a  2-8-2-2-6  type  of 
engine,  consisting  of  the  application  of  the  running  gear  and 
machinery  from  a  retired  Mogul  locomotive  to  the  tender  of 
an  existing  Mikado  locomotive. 

In  switching  service  the  ordinary  or  0-6-0  type  is  in  most 
common  use,  but  some  0-8-8-0  Mallets  with  a  tractive  effort 
of  100.000  lb.  are  now  being  used  in  hump-type  classification 
yards.  Considerable  time  is  saved  on  account  of  taking  trains 
just  as  delivered  by  road  engines  and  putting  them  over  the 
hump  and  classifying.  For  heavy  general  switching  service 
the  0-8-0  type,  running  up  to  70,000  lb.  tractive  effort,  is  used 
with  success. 

Compaiative  few  locomotives  are  now  built  without  a  super- 
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heater.  The  economy  following  the  use  of  this  device  is  very 
marked  and  existing  engines  have  been  greatly  improved  by 
the  addition  of  the  device.  To  reduce  the  fuel  consumption 
further  the  use  of  brick  arches  supported  on  water  tubes  is 
very  common,  and  modern  improvements  in  the  design  of  the 
arches  have  made  their  use  practical  where  formerly  they  gave 
considerable  trouble. 

On  all  road  locomotives  and  some  switching  locomotives, 
outside  valve  gear  of  the  Walschaerts  type  is  used  almost 
altogether.  Accessibility,  better  distribution  of  steam  and 
freedom  from  breakdowns  make  outside  gear  very  desirable. 
On  the  Soo  Line  we  have  modified  the  ordinary  type  of  gear 
by  taking  our  motion  for  the  lap-and-lead  lever  from  the  main 
rod  instead  of  the  crosshead.  This  is  quite  a  marked  improve- 
ment in  that  it  gives  us  much  better  port  openings. 

The  majority  of  engines  now  built  are  so  heavy  that  the 
usual  form  of  reversing  mechanism  is  not  suitable,  and  power' 
reverse  gear,  either  of  the  screw  pattern  or  operated  by  steam, 
has  been  introduced  with  very  satisfactory  results. 

Pneumatic  fire  doors  relie\e  the  fireman  of  much  work  and 
are  beneficial  to  an  engine  in  that  they  greatly  reduce  the  time 
in  which  a  door  is  kept  open. 

One  of  the  great  troubles  with  heavy  locomotives  is  found 
in  the  design  of  the  main  driving  boxes,  and  the  brass  in  the 
ordinary  type  of  box  may  be  renewed  two  or  three  times 
before  an  engine  requires  a  general  shopping.  To  eliminate 
this  expense  and  wear  on  an  engine,  boxes  20  in.  long  or 
longer  are  now  used  on  the  main  journals. 

The  old  practice  of  keeping  steam  pipes  within  the  smoke- 
box  has  nearly  been  done  away  with,  and  we  now  use  outside 
pipes  to  the  steam  chest,  eliminating  in  a  large  measure  the 
trouble  with  leaky  joints  and  giving  us  easier  access  to  the 
smokebox  appliances. 

The  advent  of  long  freight  trains  called  for  air  compressors 
of  much  greater  capacity,  and  we  now  use  two  single-stage 
pumps  or  one  compound  pump. 

In  recent  years  much  more  attention  has  been  given  to 
proper  air  openings  in  the  ashpans  and  dumping  mechanisms 
which  will  allow  of  frequent  and  easy  disposal  of  the  cinders. 
On  some  large  locomotives,  especially  where  a  low  grade  of 
fuel  is  used,  the  work  of  firing  has  become  too  much  for  one 
man  and  mechanical  stokers  are  now  being  used,  and  some  of 
them  are  now  doing  very  good  work. 

Within  a  year  or  two  a  few  roads  have  experimented  with 
an  apparatus  for  burning  pulverized  fuel.  The  question  is 
one  of  much  interest,  for  there  are  in  certain  parts  of  the 
country  large  deposits  of  fuel  wholly  unsuited  to  locomotive 
use  in  its  present  form,  but  which  may  in  powdered  form  prove 
not  only  satisfactory  but  very  economical. 

In  locomotive  tenders  the  tendency  today  is  toward  those  of 
large  capacity,  which  frequently  permits  of  the  avoidance  of 
water  supplies  which  are  exceedingly  bad.  To  save  labor  and 
because  of  legislation,  tenders  are  now  constructed  with  coal 
hoppers  of  such  design  that  the  coal  will  automatically  be 
placed  within  easy  reach  of  the  fireman.  Hoppei-s  which 
cause  the  coal  to  come  down  and  forward  by  gravity  are  the 
cheapest  and  best,  but  in  some  cases  mechanical  coal  pushers 
have  been  installed. 

Special  attention  has  been  given  for  a  number  of  years  to 
truck  design,  with  a  view  to  eliminating  dangerous  roll  at  high 
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speeds.  In  many  ilerailments  the  forward  tender  truck  is  the 
first  to  leave  the  track.  Comparatively  slight  depressions  in 
the  track  may  set  up  a  rolling  of  the  tender,  which,  accom- 
panied by  a  reverse  roll  of  the  locomotive,  will  cause  the 
forward  tender  wheels  to  jump.  The  connections  between  the 
locomotive  and  tender  also  have  a  bearing  on  this,  and  one 
connection  has  been  designed  which  is  a  vast  improvement 
over  anything  used  before. 

Important  as  is  the  design  and  construction  of  a  locomotive, 
the  vast  majority  of  troubles  in  locomotive  operation  may  be 
found  in  lack  of  maintenance.  In  certain  parts  of  the  country 
we  are  sorely  tried  with  water  heavy  with  incrusting  salts.  It 
is  not  an  easy  matter  to  handle  bad  water  successfully,  but  in 
most  cases  it  can  be  done.  In  repairs  to  machinery  there  is 
but  one  sensible  and  economical  course  to  follow :  when  defects 
appear,  apply  the  remedy.  It  has  been  demonstrated  without 
question  that  it  is  more  economical  to  keep  up  the  running 
repair's  and  not  wait  until  a  locomotive  needs  a  general 
shopping. 


THE   LOCOMOTIVE   OF  TODAY 

By  max  TOLTZ,  ST.  PAUL,  MINN. 
Member  of  the  Society 

THE  steam  locomotive  is  a  power  plant  which  has  to  be 
admired,  because  if  the  same  amount  of  power  is  devel- 
oped in  a  stationary  plant  it  will  take  up  from  five  to  ten 
times  the  amount  of  space.  Modern  large  locomotives  are 
developing  now  as  high  as  3000  hp.,  with  a  drawbar  pull  of 
very  nearly  105,000  lb. 

Ten  years  ago  wide  fireboxes  were  already  used  to  a  con- 
siderable extent,  also  brick  arches  supported  by  water  tubes. 
Moreover,  extra  water  tubes  were  added  in  the  firebox  to 
improve  the  water  circulation  and  to  increase  the  heating 
surface  of  the  boiler. 

The  Walschaerts  valve  gear  succeeded  the  Stephenson  not 
because  the  Walschaerts  gives  the  better  steam  distribution 
but  because  it  facilitates  the  strengthening  of  the  frame  of  the 
locomotive.  The  use  of  metal  alloys  has  also  been  introduced 
for  the  purpose  of  strengthening  parts  of  the  locomotive. 

In  1905  the  writer  pointed  out  that  in  applying  super- 
heaters to  locomotives  a  high  superheat  should  be  employed  to 
obtain  economy  in  water  and  coal  consumption.  At  that  time 
it  was  the  general  consensus  that  100  deg.  of  superheat  would 
be  all  that  was  necessary  for  this  purpose. 

In  1906  he  applied  the  fii-st  Schmidt  fire-tube  superheater  to 
the  locomotives  in  the  States.  Not  less  than  250  deg.  of  super- 
heat were  obtained,  which  resulted  in  an  average  saving  of 
25  per  cent  of  coal  and  35  per  cent  of  water.  Since  1908  or 
1909  the  fire-tube  superheater  has  come  to  stay  with  us. 

To  improve  the  combustion  and  at  the  same  time  to  force  the 
capacity  of  the  locomotive  boilers  by  burning  more  coal  per 
square  foot  of  grate  surface,  automatic  stokers  have  been 
applied  to  locomotives  with  great  success.  The  present  stoker 
has  given  good  satisfaction,  yet  the  combustion  of  coal  can 
still  be  improved  and  is  being  improved  by  the  adoption  of 
pulverized  coal  on  locomotives.  Although  the  latter  is  in  an 
experimental  stage  at  present,  there  is  no  doubt  but  that  it 
will  be  a  success. 

Another  improvement  on  the  locomotive,  which  will  no 
doubt  be  perfected,  is  the  heating  of  the  feedwater,  either  with 
the  waste  gases  or  with  the  exhaust  steam. 

If  we  compare  the  economy  of  the  locomotive  of  twenty 


years  ago  with  that  of  the  locomotive  of  today  we  know  that 
we  are  getting  over  50  per  cent  more  work  than  we  did  then. 
Yet  we  should  not  be  satisfied  with  this,  but  should  strive  to 
make  the  locomotive  a  power  plant  second  to  none. 

METAL  ALLOYS  USED  IN  LOCOMOTIVES 

By  G.  L.  HOYT' 

EVERY  railroad  man  who  is  concerned  with  the  design  of 
a  locomotive  knows  that  heat-treated  steel  has  better 
properties  than  annealed,  for  by  heat  treatment  we  are  able  to 
produce  certain  properties  that  can  be  produced  in  no  other 
way.  I  have  found  out,  however,  in  talking  with  various 
railroad  men,  that  the  chief  reason  why  they  are  not  ready  to 
adopt  heat-treated  parts  is  that  heat-treated  steels  do  not 
stand  up  any  better  than  ordinary  carbon  steels,  and  that  in 
some  cases  special  steels  give  more  trouble  than  ordinary  carbon 
steels.  The  reason  given  is  that  the  producers  of  these  parts 
are  not  in  a  position  to  heat-treat  material  of  that  quality  on  a 
commercial  basis  to  sell  for  such  a  price  that  the  railroads  can 
effect  an  economy  in  buying.  The  practice  at  present  seems  to 
by  merely  to  anneal  these  various  parts.  A  locomotive  axle 
will  be  forged  out,  the  steel  used  being  the  ordinal^  good  grade 
of  open-hearth  steel;  it  is  then  heated  up  to  the  critical  point 
and  air-cooled  down  slowly.  The  object,  I  take  it,  is  to  insure 
uniformity  and  absence  of  internal  strains.  Whether  or  not  a 
satisfactory  structure  is  produced  is  of  entirely  secondary 
importance.  When  I  mention  internal  strains,  I  hit  tlie  nail 
on  the  head  as  to  why  heat-treated  steels  are  not  used  generally 
in  locomotive  practice.  There  can  be  no  doubt  about  the 
advantages  whicii  they  possess  over  ordinai-y  carbon  steels,  and 
if  it  is  impossible  at  present  to  obtain  heat-treated  steels  for 
locomotive  construction,  something  should  be  done  about  it. 

If  I  can  see  the  signs  of  the  times  cori'ectly,  there  is  a 
necessity  for  all  the  economy  possible  in  railroad  operation, 
which  is  why  the  question  of  using  heat-treated  steels  in  loco- 
motive construction  is  becoming  more  and  more  important.  It 
is  possible  to  produce  steels  that  far  surpass  those  enteiing 
into  locomotive  construction.  In  gun  construction  the  United 
States  Government  and  the  steel  plants  got  together  and  are 
now  successfully  manufacturing  heat-treated  gun  parts.  Had- 
field  projectiles  are  probably  the  most  difficult  of  all  materials 
made  of  steel  to  produce  satisfactorily,  the  internal  strain 
serving  to  weaken  the  resistance  of  the  marerial. 

What  has  been  done  in  other  cases  can  be  done  in  regard  to 
any  part  about  a  locomotive.  I  can  see  nothing  inherently 
difficult  about  heat-treating  locomotive  parts.  Whether  or  not 
those  methods  are  developed  depends  upon  the  demand  made 
upon  the  steel  plants  by  the  railroads  to  produce  the  desired 
material.  If  the  roads  feel  that  there  would  be  an  economy 
in  using  heat-treated  parts,  undoubtedly  there  would  be  a 
great  attempt  on  the  part  of  the  steel  plants  to  produce  that 
material. 

When  you  are  getting  a  certain  grade  of  steel,  you  may  have 
certain  specifications,  but  30  per  cent  elongation,  etc.,  tell 
almost  nothing  about  the  steel,  that  is,  so  far  as  whether  the 
axle  is  going  to  stand  up  in  service,  for  the  tests  which  are 
used  to  bring  out  the  superiority  of  heat-treated  steels  are  of 
an  entirely  different  character.  Take  a  locomotive  frame,  or 
the  axle.  Its  parts  are  subjected  to  vibratory  strains  and 
stresses.  Say  that  the  locomotive  axle  runs  hot,  and  that  it  is 
cooled  off  by  water,  ice,  or  snow,  and  a  crark  is  started.  What 
is  the  effect  of  the  presence  of  a  crack  in  a  locomotive  axle,  in 
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one  having  a  fine-grained  stiueture.  and  one  having  a  coarse 
grain?  In  considering  this,  the  real  vahie  of  heat  treatment 
is  brought  out,  and  something  that  is  not  shown  by  ordinary 
tensile  tests.  A  crack  is  of  much  less  consequence  in  the  case 
of  softened  steel  than  in  the  case  of  annealed  steel.  Internal 
strains  are  eliminated  in  annealed  steel,  but  the  same  treat- 
ment which  produces  the  fine-grained  structure  also  eliminates 
internal  strains.  It  is  a  question  of  properly  conducting  the 
heat  treatment,  and  the  trouble  is  that  the  steel  plants  either 
work  carelessly  or  for  some  other  reason  do  not  take  particular 
pains  to  heat-treat  the  material.  If  the  railroads  as  a  whole 
would  take  up  this  question  and  push  it  as  they  pushed  the 
question  of  steel  rails  a  few  years  ago,  I  have  no  doubt  but 
that  they  would  be  getting  properly  heat-treated  steels. 

As  far  as  special  steels  are  concerned,  the  problem  is  dif- 
ferent. Their  cost  at  present  is  almost  prohibitive.  Nickel 
steels,  etc.,  are  now  in  such  demand  on  account  of  their  use 
in  the  manufacture  of  munitions  and  automobiles  that  no  con- 
siderable portion  or  amount  of  them  can  be  diverted  to  such  a 
use  as  this,  and  unless  they  are  heat-treated  they  are  not  at  all 
worth  the  additional  cost. 

When  using  special  steels  which  have  been  heat-treated,  why 
do  those  in  charge  of  locomotive  construction  insist  on  using 
the  same  designs?  A  certain  part  is  made  of  ordinary  carbon 
steel  annealed.  As  an  experiment,  a  railroad  will  buy  that 
part  made  out  of  special  steel,  heat-treated,  and  expect  to 
effect  an  economy.  No  metallurgist  would  advise  leaving  the 
design  the  same :  if  it  is  correct  for  carbon  steels,  it  is  not 
correct  for  special  steel.  If  you  leave  the  cross-section  the 
same,  you  leave  the  weight  of  the  section  the  same,  and  the 
price  of  the  heat-treated  part  consequently  seems  exorbitant. 
The  management,  however,  probably  takes  the  stand  that  it  is 
better  to  leave  the  section  the  same  and  get  the  improvement 
by  substituting  a  good  steel,  but  this  does  not  give  a  satis- 
factory basis  for  comparison. 

Another  point  I  want  to  bring  out  is  the  service  you  can 
expect  from  special  steel  as  compared  with  carbon  steel.  A 
locomotive  equipped  with  special-steel  heat-treated  parts  is 
usually  found  in  the  shops  as  frequently  as  other  locomotives, 
but  the  reason  is  that  the  heat  treatment  has  not  been  care- 
fully done.  1  am  convinced  of  that  when  told  of  the  failures 
of  the  heat-treated  parts. 

In  closing,  let  me  compare  the  service  of  annealed  carbon 
steel  with  the  service  of  special  steel  properly  treated.  The 
carbon  steel  is  ductile  and  has  a  certain  amount  of  strength, 
but  in  practically  every  other  way  it  is  weak,  and  particularly 
so  if  a  flaw  develops.  If  a  small  crack  starts  working  its  way 
through  the  axle,  right  there  the  annealed  axle  is  weakest.  It 
is  on  account  of  the  large  percentage  of  free  iron.  One  of  the 
worst  things  that  could  be  done  for  a  steel  axle  from  that  point 
of  view  would  be  to  anneal  it,  for  this  would  produce  the  free 
iron.  One  thing  that  counteracts  this  is  the  removal  of 
internal  strains.  A  heat-treated  steel  axle,  whether  carbon  or 
special,  designed  so  that  it  will  have  the  same  static  strength,  if 
injured  in  any  way  has  several  times  the  resistance  of  annealed 
steel.  The  heat-treated  steel  is  less  apt  to  be  tricky  than  the 
annealed. 

The  saving  effected  by  using  special  steels  results  chiefly 
from  cutting  down  the  weight  of  the  reciprocating  parts ;  but 
unless  these  are  designed  with  the  properties  of  the  heat- 
treated  steel  in  mind,  there  can  be  no  real  comparison  drawn. 
The  work  done  up  to  the  present  time  does  not  lead  to  a  reason- 
able comparison  between  special  and  annealed  steels,  and  until 
that  is  done  properly,  we  are  not  in  a  position  to  say  whether 
the  special  steels  should  be  condemned. 


SUPERHEATER  DEVELOPMENT  IN 
AMERICA 

By  GEORGE  L.  BOURNE.  NEW  YORK,  N.  Y. 
Member  of  the  Society 

Or  all  the  devices  or  improvements  which  have  been  intro- 
duced in  American  locomotive  practice,  the  fire-tube 
superheater  is  by  far  the  most  notable.  By  its  economy  in 
fuel  and  water  it  brought  the  heaviest  locomotive  well  within 
the  capacity  of  the  average  fireman.  Here  was  a  device  exactly 
suited  to  American  practice — one  with  a  low  maintenance  cost 
to  fit  in  with  the  high  wages  of  American  mechanics;  with 
increased  boiler  capacity  of  approximately  3.5  per  cent,  to  act 
as  a  reservoir  of  power,  ready  for  use  when  most  needed;  and 
finally,  with  a  fuel  economy  of  from  20  to  25  per  cent. 

As  a  result  of  the  suitability  of  the  superheater  to  American 
railroad  requirements,  there  are  today  over  21,000  superheated 
locomotives  in  service  or  under  construction  in  the  United 
States  and  Canada.  During  the  past  year  superheaters  were 
applied  to  approximately  95  per  cent  of  all  the  standard-gage 
steam  locomotives  built  in  the  United  States. 

The  general  trend  of  superheating  engineers  has  been  toward 
a  higher  superheat — increasing  the  gas  area  available  for 
superheat  at  the  expense  of  the  boiler  tubes.  This,  it  is  true, 
tends  toward  a  lower  boiler  efficiency  on  account  of  the  neces- 
sary loss  in  water-heating  surface,  but  the  resultant  increase  in 
the  efficiency  of  the  entire  machine  offsets  this  many  times  over. 

The  results  obtained  on  the  Long  Island  and  Lehigh  Valley 
Railroads,  which  have  used  steam  at  a  temperature  in  excess  of 
750  deg.  fahr.,  have  clearly  demonstrated  the  possibilities  of 
higher  steam  temperatures.  As  200  deg.  of  superheat  is 
amply  sufficient  to  overcome  condensation  losses  in  the  steam 
pipes,  valves  and  cylinders,  it  is  evident  that  the  increased 
efficiency  obtained  by  any  superheat  in  excess  of  200  deg.  fahr. 
must  be  entirely  due  to  increased  volume  of  the  steam  per  unit 
of  weight.  This  is  an  almost  constant  increase  in  volume  for 
each  degree  of  temperature,  and  as  far  as  calculations  have 
been  worked  out  for  superheated  steam,  there  is  no  limit  to 
this  increase.  There  can  be  no  doubt  that  the  limit  of  super- 
heated steam  temperatures  for  the  most  economical  and 
efficient  operation  is  only  fixed  by  the  ability  of  the  exposed 
machine  parts  to  withstand  the  higher  temperatures. 

While  superheated  steam  was  originally  regarded  as  of 
benefit,  primarily,  to  heavy  road  locomotives  using  steam  for 
long,  continuous  periods,  later  developments  have  proved  its 
desirability  for  the  more  efficient  operation  of  locomotives  in 
all  classes  of  service.  Perhaps  the  most  notable  example  of 
this  tendency  is  in  the  superheating  of  switching  locomotives. 
While  the  degree  of  superheat  obtained  in  switching  sei-vice  is 
naturally  not  as  high  as  on  road  engines,  it  is,  nevertheless, 
enough  to  reduce  condensation  losses  greatly,  which  in  this 
class  of  service  amount  to  over  40  per  cent  of  the  total  energy 
developed  by  the  boiler. 

As  a  result,  there  are  today  over  1300  switch  engines  which 
have  been  equipped  with  superheaters,  and  a  steadily  greater 
proportion  of  the  switching  locomotives  built  are  being  super- 
heated. It  is  significant  in  this  connection  to  note  that  those 
railroads  which  have  made  a  trial  of  superheated  switch 
engines  are  now  foremost  in  applying  superheaters  to  their 
existing  yard  power. 

The  original  design  of  the  fire-tube  superheater  was  so 
sound  that  comparatively  few  changes  have  been  necessary  in 
adapting  it  to  the  peculiar  requirements  of  American  railroads. 
But  there  have  been  certain  modifications  which,  although  of  a 
minor  character,  are  nevertheless  worthy  of  attention. 
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The  first  important  change  was  in  the  redesign  of  the 
through-bolt  header.  Experience  showed  that  the  original 
design  gave  entire  satisfaction  when  correctly  manufactured, 
but  to  famish  insurance  against  inferior  material  or  improper 
methods  in  casting,  a  new  design  was  prepared  in  order  to 
counteract,  as  far  as  possible,  the  results  of  possible  errors 
made  in  manufacture.  In  the  new  through-bolt  header  an 
additional  air  space  has  been  provided  between  the  walls  of 
the  superheated  and  saturated  compartments  in  order  to  pro- 
tect the  casting  from  the  rapid  transfer  of  heat  between  these 
compartments,  as  insurance  against  the  development  of  cracks 
between  the  unit  seats  in  the  lower  face  of  the  header. 

The  second  great  advance  was  the  improvement  in  the  design 
of  the  unit  return  bend.  This  consisted  in  producing  a  welded 
return  bend  to  replace  the  original  cast-steel  bend,  with  conse- 
quent elimination  of  all  mechanical  joints  in  the  unit.  This 
machine-forged  return  bend,  which  is  now  almost  ready  for  the 
market,  will  have  a  heat  resistance  equal  at  least  to  that  of  the 
old  cast-steel  return  bend.  At  the  same  time  it  will  have  all 
the  advantages  which  go  with  freer  steam  passages  and  a 
minimum  restriction  to  the  flow  of  gases  through  the  super- 
heater flues,  with  the  complete  elimination  of  all  leakage  due  to 
threaded  connections  in  the  unit. 

THE   USE   OF  PULVERIZED  FUEL  ON 
LOCOMOTIVES 

By  .lOHX  E.  MUHLFELD.  NEW  YORK.  X.  Y. 
Member  of  the  Society 

AS  the  limiting  factor  of  a  modern  steam  locomotive  is  the 
evaporation  and  superheat  production  capacity  of  the 
boiler,  the  rate  and  effectiveness  of  the  combustion  become  the 
controlling  elements.  While  there  is  no  limit  to  the  amount  of 
fuel  that  may  be  mechanically  supplied  to  a  locomotive  firebox, 
there  is  a  decided  limitation  to  the  amount  of  fuel  that  can  be 
burned  on  a  given  grate  area  and  effectively  utilized. 

When  coal  is  burned  on  grates  a  rate  of  about  50  lb.  of  run- 
of-mine  grade, — or  about  60  lb.  of  lump  grade  of  bituminous 
coal, — is  the  maximum  allowable  per  sq.  ft.  of  fire  surface  per 
hr.  for  the  gTeatest  practical  boiler  efficiency.  However,  as 
this  rate  of  firing  limits  the  consumption  to  a  total  of  from 
3000  to  6000  lb.  per  hr.  for  the  average  modern  locomotive  of 
great  power,  and  as  the  actual  coal  that  must  be  supplied  to 
the  firebox  by  mechanical  stoking  in  order  to  maintain  the 
boiler  pressure  frequently  reaches  a  rate  of  150  lb.  per  sq.  ft. 
of  grate  area  per  hr..  or  a  total  of  from  9000  to  15,000  lb.  per 
hr.,  the  boiler  efficiencies  often  run  as  low  as  from  55  to  45 
per  cent  and  even  less. 

The  necessity  for  eliminating  grates  if  much  over  12  lb.  of 
water  is  to  be  evaporated  per  sq.  ft.  of  water-heating  surface 
per  hr..  is  therefore  quite  apparent  provided  reasonable 
efficiency  is  to  be  obtained,  and  this  brings  us  to  the  problem 
of  burning  solid  fuel  in  a  manner  that  will  overcome  the  prin- 
cipal deficiencies  in  the  steam  locomotive  and  enable  it  to 
maintain  its  present  position  in  the  steam-railway  field  and  to 
assist  further  in  reducing  the  high  cost  of  railway  living. 

As  I  presented  before  the  1916  Aimual  Meeting  of  the 
Society  an  exhaustive  report  on  Pulverized  Fuel  for  Loco- 
motives, which,  with  the  discussion,  was  abstracted  in  The 
Journal,^  I  will  make  this  paper  quite  brief. 

When  solid  fuel  is  burned  on  grates  in  a  modern  locomotive, 
from  45  to  70  per  cent  of  the  heat  is  absorbed  by  the  boiler. 

'  The  Journal,  December  1916.  p.  983 ;  January  1917,  p.  48 ; 
February  1917,  p.  141. 


Of  that  which  is  wasted  the  majority  is  due  to  iucomplete  com- 
bustion, sparks,  cinders,  smokebox  gases  and  combustible  in 
the  ash.  Owing  to  the  necessarily  limited  grate  area,  the  high 
draft  essential  to  induce  sufficient  air  through  the  giates  for 
combustion  causes  these  enormous  losses  through  unburned 
gases  and  fuel  that  are  exhausted  from  the  stack  or  carried 
into  the  smokebox  and  ashpan. 

Generally  speaking,  it  is  necessary  to  break  up  any  fuel  to 
such  uniform  size  that  the  oxygen  in  the  air  can  unite  per- 
fectly for  combustion.  A  deficiency  in  this  respect  results  in 
some  portions  of  the  fuel  passing  off  as  unburned  hydro- 
carbons, and  other  portions  being  left  as  incompletely  burned 
coke.  For  the  best  results  coal  should  be  sized  to  about  3-in. 
cubes  for  burning  on  locomotive  grates,  but  as  this  is  now 
quit  impracticable,  due  to  the  methods  of  mining  and  the  cost, 
a  mixture  of  fine  and  large  coal  is  usually  supplied,  which 
tends  to  burn  irregularly  and  results  in  a  reduction  of  boiler 
capacity  and  efficiency. 

AB  a  1-in.  cube  of  coal  exposes  but  6  sq.  in.  of  area  for  ab- 
sorbing oxygen  and  liberating  heat,  but  when  pulverized  to  the 
proper  fineness  will  expose  from  20  to  25  sq.  ft.,  the  first 
essential  for  complete  combustion  is  the  breaking  up  of  the 
fuel  into  dry  minute  and  uniform  particles.  Then,  by  dif- 
fusing these  so  that  each  may  be  surrounded  with  the  right 
quantity  of  air  for  complete  combustion,  it  will  be  possible  to 
burn  practically  all  of  the  available  combustible,  regardless  of 
the  percentage  of  non-combustible. 

Any  solid  fuel  that,  in  a  dry  pulverized  form,  has  two-thirds 
of  its  content  combustible,  is  suitable  for  pulverizing,  and  to 
produce  the  best  results  should  be  mechanically  dried  and 
milled  so  that  it  will  be  of  about  the  same  dryness  and  fineness 
as  Portland  cement.  The  total  cost  to  prepare  pulverized  fuel 
properly  in  a  suitably  equipped  plant  will  range  from  15  to 
45  cents  per  ton,  and  for  a  railway  coaling  station  of  average 
capacity  will  be  less  than  25  cents  per  ton.  ' 

In  the  process  of  burning  pulverized  fuel  the  fuel  in  the 
enclosed  tank  gTavitates  to  the  conveyor  screws  which  carry  it 
to  the  fuel  and  pressure-air  feeders  where  it  commingles  with 
the  air.  It  is  then  blown  through  the  connecting  hose  to  the 
fuel-  and  air-delivery  nozzles  and  blown  into  the  burners. 
Additional  air  is  sujajjlied  and  the  mixture  is  drawn  into  the 
firebox  by  the  front-end  draft.  Additional  air  is  supplied  in 
the  furnace  where  complete  combustion  of  the  fuel  in  sus- 
pension takes  place.  The  liquid  ash  runs  down  the  under  side 
of  the  roof  and  the  sides  and  ends  of  the  furnace  and  is 
precipitated  into  the  self-cleaning  slagpan,  where  it  solidifies 
into  a  mass  that  can  be  readily  dumped. 

The  blower  is  driven  by  a  constant-speed  steam  turbine 
which  requires  no  regulation  or  control.  The  fuel  conveyors, 
feeders  and  comminglers  are  driven  by  a  variable-speed  steam 
turbine  which  is  controlled  by  the  fireman  by  means  of  a 
handwheel  conveniently  located  in  the  cab. 

The  smokebox-gas  analysis  will  average  between  13  and  14 
per  cent  of  CO,  when  coal  is  fired  at  the  rate  of  3000  lb.  per  hr. ; 
between  14  and  15  per  cent  at  the  rate  of  3500  lb.  per  hr., 
and  between  15  and  16  per  cent  at  the  rate  of  4000  lb.  per  hr., 
so  that  as  the  rate  of  combustion  increases  there  is  no  falling 
off  in  the  efiBciency,  as  obtains  when  coarse  coal  is  fired  on  the 
grates. 

The  waste  of  fuel  from  the  stack,  where  coal  having  a  large 
percentage  of  dust  and  slack  is  used;  the  lowering  of  the 
firebox  temperature  and  draft,  due  to  opening  of  the  fire  door; 
and  the  resultant  variation  in  steaming  and  general  results 
under  high  rates  of  burning  fuel  on  grates,  where  all  of  the 
foregoing  factors  are  involved,  are  entii'ely  eliminated. 
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The  uniformity  with  which  locomotives  can  be  fired  is  indi- 
cated by  the  fact  that  the  regularly  assigned  firemen  can  main- 
tain the  steam  within  a  variation  of  2  lb.  of  the  maximum 
allowable  pressure,  without  popping  off. 

While  the  smokebox  temperatures  have  varied  between  425 
and  500  deg.  fahr.,  the  superheat  in  the  steam  will  vary 
between  200  and  325  deg.  fahr.,  depending  upon  the  rate  of 
working. 

Witli  pulverized  fuel  a  locomotive  having  the  boiler  filled 
with  cold  water  may  be  brought  under  maximum  steam  pres- 
sure within  an  hour,  and  the  fuel  feed  then  stopped  until  it  is 
called  for  service.  When  standing  or  drifting  at  terminals  or 
on  the  road  the  fuel  feed  can  also  be  discontinued,  as  the  steam 
pressure  can  always  be  quickly  raised.  After  the  trip  or  day's 
work  the  locomotive  can  be  immediately  stored  or  housed,  the 
usual  ashpit  delays  being  entirely  eliminated. 

From  the  actual  operation  of  steam  locomotives  in  regular 
train  sei-vice,  the  use  of  pulverized  fuel  has  demonstrated  in 
particular  the  practicability  of  eliminating  smoke,  cinders, 
sparks  and  fire  hazards;  increasing  drawbar  horsepower  per 
hour  per  unit  of  weight ;  reducing  non-productive  time  at  ter- 
minals; improving  the  thermal  effectiveness  of  the  steam  loco- 
motive as  a  whole;  utilizing  otherwise  unsuitable  or  waste 
fuels;  eliminating  arduous  labor;  providing  greater  con- 
tinuity of  service,  and  producing  more  effective  and  economical 
operation  and  maintenance. 

ECONOMY  OF  THE   LOCOIMOTIVE 
SUPERHEATER 

By  R.  M.  OSTERMANN,  CHICAGO,  ILL. 
Member  of  the  Society 

IN  tlie  fire-tube  superheater  the  superheater  heating  surfaces 
are  interspersed  with  the  evaporating  surfaces  of  the  boiler, 
and  a  very  compact  arrangement  is  thereby  created  with 
numerous  parallel  gas  passages,  resulting  in  best  utilization  of 
the  heat  contained  in  the  gas.  As  a  matter  of  fact,  at  large 
loads  relatively  low  smokebox  temperatures — that  is  to  say,  a 
high  heat  absorption  of  the  combination — are  readily  obtained. 

In  the  locomotive  the  superheat  increases  at  a  nearly  con- 
stant rate  with  the  indicated  horsepower,  and  varies  in  a  gen- 
erally similar  manner  with  the  draft  and  the  rate  of  evapora- 
tion, both  of  which  are  automatically  regulated  to  suit  the  load 
by  the  smokebox  exhaust.  The  superheater  is  therefore  what 
might  be  called  a  "  power  booster '"  for  the  locomotive,  and 
this  is  a  very  valuable  feature  from  an  operating  point  of 
view.  The  more  steam  demand  there  is  made  upon  the  boiler — 
the  higher  the  rate  of  evaporation,  the  more  intense  is  the 
action  of  the  superheater  in  decreasing  the  S])ecific  steam  con- 
sumption of  the  locomotive.  The  boiler  without  the  super- 
heater does  not  possess  this  feature;  on  the  contrary,  the 
priming  rather  increases  the  steam  rate  very  fast  when  the 
boiler  is  forced. 

The  action  of  the  superheater  in  boosting  the  steam  tem- 
perature and  power  of  the  locomotive  probably  finds  its  limit 
of  benefit  when  too  great  an  increase  of  cut-off  halts  a  further 
reduction  of  specific  steam  consumption.  Just  at  what  speed 
and  power  this  takes  place  naturally  depends  upon  the  pro- 
portions of  the  boiler  as  compared  with  the  cylinders  and 
wheels,  and  it  is  a  problem  of  the  designer  to  provide  the 
boiler  with  its  proper  share  of  evaporating  and  superheater 
heating  surfaces  so  that  the  largest  possible  amount  of  sus- 
tained horsepower  can  be  had  at  the  speed  at  which  the  engine 
is  required  to  operate  normally. 


In  the  superheater  locomotives  that  are  operated  in  this 
country,  only  part  of  the  tube-sheet  area  is  occupied  by  the 
enlarged  smoke  tubes  in  which  the  elements  or  units  of  the 
fire-tube  superheater  are  located.  It  goes  without  saying  that 
when  an  existing  locomotive  boiler  is  given  a  superheater  and 
when,  for  the  purpose  of  installing  the  superheater,  a  part  of 
the  tube  evaporating  surface  in  the  shape  of  the  small  smoke 
tubes  has  to  be  removed  and  enlarged  smoke  tubes  substituted 
therefor,  a  certain  part  of  the  total  evaporating  surface  must 
be  sacrificed.  Given  a  certain  tube-sheet  area,  the  total 
evaporative  heating  surface  of  course  increases  the  smaller  the 
diameter  of  the  smoke  tubes  selected.  That  feature  is  tiie  one 
which  will  limit  the  number  of  superheater  units  which  can  be 
installed  in  a  given  boiler,  and  with  it  the  capacity  of  the 
superheater.  The  only  way  in  which  the  capacity  of  smoke- 
tube  boilers  with  fire-tube  superheaters  can  be  further  increased 
is  to  subdivide  more  finely  the  gas  stream  to  provide  a  still 
closer  intermingling  of  superheater  and  evaporative  heating 
surfaces,  for  the  installation  of  superheater  units  of  still 
smaller  diameters  within  smaller  smoke  tubes.  The  large 
smoke  tubes  which  are  now  used  in  this  country  are  5^4  in. 
and  5%  in.  in  outside  diameter,  with  lV2-iti-  outside-diameter 
superheater-unit  tubes.  These  dimensions  can  be  successfully 
reduced,  as  has  been  demonstrated  on  Em-opean  locomotives 
and  also  in  power  plants  of  steamboats  with  Scotch  marine 
boilers. 

Substantial  savings  in  coal  and  water  per  unit  of  power 
developed  are  now  being  obtained  in  every-day  operation.  As 
a  rough  average,  a  coal  saving  of  25  per  cent  and  a  corre- 
sponding water  saving  of  35  per  cent  can  be  expected  and 
thermally  accounted  for  with  the  knowledge  that  we  have  of 
the  average  amount  of  cylinder  condensation  that  exists  in  sat- 
urated-steam locomotives.  Inasmuch  as  the  operating  value  of 
a  locomotive  depends  upon  the  maximum  amount  of  horse- 
power which  it  can  develop,  and  inasmuch  as  a  great  many 
railroads  when  they  install  superheaters  are  more  vitally  inter- 
ested in  an  increase  of  the  locomotive's  capacity  than  in  the 
fuel  saving,  it  frequently  happens  that  the  excess  of  boiler 
capacity  which  becomes  available  after  reducing  the  specific 
steam  consumption  of  the  engine  is  reutilized  by  making 
greater  demands  upon  the  engine's  hauling  power,  that  is  to 
say,  by  lengthening  the  cut-off  or  operating  it  at  a  higher 
speed  than  before  it  was  superheated. 

Comparing,  then,  two  locomotives  with  identically  the  same 
engine  and  wheels,  and  assuming  further  that  it  would  be 
possible  to  take  sufficient  horsepower  out  of  the  superheater 
engine  in  order  to  make  it  burn  the  same  quantity  of  coal  as 
the  saturated  engine  per  iiour  without  an  appreciable  increase 
of  coal  consumption  per  indicated  horsepower  developed,  then, 
on  the  basis  of  the  fact  that  the  superheater  engine  can  pro- 
duce 1  hp-hr.  at  25  per  cent  less  fuel  than  the  saturated  engine, 
one  can  inversely  fig^ire  that  the  superheater  engine  has  33  1-3 
per  cent  more  cylinder  horsepower  and  from  45  to  55  per  cent 
more  drawbar  horsepower  than  the  saturated  engine.  The 
superheater  engine  could,  then,  haul  45  to  55  per  cent  more 
tonnage  at  the  speed  of  the  saturated  locomotive,  working  at  a 
correspondingly  larger  cut-off.  In  practice,  however,  such  an 
increase  of  tonnage  is  rarely  possible,  for  the  reason  that  the 
superheater  locomotive  has  no  more  starting  effort  than  the 
saturated  locomotive  of  the  same  engine  dimensions,  and  par- 
ticularly on  heavy  grades  the  starting  feature  governs  the 
tonnage  that  can  be  handled.  An  increase  in  speed,  in  order 
to  utilize  the  greater  sustained  boiler  capacity  available,  is 
often  possible,  but  hardly  ever  to  the  extent  that  all  the  excess 
of  boiler  capacity  potentially  existing  can  be  utilized.     It  can 
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be  taken  for  granted  that  part  of  the  benetits  of  superheating 
are  always  reaped  in  the  form  of  fuel  and  water  saving,  and 
all  data  from  comparative  runs,  where  the  superheater  loco- 
motive was  called  upon  to  develop  haulage  effort  greatly  in 
excess  of  the  saturated  locomotive,  show  a  substantial  fuel  and 
water  saving. 

LOCOMOTI\  E  FEEDWATER  HEATING 

By  GEO.  M.  BASFORD,  NEW  YORK.  N.  Y. 
Member  of  the  Society 

HEATING  the  feedwater  of  a  locomotive  by  heat  other- 
wise wasted  is  a  fairly  general  practice  in  all  the  more 
progressive  European  countries,  but  experiments  along  these 
lines  have  been  but  spasmodic  in  this  country  up  to  a  very 
recent  period.  This  does  not  mean  that  the  motive-power 
officers  of  American  railways  are  not  alive  to  the  possibilities 
offered  in  the  shape  of  economy  or  increased  capacity  by  a 
practical  feedwater  heater,  but  it  simply  indicates  that  the 
tremendous  development  of  the  locomotive  in  this  countiy  in 
the  ])ast  fifteen  or  twenty  years  has  made  it  necessary  to 
neglect  many  features  for  the  time  being  which  are  known  to 
be  well  worth  while.  It  appears,  however,  that  the  time  is 
now  about  ripe  for  taking  up  the  subject  in  a  systematic  and 
thorough  manner,  and  a  discussion  of  the  principles  and  pos- 
sibilities of  feedwater  heating  on  locomotives  will  not  be  amiss 
at  this  time. 

The  following  table  gives  the  general  distribution  of  the 
heat  in  a  locomotive,  and  these  figures,  we  believe,  are  fairly 
typical  of  good  practice  and  average  results. 

Total  heat  in  the  coal,  per  cent 100.0 

Loss  in  unconsumed  coal  and  heat  in  ashes  in 

the  ashpan,  per  cent 5.3 

Loss   in    dry   smokebox   gases   and   vapor   of 

combustion,  per  cent 18.0 

Heat  through  boiler  heating  surfaces  (includes 

superheater),  per  cent 76.7 


100.0        100.0 

Investigating  further  the  distribution  of  the  heat  after  it 

has  entered  the  steam,  it  will  be  seen  by  the  table  following 

that  65.2  per  cent  of  the  total  heat  of  the  coal  is  discharged 

in  the  exhaust  steam,  mostly  in  the  form  of  latent  heat. 

Heat  in  steam  as  shown  above  (boiler  efficiency), 

per  cent 76.7 

Loss  by  radiation,  per  cent 3.5 

Loss  in  friction  of  locomotive,  per  cent 1.0 

Useful  work  at  drawbar    (thermal   efficiency  of 

locomotive),  per  cent 7.0 

Heat  discharged  in  exhaust  steam,  per  cent 65.2 


76.7        76.7 

The  exhaust  steam  of  course  does  some  work  in  producing 
draft  and  cannot  all  be  considered  as  a  loss,  but  calculations 
can  be  made  which  will  easily  show  that  it  is  very  largely  loss 
and  that  a  small  proportion  of  this  heat  could  perform  the 
work  of  producing  draft  satisfactorily. 

A  locomotive  to  give  the  results  presented  in  the  above  tables 
would  be  working  at  an  economical  rate,  probably  burning 
about  60  lb.  of  coal  per  sq.  ft.  of  grate  area  per  hr.  Having 
76  sq.  ft.  of  grate  area  and  coal  of  14,000  B.t.u.  heat  value, 
this  would  make  the  total  heat  available  in  the  coal  equal 
63,840,000  B.t.u.  per  hr. 


Ae  the  boiler  efficiency  is  76.7  per  cent,  there  will  be 
48,965,280  B.t.u.  used  to  heat,  evaporate  and  superheat  the 
steam.  Deducting  the  amount  of  heat  lost  in  radiation  there 
will  be  46,092,480  B.t.u.  in  the  steam  going  to  the  cylindei-s. 

Assuming  the  feedwater  to  have  a  temperature  of  60  deg. 
fahr.  and  the  steam  to  be  at  200  lb.  pressure  with  200  deg. 
superheat  and  the  injector  to  be  100  per  cent  efficient 
thermally,  about  36,000  lb.  of  water  will  be  used  by  the 
cylinders  of  this  locomotive  per  hour. 

Of  the  heat  going  to  the  cylinders  41,623,680  B.t.u.  is  dis- 
charged up  the  stack  in  the  exhaust  steam.  If  the  steam  is 
exhausted  in  a  dry  and  saturated  state  it  will  then  have  a 
pressure  of  about  5  lb.  and  a  temperature  of  228  deg.  fahr. 

From  this  brief  analysis  it  is  seen  that  there  are  11,461,200 
B.t.u.  discharged  up  the  stack  in  the  products  of  combustion, 
and  41,623,680  B.t.u.  in  the  exhaust  steam.  The  total  is 
53,084,880  B.t.u.  or  83.2  per  cent  of  the  total  heat  of  the 
coal  in  question. 

Necessarily,  any  part  of  this  heat  that  is  reclaimed  and 
returned  to  the  boiler  will  allow  a  reduction  by  the  same 
amount  in  the  quantity  of  heat  supplied  by  the  coal  to  produce 
the  same  cylinder  horsepower. 

The  most  natural  and  feasible  method  of  collecting  part  of 
this  waste  and  again  delivering  it  into  the  boiler  is  by  using 
as  much  of  it  as  is  practicable  to  heat  the  feedwater  before  it 
enters  the  boiler.  All  of  the  heat  that  can  be  reclaimed  in  this 
way  is  a  net  saving. 

Two  different  sources  of  waste  heat  are  available,  viz., 
exhaust  steam  and  products  of  combustion  or  smokebox  gases ; 
but  because  of  the  size  of  apparatus  and  maintenance  diffi- 
culties in  the  latter  case,  it  is  advisable  to  absorb  all  the  heat 
possible  from  the  exhaust  steam  before  attempting  to  use  the 
hot  gases. 

A  careful  study  of  the  experiments  that  have  been  made  on 
the  heating  of  water  will  show  that  the  amount  of  heat  trans- 
ferred across  the  unit  area  will  vary  greatly  with  the  scouring 
action  of  the  water  as  well  as  the  heating  medium.  In  the 
case  of  exhaust-steam  heaters,  however,  where  it  is  necessary 
to  condense  the  heating  medium  in  order  to  abstract  its  heat, 
the  problem  of  a  high  heat  transfer  resolves  itself  largely  into 
obtaining  a  high  rate  of  agitation  of  the  water.  The  efficiency 
of  each  unit  of  area  will  increase  as  the  agitation  is  increased. 
Great  agitation  of  the  water  necessarily  implies  the  employ- 
ment of  energj-,  and  the  problem  becomes  the  selection  of  a 
suitable  form  of  api^aratus  which  will  give  the  highest  rate  of 
agitation  of  the  water  with  the  least  cost  for  power. 

One  form  of  apparatus  that  has  been  in  very  successful  use 
and  is  based  on  these  principles  is  the  Lovekin  film  heater, 
which  has  been  applied  extensively  in  marine  practice,  where 
the  requirements  demand  minimum  size  and  weight  for  the 
greatest  efiRciency. 

In  this  heater  the  water  is  in  a  thin  film  between  two  spirally 
corrugated  copper  tubes.  See  Fig.  1.  The  heating  medium, 
which  is  exhaust  steam  taken  from  the  exhaust  passages  in 
the  cylinders,  is  present  on  the  inside  of  the  inner  tube  and 
the  outside  of  the  outer  tube,  or  on  both  sides  of  the  water 
film.  The  water  passing  through  this  tortuous  passage 
acquires  a  very  high  rate  of  agitation,  and  heat  transfers 
greater  than  900  B.t.u.  per  sq.  ft.  per  hr.  per  degree  average 
temperature  difference  are  obtainable  with  a  reasonable  fric- 
tional  resistance  through  the  heater. 

This  design  of  heater,  when  arranged  for  a  locomotive  using 
30,000  lb.  of  water  an  hour,  forms  an  apparatus  measuring 
171/2  X  21%  in-  in  section  outside  and  82  in.  in  total  length. 
It  is  easily  fitted  on  the  front  deck,  close  to  the  cylinders,  and 
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under  the  extension  on  the  front  end  where  it  in  nowise  inter- 
feres with  any  other  part  of  the  locomotive  and  is  entirely 
accessible  for  inspection  or  cleaning,  if  necessary.  Fig.  1 
shows  this  heater  in  section.  It  has  been  giving  excellent 
results  on  a  high-speed  passenger  locomotive  during  the  past 
seven  months,  and  has  shown  itself  able  to  heat  water  from 
45  deg.  fahr.  to  225  deg.,  or  a  temperature  rise  of  180  deg., 
with  an  exhaust-steam  temperature  of  240  deg. 

If  the  conditions  assumed  for  the  locomotive  above  with 
feedvvater  temjierature  of  60  deg.  and  exhaust-steam  tempera- 


the  results  desired.  In  this  way  a  veiy  material  saving  is 
accomplished  in  the  whole  locomotive,  which,  while  not  pro- 
duced by  the  feedwater  heater,  results  from  its  application.  In 
the  case  of  a  large  passenger  locomotive  a  reduction  of  10  lb. 
of  coal  per  sq.  ft.  of  grate  area  per  hour  gives  an  increase  in 
the  boiler  efficiency  of  about  3  per  cent,  which  should  be 
credited  to  the  heater. 

In  order  that  the  maximum  amount  of  heat  may  be  absorbed 
from  the  exhaust  steam,  it  is  necessary  that  the  water  shall 
enter  the  heater  at   the  lowest  possible  temperature,   which 

Exhaust  Steam  from 
Cylinders 

)Vater 


Section  A-A 


Drain 
Litngth  to  Suit  Locomotive- 


Section  S-.B 


Fig.  1    Locomotive  Feedwater  Heater  Shown  in  Section 


ture  of  228  deg.  are  considered,  it  wUl  be  seen  that  a  tempera- 
ture rise  of  153  deg.  can  be  obtained  in  the  feedwater,  or  an 
absorjjtion  of  5,508,000  B.t.ii.,  or  13.4  per  cent  of  the  heat 
from  the  exhaust  steam  which  had  previously  been  wasted. 
This  would  be  returned  to  the  boiler  as  a  saving  from  the 
feedwater  heating. 

If  the  feedwater  is  dischai-ged  from  the  exhaust-steam 
lieater  at  more  than  225  deg.,  which  implies  a  back  pressure  of 
10  lb.  and  is  as  hot  as  could  normally  be  expected  with  that 
temperature  of  heating  medium,  there  is  still  a  range  of  166 
deg.  that  it  can  be  raised  before  reaching  the  temperature 
corresponding  to  the  boiler  pressure.  This  would  then  have 
to  be  done  by  the  exhaust  gases,  which  have  a  temperature 
suitable  for  the  purpose,  frequently  being  700  deg.  or  more. 
This  would  require,  in  this  instance,  the  absorption  of  5,868,000 
B.t.u.,  or  about  51  per  cent  of  the  heat  contained  in  the  ex- 
haust gases. 

There  are  no  reliable  figures  available  in  regard  to  the 
transfer  of  heat  from  front-end  gases  of  a  locomotive  to  water 
•on  a  unit  basis,  but  it  is  quite  probable  that  with  any  practical 
form  of  apparatus  a  heat  transfer  gi'eater  than  15  B.t.u.  per 
:sq.  ft.  per  hour,  per  deg.  average  temperature  dift'erenee  will 
not  be  exceeded.  If  we  accept  this  figure  for  the  purposes  of 
investigation  and  assume  that  there  will  be  an  average  tem- 
perature difference  between  the  hot  gases  and  tlie  water  of 
250  deg.,  it  develops  that  over  1500  sq.  ft.  of  heating  surface 
will  be  required  to  raise  the  water  163  deg.  in  temperature. 
It  is  evident,  therefore,  that  a  form  of  construction  which  will 
give  a  higher  heat  transfer  per  square  foot  than  that  as- 
sumed will  have  to  be  developed  and  perfected,  or  it  will 
be  necessary  to  be  satisfied  with  the  lower  temperature  of 
feedwater. 

Another  feature  of  the  subject  which  should  not  be  over- 
looked is  the  effect  of  feedwater  heating  on  the  boiler  efficiency. 
As  the  rate  of  combustion  is  decreased,  the  boiler  efficiency 
increases,  and  when  a  feedwater  heater  is  applied  to  the  loco- 
motive it  allows  the  production  of  tlie  desired  amount  of  steam 
with  a  reduction  in  the  amount  of  coal  fired,  which  increases 
the  boiler  efficiency,  in  turn  requiring  still  less  coal  to  produce 


requires  the  use  of  a  pump  to  force  the  water  through  the 
heater  in  the  case  of  a  closed  heater  similar  to  the  one  illus- 
trated, or  draw  it  from  the  heater  in  the  case  of  an  open  type 
of  heater.  In  the  case  of  the  open  type  of  heater,  tempera- 
tures greater  than  212  deg.  will  not  be  obtainable,  and  this 
fact,  in  addition  to  the  well-known  difficulties  that  accompany 
the  practice  of  pumping  hot  water,  make  it  advisable  to  place 
the  pump  between  the  water  supply  and  the  heater  and  use 
the  closed-type  or  pressui'e  heater. 

A  satisfactory  pump  for  this  purpose  should  not  only  be 
reliable,  durable  and  suitable  for  operating  under  the  highly 
difficult  conditions  jsresent  on  a  moving  locomotive,  and  also 
require  an  absolute  minimum  of  attention  for  its  maintenance, 
but  it  must  also  give  a  very  high  efficiency  since  the  steam  it 
requires  for  operation  is  practically  a  net  loss  to  the  locomo- 
tive as  a  whole.  It  is  of  course  good  practice  to  discharge  the 
exhaust  from  the  feed  pump  into  the  heater  and  there  condense 
it,  but  the  amount  of  heat  taken  up  from  this  source  reduces 
the  amount  that  can  be  absorbed  by  the  feedwater  from  the 
exhaust  steam  of  the  cylinders,  and  therefore,  so  far  as 
economy  is  concerned,  it  gives  no  advantage. 

A  pump  has  recently  been  perfected  by  the  Westinghouse 
Air  Brake  Company  for  use  on  locomotives  which  appears  to 
answer  the  requirements  in  a  very  satisfactory  manner.  It  is 
able  to  deliver  more  than  50  lb.  of  water  against  a  pressure  of 
240  lb.  for  each  pomid  of  steam,  at  150  lb.  pressure,  and  will 
handle  about  65,000  lb.  of  water  per  hour  as  a  maximum.  The 
amount  of  water  pumped  is  controlled  by  the  steam  pressure 
on  the  pump  through  the  medium  of  a  simple  throttle  valve 
located  in  the  cab  and  operated  by  the  engineer. 

A  rule  of  thumb  that  has  long  been  used  in  stationary  and 
marine  practice  is  that  for  each  11  degrees  the  feedwater  is 
heated  by  a  source  otherwise  wasted,  there  will  be  1  per  cent 
saving  in  fuel.  Such  experiments  as  have  been  made  on  loco- 
motives indicate  that  this  amount  is  conservative  and  can  be 
easily  attained.  When  tlie  maximum  capacity  of  the  locomo- 
tive is  being  used,  savings  considerably  in  excess  of  this  are 
indicated.  It  appears  that  an  economy  of  at  least  10  per  cent 
can  be  reasonably  expected  even  at  light  rates  of  working. 


THE  LOCOMOTIVE    FIREBOX  AND   COMBUSTION  CHAMBER 

By  J.  T.  ANTHONY,"  NEW  YORK,  N.  Y. 


THE  growing  demands  and  economic  problems  confront- 
ing the  railroads  have  resulted,  among  other  things,  in 
increased  train  loads.  This  has  necessitated  a  large  increase 
in  the  capacity  of  motive-power  units  required,  which  has  been 
obtained  by  increasing  the  size  of  the  locomotive  and  the 
steaming  capacity  of  its  boiler.  Since  the  sustained  hauling 
capacity  of  a  locomotive  depends  upon  the  ability  of  its  boiler 
to  deliver  steam,  and  the  steam  generation  depends  upon  the 
amount  of  coal  that  can  be  burned  and  heat  liberated,  the 
firebox  has  been  the  controlling  factor  in  the  successful  opera- 
tion of  high-capacity  locomotives. 

The  operating  conditions  of  the  future  are  problematical, 
but  the  indications  are  that  in  addition  to  present  demands 


lb.  dry  coal  fired  per  mr.  per  sq.ft.of  6rate. 

Fig.  1    Heat  Loss  and  Boiler  Efficiency  as  Affected  by 
Rate  of  Combustion 

for  high  hauling  capacity  there  will  be  a  demand  for  higher 
speeds.  The  average  locomotive  is  in  service  doing  useful 
work  4  hr.  and  17  min.  out  of  each  24  hr.,  with  a  daily  average 
of  about  7.5  miles.  It  is  highly  pi'obable  that  strenuous  efforts 
will  be  made  in  the  future  to  increase  the  amount  of  time  the 
locomotive  is  engaged  in  useful  work,  and  to  increase  the 
length  of  the  runs  and  locomotive  mileage  per  day  by  changing 
crews  when  necessary. 

If  these  conditions  arise,  the  controlling  factor  will  be  the 
firebox  and  its  ability  to  burn  the  coal  properly  and  liberate 
the  heat  required  over  long  periods  of  time.  Regarded  from 
the  standpoint  of  present  operating  conditions  or  possible 
future  conditions,  the  locomotive  fii'ebox  is  a  vital  factor;  and 
no  operating  or  mechanical  official  can  afford  to  neglect  the 
study  of  its  present  defects  or  future  possibilities. 

The  firebox  has  two  functions  to  perform.  The  first  and 
most  important  is  the  burning  of  the  coal  and  liberation  of 
the  heat  contained.  The  second  is  the  absorption  of  heat  by 
the  firebox  heating  surfaces. 

Only  a  part  of  the  coal  burns  on  the  grates.  Under  normal 
conditions  at  least  50  per  cent  of  the  heat  is  liberated  by  the 
burning  of  gases  above  the  fuel  bed.  Amjile  air  supply,  thor- 
ough mixing  of  the  gases,  and  combustion  space  are  necessary 
for  the  complete  burning  of  the  gases.     For  efficient  firebox 
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performance,  combustion  chambers  and  mixing  devices  are  as 
necessary  as  the  grates. 

The  firebox  furnishes  only  5  to  10  per  cent  of  the  total 
heating  surface,  but  is  responsible  for  2.5  to  50  per  cent  of  the 
total  evaporation,  due  to  the  fact  that  its  heating  surfaces  are 
ideally  disposed  for  the  absorption  of  radiant  heat.  Maximum 
boiler  capacity  and  efficiency  cannot  be  obtained  without  pro- 
viding for  the  generation  and  absorption  of  this  radiant  heat. 

Fig.  1  shows  a  fair  average  of  boiler  efficiency  and  heat 
losses  on  modern  locomotives  equipped  with  brick  arches  and 
superheaters.  It  will  be  noted  that  the  boiler  efficiency  drops 
from  about  78  per  cent  down  to  48  per  cent  as  the  rate  of 
combustion  increases  from  20  to  140  lb.  of  coal  per  sq.  ft.  of 
grate  per  hour.  It  will  also  be  noted  that  the  greatest  heat 
losses  are  those  due  to  the  heat  carried  away  by  the  front-end 
gases  and  the  heat  loss  in  sparks  and  cinders;  the  former 
remaining  nearlj'  uniform  throughout  the  range  of  tests,  while 
the  latter  increases  rapidly  as  the  rate  of  combustion  in- 
creases. 

It  is  common  practice  to  design  locomotives  to  deliver  their 
rated  tractive  effort  when  burning  120  lb.  of  coal  per  sq.  ft. 
of  grate  per  hour.  Fig.  2  shows  the  average  heat  distribution 
and  losses  at  this  rate  of  combustion.  Fifty-three  per  cent  of 
the  heat  contained  in  the  coal  is  absorbed  by  the  boiler  and 
47  per  cent  lost.  Of  the  heat  lost,  27  per  cent  is  chargeable 
to  the  furnace,  6  per  cent  to  the  heating  surfaces,  and  14  per 
cent  is  unavoidably  lost  in  the  front-end  gases. 

A  comparison  of  D  and  /  in  Fig.  2  indicates  clearly  that  the 
furnace  (or  firebox)  is  responsible  for  four  times  as  much  heat 


■mm;'  :      ■  .      .     '       — 


I,    I  .  ,  J 

m 


— \ — 1 — r 

Total  Heafin.Coal. 

I    I 


'ea^  Liberatedxbu  Furnace 


3  heat  Absorbed  by  doiler 


iri  1 

^  MeafL. 


C     .1     ,] 


Heat  L  OSS  by  Furnace  (Total) 
Heqf  Loss  in  fronf-lnd  6as  (Tofal) 

in  Fronf-£nc/,6os  ijnaYaita.bIe  for  Absorption 


.LJ. 


I 


Heaf  L  OSS-  Sparhs  and  tinders 


J. 


I    I 


Meat  loss-r  ffacfiaf/on,  Unaccounted  for,  Combi/s^/b/em  Ash. 


^■...,1111 

ZA  tfeaf  Rejected,  bu  'ffeat/ncj  Surfaces 

^J    II        I    II    I    I 

J\IjC6- HeatLoss\ 


0       10     20     30     -to     50     60     70      80    90     100 

Fig.  2    Heat  Distribution  and  Losses  When  Firing  Coal 
AT  THE  Rate  of  120  Lb.  per  Hour  per  Sq.  Ft.  of  Grate 

waste  as  the  boiler  heating  surfaces;  and  it  becomes  very  evi- 
dent that  the  largest  field  for  improvement  lies  in  the  locomo- 
tive firebox,  and  not  in  the  heat-absorbing  surfaces.  This  is 
an  all-important  fact  and  one  that  should  be  borne  in  mind : 
that  it  profits  us  little  to  provide  large  areas  of  heating  sur- 
faces if  proper  provisions  for  burning  the  coal  are  not  made 
in  the  firebox. 

FIREBOX  losses 

Firebox  losses  consist  of: 
1  Combustible  in  Ash,  due  partly  to  character  of  coal  and  to 
grate  design  and  method  of  firing.     Loss  of  this  nature 
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is  generally  small,  not  amounting  to  more  than  1  to  IV2 
per  cent. 

2  Carbon  Monoxide.     This  gas  is  unavoidably  formed  in  large 

quantities  in  the  fuel  bed,  and  must  be  burned  in  the  com- 
bustion-ehamber  space.  Its  formation  can  be  reduced  by 
providing  grate  area  sufficient  to  prevent  high  rates  of 
combustion  and  to  allow  a  light  tire  to  be  carried,  thereby 
insuring  an  ample  air  supply,  both  in  the  fuel  bed  and  in 
the  firebox  space  above.  Once  formed,  the  gas  can  be 
completely  burned  only  by  mixing  with  an  excess  of 
oxygen  and  providing  ample  combustion-chamber  space. 

3  Unburned  Hydrocarbons,  wliich  account  for  a  large  part  of 

the  so-called  "  unaccounted-for  "  losses.  These  gases  are 
distilled  off  from  the  green  coal  and  burn  above  the  fuel 
bed.  To  burn  them  completely  it  is  necessary  to  jirovide 
an  excess  of  oxygen  above  the  fuel  bed,  to  mix  thoroughly, 
and  to  have  a  large  combustion  chamber  and  long  flame- 
way.  Even  with  these  provisions  it  is  very  difficult  to 
burn  some  of  the  heavy  hydrocarbons,  which  are  driven 
off  in  the  form  of  tarry  vapors. 

4  Sparks  and  Cinders  are  responsible  for  the  largest  heat  loss 

at  high  rates  of  combustion.  This  loss  can  be  greatly 
reduced  by  increasing  the  grate  area  and  reducing  the 
velocity  of  the  draft  through  the  fuel  bed.  Refractory 
baffles  to  break  u])  and  deflect  the  cinders,  and  combustion 
chambers  of  ample  volume  and  length  wherein  the  fine 
particles  can  burn,  will  cause  a  further  reduction  in  these 
losses. 
Summed  up,  the  elimination  or  reduction  of  the  firebox 
losses  can  be  brought  about  bv  inereasino-  the  grate  area,  fire- 
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FlREBOX  AND    SmOKEBOX   TEMPERATURES,   TEMPERATURE   OF 

Gases  Entering  Flues,  and  Air  Supply 
PER  Pound  of  Coal 

box  volume  and  combustion-chamber  space  by  providing  ef- 
fectual baffles  and  mixing  devices,  and  supplying  at  least  33 
per  cent  excess  air,  or  approximately  16  lb.  of  air  per  lb.  of 
coal. 

Air  sufficient  for  complete  combustion  can  be  drawn  into 
the  firebox  at  low  and  moderate  rates  of  combustion  if  suffi- 
cient openings  are  provided  in  ashpans  and  gi'ates.  At  high 
rates  of  combustion  it  is  impossible  to  get  enough  air  into  the 
firebox  to  eomi)lete  combustion,  and  this  is  always  found  to 


be  the  controlling  factor  when   driving  locomotives  to  their 
maximum  capacity. 

COMBUSTION  CHAMBERS 

Ordinarily,  we  are  apt  to  think  of  coal  as  burning  on  the 
grates,  when  as  a  matter  of  fact  a  large  part  of  the  coal  burns 
above  the  fuel  bed  in  the  form  of  gas.  Consider  the  ease  of 
the  large  boiler,  such  as  is  used  on  the  Pacific-  and  Mikado- 
type  engines,  with  70  sq.  ft.  of  grate,  311  cu.  ft.  of  firebox 
volume,  232  sq.  ft.  of  firebox  heating  surface  and  5280  sq.  ft. 
of  flue  and  superheating  surface,  the  firebox  being  without  a 
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combustion  chamber  and  equipped  with  a  brick  arch.  The  coal 
used  was  high-volatile  Westmoreland  with  a  heat  value  of 
14,430  B.t.u.  per  lb.  and  having  the  following  composition: 


Per 
cent 

Fixed  carbon .57 

Volatile  matter 35 

Moisture 1 

Ash  7 

100 


Per 
cent 

Carbon   78 

Hydrogen   5% 

Nitrogen   1% 

Sulphur IVi 

Ash 7 

Oxygen    6i/4 

100 


At  a  rate  of  combustion  of  120  lb.  of  coal  jier  square  ft.  of 
grate  per  hour,  8400  lb.  was  fired  (which  is  equivalent  to  140 
lb.  per  min.,  or  2.33  lb.  jier  sec).  The  coal  contained  57  per 
cent  of  fixed  carbon:  and  if  all  this  burned  on  the  grate,  there 
would  be  liberated  8350  heat  units — or  58  per  cent  of  the  heat 
contained  in  the  coal — while  6080  heat  units  (or  42  per  cent) 
would  be  liberated  by  the  volatile  combustible  burning  above 
the  fuel  bed. 

However,  all  of  the  fixed  carbon  does  not  burn  on  the  grate. 
The  oxygen,  on  coming  in  contact  with  the  glowing  coals  next 
to  the  grate,  combines  with  the  carbon  to  form  carbon  dioxide. 
and  this,  passing  up  through  the  fuel  bed,  comes  in  contact 
wilh  other  glowing  coals  and  is  reduced  to  carbon  monoxide; 
and  there  is  a  large  percentage  of  the  latter  gas  mixed  with  the 
carbon  dioxide  and  other  gases  arising  from  the  fuel  bed. 

Tests  indicate  that  often  there  is  as  much  as  80  per  cent 
of  the  fixed  carbon  incompletely  burned  to  carbon  monoxide, 
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and  iti  order  to  avoid  a  large  heat  loss,  this  carbon  monoxide 
must  be  mixed  with  sufficient  oxygen  to  enable  it  to  be  com- 
pletely burned  in  the  combustion-chamber  space  above  the  fuel 
bed. 

Assume,  for  example,  that  50  per  cent  of  the  fixed  carbon 
is  completely  burned  on  the  grates  and  50  per  cent  is  incom- 
pletely burned  to  carbon  monoxide.  The  gases  arising  from 
the  fuel  bed  will  have  the  composition,  weight  and  volume 
shown  in  Table  1. 

TABLE  1      COMPOSITION  AND  VOLUME  OF  GASES  IN  FIREBOX 

When  Burning  120  Lb.  of  Coal  per  Sqtjare  Foot  of  Grate 
PER  Hour,  with  an  Air  Supply  of  123^  Lb.,  and  One-Half 
of  Fixed  Carbon  Completely  Burned  on  the  Grates. 
Firebox  Temperature  =  2200  Deb.  Fahh. 


Symbol 

Arising  from 
Fuel  Bed 

Combustion 
Completed 

Gas 

Lb. 

per 
Sec. 

Cu.  Ft. 
per 
Sec. 

Per 

Cent 
Vol. 

Cu.  Ft. 
per 
Sec. 

Per 

Cent 
Vol. 

Ethane  '. 

CjH, 

CO 

COi 

Nj 

Oi 

HiO 

SO: 

0.50 
1.55 
2.44 
21.96 
3.99 
0.16 
0.07 

38 

107 

107 

1517 

242 

17 

2 

1.87 
5.27 
5.27 
74.73 
11.92 
0.84 
0.10 

0 

0 

290 

1517 

55 

131 

2 

0 

Carbon  monoxide 

Carbon  dioxide 

0 
14.53 
76  06 

2  75 

Water  vapor 

Sulphur  dioxide 

6.56 
0.10 

Totals 

30.67 

2030 

100.00 

1995 

100,00 

1  Ethane  assumed  to  represent  average  composition  of  the  hydrocarbons. 

Under  these  conditions,  only  40  per  cent  of  the  heat  con- 
tained in  the  coal  would  be  liberated  on  the  grate,  while  60 
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5    Equiv.\lent  Evaporation  per  Hour  foe  Various 
Rates  of  Firing 


per  cent  would  be  liberated  by  tlie  burning  of  the  gases  in  the 
combustion-chamber  space. 

We  have  assumed  that  the  combustion  in  the  firebox  is  com- 


plete and  that  there  is  no  hydrocarbon  or  carbon  monoxide 
contained  in  the  gases  entering  the  flues,  as  shown  by  the  right- 
hand  column  of  the  table.  Under  the  conditions,  however, 
perfect  combustion  could  not  be  obtained,  as  the  air  supply, 
12^4  lb.  per  pound  of  coal,  is  insutficient.  Table  1  shows  that 
there  is  an  excess  of  2.75  per  cent  free  oxygen  in  the  final 
products  of  combustion ;  but  this  is  not  sufficient  to  guarantee 
complete  combustion,  on  account  of  the  presence  of  the  large 
volumes  of  inert  gases,  which  interfere  with  the  mixing  of  the 
oxygen  with  the  combustibles ;  and  also  on  account  of  the  short 
time  available  for  combustion  of  each  particle  of  gas. 

The  velocity  with  which  the  combustible  gases  burn  depends 
upon  the  volume  percentages  of  the  combustible  and  the 
oxygen  present.  For  instance,  with  the  gases  arising  from  the 
fuel  bed  containing  5  per  cent  carbon  monoxide  and  12  per 
cent  oxygen,  the  velocity  of  combustion  would  be  proportional 
to  5=  X  12  =  300. 

Where  combustion  is  nearly  complete  and  the  gases  contain, 
say,  1  per  cent  carbon  monoxide  and  3  per  cent  oxygen,  the 
velocity  of  combustion  would  be  proportional  to  1^  X  3  =  3 ; 
or  it  would  be  100  times  more  rapid  in  the  first  than  in  the 
second  case.  This  slowness  of  combustion  can  be  partially 
offset  by  providing  long  flameway  and  combustion-chamber 
space;  but  in  addition  combustion  must  be  speeded  up  by  in- 
creasing the  supply  of  oxygen  if  perfect  combustion  is  to  be 
obtained. 

As  shown,  the  total  volume  of  gases  evolved  per  second  is 
more  than  2000  cu.  ft.  The  firebox  has  a  volume  of  311  cu. 
ft.,  which  means  that  the  firebox  is  being  filled  and  refilled  with 
gases  about  six  and  one-half  times  per  second ;  or  that  the 
time  available  for  the  combustion  of  each  particle  of  gas  will 
average  less  than  one-sixth  of  a  second. 

It  is  evident  from  the  above  that  it  is  a  very  difficult  matter 
to  burn  completely  the  combustible  gases  in  an  ordinary  fire- 
box, although,  as  a  rule,  front-end-gas  analyses  fail  to  account 
for  these  losses.  This  is  due  to  our  method  of  making  these 
analyses,  no  provision  being  made  ordinarily  to  detect  the 
presence  of  unburned  hj'drocarbons ;  while  the  presence  of  a 
small  percentage  of  carbon  monoxide  may  often  pass  unde- 
tected, owing  to  methods  employed  in  collecting  gas  samples 
and  to  chances  for  error  in  gas  analyses. 

The  presence  of  0.1  per  cent  of  unburned  hydrocarbon  in 
the  front-end  gas  under  the  above  conditions  would  indicate 
a  loss  of  more  than  2  per  cent  of  the  entire  heat  contained 
in  the  coal;  and  such  losses,  and  much  larger  losses,  are  con- 
stantly occurring. 

The  large  volume  of  gases  evolved  and  the  amount  of  heat 
generated  by  the  burning  of  these  gases  emphasize  the  im- 
portance of  firebox  volume  and  combustion-chamber  space. 
The  fuel  bed  is  little  more  than  a  gas  producer,  and  adequate 
provisions  must  be  made  for  burning  these  gases  if  perfect 
combustion. is  to  be  approximated. 

FIREBOX  HEATING  SURFACE 

Fig.  3  shows  the  firebox  and  smokebox  temperatures  and 
air  supply  per  pound  of  coal,  obtained  in  tests  of  the  locomo- 
tive under  consideration.  It  will  be  noted  that  as  the  rate  of 
combustion  increased  from  30  to  140  lb.  of  coal,  the  firebox 
temperature  rose  from  1900  to  2240  deg.  fahr.,  while  the 
smokebox  temperature  increased  from  520  to  580  deg.  At  the 
same  time  the  air  supply  per  pound  of  coal  decreased  from 
22%  to  10  lb.  The  firebox  temperature  shown  is  probably 
higher  than  that  generally  obtained  in  road  service;  but  high 
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firebox  temperatures  are  much  to  be  desired,  as  the  evaporation 
increases  rapidly  with  the  rise  in  temperature. 

Firebox  heating  surfaces  receive  practically  all  of  their 
heat  by  radiation,  the  heat  being  radiated  directly  from  the 
luminous  fuel  bed,  flames  and  brickwork,  traveling  from  these 
radiating  surfaces  by  "  rays  "  to  the  firebox  heating  surfaces. 
The  locomotive  firebox  is  ideally  suited  to  the  absorption  of 
radiant  heat,  having  the  radiating  bodies,  such  as  the  fuel  bed 
and  flames,  surrounded  by  the  cooler,  soot-covered  heating  sur- 
faces, which  absorb  all  the  radiant  heat  and  reflect  none  of 
it  away. 

The  curve  in  Fig.  4  shows  the  amount  of  heat  radiated  per 
minute  ]ier  square  foot  of  radiating  surface  for  various  fire- 
box temperatures  when  the  temperature  of  a  firebox  sheet  on 
the  fire  side  is  440  deg.  fahr.  The  points  determining  the  curve 
were  figured  from  the  formula  (Stefan-Boltzmann)  shown,  ab- 
solute temperatures  being  used.  With  a  firebox  temperature 
of  1540  deg.,  each  square  foot  of  radiating  surface  gives  off 
about  400  heat  units;  whereas,  if  the  temperature  is  increased 
to  2040  deg.,  more  than  1000  heat  units  are  radiated  per  min- 
ute; wliile  a  temperature  of  3000  deg.  would  give  a  radiation 
of  almost  4000  heat  units  per  minute  per  square  foot  of  radiat- 
ing surface. 

High  firebox  temperatures  are  necessary  if  high  firebox 
evaporation  is  to  be  obtained ;  but  temperature  is  but  one  of 
the  two  controlling  factors,  the  other  being  the  area  or  extent 
of  the  radiating  surfaces.  The  fuel  bed  is  a  radiating  body, 
and  the  area  of  the  radiating  surface  of  the  fuel  bed  is  readily 
determined.  Flames  also  radiate  heat,  but  the  amount  of  flame 
in  a  firebox  is  very  variable  and  the  amount  of  heat  radiated 
therefrom  is  difficult  to  determine.  If  the  firebox  is  completely 
filled  with  a  mass  of  flame,  the  effective  flame-radiating  sur- 
faces will  be  equal  to  the  exposed  firebox  heating  surfaces.  If 
the  firebox  is  not  completely  filled  with  flame,  the  flame-radiat- 
ing surfaces  will  be  less. 

Assuming  that  the  firebox  was  completely  filled  with  flame 
when  burning  the  high-volatile  coal  at  a  rate  of  80  lb.  per 
square  foot  of  grate  per  hour  and  was  50  per  cent  filled  at 
the  low  rates  of  combustion,  Curve  3  in  Fig.  5  was  plotted, 
the  flame  temperature  being  assumed  to  equal  that  of  the  fire- 
box. The  curve  showing  the  total  equivalent  evaporation  from 
the  boiler  was  plotted  from  actual  test  data.  The  curve  of 
firebox  evaporation  was  calculated  from  the  curve  in  Fig.  4, 
using  the  firebox  temperatures  shown  in  Fig.  3.  The  curve 
showing  tube  evaporation  was  obtained  by  subtracting  the  fire- 
box evaporation  from  the  total. 

At  the  lowest  rate  of  evaporation  the  curve  indicates  that 
the  firebox  evaporated  40  per  cent  of  the  total,  and  at  the 
highest  rate,  37  per  cent.  An  equivalent  evaporation  of  26,000 
lb.  per  hour  from  230  sq.  ft.  of  heatmg  surface  means  an 
evaporation  of  105.6  lb.  per  hour  per  sq.  ft.  of  heating  surface. 
In  order  to  get  such  an  evaporation,  each  square  foot  of  heat- 
ing surface  would  have  to  transfer  102,400  heat  units  per 
hour,  and  the  temiierature  on  the  fire  side  of  the  sheet  would 
be  about  536  deg.  if  the  sheets  were  clean.  These  figures  will 
serve  to  show  what  can  be  expected  when  high  firebox  tem- 
peratures and  large  radiating  surfaces  are  to  be  had;  for  fire- 
box evaporation  depends  principally  upon  these  two  factors, 
and  only  indirectly  upon  the  extent  of  the  firebox  heating  sur- 
faces. 

Increasing  the  firebox  heating  surfaces  by  the  addition  of 
a  combustion  chamber  increases  the  firebox  evaporation  only 
to  the  extent  that  the  combustion  chamber  is  filled  with  flame 
or  heat-radiating  surfaces.  If  the  combustion  chamber  is  not 
filled  with  flame,  there  will  be  practically  no  increase  in  firebox 


evaporation ;  for  the  combustion-chamber  heating  surface  is  so 
arranged  that  it  can  take  up  but  an  inappreciable  amount  of 
heat  from  the  gases  by  convection. 


Firebox  Temperature   rrQnf-£nd  Temperofure 
"  '    _;,  2200 


-fCumperaj-ure  Oases  Entering  -q 
rtue& 
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Fig  6.     Temperature  Drop  from  Firebox  to  Front  Exd  at 
Various  Rates  of  Combustion 


(1),   120  lb.  per  sq.  ft.  of  grate  per  hour;    (2),   luu   li>. 

(4),  60  lb.  ;  (5),  40  lb.    Evaporation  for  each  1-ft. 

of  tubes  calculated  from  temperature  drop 
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Fig.  7    Equivalent  Evaporation  per  Hour  from  Firebox 

AND   FROM   Each   1-Ft.    Section  of   Tube.s   When 

Burning  120  Lb.  Coal  per  Sq.  Ft.  of 

Grate  per  Hour 

Figures  show  equivalent  evaporation  per  sq.  ft.  of  heating  surfaci'  per 
hour.      Grate   area,    70   sq.    ft :    firebox    heating   surface, 
232  sq.  ft.  :  tube-healing  surface,  5280  sq.  ft.  =  240 
sq.   ft.  per  1-ft.  section. 

The  curves  in  Fig.  6  show  the  characteristic  drops  in  tem- 
perature of  the  gases  in  passing  through  the  flues  when  burn- 
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ing  coal  at  varying  rates  per  square  foot  of  grate  per  liour, 
■with  the  air  supply  shown  in  Fig.  3. 

Suppose  the  flues  to  have  been  divided  into  22  equal  sec- 
tions, each  1  ft.  in  length  and  containing  240  sq.  ft.  of  heating 
surface.  With  a  constant  weight  of  gases  passing  through,  the 
drop  in  temperature  through  each  1-ft.  section  becomes  a 
measure  of  the  evaporation   in  that  section ;   and  the  figures 


per  square  foot  of  flue  heating  surface  would  be  8.14  lb.  per 
hour,  this  evaporation  ranging  from  23.4  lb.  in  the  section 
next  to  the  flrebox  down  to  2.58  lb.  per  sq.  ft.  in  the  section 
adjacent  to  the  front  flue  sheet.  It  will  be  noted  that  the  first 
four  sections  from  the  front  end  have  a  total  equivalent  evap- 
oration of  only  2840  lb.  per  hour,  or  about  half  that  produced 
by  the  one  section  adjacent  to  the  back  flue  sheet. 


Fig.  8    Ordinary  Firebox  without  Baffle  or  Other  Gas-Mixing  Device 
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Fig.  9    Ordinary  Type  of  Firebox  Equipped  with  an  Arch 


s^lmwing  the  totiil  equivalent  evaporation  from  each  section  and 
the  equivalent  evaporation  per  sr;uare  foot  of  heating  surface 
were  calculated  from  the  temperature  drops  and  the  wtnght  of 
the  gases,  assuming  the  specific  heat  to  be  constant  throughout. 
This  assumption  introduces  a  small  error  into  the  calculations. 
but  it  is  not  sufficient  to  affect  the  results  greatly. 

With  an  equivalent  evaporation  per  square  foot  of  firebox 
heating  surface  of  lO.j.ti  lb.  per  hour,  the  average  evaporation 


A  reduction  of  the  flue  lengths  to,  say,  18  ft.  by  the  applica- 
tion of  a  4-ft.  combustion  chamber  would  reduce  the  flue  heat- 
ing surface  960  sq.  ft.,  increase  the  flrebox  surface  by  76  sq. 
ft.,  and  add  108  cu.  ft.  to  the  firebox  volume.  What  effect 
would  such  a  change  have  upon  the  boiler  evaporation  and 
efficiency  % 

As  shown  in  Fig.  2,  more  than  25  per  cent  of  the  heat  con- 
tained in  the  coal  is  lost  thrcugh  imperfect  combustion.     If 
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tlie  additional  firebox  volume  obtained  by  the  use  of  the  com- 
bustion chamber  effected  a  saving  of  one-fourth  of  this  heat 
loss,  the  resulting  combustion  would  cause  an  increase  in  fire- 
box evaporation  of  approximately  8025  lb.  to  ofTset  the  2840 
lb.  lost  bv  shoitcning  tlie  flues.- 


Boiler  tests  show  even  larger  increases  in  eflflciency  brought 
about  by  the  introduction  of  the  combustion  chamber;  and  a 
study  of  the  questions  of  furnace  losses  and  heat  generation 
by  the  burning  gases  will  make  it  dear  why  the  application 
of  a   combustion  chamber  to  a   locomotive  does  increase  fire- 


FiG.  10    Firebox  Equipped  with  the  Gaines  Locomotive   FuRN.\rE 


Fig.  11     Straight-Wall  Type  of  Gaines  Combustion"  Chamber  as  Applied  to  an  Oil-Rukxinx;  Locomotive  of  the 

2-10-2  Type 


This  increased  firebox  evaporation  would  be  obtained  by 
the  generation  of  heat  that  would  othei-wise  have  been  lost, 
and  there  would  be  little  or  no  reduction  in  the  temperature 
of  gases  entering  the  flues.  The  front-end  temperature  would 
be  increased,  but  there  would  be  a  net  increase  of  7^/2  per  cent 
in  boiler  efficiency,  due  to  the  combustion  chamber. 


box  evai>oration  and  decreases  the  heat  losses  caused  by  the 
escape  of  unburned  volatile  combustibles  and  fiue  particles 
of  coal. 

While  comparatively  few  rclial)le  tests  have  been  made  for 
the  pur])ose  of  determining  the  effect  of  a  combustion-cliamber 
installation  upon  boiler  efficiency,  the  three  shown  in  Table  2 
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give  a   clear   iinlication   of  the   value   of  firebox   volume   and 
eombustiou-cbamber  space. 

TABLE  2 


Locomotive 

Cylinder 
Size 

Fuel 
Used 

Relative  Boiler  Efficiency,  Per  Cent. 

Type 

With  Gaines  Combustion  Chamber 

Without 

2-8-0 

■1-6-2 

2-10-2 

21x32  in. 
23x28  in. 

28x32  in. 

Coal 
Coal 
Oil 

100 
100 
100 

62 

78 
80 

Tlie  variation  in  boiler  etficieneies  in  the  table  is  due  partly 
to  the  character  of  the  fuel  and  partly  to  the  difference  in 
lengths  of  combustion  chambers  and  peculiarities  of  firebox 
design. 

The  relative  efficiency  of  the  firebox  heating  surfaces  as 
compared  with  the  flue  heating  surfaces  is  shown  by  the  curve 
in  Fig.  7.  The  base  of  the  rectangle  represents  the  heating 
surface,  240  sq.  ft.  for  each  section  of  the  flues  and  232  sq.  ft. 
for  the  firebox.  The  height  of  the  rectangle  indicates  equiva- 
lent evaporation  per  square  foot  of  heating  surface  per  hour 
from  each  of  the  flue  sections,  while  the  area  of  each  rectangle 
represents  the  total  evaporation  per  hour. 

The  principal  function  of  the  firebox  is  to  burn  coal  and 
liberate  the  heat;  but  the  amount  of  water  evaporated  by  the 
firebox  heating  surfaces,  as  shown  by  the  chart,  is  quite  con- 
siderable, and  full  advantage  should  be  taken  of  the  oppor- 
tunities offered  for  producing  and  absorbing  radiant  heat. 
Whether  considered  as  a  furnace  or  as  a  part  of  the  boiler 
evaporating  surface,  the  firebox  is  the  chief  factor  in  success- 
ful boiler  performance,  on  which  depends  successful  locomo- 
tive operation. 

The  value  of  baffling  and  gas-mixing  devices,  firebox  volume 
and  combustion-chamber  space  is  becoming  more  generally 
recognized,  although  the  engines  with  long  wheelbases  and 
boilers  now  in  vogue  present  opportunities  for  combustion- 
chamber  installations  of  which  full  advantage  is  not  being 
taken  by  many  of  the  American  railroads.  The  advance  that 
has  been  made  along  these  lines  during  the  past  few  years  is 
shown  by  the  following  illustrations. 

Fig.  8  shows  the  ordinary  firebox  without  a  baSle  or  gas- 
mixing  device  of  any  description.  The  picture  shows  clearly 
the  disadvantages  of  such  a  firebox  and  the  possibilities  of 
large  heat  losses  due  to  the  escape  of  unburned  hydrocarbon 
gases  distilled  off  from  the  bank  of  green  coal  under  the  door, 
and  to  the  heat  loss  and  flue  trouble  occasioned  by  the  inrush 
of  cold  air  tlirough  a  possible  hole  in  the  fire. 

Fig.  9  shows  the  same  type  of  firebox  equipped  with  an 
arch,  and  illustrates  the  advantages  of  the  baffling  and  mixing 
obtained  by  the  arch,  as  well  as  the  protection  afforded  the 
flues. 

Fig.  10  shows  a  firebox  equipped  with  the  Gaines  locomo- 
tive furnace,  in  which  the  flue  sheet  is  carried  forward  to  a 
point  directly  over  the  rear  driver,  the  mudring's  being  u|)set 
at  the  sides  to  provide  sufficient  clearance. 

Fig.  11  shows  a  straight-wall  type  of  Gaines  combustion 
chamber,  as  applied  to  an  oil-burnmg  locomotive  of  the  2-10-2 
type.  This  is  the  first  installation  of  its  kind  that  has  been 
made  on  road  engines. 

These  latter  illustrations  show  the  furnace  layouts  of  loco- 
motives that  are  in  actual  operation ;  and  the  results  obtained 
in  fuel  economy,  boiler  capacity  and  low  cost  of  maintenance 
give  additional  weight  to  the  arguments  advanced  regarding 


the  effect  of  heat  radiation  from  fuel  bed,  flameways  and  brick- 
work, and  the  necessity  of  large  firebox  volume  and  long  flame- 
way. 

Rhotanium — A   Platinum  Substitute 

Rhotanium,  a  palladium-gold  alloy  in  which  the  gold  con- 
tent varies  from  60  to  90  per  cent,  is  said  to  form  a  satis- 
factoiy  substitute  for  platinum.  It  is  malleable  and  ductile 
and  can  be  welded  without  the  use  of  a  flux  or  other  reagent. 
Its  specific  gravity  ranges  from  about  16  to  18.5,  according  to 
composition,  and  its  losses  by  volatilization  at  temperatures 
Ijelow  1300  deg.  cent,  are  less  than  those  of  commercial 
platinum.  It  can  be  used,  within  its  temperature  limitations, 
in  electric  heating  units,  and  is  satisfactory  for  contact  ter- 
minals in  many  forms  of  automatic  electric  devices.  Its 
l)ehavior  when  tested  on  certain  magnetos  was  satisfactoiy, 
but  experiments  performed  on  a  high-grade  aeroplane-engine 
magneto  gave  negative  results.  It  is  not  suitable  for  use  with 
hot  concentrated  nitric  acid  nor  for  electrolytic  anodes,  but 
for  all  other  chemical  purposes  it  is  entirely  satisfactory  if 
the  i>roper  composition  is  chosen  and  if  properly  manufac- 
tured. Certain  of  the  alloys  have  given  good  service  in 
dentistry  when  used  for  pins  and  baked  into  porcelain  teeth 
and  as  thin  foil  and  heavy  sheet  for  other  types  of  construc- 
tion. Rhotanium  is  said  to  be  superior  to  pure  platinum  for 
use  in  jewelry;  it  is  harder,  stronger,  and  takes  a  better  finish. 
It  does  not  tarnish,  is  non-corrodible,  has  practically  the  color 
of  platinum,  and  can  be  worked  as  readily.  Jewelry  made 
with  it  passes  the  common  jewelers'  and  platinum  buyers'  tests. 
(U.  S.  Commerce  Reports,  abstracted  in  Machinery,  vol.  23, 
no.  12,  August  1917,  p.  1096) 

Patent  Merger  in  Aircraft 

According  to  statements  in  the  press,  the  manufacturers  of 
aircraft  have  formed  an  organization  under  the  nanie  of 
Manufacturers'  Aircraft  Association.  The  most  important 
feature  of  this  association  is  an  agreement  entered  into  by 
the  manufacturers  composing  it,  with  a  view  to  cross-licensing 
the  \arious  patents  held  by  the  members. 

According  to  a  statement  given  out  b.y  the  chairman  of  the 
publicit.v  committee  of  the  association,  it  is  proposed  that 
each  member  should  pay  a  royalty  of  $200  on  each  machine 
built  by  him.  Of  this  sum  $135  will  be  paid  to  the  Wright 
interests  and  $40  to  the  Curtiss  interests  until  the  Wright 
interests  have  accumulated  $2,000,000.  Thereafter  $175  will 
go  to  the  Curtiss  interests  until  they  have  accumulated  a 
similar  sum.  The  residue  of  $25  on  each  machine  is  to  go  to 
the  general  fund  of  the  association. 

By  the  terms  of  the  cross-licensing  agreement  any  respon- 
sible manufacturer  of  aircraft,  or  one  who  intends  to  become 
a  bona-flde  producer  of  same,  or  any  manufacturer  to  whom 
the  United  States  Government  has  given  a  contract  for  the 
construction  of  ten  or  more  aeroplanes,  or  any  person,  firm, 
or  corporation  owning  or  controlling  United  States  jiatents 
relating  to  aeroplanes,  maj'  become  a  party  to  the  agreement 
and  can  qualify  as  a  member. 

Under  the  terms  of  this  agreement  all  patent  litig'ation 
relating  to  aeroplanes  between  members  of  the  association 
ceases  automatically.  From  the  text  of  the  announcement 
and  statements  made  by  the  officers,  it  appears  that  the  agree- 
ment covers  the  aeroplane  proper,  but  not  the  engine. 

The  office  of  the  association  is  at  501  Fifth  Ave.,  Nca'  York 
City.  Frank  H.  Russell,  of  the  Burgess  Company,  is  presi- 
dent of  the  association,  and  Benjamin  S.  Foss,  of  the  Sturte- 
vant  Aeroplane  Company,  is  secretary. 
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IT  was  in  the  sixties  of  the  last  eentui-y  that  the  first  poppet- 
valve  engine  appeared  on  the  market.  It  was  designed  by  a 
young  Englisliman,  Charles  Brown,  chief  engineer  of  the 
famous  firm  of  Sulzer  Bros.,  of  Winterthur,  Switzerland. 

This  first  Sulzer  engine  became,  and  still  is,  the  standard 
design  of  modern  poppet-valve  engines.  The  engine  has  the 
side  shaft  driven  from  the  main  shaft  by  a  pair  of  bevel 
gears;  the  two  admission  valves  are  mounted  on  the  top,  and 
the  two  exhaust  valves  placed  at  the  bottom  of  the  cylinder; 
and  mounted  on  the  side  shaft  are  the  four  eccentrics,  straps 
and  rods  for  the  operation  of  the  valve  mechanism.  The 
whole  arrangement  is  excellent  and  possesses  many  fine  points, 
the  consequence  of  thoughtful  and  careful  design  and  work- 
manship. 

While  the  Corliss  engine  was  finding  great  favor  in  this 
country,  and  also  in  England  and  France,  engineers  in  Ger- 
many, Austria  and  Switzerland  pinned  their  faith  to  the 
jioppet-valve  engine,  being  convinced  that,  with  the  advent  of 
higher  steam  pressures  and  higher  steam  temperatures  in 
general,  the  poppet  valve  was  more  suitable  for  steam  distribu- 
tion than  any  other  kind  of  valve.  Present-day  practice 
demonstrates  that  these  engineers  displayed  sound  judgment. 

It  is  hardly  necessary  to  enter  into  the  subject  of  high 
steam  pressures  and  superheat,  but  a  few  figures  might  be 
of  interest.  By  increasing  the  steam  pressure,  the  capacity 
of  the  engine  is  correspondingly  increased  while  the  addi- 
tional heat  expenditure  is  very  small.  For  instance,  steam 
at  100  lb.  gage  contains  1191  B.t.u.  per  lb.;  at  200  lb.  9  B.t.u. 
more,  and  at  500  lb.  19  B.t.u.  more,  showing  that  the  additional 
heat  required  for  raising  the  steam  pressure  is  insignificant. 

In  this  respect  the  following  statement  may  be  quoted  from 
a  paper  read  by  Robert  Cramer  on  Higher  Steam  Pressures ' : 
"  It  is  apparent  that  high  steam  pressures  will  permit  neither 
slide  nor  Corliss  valves.  The  advent  of  higher  pressure  will 
cause  the  poppet  valve  to  come  into  its  own  in  America,  where 
it  is  now  seldom  used,  in  spite  of  the  great  success  it  has  had  in 
Europe  for  many  years,  lately  the  flexible-seat  type  espe- 
cially." 

The  advantages  of  the  poppet  valve  are : 

1  No  rubbing  surfaces,  hence  no  lubrication,  and  its  adapta- 

bility for  higli  temperatures 

2  Small  weight  and  practical  balance,  hence  its  adaptability 

for  high  speed  and  high  steam  pressure 

3  No  possible  wear,  consequently  the  engine  economy  main- 

tained for  an  indefinite  period. 

The  comparison  shown  in  Fig.  1  is  taken  from  actual  de- 
signs. The  two  valves  have  the  same  free  area,  65  sq.  in., 
while  the  weight  of  the  four  poppet  valves  is  72  lb.  as  against 
824  lb.  for  the  four  Corliss  valves. 
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In  order  to  combine  the  advantages  and  disadvantages  of 
simple  and  compound  engines,  the  idea  of  passing  the  steam 
through  the  cylinder  in  a  unidirectional  flow,  known  for  more 
than  thirty  years,  was  revived  and  successfully  carried  out  in. 
practice.  Professor  Stumpf,  of  Berlin,  Germany,  deserves  the 
credit  of  having  designed  the  fii-st  modern  and  practical  uniflow 
engine. 

In  these  engines  the  steam  enters  through  admission  valves 
at  one  end  of  the  cylinder,  follows  the  piston  during  the  ex- 
pansion period,  and  escapes  through  exhaust  ports  arranged 
in  the  center  of  the  cylinder  and  controlled  by  the  piston. 

The  steam  has  a  tendency  to  travel  always  in  the  same  direc- 
tion in  a  unidirectional  flow  engine,  as  the  rareflcation  of  the 
steam  in  the  cylinder  will  take  place  in  a  direction  toward  the 
central  exhaust,  cooling  the  cylinder  walls  next  to  the  exhaust 
belt  more  than  those  at  the  other  end,  and  causing  a  gradual 
decrease  of  the  temperature  of  the  cylinder  walls  from  the  hot 
cylinder  cover  to  the  cool  exhaust  port,  corresponding  approxi- 
mately with  the  temperature  of  the  expanding  steam.  The 
considerable  losses  caused  by  the  cooling  action  of  the  cylinder 
walls  during  the  admission  period,  and  by  reevaporation  of 
steam  during  the  exhaust  period  in  ordinary  steam  engines, 
are  thus  almost  entirely  avoided. 

It  seems  perfectly  feasible  that  a  stratification  of  the  steam, 
with  the  wettest  particles  next  to  the  piston,  takes  place  during 
the  expansion  period,  but  it  is  doubtful  whether,  as  claimed  by 
Professor  Stumpf,  it  can  be  maintained  during  exhaust  in  view 
of  the  rather  violent  action  of  the  steam  in  the  cylinder  when 
the  terminal  pressure  is  suddenly  reduced  to  the  back  pressure. 

W^hile  it  is  true  that  the  cylinder  cover  remains  compara- 
tively unaffected  by  the  flow  of  steam,  it  has  to  be  admitted 
that  the  piston  surface  is  exposed  to  the  action  of  the  steam. 
However,  on  account  of  the  circumferentially  arranged  exhaust 
ports,  the  pressure  energy  is  converted  into  velocity  energy 
within  the  exhaust  ports  to  a  great  extent,  without  cooling  the 
surface  of  the  piston  considerably. 

W^hen  the  exhaust  port  opens,  all  the  moisture  accumulated 
during  the  expansion  jieriod  is  completely  removed  and  the 
possibility  of  water  hammer  eliminated. 

Further  advantages  of  the  uniflow  cylinder  are  due  to  the 
fact  that  the  clearance  surfaces  and  volume  are  considerably 
reduced  as  exhaust  valves  of  the  usual  type  are  eliminated. 
The  exhaust  belt  provides  an  exhaust  area  considerably  in 
excess  of  that  found  in  ordinary  engines,  thus  making  impos- 
sible the  pressure  difference  so  often  encountered  between 
cylinder  and  exhaust  pipe. 

Steam  leakage  through  the  exhaust  port  is  rendered  prac- 
tically impossible,  as  the  long  piston  sejiarates  it  from  the 
admission  valves  when  the  steam  pressure  is  high. 

It  is  evident  that  the  unidirectional  flow  of  steam  reduces 
considerably  one  of  the  greatest  losses  encountered  in  the 
ordinary  or  return-flow  engine,  namely,  the  cooling  of  clear- 
ance surfaces,  and  hence  initial  condensation.  The  transforma- 
tion of  energy  into  power  can  be  fffected  very  economically  in 
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one  eyliiuler  witliout  the  necessity  of  employing  compound  and 
trijile-expansion  engines  as  heretofore. 

The  advantages  of  tiie  unillow  engines  are: 

1  Steam  enters  at  one  cylinder  end  and  exhausts  at  the  other 

end,  leaving  the  hot  end  hot  and  the  cold  end  cold,  aud 
avoiding  clearance  losses 

2  The  exhaust  valves  with  their  large  clearance  surfaces  aud 

volumes  are  eliminated 

3  Large   central   exhaust    ports   are   provided    which    are   of 

about  three  times  the  area  of  those  in  standard  engines 


fl 


Fig  1     Comparison  op  Corliss  and  Poppet  Valves 

Free  area  of  Corliss  valve 05  sq.  in. 

Weight  of  four  valves 824  lb. 

Free  area  of  Poppet  valve 65  sq.  in. 

Weight   of   four   valves i2  lb. 

4  Leakage  past  exhaust  valves  and  piston  is  eliminated 

5  Flat  steam-consumption  curves  are  obtained  for  all  loads 

above  and  below  normal. 

Comparative  steam  consumptions  of  Corliss,  poppet-valve 
and  uniflow  poppet-valve  engines  are  given  in  Fig.  2.  Note- 
worthy is  the  good  economy  of  poppet-valve  engines,  espe- 
cially of  the  uniflow  type,  at  the  smaller  loads. 

An  interesting  comparison  is  afforded  by  the  guaranteed 
steam  consumptions  of  small  turbines  and  uniflow  engines  for 
the  new  three-million-dollar  pumping  station  of  the  city  of 
Cleveland,  Ohio,  showing  distinctly  the  great  superiority  of 
uniflow  engines  over  turbines,  running  condensing  and  non- 
condensing. 

The  equii)ment  consisted  of  an  engine  driving  a  100-kw. 
generator  at  80  per  cent  power  factor.  The  steam  conditions 
specified  were:  200  lb.  gage,  100  deg.  fahr.  superheat,  2  lb. 
gage  back  pressure,  when  running  non-condensing,  and  a 
vacuum  of  26  in.  for  the  engine,  28  in.  for  the  turbine,  when 
operating  condensing. 

L.  A.  Quayle,  Mechanical  Engineer  of  the  Cleveland  Water 
Department,  describing  the  performance  of  these  engines  in 
Power,  June  6,  1916,  says: 

The  price.s  and  economy  guarantees  received  on  bids  from  two 
engine  and  three  turbine  builders,  as  well  as  informal  bids  received 
from  two  other  companies,  one  a  turbine  and  the  other  one  an 
engine  builder,  have  been  used  in  making  the  comparison  given 
here  The  prices  and  guarantee  curves  represent  only  the  average 
of  three  makes  of  engines  and  four  makes  of  turbines,  including 
three  different  makes  of  generators,  all  of  the  bidders  being  well 
known. 

It  is  felt  that  the  economy  guarantees  are  conservative,  «s  there 
was  a  penalty  of  $7  per  pound  of  steam  per  kw-hr.  for  failure  to 
meet  the  guaranteed  economy,  and  no  bonus  was  offered  for  exceed- 
ing  the  guarantees. 

STATIONAUY    ENGINES 

Careful  experiments  carried  out  by  the  best  authorities 
during  the  last  few  years,  on  eomiiound  and  single-cylinder 
engines  of  the  return-flow  and  uniflow  type,  have  clearly  indi- 


cated to  the  designers  of  steam  engines  the  principles  to  be 
observed  in  order  to  obtain  highest  economies  with  the  simplest 
mechanical  means. 

It  is  essential  that,  for  the  sake  of  economy,  clearance  in 
volume  and  surface  be  reduced  to  the  lowest  possible  minimum. 
In  order  to  obtain  the  desired  results,  designers  have  not  hesi- 
tated to  adopt  complicated  cylinder  and  valve-cage  designs. 
Simplicity  and  accessibility  of  cylinder  and  valve-gear  parts 
were  sacrificed  to  economy.  A  description  of  the  different 
types  of  engines  will  show  how  an  excellent  cylinder  design 
can  be  obtained  while  employing  simple  and  mechanical  means. 

The  question  of  valve  gear  to  be  used  is  also  of  gi-eat 
iiniiortance.  Complicated  mechanisms  and  trip  gears  are 
undesirable,  as  with  tliem  quiet  and  reliable  operation  without 
undue  wear  is  impossible  at  high  speeds.  The  modern  type  of 
steam  engine  with  its  steadily  increasing  rotative  speed 
demands  a  valve  gear  of  absolutely  positive  and  noiseless 
o])eration. 

Trip  gears  are  particularly  undesirable  with  poppet-valve 
engines,  as  the  valve  is  brought  to  a  sudden  stop  by  coming 
in  contact  with  the  valve  seats:  such  a  gear  should  therefore 
not  be  used  on  engines  operating  above  100  revolutions. 

In   order  to  overcome  the  disadvantages  of  the  trip  valve 
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Fig.  2    Comparison  of  Engine  Performances 

gears,  designs  were  adopted  by  means  of  which  the  valve  was 
guided  Ijack  to  its  seat  without  being  released,  avoiding  the 
sudden  impact  between  the  metallic  surfaces.  These  so-called 
positive  valve  gears  were  mostly  of  rather  complicated  nature 
and  hence  were  not  applicable  to  high  rotative  speeds. 

The  designs  of  Lentz  which  were  introduced  in  1900  and 
which  in  this  country  are  manufactured  by  the  Erie  City  Iron 
Works,  of  Erie,  Pa.,  made  possible  the  modern  development 
of  tlie  ])oppet-valve  engine.  Cam  motions  such  as  employed 
first  by  Lentz  were  considered  unsafe,  as  it  was  feared  that 
the  line  contact  which  exists  between  roller  and  cam  would 
produce  excessive  pressures  and  cause  wear  on  the  cam. 
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The  practically  univei'sai  adaptation  of  the  cam  motion  for 
valve  gears  shows  that  no  wear  occurs  when  the  valve-gear 
working  parts  are  properly  designed,  made  of  steel  and  case- 
hardened. 

Fig.  3  shows  the  valve  gear  as  used  on  engines  made  from 
the  author's  designs  and  as  huilt  by  the  York  Mfg.  Co.,  of 
York,  Pa. 

In  practically  90  per  cent  of  the  valve  gears  for  poppet- 
valve  engines,  tlie  dosing  of  the  valve  is  partly  effected  by 
means  of  a  spring,  which  is  of  such  strength  as  to  produce  not 
only  the  retardation  forces  during  the  opening  but  also  the 
acceleration  forces  necessary  during  the  closing  period  to  keep 
roller  and  cam  in  contact. 

A  few  designers  have  adopted  a  double-cam  construction, 
one  cam  for  opening  and  one  for  closing  the  valve,  and  the 
spring  can  thus  be  omitted.  As  not  only  the  opening  but  also 
the  closing  is  always  positively  effected  by  the  external  valve 


installed  at  the  plant  of  the  Ford  Motor  Co.,  of  Detroit,  are 
equipjied  with  poppet  valves  and  the  regular  Hamilton  Corliss 
gear. 

As  previously  mentioned,  trip  gears  are  not  reconunendable 
for  poppet-valve  engines  operating  at  speeds  exceeding 
100  r.p.m. 

As  the  designs  of  the  author  for  poppet-valve  engines  of  the 
return-flow  and  uniflow  poppet-valve  type  are  to  a  certain 
extent  departures  from  any  other  engine  of  similar  type,  and 
as  most  other  designs  have  been  repeatedly  described  in  publi- 
cations, a  more  complete  description  of  this  engine  may  not  be 
out  of  place. 

The  valve  gear  of  the  standard  poppet-valve  engine  is 
operated  by  a  lay  shaft  running  alongside  the  engine  and 
driven  from  the  main  shaft  through  a  drag  crank  and  shaft 
by  means  of  a  pair  of  spiral  gears.  See  Fig.  3.  The  drag 
crank  is  self-adjustable  and  prevents  unavoidable  motion  and 


Fig.  3    Poppet- Valve  Steam  Engine  Built  by  Yokk  Manufacturing  Co. 


gear,  a  short  and  stiff  spring  has  to  be  interposed  between 
valve  spindle  and  valve  proper  to  avoid  breakage  in  case 
foreign  matter  accumulates  on  the  valve  seats.  Such  valve 
gear  is  used  by  the  Nordberg  Mfg.  Co.,  Milwaukee,  Wis.,  from 
the  designs  of  Prof.  Doerffel. 

All  the  valve  gears  mentioned  are  operated  by  eccentrics 
mounted  on  a  lay  shaft.  It  is  obvious  that  the  eccentrics  may 
be  arranged  on  the  main  shaft  instead  and  the  valves  operated 
by  oscillating  levers  of  the  type  shown,  or  by  reciprocating 
camshafts.  This  arrangement,  however,  is  not  as  reconunend- 
able as  the  lay-shaft  drive  except  on  small  engines,  as  the 
valve  gear  is  affected  by  the  expansion  of  the  cylinder  making 
resetting  under  operation  conditions  necessary.  The  long 
eccentric  rods  and  their  influence  on  the  regulation  are  features 
to  be  avoided  if  possible,  especially  when  high  speeds  are 
employed. 

In  several  cases  the  regular  Corliss  valve  gear  has  been  used 
to  operate  the  poppet  valves  as  adopted  in  the  designs  of  the 
Frick  Co.,  Waynesboro,  Pa.,  and  in  those  of  the  Vilter  Mfg. 
Co.,  of  Milwaukee,  Wis. 

The  high-pressure  cylinders  of  the  6000-hp.  engines  built  by 
The  Hooven,  Owens,  Rentschler  Co.,  of  Hamilton,  Ohio,  and 


jars  of  the  main  shaft  being  transferred  to  the  gears,  which 
for  this  reason  run  perfectly  noiseless,  and  are  not  subjected 
to  any  undue  wear. 

The  lay  shaft  is  placed  in  line  with  the  exhaust  valves,  the 
bonnets  of  the  exhaust-valve  gear  being  provided  with  bear- 
ings to  support  the  shaft.  The  exhaust  valves  are  operated  by 
cams  acting  on  anti-friction  rollers,  effecting  a  rapid  opening 
and  closing.  The  cams  are  clamped  on  the  shaft  and  can  be 
shifted  into  any  position  to  give  the  desired  release  and  com- 
pression. 

The  arrangement  of  lay  shaft  simplifies  greatly  the  exhaust- 
valve  gear,  as  eccentrics,  straps,  rods  and  levers  are  done  away 
witli. 

The  steam  valves,  as  shown  in  Fig.  4,  are  operated  by  means 
of  oscillating  levers  provided  with  rollers  and  cui-ved  cam 
pieces  attached  to  the  valve  spindles,  insuring,  even  at  the 
smallest  cut-offs,  ample  and  quick  valve  openings  as  well  as 
noiseless  operation. 

The  oscillating  levers  for  both  valves  are  mounted  on  a 
single  shaft  which  receives  its  motion  from  an  eccentric  rod 
and  eccentric  mounted  on  the  lay  shaft.  It  is  noteworthy  that 
this  arrangement  of  the  valve  gear  necessitates  the  use  of  but 
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a  single  eccentric  instead  of  the  four  eccentrics  usually  pro- 
vided in  the  standard  type  of  poppet-valve  engines. 

The  valves  are  placed  in  a  horizontal  position,  well  sup- 
ported by  long  spindles  and  guides.  The  pressure  on  the 
valve  guide,  neglecting  spindle  guide,  amounts  to  about  %  lb- 
per  square  inch.  The  spindles  are  lubricated  by  means  of 
forced  lubrication,  which  passes  the  oil  along  the  valve  spindle 
through  spiral  grooves,  on  to  the  guide  and  then  into  the 
steam  space,  thus  obtaining  a  triple  effect  besides  preventing 


Fig.  4     Steam  Valves  and  Valve  Mechanism 

an  escape  of  steam.  The  valve  spindles  are  carefully  groimd 
into  long  bushings  and  provided  with  lal)yriiith  packings  con- 
sisting of  small  circular  gi'ooves. 

The  effective  lubrication  and  the  ample  support  of  the  valve 
spindles  prevent  any  bending  stresses  and  preclude  the  possi- 
bility of  wear.  The  horizontal  position  of  the  valves  and  seats 
is  of  distinct  advantage,  as  the  accumulation  of  sediment  and 
burnt  oil  is  impossible,  the  seats  being  properly  cleaned  during 
every  steam-admission  period. 

Of  particular  interest  is  the  design  of  the  valve  cages,  which 
contain  not  only  the  valve  seats  and  spindle  giiides  but  also  the 
complete  stiucture  of  the  ports.  This  is  a  distinct  improve- 
ment over  the  usual  rib  design  with  its  large  clearance  surface 
and  volume  and  its  uneijual  expansion.  This  cage  design 
insures  a  perfect  casting,  with  a  reduction  in  clearance  space 
not  obtained  in  any  other  design. 

The  whole  valve  assembly  is  easily  accessible  by  simply 
removing  the  back  covers  without  interfering  with  the  valve 
gear. 

The  valve-gear  parts  work  in  a  removable  cover,  preventing 
the  ingress  of  dirt,  and  operate  in  an  oil  bath  through  which 
the  oil  may  be  circulated  continuously  and  used  over  and  over 
again.  Absence  of  wear  and  reliability  of  operation  of  the 
valve  gear  are  insured  by  this  arrangement,  which  is  shown  in 
Fig.  5. 

A  very  important  part  of  an  engine  is  the  cylinder,  and  a 


caieful  and  correct  design  will  prevent  great  trouble.  Pearly 
designs,  even  as  late  as  fifteen  years  ago,  had  cylinders  in 
which  steam  and  exhaust  chests  and  cross-overs  were  cast 
integial  with  tlie  cylinder,  resulting  in  a  vei-y  rigid  construc- 
tion which  was  not  adaptable  to  high  temperatures.  As 
pressures  and  temperatures  continuously  increased,  it  became 
necessary  to  separate  the  two  cylinder  ends  and  connect  them 
by  means  of  flexible  manifolds.  This  arrangement  allowed  a 
freer  and  better  expansion  of  the  cylinder. 

However,  it  was  found  advisable  also  to  remove  the  steam 
and  exhaust  chests  from  that  part  of  the  cylinder  which  was 
swept  by  the  piston,  as  under  working  conditions  at  high 
temperatures  these  stays  and  ribs  caused  the  cylinder  to  warp. 

In  order  to  meet  these  conditions,  the  so-called  three-piece 
cylinder,  wherein  the  valves  are  placed  in  a  cylinder  head 
and  the  cylinder  proper  becomes  a  barrel  with  two  flanges, 
came  into  favor.  This  design  is  excellent,  mechanically  and 
economically,  because  it  is  not  subjected  to  any  undue  stresses 
even  under  liigh  temperatures  and  pressures,  and  the  steam 
ports  become  straight  and  short,  offering  small  resistance  to 
the  steam  flow. 

However,  the  cylinder  heads  constitute  difficult,  complicated 
and  expensive  castings;  the  erection  is  awkward  and  the  piston 
is  not  very  accessible,  as  steam  and  exhaust  connections  have 
to  be  broken  and  valve  gears  disconnected  before  the  heavy 
cylinder  head  can  be  moved  back,  usually  on  slides  provided 
on  the  extended  bedplate. 

The  author  has  adapted  a  one-piece  cylinder  which  it  is 
believed  possesses  most  of  the  advantages  aJid  none  of  the 
disadvantages  of  the  three-piece  cylinder. 

The  author's  governor  arrangement,  mounted  on  a  side 
shaft,  is  shown  in  Figs.  .5  and  G.  for  return-flow  and  uniflow 


Fig.  5    Valve  Gear,  Governor  and  Hand  Speed 
Adjustment 

engines  respectively.  A  hand  speed  adjustment  is  provided, 
by  means  of  which  it  is  possible  to  change  the  speed  while  tlie 
engine  is  in  operation. 

The  arrangement  of  the  uniflow  engines  is  generally  the 
same  as  that  of  the  return-flow  engines.  The  steam  valves  are 
operated  and  regulated  in  a  similar  manner  as  described  in 
previous  jiaragraphs. 
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A  central  exhaust  jjort  controlled  by  the  piston  is  jirovided 
for  the  escape  of  the  steam.  As  this  port  is  of  unusually  large 
size — about  three  times  as  large  as  the  valves  and  ports  pro- 
vided in  return-flow  engines — the  release  and  exhaust  of  steam 
takes  place  very  rapidly,  and  the  pressure  maintained  within 
the  cylinder  will  be  as  low  as  tliat  in  the  exhaust  pipe  or  con- 
denser. This  is  a  strong  point  in  favor  of  uniflow  engines,  as 
high  vacua  can  be  utilized  to  fullest  advantage. 

As  in  the  standard  type  of  uniflow  engine  compression  takes 
place  during  ajiproximately  90  per  cent  of  the  stroke,  pro- 
vision has  to  be  made  to  overcome  excessive  compression  in 
case  the  engine  is  operated  at  such  back  pressures  as  to  cause 
the  final  compression  pressure  to  exceed  the  steam  pressure. 

The  simplest  method  of  decreasing  the  compression  pressure, 
as  used  by  most  designers,  is  to  increase  the  clearance  volume. 


After  the  main  exhaust  port  is  closed  by  the  piston,  steam 
is  allowed  to  pass  through  the  auxiliary  exhaust  valves  into 
the  exhaust  pipe.  The  steam  travels  at  a  low  velocity  and  is 
free  of  moisture,  being  relieved  of  pressure  and  water  when 
the  main  exhaust  port  opens,  and  hence  will  have  practically 
no  cooling  effect  on  the  cylinder  cover  and  walls. 

The  engine  built  by  the  Skinner  Engine  Co.,  of  Erie,  Pa., 
uses  auxiliary  exhaust  valves,  placed  about  30  per  cent  of  the 
stroke  from  the  cylinder  head,  compression  commencing  as  the 
piston  covers  up  the  auxiliary  ports. 

Several  designs  of  a  semi-unifiow  type,  one  of  them  patented 
by  the  author,  place  the  main  exhaust  valve  in  the  center  of 
the  engine.  An  advantage  of  this  type  is  that  compression  is 
reduced  to  about  50  per  cent,  while  the  clearance  of  the  ex- 
haust valve  comes  only  into  action  when  the  steam  pressure 


Fig.  6     Section  of  Valve  Cams,  Governor  and  Hand  Speed  Adjustment 


An  additional  clearance  chamber  is  provided,  separated  from 
the  cylinder  usually  by  means  of  a  single-seated  valve.  This 
valve  is  operated  either  by  hand  or  automatically,  and  the 
additional  clearance  chamber  connected  with  the  cylinder 
whenever  required  by  the  operating  conditions.  Sucli  designs 
have  been  adopted  by  the  Ames  Iron  Works,  Oswego,  N.  Y., 
the  Mesta  Machine  Co.,  Pittsburgh,  Pa.,  and  by  most  other 
builders  of  uniflow  engines,  being  the  simplest  and  easiest  way 
of  overcoming  the  excessive  compression. 

From  an  economical  point  of  view,  however,  this  added  large 
clearance  surface  in  particular  is  very  detrimental,  and  such  an 
ari-angement  is  only  permissible  when  in  use  temporai'ily.  In 
case  the  engine  has  to  operate  continuously  non-condensing,  as. 
for  instance,  a  locomotive,  a  concave  piston  is  used  which  pro- 
vides the  necessary  clearance  volume,  about  16  to  20  per  cent 
of  the  cylinder  volume,  with  only  a  slight  increase  in  clearance 
surface.  The  added  volume  is  wasteful,  and  especially  so  as 
the  cut-offs  increase. 

In  order  to  reduce  the  duration  of  comjiression,  the  original 
builder  of  uniflow  engines,  the  Englishman  Todd,  conceived 
the  idea  as  far  back  as  the  eighties  of  the  last  century  to  pro- 
vide mechanically  operated  auxiliary  exhaust  valves,  held  open 
during  a  fixed  period. 


is   low,    and   hence   its   detrimental   effect   is   considerably   re- 
duced. 

While  a  high  compression  is  advisable  and  economical  in 
uniflow  engines,  as  amply  demonstiated  in  many  tests,  it  has 
also  been  shown  that  for  practically  all  working  conditions  90 
per  cent  compression  is  excessive. 

Stumpf,  in  his  book  entitled  The  Una-flow  Steam  Engine, 
says :  "  The  constant  compression,  always  held  to  be  a  de- 
sideratum in  large  engines,  is  fundamentally  false.  It  further 
follows  that  the  distribution  obtained  by  link  motion  and  shift- 
ing eccentric  gear  is  fundamentally  correct,  as  it  gives  large 
comjiressions  with  early  cut-off's  and  small  compressions  with 
late  cut-offs." 

To  what  extent  the  90  per  cent  compression  in  uniflow  en- 
gines exceeds  the  most  economical  compression  can  be  seen 
from  diagrams  replotted  from  the  aforesaid  book  of  Professor 
Stumpf.  For  example,  for  an  engine  working  with  170  lb. 
gage  pressure,  197  deg.  superheat,  27  in.  vacuum,  and  a  cylin- 
der clearance  of  2  per  cent,  the  most  favorable  compressions 
for  different  cut-offs  as  taken  from  such  a  diagi'am,  adiabatic 
compression  being  assumed,  are  as  follows : 

Cut-off,  per  cent 10         15        20        25 

Compression,  per  cent 70        58        50        45 
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For  other  conditions  of  exhaust,  i.e.,  less  than  27  in.  vacuum, 
a  comiiression  of  still  shorter  duration  should  be  maintained 
for  the  different  cut-offs. 

With  these  points  in  view,  the  author  designed  a  uniflow 
engine  and  jirovided  it  with  auxiliai-y  exhaust  valves  and  gear 


Fig.  7     Exhaust  "S'alve,  Auxiliary  Exhaust  Valve,  and 
'S'alve  Gear 

controlling-  compression  for  any  and  all  operating  conditions. 

The  auxiliary  exhaust  valves  ate  of  small  diameter,  single- 
seated  yet  Ijalanced,  as  they  open  under  no  difference  in  pres- 
sure on  either  side  of  the  valve.  The  added  clearance  space 
due  to  these  valves  is  negligible. 

These  auxiliary  valves  are  operated  by  a  continuously  rotat- 
ing camshaft  (Fig.  7),  an  arrangement  which  has  been  adopted 
by  the  York  Mfg.  Co.  The  cams  can  be  shifted  on  the  shaft 
while  the  engine  is  in  operation.     A  suitable  disposition  for 


exhaust  i)ort  is  still  open)  and  closes  about  15  jjer  cent  before 
the  other  dead  center  is  reached.  A  compression  ranging  be- 
tween 70  per  cent  and  15  per  cent  of  the  stroke  is  suitable  for 
practically  any  working  condition. 

The  camshaft  is  rotatably  shifted  by  means  of  a  handwheel, 
pin  and  spiral  groove  (Figs.  8  and  9),  and  clamped  in  the 
desired  position.  A  dial  indicates  to  the  engineer  for  what 
degree  of  compression  the  cams  are  set.  It  is  obvious  that 
this  device  may  be  operated  automatically  by  using  instead  of 
the  handwheel  a  piston  subjected  to  the  difference  of  exhaust 
and  atmospheric  pressure. 

On  engines  operating  continuously  condensing  the  auxiliary 
exhaust  valves  may  be  dispensed  with  and  be  replaced  by 
valves  which  connect  with  the  additional  clearance  space  in 
case  the  vacuum  fails,  an  arrangement  adapted  for  the  stand- 
ard uniflow  engine. 

A  uniflow  engine  without  auxiliary  exhaust  valves  and  with- 
out side  shaft  has  been  developed  by  the  author  for  driving 
the  small  high-speed  ammonia  compressors  built  by  the  York 
Mfg.  Co.,  Fig.  10.  Identically  the  same  cylinder  design  is 
used  as  for  the  larger-size  machines— but  governor  and  eccen- 
tric are  placed  on  the  main  shaft  and  the  valves  operated  by 
means  of  a  reciprocating  camshaft. 

One  of  the  difficulties  in  pojipet-valve  engine  construction  is 
to  design  and  manufacture  the  valve  and  seat  in  such  a  way 
that  they  expand  equally  and  maintain  steam-tightness  under 
any  other  temperature  than  that  at  which  they  were  gi'ound 
together. 

Good  results  have  been  obtained  by  making  valve  seats  and 
valve  proper  of  similar  shape,  likeness  and  material.  How- 
ever, such  an  arrangement  is  not  always  possible,  and  valves 
adjusting  themselves  to  any  expansion  of  the  seats  are  often 
preferable. 

In  the  design  of  the  Ames  Iron  Works  the  upper  seat  is  of 
thin,  flexible  steel,  and  by  making  the  valve  somewhat  unbal- 
anced this  seat  is  pressed  down  by  the  steam  pressure  until  the 
metallic  surfaces  meet.  The  original  Stumpf  design  uses  a 
valve  made  entirely  of  steel. 

The  author's  design  of  a  self -adjustable  valve  is  shown  in 
Fig.  11.  Due  to  the  peculiar  construction  of  this  valve,  which 
is  balanced  to  the  same  degree  as  any  other  standard  poppet 
valve,  the  upper  half  will  lift  under  an  excess  of  pressure 
within  the  cylinder  or  in  case  of  a  slug  of  water,  and  thus  con- 
stitutes a  relief  \alve  of  extraordinarv  large  area.     As  this 


Fig.  8     Valve  Gear  for  Auxiliary  Exhaust  Valves 


release  and  compression  can  be  obtained,  for  instance,  by 
opening  the  auxiliary  valves,  say  7  per  cent  before  dead 
center,  closmg  them  30  per  cent  after  dead  center — equal  to  70 
per  cent  compression  and  recommendable  for  condensing 
work;  while  for  non-condensing  operation  the  cams  can  be 
shifted  into  the  other  extreme  position,  when  the  auxiliary 
valve   opens   about   7   per  cent   after  dead   center    (the  main 


feature  is  combined  with  the  admission  valve,  its  safe  opera- 
tion as  a  relief  valve  is  absolutely  insured  and  the  difficulties 
usually  encountered  with  relief  valves  avoided.  The  part  of 
the  valve  effecting  relief  lifts  only  against  steam  pressure  and 
a  spring  of  light  tension  and  is  in  no  way  affected  by  the 
tension  of  the  main  spring. 

Another  feature  of  this  valve  lies  in  the  fact  that  it   lifts 
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praeticallx-  against  no  steam  pressure,  as  pressures  are  equal- 
ized aboxe  and  below  the  seats  as  soon  as  the  lower  valve  part 
is  lifted. 

As  this  valve  will  adjust  itself  to  any  expansion  of  the  valve 
seats,  it  ean  be  ground  in  when  the  cylinder  is  eold  and  remains 
steam-tight  under  any  temjierature. 

Fig.  12  shows  cards  taken  from  a  uniflow  engine  with 
variable  compression  as  made  by  the  York  Mfg.  Co. 

THE  LOCOMOBILE 

Considerable  favor  has  been  given  in  the  last  few  years  to 
a  very  unicjue  and  compact  power-plant  arrangement — the  so- 
called    ■'  locomobile,"   which   is   a    combination    of   an    engine 


In  cross-compound  engines  of  this  type  the  two  high- 
pressure  admission  valves  are  operated  by  one  cam  and  one 
eccentric,  the  travel  of  which  is  regulated  by  the  governor; 
while  the  two  high-jDressure  exhaust  and  four  low-pressure 
valves  are  operated  by  a  single  camshaft  on  which  the  three 
cams  are  mounted. 

A  somewhat  simplified  arrangement  is  obtainable  by  using 
the  high-pressure  exhaust  valves  also  as  admission  valves  to 
the  low-pressure  cylinder. 

The  cranks  are  set  on  180  deg.  and  the  indicator  cards  are 
typical  of  an  engine  without  a  receiver,  a  so-called  "  Woolf  "' 
engine. 

Two  very  interesting  tests  carried  out  on  such  a  type  of 
engine  are  given  herewith.     They  are  noteworthy  on  account 


Fig.  9    Poppet- Valve  Semi-Uniflow  Steam  Engine 


placed  on  top  of  a  boiler  with  a  superheater,  condenser,  air 
pump,  feedwater  heater  and  feed  pump.  In  other  words,  a 
compact,  high-class  and  self-contained  power  plant  which  is 
extensively  used  in  isolated  plants  and  for  farm  purposes  in 
Europe  and  South  America. 

The  success  of  the  locomobile  is  primarily  due  to  the  close 
combination  of  boiler  and  engine  whereby  heat  is  transformed 
into  power  on  the  shortest  path  possible.  Designers  of  plants 
for  stationary  engines  have  nearly  always  sacrificed  these 
thermal  ad\-antages  to  arrangements  which  were  dictated  by  an 
exaggerated  sense  of  safety  and  conservatism.  The  success  of 
the  locomobile  fully  demonstrates  that  a  much  closer  arrange- 
ment of  boilers  and  engines  has  become  an  economic  necessity. 

Remarkable  economies  have  been  obtained  with  these 
engines.  Steam  consumptions  of  8  lb.  and  coal  consumptions 
of  1  lb.  per  i.hp.  per  hour,  in  units  of  100  to  200  hp.,  are  noth- 
ing unusual  in  compound  engines,  and  that  with  working  con- 
ditions not  exceeding-  200  lb.  pressure  and  300  deg.  fahr.  super- 
heat. Though  these  engines  are  jiarticularly  attractive  in  the 
smaller  sizes,  say,  up  to  300  hp.,  considerably  larger  units  have 
been  built  by  several  German  concerns.  A  Lentz  locomobile  of 
1000  hp.,  built  by  Hemrich  Lanz.,  of  Mannheim,  Germany,  was 
exhibited  at  the  World's  Fair  in  Brussels  in  1910. 


of  the  steam  pressure  and  superheat  carried  and  on  account 
of  the  remarkable  economies  obtained. 

steam  presf^ure,  lb.  per  sq.  in.,  gage 213  432 

Temp,  of  liigb  pressure  steam,  (leg,  fahr 923  1018 

Indicated   horsepower    112  99 

lievoUitions   per   minute 150  1.5S 

Vacuum,'   inches   of   mercury 27.7  20. 7 

.  Steam   consumption   per  i,hp-hr.   lb 6.53  5,08 

Heat   consumption   per   i.hp-hr.,    B.t.u 9720  8040 

It  is  interesting  to  comjiare  these  results  with  those  obtained 
from  a  poppet-valve  engine  of  the  steam  car  of  the  White 
Motor  Co.,  Cleveland,  O.,  which  was  so  successful  before  the 
modern  development  of  the  gasoline  car  set  in. 

Professor  Carpenter,  of  Cornell,  tested  one  of  these  engines 
and  obtained  with  a  steam  pressure  of  427  lb.  and  a  steam 
temperature  of  7IJ7  deg.  fahr.,  operating  non-condensing,  an 
economy  of  12.29  lb.  per  b.hp.  per  hr.  These  results  can  also 
be  considered  quite  remarkable,  especially  in  view  of  the  fact 
that  the  bores  of  the  high-  and  low-pressure  cylinders  were 
only  3  in.  and  6  in.,  respectively,  the  stroke  4V2  i"-,  and  the 
speed  850  r.p.m. 

The  uniflow  cylinders  have  also  been  used  considerably  in 
connection  with  locomobiles.  Economically,  however,  the  loco- 
mobile has  shown  no  marked  superiority  over  the  return-flow 
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poppet-valve  engine,  as  the  heat  losses  peculiar  to  stationary  but  also  vei^j'  ingenious  arrangements  for  the  disposition  of 

engines  are  considerably  reduced  on  account  of  the  arrange-  the  valve-gear  parts. 

ment  of  the  locomobile.  As  a  rule,  separate  steam  engines  are  provided  for  reversing 

Simplicity  of  cylinder  and  valve-gear  design,  on  the  other  marine  engines,  but  in  this  case  the  usual  reversing  engine  is 


Fig.  10     Poppet- Valve  Uniflow  Steam  Engine  Without  Auxiliary  Exhaust  Val^^s 


hand,  makes  the  uniflow  locomobile  a  very  attractive  unit. 
Usually  platforms  and  stairs  are  provided  to  give  access  to  all 
parts.  In  some  plants,  especially  where  several  units  are 
installed,  a  floor  is  laid  above  the  boilers,  and  in  tliis  way  the 
boiler  and  engine  rooms  are  separated. 

THE  MARINE  ENGINE 

In  order  to  ascertain  the  apjilicability  of  sujierheated  steam 
and  poppet-valve  engines  to  steamships,  the  Compagnie 
Generale  Transatlantique,  of  France,  ordered  in  1905  from  the 


Fig.  11     Self-Adjustable  Poppet  Valve 

navy  j'ard  of  St.  Nazaire,  two  cargo  boats,  the  Bance,  the  two 
boilers  of  which  were  fitted  with  superheaters  and  the  engines 
with  pojipet  valves,  and  the  Garonne,  fitted  with  the  ordinary 
type  of  marine  engine  without  superheater. 

Tests  made  under  identical  conditions  showed  that,  due  to 
the  superheater  and  poppet-valve  engines,  an  increase  of 
power  of  18.1  per  cent  and  a  decrease  in  coal  consumption  of 
20.1  per  cent  were  obtained. 

A  great  simplicity  of  valve-gear  arrangement  is  possible 
with  these  poppet-valve  engines,  as  is  apparent  from  a  study 
of  the  cross-sections  of  some  typical  triple-expansion  engines. 
These  show  not  only  a  grand  houseeleaning  of  moving  parts. 


dispensed  with   and   replaced  by  a  hand-operated   reversing 
gear,  verj-  little  power  being  required. 


123  lb.  Boiler  Pressure  6oge 


DIAGRAM     2. 


'2S  lb.  Boiler  Pressure  6pg€ 


DIAGRAM    3. 

120  lb_  Boiler  Pressure  Gage 


5prin  a  Scale  dO  lb 
DIAGRAM    4-. 

Fig.  12  Cards  Taken  from  Uniflow  Engine  with  Variable 
Compression 

A  torpedo-boat  engine  of  striking  construction  of  6000  hp. 
was  exhibited  in  Brussels  in  1910.  This  engine  is  rather 
unique  in  its  aiTangement,  being  a  compound  engine  having 
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three  low-pressure  and  one  high-pressure  cylinders.  All  four 
cylinders  and  sixteen  valves  are  of  the  same  diameters,  respec- 
tively. The  corresponding  valve-gear  parts  are  alike  for  the 
different  cylinders  and  for  that  reason  are  all  interchange- 
able. 

Uniflow  cylinders  have  also  been  applied  to  marine  engi- 
neering with  considerable  success  in  the  last  few  years,  on 
account  of  the  simplicity  of  cylinder  and  valve-gear  arrange- 
ment, enhanced  by  the  fact  that  all  cylinders  belonging  to  one 
engine  are  exact  duplicates. 

The  valves  are  mostly  arranged  in  a  horizontal  position  and 
operated  by  a  valve  gear  of  similar  design  to  that  used  for 
stationary  engines  of  the  uniflow  type. 

THE   LOCOMOTIVE 

The  first  concern  to  equip  locomotives  with  jJoppet  valves 
was  the  Hannoversche  Maschinenbau  A.  G.,  of  Hannover.  Ger- 
many. Preliminary  tests  were  made  in  1905  on  an  old  tank 
locomotive  which  happened  to  be  at  the  shops  of  this  concern 
undergoing  repairs.  These  tests  were  made  after  the  old  slide- 
valve  cylinders  were  replaced  by  cylinders  fitted  with  poppet- 
valves  and  Lentz  gear. 

The  results  were  highly  satisfactory  to  the  advocates  of 
poppet  valves  and  superheat  on  locomotives,  as  with  a  steam 
temperature  of  520  to  540  deg.  fahr.  the  poppet-valve  locomo- 
tive showed  a  saving  in  water  to  the  extent  of  30.6  per  cent 
and  a  saving  in  coal  of  19.5  per  cent  as  compared  with  the 
slide-valve  locomotive  woi'king  with  saturated  steam. 

On  the  small  pilot  locomotives  and  on  the  newest  express 
locomotives  the  poppet  valves  are  arranged  horizontally  and 
worked  by  cams  mounted  on  a  horizontal  shaft  which  is  oscil- 


lated from  the  eccentric  rod  by  means  of  a  small  crank  arm. 

On  the  older  express  locomotives  the  four  valves  were  placed 
in  a  vertical  position  above  the  cylinder,  in  a  row  one  behind 
tlie  other,  the  two  admission  valves  toward  the  middle  and 
the  two  exhaust  valves  toward  the  ends  of  the  cylinder.  The 
cam  rod  has  four  symmetrically  arranged  lifting  curves  which 
engage  when  in  contact  with  the  rollers  on  tiie  valve  spindles. 
The  camshaft  receives  a  reciprocating  motion  from  the  link 
gear  and  raises  the  valves  alternately.  The  whole  valve-gear 
box  is  removable  from  the  cylinder,  making  inspection  and 
replacing  of  parts  a  very  simple  matter. 

Uniflow  engines  on  locomotives  have  shown  good  lesults  and 
seem  to  give  better  results  than  the  return-flow  poppet-\'alve 
engines  at  light  and  medium  loads,  while  the  superiority  seems 
to  rest  with  the  latter  type  at  the  heavy  loads. 

It  is  difficult  to  say  how  many  poppet-valve  locomotives  are 
in  service  now,  but  according  to  the  author's  information  there 
were  several  hundred  in  operation  in  Germany  before  the  war 
broke  out,  and  a  large  number  in  England,  France,  Belgium, 
Austria,  Switzerland,  Russia,  and  also  in  the  Scandinavian 
countries. 

It  is  appai'ent  from  what  has  been  said  and  shown  in  the 
foregoing  pages  that  the  modern  development  of  the  poppet- 
valve  engine  has  revolutionized  steam  engineering  and  has 
made  possible  arrangements  and  working  conditions  and  pro- 
duced results  which  were,  until  recently,  considered  beyond 
reach. 

Designers  and  manufacturers  would  do  well  to  consider  the 
importance  and  recognize  the  truth  of  the  principles  presented, 
as  the  conservation  of  our  natural  resources — which  have  been 
wasted  to  a  lamentable  extent  for  many  years  past — has 
become  a  matter  of  great  cultural  and  economic  importance. 


CORRESPONDENCE 

CONTRIBUTIONS  to  the  Correspondence  Departments  of  The  Journal  by  members  of  The 
American  Society  of  Mechanical  Engineers  are  solicited  by  the  Publication  Committee.  Con- 
tributions particularly  welcomed  are  suggestions  on  Society  Affairs,  discussions  of  papers  published 
in  The  Journal,  or  brief  articles  of  current  interest  to  mechanical  engineers. 


Mobile  Armament  for  Defense 

To  THE  Editoe: 

In  Mr.  Coyle's  paper  on  Mobile  Armament  for  Defense, 
the  importance  of  having  some  standards  for  calibers  of  guns 
was  not  mentioned.  This  feature  is,  of  course,  well  mider- 
stood  by  military  men  and  provision  is  made  for  this  to  a 
certain  extent,  but  not  enough  stress  is  laid  on  the  matter. 

The  calibers,  bores,  breech  mechanisms  and  firing  devices 
for  different  types  of  guns  should  be  so  standai'dized  that  am- 
munition could  be  used  by  either  the  army  or  navy  and,  if 
possible,  by  the  allies.  That  is  to  say,  all  revolvers  and  pistols 
are  to  have  the  same  caliber  and  the  same  cartridges  and  all 
rifles  are  to  use  the  same  cartridges.  All  1-lb.,  3-in.,  12-in., 
etc.,  projectiles  are  to  be  of  the  same  outside  dimensions  to 
fit  the  corresponding-sized  gun.  This  would  simplify  the 
problem  of  munition  manufacture  and  be  of  vital  importance 
in  many  cases  where  shortage  of  ammunition  of  a  certain  size 
might  occur  in  action. 

I  have  doubt  about  the  practicability  of  the  gun  mentioned 
which  has  the  breech  plug  sliding  against  a  hardened  curved 
surface.  I  think  that  in  firing  the  gun  the  pressure  or  blow 
which  would  be  caused  bv  the  discharge  would  roughen  or  dent 


the  curved  surface  so  much  that  the  friction  would  give  trouble 
in  elevating  and  depressing  the  piece.  With  reference  to  the 
supports  on  arms  shown  in  the  diagrams,  'with  the  jackscrews 
at  the  ends,  I  think  something  on  the  lines  of  a  tripod,  well 
braced  at  the  sides,  designed  on  the  trails  for  long-recoil  field 
guns  and  siege  howitzers,  would  give  better  satisfaction.  This 
would  take  care  of  the  horizontal  fire;  the  high-angle  fire  could 
be  taken  care  of  by  some  substantial  supports  nearly  under 
the  trunnions  of  the  gun. 

The  question  of  independent  drive  for  armored  trucks  and 
cars  of  this  kind  is  a  veiy  important  matter  and  I  am  anxious 
to  see  something  developed  and  put  into  commercial  use  along 
the  line  of  explosive  engines  using  alcohol  instead  of  gasoline, 
as  it  will  have  to  come  to  tliis  sooner  or  later. 

Arthur  E.  Gary. 

Watertown,  Mass. 

Problems  in  Waste  Disposal 

To  THE  Editor: 

The  writer  considei's  that  a  wise  choice  was  made  when  the 
reduction  process  was  decided  upon  for  the  city  of  Chicago 
for  the  disposal  of  garbage,  although  there  might  be  much 
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room  for  argument  o\er  the  use  of  the  drying-  (Mertz  and 
Simons)  method  of  reduction.  For  cities  of  large  and  moderate 
size  any  one  of  the  three  principal  reduction  methods  men- 
tioned may  now  be  used  to  dispose  of  garbage  in  a  sanitary 
manner  and  with  freedom  from  nuisance.  In  general,  reduc- 
tion will  be  found  to  be  much  more  economical  and  will  show 
a  decidedly  higher  percentage  of  successful  installations  in  this 
country  than  will  incineration.  Incineration  is  the  general 
method  employed  in  Europe,  but  it  has  not  attained  success 
here  because  of  different  conditions  encountered. 

If  service,  cost  and  sanitary  results  were  on  a  par  between 
reduction  and  incineration  for  a  given  city,  I  should  favor 
reduction  because  the  question  of  conservation  of  our  resources 
is  involved.  Reduction  saves  for  us  valuable  products,  return- 
ing fats  and  oils  to  the  industries  and  plant  food  in  the  form 
of  tankage  to  help  enrich  our  soils,  whereas  incineration  de- 
stroys and  wastes  them. 

Concerning  the  author's  statement  that  tankag'e  and  grease 
produced  by  the  di-ying  process  are  of  better  quality  than  by 
the  cooking  process  as  used  at  Cleveland,  Columbus  and  else- 
where, it  is  interesting  to  comjsare  prices  received  in  1917  for 
these  products  as  follows : 

Drying  Process  Cooking  Process 

Chicago.  Cleveland.             Columbus. 

Grease,  per  cwt $7.20  $S.01                           $7.52 

Tankage,  per  ton 7.00  10.00                           11.00 

The  grease  contracts  of  Chicago  and  Cleveland  were  made 


at  about  the  same  period,  while  the  Columbus  contract  was 
made  when  the  market  was  considerably  weaker.  In  the  case 
of  tankage  the  Chicago  price  is  the  market  price  quoted  by 
the  author  for  Chicago  and  not  the  actual  contract  price.  For 
Cleveland  and  Columbus  the  prices  of  tankage  fluctuate  slight- 
ly, being  dependent  on  the  analysis  of  the  product,  but  will 
average  about  as  given. 

The  author  refers  to  Dr.  Morgan's  claim  to  a  [jroeess  fur  tlie 
production  of  alcohol  from  garbage.  This  process  is  particu- 
larly applicable  as  an  addition  to  the  cooking  process  of  reduc- 
tion and  it  has  been  the  writer's  privilege  to  have  recently  con- 
ducted practical  tests  on  the  process,  during  which  tests  a  large 
amount  of  the  tecluiic  of  the  process  was  developed.  It  may 
be  said  that  the  process  is  entii-ely  practical  but  that  its  success 
financially  at  its  present  status  is  dependent  ujion  market 
prices  of  alcohol  and  certain  chemicals  and  ui>(in  the  quahty 
of  the  garbage  treated. 

Although  different  ideas  may  prevail  concerning  the  methods 
and  equipment  used  in  the  Chicago  plant,  much  originality  in 
arrangement  and  selection  of  apparatus  has  been  shown,  which 
should  be  beneficial  to  the  industry.  The  plant  should  make 
an  excellent  record  now,  due  to  the  fact  that  high  prices  for 
products  prevail,  and  due  also  to  the  equipment  being  new  and 
repairs  and  maintenance  being  at  a  minimum. 

T.  D.  Baxk.s. 

Columbus,   Ohio. 


WORK  OF  THE  BOILER   CODE  COMMITTEE 


rHE  Boiler  Code  Committee  meets  monthly  for  the  purpose 
of  considering  communications  relative  to  the  Boiler  Code. 
Any  one  desiring  information  as  to  the  application  of  the  Code  is 
requested  to  communicate  with  the  Secretary  of  the  Committee, 
Mr.  C.  W.  Obert,  29  West  39th  St.,  New  York  City. 

Below  are  given  the  interpretations  of  the  Committee  as 
approved  by  the  Council  on  July  15,  1917,  in  Cases  Nos.  162- 
166  inclusive.  In  this  rejjort,  as  previously,  the  names  of  in- 
quirers have  been  omitted. 

Case  No.  162 

Inquiry:  Is  it  permissible  under  the  A.  S.  M.  E.  Boiler  Code, 
that  safety  valves  beaiing-  all  the  markings  called  for  by  the 
Code,  may  be  sold  as  conforming  to  Code  requirements,  when 
their  lifting  devices  fail  to  raise  the  valves  from  their  seats  as 
required  by  Par.  282? 

Be  phi:  The  Boiler  Code  requires  that  a  safety  valve  be  pro- 
vided with  a  substantial  lifting  device  and  shall  have  the  spindle 
so  attached  that  the  valve  disc  can  be  lifted  from  its  seat  not 
less  than  one-tenth  of  the  nominal  diameter  of  the  valve  whew 
there  is  no  pressure  on  the  boiler.  The  Code  does  not  specify 
the  character  of  tlie  liftins'  device. 


Case  No.  163 

Inquiry:  Does  Par.  317  of  the  A.  S.  M.  E.  Boiler  Code  and 
the  interpretation  in  Case  No.  110  apply  in  the  case  of  a  boiler 
plant  where  duplicate  feed  lines  are  used,  one  of  which  con- 
forms strictly  with  Par.  317,  while  in  the  other  there  are  no 
stop  valves  between  the  check  valves  and  the  boilers? 

Reply:  It  is  the  opinion  of  the  Boiler  Code  Committee  that 
Par.  317  of  the  Code  is  intended  to  mean  that  a  valve  shall  be 
placed  between  tlie  boiler  and  a  feed  check  wherever  a  feed 
line  is  used. 


Case  No.  164 

Inquiry:  What  is  meant  by  the  latter  portion  of  Par.  207  of 
the  Boiler  Code  which  provides  for  gTcater  spacing  between 
rows  of  staybolts  than  indicated  in  Table  3?  Is  there  not  an 
inconsistency  in  the  language  that  should  be  cleared  up  '1 

Beply:  Par.  207  is  designed  to  cover  constructions  in  water- 
leg  boilers  where  the  portion  of  tlie  sheet  which  comes  between 
rows  of  staybolts  is  reinforced  through  the  flauging-over  of  the 
edge  of  the  liandhole  openings.  It  is  evident  that  where  the 
handhole  ojienings  are  flanged  to  a  depth  of.  say.  twice  the 
depth  of  the  plate,  tliat  the  transverse  strength  is  increased  over 
what  it  would  be  should  there  be  no  such  flanging.  In  cases 
of  this  sort,  the  construction  may  be  considered  a  beam  rtxed  at 
each  end,  the  beam  to  have  a  factor  of  safety  of  at  least  five. 

Case  No.  165 

Inquiry:  In  view  of  Par.  274  of  the  Boiler  Code,  which 
states  that  only  water  heating  surface,  and  not  superheating 
surface,  is  to  be  considei'ed  in  determining  the  minimum  sizes 
of  safety  valves,  an  opinion  is  recjuested  as  to  what  portion 
of  the  tube  surface  of  vertical  tubular  boilers  shall  be  con- 
sidered superheating  surface. 

Reply:  It  is  the  opinion  of  the  Committee  tliat  for  the  pur- 
pose of  determining  the  minimum  sizes  of  safety  valves  to  be 
used  in  vertical  tire  tube  boilers,  the  tube  surface  above  the 
center  line  of  the  upper  gage  cock  should  be  considered  as 
su])erheating  surface.     See  Par.  274  of  the  Code. 

Case  No.  166 

Inquiry:  Is  the  maximum  allowable  working  pressure  of  a 
locomotive  boiler  limited  by  Par.  194  of  the  Boiler  Code,  where 
a  special  flanged  ring  construction  is  used  at  the  base  of  the 
dome  instead  of  flanged  dome  sheet  construction  ? 

Reply:  It  is  the  opinion  of  the  Boiler  Code  Committee  that 
the  construction  referred  to,  involving  special  flanged  ring 
construction  independent  of  the  dome  sheet  at  the  base  of  the 
dome,  comes  under  Par.  261  of  the  Code  and  must  conform 
thereto. 


SOCIETY  AFFAIRS 

A  Record  of  the  Current  Activities  of  the  Society,  Its  Members,  Council,  Committees. 

Sections  and  Student  Branches;  and  an  Account  of  Professional 

Affairs  of  Interest  to  the  Membership 


WORK  at  lieadquartei's  has  been  as  active  during  the  hot 
weather  and  the  so-called  vacation  period  as  at  any 
time  in  the  Society's  history.  Visitors  from  Russia,  Australia. 
South  Africa,  South  America  and  Japan  have  been  received 
and  special  attention  given  tliem.  as  is  the  Secretary's 
custom. 

We  have  for  quite  some  time  been  trying  to  make  the 
Society  a  medium  for  the  interchange  of  technical  knowledge 
and  the  development  of  cultural  relations  witli  other  countries, 
and  it  is  gratifying  to  see  the  extent  to  which  the  Society  has 
succeeded. 

Also,  a  large  number  of  members  have  called.  Several  of 
the  committees  have  been  meeting  regularly,  notably  the  Com- 
mittee on  Engineering  Resources,  which,  through  the  classifica- 
tion of  the  members,  is  furnishing  all  departments  of  the 
Government  and  the  industries  geneially  with  names  of  spe- 
cialists for  any  emergency.  We  have  studied  the  classifica- 
tion systems  of  the  Government,  the  insurance  companies  and 
the  universities,  and  we  tiiink  we  have  the  most  comprehensive 


of  any.    This  service  is  free,  and  is  the  Society's  contribution 
to  the  efficiency  of  the  nation. 

The  progress  on  the  alterations  and  enlargement  of  the 
Engineering  Societies  Building  is  satisfactory,  and  by  the 
middle  of  October,  if  not  sooner,  quarters  will  be  ready  for 
the  American  Society  of  Civil  Engineers. 

Taking  advantage  of  the  construction  period,  this  Society 
is  having  some  much-needed  improvements  made  in  its  quar- 
ter. All  of  the  editorial  and  clerical  rooms  are  being  thrown 
into  two  large  rooms  and  sound-deadening  ceilings  installed 
similar  to  those  in  the  new  portions  of  the  building  now  under 
construction,  and  in  modern  offices  generally. 

The  members  on  the  Pacific  Coast  are  looking  forward  to 
the  visit  of  President  and  Mrs.  Hollis  in  October.  Another 
feature  will  be  a  Council  meeting  in  November  in  Chicago, 
thus  developing  the  contact  between  the  representatives  of 
the  Society  and  the  members. 

Calvix  W.  Rice, 

Secretary. 


WHAT  THE  SECTIONS  HAVE  DONE  THIS  YEAR 


THP]  first  of  the  Sections  yearly  reports  were  published 
in  the  August  issue  of  The  Journal,  together  with  an 
account  in  general  of  the  Sections  activities  througiiout  the 
past  year.  The  spirit  of  cooperation  developing  among  tlie 
Sections  and  the  local  l)]aiu-hes  of  the  other  engineering  so- 
cieties was  commented  on  at  length  as  a  sign  favorable  botli 
to  the  Sections  themselves  and  the  Society  nationally. 

The  reports  ])ublished  last  month  included  those  from  Balti- 
more, Buffalo  and  Xew  York.  Similar  reports  have  since  come 
to  hand  from  other  Sections  and  are  published  below. 

Next  month  the  Committee  on  Sections  will  outline  the  pro- 
])osed  activities  of  the  Sections  for  the  coming  season,  and  the 
month  following  the  jirograms  of  cdraing  Sections  meetings 
will  be  announced. 

ATLANTA 

The  meetiugs  of  the  Section  have  ticcii  irreguhir.  but  apptoxi- 
matel.v  monthly,  ami  a  uumhcr  have  been  hold  with  the  Affiliated 
Technical  Societies  of  the  Cit.y  of  Atlanta.  The  average  attend- 
ance at  these  meetings  is  30  per  cent,  but  on  special  occasions  ns 
man.v  as  7.5  per  cent  of  the  members  iire  present. 

Among  the  most  important  meetings  held  shonld  be  mentioned 
the  following:  On  .lanuary  10  Ira  N.  Hollis,  Pres.Am.Soc.M.K.. 
addressed  the  Affiliated  Technical  Societies  of  Atlanta  on  the 
subject  of  the  part  being  pi  .ved  by  the  Engineer  and  the  Engi- 
neering Societies  in  Modern  Life,  appealing  to  them  for  concen- 
tration of  efforts  in  the  war  against  nature  in  the  preparedness, 
conservation  and  promulgation  of  the  country's  welfare.  Dr. 
Hollis  laid  great  stress  upon  the  efficient  application  of  power, 
force  and  resources,  showing  very  clearly  to  his  audience  the  real 
value  of  the  engineering  societies  and  the  results  of  their  com- 
bined action,  and  the  necessity  of  concerted  action  to  obtain  the 
highest  efficiency  in  the  general  results  of  time,  by  the  war  against 
nature,  so  necessary  to  place  the  country  in  a  state  of  prepared- 
ness which  would  enable  us  to  use  in  the  most  efficient  m. inner 
the  natural,  artificial  and  resourceful  products  of  the  ciunitry. 


In  March  I,ieut.-Col.  Lytic  Brown,  Eugr.  Corps,  U.S..\..  gave 
a  ver.v  interesting  and  instructive  address  on  The  Engineer  in 
Modern  War. 

The  membership  also  visited  the  works  of  the  Atlantic  Steel 
("o..  on  the  invitation  of  tlie  secretary  and  treasurer,  who  is  a 
member  of  the  Society. 

Oscar  Elsas, 

Section    Chffinnnn. 

BIRMINGHAM 

Biriiiingliaiii  has  had  many  meetings  during  the  past  year, 
which  proved  of  much  interest  and  help  to  those  present. 

The  first  took  the  form  of  an  excursion  to  the  Avondale  \\"orks 
of  the  <"ontinental  Gin  Company  and  the  plant  of  the  Coyne  and 
.foubert  Foundry  Company.  Among  the  sub.iects  of  special  inter- 
est at  later  meetings  were  The  tise  of  By-Product  Coke-Oven  Gas 
as  a  Fuel  and  some  of  the  Problems  Presented  in  Its  T'se  at  the 
Ensley  Steel  Works,  by  W.  P.  Caiue  :  The  Manufacture  of  Cast- 
Iron  Water  Pipes,  by  Paul  Wright ;  The  Place  of  the  Engineer 
and  the  Engineering  Societies  in  Modern  1  ife.  hy  Dr.  Ira  N. 
Hollis;  The  Locomotive  Firebo.v  and  Combustion  Chamber,  by 
.1.  .1.  Anthony;  Illumination,  by  Prof.  A.  A.  Witlig;  Technical 
Writing,  b.v  Prof.  M.  Thomas  I'\illan. 

Dui-ing  the  year  the  lieart.v  coiiiieration  and  support  of  the  two 
state  universities  has  been  enlisted  and  two  representatives  from 
each  have  addressed  the  Section.  The  Section  has  also  been  influ- 
ential in  the  organization  of  the  Alabama  Technical  Association. 
which  includes  all  the  members  of  the  national  engineering  soci- 
eties residing  in  the  state  of  Alabama,  of  whom  there  are  over 
two  hundred. 

Paul  WRUiUT. 

Sccfioii    ClKiininm. 


BOSTON 

The  season  opened  with  a  coiabination  trip  to  Xew  London  for 
the  inspection  of  submarine  design,  construction  and  operatiiui. 
which   was   greatly   en.ioyed   by   some   four   hundred    members   and 
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frieuds  from  Boston.  Worcester  and  rroviilenee.  The  day  in- 
cluded hiucheou  at  the  hotels,  a  triii  down  the  bay  on  Govern- 
ment steamers,  where  surface  and  submerging  practice  was  care- 
fully watched,  followed  by  a  return  to  the  works  of  the  Electric 
Boat  Company,  at  Groton. 

The  next  meeting  consisted  of  a  trip  to  the  General  Electric 
Works  at  Lynn  and  a  further  inspection  of  the  United  Shoe  Jla- 
chinery  Shops  at  Beverly,  followed  by  a  dinner  at  the  clubhouse, 
with  an  illustrated  lecture  on  the  Turbo  Drive  for  Ships,  by 
W.  li.  R.  Emmett.  Mem. Am.Soc.M.E. 

On  February  7  the  meeting  consisted  of  the  annual  combined 
ban(iuet,  at  which  very  interesting  talks  were  given  by  Dr.  Rich- 
ard Cabot,  who  was  preparing  another  hospital  unit  for  France, 
and  by  E.  W.  Phvartz,  who  delivered  an  illustrated  lecture  on 
submarines.  At  this  meeting  a  resolution  was  adopted  and  for- 
warded to  the  President  of  the  United  States  endorsing  his  stand 
and  offering  the  services  of  this  Section.  This  was  probably  the 
most  successful  dinner  ever  held  In  the  Boston  Section  and  was 
attended  by  about  five  hundred  members  and  guests. 

The  meeting  held  on  March  S,  under  the  A.I.E.E.,  covering  elec- 
tric transmission  for  vehicles  both  for  the  railroad  and  ordinary 
road  work,  was  attended  by  our  membership. 

The  Power  Plant  Meeting  was  held  April  4  and  5  at  the  Engi- 
neers' Club  and  the  Wentworth  Institute,  the  meetings  being  held 
under  the  direction  of  Professors  Hutton  and  Williston.  Papers 
were  read  by  several  exponents  of  municipal  and  independent 
plants  and  descriptions  given  of  some  modern  plant  apparatus. 

The  spring  meeting  was  held  at  Marblehead.  April  17,  where 
the  hydroplane  plant  of  the  Burgess  Company  was  inspected.  In 
the  evening,  at  Wentworth  Institute,  the  Section  was  addressed 
by  several  engineers  connected  with  this  indu.stry. 

The  season  has  been  exceptionally  interesting,  not  only  on  ac- 
count of  the  increasing  influence  of  engineeriug  work  in  modern 
civilization,  but  also  because  of  the  enormous  expansion  of  all  the 
industries  connected  with  the  war. 

A.  L.  Williston, 

Section  Chairmuii. 


lighting  plants,  and  handled  his  subject  in  such  an  extremely 
interesting  manner  that  he  succeeded  in  holding  his  audience 
fascinated  for  two  hours.  Abner  Doble,  inventor  of  the  Doble 
steam  car,  also  gave  an  interesting  paper,  which  has  since  ap- 
peared in  The  Journal,  entitled  The  Steam  Motor  Car. 

Much  time  was  spent  in  making  preparations  for  the  Spring 
Meeting  of  the  Society,  one  result  of  which  was  the  Joint  Meeting 
with  The  National  Machine  Tool  Builders'  Association  on  May  22, 
at  which  time  papers  were  read  by  H.  Schneider,  Dean  of  the 
University  of  Cincinnati,  on  The  Trend  in  Engineering  Training, 
and  by  Dr.  Otto  P.  Geier,  on  The  Human  Potential  in  Industry. 

F.  A.  Gexeb, 

Section  Chairman. 


DETROIT 

A  series  of  meetings  of  members  of  the  Am.Soc.M.E.  residing 
in  Detroit  and  neighboring  Michigan  cities,  led  to  the  organiza- 
tion in  October  1916  of  this  Section.  It  is  the  intention  that  this 
Section  shall  serve  a  territory  around  Detroit  of  approximately 
ninety  miles  radius. 

It  was  decided  to  hold  quarterly  meetings  which  will  not  inter- 
fere with  the  meetings  of  the  local  associations.  The  Section's 
especial  province  seems  to  be  to  gather  together  the  Society  mem- 
bers of  the  district  in  order  to  bring  them  into  contact  not  only 
with  each  other  but  w-ith  the  leaders  of  the  national  organization  ; 
at  the  same  time  members  of  other  engineering  societies  are  invited 
to  attend  its  meetings. 

The  two  meetings  held  during  1017  were  made  of  a  social  char- 
acter. Members  and  their  guests  had  dinner  together  before  the 
meetings.  Both  were  held  at  the  Detroit  Board  of  Commerce 
Building  in  order  that  the  Section  might  become  better  known  in 
the  business  life  of  the  community.  Members  had  the  opportunity 
of  listening  to  Ira  N.  HoUis.  Pies.Am.Soc.M.E..  and  John  W. 
Lieb,  Mem.Am.Soc.M.E. 

M.  E.  Coolev. 

Section   Chairmiin. 


CHICAGO 

'J'he  meetings  during  the  past  year  have  been  well  attended  and 
a  lively  interest  taken  in  the  various  subjects  presented. 

Four  meetings  were  held  during  the  season,  the  first  and  last 
being  devoted  to  military  subjects  and  the  intervening  gatherings 
to  semi-technical  topics  such  as  oxy-acetyleue  welding  and  prob- 
lems in  waste  disposal. 

The  dinner  plan  of  meeting  was  oontiuued,  and  for  the  first 
time  the  Section  had  a  "  ladies'  night."  This  latter  feature  was  a 
great  success  from  a  social  point  of  view,  and  it  is  planned  to  con- 
tinue it  next  year  and  also  introduce  innovations  tending  to  enlarge 
acquaintances  and  bring  the  members  closer  together. 

Joseph  Harringtox. 

Section  Chairman. 


CIN'CINNATI 

The  Cincinnati  Section  is  affiliated  with  the  Engineers"  Club 
of  Cincinnati,  an  orgiinization  about  30  years'  old.  At  three  or 
four  meetings  a  year  the  program  of  the  Engineers'  Club  is 
carried  out  by  the  Cincinnati  Section  of  the  A.S.M.E.  The  chair- 
man of  the  Section  presides,  the  paper  and  its  discussion  being 
arranged  by  the  officers  of  the  Section.  This  provides  an  audience 
larger  than  the  club  could  provide  of  itself. 

At  the  present  time  the  number  of  local  members  credited  to 
Cincinnati  in  the  1017  year  book  is  94.  There  are,  however,  a 
number  of  members  in  St.  Bernard,  Norwood,  Ivor.vdale,  Ohio 
and  Newport,  Kentucky,  who  meet  with  the  local  members.  In 
addition  to  these  there  have  been  quite  a  number  of  recent 
a|)plications.  which  brings  the  total  number  of  members  in  the 
Section  to  13"i. 

This  Section  has  been  fortunate  in  having  speakers  of  promi- 
nence address  the  various  meetings  during  the  year,  on  subjects 
of  much  interest. 

Among  these  was  one  on  Some  Present  and  Future  Carburetion 
Problems,  by  C.  F.  Kettering,  Mem.Am.Soc.M.E.,  and  vice-presi- 
dent of  the  Dayton  Engineering  Laboratories  Company.  Mr. 
Kettering  is  largely  responsible  for  the  Delco  lighting  systems 
for  motor  cars  and  for  the  Delco-Light  for  small  isolated  electric 


ERIE 

The  Erie  Section  has  recently  adopted  the  rule  of  holding  at 
least  four  meetings  a  year,  two  to  be  dinner  meetings  at  which 
the  regular  affairs  of  the  Section  will  be  taken  up  and  two 
meetings  will  be  held  in  conjunction  with  the  Engineers'  Society 
of  Northwestern  Pennsylvania,  the  Section  to  furnish  the  speakers. 

The  Section  is  one  of  the  newest  and  regards  its  first  year  as 
one  of  experience.  Adoption  of  the  above  program  will  ensure 
plenty  of  work  for  the  coming  season. 

J.  F.  Wadswobth, 

Section  Chairman. 


INDIANAPOLIS 

The  Indianapolis  Section  was  organized  in  October  and  the 
first  three  meetings  were  devoted  to  the  completion  of  this 
organization. 

In  February  a  meeting  was  held  in  conjunction  w^ith  the 
A.I.E.E.,  at  which  Harrington  Emerson,  Mem.Am.Soc.M.E.,  spoke 
on  Efficiency  and  the  Engineer. 

Several  other  meetings  were  planned,  but  were  abandoned  in 
order  that  the  entire  energies  of  the  members  might  be  devoted 
to  preparedness  work  and  the  formation  of  a  battalion  of 
engineers. 

Plans  for  the  fall  and  winter  are  now  being  worked  out  and 
it  is  expected  that  there  will  be  many  discussions  of  interest. 

W.    H.    INSLEY, 

Section  Chairman. 


MINNESOTA 

The  Section  has  had  some  very  interesting  meetings  in  con- 
junction with  the  local  branch  of  the  A.I.E.E.,  and  has  also 
been  honored  with  invitations  from  the  Chemical  Engineers  and 
the  Engineers'  Club  of  Blinneapolis.  A  very  cordial  feeling  exists 
between  the  Jlinnesota  Section  and  the  other  engineeriug  interests 
and  societies  of  the  State. 

This  spring  it  was  planned  to  join  with  tlie  A.S.C.E.  in  a   trip 
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to  Duluth.  Miun.,  but  the  war  sitiiatiou  posti)oned  the  visit  of  the 
national  society. 

Probably  the  most  successful  meeting  during  the  year  was  the 
Locomotive  Session,  when  there  were  fifty  railroad  representatives 
in  attendance  and  a  large  number  of  papers  were  read. 

A  banquet  was  also  tendered  Ira  N.  HoUis,  Pres.,  Am.Soc.M.E., 
which  was  by  far  the  biggest  event  of  the  year,  and  it  may  be  noted 
in  passing  that  the  Am.Soc.M.E.  is  the  only  national  society  that 
has  thus  honored  its  sections. 

The  Committee  on  Sections  has  been  urged  to  work  out  a  plan 
whereby  the  more  remote  Sections  may  be  able  to  meet  and  hear 
some  of  our  most  distinguished  engineers. 

The  Section  acts  as  a  "  big  brother  "  to  the  Student  Branch  at 
the  University  of  Minnesota  and  its  influence  with  the  students 
is  evidenced  by  the  interest  they  take  in  the  Society  and  the  pos- 
sibilities of  membership  in  it.  Many  of  the  students  enter  the 
Junior  grade  at  the  time  of  their  graduation  or  shortly  after. 

A  very  important  feature  of  the  Section's  activities  is  the 
means  of  bringing  the  local  engineers  together  on  a  common  basis 
and  fostering  by  social  contact  a  better  understanding  among 
those  engaged  in  different  engineering  lines  which  could  not  well 
be  accomplished  in  any  other  way. 

The  members  of  the  Section  were,  on  July  28,  invited  by  Oliver 
Crosby,  Mem. Am.Soc.M.E.,  to  a  picnic  at  his  new  home,  "  Stone- 
Bridge." 

A  large  number  of  our  members  and  their  wives  availed  them- 
selves of  the  opportunity  to  meet  in  a  social  way  and  all  had  a 
most  enjoyable  time.  The  fact  was  impressed  upon  the  minds  of 
those  present  that  the  engineers  do  not  get  a  fair  share  of  enjoy- 
ment out  of  life  by  a  policy  of  "  all  work  and  no  pliy."  and  it 
was  noted  that  an  affair  of  this  kind  offers  a  splendid  opportunity 
to  invite  engineering  friends,  who  may  become  better  aciiuaiuted 
with  the  members,  and  in  this  way  become  interested  in  joining 
the  Society. 

The  members  are  looking  forward  to  the  time  when  all  the  local 
engineering  interests  can  be  united  so  as  to  have  a  common  meeting 
place  and  possibly  an  engineering  society  building. 

J.  V.  Martenis, 

Section  Chairman, 


MILWAUKEE 

We  have  completed  the  best  year  of  our  existence,  our  meetings 
being  largely  attended.  During  the  early  part  of  -the  year,  before 
we  secured  our  present  permanent  quarters  at  the  City  Club,  we 
found  ourselves  slightly  handicapped,  but  are  now  enjoying  an 
excellent  attendance,  aver  ging  over  150  members  at  each  meeting. 

The  first  meeting  of  the  year,  on  September  1.3,  1916,  was  held 
at  the  plant  of  the  Federal  Rubber  Conipany,  Cudahy,  Wis., 
under  the  direction  of  E.  Hutchens.  Mem. Am.Soc.M.E.,  who  is 
supervising  engineer  of  this  company.  L.  J.  D.  Healey,  chief 
chemist  of  the  company,  giive  a  talk  on  The  Growing  and  (iather- 
ing  of  Rubber  Latex.  After  the  lecture  the  members  were  taken 
on  an  inspection  trip  around  the  plant.  The  Federal  Rubber 
Company  gave  the  Section  a  supper  and  showed  moving  pictures 
of  the  rubber  industry.  This  was  considered  one  of  the  best 
meetings  we  have  ever  held. 

The  next  meeting  held  under  our  auspices  was  on  October  11, 
Prof.  J.  G.  Callan.  of  the  Univcr.sity  of  Wisconsin,  gave  a  very 
interesting  talk  on  Recent  Tendencies  in  Gas-Engine  Design,  illus- 
trated with  pictures  of  the  latest  types  of  automobile,  aeroplane 
and  submarine  engines. 

On  January  6,  I.  N.  Hollis.  Pres.Am.Soc.M.E.,  gave  a  talk  on 
The  Place  of  the  Engineer  and  the  Engineering  Societies  in 
Modern  Ijife, 

William  M.  White,  manager  of  the  hydraulic  department  of 
AlUs-Chalmers  Mfg.  Co.,  gave  a  talk  on  April  11  on  Modern  Hy- 
draulic Turbines.  There  was  a  large  attendance  and  Mr.  White 
showed  the  audience  views  of  the  latest  types  of  hydraulic  tur- 
bines. 

We  try  to  arrange  to  have  a  supper  for  the  speaker  before  each 
meeting,  which  is  generally  attended  by  the  board  of  directors  of 
our  affiliated  societies,  and  after  the  meeting  a  buffet  luncheon  is 
always  served.  We  find  that  a  great  many  of  the  members  stay 
after  these  luncheons,  standing  about  in  groups  and  talking  on 
various  subjects,  and  in  this  manner  become  better  acquainted 
than  they  would  in  any  other  way. 

Edward  Hutchens, 

Section  Chairman. 


NEW   HAVEIN 

While  the  conditions  at  New  Haven  do  not  offer  opportunity 
for  much  cooperation,  the  Section  has  shown  the  greatest  willing- 
ness to  take  advantage  of  any  chance  presenting  itself,  'ihe 
meetings  of  the  Section  have  been  of  service  to  the  engineers  of 
the  whole  state  of  Connecticut,  and  it  is  recognized  that  better 
results  can  be  obtained  through  more  systematic  organization. 

A  Section  for  the  state  has  been  planned  which  will  provide 
for  the  usual  fall  and  spring  meetings  at  New  Haven  and  addi- 
tional meetings  at  certain  other  localities  in  the  state  where 
Branches  will  be  established. 

Following  the  plan  of  former  years,  this  Section  has  held  two 
principal  meetings.  The  Mining  Department  of  the  Sheffield 
Scientific  School  invited  the  Section  to  meet  in  the  Hammond 
Laboratory  in  November,  at  which  time  the  equipment  of  the 
mining  laboratory  was  explained  to  those  interested  and  a  paper 
on  Applied  Metallography,  by  Prof.  C.  H.  Mathewson,  was  read. 

The  evening  session  was  held  in  the  lecture  room  of  the  Mason 
Laboratory  with  F,  B,  Gilbreth,  Mem. Am.Soc.M.E.,  and  S.  J. 
Berard  as  speakers. 

The  recently  organized  Winchester  Engineering  Club,  composed 
of  over  lew  members  of  the  engineering  department  of  the  Win- 
chester Arms  Company,  was  invited  to  join  the  New  Haven  Section' 
in  its  spring  meeting "  on  April  19,  1917.  This  meeting  was 
varied  by  an  excursion  to  two  of  the  pumping  stations  of  the  New 
Haven  Water  Company,  and  was  followed  by  a  dinner  and  social 
hour  and  an  evening  session  with  two  illustrated  papers  on  pump- 
ing engines  for  manufacturing  purposes. 

Informal  local  meetings  have  also  been  held  and  it  is  hoped 
that  the  new  year  will  see  much  added  interest. 

H.  B.   Sabgent, 

Section  Chairman. 


NEW   ORLEANS 

The  first  year's  work  of  the  New  Orleans  Section  has  been  a 
very  successful  one. 

Due  to  there  being  in  existence  an  active  local  engineering 
society  at  the  time  the  Section  was  formed,  it  was  considered 
best  to  hold  but  four  meetings  of  the  A.S.M.E.  Section.  These 
meetings  were  in  every  case  held  jointly  with  the  local  section 
of  the  Civil  Engineers,  and  as  the  meetings  were  held  in  the 
rooms  of  the  Louisiana  Engineering  Society  and  the  members  of 
that  society  were  invited  to  attend,  the  meetings  were  in  fact 
practically  extra  meetings  of  the  latter  society. 

The  tentative  plan  for  next  year  is  to  have  the  Louisiana 
Engineering  Society  assign  each  of  the  local  sections  of  the 
national  societies  a  meeting  at  which  some  member  of  the  section 
in  charge  will  read  a  paper  of  special  technical  interest  to  the 
members  of  that  society.  The  business  meetings  of  the  local  sec- 
tions will  be  held  after  the  general  meeting  has  adjourned.  This 
plan  has  yet  to  be  submitted  to  the  societies  interested,  and 
approved. 

The  executive  committee  for  next  year  will  be :  Chairman,  R.  L. 
Radcliffe;  secretary,  E.  H.  Tenney ;  E.  Flad,  W,  A.  Hoffman  and 
H.  R.  Setz. 

W.  B.  Gregory. 

Section  Chairman. 


ONTARIO 

As  this  Section  is  so  new,  having  been  established  in  May  of  this 
.year,  there  is  little  to  report  in  the  wa.v  of  sectional  work.  It 
might  be  mentioned  that  the  mechanical  engineers,  through  the 
local  section,  obtained  representation  on  the  Joint  Committee  of 
Technical  Organizations. 

Plans  are  being  made  for  the  coming  year  which  we  trust  will 
prove  of  interest  and  value  to  all  the  members. 

G.  V.  Ahaba, 

Section  Chairman. 


PHILADELPHIA 

The  activities  of  the  Philadelphia  Section  during  the  past  year 
have  been  marked  by  the  cooperation  which  it  has  had  with-  the 
other  engineering  societies  of  that  city.  In  the  first  place  the 
plan   of  affiliation   of   the   Section   with   the   Engineers'   Club   has 


784 


SOCIETY  AFFAIRS 


The  Journal, 
Am.Soc.M.E. 


worked  out  very  successfully  and  has  many  advantages  to  commend 
it.  The  Engineers'  Club  has  become  the  headquarters  for  Se<  tion 
meetings  and  mail :  the  dining  room  of  the  Club  is  available  for 
Section  members,  and  when  desired  special  dinners  can  be  held 
there. 

Besides  the  A.S.M.E.  Section  the  local  branches  of  the  follow- 
ing organizations  are  affiliated  with  the  Club:  American  Society 
of  Civil  Engineers,  American  Institute  of  Electrical  Engineers, 
American  Society  of  Heating  and  Ventilating  Engineers,  Illumi- 
nating Engineering  Society,  Society  of  Automobile  Engineers. 
Massachusetts  Institute  of  Technology  and  the  Worcester  Tech- 
nology Club. 

An  advantage  of  the  affiliation  is  the  cordial  intercourse  de- 
veloped between  the  engineering  societies.  During  lltl6-17  the 
A.S.M.E.  Section  held  three  joint  meetings  with  The  Franklin 
Institute  and  one  with  the  American  Society  of  Heating  and 
Ventilating  Engineers,  while  on  May  14  at  a  dinner  given  to  the 
speaker  of  the  evening  prior  to  the  meeting  by  the  local  committee, 
the  Section  had  as  guests  the  chairman  of  nearly  every  engineer- 
ing society  represented  in  Philadelphia. 

The  subjects  of  the  meetings  we  have  held  and  the  speakers  are 
as  follows :  The  Development  of  Our  Fleet,  by  Wm.  L.  Cathcart, 
Mem. Am.Soc.M.E. ;  Aeroplane  Engines,  by  C.  B.  Lucke,  Mem- 
"  Am.Soc.M.E. ;  The  Cooling  of  Water  for  Power  Plant  Purposes, 
by  C.  C.  Thomas,  Mem.Am.Soc.M.E. ;  Coke  Ovens  and  Their  By- 
products, by  C.  J.  Ramsberg;  Design.  Construction  and  Equip- 
ment of  a  Modern  Military  Aeroplane,  by  J.  C.  Hunsaker ;  Dis- 
trict Heating,  by  Walter  J.  Kline;  The  Recent  Development  of 
the  V-Notch  Weir  Measurement,  by  D.  .B.  Yarnall,  Mem.Am. 
Soc.M.E. ;  and  Engineering  of  Men,  by  Willard  Behan. 

During  the  year  the  Proceedings  of  the  Engineers'  Club  of 
Philadelphia  has  been  developed  until  it  has  now  become  quite  a 
pretentious  journal.  Each  of  the  national  societies  is  given  a 
large  page  in  each  issue  of  the  publication,  and  in  that  way  mem- 
bers of  all  societies  affiliated  with  the  Club  are  made  acquainted 
regularly  with  the  proceedings  of  all  engineering  meetings  held 
in  Philadelphia. 

Emmbttt  B.  Cabtek, 

Section  Chairman. 

PROVIDENCE 

There  exists  at  Providence  a  situation  different  from  any  other 
lo'al  center  of  the  Society's  activities.  There  is  no  regularly 
organized  Section  of  the  A.S.M.E.  in  the  city,  but  the  functions 
of  such  a  section  are  accomplished  for  the  Providence  members  of 
the  A.S.M.E.  through  the  affiliation  of  the  Society  with  the 
Providence  Engineering  Society.  The  local  society  has  made 
considerable  progress  during  the  past  year,  first  by  securing  ade- 
quate and  permanent  quarters  and  second,  through  the  sub-division 
of  the  organization  into  sections  under  the  following  headings : 
Fire  Prevention  and  Fire  Protection,  Maihine  Shop,  Designing 
and  Drafting.  Efficiency,  Structural  Engineering.  Chemical,  Power. 
Municipal,  Highway  and  Water  Supply,  Industrial  and  Technical 
Education.  Student,  and  Municipal  Engineering. 

Each  section  held  meetings  monthly  at  which  papers  on  suitable 
technical  topics  were  presented  and  discussed,  and  it  is  felt  that 
great  benefit  was  derived  by  the  membei-s  attending. 

The  general  meetings  of  the  society  were  held  monthly  and 
included  in  their  programs  such  speakers  as  Dr.  Miller  Reese 
Hutchison,  Prof.  William  S.  Franklin.  Dr.  Ira  N.  HoUis,  Mr. 
George  H.  Pegram,  Mr.  Harold  W.  Buck,  Prof.  Fred  H.  Newell, 
Mr.  M.  Marcel  Knecht,  University  of  Nancy,  France,  and  Professor 
Von  Hecke,  University  of  Louvain,  Belgium. 

Letters  were  sent  out  this  spring  inviting  other  local  engineering 
organizations  and  branches  of  the  national  societies  to  cooperate 
with  the  society  for  mutual  advantage.  The  cordial  way  in  which 
these  invitations  were  received  gives  promise  of  closer  relations  in 
the  future. 

J.  Ansel  Brooks. 

President. 

ST.   LOUIS 

-  Dominating  all  of  the  activities  of  the  St.  I.ouis  Section  was 
the  idea  of  arousing  in  the  members  a  greater  interest  for  sub- 
jects not  related  to  professional  work.  Although  conditions  were 
not  entirely  favorable  for  carrying  through  such  a  program,  the 
results  obtained  encourage  further  efforts  in  this  direction. 


During  the  .season  1916-17  three  Section  meetings  were  held, 
besides  four  joint  meetings  with  the  Engineers'  Club  of  St.  Louis. 
In  pursuance  of  this  program  the  meetings  were  of  a  social  char- 
acter with  a  lecture  treating  more  the  human  side  of  engineering 
or  industrial  life,  while  the  joint  meetings  with  the  Engineers' 
Club  were  devoted  to  more  strictly  technical  subjects. 

The  average  attendance  ran  between  40  and  45  members,  the 
attendance  at  the  joint  meetings  being  considerably  higher.  The 
larger  turnout  of  our  members  at  the  Section  meetings  indicated 
a  strong  preference  for  non-technical  affairs.  The  supper  pre- 
ceding the  meeting  proved  an  attraction  and  will  be  retained  dur- 
ing the  coming  year.  As  a  result  of  a  canvass  among  our  members 
it  was  decided  to  hold  one  such  Section  meeting  every  month, 
on  a  Friday  evening. 

Of  the  technical  papers  presented  during  the  season,  one  on 
standardized  boiler  construction  and  another  on  Diesel  engines 
brought  out  most  discussion. 

No  extensive  plans  have  as  yet  been  decided  upon  for  the  ac- 
tivities of  the  coming  year,  except  that  a  special  effort  is  to  be 
made  to  increase  our  membership.  There  is  a  growing  feeling 
that  more  attention  should  be  paid  to  the  subjects  touching  upon 
the  human  side  of  the  engineer's  work.  Considerable  impetus 
would  be  given  to  such  a  movement  if  articles  or  papers  on  such 
subjects  were  published  regularly. 

H.  R.  Setz, 
Section  Chairman, 


WORCESTER 

The  season  for  the  Section  opened  with  the  excursion  to  New 
London  to  visit  the  United  States  Naval  Submarine  Base,  and 
also  to  inspect  the  plant  of  the  Electric  Boat  Company.  Many 
made  the  trip  in  automobiles,  in  addition  to  a  good-sized  delega- 
tion which  went  by  special  train  from  Worcester  to  New 
London. 

The   first    meeting   of   the    Section    was   held    on    November   14, 

1916.  President  Jacobus  was  present,  and  his  remarks  concern- 
ing the  activities  and  growth  of  the  Society,  which  he  illustrated 
by  means  of  lantern  slides,  were  thoroughly  appreciated.  Mr. 
Charles  G.  Washburn  spoke  on  the  Origin  and  Development  of 
lycading  Worcester  Industries.  It  would  be  difficult  to  find  one 
more  qualified  to  speak  on  this  subject  than  Mr.  Washburn,  and 
it  was  a  privilege  to  hear  from  an  authority  the  contributions 
which  have  emanated  from  Worcester  and  the  vicinity — contri- 
butions to  be  classified  as  advancing  the  art  of  mechanical 
engineering. 

The    second    meeting   of    the    season    was   held    on    February    8, 

1917.  when  Mr.  Charles  H.  Norton,  chief  engineer  of  the  Norton 
Grinding  Co..  spoke  on  the  Introduction  of  Cylindrical  Grinding 
and  Worcester's  Part  in  the  Development  of  the  Art. 

The  Secretary  of  the  Society.  Mr.  Calvin  W.  Rice,  was  also 
present  at  this  meeting  and  spoke  on  the  affairs  of  the  Society 
in  general,  and  particularly  upon  the  constructive  work  which 
wa.s  being  accomplished  under  the  presidency  of  Dr.  Hollis. 

The  annual  meeting  was  held  on  .lune  .5,  at  which  the  officers 
for  the  ensuing  .year  were  elected.  The  delegates  from  Worcester 
who  attended  the  annual  Spring  Meeting  of  the  Society  in  Cin- 
cinnati were  all  present  and  told  of  the  success  which  a*^tended 
the  efforts  of  the  Cincinnati  Section  in  conjunction  with  the 
Cincinnati  members  of  the  National  Machine  Tool  Builders"  Asso- 
ciation. At  this  meeting  announcement  was  also  made  that  the 
Council  had  accepted  the  invitation  of  the  citizens  of  Worcester 
to  hold  the  1918  Spring  Meeting  there.  This  announcement  was 
received  with  enthusiasm.  President  Hollis  addressed  the  meet- 
ing on  Engineering  Problems  Relating  to  the  War.  His  remarks 
were  extremely  interesting  and  an  enthusiastic  general  discussion 
followed. 

The  la.st  meeting  of  the  season  was  held  on  June  28.  By  cour- 
tesy of  Machinery,  their  motion-picture  film  representing  the 
manufacture  of  9.2-in.  howitzer  shells  was  shown.  A  portion  of 
the  film  prepared  by  the  Cincinnati  Section,  showing  incidents 
connected  with  Spring  Meeting,  was  also  shown. 

Interest  in  the  work  of  the  Society  was  well  maintained  during 
the  winter  months ;  the  membership  has  increased  through  the 
activities  of  the  Worcester  Section,  and  there  is  every  indication 
of  a  successful  coming  season. 

George  I.  Rockwood, 

Section  Chairman. 


CANDIDATES   FOR  MEMBERSHIP 

TO  BE  VOTED  ON  AFTER  OCTOBER  10.  1917 


THE  American  Society  of  Mechanical  Engineers  is  an 
organization  for  mutual  ser\-iee  of  over  8,200  engineers 
and  associates  cooperating  with  engineers.  The  membership 
of  the  Society  comprises  Honorary  Members,  Members,  As- 
sociates, Associate-Members  and  Jmiiors,  all  elected  by  ballot 
of  the  Council.  Application  for  membership  is  made  on  a 
regular  form  furnished  by  the  Secretary  which  provides  for  a 
statement  of  the  standing  and  professional  experience  of  the 
applicant  and  requires  references  from  voting  members  per- 
sonally acquainted  with  the  applicant.  The  requirements  for 
admission  to  the  various  grades  will  be  furnished  upon  re- 
quest. 

Below  is  the  list  of  candidates  who  have  filed  applications  for 
membership  since  the  date  of  the  last  issue  of  The  Journal. 
These  are  classified  according  to  the  grades  for  which  their 


ages  qualify  them,  and  not  with  regard  to  professional  qualifi- 
cations, i.e..  the  ages  of  those  under  the  first  heading  place 
them  under  either  Member,  Associate  or  Associate-Member, 
those  in  the  next  class  under  Associate-Member  or  Junior, 
and  those  in  the  third  under  Junior  grade  only.  Applications 
for  change  of  grading  are  also  posted. 

The  Membership  Committee,  and  in  turn  the  Council,  urge 
the  members  to  scrutinize  this  list  with  care  and  advise  the 
Secretary  promptly  of  any  objections  to  the  candidates  posted. 
All  correspondence  in  this  regard  is  strictly  confidential.  Un- 
less objection  is  made  to  any  of  the  candidates  by  October  10, 
1917,  and  providing  satisfactory  replies  have  been  received 
from  the  required  number  of  references,  they  will  be  balloted 
upon  by  the  Council.  Those  elected  will  be  notified  about 
November  15,  1917. 


NOTE.  The  Council  desires  to  impress  upon  applicants  for  membership  that  under  the  present 
national  conditions  the  procedure  of  election  of  members  may  be  somewhat  slower  than  under  normal 
conditions.  The  first  step  in  the  consideration  of  an  application  is  taken  by  the  Membership  Committee^ 
and  this  committee  is  composed  of  busy  men,  with  fewer  opportunities  to  meet  together  in  these  strenuous 
times. 


NEW  .APPLICATIONS 

FOR    CON.SIDERATION    A.S     MEMBER,    ASSOCIATE    OR    ASSOCIATE     MEMBER 


Alabama 

(;.\K\",    Hartweli.    H.,    Superintendent, 
Ingalls    Iron    Works   Co., 

Arizona 

LEGRAXD,   Charles,  Consulting  Engineer, 
Pliclps  Dodge  Corp., 


Birmingliani 


Douglas 


California 

-4.D.\MS0N,   Arthur  R.,  Assistant  General  Superintendeul. 

Baker  Iron   Works,  I,os   .Vugeles 

BDENHAM,  Charles,  Superintendent  and  Manager, 


Burnham  Basket  Co., 
MALONEY,  George  B.,  Chief  Engineer, 

Associated  Pipe  Line  Co., 
PIKE,   Robert   D.,  Chemical  Engineer, 
THOMPSON,   Nelson    W.,   Chief  Engineer, 

Simplex   Keflniug  Co., 

Colorado 

WOOD,  Franklin  P.,  Engineer, 
Franklin  P.  Wood  &  Co., 


Los  .\ugeles 

San  Franeisco 
San   Francisco 

San   Francisco 


Trinidad 


Connecticut 

BEDWORTH,  Arthur  H.,  Plant  Engineer, 

Remington  Typewriter  Co.,  Bridgeport 

BEGG,  Thomas  K.,  Mechanical  Superintendent  Manufacturing 
Departments, 

Bridgeport  Brass  Co.,  Bridgeport 

BENTLEY,  Joseph  H.,  Chief  Draftsman, 

H.  E.  Harris  Engineering  Co.,  Bridgeport 

BLOOD,  Bryant  H.,  General  Manager, 

Pratt  &  Whitney  Co.,  Hartford 

CAHILL,  Anthony  M.,  Equipment  and  Process  Engineer, 

Winchester  Repeating  .\rins  Co.,  New  Haven 

CHERRY.  John  D.,  Sales  .Manager, 

The   Roto  Co.,  Hartford 

KRUCKLIN,  Walter,  Tool  Designer,   Draftsman. 

Remington  Arms  U.  M.  C.  Co.,  Bridgeport 

WHEELER,  Charles  A.,  Professor  and  Engineer, 

ConnectJcut  .\gricultural  College,  Storrs 

WHITNEY,  Elmar  H.,  Assistant   Wage  Rate  Supervisor. 

Remington  .\rms  &  Ammunition  Co.,  Bridgeport 

IMstrict  of  Columbia 

LANDVOIGT,  Thomas  E.,  Acting  Heating,  Ventilating  and 

Sanitary  Engineer,  District  of  Columbia,  Wasliington 


Geore:ia 

COVERDALE.  E.  J.. 

HOLTZCLAW.  Benjamin  W.,  Chief  Engineer, 

J.   S.   Schofield's  Sons  Co., 
LINDLEY,  Harry  E..  Chief  Draftsman, 

L.  W.  Eolxn-t.  Jr.,  Engineer, 


Atlanta 

Macon 

Atlanta 


Illinois 

BOSE,  KiMCDiHi  K..   Draftsman,  Mechanical   Department, 

.Vrmour  &  Co.,  Chicago 

BURR.  Ellis   M..   President, 

The  Burr  Co..  Champaign 

DE.iN,  Raymond  S.,  Sales  Engineer, 

Manning,   Maxwell  &  Moore,  Chicago 

DREXELIUS,  H.  Corey,  Designer  of  .Vutomobile  .Machinery, 

Elgin  National  Watch  Co.,  Elgin 

GEE.\RD,  Franklin  B.,  General  Superintendent, 

German-.imericau  Portland  Cement  Works,  La  Salle 

HASKINS,  Harold  I.,  Engineer, 

International  Harvester  Co.,  Chicago 

HOEFER,   C.  A.,  President, 

Hoefer  Manufacturing  Co.,  Freeport 

JONES,   David  J..   Jleehanical   Inspector, 

Illinois  Central  Railroad  Co..  Chicago 

SORENSEN.   Claude   S.,   Special   Machine   Design. 

Western  Electric   Co.,  Chicago 

Indiana 

MlLLHOLL.iND.    William   K.,   President  and  General   Manager, 
W.  K.  MillhoUand  Machine  Co..  Indianapolis 

WOOD.  David  W..   President  and  Manager. 

Wood  Turret  Machine  Co.,  Brazil 

Kansas 

SULLIV.W.   William   L..  Ma<liinez-y,   Power  Onltits  and  Supplies. 

Pittsburg 


Kentucky 

MITCHELL.    Algie    E,, 
Andrews  Steel  Co.. 


Cliief    r)raftsman. 


Newoor*. 


Maine 

TODD,  WILI.IA.M  N.,  Electrical  and  Elevator  Engineer, 

The  Portland  Co.. 
CHIFFELLE,  Francis  A.,  Engineer, 

Lewiston  Bleachery  &  Dye  Works, 

Maryland 

BECK,  William  H.,  Electrical  Engineer, 

Crown  Cork  &  Seal  Co.. 
CRONIN.  Frank  H..   Superintendent  Mechanical   Division. 

Water  Department.  Baltimore 


Portland 
Lewiston 


Baltimore 
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Massachusetts 

HKYEIt,   David  S.,  Mauager  Safety  Engineering  Department, 

Massachusetts  Employees  Ins.  Assoc.,  Boston 

HOLTON,  Feed  C,  Third  Assistant  Foreman, 

New  England  Westinghouse  Co.,  Springfield 

CHASE,  Nathaniel  S.,  Chief  Draftsman, 

W.  T.  Henry,  C.E.  and  M.E.,  Fall   River 

COTTRELL,  Aeeaham  F.,  Jr.,  Assistant  Superintendent, 

HoUingsworth  &  Vose  Co.,  West  Groton 

DODGE,   George  W.,  Consulting  Engineer,  Holyoke 

DORMAN,  Edson  R.,  Engineering,  Contract  Work, 

Greenfield  Tap  &  Die  Corp.,  Greenfield 

DOTEN,  William  L.,  Mechanical  Engineer, 

The  Lamson  Co.,  Boston 

HARRIS,  H.  Patterson,   Sales  Manager, 

Worcester  Pressed  Steel  Co.,  Worcester 

HARRIS,  William  A.  Jr.,  Assistant  to  Foreman, 

Gauge   Manufacturing  Department,   New   England   West- 
inghouse Co.,  Springfield 
KENDALL,  Horace  C,  Assistant  Manager  and  Purchasing  Agent, 

Rockwood  Sprinkler  Co.,  Worcester 

LENTZNER,  Karl  S.,  Experimental  Engineer, 

The  Norton  Co.,  Worcester 

LOEBER,  Charles,  Inspector  and  Estimator, 

Stone  &  Webster  Engineering   Corp.,  Boston 

M.\NNION,  Chester  H.,  Chief  Engineer  and  Electrician, 

.\merican  Thread  Co.,  Kerr  Mills,  Fall  River 

SILCOX,  Arthur  E.,  Expert  Mechanical   Problems. 

Saco-Lowell  Shops,  Lowell 

STONE,  Thomas  D.,  Contracting  Engineer, 

Nightingale  &  Childs  Co.,  Springfield 

VAUGH.\N,  John  F.,  Private  Practice,  Boston 

VEDDER.  J.  Warren,  General  Manager, 

Rice,  Barton  &  Fales  M.  &  I.  Co.,  Worcester 

Minnesota 

BROOKE,   William   E.,   Professor  and   Head   Department   Mathe- 
matics and  Mechanics, 

University  of  Minnesota,  Minneapolis 

FOSTER,  Charles,  Manager  St.  Paul  Office, 

Charles  L.  Pillsbury  Co.,  St.  Paul 

MARSH.A.LL,   Ernest,  Electrical  Engineer, 

Great  Northern  Railway,  St.  Paul 

SMITH,  Paul  D.,  Mechanical  Engineer, 

Minneapolis  Steel  &  Machinery  Co.,  Minneapolis 

Mississippi 

FREEMAN,  Henry  L.,  Professor  of  Mechanical  Engineering, 
Mississippi  A.  &  M.  College,  Agricultural  College 

Missouri 

FERGLTSON,  James  W.,  Supervisor  Mechanical  Goods,   Sales, 

St.  Louis  District,  Goodyear  Tire  &  Rubber  Co..  St.  Louis 

MORSE,    Henry    S.,    Assistant    Superintendent    Maintenance   and 

Construction,  St.  Joseph  Lead  Co.,  Herculaneum 

SII.^RP,  Abia  J.,  Proprietor  and  Manager, 

Ilarrisonville  Foundry  &  Machine  Works,  Harrisonville 

WILCOX,  Frank  L.,   Consulting  Engineer, 

Municipal  Work,  St.  Louis 

New  Hampshire 

THOMPSON,    Herman,    Superintendent   Mechanical   Department, 
Amoskeag  Manufacturing  Co.,  Manchester 

New  Jersey 

CAMPBELL,  Norman  St.,  G.,  Teaching,  Registrar. 

Kingsley  School,  Essex  Fells 

DAVIDS,  William  C,  Special  Engineer, 

Duesenbei-g  Motors  Corp.,  Edgewater 

FEIEREISEL,    Frank   A.,   Manufacturing   Manager, 

De  Laval   Steam    Turbine   Co.,  Trenton 

FISHER,   Edward   C,  Manager,   Cooke  Works, 

.Vmerican  Locomotive  Co.,  Paterson 

JOHANNSEN,  ODD  K.,   Designer  Centrifugal  Pumps, 

A.  S.  Cameron  Steam  Pump  Works.  Fliillipsburg 

MURPHY.  John  Jr.,  Assistant  Superintendent. 

United  Piece  Dye  Works,  Lodi 

ROOT,  Harold  H.,  Machine  Designer, 

Crocker- Wheeler   Co.,  Ampere 

VOLKHARDT,  Charles  E.,   Industrial  Engineer, 

II.  L.  Gantt.  Trenton 

New  York 

ALDEN,  Clarence  T..  Manager, 

Edison  Electric  Light  &  Power  Co.,  Amsterdam 

B.\NASH,  James  J.,  Service  Engineer, 

Underwriters'  Laboratories.  New  York 

CARMAN,  JosEfH  F.,  Chief  Engineer, 

Abraham  ,&  Straus,  Brooklyn 

COLEMAN.  J.  Emile,  EflSciency  Engineer, 

The  Mergenthaler  Linotype  Co.,  Brooklyn 

DOVE-SMITH,   Joseph,  Proprietor, 

Dove-Smith   &   Son,  Niagara   Falls 


FORSTER,   Samuel  S.,   Superintendent   "  Sec  C," 

General  Electric  Co.,  Schenectady 

GERDES,  Henry  T.,  President, 

Gerdes  &  Co.,  Inc.,  New  York 

HIMMELSBACH,  JOSEPH,  Consulting  Engineer  and  President, 

American  Packing  House  Engineering  Co.,  New  York 

IRWIN,  Oliver  C,  Refrigerating  Engineer, 

Frick  Company,  New  York 

L.\NG,  Johan  G.  v..  Consulting  Engineer,  New  York 

MACKENZIE,  Kenneth  G.,  Consulting  Chemist, 

The  Texas  Co.,  New  York 

MILLER,  Jesse  F.,  Chief  Engineer, 

Department  of  Public  Buildings,  Albany 

MOORE,  William  J.,  Assistant  Professor  of  Mechanical 

Engineering,  Polytechnic  Institute  of  Brooklyn,  Brooklyn 

MUIR.  Roy  C,  Commercial  Engineer, 

General  Electric  Co.,  Schenectady 

PARTINGTON,   James,   Estimating  Engineer, 

American  Locomotive  Co.,  New  York 

POWELL,  William  B.,  Partner,  Cundall  &  Powell, 

Consulting   Engineers,  Buffalo 

RAPP,  Conrad  H.,  Assistant  Manager,   Designing  and 

Engineering  Department,   Hoggsou  Brothers,  New  York 

RICHARDSON,  JOSEPH   W.,  President, 

Nicholas  Iron  Works,  New  York 

SAMES,  Charles  M.,  Associate  Editor, 

American    Society   Mechanical   Engineers,  New  York 

SCHACHAT.  Abraham  B.,  Charge  of  Shop, 

Slocum,   Avram  &   Slocum  Laboratories,  New   York 

SPINNLER,  Charles  E.,  Agent  for  Franco  Tosl,  Legnano, 

Italy,  New  York 

STAEGE,  Stephen  A.,  Consulting  Hydraulic  and  Electrical 


Watertown 
of    Power 


New  York 


New  York 


Utica 


Winston-Salem 


Cleveland 


Middletown 


Akron 


Youngstown 


Cincinnati 


Engineering,  Staege  &  Dewey, 
SUPPLEE,    Warren    P.,    Chief    Operating    Engineer 
Stations, 

The  Eastern  Penn.  Lt.,  Heat  &  Power  Co.,  the 

J.  G.  White  Co., 
TIZLEY,  Arthur  J.,  General  Superintendent, 

E.   F.  Caldwell  &  Co.,  Inc., 
VANDERBEEK,  Herbert  C,  Head  Master  Boys, 

Masonic   Home, 
North  Carolina 

BAHNSON,  Frederic  F.,  Engineer  and  Secretary, 

Normalair  Co., 
Ohio 

CHAMPION,   David  J.,   President, 

The  Champion  Rivet  Co., 
EMERSON,  Earl  A.,  Export  Manager, 

The  American  Rolling  Mill  Co., 
FERGUSON,  John   L.,  Assistant  Superintendent, 

The  Quaker  Oats  Co.,  Akron  Plant 
JOHNSON,   Frank  Y".,  Designing  Engineer, 

The   Youngstown   Sheet  &  Tube  Co., 
LAWSON,  Fenton,  President, 

The  F.   H.  Lawson  Co., 
NORDHOLT,  John  B.,  Vice-President, 

The  Toledo  Steel   Casting  Co.,  Toledo 

WAREAM,  Charles  E.,  Chief  Engineer.  Development  Department, 

The  American  Laundry  Machinery  Co.,  Cincinnati 

Y'ORK,  Raymond  D.,  Vice-President  and  General  Manager, 

The  Plymouth  Street  R.  R.  &  Lt.  Co.,  Portsmouth 

Pennsylvania 

ALEXANDER,  J.   S.,  General  Manager  and 

Mechanical  Engineer, 
DUFFY,  Frank  J..  Major  1st  Regiment 

Penn.   Engineers, 
FRANKLIN,  MiLTON  W.,  Consulting  Engineer, 

E.   F.   Houghton  &  Co., 
JULSTEDT,  Chas.  J.,  Engineer-in-Charge.  Ordnance 

Drafting  Room,   Bethlehem   Steel   Co.,  South   Bethlehem 

McDEVITT.  William  J.,  Foreman, 

Fayette   R.    Plumb,    Inc., 
McMEXAJIIN.  Charles  G.,  Enginehouse  Foreman. 

Pennsylvania  Railroad  Co., 
P.\YXE,  Francis  H.,  Manager, 

Metric  Metal  Works  of  American  Meter  Co., 
PEEBLES,   Rodney  A.,  Mechanical  Engineer, 

Westinghouse  Elee.  &  Mfg.  Co., 
SANDERSON,  Victor  L.,  Sales  Manager, 

Terry  Steam  Turbine  Co., 
SMITH,  Josiah  H.,  Mechanical  Engineer, 

Ballinger  &   Perrot, 
SNYDER,  J.  E..  Superintendent  Steam  Turbine  Erecting 

and  Testing,  Westinghouse  Elec.  &  Mfg.  Co.,  E.  Pittsburgh 

WETHERILL,  William  C,  Vice-President, 

Keystone   Screw  Co.,  Philadelphia 

McKEE,    Thomas    C.,    Assistant    Chicago     Manager    and     Sales 
Engineer, 

Carbondale  Machine  Co.,  Carbondale 


Philadelphia 
Philadelphia 
Philadelphia 


Bridesburg 

Philadelphia 

Erie 

E.   Pittsburgh 

Philadelphia 

Philadelphia 


September 
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Tennessee 

MOSELEY,   William  S.,  Mecbanical  Engineer, 

C.   C.  &  O.   Railway,  Erwin 

PEEK,  Horace  H.,  Treasurer  and  Manager, 

Lookout   Boiler  &  Mfg.   Co.,  Chattanooga 

TRAPNELL,  JOHN  M.,  Engineer  in  Charge  Str\ictural  Department, 

WaLsh  &  Weidner  Boiler  Co.,  Chattanooga 

Texas 

FITZGERALD,  CHARLES,  Jr.,  Assistant  Chief  Engineer, 

Gulf  Pipe  Line  Co.,  Houston 

McFARLAND,   ARTHUR.    Master, 

U.  S.  Engineer  Department,  Port  Arthur 

Virginia 

ASHBY,  Chester,  Charge  Man,  Engineering  Department, 

Newport  News  Shipbuilding  and  Dry  Dock  Co.,       Newport  News 
PENNING,  Nicholas  J.,  Assistant  Power  Engineer, 

"  B  "  Plant  Power  House,  Du  Pont  Co.,  City  Point 

West  yirg:lnia 

BRADY.   Hugh   S.,   Superintendent, 

Hazel-.\tlas   Glass   Co..  Wheeling 

\\  isconsin 

KIRCALDIE,  William  I.,  Engineering  Staff. 

American  Appraisal  Co.,  Milwaukee 

LEASE,  Leonard  J.,  Electrical  Engineer, 

Allen  Bradley  Co.,  Milwaukee 

VAUGHN,  Francis,  with  Vaughn  &  Meyer,  Milwaukee 

Canada 

CHRISTENSEN,  James   C,   Superintendent. 

Canadian   Fairbanks-Morse  Co.,   Ltd.,  Toronto 

CLEATON,  Reinallt  E.,  Manager, 

The   R.   B.   Cleaton    Co.,  Montreal 

ESTLER,  Harry  S.,  Manager,  Sash  Department. 

Trussed  Concrete  Steel  Co.,  Walkerville 

JOHNSTON,  Charles   H.,   Superintendent   <it  Munitions, 

John   Inglis  Co.,  Toronto 

Cuba 

LOWELL,  Walter  D.,  Ad^'isory  Engineer, 

Punta  Alegre  Sugar  Co.,  Central  Florida 

FOR    CONSIDERATION    AS    ASSOCIATE    MEMBER    OR    JI'NIOR 

California 

D.VVIS,  Arthur  C,  Mechanical  Engineer, 

Los  Alamitos  Sugar  Co.,  Los  Alamitos 

GOODWIN,  Guy  L.,   Engineer  and   Superintendent. 

Refinery  &  Gasoline  Plants, 

Pinal   Dome  Oil  Co..  Santa  Maria 

JOHNSON.  Harold  S..  Lieutenant.  Coast  Artillery  Corps, 

United   States  Army.  Mill  Valley 

District  of  Columbia 

DARNALL,  James  C,  Mechanical  Draftsman, 

Ordnance  Office,   U.   S.   Navy   Yard,  Washington 

Illinois 

NUTTALL,  Frank  A.,  Erecting  and  Assembly  Foreman. 

Link  Belt  Co.,  Chicago 

ZIMMERMAN,   FRED   R.,   Mecbanical   and   Industrial   Engineer, 

Illinois   Engineering   Co.,  Chicago 

Indiana 

GRISBAUM,  Leonard  D..  District  Manager. 

Dravo-Doyle   Co.,  Indianapolis 

KRANNERT,  Herman  C,  Manager  Anderson  Plant. 

Sefton  Manufacturing  Corp.,  Anderson 

RAISIG,  Charles  L.,  Plant  Engineer, 

P.  H.  &  F.  M.  Roots  Co.,  Connersville 

Massachusetts 

BOYNTON,  Winfred  S.,  Mechanical  Engineer, 

The  Lamson  Co..  Boston 

CARTER,  Clifford  R.,  Industrial  Engineer, 

Scovell,    Wellington   &   Co.,  Boston 

ELIN,  Michael  B.,  Engineer, 

New   England   Westinghouse   Co.,  Chicopce   Falls 

Michigan 

FRICKER.  Jacob  E.,  Mechanical  Engineer,  Plant  Superintendent, 
Air  Reduction  Co.,  Detroit 

New  Jersey 

SAY'RE.  Leslie  A.,  with  Crocker,  Wheeler  Co.,  E.  Orange 

New  York 

FERGUSON,   Louis  S.,   District  Engineer  and  Sales 
Representative, 
The  Permutit  Co.,  New   York 

MOLOKIE.   Stephen  W.,   Draftsman, 

Combustion  Engineering  Corp.,  New  York 

SANFORD,  Selden  B.,  Engineer  in  Charge  of  Testing. 

Otis  Elevator  Co..  Yonkers 

SHUMARD.  Fred  W.,  Chief  Draftsman, 

Savage  Arms  Corp.,  Utica 


Ohio 

ROYER,  Earl  B.,  Engineer, 

With  Walter  G.  Franz,  Consulting  Engineer,  Cincinnati 

Penn8,vlvania 

BALSINGER,  Harry  D.,  with  American  Steel  Foundries,      Sharon 
EVANS,  Andrew  B.,  Layout  Engineer, 

Westinghouse  Electric  &  Mfg.  Co.,  E.  Pittsburgh 

JENKINS,  David  J.,  Junior  Fuel  Engineer, 

U.  S.  Bureau  of  Mines,  Pittsburgh 

A'irKinia 

LaFON,  Alphonse,  Candidate  Officers'  Reserve  Corps,       Fort  Myer 

for  consideration   as   junior 

California 

LEH,  Clarke  F.,  Constructing  Engineer, 

E.  B.  &  A.  L.  Stone  Co.,  San  Francisco 

GRIFFITH,   Earl  G.,   Assistant   Sales  Engineer, 

Meese  &  Gottfried  Co.,  Los  Angeles 

Connecticut 

COLVIN,  Delancy  W.,  Planning  Section  Cartridge  Department, 
Winchester  Repeating  Arms  Co.,  New  Haven 

EGLEE,  Charles  II.  Jr.^  Industrial  Engineer's  Staff, 

Gun  Department  Winchester  Repeating  Arms  Co.,      New  Haven 

WdlTCOMB,    Herbert    H.,    Mechanical    Engineer, 

Scovill  Mfg.  Co.,  Waterbury 

District  of  Columbia 

SCHLINK,    Frederick    J.,    .\ssociate   Physicist, 

National   Bureau    of   Standards.  Washington 

Illinois 

FEERY,  Bernard  T.,  Chief  Draftsman, 

Webster  Engineering   Co.,  Chicago 

MALCOLMSON,  William   J..  Supervising  Manufacturing  Engineer, 

Western   Electric  Co.,  Chicago 

Indiana 

BOYD,  Landon  B.,   Production  Engineer, 

Advance-Rumely  Co.,  La   Porte 

Massachusetts 

KLEIN,  Frederick  H.,  Tool  &  Machine  Designer. 

Becker  Milling  Machine  Co.,  Boston 

LYON,   Raymond  F.,  General  Manager, 

Cowan  Truck  Co.,  Holyoke 

MARSHALL,   Harold  F.,  Aviation  Student. 

U.  S.  Army  School  of  Military  Aeronautics, 

Mass.   Inst,   of  Tech..  Cambridge 

Micliig;an 

K.\RR.  Charles  L.,  Assistant  Chief  Engineer  Power  Plants, 

The  Detroit  Edison  Co.,  Detroit 

SLOMAN,  Cheri  M.,  Designer,  Detroit 

Missouri 

MARTIN,  Elmer  C,  Engineering  Accountant,  Kansas  City 

Nel»raska 

MILES,  Dales  S.,  Draftsman,  Valuation  Department, 

C,  B.  &  Q.  R.  R.,  Lincoln 

New  Jersey 

KENNEDY,  Grafton  S., 

with  Standard  Aero  Corp.,  Plainfleld 

MUNYAN,  Earl  A.,  Assistant  Naval  Inspector  Powder  E.  C, 

Bureau  of  Ordnance,  Navy  Department,  Jersey  City 

New  York 

CONBOY',  Raymond  G.,  Assistant  to  Superintendent, 

August  Mietz  Corp.,  New  Yort 

FAIRFIELD,  John  G.,  Assistant  in  Mechanical  Engineering, 

Rensselaer  Polytechnic  Institute,  Troy 

GARDNER,  Douglas  M.,  Engineer, 

S.  S.  Hepworth  Co.,  New  York 

J.\COBS.  Henry  L..  Student,  Columbia  University,  New  York 

JOHNSON,  James  W.,  Head  of  Industrial  Analysis  Department, 

Carter,  Macy  &  Co.,  Inc.,  New  York 

PARSONS,  Henry  S.,  Superintendent, 

E.  R.   Ladew   Co.,   Inc.,  Glen   Cove 
WILLIAMS,  Paul,  Experimental  Engineering, 

H.  H.  Frankliu  Mfg.  Co.,  Syracuse 

WITZBLL,  Paul  J.,  with  Charles  William  Stores,  Brooklyn 

Ohio 

GARDNER,  THOMAS.   Stirling  Drum  Department 

Babcock  &  Wilcox  Co.,  Barberton 

WILLI.VMS.  Berkeley,  Engineer. 

F.  II.  Lawson  Co.,  Cincinnati 

Oklahoma 

AUERSWALD,   Howard   R.,   .\ssistant   Manager,   Gas,   Water  and 
Construction  Department, 
Gypsy  Oil  Co.,  Tulsa 
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BARNES,  WiLBUU  J..  Efficiency  Engineer, 

The  Harwood  Electric  Co.,  Hazleton 

BICKLEY,  John  H.,  Field  Engineer, 

H.    Koppers  Co.,  I'ittsburgh 

BOONE,  H.  Searles,  Electrical  Engineer, 

L.  F.  Schoemaker  &  Co.,  I'ottstown 

CULLINEY,    John    E.,    Superintendent   Employment    and    Safety 
Department, 

Betblebem    Steel   Co.,  Lebanon 

MILLAltD,    S.  J.,   Instructor  iu   Industrial   Engineering. 

So.  Brownsville  High  School.  So.  Brownsville 

Kliode  Island 

DUUSIN,  Henry,  Jr..  Superiutcndeut, 

Lafayette  Worsted  Co.,  Woousocltet 

Cubii 

WEBKE,   Sylvestre  J.,  Experimental  Engineering. 

Cuban  American   Sugar  Co.,  Delicias 

Hawaii 

GIBB,  J.\MES  A.,  Efficiency  Engineer, 

Honolulu  Iron  Worts  Co.,  Honolulu 

APPLICATION   FOR   CHANGE   OF   GRADING 

PROMOTION    PROM    ASSOCIATE 

Louisiana 

ANDERSON,    jAMEs   JR.^    Superintendent    Pipe    Line   Department, 
Standard  Oil  Co.  of  La.,  Shreveport 

PROMOTION    FROM    JUNIOR 

Illinois 

SINGH,  Nand,  Sales  Engineer. 

International   Harvester   Corp..  Chicago 

WALTERS,  William  T.,  Mechanical  Inspector  Building  Departmt., 

I.  C.  K.  R. 

Louisiana 

NELSON,  Bernard  S.,  Engineer  and  Construction  Superintendent, 
A.  M.  Lockett  &  Co.,  New  Orleans 

New  Tork 

DOYLE,  JOSEPH  A.,  Vice-President, 

W.  S.  Rockwell  Co.,  New  York 

FINKEL,  J.  J.,  Inspection  Engineer. 

New  England  Westinghouse  Co.,  Springfield 

GITHBNS,  Thomas  F.,  Mechanical  Designer, 

Chile  Exploration  Co.,  New  York 

WILLIAMS,  Harold  J.,  Instructor  Applied  Mechanics, 

Pratt   Institute,  Brooklyn 

Pennsj-lvania 

BENNETT,  Ralph  M.,  Superintendent. 

Frankford  Arsenal.  Bridesburg 

SUMMARY 

New    Applications 209 

-Applications  for  change  of  grading: 

Promotion    from    .Vssociate 1 

Promotion  from  Junior 8 

Total 218 


Member's  Pin  Found 

A  member's  eatch  pin  has  been  found  in  New  York  City. 
It  is  being  held  in  tlie  Society's  offices  and  upon  identification 
will  be  returned  to  owner. 


EOLL   OF   HONOR 

To    the   lists   already   published   of   those   members   of   the 
Society  who  have  enlisted  in  the  rational  service  is  added  the 
J'ollowing  supplement : 
Baird,   Lyman    S.,    First   Lieutenant,    Aviation    Section,    Signal    Corps, 

V.  S.  A. 
Baldwin,   Beet   L.,   Major,    Officers'    Reserve   Corps. 
r.ELCHER,   P.  W.,    First   Lieutenant,   Engineer   Officers'    Reserve  Corps. 
BOAKDMAN,   A.   Jay,   Captain,    Ordnance    Department,    Officers'    Reserve 

Corps. 
Brayton,  Harold  M.,  First  Lieutenant.  Ordnance  Department,  Officers' 

Reserve  Corps. 
Briggs,    Lekoy    E..    Captain.    Ordnance    Department,    Officers'    Reserve 

Corps.* 


AFFAIRS 


The  Journal 
Am.Soc.M.E. 


Brill,  George  M..  Major.  Engineer  Officers'  Reserve  Corps. 

Byron,  Leroy  T.,  Chief  Petty  Officer,  U.  S.  Naval  Reserve  Force, 
Brooklyn    Navy    Yard. 

Case,  Milo  M.,  Captain,  Engineer  Officers'  Reserve  Corps. 

Conant,  William  S.,  Ordnance  Department,  Officers'  Reserve  Corps. 

Cronemeyer,  Henry  C.  First  Lieutenant,  Engineer  Officers'  Reserve 
Corps. 

Dallis,  Park  R.,  Captain,  Engineer  Section,  Officers'  Reserve  Corps. 

DiEMER,  HCGO,  Major,   Ordnance  Section,   Officers'   Reserve  Corps. 

DoiD,  Willard,  Lieutenant.  Junior  Grade,  U.  S.  Naval  Reserve  Force, 
Naval  Training  Station,  Great  Lakes,  111. 

EiCHENBERG,  MARK  A.,  Ordnance  Department,  Officers'  Reserve  Corps.* 

Farrell,  Morgan  G.,  First  Lieutenant,  Engineer  Officers'  Reserve 
Corps. 

Field,  Crosby,  Lieutenant,  Ordnance  Department,  U.  S.  A.  Inspection 
Division. 

Gilbert,  Huntlv  H.,  Captain.  Ordnance  Department,  Officers'  Re- 
serve Corps. 

Gillam,  William  II.,  First  Liiuteuant,  Officers'  Reserve  Corps,  Ord- 
nance Department.* 

Greexwald,  Louis,  Electrician  Sergeant,  Fort  Totten,  N.  Y. 

GuiTERAS,  Julian  G.,  Lieutenant,  Company  I,  P.  O.  Battalion,  Fort 
Leavenworth,  Kansas. 

Hazlehurst,  James  N..  Major.  Engineer  Section,  officers'  Reserve 
Corps. 

Henley,  Erl  K.,  Lieutenant,  Junior  Grade,  United  States  Naval  Re- 
serve Force. 

Hirsch,  Gcstav,  Major.  Signal  Officers'  Reserve  Corps. 

Jackso.v,  John  R..  Captain,  Ordnance  Department,  Officers'  Reserve 
Corps. 

Jellcm,  Kkisten,  Second  Lieutenant,  Engineer  Officers'  Reserve 
Corps. 

Kaelin,  Charles  G.,  Captain.  Ordnance  Department.  Officers'  Reserve 
Corps.* 

Keep,  Henry,  Major.  Engineer  Officers"  Reserve  Corps. 

Keller,  Parry,  First  Lieutenant.  Ordn.ince  Department,  Officers*  Re- 
serve Corps. 

Kenrick,  Alfred  E.,  First  Regiment.  Mass.  Engineers'  National 
Guard. 

Kxerr,  Lewis  E.,  First  Lieutenant.  Engineer  Officers'  Reserve  Corps. 
Knoebel,  Carl  B.,  Company  F,  1st  Infantry,  Texas  National  Guard. 
KcNZE,    Edward    J..    Captain.    Quartermaster    Department,    Offl  ci. 

Reserve   Corps. 
Lent,  Leon  B.,  Captain.  Aviation  Section  of  Signal  Corps,  active  duty 

Curtiss  Aeroplane  Co.,  Buffalo,  N.  Y. 
Lyman,   Elihu   E.,    Captain,    Ordnance   Department,    Officers'    Reserve 

Corps,  Frankford  Arsenal. 
Lynch,   Frank   J.,   Aviation   Section,    Signal    Officers'    Reserve   Corps, 

Texas  University. 
LVNDE,  Charles  C,  First  Lieutenant,  Engineer  Officers'  Reserve  Corps. 
McClixiock,  Allen  P..  First  Lieutenant,   Ordnance  Section,  Officers' 

Reserve  Corps. 
MacGill,  Charles  F.,  Ordnance  Department,  Officers'  Reserve  Corps.* 
Mabtin,  KiNGSLEY  G.,  Captain,  Officers'  Reserve  Corps,  Motor  Trans- 
port Service. 
Mosman,    Ernest,    First    Lieutenant,    Ordnance    Department,    Officers' 

Reserve  Corps. 
Rettig,  George  P.,  Office  of  Army  Inspector.      Signal  Service  at  Large 

as  Inspector  of  Airplanes  and  Airplane  Engines. 
Sees,   Joseph    S.,    Captain    of   Ordnance.    Officers'    Reserve    Corps,    .As- 
sistant   Superintendent    of    Small    Arms    Amnninition.    Frankford 

Arsenal. 
Selfridge,    Samdel    W.,    Second   Lieutenant,    Field   Artillery.    Officers' 

Reserve  Corps. 
SelseEj   T.    W.,   First   Lieutenant.    Engineer    Officers'    Reserve   Corps.* 
Scott,  Rossiter  S.,  Captain,  Engineer  Officers'  Reserve  Corps. 
Slade,  Arthur  J.,  Aeronautical  Division  of  the  Signal  Corps. 
swift,   Harley   L.,   Lieutenant.   Officers'    Reserve   Corps. 
Tag,  Walter,  Ordnance  Reserve  Corps. 
Taylor,   William   T..  Captain.   Royal   Flying  Corps. 
Tilson,    Howard,    Captain,    Ordnance    Department.    Officers'    Reserve 

Corps. 
Trego,  a.  C,  Lieutenant,  Springfield  Armory,  Springfield,  Mass. 
Vogt,  Clarence  W.,  First  Lieutenant.  Ordnance  Department.   Officers' 

Reserve  Corps. 
Walker.    Perley    F..    Major.    314th    Regiment,    National    Army.    Fort 

Riley.  Kan. 
Webster.    Lawrence    B..    Captain.    Ordnance    Department,    Inspection 

Division.  Officers'  Reserve  Corps. 
Whipple,  C.  Earl,   Captain,   Enguieer  Officers'   Reserve   Corps. 
Whitlock,  Elliott  H.,  Eng.  Co.,  9th  P.T.  Regiment,  Ft.  Leavenworth, 

Kan. 
Williams,  Fay   B.,   First  Lieutenant,    Ordnance   Department,    Officers' 

Reserve  Corps. 
Williams,    Silas,    First    Lieutenant,    Ordnance    Department,    Officers' 

Reserve  Corps. 


•Acceptance  of  commission  peniiiug  at  date  of  latest  list  from  War 
Department. 


NECROLOGY 


FRANK  LEWIS  BIGELOW 

Frank  L.  Bigelow  was  bom  in  New  Haven  on  September  21, 
1862.  He  was  educated  in  New  Haven,  attending  Hopkins 
Grammar  Seliool  and  later  Yale  University.  He  was  graduated 
from  Sheffield  Scientific  School  with  the  class  of  1881,  having 
specialized  in  dynamical  engineering. 

Upon  graduation  he  entered  the  shops  of  The  Bigelow  Co., 
manufacturers  of  tire-  and  water-tube  boilers.  He  worked  in 
the  shops  for  about  two  years  and  in  1883  he  was  made  secre- 
tary of  the  company.  Later  Mr.  Bigelow  succeeded  his  father 
as  president.  He  was  also  president  of  the  National  Pipe 
Bending  Co.  for  the  last  ten  years  of  his  life.  He  was  a  di- 
rector in  the  Merchants  and  National  Savings  Banks  and  in 
the  New  Haven  Water  Co. 

Mr.  Bigelow  was  a  member  of  the  American  Society  of  Naval 
Engineers,  a  member  of  the  executive  committee  of  the  Yale 
Engineering  Association,  and  was  after  graduation  continu- 
ously the  secretary  of  his  class,  1881  (Sheffield).  He  was  also 
president  of  the  Yale  Press  Association. 

He  became  a  member  of  the  Society  in  1887.  He  died  in 
New  Haven  on  June  20,  1917. 

CHARLES  EUGENE  WILLEY  DOW 

Charles  E.  W.  Dow  was  born  in  Manchester,  N.  H.,  on 
April  25,  1859.  He  was  educated  in  the  public  schools  of  that 
city,  and  commenced  his  professional  work  there  by  the 
acceptance  of  a  position  as  draftsman  with  the  Amoskeag 
Mfg.  Co. 

He  held  successively  the  positions  of  chief  draftsman  with 
the  Brown  &  Sharpe  Mfg.  Co.,  Providence,  R.  I.;  mechanical 
engineer  with  the  Hotchkiss  Ordnance  Co.,  also  of  Providence : 
agent  for  the  Metallic  Drawing  Roll  Co.,  Indian  Orchard, 
Mass.,  and  manager  of  the  American  Bolt  Co.,  Lowell,  Mass. 

Mr.  Dow  was  widely  known  in  the  textile  industry  of  this 
country,  having  been  closely  associated  with  these  manufac- 
turers in  humidilication  work  and  air  conditioning  for  about 
fourteen  yeai-s. 

At  the  time  of  his  death  he  was  consulting  engineer  and 
vice-president  of  the  Elbert  Clarke  Co.,  engineers,  of  Roches- 
ter, N.  Y. 

He  was  a  member  of  the  New  England  Cotton  Manufac- 
turers' Association.  He  became  a  member  of  the  Society  in 
1911.     He  died  on  June  16,  1917. 


CHARLES  FITZGERALD 

Charles  Fitzgerald  was  born  in  Monroe,  N.  Y.,  on  October  1. 
1859.  He  received  his  early  business  training  and  experience 
with  the  Ramapo  Car  Wheel  Co.,  in  whose  employ  he  worked 
from  1879  to  1882,  leaving  that  firm  to  accept  a  position  with 
John  Roach  &  Sons,  Chester,  Pa. 

His  next  position  was  with  the  American  Ship  Building  Co.. 
Pliiladelplria,  where  he  was  the  foreman  in  charge  of  the  erec- 
tion of  marine  engines.  From  1885  to  1889  he  worked  with 
Robert  Wetherill  &  Co.  as  outside  erection  engineer.  He  was 
next  associated  with  the  Citizens  Traction  Railway  Co.  as 
chief  engineer,  and  later  as  general  superintendent  of  that 
company  and  the  Consolidated  Traction  Co.,  Pittsburgh,  Pa. 
In  1902  he  accepted  the  position  of  mechanical  engineer  with 
the  firm  of  Booth  &  Flinn,  Pittsburgh.     In  1906  he  became 


general  manager  of  the  Brazilian  Dredging  Co.,  Brazil,  South 
America.  At  the  time  of  his  death  he  was  assistant  to  the 
president  of  the  Pittsburgh  Valve  Foundry  &  Construction 
Co. 

Mr.  Fitzgerald  became  a  member  of  the  Society  in  1912. 
He  was  also  a  member  of  the  Engineers'  Society  of  Western 
Pennsylvania.    He  died  on  June  2,  1917. 

ALBERT  FREDERICK  GANZ 

Albert  Frederick  Ganz  was  born  in  Elberfeld,  Germany, 
April  25,  1872,  and  came  to  this  country  with  his  parents  in 
1881.  After  attending  private  and  public  schools  he  entered 
the  College  of  the  City  of  New  York  in  1886,  and  completed 
the  first  year's  work  in  the  mechanical  course.  For  the  next 
four  years  he  was  employed  in  the  electrical  works  of  Berg- 
mann  &  Company,  New  York  City,  and  of  the  Edison  General 
Electric  Company,  Schenectady.  During  this  time  he  attendeil 
the  Cooper  Union  Night  School.  He  entered  Stevens  Institute 
of  Technology  as  a  member  of  the  sophomore  class  in  1892 
and  was  graduated  in  1895  with  the  degree  of  Mechanical 
Engineer.  Immediately  after  graduation  he  was  appointed 
instructor  in  applied  electricity ;  two  years  later  he  was  ad- 
vanced to  the  position  of  assistant  professor  of  applied  elec- 
tricity and  physics ;  and  in  1902  he  was  appointed  professor  of 
electrical  engineering  and  head  of  tlie  department.  With  the 
appointment  of  class  deans  in  1908,  he  became  dean  of  the 
senior  class.  The  period  of  Professor  Ganz's  connection  with 
Stevens — 1895  to  the  present — coincided  with  the  phenomenal 
ad\ance  in  the  theory  and  practice  of  electrical  engineering, 
and  it  is  mainly  due  to  his  study  and  efforts  toward  improve- 
ment that  the  electrical  course  was  kept  abreast  of  the  times 
and  that  so  many  graduates  of  Stevens  have  been  fitted  for 
responsible  positions  in  the  electrical  field. 

Professor  Ganz  was  widely  known  in  the  engineering  world, 
iiaving  maiie  many  commercial  and  scientific  tests  and  investi- 
gations. He  had  made  a  special  study  of  methods  for  miti- 
gating corrosion  of  underground  structures  by  electrolysis 
and  was  a  national  authority  on  this  subject.  He  contributed 
many  valuable  scientific  papers  to  technical  societies  and 
journals. 

In  Professor  Ganz's  death  his  associates  and  former  pujjils 
have  lost  a  friend  whose  helpfulness  could  always  be  de- 
]ieniled  on.  The  great  care  which  he  took  in  reaching  con- 
clusions, coupled  with  his  unquestioned  integrity,  commanded 
universal  respect  for  his  judgment  in  engineering  matters. 
His  untiring  energy  and  intense  love  of  his  work  were  an 
ins))iration  to  all. 

Professor  Ganz  was  a  fellow  of  the  American  Institute  of 
Electrical  Engineers  and  of  the  American  Association  for  the 
Advancement  of  Science,  and  a  member  of  the  following 
societies :  The  American  Society  of  Mechanical  Engineers, 
American  Gas  Institute,  American  Electrochemical  Society. 
The  Society  for  the  Promotion  of  Engineering  Education,  Il- 
luminating Engineering  Society,  American  Water  Works  As- 
sociation, National  Electric  Light  Association,  and  past  presi- 
dent of  the  New  York  Electrical  Society.  He  was  also  a  mem- 
ber of  the  Hoboken  Board  of  Trade,  the  Engineers'  Club  and 
the  German  Liederkranz  of  New  York,  and  of  the  Tau  Beta  Pi 
fraternity. 

Professor  Ganz  became  a  meml)er  of  the  Society  in  1910. 
He  died  on  Julv  27,  1917. 
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CASIMIR  vox  PHILP 


C'asimir  von  Philp  w;is  born  in  Stockholm,  Sweden,  in  1853. 
After  having  finished  his  preliminary  education,  he  entered  tlic 
Stockholm  Institute  of  Technology  and  in  due  time  was 
graduated  therefrom. 

His  first  position  was  in  the  office  of  W.  Wennstrom.  in 
Oerebro,  Sweden,  but  he  did  not  remain  there  long,  and  after 
holding  several  other  positions  finally  engaged  in  consulting 
engineering  work.  He  saw-,  however,  that  the  United  States 
offered  a  much  broader  opportunity,  and  in  1880  came  here 
with  Ids  family. 

Shortly  after  his  arrival  in  America  he  obtained  a  position 
with  E.  D.  Leavitt,  of  Boston,  Mass.,  and  while  in  his  em- 
ploy had  complete  charge  of  several  imjiortant  undertakings, 
among  them  being  the  sewage  pumping  installation  in  Boston 
and  the  large  pumping  maeliinery  constructed  for  the  Calumet 
mines. 

After  several  years  in  Mr.  Leavitt"s  employ.  Mr.  A'on  Philp 
obtained  the  position  of  chief  engineer  with  the  Burden  Iron 
Company,  of  Troy,  N.  Y.  In  1890  he  became  the  chief  en- 
gineer of  the  Bethlehem  Steel  Co. 

After  sixteen  years  Mr.  von  Philp  severed  his  connection 
with  the  Bethlehem  Steel  Co.  in  order  to  devote  all  his  efforts 
to  his  inventions  in  the  field  of  presses.  In  1908.  however,  he 
returned  to  the  Bethlehem  concern  as  manager  of  the  machine 
department,  a  post  which  he  occupied  up  to  the  time  of  his 
death. 

Mr.  von  Philp  was  a  member  of  the  American  Society  of 
Swedish  Engineers,  American  Society  of  Engineers,  and  of 
The  Committee  of  Fifty,  organized  to  erect  a  memorial  to 
John  Ericsson  in  Washington,  D.  C.  He  was  actively  inter- 
ested in  the  work  of  this  committee  and  was  instrumental  in 
obtaining  a  donation  of  $500  to  the  funds  of  the  committee 
from  the  Bethlehem  Steel  Company. 

He  became  a  member  of  the  Society  in  1890.  He  died  on 
July  4,  1917. 

HENRY  SOUTHER 

Major  Henry  Souther,  senior  officer,  aircraft  engineering 
division,  aviation  section,  Signal  Corps,  U.  S.  A.,  and  vice- 
president  Henry  Souther  Engineering  Corporation,  Hartford, 
Conn.,  died  August  15  in  the  post  hospital  at  Fortress  Monroe. 
Va.,  following  an  operation.  He  was  born  at  Boston  in  ISG."! 
and  was  graduated  in  1887  from  the  Massachusetts  Institute 
of  Technology,  where  he  specialized  in  mining  and  metal- 
lurgical subjects.  After  studying  abroad  the  manufacturing 
methods  and  proces.ses  employed  in  the  German  iron  and  steel 
industry,  he  entered  in  1888  the  emjjloy  of  the  Pennsylvania 
Steel  Co.,  at  Steelton,  and  was  made  assistant  foreman  the 
following  year.  He  was  engineer  of  tests  for  the  company 
from  1890  to  1893,  resigning  to  become  engineer  of  tests  for 
the  Pope  Mfg.  Co.,  a  position  which  he  held  for  six  yeai-s.  At 
the  Pope  works  he  organized  the  first  testing  plant  ever  in- 
stalled, it  is  believed,  by  a  consumer  of  steel  for  the  scientific 
testing  of  materials  and  developed  the  use  of  cold-drawn  tnlj- 
ing  for  bicycles  and  automobiles. 

When  the  Pope  organization  was  dissolved  in  1899  he  en- 
gaged in  business  as  an  independent  consulting  engineer  and 
established  a  metallurgical  and  testing  laboratoi-y  and  did  con- 
sultmg  work  for  the  automobile  industry.  He  was  president 
and  treasurer  of  the  Henry  Souther  Engineering  Corporation 
from  1899  to  1909  and  became  president  in  1911,  but  of  late 
years  was  not  vei-y  active  in  the  management  of  that  organiza- 


tion. He  was  vice-president  and  general  manager  of  the  Ferro 
Machine  &  Foundry  Co.,  Cleveland,  from  1915  to  the  outbreak 
of  the  war.  Latterly  he  had  charge  of  the  aircraft  develop- 
ment of  the  army  and  created  a  corps  for  the  inspection  of 
aircraft. 

He  became  a  member  of  The  American  Society  of  Mechan- 
ical Engineers  in  1894.  He  was  prominent  in  the  Associatioa 
of  Licensed  Automobile  Manufacturers,  was  a  founder  mem- 
ber of  what  is  now  the  Society  of  Automotive  Engineers,  and 
had  mueli  to  do  with  the  development  of  the  iron  and  steel 
standards  of  that  body.     He  was  president  of  that  society  in 


Henry  Souther 

1911  and  served  as  chairman  of  the  standards  committee  for 
a  number  of  years.  In  1915  he  was  made  a  life  member  in 
recognition  of  this  work. 

DANIEL  A.  WIGHTMAN 

Daniel  A.  Wightman  was  born  in  East  Greenwich,  R.  I.,  on 
August  7,  1846.  He  was  educated  in  the  schools  of  East 
Greenwich,  attending  for  a  time  the  academy  there.  Having 
learned  the  carpenter's  trade,  he  worked  at  that  while  taking 
up  the  study  of  d.-'awing  at  an  evening  school  in  Providence, 
R.  I. 

About  1870  he  took  a  position  as  draftsman  with  the  Rhode 
Island  Locomotive  Works.  He  soon  became  chief  draftsman 
there  and  for  a  time  was  nrtually  superintendent  of  the  shops. 
In  1876  he  accepted  the  position  of  superintendent  with  the 
Pittsburgh  Locomotive  Works  and  was  with  them  until  he 
retired  in  1902,  then  holding  the  position  of  general  manager. 
WhUe  at  Pittsburgh  Mr.  Wightman  rebuilt  the  plant  and 
made  many  improvements  in  locomotive  design,  the  most  im- 
])ortant  of  which  was  the  introduction  of  power  flanging  in 
place  of  the  hand  method  for  heavy  boiler  sheets.  After  retir- 
ing in  1902  he  did  some  consulting  work  for  the  Baltimore  & 
Ohio  and  Lehigh  Valley  railroads  in  connection  with  locomo- 
tive repair  shops. 

He  was  a  member  of  the  American  Railway  Master 
Mechanics'  Association.  He  became  a  member  of  the  Society 
in  1884.     He  died  in  Warren,  R.  I.,  on  July  6.  1917. 


EMPLOYMENT  BULLETIN 


rHE  SECRETARY  considers  it  a  special  obligation  and  pleasant  duty  to  make  the  office  of  tht. 
Society  the  medium  for  assisting  members  to  secure  positions,  by  putting  them  in  touch  with 
special  opportunities  for  which  their  training  and  experience  qualify  them,  and  for  helping  any- 
one  desiring   engineering   services.      The  Society   acts   only   as   a   clearing   house    in    these    matters. 

GOVERNMENT    REQUESTS 


The  Society  has  been  asked  to  make  suggestions  of  men  jar  the 
jolloning  positions  tcith  the  Government.  Further  injormation 
ivill  be  given  on  request.  Non-members  of  the  Society  having  the 
qualifications  may  avail  themselves  of  these  notices  by  enclosing 
u'ith  their  reply  a  personal  introduction  to  the  Society. 

AERONAUTICAL  MECIIAXK'AL  ENCilNEER.  Age,  25  to  40 
preferred.  Salary,  up  to  .$27.00.  QualiHeations  :  Technical  education 
with  degree  of  M.E.  or  C.  E.  or  its  eciuivalent  and  good  practical  ex- 
perience with  first-class  manufacturing  concerns.  Must  be  able  ti> 
handle  and  direct  men.  Duties  :  In  Washington,  or  as  district  man- 
ager of  the  various  branches  of  the  Inspection  service  ;  or  at  one  ot 
the  various  factories  where  airplanes  and  engines  are  being  manufac- 
tured.    2059  (Serial  No.  .31). 

AERONAUTICAL  ENGINEER.  Age.  25  to  40  preferred.  Salar.f. 
up  to  $;!G00.  Qualifications  :  Familiarity  with  complete  design  of  an 
aeroplane  and  the  ability  to  carry  through  new  designs  in  same. 
Should  be  able  to  direct  and  handle  men.  Duties;  In  Washington,  or 
at  one  of  the  various  airplane  factories  where  airplanes  are  being 
made,  to  act  as  Senior  Inspector  or  to  act  as  advisory  engineer  to 
such  inspection  force.    2059  (Serial  No.  32). 

YOUNG  ENGINEERS  ot  high  grade,  e.xperieucecl  in  the  manufac- 
ture  of  small  arms,  small-arms  ammunition,  or  similar  repetition 
work,  such  as  the  making  of  typewriters,  adding  machines  and  sewing 
machines,  for  duty  in  the  Small  Arms  Division  ot  the  Ordnance  De- 
partment ;  and  also  for  inspection  duty  at  the  various  ammunition 
factories  which  will  supply  small  arms  and  small-arms  ammunition 
for  the  Government.     IIOS. 

MECHANICAL  ENGINEER  of  experience  with  electrical  au.\iliary 
machinery  and  with  hydraulic-electric  machinery,  of  proved  ability, 
to  act  in  consulting  capacity  in  mechanical  matters  affecting  sbij) 
design.  Salary  commensurate  with  qualifications  desired  cannot  be 
paid,  but  nominal  salary  will  be  paid  and  man  of  high  ability  who  can 
volunteer  balance  of  services  is  desired.     1165. 

HEATING    AND    VENTILATING    ENGINEER    AND    DRAFTSMAN 

ELECTRICAL  ENGINEER. 

MECHANICAL  ENGINEER. 

Under  Civil  Service  Commission,  September  4.  Request  Form  2118, 
Treasury  Department.  Washington.  Pending  establishment  ot  eligible 
list  temporary  appointments  will  be  made,  in  office  of  Supervising 
Architect.  JIajority  of  engineers  appointed  are  versed  in  heating 
and  ventilating  work  or  in  electrical  work  only,  but  it  is  planned  to 
include  design  of  entire  mechanical  equipment  of  large  buildings. 
2074. 

EDITORIAL  ASSISTANT.  Position  covers  the  technical  review 
and  editing  of  manuscriijts  to  be  published  as  bulletins  of  one  of 
the  state  departments,  shorter  papers  for  the  trade  and  scientific 
journals,  preparation  of  semi-popular  articles  on  the  work  of  the 
laboratory,  news  items  for  the  press  and  as.sembling  of  material  tor 
monthly  and  annual  reports.     Entrance  salary.   !fl.500-.f2000.     2128. 

INSPECTORS  AND  ASSISTANT  INSPECTORS  OF  ORDNANCE 
EQUIPMENT.  Subclassiflcation  of  this  examination  will  be  for  in- 
spectors and  assistant  inspectors  of  aluminum  and  moss  equipment. 
These  items  comprise  such  articles  as  meat  cans,  aluminum  and  steel 
knives,  forks,  and  spoons,  plates  and  similar  articles.  Their  duties 
will  be  to  supervise  the  inspection  of  these  items,  both  in  process  of 
manufacture  and  when  ready  for  delivery.  Also,  they  will  have 
charge  ot  operation  of  vouchers  and  other  papers  by  which  the  con- 
tractor receives  payment  for  the  articles  supplied.  These  positions 
are  Civil  Service  appointments  and  will  pay  from  .flOOO  to  $2000  per 
annum.  Applicants  must  have  completed  a  course  in  a  college  or  uni- 
versity of  recognized  standing  and  have  at  least  one  year's  experi- 
ence in  the  lines  of  merchandise  they  purpo.se  to  inspect,  or  they 
must  have  a  high-school  education  or  its  equivalent  and  in  a<lditiou 
at  least  four  years'  experience  in  these  lines  ot  work  or  in  related 
lines.  Applicants  should  be  at  least  25  years  ot  age.  No  person 
who  is  liable  to  call  in  the  first  draft  quota  can  be  considered  for 
tliis  position.     2117. 


MECHANICAL  ENGINEERS.  ORDNANCE  DEPARTMENT,  avail 
able  as  Reserve  Ordnance  Ofiicers,  principally  with  the  grade  of  1st 
Lieutenant.  Men  should  be,  probably,  between  .31  and  35  years  of 
age,  and  graduate  engineers  who  have  had  experience  in  machine 
design.     2072. 

MECHANICAL  ENGINEER,  QUARTERMASTER'S  DEPART- 
MENT, salary  $;5.000.  Qualifications  :  Training  and  experience  in  the 
design  and  construction  of  central  heating  plants  and  central  power 
plants,  together  with  general  kno^vledge  of  mechanical  engineering 
and  office  administration.  Appointments  to  this  position  subject  to 
certification  from  U.  S.  Civil  Service  Commission.      2099. 

PRODUCTION  SECTION,  CARRIAGE  DIVISION,  ORDNANCE 
DEPARTMENT.  Positions :  First  Lieutenant,  Ordnance  Officers'  Re- 
serve Corps.  Salary,  .f 2,000  per  year  plus  ,$500  (regular  army  allow- 
ance) and  traveling  expenses.  Age,  27  to  40  years.  Duties :  Positions 
under  both  calls  will  be  in  Washington  or  in  field  work  at  various 
factories  in  the  United  States.  They  will  be  tor  the  duration  of  the 
war.     Applicants  must  be  physically  sound. 

Qualifications:  Training  and  several  years'  experience  in  machine- 
,shop  practice  and  production.  Must  be  capable  of  investigating  plauts 
to  determine  capacity  for  orders  and  to  investigate  causes  of  failures 
of  contractors  to  make  promised  deliveries.     2085  (Call  No.  30). 

Qualifications  ;  Training  and  experience  in  purchasing  machine  tools 
and  equipment,  steel  castings,  forgings,  and  other  raw  material  and 
supplies  used  in  machine  construction,  and  general  knowledge  of 
them.     2085  (Call  No.  37). 

For  the  folloioinr;  iiusittoius,  Nos.  211S,  2119  am]  2120,  letters  showiny 
qualifications  should  he  sent  to  the  Secretiinj.  Further  information 
cannot  be  tjiien  at  this  time. 

SUPERINTENDENT  OF  WOOD-WORKING  SHOP.  To  be  familfar- 
with  the  operation  of  modern  planing-mill  machinery  such  as  re-saws, 
rip  saws,  molders,  etc..  as  required  to  manufacture  wood  parts  of' 
airplanes  and  pontoons.  .\lso  to  be  familiar  with  the  construction 
of  life  boats  or  racing  shells,  or  working  boats,  or  airplanes  and 
pontoons.  To  be  of  sufficient  executive  experience  to  warrant  confi- 
dence in  his  ability  to  build  up  and  control  a  force  ot  200  men.     211.8. 

SUPERINTENDENT  OP  THE  METAL  SHOP.  To  be  familial- 
with  general  sheet-metal  work,  including  brazing,  and  welding  liy 
the  autogenous  and  spot-welding  processes ;  and  with  the  design  of 
dies  for,  and  operation  of,  punch  presses.  To  be  familiar  with  gen- 
eral machine-shop  and  tool-room  practice.  To  have  some  little  expe- 
rience with  manufacturing  automatics.  To  have  rudimentary  knowl- 
edge of  the  heat  treatment  of  steel.     2119. 

ENGINEER  OF  EXPERIMENTS,  OR  RESEARCH  ENGINEER. 
To  have  an  engineering  education,  experience  as  engineer  of  tests  or 
research,  and  an  understanding  ot  the  value  of  time.     2120. 


POSITIONS  AVAILABLE 

In  forwarding  applications,  stamps  should  be  enclosed  for  trans- 
mittal to  advertisers;  applications  for  non-members  should  be 
accompanied  by  a  letter  of  reference  or  introduction  from  a  mem- 
ber, such  reference  letter  to  be  filed  ivith  the  Society.  Co/yy  for 
notices  must  be  in  hand  by  the  15th  of  the  month. 

TOOL  DESIGNER  who  is  resourceful  and  can  follow  work  through 
to  completion.  Technical  man  with  practical  shop  experience.  Loca- 
tion Connecticut.     1.85. 

SALES  ENGINEERS.  It  is  desirable  that  applicants  be  young 
men  between  25  and  30  years  of  age,  preferably  M.  E.  graduates  of 
some  approved  engineering  college,  and  of  good  appearance.  They 
will  be  expected  to  undergo  a  period  of  probation  and  training  iii 
various  offices  of  company  for  responsible  and  higher  positions  in 
sales  work.  If  a  call  cannot  be  made,  application  may  be  made  by 
letter  in  applicant's  own  handwriting,  stating  age,  education,  previous 
business  training,  if  any,  salary  desired,  etc.     Location  New  York.    205. 

STRICTLY  HIGH-CLASS  MAN  who  can  conduct  classes  and  give 
lectures   covering   automobile   subjects   for   a    large   public   institution 
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"f   tlip   .Miilillf   Northwest.      Must   be   ;i    toelinical   graduate   with    prac- 
tical experience  and  not  afraid  of  work.     421. 

ELECTRICAL  ENGINEEU  possessing  extensive  experience  with 
electrolytic  plants  for  producing  oxygen  and  hydrogen,  wanted  by 
New  Vorlt  concern.     811. 

MACHINERY  DESIGNER  in  turbine  department  of  large  electric 
company.      Location   Massachusetts.      894. 

MASTER  MECHANIC  for  lead-smeltiug  plant  operating  blast  fur- 
naces and  concentrating  mills.  Must  be  man  of  strong  personality, 
capable  of  handling  varied  classes  of  mechanics.  Give  full  details  of 
education  and  experience.     Location   Utah.     900. 

TECHNICAL  ENGINEER  with  experience  in  steam  engineering  to 
act  as  assistant  operating  engineer  in  large  industrial  plant  located 
liear  Chicago.     State  age.  experience  and  salary  expected.     938. 

SALESMEN  on  machine  tools  to  represent  large  New  York  export- 
ing corporation  in  China,  Australia  and  South  Africa.     964. 

DESIGNERS,  Men  experienced  in  steam-engine  and  turbine  work 
preferred.     9G7. 

DRAFTSMAN  familiar  with  power-house  work,  installation  of 
equipment,  piping,  etc..  and  competent  to  work  out  different  prob- 
lems involved  from  general  outline  without  need  of  more  or  less  con- 
stant supervision.  Salary  $23  to  $28  per  week.  Location  New  York. 
969. 

DRAFTS.MEN  AND  DESIGNERS.  Experienced  men  with  some 
knowledge  of  valves  and  fittings ;  good  future  with  large  concern. 
State  experience  in  full,  salary  expected  and  references.  Contideu- 
tial.     1002. 


DRAFTSMAN  for  pateiit-ofiice  drawings. 
tion  New  York.     1022. 


Salary  $2ri  to  $33.     Loca- 


YOUNG  ORGANIZING  ENGINEERS  for  intensive  management 
work,  in  general  manager's  office  of  one  of  the  large  units  of  the 
rubber  industry.  Opportunity  decidedly  promising.  State  initial 
salary  expected,  age.  experience,  qualitications,  etc.  Please  give  full, 
character-indicating  letter.     Location  Middle  West.     1047. 

MECHANICAL  LABORATORY  ASSISTANT  for  technical  school 
In  Greater  New  York.  Recent  mechanical  engineering  graduate  with 
one  or  more  yc;irs  of  practical  work  since  graduation.  Single  man 
aliout  twenty-five  years  of  age  preferred.  Position  offers  exceptional 
opportunity  for  advancement.  State  age,  education,  experience,  pres- 
ent employment  and  references.  Enclose  photograph  with  applica- 
tion.     Salary   ,1;]200.      1060. 

ELECTRICAL  TESTER  wanted  immediately  by  Chicago  blower 
manufacturer  :  to  work  as  draftsman  20  per  cent  of  time.  Permanent 
position,  with  opportunity  for  promotion  to  salesman,  designer  or  fore- 
man. Salary  $18  for  first  20  weeks.  Experience  unnecessary.  De- 
scribe education  and  physical  condition.     1073. 

DRAFTSMAN,  i'oung  engineer,  preferably  technical  graduate,  with 
about  a  year's  practical  experience :  who  could  work  into  a  good 
position.     Salary  $25  to  start.     Location  New  Y'ork.     1080. 

DRAFTSMAN  AND  ESTIMATOR  for  work  of  varied  character 
with  large  concern ;  good  opportunity  for  advancement.  Location 
New  .Jersey.      1104. 

MECHANICAL-ENGINEERING  DEPARTMENT  of  a  Middle  West 
state  college  desires  applications  from  men  suitable  for  the  position 
of  foreman  in  machine  shop.  The  successful  applicant  must  have  had 
several  years'  actual  machine-shop  work  and  be  familiar  with  methods 
of  mass  production  and  scientific  management.  College  training  de- 
sirable but  not  absolutely  necessary.  .Should  have  had  experience  as 
foreman  or  assLstant  foreman  in  some  successful  shop,  and  prefer- 
ably some  teaching  experience,  although  this  is  not  absolutely  nec- 
essary.    Prefer  a  man  not  over  ,35  to  40  years  of  age.     1112. 


GRADUATE  MECHANICAL  ENGINEER  with  knowledge  ,if  theory 
of  centrifugal  machinery — preferably  fans,  pumps  and  compressors — 
and  also  thoroughly  familiar  with  their  design  and  methods  of  test- 
ing.    -Vpply  by  letter.     Location  New  Y'ork.      1140. 

COMPETENT  MAN.  aliout  .15  years  old,  to  take  hold  of  mainte- 
nance and  machine  repairs  and  general  shop  economies.  Prefer  one 
with  a  technical  edncati<m  and  enough  shop  experience  to  understand 
the  operation  of  all  machine  tools,  and  who  has  a  full  appreciation 
of  the  value  of  time  on  an  operation  without  going  into  any  effi- 
ciency work.  Opportunity  for  advancement  and  eventually  an  execu- 
tive position.     1166. 

MECHANICAL  ENGINEER.  Technical  graduate,  several  years' 
experience  along  general  and  mechanical  lines.  One  conversant  with 
industrial  machine  design  preferred.  Permanent  position  with  large 
corporation.  State  age,  college,  previous  experience  and  salary  de- 
sired.    Location  Cleveland.     2023. 

MECHANICAL  DRAFTSMAN.  Young  college  graduate  preferred, 
(leneral  industrial-mechanical  engineering  work.  Permanent  position 
with  large  corporation.  State  age.  college,  experience  if  any,  and 
salary  desired.     Location  Cleveland.     2024. 

INSTRL'CTOR  IN  MECHANICS  and  strength  of  materials  wanted 
by  an  eastern  engineering  school.  Must  have  had  the  usual  technical 
training  in  experimental  laboratory  work,  so  that  he  can  also  assist 
In  hydraulic  and  steam  laboratories.  Good  opening  for  the  right 
man.  State  additional  training  and  experience  if  any.  Salary  will 
depend  on  the  amount  of  work  that  can  be  carried.     202.5. 

ASSISTANT  PROFESSOR  in  sanitary  engineering.  Location  near 
New  York  City.     2026. 

AUTO  REPAIR  MAN  familiar  with  Hurlbut  type  of  truck.  One- 
year  contract.  Prefer  a  single  man.  Salary  $173.  Location  Chile. 
near  Valparaiso,      Expenses  down  and   back.      2002. 

ESTIMATOR  for  New  Y'ork  concern  engaged  as  engineers  and 
contractors  for  power  plants,  ventilation,  steam  and  hot-water  heat- 
ing.    2103. 

Y'OUNG  MAN  between  the  ages  of  23  and  28  who  is  not  drafted  and 
who  is  interested  in  manufacturing  work.  Position  will  give  him 
full  control  of  the  cost  work.  Salary  to  start,  $100  per  month,  and 
depends  upon  the  man.  Applicant  need  not  be  experienced  in  the 
same  line,  but  should  have  some  knowledge  of  the  line.  Location  New 
.Jersey.      2109. 

ASSISTANT  YOUNG  ENGINEER  for  office  of  consulting  engi- 
neer, to  assist  in  development  of  patents  and  inventions.  Location 
New  York.     2110. 

SUPERIN'TENDENT  for  firm  engaged  in  the  japanning  and  enam- 
eling of  automobiles.  Man  of  executive  ability  and  experience  in  lines 
that  would  fit  him  for  taking  charge  of  shop.  Location  Long  Island 
City.     2111. 

SEVERAL  GOOD  DRAFTSMEN  who  have  had  experience  in  de- 
.signing  machine  work,  in  particular  stoker  work.     2114. 

EXPERT  TOOL-  AND  FlXTURE-DESKiNING  DRAFTSMAN  for 
line  of  safety  valves,  steam  gages  and  similar  equipment.  Applicant 
must  have  sulficient  education  and  experience  to  enable  him  to  take 
charge  of  the  drafting  department,  within  a  reasonable  time,  as  chief 
draftsman.     Location  New  Y'<irk.     2113. 

WORKS  ENGINEER.  Must  have  thorough  knowledge  of  tool  de- 
sign for  automatic  machines  and  ability  to  plan  and  demonstrate  opera- 
tions. Duties  include  general  supervision  of  tool  design,  tool  making 
machine  repair  and  plant  maintenance.  Salary  to  start  $3000.  Apply 
by  letter.     Location  Ohio.     2110. 

ASSISTANT  CHEMICAL  SUPERINTENDENT  for  plant  involving 
a  wide  field,  with  over  1200  emplo.vees,  near  New  York.  Man  must 
have  ability  to  handle  men.     2028. 


DRAFTSMEN  experienced  in  ordnance  wnrk,  particularly  small 
arms  and  machine  guns  :  or  experienced  in  complicated  automatic 
machinery.     Location  Ohio.      1131. 


DR.\FTSMAN  familiar  with  water-wheel  equipment.  Unusual  op- 
portunity in  a  Central  Massachusetts  concern.  Technical  graduate 
preferred.     2042. 


COMBUSTION  ENGINEER.  Duties  primarily  those  of  efliciency 
work  in  the  burning  of  fuel  and  generation  of  power,  also  in  the  use 
of  power  in  the  various  departments  of  plant.  Power  plant  is  of 
4000  hp.  capacity,  with  extensive  distributing  system  for  air,  steam 
and  electricity.  Excellent  opening  for  a  man  interestetl  in  steam 
power-plant  work.  State  fully  qualifications,  training  and  experience. 
Location  New  Jersey.     1133. 


JUNIOR  DRAFTSMAN  who  can  do  detail  work  from  sketches  or 
personal  instructions.     Salary  $13  per  week.     2043. 

MECHANICAL  ENGINEER  to  take  charge  of  engineering  depart- 
ment. Must  be  thoroughly  familiar  with  the  design  and  operation 
of  pulp-  and  paper-mill  equipment.  Should  be  competent  to  design 
buildings.     A  sound  working  knowledge  of  steam  and  electrical  power- 
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plant  ilesigu  and  u|icratiou   is  inquired.      Good   openlug  for  a  capable, 
energetic  man.      Location   Hammermill  Paper  Co.,  Erie,   Pa.     2044. 

.lUMOK  DliAFTSMAiX  Willi  experience  in  beavy  motors.  Salary 
$125-170.      Location   Micliigan.      2047. 

DR.\FTSJL\N  on  electrical  macliinery  for  power  plant  layout  work. 
Salary  $l."iO-100.     204.S. 

ASSISTANT  CONSTItUCTION  SUPEHIXTENDENT.  Must  be  ac- 
customed to  handle  men,  lay  out  work,  to  carefully  watch  all  details, 
etc.,  and  he  a  good  organizer.  Main  requisites  are  in  connection  with 
mechanical  equipment  of  buildings  already  erected,  i.  e.,  piping,  tanks, 
s!  afting.  timber  iletails.  etc.  Blueprints  will  not  always  show  details 
and  considerable  knowledge  is  essential  in  order  to  carry  on  the  field 
work  without  delay.  Salary  $175  to  start,  advancement  according  to 
ability.  fMve  full  information  by  mall  as  to  age,  nationality,  mar- 
ried or  single,  liability  to  draft,  references,  when  could  report  for 
work,  etc.     2049. 

INSTUUCTOIiS  lor  (1)  Applied  Science  Laboratory  and  in  (2) 
Mechanics  and  Elementary  Electricit.v  wanted  by  a  technical  school 
in  Urooklyn.  Salary  first  year  $1200  to  $1500,  according  to  indi- 
viiUial.  Preference  given  to  men  with  mechanical  or  electrical  engi- 
neering training  and  practical  and  teaching  experience.  Apply  by 
letter  oni.y.  giving  full  personal  and  cxperien<'e  data  and  re<-ent  photo- 
graph if  possible.     2050. 

INSTUUCTORS.  Men  of  good  personality,  capable  of  commanding 
the  respect  and  attention  of  the  students,  most  of  whom  are  college- 
trained  men,  to  train  U.  S.  Army  e.viators.  eight  weeks'  course. 
Should  be  capable  of  directing  the  assembling,  disassembling  and 
operation  of  aeronautical  motors.  Prefer  to  have  college  graduates 
who  have  had  one  or  more  years  of  practical  experience  and  training 
in  either  aeronautical  works  or  on  engines  in  a  motor-car  works. 
Salary  $100  to  $125  per  month,  or  more,  according  to  experience  and 
teaching  ability.  Willing  to  take  a  1917  graduate  in  mechanical  engi- 
neering who  has  specializecl  somewhat  in  gas  engines,  in  which  case 
would  like  to  send  him  for  a  month  of  special  training  to  an  aero- 
nautical factor.v  and  jiay  him  ^Si)  a  month  to  start.     2051. 

MECHANICAL  AND  ELECTRICAL  ENGINEERS.  One  wanted  of 
each.  Preferably  married  men  without  children.  Positions  at  sul- 
phur refining  factories  in  France.     2052. 

MECHANICAL  ENGINEER,  age  about  35.  to  travel  in  Dutch  East 
Iniiies.  Must  have  thorough  knowledge  of  machinery,  steel  products 
unci  kindred  lines  of  terrilor.v  named.  Export  knowledge  desirable 
but  not  essential.  State  age,  experience  and  salary  expected,  also 
when  at  liberty.      2054. 

YODNG  MECHANICAL  ENGINEER  who  is  industrious  and  capable 
and  has  had  fuel-economy  tests  and  powder-plant  testing,  and  practical 
experience  in  the  construction  and  testing  of  modern  Westinghouse 
steam  turbines.  Pttssibilities  of  advancement  for  right  man.  Location 
New  Jersey.     2055. 

YOUNG  TECHNICAL  GRADUATE  in  production  department  ;  one 
who  has  had  some  experience  in  manufacturing  operations  and  un- 
derstands machine  tools.  Position  will  pay  from  $75  to  $100  per 
month  at  the  beginning  and  future  will  depend  upon  ability.  Must 
be  energetic  and  not  afraid  of  w-ork  and  capable  of  developing  execu- 
tive ability.     2057. 

I)R.\KTSMAN  on  a.c.  or  d.c.  motor  design.  Salary  about  $40  per 
week.     2058. 

R.Vl'in  DETAIL  DRAFTSMAN  AND  DESIGNERS  on  hydraulic 
turbines,  electric  furnaces,  gas  producers,  heavy  machinery  for  steel- 
idant  and  coke-oven  equipment,  coal  and  ore-handling  equipment,  and 
compliiated  structural  details.     Location  Cleveland.     2061. 

SALKS  ENGINEER  for  Cleveland  territory  to  handle  power-plant 
eciuipment.  Technical  graduate  preferred  w-ith  power-plant  and  sales 
experience.     2062. 

r>ESIGNER  for  tools  and  rapid-production  devices  wanted  by  engi- 
neering department  of  a  munition  factory.     2066. 

DRAFTSMEN  on  mechanical-stoker  work.  Men  familiar  with  boiler- 
room  layouts,  building  construction  or  heavy-machine  design  accept- 
able. Salaries  up  to  $.30  per  week  to  start,  depending  upon  ability 
and  experience.  Permanent  positions.  .\lso  draftsmen  experienced  in 
auxiliary  marine  machinery,  hoisting  engines,  hoisting-engine  design 
in  ouinection  with  this  class  of  machines,  engine  designers.  Salaries 
uj)  to  $:10  per  week.     Location  Philadelphia.      2069. 

MECHANICAL  ENGINEER  who  has  had  several  years"  experience 
in  the  design,  construction  and  erection  of  machinery,  structural  work. 


piping,  etc.,  and  lU'eleralily  as  many  mi>nlhs'  surveying  experience,  for 
permanent  position  among  congenial  associates.  Location  New  York 
City,  but  must  be  willing  to  go  out  of  town  whenever  required.  Salary 
$225  per  month  to  start.     2070. 

TWO  TECHNICAL  GRADUATES  approximalcly  .■;o  lo  :;s  years  of 
age  with  experience  of  sufficient  breadth  so  that  they  would  be  ijosled 
on  problems  of  manufacture  in  more  than  one  line.  Men  who  have 
been  steadied  by  experience,  yet  ambitious  to  push  ahead  and  in- 
terested in  the  various  problems  of  manufacture  and  construction. 
Location  Massachusetts.      2071. 

CHIEF   DRAFTSMAN.      Location   Connecticut.      2070. 

INSPECTOR  competent  to  handle  structural  material,  for  firm  of 
consulting,  construction  and  management  engineers.  Location  Con- 
necticut.    207S. 

ASSISTANT  SUPERINTENDENT  for  Chicago  tool  manufacturer. 
Start  at  $150  per  month  with  increase  to  $200.  Describe  education 
and  physical  condition.  State  number  of  months  in  previous  posi- 
tions, exact  nature  of  duties  and  number  of  hours  per  month  on 
each  duty.     2079. 

DRAFTSM.\N  on  maihine  tools.  Young  man  wanted  who  has  had 
considerable  experience  in  designing  machine  tools,  more  especially 
grinders.  Salary  $25  at  least,  depending  upon  ability.  Location 
Boston.      2083. 

EXPERIENCED  TIME-STUDY  MAN,  familiar  with  the  production 
of  small  interchangeable  parts,  for  manufacturing  plant  in  Philadel- 
phia.     Position  will   lead   to  one  of   responsibility.     20S4. 

MECHANICAL  ENGINEERS  experienced  in  Jigs,  dies,  gages  and 
fixture  work  ;  also  in  mass  production  of  small  articles  w-i:cre  drawing 
and  other  press  work  has  been  the  principal  occupation.  Location 
New  York.      20SC,. 

PRODUCTION  PLANNING  MAN.  One  with  considerable  expert 
ence  in  such  work  and  who  is  ambitious  and  capable  of  getting  results. 
Work  will  consist  of  planning  the  production  of  ball  bearings  through 
the  entire  shop,  routing  of  the  material,  etc.  Prefer  a  man  not  sub- 
ject to  military  draft  and  upon  whom  considerable  authority  can  be 
placed.      Location   Connecticut.     2088. 

EFFICIENCY*  TIME-STUDY  M.\N  who  has  had  some  experience 
along  these  lines,  and.  if  possible,  is  acquainted  with  the  manufacture 
of  small  parts  in  automatic  machinery  and  grinding  machinery. 
Location   Connecticut.      2089. 

EMPLOYMENT  DEPARTMENT  HEAD.  Man  wanted  to  take 
charge  who  has  had  some  experience  and  who  understands  all  the 
different  phases  of  hiring  and  keeping  help.  Location  Connecticut. 
2090. 

I'ltOIJUCTION  MANAGER  for  factories  located  at  various  places, 
but  with  headquarters  at  New  York  office.  Man  between  35  and  40. 
Salary  depends  entirely  upon  man.  Write  asking  for  appointment, 
giving  brief  record  of  education  and  experience.      2091. 

INSTRUCTORS  in  steam-engineering  laboratory  in  training  govern- 
ment recruits.     .f:io  a   week,  hours  0-11  a.  m. — 1-3:30  p.   m.     2093. 

INSTRUCTORS  in  raachiue  design,  with  some  laboratory  work. 
Location  Brooklyn.  N.  Y.      2094. 

ASSISTANT  IN  STEAM  LABORATORY.  Salary  abrmt  $1,200. 
Previous  teaching  experience  not  necessary.  Location  Brooklyn  N.  Y. 
2095. 

TECHNICAL  GRADUATE  wanted  as  instructor  in  mechanical  engi- 
neering, tracing,  machine  design,  gas  engines  and  machine  sliops  for 
southern  university.  In  application  state  age,  education,  experience, 
references  and  salary  desired.      2098. 

AUTOMOBILE  E.NGINEKR  capable  of  designing  pleasure  cars  and 
motor  trucks.  Experience  with  Russian  requirements  desired.  Must 
be  good  correspondent.  Middle-aged  man  preferred.  In  first  letter 
state  age.  education,  experience  in  detail,  salary  expected,  also  when 
at  liberty.     2104. 

A   LARGE  GROWING   PAPER   MANUFACTURING   CORPORATION 

can  offer  excellent  opportunities  for  interesting  and  effective  wm-k  to 
two  young  college  graduates  with  tact,  initiative,  ability  and  common 
sensi'.  Non-graduates  with  two  or  more  years  of  manufacturing  ex- 
perience will  be  considered  ;  men  wanted  who  can  develop  and  who 
have  the  vision  to  see  and  grasp  an  opportunity.  Fair  living  salary 
at  start.  Give  complete  int'nrniation.  Men  will  not  be  engaged  until 
the  right  ones  are  found. 
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EMI'HIVMK.N'T  MANACKl!  in  plant  enipl.i.viug  OUll  nieu  in  tin- 
Pittshuryli  district.  Excoption:i[  opportunity  for  experienced  men. 
2122. 

PRODUCTION  MANAGKI!  in  organizatiou  operating  under  a  pro- 
gressive system  of  management  :  under  tlie  production  manager  come 
nil  questions  of  planning,  seheduliu.g  and  routing.  Man  at  least  ;iO 
years  of  age  who  has  had  a  technical  training  and  some  years'  experi- 
ence along  modern  methods  of  management,  and  whose  personality 
will  enahle  him  to  easily  control  quite  a  large  force  of  people.  Posi- 
tion offers  splendid  opportunities  and  pays  such  salary  as  will  attract 
a  high  type  of  man.     Location  Middle  West.     2123. 

DRAFTSMAN.  Weekly  salary  of  $20.  Apply  hy  letter  to  Employ- 
ment Department  Maxim  Munitions  Corporation.  Location  Water- 
town.  N.  Y.     2124. 

MAN  to  take  charge  of  a  stationary  engineering  department,  ami 
who  has  had  actual  operating  experience  in  addition  to  a  technical 
training.  Opening  should  be  desirable  for  type  of  man  interested  in 
educational  work.  Prompt  action  necessary,  because  decision  will  he 
made  in  a  short  time.     2126. 

YOUNG  SALESMAN  in  the  Boston  or  Philadelphia  districts,  (.'oar 
antee  income  and  extended  commission  on  sales.  Applicant  should 
have  an  education,  good  appearance,  some  advertising  or  artistic 
ability  preferred.     2127. 

STRUCTURAL  STEEL  DRAFTSMAN  experienced  in  powdered  coal 
plants,  industrial  plants,  power  houses,   layouts,  etc.      1011. 

ASSISTANT  SUPERINTENDENT  for  maintenance  and  construction 
work  in  chemical  factory.  Technical  graduate  desired.  Location  S,. 
Louis.      Salary   $1,500.     1149. 


SIEN   AVAIL.VBLE 

Only  members  of  the  Society  are  listed  in  the  published  notices 
in  this  section.  Copy  for  notices  should  be  in  hand  by  the  15th 
of  the  month,  and  the  form  of  the  notice  should  be  such  that  the 
initial  words  indicate  the  classification.  Notices  are  not  repeated 
in  consecutive  issues. 

PRODUCTION  SUPEltlNTENDENT.  American,  age  36,  married. 
Twenty  years'  practical  e.xperience  in  interchangeable  parts  manu- 
facture, such  as  locomotives,  road  rollers,  traction  engines,  eonve.yor 
machinery,  rock  crushers,  marine  engines,  and  munitions.  Has  had 
wide  experience  as  sales  engineer  and  has  successfully  held  positions 
as  machine  shop  foreman,  general  foreman,  superintendent.  Desires 
position  with  Eastern  tirm,  preferalily  Philadelphia  or  vicinity.  Best 
of  references.     1-297. 

CONSTRUCTION  SUPERINTENDENT.  .Japanese,  aged  42.  Four- 
teen years'  practical  experience  in  mechanical  and  electrical  installa- 
tion work  as  foreman,  inspector  of  railroad  cars  and  electrical  building 
constructor.  At  present  employed  in  one  of  the  largest  traction  com- 
panies  as    power-plant   and   sub-station   designer.      I-29S. 

SUPERINTENDENT.  General  foreman,  who  has  had  seventeen 
years'  experience  in  mechanical  and  executive  positions  in  interchangc- 
aldc  nuHuifacturing.  desires  position.     1-299. 

MECH.\NICAL  ENGINEER  broadly  experienced  in  design  and  man- 
agement of  power  plants,  factory  maintenance  and  development  of 
methods  and  processes,  desires  ptsition  where  such  experience  alon-g 
with  executive  ability  and  chemical  training  will  he  of  \alue.  A. 
present   employed.      1-300, 

CHIEF  DRAFTSMAN  OR  ASSIST.VNT  ENGINEER,  now  chief 
draftsman  of  a  staff  of  twelve,  totaling  a  monthly  payroll  of  over 
$2000,  desires  change  of  location.  Specialty,  large  industrial  plants, 
as  mining  and  smelting,  covering  all  branches  of  engineering.  Salary 
$250  a  month.  Age  36,  .\merican  born,  single.  Associate-member 
A.S.M.E.     1-301. 

WORKS  MANAGER  OR  CHIEF  ENGINEER.  Technical  graduate. 
M.E..  experienced  in  superintendence,  management,  and  in  shop  plan- 
ning and  intensive  production  of  duplicate  parts.  Salary  $3500-$4()00, 
depending  upon  nature  of  work.  Prefers  location  near  New  Y'ork  or 
Philadelphia,  but  will  consider  any  good  proposition  located  in  the 
United  States.     1-302. 

CHIEF  ENGINEER  AND  RESEARCH  EXPERT  with  16  years' 
practical  training  in  oil  and  gas-engine  development  work.  Broad 
experience  in  the  fine  points  of  both  the  technical  and  business  side  of 
engineering,  with  special  aptitude  for  research  work  and  the  per- 
fection  of    new    ideas.      Thoroughly    competent   to   handle  raeu    and    to 


take  charge  of  the  development,  design  and  supervision  of  construction 
of  either  marine  or  stationary  internal-combustion  engines.  At  present 
employed.      Best  of  references.      1-303. 

MECHANICAL    ENGINEER.      M.    I.    T.    graduate,    age   23,    married. 

Desires  a  position  with  a  future,  where  work  and  responsibility  will 
c(mnt.  Mechanical  and  electrical  drafting-room  experience.  .\t  pres- 
ent employed.     Location  in  the  East  preferred.      1-304. 

ENGINEERING  EXECT'TIVE.  Technical  graduate,  age  29,  married. 
Seven  years'  experience  in  designing,  manufacturing  and  industrial 
plant  construction.  Wants  responsible  position.  At  present  employed 
as  mechanical  engineer  for  eastern  steel   foundry.      1-305. 

STEAM  AND  COMBUSTION  ENGINEER.  Technical  graduate,  age 
34.  married.  Nine  years'  practical  experience  with  large  concerns, 
including  executive  experience  and  the  handling  of  men.  Desires 
change  of  location.      1-306. 

ASSISTANT   TO    EXECUTIVE    OR    EXPERIMENTAL    ENGINEER. 

Stevens  M.E.  graduate,  age  28,  married,  finishing  present  engagement, 
returns  East  early  in  September.  Three  years'  successful  experience 
in  executive  and  experimental  work  in  natural  gas.  and  two  years'  in 
power-plant  operation.  Possesses  energy,  initiative,  self-confidence. 
I>esires  position  with  large  industrial  or  engineering  concern.  Initial 
salary  not  a  primary  consideration,  but  position  must  be  permanent 
and  offer  a  future.      1-307. 

ASSISTANT  SUPERINTENDENT  OK  CHIEF  DRAFTSMAN,  age 
28,  experienced  on  tools,  jigs  and  fixtures  for  motors  or  munitions, 
wishes  to  engage  permanently  with  an  established  tirm  in  this  business. 
.\bility  has  been  proved.  Salary  $25iiii.  l.ocatiun  in  the  East  pre- 
ferred but  not  essential.     1-308. 

MANUFACTURING  EXECUTIVE.  M.  E.  Lehigh,  age  30,  wants  to 
connect  with  a  live  organization  producing  mechanical  material.  Eight 
years'  executive  and  practical  experience  in  engineering  and  efficiency 
methods,  tools,  machinery,  equipment  and  labor-saving  methods. 
.Specialty,   quantity   production   of  interchangeable   parts.      1-309. 

MECHANICAL  AND  ELECTRICAL  ENGINEER.  Technical  gradu- 
ate, age  28.  two  years  with  engineering  department  of  manufacturer  of 
gas  producers,  internal-combustion  engines  and  steam  pumps ;  two 
years  with  manufacturer  of  electrical  machinery.  .\t  present  assistant 
gas  and  electric  inspector  in  a  large  city.  Also  familiar  with  storage  - 
liatteries  and  power-plant  practice.     1-310. 

RECENT  M.  I.  T.  GRADU.iTE  desires  position  involving  efficiency, 
planning  or  time-study  work     1-311. 

SUPERINTENDENT  OR  WORKS  M.\NAGER  at  present  employed 
in  that  capacity  wishes  to  make  a  change.  Fifteen  years'  exp3rience 
in  the  manufacture  of  nuMiium-weight  iutcrch.iiige  lile  -iar  s  u  large 
quantities.  Under  favorable  conditions  would  consider  making  an 
investment  as  a  guarantee  of  good  faith.     1-312. 

MECHANICAL  ENGINEER  AND  PRODUCTION  EXECUTIVE. 
.\ge  39.  Practical  experience  as  roolmaker.  designer,  foreman,  super- 
visor of  engineering,  tool  and  experimental  departments.  Experienced 
in  the  manufacture  of  small  and  medium  interchangeable  parts,  and 
knows  how  to  handle  men  to  get  cooperation.  .-\t  present  emplo.ved 
but  seeks  larger  field.  Location  preferred.  New  York  City  or  vicinity. 
1-313 

EXECUTIVE  ENGINEER.  M.  E.  Lehigh,  age  43,  with  good  ex- 
perience along  lines  involving  design,  operation,  construction,  purchas- 
ing, management,  etc.  Several  years  in  responsible  charge  of  the 
construction  of  power  and  industrial  ijlants.  Wishes  a  position  of 
responsibility  connected  with  the  commercial  rather  than  the  strictly 
technical  side  of  ongiueering,  as  manager,  assistant  manager,  superin- 
tendent, sales  engineer,  manufacturer's  ascnt.  etc.  ,\t  present  em 
ployed.     Salary  $3000-3600.      1-314 

WORKS  MAN.\GER  or  General  Superintendent,  age  36.  desires 
connection  with  large  plant  making  any  product  from  automobiles  to 
clocks.  Broad-gage,  fully  trained  executive,  experienced  in  plant  lay- 
outs, best  shop  practices,  management-control  methods,  systems  and 
man  training.  Successful  in  all  jobs  successively  through  prcduction. 
design  and  control  divisions.  A  man  with  vision  equal  to  the  possibili- 
ties of  a  business  and  accustomed  to  make  plans  become  facts.  Full 
details  on  request.     1-315 

MECHANICAL  AND  EFFICIENCY  ENGINEER  desires  responsible 
position,  any  location.  Technical  education,  M.  E.  and  C.  E.,  and  12 
years'  general  engineering  experience,  including  power-plant  construc- 
tion and  operation,  appraisal  work,  railroad  and  highway  construction, 
.general  machine-shop  work,  installation,  design  and  construction  of 
heaters  and  general  power-plant  efficiency  work.  Good  executive  and 
well  known  as  writer  of  technical  subjects.      I-.316 

CHIEF  DR.iFTSM.iN  with  broad  experience  and  a  successful  record 
desires  position  with  a  growing  concern  where  his  initiative  and  in- 
dustr\'  will   lead  to  advancement.      1-317. 
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Industrial  Research  in  the  United  States 

TH  K  Sefretary  of  the  Department  of  Scientitic  and  Indus- 
ti'ial  Research  (England),  issued  the  first  of  a  series  of 
]iapers  projected  by  the  Advisory  Council,  and  bearing  on  in- 
dustrial research.  It  contains  a  fully  illustrated  report  of  Mr. 
A.  P.  M.  Fleming  on  Industrial  Research  in  the  United  States 
of  America,  based  on  a  visit  to  America  last  year.  The  rejiort 
is  divided  into  sixteen  sections,  is  preceded  by  a  short  intiodnc- 
tion.  and  has  a  good  index.  The  author  deals  with  every  kind 
of  industrial  research  as  undertaken  by  (1)  manufacturing 
corporations;  (2)  associations  of  manufacturers;  (3)  univer- 
sities and  colleges:  (4)  national  institutions;  (5)  commercial 
lal)oratories:  and  (6)  scientific  societies.  He  next  discusses  the 
questions  as  regards  (1)  endowments  for  scientific  research; 
(2)  the  coordination  of  research  in  the  United  States;  (3)  the 
selection  and  training  of  research  men  ;  (4)  the  fundamental 
consideration  in  industrial  research;  and  (5)  the  organization 
of  British  industrial  research.  All  these  are  fundamental 
questions  which  the  author's  experiences  have  raised  in  his  own 
mind  or  which  his  readers  will  be  likely  to  ask.  To  some 
of  them  he  suggests  answers  which  cannot  fail  to  stimulate 
thought  and  discussion.  Industry  is  the  basis  of  national 
])rosperity,  and  no  stone  should  be  left  unturned  to  facilitate 
its  progress.  The  instances  adduced  by  the  author  show  that 
in  this  respect  research  is  of  the  utmost  importance.  The 
nation  is  entering  upon  a  new  phase  in  industrial  and  economic 
life,  and  its  development  will  be  governed  largely  by  the  extent 
to  which  new  scientific  knowledge  is  obtained  and  is  turned  to 
the  benefit  of  all  concerned.  (The  Foundry  Trade  Journal, 
vol.  19,  no.  187.  .July  1917,  p.  358) 

Research  as  a  Profession 

Address  delivered  by  Dr.  P.  G.  Nutting  before  the  joint 
meeting  of  the  Worcester  Polyteclinie  Institute  and  Engineer- 
ing Societies  on  May  18,  1917.  The  author  is  engineer  in 
charge  of  the  Research  Department  of  the  Westinghouse 
Electrical  and  Manufacturing  Company  at  Pittsburgh,  Pa. 

The  most  interesting-  part  of  the  address  is  that  referring  1o 
industrial-reseai'ch  organization. 

It  is  the  opinion  of  the  speaker  that  industrial  research  is 
preeminently  fitted  to  be  carried  on  by  teamwoik.  He  believes 
that  tliis  system  is  much  more  efficient  than  the  elimination 
cell  system,  where  each  leading  man  has  a  room,  or  suite  of 
rooms,  to  himself  and  keeps  his  work  to  himself.  In  the 
ideal  organization  two  or  three  men  work  together  on  the 
same  large  problem,  or  group  of  problems,  the  aim  being  to 
have  a  good  theoretical  man  and  a  good  experimentalist 
working  together  as  much  as  possible,  or  even  a  physicist  and 
a  chemist  in  some  cases. 

The  characteristic  of  the  teamwork  plan  is  the  conference 
system.  The  five  or  six  men  most  interested  in  the  problem 
meet  for  an  hour  each  week  to  discuss  it  in  its  various  as]3eets, 
to  plan  new  work  and  to  cimsider  various  applications  of  the 
results  obtained.     The  ideal  conference  is  comjiosed  of  not  less 


than  four,  or  not  more  than  eight  men,  and  includes  an  effi- 
cient stenographer.  To  one  experienced  in  such  teamwork  the 
results  of  getting  together  are  simply  amazing.  A  good  sug- 
gestion is  no  sooner  made  than  capped  by  a  better  one,  and 
the  saving  in  time  and  effort  is  almost  incalculable. 

The  conference  system  aids  in  putting  useful  results  l)efore 
the  other  wing  of  the  Research  Division,  and  before  the  Patent 
Department.  In  the  Westinghouse  Company,  at  each  of  the 
conferences,  were  present  representatives  of  the  other  wing 
of  the  Research  Division  charged  with  taking  up  any  results 
immediately  applicable;  there  is  also  present  a  member  of  the 
Legal  Department,  who  takes  care  of  any  ideas  worth  obtain- 
ing. This  plan  of  conference  relieves  the  scientific  men  from 
responsibility  for  calling  the  attention  of  the  works,  or  of 
the  Patent  Department,  to  useful  obtainable  results.  [Journal 
of  the  Worcester  Poliitechiiic  Institute,  vol.  20,  no.  5,  July 
1917,  pp.  312-322.) 

French  National  Laboratories  for  Scientific 
Research 

Tlie  French  Academy  of  Sciences  appointed  in  1916  a 
special  commission  to  study  the  question  of  the  need  of 
national  laboratories  in  France.  Ai?ter  reviewing  what  private 
initiative  has  done  in  France  and  what  the  government  and 
private  enterprise  have  accomplished  in  other  countries, 
notably  in  Great  Britain,  the  United  States  and  Germany,  the 
commission  concludes  that  there  is  an  urgent  need  in  France 
for  the  establishment  of  a  national  laboratory  for  scientific 
research.  Such  an  institution  could  be  placed  under  the 
control  of  the  French  Academy  of  Sciences  in  the  same  way  as 
the  National  Physical  Laboratory  in  London  is  i)laced  under 
that  of  the  Royal  Society. 

After  hearing  the  report,  the  Academy  of  Sciences  has 
passed  a  resolution  to  the  effect  that  the  establishment  of  a 
National  Laboratory  for  Physical  Science  and  Mechanics  is 
highly  desirable,  and  that  it  should  be  specially  entrusted  with 
the  work  of  scientific  research  for  the  purpose  of  promoting 
industry.  The  resolution  contains  some  hints  as  to  the  status, 
organization  and  administration  of  such  a  laboratory,  further 
details  of  which  are  elaborated  in  the  commissioner's  report. 
As  regards  financial  support  for  the  new  institution,  the  rejiort 
states  that  in  France  it  would  be  useless  to  wait  for  tlie  large 
industrial  firms  to  combine  and  take  the  initiative,  as  they  did 
in  Great  Britain,  and  to  ti-y  to  start  the  laboratory  without  a 
Government  grant.  To  insure  a  successful  start  for  the  insti- 
tution, about  .$100,000  would  be  required,  apportioned  among 
the  central  institution  and  its  branches.  (The  Iron  A;/e,  vol. 
100,  no.  6.  August  9,  1917,  p.  311) 

The  New  Jersey  Zinc  Company's  Frankhn 
Laboratory 

The  Franklin  Laboratory  was  designed  mainly  for  the 
analvsis   of   products    from   the   two   concentrate   mills   in    its 
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neighborluHHl,  such  as  determinations  of  zinc,  iron,  manganese, 
etc.,  in  the  ores.  Within  the  last  five  years,  however,  it  ha? 
been  found  advisable  to  examine  most  of  the  supplies  of  the 
mills,  and  therefore  additional  space  and  equipment  was 
allotted  for  the  examination  of  such  substances  as  oils,  greases, 
soaps,  alloys,  fuels,  paints,  explosives,  and  water. 

As  the  greater  part  of  the  determinations  carried  on  are 
volumetric,  good  light  is  a  very  important  factor,  and,  with 
this  in  \-iew  the  interior  walls  of  the  building  were  constructed 
of  white-enameled  tiles  laid  in  Keene  cement.  This  also  gives 
a  clean  and  attractive  appearance  to  the  room.  As  the  zinc 
titration  requires  a  constant  light,  which  is  not  available, 
especially  in  winter,  two  artificial-daylight  lamps  were  installed 
and  proved  to  be  fully  satisfactory. 

In  the  old  laboratory  great  difficulty  was  experienced  in 
keeping  the  wooden  floor  in  good  condition.  Therefore  in  the 
new  building-  the  wood  was  treated  with  aniUne  black;  it  is 
now  in  excellent  condition  despite  the  fact  that  in  many  places 
it  has  been  occasionally  subjected  to  the  action  of  concen- 
trated acids.  (D.  Jenkins,  in  Bulletin  of  the  American  Insti- 
tute of  Mining  Engineers,  August  1917,  pp.  1181-1185,  5  figs.) 

A  New  Tool  Steel 

British  papers  contain  an  announcement,  on  behalf  of 
Darwin  &  Milner,  of  Sheffield,  of  the  discovery  of  a  tool  steel 
stated  to  be  equal  in  durability  and  hardness  to  high-speed 
steel,  yet  of  which  tungsten  is  not  a  component. 

The  new  steel  is  called  cobalt-crom,  and  is  based  on  a  dis- 
co^■ery  that  by  adding  cobalt  to  chromium  carbon  steel  the 
latter  is  converted  into  a  steel  which  has  red-cutting  hardness. 

Tungsten  high-speed  steel  has  not  been  used  to  any  large 
extent  for  milling  cutters,  taps,  reamers,  etc.,  and  Dai-win  & 
Milner  estimate  that  at  least  90  per  cent  of  this  latter  type 
of  tools  are  still  being  manufactured  from  carbon  steel,  which 
is  probably  mainly  due  to  the  difficulty  which  the  toolmaker 
experiences  in  hardening  such  tools.  Tungsten  high-speed  steel 
requires  hardening  at  from  1250  to  1350  deg.  cent.,  if  the  best 
results  are  desired.  To  try  to  obtain  this  heat  for  milling 
purposes  is  very  risky,  and  to  harden  at  a  lower  heat  gives 
less  satisfactory  results. 

It  has  been  found,  on  the  other  hand,  that  the  maximum 
heat  necessary  for  the  hardening  of  the  new  steel  is  only  1000 
deg.  cent.  It  is  stated  that  hardening  is  satisfactory  nearly 
always  when  the  tool  is  allowed  to  cool  naturally  in  air  free 
from  drafts  and  cuiTents,  and  it  is  claimed  to  be  possible  with 
the  new  steel  to  get  absolutely  the  same  standard  of  hardness 
throughout. 

It  is  also  stated  that  the  cutting  efficiency  of  the  new  steel 
is  quite  equal,  even  in  the  form  of  castings,  to  that  of  tools 
made  from  forged  or  rolled  bar,  in  which  high-speed  steel  is 
supplied  commercially,  and,  as  the  material  in  the  molten 
state  is  much  more  liquid  than  high-speed  steel,  it  lends  itself 
to  all  forms  of  tool-casting. 


As  stated  in  The  Iron  Age  (August  16,  1917,  page  365),  a 
convention  of  representatives  of  the  iron  and  steel  industry  of 
Germany  has  been  recently  held  at  Diisseldorf  at  the  instance 
of  the  Association  of  German  Steel  Makers.  It  was  urged 
that  it  was  necessary  to  extend  the  system  of  metallurgical 
research  in  order  to  be  equipped  in  every  respect  for  the 
inevitable  economic  contest  after  the  war.  It  was  decided  to 
form  an  institute  for  midertaking  iron  and  steel  research  in 
association  with  the  Kaiser  Wilhelm  Company,  and  to  raise 
the  necessary  funds  almost  entirely  in  the  iron  and  steel  trades. 


Notes   from  the   Engineering   Colleges 

Equipment  of  Laboratories — Investigations 

in  Progress — Changes  in  Curricula 

BELOW  is  a  continuation  of  the  review  of  professional 
work  being  undertaken  at  the  engineering  colleges.     The 
articles  contain   information  regarding   (1)    characteristics  of 
laboratory  equipment,  (2)  tests  or  researches  under  way  or  in 
prospect,  (3)  important  changes  in  curricula. 
The  articles  are  concluded  this  month. 

Northwestern  University,  College  of  Engineering 

Equipment:  Electrical  Laboratory.  The  apparatus  is  pro- 
vided with  special  features  to  make  it  effective  for  a  geneial 
laboratory  study  in  connection  with  a  five-year  curriculum  lead- 
ing to  the  degree  of  Bachelor  of  Science  at  the  end  of  four 
years  and  to  the  degree  of  Electrical  Engineer  at  the  end  of 
five  years.  Class  and  laboratory  instruction  are  closely  cor- 
related in  setting  forth  and  making  concrete  the  fundamental 
scientific  princiijles  underlying  the  theory,  the  ojieration  and 
the  design  of  the  electrical  apparatus  which  form  the  basis 
of  electrical  engineering. 

Laboratory  of  Applied  Mechanics.  This  laboratory  work 
is  taught  directly  in  connection  with  the  theoretical  study  of 
strength  of  materials.  The  present  equipment  includes  a 
20,000-lb.  universal  testing  machine;  a  50,000-in-lb.  torsional 
machine;  a  5000-lb.  end-load  bending  machine;  a  200f000-lb. 
compressive-testing  machine;  an  Upton-Lewis  toughness- 
testing  machine;  a  Smith  endurance-testing  machine;  a  Fair- 
banks cement-testing  machine,  and  other  apparatus. 

Shop  Laboratory.  The  equipment  is  adapted  to  instruction 
in  an  understanding  of  shop  processes  as  distinguished  from 
the  acquirement  of  manual  skill.  The  machines  are  individ- 
ually motor-driven. 

Hydraulic  Laboratory.  The  equipment  includes  tanks,  a 
centrifugal  pump,  a  Pelton  wheel,  a  hydraulic  ram,  and  other 
apparatus  for  the  study  of  small  quantities  of  water  flowing 
through  weirs,  orifices,  nozzles  and  pipes. 

Engine  Laboratory.  The  equipment  includes  a  Corliss 
engine,  a  Ball  engine  equipped  with  both  a  throttling  gov- 
ernor and  an  automatic  cut-off  governor,  a  Kerr  turbo-gen- 
erator set,  a  Foster  superheater,  a  steam-flow  meter,  a  Wheeler 
condenser,  and  a  Foos  gas  engine  equipped  for  use  with 
various  fuels  and  equipped  with  hit-and-miss  governor  and 
throttling  governor,  and  all  necessary  instruments  for  power- 
plant  testing. 

Research:  Primarj'  and  storage  batteries;  work  upon 
residual  stresses,  with  particular  respect  to  the  persistence  of 
these  stresses  over  a  period  of  two  or  three  years ;  work  on  web 
stresses  in  an  I-beam  (preliminai-y  work  on  a  7-in.  I-beam  has 
given  encouraging  results ;  a  15-in.  42-lb.  I-beam  is  practically 
ready  for  testing) ;  efliciencies  of  gas  engines,  particularly  with 
kerosene  as  fuel. 

Curriculum:  No  change  is  contemplated.  The  purpose  is 
to  furnish  a  thorough  training  for  the  profession  combined 
with  the  general  training  of  the  man.  The  fundamental  aim 
of  education  is  steadfastly  kept  in  mind  in  both  the  class  room 
and  in  the  laboratorv-,  namely,  to  communicate  knowledge  of 
principles  which  are  of  broad  application  and  to  discipline  the 
intellect.  It  is  believed  that  the  objects  of  the  class  and  labora- 
tory work  are  identical,  and  to  this  end  emphasis  was  laid  on 
the  selection  of  apparatus  which  would  illustrate  the  why,  the 
rationale  of  the  phenomena  under  investigation  and  the  why 
of  practice. 
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The  Ohio  State  University 

Eqiiipiiwnt :  Usual  aiijiaralus  for  work  in  strength  of  mate- 
rials, liydraulics.  friction,  lubrication,  gas,  power  and  steam 
engineering.  This  is  one  of  the  six  universities  chosen  to 
establish  a  cadet  aviation  school,  which  started  on  May  21,  to 
wliich  25  men  will  be  sent  by  the  War  Department  each  week, 
given  three  weeks  of  intensive  military  drill  and  five  weeks 
of  instruction  in  aviation  work,  and  then  sent  to  the  Wright 
flying  field  at  Dayton  for  their  training  in  flying. 

Research  Work:  Tests  on  gas  engines,  on  friction  and  lubri- 
cation, and  the  flow  of  fluids  through  pipes  and  diaphragms; 
feed-water  regulators,  and  gas  tractors. 

UxivERsiTY  OF  Wisconsin 

Research  Work:  Thesis  research  on  the  cycle  of  tempera- 
ture in  a  gas  engine.  The  method  originally  contemplated 
was  as  follows:  A  number  of  e.xtremely  delicate  thermo- 
couples connected  in  parallel  were  to  constitute  a  source  of 
current  which  was  to  be  recorded  by  an  oscillograph.  The 
couples  were  to  be  calibrated  by  rapid  introduction  to  and  with- 
drawal from  an  electrically  heated  tube  furnace  the  known 
temperature  of  which  approximated  that  to  be  measured. 
After  some  preliminaries  a  string  galvanometer  was  substi- 
tuted for  the  oscillograph  on  account  of  greater  sensitiveness. 
(Unfinished.) 

Thesis  study  of  the  vibration  of  automobile  motors,  a  me- 
chanical amplifier  being  used  to  obtain  record  which  was  on  a 
smoked  drum  alongside  a  ehronographic  time  line.  So  far  the 
mathematical  deduction  that  the  principal  vibration  of  a  four- 
cylinder  motor  was  of  double  periodicity  with  respect  to  the 
rotative  speed,  has  been  confirmed. 

Experimental  Work:  A  100-hp.  uniflow  engine  has  been 
under  test  during  the  past  year,  and  some  additional  work 
iias  been  accomplished  in  testing  the  laws  of  flow  of  oil  of  a 
viscous  nature  through  small  orifices,  and  on  the  behavior  of 
concrete  slabs  under  varying  temperatures  and  moisture  con- 
ditions. 

Syracuse  University 

Equipment:  The  laboratories,  mechanical,  electrical  and 
hydraulic,  are  fairly  well  equipped  for  research ;  tiiere  is  a 
foundry,  woodworking  department,  forge  and  machine  shop. 
The  chemistry  department  of  the  University  is  exceptionally 
well  equipped  for  research  work. 

Research  M^ork:  The  college  has  done  a  limited  amount  of 
research  work;  the  mechanical  department  contemplate  making 
a  test  on  shafting  friction  next  fall. 

Tufts  College  Engineering  School 

Curriculum :  A  new  curriculum  was  adopted  this  year  for 
all  departments.  Its  first  object  is  to  avoid  the  differentiation 
of  courses  during  the  first  two  years,  and,  in  the  case  of  such 
closely  allied  courses  as  mechanical  and  electrical  engineering, 
or  civil  and  structural  engineering,  to  require  a  common  course 
for  three  years.  The  fourth  year  will  then  be  used  for  in- 
tensive and  specialized  work  more  closely  allied  to  professional 
work.  To  enable  a  more  discriminating  selection  of  a  specialty 
during  the  senior  year,  we  have  introduced  the  fundamental 
principles  of  each  department  in  courses  to  be  given  during 
the  freshman  and  sophomore  year,  and  required  of  all  students. 
The  elements  of  surveying,  hydraulics,  mechanics,  mechanism, 
heat  engineering,  electrical  engineering  and  chemical  engineer- 


ing are  given  during  this  period.  These  are  taught  with  a 
proper  consideration  for  the  cooi'dination  of  theory  and  prac- 
tice, and  in  some  cases  requiring  the  practice  to  precede  the 
theory.  Many  of  these  subjects  are  taught  by  the  heads  of 
the  respective  departments. 

A  recent  addition  to  the  laboratories  is  in  the  Department 
of  Electrical  Engineering,  which  has  completed  the  installa- 
tion of  apparatus  for  laboratory  work  in  connection  with  its 
instruction  in  telephony.  There  are  two  complete  central 
offices  consisting  of  standard  types  of  switchboards,  terminal 
and  power  apparatus,  etc.,  having  a  sufficient  number  of  cir- 
cuits equipped  for  any  demonstration  desired.  One  is  a  simple 
magneto  office  with  a  single-position  switchboard.  The  other 
is  a  common-battery  office  with  a  three-position  switchboard. 
The  circuits  are  arranged  to  provide  a  toll,  local  and  trunk 
position.  Standard  apparatus  has  been  used  throughout  and 
recent  practice  followed  in  its  arrangements  so  that  the  stu- 
dents may  become  familiar  with  the  practical  side  of  telephony 
as  they  study  its  principles. 


Agricultural  and  Mechanical  College  of  Texas 

Equipment :  Texas  is  essentially  an  agricultural  state  and  is 
undeveloped  in  engineering.  For  this  reason  the  chief  lines 
of  investigation,  research  and  preparedness  are  along  agri- 
cultural lines.  The  present  equipment  is  ample  for  mate- 
rials, dynamic,  hydi-aulic,  pneumatic,  metallurgical,  automotive, 
electrical,  chemical,  and  other  engineering  instruction,  researi'h 
and  study.  A  mechanical-engineering  building  is  in  course 
of  construction  and  will  enable  the  college  to  handle  almost 
any  kind  of  research  in  mechanical  lines. 

Curriculum :  A  few  years  ago  changes  were  made  which  put 
the  courses  up  to  the  standard  courses  of  the  country.  Re- 
cently, modifications  in  the  curricula  were  inaugurated  to  meet 
the  needs  of  the  country  in  military  preparedness.  A  strong 
feature  of  the  college  is  its  military  work.  A  Reserve  Officers' 
Training  Corps  has  been  established  and  at  the  time  of  writ- 
ing more  than  a  hundred  seniors  and  undergraduates  have 
gone  to  the  Reserve  Officers'  Training  Camp.  A  number  of 
seniors  have  also  been  sent  to  the  different  branches  of  the 
Naval  service. 


Purdue  University 

Faculty:  An  executive  committee  of  fifteen  members  has 
been  constituted  which  takes  care  of  routine  business  and 
reports  to  the  general  faculty.  The  latter  body  retains  the 
legislative  power  and  controls  all  questions  in\olving  new 
rules.  The  executive  committee  meets  twice  a  month  and  the 
general  faculty  once  a  month  on  stated  days. 

Engineering  Experiment  Station:  This  has  been  created 
for  the  conduct  of  research  work  in  engineering.  The  dean 
of  the  engineering  schools  will  be  director  of  the  station  and 
will  have  associated  with  him  the  heads  of  the  engineering 
schools  in  a  board  of  management.  The  station  will  be  in  a 
position  to  extend  the  same  assistance  to  the  manufacturing 
industries  and  public  utilities  of  the  State  as  has  been  affoi'ded 
the  farmers  by  the  agricultural  station. 

Short  special  courses  will  be  started  to  prepare  men  for 
special  Government  service. 

Research  Work:  Effect  of  flat  spots  on  railroad  car  wheels; 
testing  of  side  frames  and  low  temperatui-e  effects  on  steel 
rails;  testing  once  a  month  for  the  past  twelve  months,  of 
a  locomotive  to  determine  the  loss  of  efficiency  due  to  boiler 
scale;    study   of   the    fire-carrying   possibilities    of    locomotive 
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sparks  of  known  temperature;  testing  of  brake  beams;  work 
on  carburetors :  work  on  a  bituminous  gas  producer ;  research 
on  different  kinds  of  pulleys  and  belt  of  different  tannings; 
tests  on  two  types  of  refrigerating  cars ;  establishing  a  correct 
method  of  measuring  heat  and  a  proper  rate  of  charge  to 
the  consumer  using  hot  water  or  steam  from  a  central  heating 
station ;  comparative  tests  of  all  the  bituminous  furnace  coals 
of  Indiana  with  coals  from  Pennsylvania  and  Illinois;  the 
possibilities   of   powdered    fuel   in   stationary    boilers. 

The  University  specializes  in  Railroad  Engineering  and  Gas 
Engineering. 

Rensselaer  Polytechnic  Institute 

Equipment :  The  laboratory  is  primarily  fitted  for  instruc- 
tion work.     There  has  been  no  specialization. 

Besearch:  During  the  past  year  work  on  the  determination 
of  the  coefficient  of  heat  transfer  through  blocks  of  commer- 
cial insulation  has  been  carried  out. 

Curriculum:  A  course  in  military  engineering  and  instruc- 
tion will  be  established  next  year. 

Michigan  Agricultural  College 

Equipment :  The  laboratories  are  provided  with  typical 
steam  engines,  gas  engines,  pumps,  electric  motors,  air  com- 
pressors and  heating  apparatus,  the  ordinary  apparatus  re- 
quired   for    determining   the    strength   of   materials,    etc. 

Besearch  TUorA-;  Carburetor  behavior,  tests  on  various 
kinds  and  makes  of  gasoline  engines,  problems  involving 
repetition  of  stress  in  materials,  and  combined  stresses  in 
materials,  such  as  combined  torsion  and  bending,  experiments 
on  the  power  required  to  operate  drills  at  various  speeds  and 
feeds. 

Curriculum:  A  course  in  chemical  engineering  has  been 
added. 

Washington  University  (St.  Louis) 

Equipmetd:  Laboratories  are  equipjied  to  do  research  work 
on  fuels,  gas  and  steam  appliances,  automobiles,  etc.,  and  espe- 
cially equipped  for  testing  cutting  tools. 

Besearch  Worl;:  Tests  have  been  made  on  steam-turbine 
nozzles,  automobiles,  and  high-speed  steel  cutting  tools,  but  the 
work  may  not  be  completed  owing  to  the  seniors  carrying  on 
the  work  being  excused  for  militarv  dutv. 


High-Speed  Steel  Alloys 

A  patent  issued  to  Raddyffe  Furness,  of  Jenkintown,  Pa. 

(assignor  to   the  Midvale   Steel   Company),   states  that   if   a 

certain  amount  of  both  cobalt  and  tungsten  be  added  to  an 

<n-dinary  high-speed  tool  steel,  containing  tungsten,  chromium 

and  vanadium,  a  substantial  increase  in  cutting  efficiency  is 

attained.     The  amount  of  uranium  is  so  small  that  it  cannot 

be  said  to  replace  the  known  high-speed  tool-steel  additions, 

its  presence  even  in  apparently  negligible  pi-oportions  imjirov- 

ing  the  efficiency  of  the  tools. 

Preferred  Limiting 

analysis,  proportions, 

^  ,    ,                                                                     per  cent  per  cent 

Cobalt    .                     4.5  3.0  to     7.0 

franiiini    0.7  0.1   to     2.0 

Tungsten    13.,-,  12,0  to  20.0 

Cliromium    3.5  2.0  to     6.0 

Vanadium    1.5  0.5  to     2.0 

Carbon   0.7  0.5  to     0.9 

(1,233,8(52,    July    17.    1917.)       (Metalhtr;,ical    and    Chemical 
Engineering,  vol.  17,  no.  4,  August  15,  1917,  p.  191 ) 


This  Month's  Abstracts 

The  latent  heat  of  steam  is  a  subject  still  attracting  the 
attention  of  engineers. 

In  the  present  issue  will  be  found  an  abstract  of  an  in- 
vestigation by  Frank  B.  Aspinall,  of  interest  because  it  estab- 
lishes certain  novel  facts.  Among  other  things  the  claim 
is  jsresented  that  water  can  be  present  in  steam  in  some 
form  w-hich  is  not  a  mechanical  mixture,  and  further,  that 
steam  has  a  dewpoint  like  air. 

The  basic  laws  for  heat  of  steam  are  enumerated,  and 
values  are  offered  for  the  latent  heat  of  steam  and  heat  latent, 
when  absolutely  no  water  is  present,  as  well  as  for  the  constant 
representing  pressure  multiplied  by  the  volume. 

In  the  section  Aeronautics  is  abstracted  an  article  on 
measuring  stresses  in  aeroplane  wires  by  means  of  an  instru- 
ment called  a  frequeutiometer.  which  utilizes  the  phenomena  of 
resonance  for  this  purpose. 

In  the  same  section  is  presented  a  description  of  a  Ger- 
man aeroplane  possessing  several  features  of  interest,  in  par- 
ticular the  location  of  the  radiators  on  the  sides  of  the 
fuselage  instead  of  in  front. 

In  a  paper  before  the  Amei'ican  Society  of  Heating  and 
Ventilating  Engineers,  Arthur  K.  Ohmes  shows  b.y  a  parallel 
series  of  determinations  that  the  value  of  air  flow  cannot  yet, 
except  in  the  simplest  cases,  be  determined  by  the  application 
of  the  known  formulie  and  coefficients  of  resistance. 

The  influence  of  high  temperature  upon  the  elastic  and 
tensile  properties  of  wrought  iron  is  discussed  in  detail 
by  Frank  A.  Epp  and  E.  Olney  Jones.  They  come  to  the 
conclusion  that  for  iron  intended  to  be  used  at  high  tem- 
peratures a  different  factor  of  safety  should  be  used  than 
for  iron  used  at  low  temperatures. 

In  a  report  abstracted  from  Stahl  unci  Eiscn  througli  a 
British  periodical,  are  given  the  results  of  experiments  carried 
out  in  Germany  with  the  view  of  ascertaining  the  influence 
of  carbon,  silicon  and  i)hosi)horus  on  the  mechanical  strength 
of  cast  iron. 

The  practice  of  a  central  station  of  the  Toledo  Railways 
and  Light  Company  in  the  use  of  combination  coal  and  gas 
firing,  reported  in  the  section  Firing  and  Fuel,  indicates 
that  the  amount  of  coal  burned  per  hour  with  the  combina- 
tion firing  is  jjractically  the  same  as  the  amount  burned  when 
coal  alone  is  fired.  The  efficiency  of  the  boiler,  furnace  and 
grate  was  not  materially  improved  by  the  use  of  combined 
firing,  and  the  cost  of  evaporating  water  with  the  combined 
firing  is  8  per  cent  higher  than  with  coal  alone;  but  on  the 
other  hand,  an  added  evaporative  capacity  of  31  per  cent 
was  obtained  with  50  per  cent  less  investment  than  would 
be  required  with  coal  alone. 

The  quenching  process,  and  in  particular  the  influence 
of  the  surface  factor,  is  discussed  by  Lawford  H.  Fry, 
member  of  the  Am.Soc.M.E.,  in  the  abstract  in  the  section 
Machine  Shop.  The  writer,  among  other  things,  makes  a 
careful  distinction  between  the  rate  of  loss  of  heat  by  the 
body  subjected  to  quenching  and  its  rate  of  loss  of  tempera- 
ture, and  shows  that  under  certain  conditions  water-cooled 
pieces  of  steel  may  have  the  same  properties  as  air-cooled 
pieces. 

The  brick-arch  tests  of  the  Pennsylvania  Railroad,  reported 
in  the  section  Railwav  Engineering,  present  a  good  exanijile 
of  cai'efully  conducted  exjjeriraents  on  an  interesting  and 
difficult  subject.  These  experiments  appear  to  have  estab- 
lished the  fact  that  both  the  equivalent  evaporation  and 
the  efficiency  of  the  boiler  are  noticeably  imjiroved  by  the 
presence  of  the  arch. 
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Aeronautics 

New  Method  foe  Regulating  the  Tex.sion  of  Aekoplaxe 

Wires  by  Means  of  a  Frequentiomkter, 

Carlo  Maurilio  Lerici 

In  regulating  the  tension  of  aeroplane  wires  it  is  necessary 
that  the  distanee.s  between  the  ends  of  each  wire  should  be 
constant,  that  symmetry  of  construetion  should  be  maintained 
and  that  the  tension  itself  should  not  exceed  a  certain  limit 
determined  either  practically  or  by  calculation. 

Since,,  however,  in  the  vast  majority  of  cases,  this  regulation 
is  carried  out  in  a  purely  empirical  manner,  it  is  not  unusual 
that  a  difference  of  30  to  40  per  cent  between  the  tensions  of 
symmetrical  wires  in  the  same  machine  occurs,  and  quite  often 
such  differences  do  not  produce  any  noticeable  alteration  in  the 
symmetry  of  the  aeroplane  while  it  is  at  rest. 

The  jjrocess  described  in  the  present  article  is  said  to  have 
been  successfully  tested  out.  It  appears  to  be  simple  and 
susceptible  of  great  precision.  This  method  of  measuring  the 
tension  of  wires  utilizes  the  phenomena  of  vibratory  resonance 
and  is  analogous  to  that  employed  by  Captain  Largier  in  his 
musical  tension  meter. 

The  jn'esent  apparatus  is  based  on  the  a])plicatiiin  of  the 
formula 
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where  T  is  the  tension  of  the  wire;  I  the  length  of  the  wire: 
p  the  weight  of  the  wire  per  unit  of  length,  «,  the  frequency 
of  vibration-  and  g  the  acceleration  due  to  gravity,  all  in  metric 
units.  For  a  given  wire,  in  order  to  determine  the  value  of 
T,  all  that  is  necessary  is  to  know  that  of  n  . 

The  present  apparatus  is  so  designed  that  Wj  can  be  meas- 
ured directly.  It  is  nothing  else  but  a  frequentiometer  similar 
to  that  used  for  measuring  the  frequency  of  alternating  cur- 
rents, but  more  simple  in  construction  and  more  convenient  to 
handle. 

As  sliown  in  Fig.  1.  the  apjiaratus  consists  of  a  .series  of 
steel  ])lates  of  different  lengths  rigidly  held  at  one  of  their  ex- 
tremities. In  accordance  with  the  usual  formula  the  dimensions 
of  each  plate  are  in  a  relation  with  the  natural  period  of 
oscillation  of  the  jilate  expressed  by  the   formula 

1         8L'      rwir 
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its   seetion;    cj  acceleration   due  to  gravity;    d  density  and   E 
inodulns   of  elasticity  of  the   plate. 

In  accordance  with  the  laws  of  resonance,  when  a  plate 
rigidly  held  at  one  end  is  placed  into  light  contact  with  a 
vibrating  string,  it  obtains  a  very  noticeable  maximum  oscil- 
latory movement,  jirnvided  its  natural   period  cf  oscillation   is 


where  L  is  the  leiigtli  of  the  plalc;  /)  the  radius  of  inertia  of 


Klli.    1       FKKin'EXTIOJIETEI!   FOR    DeTERHINIXG   THE   TeN.SI0N    IN 

Aeroplane  Wires 

equal  til  that  prevailing  at  the  instant  in  the  wire.  It  is  not 
even  necessary  that  the  plate  be  in  direct  contact  with  the 
vibrating  wire,  and  it  is  enough  that  the  support  of  a  series 
of  plates  of  a  frequentiometer  be  placed  in  contact  with  one 
end  of  the  vibrating  wire.  In  this  way  there  is  no  difficulty 
in  determining  the  particular  plate  of  wliich  the  natural  period 
of  oscillation  is  nearest  to  that  of  the  vibrating  wire.  The 
proper  selection  of  a  set  of  plates  makes  it  possible  to  secure 
indications  of  a  far  higlier  precision  than  can  be  obtained  by 
t!ie  eiujiirical  methods  employed  in  the  majority  of  shops. 

With  the  tyiie  of  frequentiometer  described  there  is  a  pos- 
sibility that  both  the  fundamental  vibration  and  the  secondary 
vibration  may  apjiear,  if  in  th^  set  of  plates  used  there  are 
two  plates  such  that  the  period  of  one  is  twice  as  great  as 
the  period  of  the  other.  In  practice,  however,  the  series  of 
plates  employed  reproduces  only  a  limited  number  of  vibra- 
tions. Furthermore,  even  should  a  case  of  multiple  resonance 
lie  observed,  all  that  would  be  necessary  would  be  to  consider 
only  I  he  indications  of  the  jilate  having  the  least  period. 

In   fact,  for  remilating  the  tensions  of  wires  in  the  fuselage 
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aiul  liuiding  gear  of  modern  medium-powered  machines  (100 
to  300  lip.),  it  is  enough  to  have  a  set  of  plates  of  from  20 
to  40  oscillations,  and  actually  a  dozen  plates  will  give  indica- 
tions sufficiently  precise  for  all  practical  purposes.  AVith 
such  a  set  the  average  error  due  to  the  presence  of  turnbuckles 
does  not  e.xceed  five  per  cent. 

The  frequentiometer  may  be  so  designed  as  tu  liave  a  scale 
in  kilograms  for  each  type  of  wire.  If  each  plate  has  a  mark- 
ing showing  its  frequency,  a  corresponding  tension  in  the  wire 
may  be  found  from  a  chart  giving-  the  interrelation.^  of  the 
frequency,  the  length  of  the  wire,  diameter  (or  weiglit  per 
meter)  and  the  tension.  Two  such  charts  are  given  in  the 
original  article.  (Nouvelle  methode  pour  le  rezlage  de  la 
tension  des  haubans  des  aeroplanes  au  moyen  d'un  freqnen- 
tiometre.  Carlo  Maurilio  Lerici,  Le  Genie  Civil,  vol.  71,  no.  3, 
•July  21,  1017.  pp.  39-41,  5  figs.,  d) 

The  Albatrcs  D.l  ''  Chaser  "  Biplane 

Description  of  the  German  Albatros  "  Bu "  chaser  scout 
machine. 

Although  being  comparatively  heavy  and  lacking  the  high 
speed  and  other  performance  qualities  possessed  by  some  of 
the  machines  of  the  Allies,  it  has  proved  a  formidable  fighter. 
The  present  description  is  based  on  a  thorough  examination 
of  a  machine  brought  down  some  six  months  ago  on  the  British 
front. 

The  fuselage  is  of  the  monocoque  type,  built  up  entirely  of 
wood  without  any  wire  bracing. 

The  arrangement  of  the  planes,  contrary  to  the  usual 
(lerman  i)ractice,  has  neither  sweep-back  nor  dihedral,  the  top 
lilane,  in  fact,  being  one  complete  unit.  A  somewhat  novel 
feature  consists  of  the  method  of  adjusting  the  stagger  of  the 
top  plane  from  0  to  12  em.  by  moving  it  along  the  top  of  the 
cabane.  This  is  done  in  the  following  manner.  In  each  end 
of  the  top  horizontal  tube  of  the  cabane  is  formed  a  slot  which 
receives  an  eyebolt  passing  through  the  main  spar  of  the 
plane.  Each  slot  has  five  holes  passing  horizontally  through- 
the  tube,  one  of  which,  according  to  the  adjustment  required, 
receives  the  bolt  that  locks  the  eyebolt  in  the  cabane.  Only 
one  pair  of  struts  on  each  side  of  the  fuselage  .separate  top  and 
bottom  planes,  these  struts  being  of  streamline  steel  tubing. 
The  top  fittings  ai'e  slightly  different  from  the  lower  ones, 
which  are  adjustable.  The  main  spars  are  located  well  for- 
ward, the  front  ones  being  some  four  inches  from  the  leading 
edge  and  spaced  to  tit  7i'2  'n.  from  the  rear  one.  They  are 
of  rectangular  section,  fabric-bound,  and  are  beveled  off  from 
the  top  at  the  extremities.  The  lower  ])lane  is  attached  to  an 
abutment  built  out  from  and  tiushed  with  the  side  of  the 
fuselage.  The  stabilizing  plane,  semi-elliptical  in  plan  form, 
is  divided  into  two  parts  and  is  exceptionally  thick  (5%  in.). 
It  is  non-lifting  and  is  mounted  in  the  line  of  flight  without 
any  external  bracing.  Hinged  to  the  trailing  edge  of  the  sta- 
bilizmg  ])lane  is  a  single  elevator  balanced  by  small  triangular 
extensions  forward  of  the  outer  extremities.  The  system  of 
supporting  the  rudder  and  tailskid  is  described  in  detail. 

The  fuselage  is  a  conqjromise  between  the  formal  standard 
Albatros  system  and  the  true  monocoque  type.  In  section  it 
varies  from  circular  at  the  nose  to  a  horizontal  knife  edge  at 
the  rear  and  is  flat-sided  with  rounded  top  and  bottom  in  the 
center.  The  method  of  construction  of  the  fuselage  is 
described  in  some  detail. 

The  radiators  differ  from  tliose  usually  employed.  They 
are  of  the  honeycombed  type  and  are  mounted  one  on  each 
side  of  the  fuselage.     Above  and  at  the  left  of  the  camshaft 


is  a  flat  water  tank,  one  end  connected  to  the  engine  jacket 
and  the  other  end  to  the  tops  of  the  radiators.  The  lower 
orifices  of  the  radiators  are  connected  to  the  water  pump  at 
the  rear  of  the  engine.  On  each  side  of  the  engine  is  mounted 
a  machine  gun  synchronized  for  firing  through  the  propeller. 
(FU(]ht.  vol.  9.  no.  26/444.  June  28.  1917.  i)p.  fi28-()44.-  ilLis- 
trated,  d) 

Air  Engineering 

A  Study  ix  Air  JIeasurements  and  Air  Flow,  Arthur  K. 
Ohmes,  Mem.Am.Soc.M.E. 

Data  of  an  mteresting  investigation  bearing  on  the  compari- 
son of  test  results  on  one  hand,  and  theoretical  results  of  air 
movement  on  the  other  hand,  with  special  reference  to  flow  of 
air  through  small  channels  under  very  slight  pressure  differ- 
ences. 

Among  other  thing-s,  these  tests  have  established  that  there 
are  now  fairly  complete  means  available  for  engineers  in  con- 
ducting tests  on  air-flow  measurements. 

The  writer  checked  the  results  of  tests  with  such  tests  as 
would  be  theoretically  derived  by  the  application  of  pro]  er 
formulse.  and  found  the  following  situation  to  exist :  As  re- 
gards the  pressure  differences  necessary  to  drive  a  certain 
amount  of  air  through  a  channel  at  an  assumed  velocity  of  10 
ft.  per  sec,  he  found  for  the  square  channel  that,  whereas  the 
|)ressure  was  0.092  in.  of  water,  the  test  showed  only  0.032  in., 
or  a  proportion  of  1  to  2.88. 

Likewise,  in  the  case  of  the  round  channel,  the  jproportion 
between  the  test  magnitude  and  the  theoretical  value  was  as 
1  to  2.5.  In  other  words,  the  theoretical  resistances  are  greater 
than  the  accurate  testing  results  indicate  them  to  be.  On  the 
other  hand,  nearly  all  coefficients  are  usually  increased  by  the 
authors  some  15  to  20  per  cent  for  safety  reasons. 

As  regards  coefficients  of  resistance,  the  data  do  not  ajjpcar 
to  be  entirely  conclusive,  but  as  regards  the  velocity  of  air 
secured  under  certain  pressure  differences,  it  was  found  that, 
whereas,  according-  to  theory,  for  a  given  pressure  difference 
a  velocity  of  .5.95  ft.  per  sec.  would  have  been  obtained  with 
the  square  channel,  and  6.2  ft.  per  sec.  with  the  round  channel, 
tiie  actual  velocities  were  in  each  case  10  ft.  per  sec,  or  1.C8 
and  1.61  times  as  much  as  the  theoretical  values.  (These  latter 
neglect  the  very  small  fiictional  losses.) 

Altogether,  it  would  seem  that  tests  of  this  kind  cannot  as 
yet  be  dispensed  witli,  because  we  have  scarcely  sufficient  co- 
efficients of  resistance  at  our  disposal  to  determine  flow  of  air 
in  any  but  the  most  ordinary  duct  systems,  and  e\en  this  with 
no  scientific  accuracy.  (Journal  of  the  American  Society  of 
Heating  and  Ventilating  Engineers,  vol.  23,  no.  4.  .July  1!!17, 
pp.  577-586,  9  figs.,  et) 

Engineering  Materials 

The  Briquetting  or  Metal  Swarf 

Third  article  of  a  series.  The  preceding  two  articles  {Engi- 
neering, June  8  and  15)  describe  the  advantages  derived  from 
the  application  of  briquetting  to  scrap  which  has  to  be  re- 
melted  in  ordinary  furnaces. 

Taking  British  costs  as  a  basis,  it  appears  that  tiie  cost  of 
briquetting  in  a  plant  which  is  kept  constantly  at  work  may 
not  amount  to  more  than,  say,  25  shillings  (say,  .116.00)  per 
ton,  including  allowances  for  standing  charges,  such  as  o',  er- 
head,  depreciation,  etc. 

As  regards  machinery,  the  writer  states  that  there  is  already 
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under  construction  by  a  British  manufacturer  a  machine  which 
is  to  have  an  output  of  some  6V2  tons  per  hour  when  dealing 
with  non-ferrous  scrap.  The  question  of  the  size  of  the  ma- 
chine has  an  effect  on  the  cost  of  briquetting  per  ton,  the  larger 
the  machine,  other  things  being  equal,  the  less  the  cost  per  ton, 
provided  enough  material  for  the  machine  is  available. 

The  bi'iquets  made  by  the  larger  non-ferrous  machines  are 
ordinarily  in  the  form  of  a  cylinder  G  in.  long  by  (i  in.  in 
diameter.  According  to  a  statement  made  to  the  writer  by  a 
representative  of  the  Southwark  Engineering  Company,  of 
Pliiladel|)hi:i.  Pa.,  the  approximate  weight  of  briquets  6  in. 
long  by  G  in.  in  diameter  is  as  follows: 

From  steel  turnings,  38-43  lb. 
From  iron  turning's,  35-40  lb. 
From  copi)er  turnings,  43-49  lb. 
From  brass  turnings,  41-46  lb. 
From  aluminum  turnings,  13-1.5  lb. 

As  regards  tlie  method  of  briquetting,  a  British  engineer, 
who  designed  the  plant  mentioned  in  the  earlier  part  of  this 
abstract,  has  found,  in  the  tirst  place,  that  it  is  much  better  to 
use  oil  as  the  hydraulic  fluid  than  water.  He  found  that  with 
oil,  in  addition  to  avoiding  corrosion,  the  leathers  last  much 
longer  and  the  cost  of  repairs  and  renewals  is  considerably 
decreased.  Further,  he  has  found  that  there  is  a  distinct 
tendency  for  the  molds  to  become  barrel-shaped,  so  that  if 
they  form  an  integral  part  of  the  mold  table,  the  expense  of 
putting  tliem  right  is  very  high.  He  has,  accordingly,  made 
the  molds  entirely  separate  from  the  table,  and  when  they 
become  worn  he  simply  removes  them  and  replaces  them  by 
others,  this  being  done  at  much  less  cost  and  nnich  more 
quickly  than  i-epairing  molds  on  the  table. 

As  regards  binders,  he  has  found  that  the  eni|iloyment  of 
a  suitable  binding  material  is  a  most  important  factor  in  the 
production  of  successful  briquets.  He  liini.se!f  uses  a  mixture 
of  linseed  oil  and  resin  melted  together  and  mixed  with  the 
scrap.  The  jiroportions  here  recommended  aie  about  22*2  lb. 
of  oil  and  fi^  lb.  of  reshi  to  the  ton  of  scrap.  The  briquets 
were  made  with  tliis  binding  material  and  dried  for  12  hours 
in  an  oven.  He  also  lays  great  emphasis  on  the  necessity  for 
employing  heavy  [iressures.  For  the  non-fei'rous  briquets 
which  he  is  making  he  ]iuts  on  a  maximum  [iressure  of  180 
tons  dead  load,  which  means  an  actual  pressure  on  the  scrap 
of  about  211/2  tons  per  sq.  in.  (The  Engineer,  vol.  12.!,  no. 
.3208.  -lune  22,  1917.  pp.  557-558,  2  figs.,  d) 

The  IxFLUENCE  ov  High  Temperature  Upon  the   Ela.stic 

Axii  Tkn.shjE  Properties  of  Wrought  Iron, 

Frank  A.  Epp  and  E.  Olney  .Jones 

The  modern  use  of  iron  and  steel  under  stress  at  teuqiera- 
tures  considerably  above  the  usual  range  makes  an  investiga- 
tion in  this  field  of  |)ossible  commercial  and  engineering  value. 

For  metals  at  ordinary  temperatures,  the  use  of  a  proper 
factor  of  safety  brings  the  stress  for  which  the  piece  is  de- 
signed well  within  the  elastic  limit.  But,  as  the  results  of  this 
test  would  indicate,  at  higher  temperatures  this  design  factor 
of  safety  will  liave  tii  be  modified  greatly  or  the  work  will  have 
to  be  designed  wholly  on  the  basis  of  the  elastic  limit. 

As  examples  of  the  employment  of  iron  in  stressed  condition 
at  high  temperatures,  the  writer  quotes  the  following:  Tem- 
peratures of  superheated  steam  vary  now  from  450  to  550 
deg.  fahr.,  and  the  strength  of  tubes,  valve  stems,  etc.,  as 
affected  by  these  tem|)eratures,  is,  indeed,  worthy  of  serious 
consideration.     Otlier  examjiles  of  the  same  condition  are  en- 


countered in  l)oiler  construction,  metal  rigging  above  large 
crucibles  or  ladles  carrying  molten  metal,  etc. 

In  the  present  series  of  tests  wrought  iron  was  brought  to 
the  desired  tempeiature  in  an  electric  furnace  (and  was,  there- 
fore, not  affected  by  the  gases  of  combustion),  and  then  sub- 
mitted to  various  physical  tests. 

The  article  describes  in  detail  the  ajiparatus  used,  methods 
of  calibration  and  conduct  of  tests.  As  regards  the  apparatus, 
the  most  interesting  \neee  used  was  the  exteusometer  rigged 
up  for  this  purpose.  While  very  sim])le  in  construction,  it 
has  a  least  count  equal  to  0.0002. 

A  complete  summary  of  all  tests  is  given  in  the  accompany- 
ing curves. 

From  these  results  it  a))|iears  that  the  ultimate  tensile 
strength  of  wrought-iron  bars  increases  as  the  temperature 
increases  from  70  deg.  fahr.,  until  a  maximum  is  reached  be- 
tween 350  deg.  and  550  deg.  fahr. 

From  the  temperature  of  maximum  strength  the  tenacity 
diminishes  rapidly  until  the  highest  temperatures  covered  by 
these  tests  are  reached. 

The  greatest  gain  over  the  strength  of  the  metal  at  70  deg. 
fahr.  was  37.6  per  cent.  This  occurred  at  430  deg.  fahr.,  as 
judged  from  Fig.  2.  The  loss  at  1000  deg.  fahr.  over  the 
strength  of  the  metal  at  70  deg.  fahr.  was  53.5  per  cent.  A 
continuation  of  the  curve  at  1200  deg.  fahr.  indicates  a  loss 
in  strength  of  75  per  cent. 

The  elastic  limit  appears  to  decrease  from  70  deg.  fahr.  to 
about  270  deg.  fahr.,  showing  a  maximum  decrease  of  about 
13  per  cent.  From  that  temiierature  the  elastic  limit  appears 
to  increase  suddenly  to  about  350  deg.  fahr.,  where  it  reaches 
its  maximum  value  of  about  10  per  cent  above  the  stress  at 
70  deg.  fahr.  From  here  on  it  gradually  drops,  and  at  1000 
deg.  fahr.  shows  a  loss  of  70  per  cent  over  the  elastic  limit 
at  70  deg.  fahr. 

Owing  to  a  period  of  rapid  yielding  without  increase  of 
stress,  the  yield  point  is  well  defined  at  moderate  temperatures. 
This  yield  point,  however,  vanishes  at  about  500  deg.  fahr., 
and  the  stress-deformation  curve  assumes  a  gradual  slope  from 
the  start  to  finish. 

With  reference  to  elongation  under  stress,  this  peculiarity 
is  noticed :  that  greater  rigidity  exists  under  certain  stresses 


The  physical  properties  of  ivroiight  iron  are 
materially  affected  by  high  temperature. 

The  ultimate  tensile  strength  increases  as  the 
temperature  increases  from  70  deg.  fahr.  until  a 
maximum  is  reached  between  350  deg.  and  550  deg. 
fahr. 

Tenacity  diminishes  rapidly  with  increase  of 
temperature. 

The  elastic  limit  appears  to  decrease  from  70 
deg.  fahr.  to  about  270  deg.  fahr.,  showing  a  maxi- 
mum decrease  of  about  13  per  cent.  From  that 
temperature  the  elastic  limit  appears  to  suddenly 
increase  to  about  350  deg.  and  then  gradually 
drops. 

The  curve  of  elongation  versus  temperature  is 
irregular. 

For  iron  intended  to  be  used  at  high  tempera- 
tures a  different  factor  of  safety  shoidd  be  adopted 
titan  the  one  for  iron  u.'ied  at  low  temperatures. 
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at  intermediate  temperatures  than  at  either  higher  or  lower 
temperatures.  Thus  it  will  be  noticed  in  Curve  III  that  at 
300  deg.  fahr.  and  900  deg.  fahr,  the  metal  shows  only  about 
half  the  elongation  that  it  shows  at  70  deg.  fahr.  It  is  sur- 
mised that  beyond  1000  deg.  fahr.  the  curve  gradually  rises 
and  the  metal  exhibits  powers  of  greater  ductility  as  it  ap- 
proaches a  workable  heat. 

Other  remarkable  features  in  the  elongations  are  found  in 
bars  tested  at  temperatures  varying  from  200  deg.  to  400  deg. 
fahr.,  in  which  there  are  displayed  alternate  periods  of  rigidity 
and  relaxation  under  increasing  stresses. 

It  will  be  readily  observed  how  irregular  Curve  II  is  beyond 
the  yield  point.  Some  of  the  tests  taken  at  this  temperature 
showed  even  greater  irregularity.  The  repetition  of  these  in- 
tervals of  rigidity  and  relaxation  is  suggestive  of  some  remark- 
able change  taking  place  within  the  metal  in  this  zone  of 
temperature,  conspicuous  in  a  series  of  tests  possessing  many 
remarkable  features. 

The  contraction  of  area  at  the  place  of  rupture  varies  with 
the  temperature  of  the  bar.  It  appears  that  the  contraction 
of  area  of  wrought-iron  bars  is  a  great  deal  less  between  200 
deg.  and  600  deg.  fahr.  than  at  70  deg.  fahr.,  and  within  this 
range  of  temperature  there  is  a  tendency  to  fracture  obliquely 
across  the  bar. 

The  results  obtained  for  the  modulus  of  elasticity  ha\e  very 
little  value,  except  that  they  indicate  a  gradual  decrease. 

It  is  shown  conclusively  that  should  similar  iron  be  used 
in  work  where  the  design  factor  of  safety  was  five,  and  where 
the  tem])eratures  were  900  deg.  fahr.  or  above,  the  part  under 
consideration  would  be  stressed  beyond  its  elastic  limit  if  the 
allowable  stress  was  applied.  Furthermore,  at  that  tempera- 
ture the  factor  of  safety  on  the  ultimate  strength  would  be 
reduced  to  three.  Curve  I  shows  the  relation  of  ultimate 
strength  and  elastic  limit  throughout  the  complete  tem))erature 
range. 

For  tubes,  valves,  pipe  lines,  etc., 
steam.  Curve  I  shows  that  at  600  deg. 
has  fallen  50  per  cent  of  its  value  at  ordinary  temjierature, 
hence  a  design  factor  of  safety  in  superheater  construction 
should  be  so  modified  as  to  give  an  ample  factor  on  the  elastic 
limit  at  this  temperature.  Assuming  that  the  factor  of  safety 
is  five  on  the  ultimate  strength  at  70  deg.  fahr..  this  would  be 
equivalent  to  a  factor  of  three  on  the  elastic  limit  at  the  same 
temperature.      Therefore,   considering   that    the    metal    should 


carrying   superheated 
fahr.  the  elastic  limit 


never  be  stressed  to  more  than  one-third  of  its  elastic  power, 
at  600  deg.  fahr.  the  factor  of  safety  would  have  to  be  ten 
on  the  ultimate  strength  of  the  metal  at  70  deg.  fahr. 

Reference  to  Curve  III  indicates  that  the  metal  is  very  brit- 
tle between  150  deg.  fahr.  and  about  1100  deg.  fahr.  AVhere 
this  state  exists,  it  is,  of  course,  impractical  to  work  the  metal. 
In  other  words,  it  would  be  better  to  work  the  metal  cold  than 
at  200  deg.  fahr.,  at  which  temperature  it  might  fracture  with- 
out warning.  Nine  hundred  degrees  fahrenheit  is  even  a  more 
critical  point,  for  here  the  ultimate  strength  and  the  elastic 
limit  have  dropped  to  less  than  half  their  original  values. 

The  conclusions  attained  are  rather  startling.  The  wide 
fluctuations  in  the  physical  properties  are  not  generally  re- 
alized. 

A  brief  bibliography  of  the  subject  is  appended.  (Metal- 
lurgical and  Chemical  Engineeriinj.  \ol.  17.  no.  2.  .July  15, 
1917,  pp.  67-71,6  fig-s.,  eA) 

The  Metallurgy   of   Ferrochromium,  Robert  J.  Anderson 

An  article  of  a  general  nature  describing  the  manufacture 
of  ferrochromium  and  chromium  steel  and  uutliiiing-  the  use  of 
the  latter. 

Chromium  in  steel  does  not  act  as  a  scavenger,  nor  does  it 
confer  soundness  on  the  steel  as  do  silicon  and  aluminum.  But 
added  in  small  amounts  it  increases  the  tensile  strength  of 
the  steel  to  some  extent  without  markedly  decreasing  its  ductil- 
ity.   When  added  in  excessive  amounts  it  causes  brittleness. 

The  effect  of  chromium  when  added  to  steel  is  to  raise  the 
normal  critical  range,  thus  causing  changes  to  take  place  at 
high  temperatures  and  also  more  slowly.  Hence,  chromium 
steels  are  harder  than  ordinary  steels,  because  quenching  more 
effectively  prevents  the  transformation  of  the  austenite.  When 
added  to  iron,  chromium  does  not  materially  harden  the  metal. 
Chromium  steels  contain  from  1  to  4  jjer  cent  or  more  of 
chi'omium,  and  the  carbon  may  range  from  0.50  to  2  per  cent. 
{Tlie  Iron  Trade  Review,  vol.  61.  no.  2,  .Tiily  12,  1917,  pp. 
75-78,  3  figs.,  g) 

Properties  and  Structure  of  Nickel  Steel,  S.  W.  Parker 

Data  of  experiments  made  at  the  testing  department  of  the 
Bethlehem    Steel    Company    at    Steelton,    Pa.,    in    order    to 
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determine  the  best  aiiiiealiug  temiieiatures  for  two  grailes  ut 
.'i.50  per  cent  nickel  steel,  commonly  used  for  forgings. 

The  test  bars  used  were  forged  down  to  1  in.  sq.  by  6  in. 
hmg  from  two  4  x  4-in.  billets  of  different  grades.  The  writer 
describes  in  detail  the  methods  of  testing  and  states  that  the 
minimum  hardness  and  tensile  strength  were  obtained  by 
annealing  at  between  1250  and  1350  deg.  fahr.,  at  which 
temperatures  the  structure  had  only  started  to  break  up  and 
refine.  The  property  most  affected  by  annealing  is  the  elastic 
limit.  This  was  increased  from  41,000  lb.  per  sq.  in.  in  the 
unannealed  bar  to  50,000  per  sq.  in.  in  the  bar  annealed  tu 
1400  deg.  fahr.,  in  which  the  gxain  was  the  finest  in  tlie  series. 
This  increase  in  elastic  limit  by  refinement  of  grain  plays  an 
important  part  in  annealing  forgings,  especially  when  the 
specifications  require  high  elastic  limits  together  with  good 
ductility. 

Tlie  best  combination  of  physical  iiroj]erties  in  the  case  of 
3.50  jier  cent  nickel  steel  of  0.22  per  cent  carbon  is  obtained 
by  annealing  at  a  temperature  ranging  between  1400  and  1450 
deg.  fahr. 

A  similar  series  of  tests  on  nickel  steel  of  0.41  per  cent 
carbon  indicated  a  general  similarity  in  the  properties.  For 
this  steel  the  best  combination  of  physical  properties  is 
obtained  by  annealing  at  between  1350  and  1450  deg.  fahr.,  the 
minimum  temperature  being  lower  than  in  the  case  of  0.22 
per  cent  carbon  steel.  (The  Iron  Age,  vol.  100,  no.  2,  July 
12,  1917,  pp.  67-69,  18  figs.,  e) 

Metalluroy  of  Cast  Iron 

Mr.  A.  Stadeler,  in  recent  issues  of  Stahl  nnd  Kisen. 
rejiorts  the  results  of  experiments-  carried  out  by  V.  Wust 
and  his  pupils  with  a  view  of  ascertaining  the  infiuenee 
of  carbon,  silicon  and  phosphorus  on  the  mechanical  strengfli 
of  cast  iron.  Various  mixtures  were  prepared  of  Swedish 
charcoal  pig  with  Swedish  horseshoe  iron,  the  silicon,  man- 
ganese and  phosphorus  contents  being  varied  by  the  addition 
of  ferroalloys.  As  square  or  rectangular  test  bars  are  liable  to 
develop  a  white  iron  at  the  edges,  test  bars  cast  round  and 
turned  down  were  used  in  the  experiments.  The  quantity  and 
character  of  the  graphite  appear  principally  to  determine  the 
mechanical  properties,  but  these  are  materially  influenced  also 
by  the  pouring  and  method  of  cooling.  With  gray  iron  con- 
taining 1.5  per  cent  of  silicon,  small  quantities  of  manganese, 
up  to  0.3  ])er  cent,  increase  the  formation  of  graphite,  but  a 
furtlier  increase  to  2.5  per  cent  has  no  influence.  Cast  irons 
liigh  in  ])hosphorus,  contrary  to  existing  ideas,  may  be  im- 
proved by  the  presence  of  1  per  cent  of  manganese,  or  more, 
provided  the  rest  of  the  ingi'edients  has  been  fixed  properly. 
With  a  rise  in  the  proportion  of  graphite  the  strength  of  the 
iron  in  tension  and  bending  falls  off,  as  a  rule.  This  is  also 
the  case  with  an  increase  in  the  percentage  of  carbon  and 
silicon,  both  of  which  favor  the  formation  of  coarse  graphite. 
With  increase  of  phosphorus  up  to  0.3  per  cent,  and  of  man- 
ganese up  to  about  1  per  cent,  the  strength  in  tension  and 
bending  increases.  Phosphorus  up  to  0.3  per  cent  and  also 
high  graphite  content  enhance  the  bending  strength,  while 
manganese  and  silicon  have  the  opposite  effect.  The  resistance 
to  specific  impact  shows  the  greatest  sensitiveness  to  silicon, 
manganese  and  phosphorus.  It  diminishes  rapidly  as  the 
phosphorus  content  rises  until  this  reaches  0.6  per  cent,  above 
which  the  decrease  is  considerable.  This  property  brings  out 
the  superiority  of  irons  low  in  phosphorus,  in  respect  of 
resistance  to  impact,  which  the  tensile  and  bending  tests  fail 
to  reveal.     Hardness  decreases  with  a  rise  in  graphite  content 


and  is  increased  by  a  rise  in  manganese  anci  pliosphurus.  11 
does  not  seem  to  be  affected  by  the  silicon  content,  but  the 
physical  properties  of  cast  iron  depend  not  only  on  the  pei- 
centage  but  also  on  the  character  of  its  graphite  content,  and 
an  explanation  of  the  difference  in  the  physical  properties  of 
test  pieces  containing  the  same  jiercentages  of  carbon  can  be 
readily  found  by  an  examination  of  their  microstructure. 
(Page's  Etirjinecrinrj  Werhh/.  vol.  31.  no.  670.  .July  13,  1917, 
p.  19,  </) 

Firing    and    Fuel 

CoMBiNATroN  Coal  and  Gas  Firing,  Alex  W.  Morgan 

Description  of  the  AVater  Street  Station  of  the  Toledo  Rail- 
ways and  Light  Comjiany,  where  conditions  were  such  as  to 
make  it  advisable  to  use  this  system  of  operation. 

A  large  number  of  boilers  of  the  company  are  now  equipped 
for  combined  firing.  At  first  gas  alone  was  burned  under  six 
type  S  475-hp.  Stirling  boilers  equipped  with  McKinzie  grates. 
These  grates  were  partly  covered  with  asbestos  and  a  space  of 
12  in.  wide  was  left  uncovered  for  a  secondary  air  port.  The 
front  of  this  air  port  was  40  in.  from  the  burner  tips  and 
flush  with  the  nose  block  of  the  ignition  arch.  Over  this  entire 
grate  surface  was  spread  firebrick  crushed  to  the  size  of  an 
egg,  a  layer  varying  in  thickness  from  about  2%  in.  at  the 
burner  tips  to  7  in.  at  the  bridge  wall.  This  cover  deflected 
the  flame  and  prevented  it  from  striking  the  tubes  directly. 
With  this  arrangement  it  was  found  that  the  rating  was 
limited  and  the  installation  lacked  flexibility. 

To  burn  the  gas  directly  above  the  coal  in  combination  with 
it,  a  special  tile  with  a  2.5-in.  hole  was  developed  and  set  so 
that  the  gas,  when  introduced  into  the  firebox,  was  directed 
down  against  the  coal.  This  tile  was  placed  in  the  ignition  arch 
next  to  the  grate.  All  primary  air  was  shut  off  and  the  gas 
in  the  firebox  made  to  depend  upon  the  secondary  air  coming 
through  the  fuel  bed  for  its  combustion. 

Tests  were  then  made  to  determine  accurately  the  perform- 
ances of  the  boilers  thus  equiijped.  The  boiler  used  for  tliese 
tests  is  of  the  Stirling  type  with  a  heating  surface  of  6680 
sq.  ft.  and  a  superheating  surface  of  256  sq.  ft.,  designed  to 
deliver  steam  at  200  lb.  per  sq.  in.  pressure  and  100  deg.  fahr. 
superheat  at  rating. 

The  results  obtained  indicate  that  the  amount  of  coal  burned 
]:er  hour  with  the  combination  firing  was  practically  the  same 
as  the  amount  burned  when  coal  was  fired,  and  hence  the 
additional  rating  develojied  was  the  result  of  the  inti'oduction 
of  gas  in  the  furnace.  This  additional  rating  was  31  per  cent 
over  that  obtained  with  coal  alone. 

The  temperature  of  the  flue  gases  leaving  the  boiler  was  43.4 
deg.  fahr.  higher  with  the  combination  than  with  coal  alone. 
The  stack  temperature  during  tlie  tests  was  considered  to  be 
too  high,  and  it  was  found  that  better  results  came  from 
getting' a  lower  stack  temi)erature  with  the  combination  than 
from  coal  alone. 

The  efficiency  of  the  boiler,  furnace  and  grate  was  not 
materially  improved  by  the  use  of  the  combination. 

One  of  the  conclusions  arrived  at  is  that  the  cost  of  evapora- 
ing  1000  lb.  of  water  from  and  at  200  deg.  fahr.  is  8  per  cent 
higher  for  the  combination  fuel  than  for  coal  alone,  and  21 
per  cent  higher  for  gas  alone  than  for  coal  alone  (taking  the 
cost  of  fuel  as  it  was  at  the  time  of  the  tests,  November  1916). 
Nevertheless  it  was  calculated  that  the  added  capacity  with  the 
combination  fuel  was  obtained  at  .50  ])er  cent  less  investment 
than  would  have  been  required  with  the  coal. 
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Considering  the  situation  from  an  operating  standpoint  the 
company  obtained  31  per  cent  added  capacity  with  an  8  per 
cent  increase  in  the  cost  of  producing  a  pound  of  steam.  With 
the  increased  cost  of  coal  becoming  operative,  this  increase  in 
cost  over  the  cost  of  coal  to  produce  a  jiound  of  steam  would 
be  offset. 

The  original  article  gives  also  a  set  of  curves  showing 
points  at  which  combination  coal  and  gas  firing  is  economical. 
Another  illustration  in  the  original  article  shows  two  boiler- 
meter  records  of  tests,  one  where  coal  alone  was  burned  and 
another  where  gas  and  coal  were  fired  in  combination.  (Elec- 
trical World,  vol.  70,  no.  2,  July  14.  1917,  pp.  .52-54,  4  figs.,  e) 


The  Value  of  Peat  Fuel  for  the  Generation  of  Steam, 
John  Blizard 

Rejjort  forming  the  third  and  last  of  a  series  comprising 
the  investigation  undertaken  some  years  ago  by  the  Depart- 
ment of  Mines  of  the  Dominion  of  Canada  to  determine  the 
value  of  peat  fuel  for  the  iiroduetion  of  power.  The  former 
reports,  entitled  Utilization  of  Peat  Fuel  for  the  Production 
of  Power,  and  Peat,  Lignite  and  Coal,  dealt  mainly  with  the 
production  of  power  through  the  media  of  gas  producers  and 
internal-combustion  engines,  while  this  report  sets  forth  the 
results  obtained  with  peat  when  burned  on  the  grate  bars  of 
two  distinct  types  of  steam  generators. 

Results  show  that  under  favorable  conditions  and  circum- 
stances peat  fuel  can  be  economically  employed  for  the  pro- 
duction of  power  by  steam,  but  the  controlling  factor  which 
determines  the  feasibility  of  using  peat  fuel  for  steam  genera- 
tion is  the  cost  of  producing  this  form  of  fuel  and  delivering 
it  to  the  steam  plant  in  a  suflfieiently  dry  state.  Not  only  this 
cost  of  peat  fuel  delivered  to  the  plant  must  be  less  than  that 
■ot  a  quantity  of  good  steam  coal  equivalent  in  heating  value, 
but  it  is  important  to  bear  in  mind  that  jieat  fuel,  as  com- 
mercially jiroduced  today,  is  much  bulkier  than  coal  equiva- 
lent in  heating  value.  Hence,  the  problem  of  storage  of  peat 
fuel  assumes  important  proportions. 

Speaking  generally,  it  is  safe  to  say  that  jieat  fuel  for 
steam-raising  purposes  cannot  compete  with  good  steam  coal 
costing  $5  and  less  per  ton.  It  appears,  therefore,  tliat  in  the 
majority  of  cases  the  more  economical  method  of  procedure 
with  respect  to  peat  utilization  is  the  conversion  of  the  peat 
fuel  into  a  combustible  gas  which  can  be  burned  in  a  gas 
.engine  in  this  form,  or  used  for  the  different  heating  furnaces 
in  metallurgical  work. 

The  above  is  taken  from  a  preface  to  the  investigation  writ- 
ten by  B.  F.  Haanel,  Chief  Engineer,  Division  of  Fuels  and 
Fuel  Testing  of  the  Department  of  Mines,  Canada. 

The  trials  themselves,  described  in  the  present  report,  were 
rmade  partly  on  a  Babcock  &  Wilcox  water-tube  boiler  and 
partly  on  an  internally  fired  boiler  of  portable  locomotive  type. 
The  fuel  used  was  manufactured  by  the  Anrep  process  and  had 
a  moisture  content  of  16  to  20  per  cent,  which  is  rather  low  for 
this  class  of  fuel.  Hence,  care  should  be  taken  when  estimat- 
ing the  steaming  properties  of  peat  to  allow  for  this  fact. 
Further,  the  peat  was  of  excellent  quality,  contained  only  a 
small  percentage  of  dust,  and  throughout  the  series  was  hand- 
fired  by  an  experienced  fireman. 

From  tests  on  the  water-tube  boiler,  conclusion  is  drawn 
that  the  most  efficient  grate  bar  would  be  one  having  an  air 
space  sufficiently  large  to  jjcrmit  the  ash  to  fall  through  with- 
.out  taking  an  undue  proportion  of  combustible  with  it. 

It  was  also  found  that  the  ratio  of  free  oxygen  to  combined 
(Oxv.cen  in  the  flue  gases  increased  with  increased  combustion 


per  square  foot  of  air  opening.  Probably,  because  as  the  draft 
increased,  the  supplementary  air  supply  over  the  bars  also 
increased,  or  it  was  the  smaller  air  spaces  that  decreased  the 
facility  for  the  removal  of  ash  by  gravity,  thus  leaving  the 
combustible  portion  of  the  fuel  less  accessible  to  the  air. 

As  regards  the  flue-gas  losses,  the  contents  of  carbon  mon- 
oxide appear  to  be  unusually  high,  and  in  addition  to  that, 
other  gases  were  present.  In  fact,  it  may  be  taken  as  a  rough 
approximation  that  the  imused  energy  in  these  gases  amounts 
to  one-half  of  that  remaining  latent  as  carbon  monoxide. 

On  the  whole,  the  peat  used  proved  to  be  a  good  fuel,  easily 
handled  and  giving  no  trouble  due  to  clinker  or  ash.  It 
burned  with  a  long  flame  and  considerable  light-colored  smoke. 
The  best  results  were  obtained  with  the  fuel  consumption  of 
15  lb.  per  sq.  ft.  of  gi-ate,  and  the  highest  efficiency  was 
obtained  with  the  fuel  highest  in  moisture  content.  Efficiency, 
however,  was,  on  the  whole,  low,  which  may  be  attributed  Ai 
liart  to  the  sujierheated  st«am  in  the  flue  gas.  as  well  as  losses 
due  to  unbumed  hydrocarbons  and  hydrogen.  In  fact,  the 
total  loss  due  to  unburned  gases  was  so  high  as  to  warrant  the 
design  of  a  large  specially  constructed  combustion  chamber  in 
order  to  insure  more  complete  combustion  when  burning  this 
fuel. 

Table  1  gives  a  synopsis  of  the  results  of  trials  with  the 
water-tube  and  fire-tube  boilers,  respectively.  (Canada  De- 
partment of  Mines,  Mines  Branch  Bulletin  No.  17,  Ottawa. 
1917,  42  pages,  illustrated,  eA) 

TABLE  1      RESULTS  OF  TRIALS  OF  BOILERS  FIRED  WITH  PEAT  FUEL 


Water- tube  Boiler 

Fire-tube  Boiler 

Xo    of  Trial .          

71 

72 

73 

83 

84 

85 

Net  calorific  value  of  fuel  as 

fired.  B.t.u.  per  lb 

Peat  fired  per  hour,  lb 

Peat  fired  per  sq.  ft.  of  grate 

surface  per  hour,  lb 

Equivalent     evaporation     per 

hour  from  and  at  212  deg. 

fahr  ,  lb 

7490 
476 

20.5 

1950 

2.88 
12.4 
720 

4,10 
53.1 

7490 
586 

15.5 

2322 

3.43 
9.8 

760 

3.96 
51,3 

6990 
569 

15.0 
2250 

3.32 

11.1 
715 

3.95 
54.8 

7130 
160 

17.7 
621 

2.89 

9.8 
690 

3.89 
52.9 

6970 
214 

23.8 

802 

3,73 

9.1 

690 

3,74 
52  1 

7110 
3-11 

37,9 
10.54 

Equivalent     evaporation     per 
hour  per  sq.  ft.  of  heating 
surface,  lb 

Pounds  of  drs-  flue  gas  per  lb. 
of  peat 

Temperature    in    flue    leaving 

4,9 
6.5 
730 

Equivalent   evaporation    from 
and  at  212  deg.  fahr.  per  lb. 

3.09 

Thermal    efficiency   of   boiler, 
furnace  and  grate,  based  on 
the  net  calorific  value,  per 
cent 

42  2 

Hydraulics 

The  Friction  of  Water  in  Iron  Pipes  and  Elbows,  F.  E. 
Giesecke 

Data  and  description  of  a  series  of  experiments  carried  out 
by  the  Division  of  Engineering,  Bureau  of  Economic  Geology 
and  Technology  of  the  University  of  Texas,  in  November  1916, 
to  determine  the  friction  of  water  in  standard  American  pipes 
and  fittings. 

The  data  are  presented  in  the  form  of  curves,  expressing  the 
friction  of  flow  of  water  in  various  pipes  at  different 
velocities. 
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Equation  showing 

the  relation  between  the  fric- 

tion  (h)  and  the  vel 

ocity  (v)  for  clean  iron 

pipes 

ranging  in  size  from 

14  to  3  in.  when  the 

water 

has    a    temperature 

of    about    68   deg.    fahr 

.    and 

flows  at  velocities  up 

to  3  ft.  per  sec: 

h  = 

0.00685"^ 

Friction   of   ivater 

at   temperature   of   about   68 

deg.    fahr.    in    one 

standard    short-radius 

steam 

elbow: 

/i  = 

-  n  014.1 

U.Ul-tl    „.j. 

galvanizing  and  incrustation  on  the  friction  in  pipes  and 
equations  were  derived.  From  tliese  tests  it  appears  that  the 
exponent  of  v  in  the  expression  for  /(  increases  with  the  rough- 
ness of  the  interior  surface  of  the  pipe.  On  the  other  hand, 
tests  with  water  at  temperatures  varying  from  70  to  140  deg. 
fahr.  showed  that  the  friction  decreases  as  tlie  temperature 
increases,  and  that  the  decrease  is  due  to  a  change  in  the 
coeffleient  of  v  rather  than  to  a  change  in  the  exponents. 

An  interesting  series  of  tests  was  made  to  determine  the 
friction  in  an  elbow  (Fig.  6).  This  friction  may  also  be  rejire- 
sented  by  the  expression  h  =  kv".  The  two  heavy  lines  show, 
as  nearly  as  possible,  the  average  values  of  k  and  n,  and  from 
them  the  expression 

0.0141-^^ 

was  determined  as  representing  the  friction  of  water  at  the 


From  Fig.  5  the  equations  showing  the  relation  between  the 
friction  and  the  velocity  for  l^i-in.  black  ijijae  are  for  the 
line  GH  (below  critical  velocity) 

/,  =0.00925  r°-'" 
and  for  the  line  HI  (above  the  critical  velocity) 
h  =0.004675  %■'■'"■' 

Other  pipes  ranging  in  size  from  1/2  to  3  in.  were  tested,  the 
results  plotted  and  the  friction  for  1  ft.  of  pipe  was  de- 
termined. 

In  order  to  derive  an  equation  applicable  to  pipes  of  dif- 
ferent sizes  the  coefficients  and  exponents  of  v  in  the  equation 
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VELOCITY    IN   FEET    PER    SECOND 

Fig.  5    Diagram  Showing  the  Friction  of  Water  in  1  Ft. 
OF  Pipe  at  Different  Velocitie.'^ 

h  =  fci)"  were  jilotted,  and  from  this  diagram  was  derived  the 
following  approximate  equation : 


h  =  0.0068.>- 


d'-- 


(A  more  accurate  equation  is  given  in   the  original  article.) 
This  equation  applies  to  water  having  a  temperature  of  about 
68  deg.  fahr.  flowing  througR  clean  iron  pipes  ranging  in  size 
from  Va  ii-  to  .3  in.,  and  with  velocities  up  to  3  ft.  per  sec. 
A  series  of  tests  was  also  made  to  determine  the  effect  of 
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temperature  of  about  68  deg.  fahr.  in  one  standard  short- 
radius  steam  elbow. 

In  the  original  article  a  diagram  is  given  showing  the  num- 
ber of  feet  of  straight  pipe  equivalent  in  friction  to  one  elbow 
for  any  velocity  of  flow. 

A  bulletin  giving  a  full  report  of  the  tests  will  be  issued 
by  the  University  of  Texas  as  early  as  possible  and  will  be 
sent  free  to  all  persons  requesting  a  copy  so  long  as  the  supply 
lasts.  {Journal  of  the  American  Society  of  Heating  and  Ven- 
tilating Engineers,  vol.  23,  no.  4,  July  1917,  pp.  587-594,  6 
figs,  et) 

Hydraulic  Billet  Breaker 

Description  of  a  200-ton  hydraulic  billet  breaker  recently 
erected  at  a  works  in  Yorkshire. 

As  shown  in  Fig.  7,  the  present  machine,  which  is  designed 
for  breaking  steel  bars  of  .55  tons  tensile  strength  into  IG-in. 
lengths,  has  top  and  bottom  notching  Ijlades  provided  in  the 
form  of  an  equilateral  triangle,  so  that  when  worn  they  may 
be  reversed  in  the  dies  and  thus  give  three  cutting  edges.  In 
this  way  the  necessity  for  nicking  the  top  side  and  then 
turning  the  billet  over  to  break  it  is  eliminated. 
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The  bar  to  be  out  is  fed  over  a  spring-suiiported  roller, 
which  carries  it  clear  of  the  bottom  knife  and  allows  it  to  be 
fed  up  to  the  adjustable  stop  at  the  dead  end.  The  ram 
which  carries  the  top  notcher  is  20  in.  in  diameter  and  has  a 
stroke  of  12  in.,  with  a  working  pressure  of  1500  lb.  per  sq.  in. 

After  the  bar  has  been  notched  on  both  sides  by  a  stroke  of 
the  ram,  the  lower  knife,  which  has  an  easy  fit  in  its  die,  is 
withdrawn  by  means  of  the  handle  and  the  bar  is  broken  by  a 
second  stroke  of  the  ram.  The  machine  has  an  output  capacity 
of  38  billets  per  hour.  When  dealing-  with  particularly  soft 
material  it  might  be  found  necessary  to  turn  the  bar,  so  as  to 
notch  it  on  all  four  sides. 

Attention  is  called  to  the  fact  that  the  operating  lever  is 
placed  at  the  side  and  not  at  the  front  of  the  machine  as  in 
earlier  designs.  The  ram  is  actuated  direct  from  the  pump, 
which  is  of  the  vertical  three-throw  type  with  plungers  2%  in. 
in  diameter  by  6-in.  stroke.  It  is  driven  by  a  25-hp.  motor 
tlu'ough  a  double-helical  gear  enclosed  in  an   oiltight  casing. 


Pressure  In  let - 
\       Exhaust 


Fig. 


fSIZE  OF  BILLET 
WHEN  BROKEN 


British  200-Ton  Vertical  Hydraulic  FSillet 
Breaker 


The  pump  plungers  are  fitted  with  a  weight-controlled  relief 
valve,  and  this  weight  is  so  arranged  tliat  it  may  be  tlirown 
over  and  thus  relieve  the  pressure  of  the  jjump  plungers  when 
the  breaker  is  not  in  actual  duty.  In  this  latter  cunneetion 
the  writer  mentions,  however,  that  a  serious  defect  in  the  use 
of  this  reliever  device  lies  in  the  fact  that  experience  has 
shown  that  such  devices  are  seldom  made  proper  use  of  so  long 
as  their  neglect  does  not  interfere  with  the  proper  operation 
of  the  jilant.  (Page's  Engineering  Weekly,  vol.  31,  no.  670, 
July  13,  inir,  pp.  17-18,  2  figs.,  d) 

Machine  Shop 

Surface  F.\ctor  in  Quenching  Experiments,  Lawford  H. 
Fry,  Mem.Am.Soc.M.E. 

Data  of  experiments  carried  out  witii  tlie  purpose  of 
studying  the  rate  of  cooling  in  various  quenching  media  and  of 
connecting  the  rate  of  cooling  with  the  physical  properties 
obtainable  in  quenched  and  tempered  forgings. 

The  main  series  of  experiments  was  carried  out   with  two 


In  qiK'tirhing,  the  rate  at  ivliich  heat  is  lost  per 
unit  ()j  surface  is  determined  by  a  quenching 
medium,  but  the  physical  properties  of  steel  are 
determined  by  the  rate  at  ivhich  temperature  is 
lost,  that  is.  the  rate  at  u-hich  heat  is  lost  per  unit 
of  iveight. 

l  he  rapidity  of  cooling  depends  on: 

a — Intimate  contact  between  fluid  and  object  to 
permit  transfer  of  heat  from  object  to  fluid; 

b — Free  flow  of  fluid  to  remove  heated  or  vapor- 
ized fluid  from  the  surface  of  the  object. 


hieomotive  driving  axles,  which  were  drilled  so  that  a  pyrom- 
eter could  be  inserted  and  the  temperature  of  the  axle 
measured  continuously  during  the  process  of  quenching.  One 
axle  was  11  in.  in  diameter  and  forged  solid.  Tlie  otiier  was 
12  in.  in  diameter  and  bored  longitudinally  with  a  3-in.  hole. 
The  quenching  media  experimented  with  were  air,  water,  and 
heavy  oil  of  26  deg.  B,  gravity,  a  light  oil  of  29  deg.  B. 
gravity,  and  three  strengths  of  a  cutting  compound  dissolved 
in  water.  This  cutting  compound,  which  was  composed  of 
mineralized  lard,  oil  and  soft  soap,  was  used  in  solutions  of  50 
per  cent,  33  per  cent  and  25  per  cent.  The  cooling  curves  for 
twelve  experiments  are  given  m  Fig.  8.  Of  these  twelve  experi- 
ments eight  were  made  with  a  solid  and  four  with  a  bored 
axle. 

These  curves  indicate  that  the  bored  axle  cooled  more 
rapidly  than  did  the  solid  axle  in  the  same  medium. 

Further  tests  with  a  small  test  piece  indicated  tliat  in  a 
given  medium  the  heat  is  given  up  by  the  big  axle  and  the 
small  test  piece  had  practically  the  same  rate  m  B.t.u.  per  sq. 
in.  of  surface,  which  makes  it  probable  that  fairly  accurate 
information  as  to  the  quenching  properties  of  a  medium  can 
be  obtained  from  small-scale  experiments. 

It  must  be  remembered,  however,  that  the  physical  prop- 
erties of  steel  are  determined  not  by  the  rate  at  which  heat  is 
lost  per  unit  of  surface,  but  by  the  rate  at  which  heat  is  lost 
per  unit  of  weight,  that  is,  by  the  rate  at  which  tempeiature  is 
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lost.  Fi'om  data  presented  in  the  jjaper  it  api^ears  that  tlie 
rate  at  which  heat  is  lost  per  unit  of  surface  is  determined  by 
the  quenching  medium,  while  the  physical  properties  of  the 
steel  are  determined  at  the  rate  at  which  temperature  is  lost. 
Furthermore,  the  rate  of  temperature  loss  depends  both  on 
the  quenching  medium  and  on  -the  form  of  object  quenched, 
the  latter  being  the  more  important  factor. 

The  writer,  together  with   some  other  investicatois.   claims 
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that  the  only  scientific  method  of  defining  heat  treatment  in 
connection  with  physical  properties  is  not  to  speak  of  "  water 
quenching  "  or  "  air  cooling,"  but  to  give  the  rate  of  tempera- 
ture loss  over  a  gi\'en  range.  To  show  how  indefinite  is  the 
expression  "  air-cooled,"  the  writer  cites  from  the  present 
test  the  fact  that  the  test  piece  lost  heat  at  the  rate  of  120  deg. 
per  mill.  Hence,  although  the  rate  of  cooling  would  be  some- 
what slower  if  it  were  averaged  over  a  longer  temperature 
range  so  as  to  include  the  reealeseent  period,  still  the  rate  at 
which  the  test  piece  cools  in  the  air  is  of  the  same  order  as 
the  rate  at  which  the  axle  cools  when  quenched  in  water. 
Consequently  the  physical  properties  of  the  "  air-cooled  "  test 
piece  and  the  "  air-cooled  "  axle  will  differ  as  widely  as  the 
properties  of  the  "  air-cooled "  axle  and  of  the  "  water- 
quenched  "  axle. 

As  regards  the  quenching  speeds  and  composition  of  metlia, 
the  experiments  have  not  been  complete  enough  to  establish  a 
theory  of  quencliing  action,  but  justify  the  conclusion  that  to 
have  rapidity  of  cooling  it  is  necessary  to  have  first  an  inti- 
mate contact  between  fluid  and  object  to  permit  transfer  of 
heat  from  object  to  fluid,  and  second,  free  flow  of  fluid  to 
remove  heated  or  vaporized  fluid  from  the  surface  of  object. 

A  noteworthy  feature  is  the  great  acceleration  in  cooling 
produced  by  a  forced  agitation  of  solution.  Likewise  the 
more  rapidly  cooling  system  produced  with  a  light  oil  in  com- 
parison with  heavy  oil  is  evidently  due  to  the  greater  fluidity 
of  the  former  which  enables  more  I'apid  convection  currents 
to  be  set  up  and  carry  off  the  heat.  (Paper  before  the  Annual 
Meeting  of  the  British  Iron  and  Steel  Institute,  London,  May 
.3-4,  1917,  reprinted  in  the  American  Drop  Forger,  vol.  3,  no.  7. 
•Inly  1917,  pp.  239-241.  1  fig.,  e) 

Measurements 

An  Axeroid  Calorimeter  for  Specific  and  Latent  Heats, 
Nathan  S.  Osborne 

The  unstirred  type  of  calorimeter  has  been  embodied  with 
important  refinements  in  an  instrument  especially  designed 
for  determinations  of  specific  heat  and  latent  heat  of  refrig- 
erating media.  Heat  developed  and  measured  electrically  is 
distributed  automatically  to  the  calorimeter  and  contents  whose 
temperatures  are  measured  by  a  platinum  thermometer.  Heat 
from  other  sources  is  excluded  by  a  null  method. 

The  calorimeter  is  adapted  for  use  between  minus  50  deg. 
and  plus  50  deg.  cent.  In  experiments  where  the  measured 
heat  added  is  used  either  to  change  the  temperature  of  the 
contents  or  to  evaporate  a  portion  of  the  contents  withdrawn 
as  superheated  vapor;  in  the  first  case,  the  specific  heat  of  the 
liquid,  and  in  the  second,  the  latent  heat  of  vaporization  being 
obtained  when  proper  corrections  are  made.  (U.  S.  Bureau 
of  Stdndarils,  Scientific  Paper  No.  301,  advance  abstract) 

The  REL.iTivE  Sensibility  of  the  Average  Eye  to  Light  of 

Different  Colors  and  Some  Practical  Applications 

to  Radiation  Problems,  W.  W.  Coblentz  and 

W.  B.  Emerson 

This  pajier  gives  data  on  the  relative  visibility  of  radiation 
of  the  average  eye,  based  upon  a  group  ot  130  observers. 
The  data  were  obtained  by  means  of  a  flicker  and  an  equality- 
of-brightness  photometer.  The  energy  evaluation  of  the  light 
stimulus  was  made   vith  great  care. 

The  point  of  maximum  visibility  of  the  average  eye  is  at 
X  =  0..5576tA.  A  mathematical  equation  is  given  of  the  average 
visibility  curve,  which  is  ajiplied  in   calculating  the  luminous 


energy  emitted  by  a  black  body  at  various  teniiicratiues  and 
the  mechanical  equivalent  of  light.  The  eye  responds  to  light 
having  an  intensity  less  than  1  x  lO""  watt  per  cm"  The  paper 
describes  tests  on  diffused  light  and  on  a  physical  photometer. 
A  screen  is  described  which  transmits  radiations  proportional 
to  the  a\-erage  eye.  {U.  S.  Bureau  of  Staudanls,  Scientific 
Paper  No.  303,  advance  abstract) 

Meclianics 

Effect    of    Countershaft    Speed    Ratio    on    Power    and 
Torque,  Prof.  A.  Lewis  Jenkins,  Mem.Am.Soc.M.E. 

A  study  of  the  two  different  combinations  of  countershaft 
speeds,  back-gear  ratios,  and  cone-pulley  ratios  for  a  pump- 
driven  machine.  An  example  is  worked  out  for  each  combi- 
nation, showing  the  belt  speeds,  horsepowers  and  spindle 
torques. 

In  the  operation  of  cone-driven  machines  the  consecutive 
spindle  speeds  may  be  obtained  in  a  number  of  different  ways 
by  effecting  various  combinations  of  countershaft  speeds,  back- 
gear  ratios  and  cone-pulley  ratios.  But  there  are  two  ways  in 
use  which  require  different  cone-pulley  ratios  and  ratios  of 
countershaft  speeds,  and  these  are  as  follows : 

First,  the  consecutive  spindle  speeds  are  obtained  by 
starting  with  the  slow  countershaft  speed,  the  largest  back 
gear  and  the  belt  on  the  largest  step  of  the  head  cone,  which 
gives  the  first  cone-pulley  ratio.  The  change  from  the  first,  or 
slowest,  to  the  second  spindle  speed  is  accomplished  by  merely 
changing  the  countershaft  speed  from  slow  to  fast.  For  the 
next  change  of  speed  it  is  necessary  to  change  the  belt  from 
the  first  to  the  second  step  on  the  head  cone  and  change  the 
countershaft  speed  from  fast  to  slow.  The  fourth  speed  is 
then  obtained  by  merely  changing  the  countershaft  speed  from 
slow  to  fast. 

The  next  case  is  where  the  back-gear  ratios  are  used  in  the 
same  way  as  in  the  preceding  case,  but  the  countershaft  speeds 
and  steps  on  the  cones  are  not. 

The  slowest  spindle  speed  is  here  obtained  by  using  the 
slowest  countershaft  speed  and  the  largest  step  on  the  head 
cone.  In  changing  from  the  first  to  the  second  and  from  the 
second  to  the  third  spindle  speeds  it  is  only  necessary  to  shift 
the  belt  from  one  step  to  the  next.  The  fourth  speed  is 
obtained  by  usmg  the  fast  countershaft  speed  with  the  belt 
on  the  largest  step  of  the  head  cone,  while  the  next  two  spindle 
S]ieeds  are  obtained  by  using  the  second  and  third  cone-pulley 
ratios  with  the  fast  countershaft  speed. 

The  article  gives  formulae  for  the  back-gear  ratios,  cone- 
jiulley  ratios  for  duplicate  cones  and  for  the  countershaft 
speeds. 

An  example  is  worked  out  numerically  and  covers  the 
determination  of  the  back-gear,  cone-pulley  and  countershaft 
speed  ratios  for  a  machine  of  given  dimensions  having  three 
steps  on  the  cone-pulley  and  two  back-gear  reductions.  In 
this  connection  the  comparative  merits  of  the  two  systems  out- 
lined above  are  discussed.  {American  Machinist,  vol.  47,  no,  2. 
July  12,  1917,  1.)'.  49-51,  3  figs.,  tj,) 

Railway  Engineering 

Brick-Arch  Tests,  Pennsylvania  Railroad 

Data  of  tests  made  by  the  Pennsylvania  Railroad  to  show 
the  value  of  the  brick  arch  as  a  means  of  conserving  fuel. 
These  tests  were  made  in  Altoona  on  a  Mikado-type  loco- 
motive. 
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Tlie  briek-arch  equipment  was  of  the  Security  sectional  type. 
All  tests  were  hand-fired,  the  fuel  used  being  Jamison  coal, 
bituminous  high-volatile,  sized  by  being  passed  over  a  screen 
having  IV^-in.  openings.  The  screening  and  the  use  of  coal 
from  a  single  shipment  were  resorted  to,  because  preliminary 
tests  have  demonstrated  tlie  need  of  uniformity  in  the  size  of 
coal  for  the  tests. 

On  the  whole,  the  tests  have  demonstrated  marked  advan- 
tages which  can  be  ascribed  to  the  use  of  the  arch,  summarized 
in  the  report  as  follows : 

a  The  maximum  evajjoration  when  using  high-volatile  coal 
was  increased  1.5.5  per  cent  by  the  use  of  the  arcii. 


o 

12 
lO 
6 
6 

1 

>- 

u. 

o 

3~^ 

^ 

z 

? 

••-^ 

?-< 

«• 

r^ 

.  o 

C 

'"'^. 

''^i" 

L^ 

*^ 

^^ 

?T 

z 
o 

1- 

** 

•..^ 

.^^ 

^ 

2 

*■- 

> 

lii 

> 

3 

o- 

20  40  60  80  100  120  140 

DRY    COAL  FIRED,  POUNDS   PER  SO.  FT  OF  6R*TE, 

Fig.' 9    Eate  of  Evapor.vpion  Per  Pound  of  Coal,  Brick- 
Arch  Test 


80— t^ 


~^ 

k.- 

•■-. 

^^^. 

°  1 

Sx 

'''*'', 

\ 

^ 

^v 

•v^ 

"N 

\ 

^k. 

^ 

Vi 

N 

« 

JO  40  60  80  lOO  120  r40 

DRY    COAU    FIRED     PER    HOUR    POUNDS     PER    S?.  FT  OF  6RATE. 

Fig.  10    R.\TE  of  Firing  and  Efficiency  of  Boiler.  Brick- 
Arch  Test 

6  With  the  arch  a  lower  smoke  density  is  measured  by  the 
Ringelmann  scale. 

c  The  arcli  inerease<l  tlie  evaporation  per  pound  of  coal, 
and  for  ordinary  rates  of  working  this  increase  of  evaporation 
represents  an  economy  in  coal  of  from  6  to  8  per  cent. 

This  effect  of  the  arch  on  evaporation  wa.s  evident  at  all 
rates  of  combustion,  as  shown  by  Fig.  !).  At  nia.ximura  capac- 
ity the  boiler  when  equipped  with  the  arch  was  cajiable  of 
evaporating  1.5.5  per  cent  more  water  than  when  without  it. 

d  A  higher  boiler  etticiency  was  made  possible  by  the  ardi 
at  all  rates  of  evaporation.  This  is  shown  in  Fig.  10.  When 
plotted  against  the  combustion  rate,  the  factor  of  boiler  etti- 
cieney  shows  an  increase  ranging  between  ().9  and  11. (i  jier 
cent,  with  a   rate  of  firing  varying  from  35  to  12(1  Ih.  of  drv 


coal  per  sq.  ft.  of  grate  per  hour.  An  examination  of  the 
values  obtained  between  the  limits  common  to  road  service 
indicate  improvement  under  these  conditions  of  from  7  to  8^2 
per  cent.  The  report  draws  attention  to  the  fact  that  other 
experimenters  have  found  that  the  arch  tubes  alone,  because 
of  the  added  surface  and  improved  circulation,  afford  improve- 
ment to  the  extent  of  about  one  per  cent  for  each  tube  in- 
volved. 

Becau.se  of  the  conditions  under  which  the  tests  were  made, 
that  is,  at  fixed  speed  and  cut-off,  no  noticeable  economy  was 
observed  in  the  operation  of  the  engine,  but  there  was  an  in- 
crease in  the  power  developed  consequent  upon  the  larger 
volume  of  steam  flowing.  On  the  basis  of  drawbar  pull,  it 
was  found  that  at  speeds  abo\e  8  m.p.h.  the  locomotive  when 
equipped  witli  the  arch  had  an  ap]>reciable  advantage.  This 
advantage,  measured  at  the  maximum  piower  developed,  which 
was  at  the  speed  of  29  in.i).h..  amounted  to  an  increased  draw- 
bar pull  of  2066  lb.,  or  6.1  per  cent.  (Pennsylvania  Railroad 
Test  Department  BuUelin  Xo.  30,  abstracted  through  the  Hail- 
way  Beview,  vol.  61,  no.  5,  August  4,  1916,  pp.  137-139,  3 
figs.,  e) 

Steam  Engineering 

Condenser-Tube  Corrosion.  William  Ramsay 

A  general  discussion  of  the  subject,  together  with  data  of 
observations  and  experiments  made  by  the  writer. 

The  writer  does  not  ascribe  much  value  to  analyses  of  the 
defective  tubes  of  a  condenser  after  a  breakdown.  The 
analysis  itself  is  a  simple  matter,  but  since  the  corroded  matter 
has  disapi)eare<l  and  the  tube  adjacent  to  the  corroded  part 
is.  as  a  rule,  normal,  it  does  not  give  niucli  material  for  the 
explanation.  Further,  the  examination  of  the  residue  seldom 
points  to  anything  useful,  because  the  corrosion  product  con- 
tains the  metals  as  basic  chk)rides,  carbonates,  oxides,  or  even 
sulphates,  and  much  of  this  product  is  waslied  away  in  both 
soluble  and  insoluble  form. 

The  writer  made  a  number  of  exjieriments,  many  of  which 
were  abortive.  The  chief  difficulty  of  experiments  of  this 
nature  lies  in  the  impossibility  of  reiiroducing  actual  working 
conditions.  Even  model  condenser  arrangements  in  which  the 
same  water  is  circulated  many  thousands  of  times  failed  to 
give  the  desired  information.  Such  water  may  lose  its  cor- 
rosive properties,  or,  perhaps,  become  more  corrosive  with 
continued  u.se,  and  the  results  are  nut  likely  to  be  conclusive. 

The  nature  of  brass  corrosion  is  mainly,  if  not  entirely, 
electrolytic  in  character,  assisted  by  the  fact  that  the  commer- 
cial brasses  are  not  homogeneous  bodies,  but  are  a  kind  of 
conglomerate. 

Corrosion  of  a  condenser  tube  may-  be  said  to  commence 
from  the  moment  it  is  put  into  use,  and  the  extent  to  which 
it  proceeds  depends  upon  sucli  factore  as  composition,  time, 
temperature,  water,  etc. 

The  effect  of  corrosion  in  condenser  tubes  is  varied.  ('opj>er 
and  zinc  may  be  removed  uniformly  from  the  surface,  or, 
what  is  more  commonly  the  case,  zinc  is  dissolved  out,  leaving 
the  copper  or  a  copper-rich  material  as  a  coherent  film,  the 
original  dimensions  of  the  tube  being  nearly  preserved.  This 
is  known  as  dezinciflcation.  In  the  case  of  the  60:40  tubes, 
the  action  takes  place  between  the  a  and  ^  constituents,  and 
may  proceed  to  completion,  the  tube  retaining  its  original 
dimensions  and  to  the  naked  eye  preserving  the  appearance 
of  a  solid  copper  tube.  On  microscopic  examination,  however, 
it  IS  seen  to  consist  of  coi)])ery  material,  preserving  the  form 
of  tlie  a  coiistitaciit,  tlie  sjiace  previously  occuiiied  by  the  j3 
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being  more  or  less  filled  by  conositm  inoducts,  or  possibly 
quite  empty.  In  the  case  of  7t)  :'iO  tubes,  or  Admiralty  alloy, 
the  action  is  probably  somewhat  ditiferent.  Owing:  to  some 
slight  inequality  in  the  composition,  the  equilibrium  of  the 
l>iass  becomes  upset  and  a  more  or  less  continuous  film  of 
eojiper  results;  electrolysis  then  takes  place  between  the  cop- 
per and  the  adjacent  brass,  resulting  in  a  gradual  concentra- 
tion of  copper.  With  these  tubes  dezincification  is,  as  a  rule, 
sui)erficial. 

Dezincification  in  itself  is  not  a  simjile  process.  If  some 
of  the  copper  was  in  the  solution,  it  may  be  redeposited  as 
metallic  copper  on  the  brass,  with  an  accumulative  amount  of 
zinc  going  into  solution.  The  writer  has  proved  that  cuprous 
and  cu])ric  chlorides,  oxide  of  copper  and,  in  fact,  most  copper 
compounds  are  capable  of  dejiositing  metallic  copiier  on  brass. 
The  action  of  basic  chloride  of  zinc  is  less  clear,  but  on  paint- 
ing tubes  with  this  material  and  immersing  them  in  warm  sea 
water,  a  distinct  coppery  stain  results  after  some  time.  De- 
zincification may.  therefore,  at  times  even  become  protective. 

It  is  an  intei'esting  fact  that,  if  a  portion  of  the  coppery 
film  be  removed  so  as  to  expose  the  brass,  it  does  not  imme- 
diately become  recoated  with  copper.  A  tube  winch  had  been 
dezinced  to  a  depth  of  less  than  1/500  in.  was  taken,  and  a 
small  patch  about  %  in.  sq.  removed  w-ith  fine  emery  paper, 
without  appreciably  altering  the  thickness  of  the  tube.  On 
immersing  it  in  sea  water  kept  warm,  the  bra.ss  rapidly  cor- 
roded at  this  point  until,  in  about  a  month,  it  was  about 
1/32  in.  deep;  copper  then  gradually  encroached  on  the  brass 
and  sto)i])ed  the  action. 

From  this  the  writer  jiroceeds  to  discuss  the  case  of  the  so- 
called  laminalions  in  condenser  tubes,  due  to  defects  in  the 
manufacture  of  tubing,  such  as  spills  or  blowholes  in  the  oiig- 
inal  casting.  On  opening  them  uji  they  are  seen  to  be  coated 
wilh  oxide  of  copjier,  which,  on  immersing  in  sea  water,  is 
gradually  reduced  to  the  metallic  state.  This  is  probably  the 
initial  stage  of  electrolytic  corrosion.  Sooner  or  later  the  cor- 
roiled  lamination  breaks  away,  exposing  fresh  lines  of  yellow 
brass.  The  following  ex]5eriment  was  carried  out  to  test  the 
truth  of  the  above.  An  Admiralty  tube  which  showed  indica- 
tions of  lamination  was  immersed  in  estuary  water,  which  was 
changed  almost  every  day  over  a  period  of  more  than  two 
years,  the  containing  flask  being  kept  at  a  temperature  of 
about  110  deg.  to  1.50  deg.  falir.  by  means  of  an  electric  heater. 
After  a  few  weeks  the  t\ibe  was  completely  coppered  and  the 
suspected  lamination  showed  unmistakable  signs  of  opening 
out.  In  about  six  months  it  had  eori'oded  away  to  a  measur- 
able extent,  and  several  other  lines  of  laminations,  which  had 
not  been  suspected,  showed  themselves.  Throughout  the  test 
it  was  noticed  that  bubbles  of  gas  adhered  tenaciously  to  the 
laminations  and  the  sharp  edges  of  the  tube.  During  the  cor- 
rosion the  lamination  presented  a  varying  appearance,  at  one 
time  showing  black  lines,  which  cleared  up  to  yellow  brass  or 
filmed  over  with  copper  through  which  minute  specks  of  brass 
were  visible,  but  at  all  times  the  action  was  greatest  at  the 
lamination  and  edges. 

Likewise,  due  to  defects  in  manufactui'ing,  there  are  isolated 
holes  in  what  may  othenvise  be  perfect  tubes.  It  is  the  o|)in- 
ion  of  the  writer  that  these  holes  act  in  the  capacity  of  corro- 
sion centers. 

The  writer  describes  several  sets  of  experiments,  indicating 
that  the  strongest  corrosion  took  place  at.  or  near,  the  point 
of  contact  between  two  metals.  Even  metals,  such  as  iron, 
zinc  and  lead,  which  are  electropositive  to  brass,  behave  in  this 
manner,  which  may  be  due  to  copper  being  redeposited  on  the 
foreign    matter.     It   is   noteworthv,    in   this   connection,    that 


magnetic  oxide  of  iron,  or  metallic  iron,  coated  with  this  oxide 
is  sometimes  electropositive,  and  at  other  times  electronegative 
with  reference  to  bi'ass. 

A  form  of  corrosion  of  which  the  wi'iter  has  definitely  traced 
the  cause  is  that  which  attacks  the  inlet  ends  for  a  few  inches 
immediately  beyond  the  tube  plate.  Here  the  cold  circulating 
water,  on  becoming  warm,  deposits  its  dissolved  gases;  the 
part  in  the  tube  plate  being  kept  cool,  escapes  this  particular 
action,  but  just  beyond  this  bubbles  of  CO^  and  air  adhere  to 
the  tube,  causing  round  each  a  ring  of  corrosion  which 
eventually  takes  the  form  of  a  horseshoe,  the  open  ends  of 
which  point  in  the  direction  of  the  water  flow.  This  type  of 
defect  is  most  certainly  due  to  the  main  condenser  being  used 
in  harbor  for  the  auxiliary  machinery,  when  the  smaller  volume 
of  steam  does  not  necessitate  the  full-power  circulation,  and 
tlie  friction  of  the  water  is  insufficient  to  sweep  away  the  de- 
posited gases.  Where  an  auxiliary  conden.ser  is  used  for  port 
service  this  defect  is  obviated.  Several  rivers  and  harbors, 
and  canals  especially,  have  an  evil  reputation  in  this  respect, 
all  being  more  or  less  foul  with  sewage,  while  those  with  a 
good  tidal  scour  are  less  objectionable.  The  accelerating  effect 
of  sewage,  CO^.  and  ammonia  is  well  known. 

In  the  original  article  is  given  a  photograph  of  an  opened- 
out  tube  which  has  suffered  from  this  type  of  corrosion.  It 
shows  that,  although  the  jiart  in  the  tube  plate  is  corroded,  it 
has  escaped  the  typical  horseshoe  action.  The  vessel  from 
which  this  tube  was  taken  was  known  to  berth  in  a  very  dirty 
harbor.  Dezincification  is  general  all  over  the  tube,  and  in 
the  middle  of  each  horseshoe,  but  where  the  corrosion  is  severe 
the  brass  remains  yellow.  This  seems  to  point  to  the  elec- 
trolysis between  the  separated  copper  and  the  brass. 

There  is  another  type  of  corrosion  which  affects  the  ends 
of  the  tubes  and  which  may  be  found  in  any  part  of  the  con- 
densers, and  may  occur  singly  or  in  groups.  The  exti'eme 
ends  of  the  tubes  are  eaten  away  in  the  ferrules,  which  also 
may  be  involved ;  and  in  this  case  a  curious  accommodation 
between  tube  and  ferrule  often  takes  place,  the  more  corroded 
jjart  of  the  one  fitting  into  the  less  affected  part  of  the  other, 
almost  as  if  the  action  ceased  wlien  the  pressure  between  the 
two  had  been  relieved.  This  is  most  probably  the  ease,  since 
in  cases  of  this  type  the  writer  has  almost  always  observed 
that  the  tubes  had  been  crushed  or  distorted  by  the  feiTule. 
Physical  condition  as  a  factor  in  brass  corrosion  is  fairly  well 
established,  and  this  seems  a  case  which  meets  this  theory.  A 
condenser  is  generally  tubed  by  se\eral  men,  each  taking  a 
certain  section  or  group  of  tubes,  and  it  is  not  unlikely  that 
one  worker  may  have  exerted  such  force  as  to  bruise  his  tubes. 
This  probably  explains  why  such  corroded  ends  generally  occur 
in  groups.  (Engineering,  vol.  104.  no.  2689,  July  13.  1917, 
pp.  40,  44-46,  7  figs.,  eA ') 

Tlierinodynamics 

The  Latent  Heat  of  Steam,  Frank  B.  Aspinall 

The  writer  starts  by  giving  the  following  definitions  of 
tei'ms : 

Steam  is  that  w'hich  exists  when  absolutely  no  water  and 
absolutely  no  superheat  is  present. 

The  total  heat  of  steam  is  the  exact  quantity  of  heat  present 
when  abs(dutely  no  water  and  absolutely  no  superheat  are 
present. 

The  latent  heat  of  steam  is  the  exact  quantity  of  heat  re- 
quired to  convert  water  from  the  form  of  water  completely 
into  the  form  of  steam  at  the  same  temperature  and  pressure 
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as  the  temperature  and  the  pressure  of  the  water  converted 
into  the  steam. 

Heat  latent  is  the  vai^ying  heat  hitent  wlien  varying'  mixtures 
of  steam  and  water  are  present. 

The  steam  volume  is  the  maximum  volume  which  can  he  jjres- 
ent  without  superheat  being'  present. 

The  writer  states  that  when  he  analyzed  hundreds  of  indi- 
cator cards  he  noticed  facts  which  were  unesplainable,  unless 
it  he  admitted  that  steam  at  high  pressures  containing  abso- 
lutely no  water  and  absolutely  no  superheat  carried  more  heat 
and  had  a  smaller  volume  than  the  steam  tables  stated. 

A  series  of  measurements  was  therefore  made  to  ascertain 
the  maximum  heat  and  maximum  volume  which  could  be 
present  without  superheat  being  present,  and  this  was  the 
result : 

The  maximum  heat  which  could  be  latent,  or  the  latent  heat 
of  steam,  was  found  to  be  constant,  at  a  value  nearly,  if  not 
actually.  970.13  B.t.u. 

A  steam  volume  multiplied  by  a  steam  pressure  is  constant, 
if  steam  is  accepted  as  that  which  exists  when  absolutely  no 
water  and  absolutely  no  superheat  are  present,  the  value  stated 
in  cubic  feet  and  pounds  absolute  being  nearly,  if  not  actually. 
3S9.84. 

From  these  two  constants  the  following  conclusions  were 
arrived  at  in  regard  to  the  steam  tables : 

The  values  stated  for  the  total  heat  at  atmospheric  |)ressure 
apply  to  wet  steam,  the  wetness  increasing  as  the  pressure 
increases.  The  values  stated  for  the  total  heat  at  below 
atmospheric  pressure  apply  to  the  superheated  steam,  the 
superheating  increasing  as  the  pressure  decreases. 

The  values  stated  for  the  latent  heat  at  above  atmospheric 
pressure  apply  to  the  heat  latent  in  mixtures  of  steam  and 
water,  the  water  increasing  as  the  pressure  increases. 

The  values  stated  for  the  latent  heat  at  below  atmospheric 
pressure  apply  to  neither  latent  heat  nor  heat  latent. 

The  values  stated  for  the  volumes  at  above  25  lb.  absolute 
apply  to  superheated  steam,  the  superheat  increasing  as  the 
pressure  increases. 

The  values  stated  for  volumes  at  below  2.5  lb.  absolute  apply 
to  wet  steam,  the  wetness  increasing  as  the  pressure  decreases. 

The  values  are  therefore  not  only  not  comparable  in  them- 
selves, but  are  also  not  comparable  to  each  other. 

The  late  Dr.  Silvanus  Thompson  was  uisti"umental  in  having 
the  Finsbury  Technical  College  in  London  carry  out,  under  the 
])resent  writer's  supervision,  the  determinations  described  in 
the  article  here  abstracted. 

The  article  describes  in  detail  the  conditions  which  were  to 
be  fulfLlIed  during  these  tests,  the  method  and  apjjaratus  used, 
observations  and  numerical  results  and  the  deductions  arrived 
at.  The  following  definitions  were  adopted  for  the  terms 
employed : 

The  latent  heat  of  steam  is  the  amount  of  heat  required  to 
convert  water,  at  a  definite  temperature  and  pressure,  com- 
pletely into  steam  at  the  same  temperature  and  pressure  as 
the  water. 

The  sensible  heat  in  steam  is  the  heat  in  the  water  at  the 
definite  temperature  and  pressure  at  which  it  is  converted  into 
steam. 

The  total  heat  of  steam  is  the  latent  heat  plus  the  sensible 
heat,  or  the  maximum  heat  -which  can  possibly  be  present 
■without  superheat  being  present. 

Wet  steam  is  a  mixture  of  steam  and  water  in  some  form. 
The  total  heat  present  is  therefore  less  than  that  which  would 
be  present  if  the  water  had  been  completely  converted  into 
Eteam. 


Steam  is  all  steam,  the  total  heat  present  being  the  exact 
amount  required  for  all  the  water  to  be  converted  completely 
into  steam. 

Superheated  steam  is  all  steam,  the  total  heat  present  being 
more  than  the  amount  required  at  the  given  jiressure  and 
temperature  for  all  water  to  be  converted  into  steam. 

The  following  formula  was  used  to  work  out  the  latent  heat 
of  steam: 

The  latent  heat  of  steam  at  the  pressure  P  at  the  point  B  = 
W(t^  —  t.^—w(T—tJ  ±j 

w 
P.     As    the    supertemperature    was    so    low,    the    observed 
l)ressure  was  accejited  as  the  jjressure  of  pure  steam, 
but  if  the  steam  had  been  very  highly  superheated,  a 
correction  would  have  to  have  been  made  for  the  super- 
temperature. 
W.     In  the  first  trials.     The  water  present   at  commence- 
ment of  the  second  blow   +  the  water  value  of  the 
metal. 
In  the  second,  third  and  fourth  trials.     The  water  present 
when  the  pipe  was  dropjjed  into  the  water  -|-  the  water 
value  of  the  metal  +  the  water  value  of  the  wood. 
w.     The  actual  weight  present  at  the  finish  of  the  trial, 
minus  the  actual  weight  present  at  the  commencement 
of  the  trial. 
T.     The  mean  corrected  observed  temperature  of  the  ther- 
mometer   in    the    long    temperature    well  —  the    mean 
supertemperature. 
«,.     The  mean  coiTected  observed  temperature  of  the  con- 
densing water  at  the  finish  of  the  trial,  as  shown  by 
thermometers,  T.I.,  T.II.,  T.III.  +  the  temperature  the 
condensing  water  would  have  gained  if  it  had  not  lost 
or  received  heat  due  to  the  surrounding  air. 
/..     The  mean  observed  corrected  temperature  of  the  con- 
densing water   at   the   commencement    of   the   trial,   as 
shown  by  thermometers  T.I.,  T.II.,  T.III. 
j.     The  difference  between  the  superheat  in  the  steam  due  to 
the  supertemjierature  and   the  heat   radiated   from  the 
lagged    and    bare    pipe    beyond    the    controllmg    valve 
admitting  steam  to  the  condensing  water  to  within  IV2 
in.   above   the  maximum   height   of   the   water  in   the 
wooden  vessel. 
It    will    be    noticed    that    the    writer,    like    Southern    and 
Regnault,   makes   no   coiTection    for   possible   changes   in    the 
specific  heat  of  the  boiler  water.     It  appeare,  however,  from 
the  results  of  James  Watt,  Southern,  and  the  writer,  that  the 
specific  heat  of  water  is  constant  when  water  is  subjected  to 
the  conditions  present  when  a  boiler  is  making  steam. 

The  method  employed  to  determine  the  water  value  of  the 
wooden  vessel  by  the  method  of  mixtures  is  described  in 
detail. 

Among  other  thing's,  it  has  been  found  that  even  although 
extreme  care  was  taken  to  prevent  the  steam  from  containing 
water  just  before  it  was  wiredrawn,  the  small  supertempera- 
ture obtained  for  such  a  large  drop  in  pressure  shows  that 
water  must  have  been  present.  There  seems  no  other  explana- 
tion than  to  conclude  that  water  can  he  present  in  steam  in 
some  form  which  is  not  a  mechanical  mixture.  This  view  also 
seems  to  be  confirmed  by  the  fact  that  for  equal  differences  of 
pressure  higher  supertemperatures  were  usually  obtained  at 
50  lb.  than  at  100  lb.,  which  apparently  shows  that  steam  at  a 
higher  temperature  can  contain  more  water  than  at  a  lower 
temperature.  The  experiments  seems  to  support  the  conclusion 
that  steam  has  a  dewpoint  like  air. 

The   Finsbury  value  for  the  latent   heat  of  steam,   or  the 
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exact  (luaiitity  of  heat  required  to  convert  water  from  the  form 
of  watei-  completely  into  tlie  form  of  steam  at  the  same  tem- 
perature and  pressure  as  the  temperature  and  j^ressure  of  tlie 
water  converted  into  the  steam,  is  969.67  B.t.u.,  a  constant,  per 
1  lb.  of  steam.  The  writer  takes,  however,  969.90  as  the  con- 
stant latent  heat  of  steam.  This  figui'e  is  the  mean  of  the 
Blaekheath  vahie  970.13  and  the  above  Finsbury  value. 

Tlie  writer  proclaims  the  following  basic  laws: 

It  is  the  quantity  of  water  present  and  not  the  temjieratuie 
present  which  determines  the  quantity  of  heat  which  is  hitcnt. 

The  quantity  of  heat  latent  is  a  variable 
if  water  is  present,  because  the  maximum 
quantity  of  water  which  can  be  present  in- 
creases as  the  ]iressure  increases. 

The  evidence  collected  by  the  present 
writer  leads  him  to  believe  that  the  heat 
latent  when  absolutely  no  water  is  present, 
or  the  latent  heat  of  steam,  is  nearly,  if  nut 
aetually,  970  B.t.u.  at  all  pressures. 

Further,  jjrovided  absolutely  no  water 
and  absolutely  no  superheat  are  present, 
the  pressure  multiplied  by  the  volume  is 
always  nearly,  if  not  actually,  400. 

The  writer  concludes  by  calling  attention 
to  the  fact  that  James  Watt  distinguished 
between  latent  heat  and  heat  latent,  and  be- 
lieves that  all  the  trouble  has  arisen  owing 
to  Regnault  not  making  this  distinction. 
(  The  Engineer,  vol.  124,  nos.  3210,  3211, 
3212,  July  6,  13  and  20,  1917,  tA) 


Second,  other  thing's  being  equal,  the  heat  loss  is  ajjproxi- 
mately  constant  if  the  wet-bulb  temjjerature  is  constant.  And 
third,  the  comfortable  wet-bulb  temperature  increases  with  the 
air  motion. 

On  this  basis  two  synthetic  air  charts  were  developed,  of 
which  the  second,  introducing  air-motion  curves,  is  reproduced 
in  Fig.  11.  The  theory  on  which  the  chart  is  based  is  that  the 
factors  which  determine  ventilation  of  a  given  space  may  be 
conveniently  combined  into  three  j)rincipal  groups,  as  fol- 
lows:    (1)   Temperature,  humidity  and  air  motion:   (2)   Dust, 


Ventilation    Standards    and   the    Syn- 
thetic Air  Chart,  Dr.  E.  V.  Hill 

The  writer  claims  that  one  of  the  prob- 
lems of  modern  ventilation  is  not  so  much 
liow  to  accomplish  the  desired  need,  but 
liow  to  know  when  that  end  has  been  at- 
tained. In  other  words,  the  need  is  for  im- 
provement not  in  mechanical  equipment, 
but  in  methods  of  testing  to  determine  with 
greater  accuracy  what  the  equipment  ac- 
complishes, and  more  than  all  else,  satis- 
factory standards  by  which  conditions  may 
be  compared.  The  development  of  a  satis- 
factory air-condition  test  record,  however, 
is  made  difficult  through  the  fact  that  com- 
binations might  occur  that  when  plotted 
would  be  misleading.  Such  a  test  record 
must  cover  at  least  temjjerature,  air  move- 
ment and  humidity,  and  there  is  a  definite 
relation  between  tlie  variations  of  these  ele- 
ments that  it  is  difficult  to  show  accurately 
on  the  chart. 

In  fact,  after  giving  this  matter  considerable  study,  the 
writer  came  to  the  conclusion  that  more  definite  information 
regarding  the  relations  of  temperature,  humidity  and  air  mo- 
tion to  each  other  in  their  bearing  on  comfort  must  be  secured 
before  a  workable  chart  could  be  designed.  To  do  this  a 
room  in  a  factory  building  was  equipped  so  that  any  combina- 
tion of  temperature,  humidity  and  air  motion  could  be  main- 
tained and  their  relations  approximately  determined. 

On  the  whole,  it  has  been  found  that,  first,  comfort  depends 
upon  air  conditions  that  allow  the  normal  heat  losses  from  the 
body  without  tlie  undue  exercise  of  heat-regulating  mechanism. 


Fig.  11    Synthetic  Air  Chart 

liacteria  and  odors;  (3)  Air  supply  and  carbon  dioxide. 
The  use  of  the  chart  in  Group  1  is  as  follows:  From  test 
data  is  noted  the  wet-bulb  temperature.  This  is  indicated  by 
the  horizontal  line  connecting  this  wet-bulb  temperature  and 
the  appropriate  air-motion  curve.  Next  is  noted  from  test 
data  the  air  motion  prevailing,  and  the  appropriate  air-motion 
curve  is  connected  by  a  horizontal  line  with  the  wet-bulb  that 
is  desired  for  this  velocity.  The  number  of  squares  between 
these  two  horizontal  lines  across  this  jiortion  of  the  chart  is 
the  amount  of  penalization.  (Journal  of  the  American  Society 
of  Heating  and  Ventilating  Engineers,  July  1917,  p.  477.  ep) 
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7  maps.     $2.     Gift  of  the  publisher. 


Passaic.    N.    .1. 
Clerk. 


Pennsylvania. 
Part    1-11. 


Financial    Reiiort,    1910.    1912-1916.       Gift    of    City 


(Commissioner    of    Health.       .\nnual    Report.       1914, 
llarrifihiirg,    191ti.      Purchase. 


Moody's  Manual  1917 — Industrials.     Xew   York,  1917.     Purchase. 


Pennsylvania.      Comniissiom-r    of    Lalmr    ami    Industry.      Annual    Re- 
port   1 2d  I,   1915,   Part   II.      )liurlshiiri].  1910.     Purchase. 

Pennsylvania    Company.      Annual    Ri'port    (4."ithi,    lf)17.      Pittshnrgh, 
1917.     Gift  of  Pennsylvania   Co. 

Pennsylvania  State  College,     .\unual   Report.  1914-15.     Ilnrrishurg,. 
1916.     Purchase. 


A.  S.  M.  E.  Accessions 

.Vmerican  Wool  Preservers'  .\ssocl\tion.  Report  of  Proceeding* 
13th   .\nnual    Meeting.    1017.      C,\tt  of  Association. 

Co-Pautnership  After  the  War.  A  Memorandum  Submitted  Feb.,. 
1917.  to  the  reconstruction  committee  appointed  by  H.  M.  Gov- 
ernment. 


Moody's    Manual    Complete    List    of    Securities    Maturing,    July 
1,  1917-  June  30,  1919.     Vol.  IV.     New  York,  1917.     Purchase. 


MONTCLAiR    IN.    J.)    Town   Council. 
City    Clerk. 


.\nnual    Report,    Hill.      (Uft    of 


Motor     Bo.vrs,     Hydroplanes.     Hydroaeroplanes;     Construction  aud 

Operation    with    Practical    Notes    on    Propeller    Calculation  and 

Design.       By    Thomas    H.     Russell.       Charles    C.    Thompson  Co.. 

Chicago,    1917.      Cloth,    5x8    in.,    254    pp.,    106    figs.      $1.  Gift 
of    the    publisher. 

National  Association  of  Railway  Commissioners.  Proceedings 
of  the  28th  Annual  Convention,  Washington,  D.  C,  Nov.  14-17, 
1916.     A'eiij  York,  n.  d.     Purchase. 

National  Industrial  Conference  Board.  Summary  of  report  on 
workmen's  compensation  acts  in  the  United  States,  .\pril,  1917. 
Gift   of  Board. 


National  Tube  Company.     "  National  "  Pipe  Standards 
1917.      (Tift  of  National   Tube  Company. 


PHtshurgh, 


Naval  Architecture.  By  Cecil  H.  Peabody.  4th  ed.  John  Wiley 
&  Sons,  Inc.,  Xew  York,  1917.  Cloth,  0x9  in.,  641  pp.,  218 
figs.      $7.50.      Gifts    of  the   publisher. 

Navig.ation  Laws.  Comparative  study  of  principal  features  of  the 
laws  of  the  United  States.  Great  Britain.  Germany,  Norway, 
France  and  Japan.  U.  C.  Department  of  Commerce.  Special 
A.gcnts  series  no.  114.     Wanhington,  1916.     Purchase. 

New  Jersey  Department  of  Conservation  and  Development.  An- 
nual Report  for  the  year  ending  Oct.  31,  1916.  Trenton,  X.  J., 
1917.     Gift  of  Department  of  Conservation  and   Development. 

North  Adams,  Mass.  City  Clerk.  .\nnual  Reports.  1912-1916. 
Xorth  AitamK,  191i-K.     <;ilt   of   City    Clerk. 


Industrial  F.\tigue  in  Its  Relation  to  Maximum  Output.  By 
Henry  J.  Spooner. 

INVE.STIG.4TIOX      OF     THE     MUNICIPAL      LIGHT      PLANT,         Report     Of.         By 

C.  W.  Whiting.  Boston,  1917. 

Metropolitan  Water  and  Sewerage  Board.  Annual  Report  1 16th). 
Boston,  1917.     Gift  of  Board. 

N.\TiONAL  Board  of  Fire  Underwriters.  Address  of  R.  M.  Bissell,. 
May  24,   1917. 

National  Machine  Tool  Builders'  .\ssociation.  Proceedings  of' 
Annual  Convention,  1915-1916.     Gift  of  Association. 

New  Orleans,  La.  Sewerage  and  Water  Board.  Report  i:i4th  .semi- 
annual), 1916.     Gift  of  New  Orleans  Sewerage  and  Water  Board.. 

New  York  (City)  Board  of  Water  Supply.  Information  for  bidders 
for  vitrified  brick  pavement  in  the  Kensieo  Aerator  in  the  towa> 
of  Mt.   Pleasant,   Westchester  Co.,   N.   Y.      (Contract   184.)      1917^ 

for  surfacing   with    vitrified   brick    block    ihe    Fast    Hill 


Drive   at   the   Kensieo   Dam   in   the   town    of   North    Castle.    West- 
chester Co.,  N.  Y.      (Contract  179.) 

for    the    completion    of    the    superstructure    ovi'r    the- 


drainage  chamber  at  shaft  21  of  the  City  Tunnel  of  the  Catskill 
Aqueduct,  in  the  Borough  of  Manhattan,  1917.      (Contract  129.) 

for  erecting,  remodelling  and  removing  buildings  along 


the  Catskill   .Aqueduct.      (Contract    ISO.)      Gift  of   the   New    York 
City    Board    of    Water    Supply. 

Second    Pan-American    Scientific    Congress.      The    Report    of    the 
Secretary  General.     Wanhington,  1917. 


PERSONALS 


/N  these  columns  are  inserted  items  concerning  members  of  the  Society  and  their  professional 
activities.  Members  are  always  interested  in  the  doings  of  their  fellow-members,  and  the 
Society  welcomes  notes  from  members  and  concerning  members  for  insertion  in  this  section.  All 
communications  of  personal  notes  should  be  addressed  to  the  Secretary,  and  items  should  be  re- 
ceived by  September  16  in  order  to  appear  in  the  October  issue. 


CIIAN'dES  OF  POSITION 

E.    E.    ARNOi.ri    lias    left    the   employ    of   The    New    Departure    Manu- 

is    now    atfiliateii    with    the 
Pa. 


factvirinj;    Company.    Ri-istol,    t_'nnn..    anil 
Iron    City    Proclm'ts   Company,   Pittsburgh. 


A.  R.  Dickinson'^  formerly  connected  with  the  Mill  Management 
Department  of  Lockwrod,  Greene  and  Company.  Atlanta,  Ga.,  has 
become  identified  with  the  Wiunsboro  Mills,  Wiunshoro,  S.  C. 


A.  II.  Gill,  formerly  superintendent  of  the  Perth  .Vmboy  plant  of 
the  American  Smelting  and  Refining  Compary,  Metuchen,  N.  J.,  has 
taken  a  position  with  the  American  Zinc  and  '.'hemical  Company, 
Langeloth,  Pa. 

CnAnLE.s  J.  M.AXUEL  has  resigned  from  his  position  with  F.  W.  Bird 
and  Sons,  East  Walpole,  Mass..  and  has  assumed  the  duties  of  drafts- 
man of  the  tool  department  of  the  Aeromarine  Plane  and  Motor  Com- 
pan.y,  Keyport,  N.  .1. 


Dr.  B.iitioN  Cruikshank  has  severed  liis  connection  with  The 
Engineers'  Company  of  New  York,  and  is  now  designing  engineer  of 
the  Maxim   Munitions   Corporation,   Watertown,    N.   Y. 

Edwi.x  S.  Boyer,  until  recently  with  Walter  Kidde  and  Company, 
of  New  York  City,  has  identified  himself  with  the  .\merican  Hard 
Rubber  Company,   of  the  same  city. 

Ch.iiu.k.s  C.  IIciki;,  formerly  engineer  with  the  Cia  Minerales  y  Meta- 
les,  Laredo,  Tex.,  has  accepted  a  position  with  the  Compania  Minera 
■de  Penolcs,  Mapimi,  Tex. 

W.  C.  Kerr  is  now  affiliated  with  the  Republic  Railway  and  Light 
•Company  of  Xew  Y'ork  Cit.v.  He  was  former!,v  in  the  employ  of  the 
Philadelphia    Rapid   Transit   Company,    Philadelphia,    Pa. 

S.  Hiiw.iRD  Sweet  has  resigned  from  the  Remington  Arms-Union 
Metallic  Cartridge  Company,  and  has  joined  the  Oil  Engine  Com- 
pany,  Bridgeport.   Conn.,   in   the   capacity   of   chief   engineer. 

R.iYMO.ND  W.  MULLER,  recently  assistant  maintenance  engineer  with 
the  Bosch  Magneto  Company.  New  Y'ork  City,  has  joined  Walter  Kidde 
and  Company  in  the  capacity  of  mechanical  engineer. 

George  B.  M.\loxe  has  resigned  from  the  Winchester  liepeating 
Amis  Company,  New  Haven,  Conn.,  to  take  charge  of  the  welding 
•department  of  the  Remington  .Vrms  Compan.v,  Bridgeport.   Conn. 

Gkiirge  W.  II.\wki.\s  has  identified  himself  with  Anderson,  Meyer 
and  Company.  Ltd.,  Shanghai,  China.  He  was  formerly  Tucson 
manager  of  Chas.  C.  Moore  and  Company,   San  Francisco,  Cal. 

William  E.  Anderson,  formerly  designer  with  the  .\lberger  Pump 
a.nd  Condenser  Company,  of  New  I'ork  City,  is  now  associated  with 
the  A.   ,S.  Cameron  Steam  Pump  Works.   Phillipsbufg.   N.  J. 

W.  A.  .1.  London  has  severed  his  connection  with  the  General  Elec- 
tric Company,  West  Lynn,  Mass.,  to  become  engineer  with  the  Steam 
Motors  Company,  Inc.,   Springfield,  Mass. 

W.  II.  RiTLKY.  for  several  years  associated  with  the  Griscom-Russell 
■Company  as  sales  engineer  and  evaporator  expert,  has  been  appointed 
sales  agent  for  the  Nashua  Machine  Company.  Nashua,  N.  H..  to 
succeed  the  late  W.   E.   Van   Keuren. 

C.  c.  IIiNKi.KY  has  severed  his  connection  as  chief  engineer  with 
the  Chalmers  Motor  Car  Company.  Detroit,  Mich.,  and  is  now  presi- 
dent and  general  manager  of  the  Hinkley  Motors  Corporation  of  the 
same  <-ity. 

Henrv  M.  Woou,  formerly  with  The  Lodge  and  Shipley  Machine 
Tool  Company.  Cincinnati,  Ohio,  has  assumed  the  duties  of  vice- 
president  and  general  manager  of  The  Malm  and  Wood  Machine  Com- 
pany, Dayton,  Ohio. 

CiiAiiLKs  L.  Brlff  has  severeil  his  connection  with  the  United 
Gas  Improvement  Company,  Philadelphia,  Pa.,  and  has  taken  up  con- 
sulting engineering  work,  inaking  a  specialty  of  power-plant  economy 
•work. 

George  H.  Sharpe  has  accepted  the  position  of  chief  engineer  with 
the  Westcott  and  Mapes  Company,  New  Haven,  Conn.  He  was,  until 
recently,  mechanical  engineer  with  the  New  York  Central  Railroad, 
Heat    and    Power   Department. 


G.  C.  Venxl-m,  formerly  assistant  chief  engineer  of  power  plants, 
Union  Electric  Light  and  Power  Company,  St.  Louis,  Mo.,  is  now 
associated  with  the  Electric  Bond  and  Share  Company,  New  York 
City,  in  the  capacity  of  mechanical  engineer. 

John  F.  Glenx,  contracting  engineer  for  the  past  seven  years  with 
the  Wickes  Boiler  Company.  Buffalo,  N.  Y.,  is  now  New  England  sales 
manager  for  the  Edge  Moor  Iron  Company,  manufacturers  of  the 
Edge  Moor  w.iter-tube   lioiler,   Boston.  .Mas>. 

Edmund  Barany,  machine  designer  of  the  Singer  Manufacturing 
Company,  Elizabeth,  N.  J.,  has  assumed  the  duties  of  assistant 
mechanical  engineer  of  the  Cleveland  Twist  Drill  Company,  Cleve- 
land, Ohio. 

John   H.   McNallv  until  recently   district  manager  of  the   Kokomo 

Foundry   and   Machinery   Company,    Philadelphia.    Pa.,  has   accepted   a 

position    as    fuel    engineer    with    Weston    Dodson    and  Company,    Inc., 
Bethlehem,  I*a. 

Frank  Gentles,  until  recently  in  the  engineering  department  of  the 
Chester  Shipbuilding  Company,  Ltd.,  Chester,  Pa.,  has  become  affiliated 
with  the  engineering  department  of  the  Emergency  Fleet  Corporation, 
Washington,  D.  C. 

Harold  B.  Bernard  has  resigned  his  position  with  the  Oklahoma 
Petroleum  and  Gasoline  Company,  Tulsa,  Okla.,  to  accept  the  position 
of  superintendent  of  the  gasoline  department  of  the  Sinclair  Oil  and 
Gas  Company,  of  the  same  city 

Charles  W.  Stephen,  in  charge  of  experimental  work  and  testing 
of  materials  with  the  Bridgeport.  Conn.,  division  of  the  Crane  Com- 
pany, has  severed  his  connections  with  the  company  and  has  accepted 
.■I  position  with  the  Pratt  and  Cady  Company,  Hartford,  Conn. 

Harry  T.  Anderson,  formerly  assistant  in  the  tool-design  depart- 
ment of  the  Simplex  Auto  Company,  New  Brunswick,  N.  J.,  has  become 
identified  with  the  Colt's  Patent  Firearms  Manufacturing  Company, 
Hartford,  Conn. 

HOMEE  W.  GOODIER,  formerly  mechanical  engineer  with  the  I'ayuga 
Cement  Corporation,  Portland  Point,  N.  Y..  has  become  connected  with 
the  Pierce-Arrow  Motor  Car  Company,  Buffalo,  N.  Y.,  in  a  similar 
capacity. 

B.  M.  W.  Hanson,  vice-president  and  works  manager  of  the  Pratt 
and  Whitney  Company,  Hartford,  Conn.,  has  resigned  after  nineteen 
years'  service  with  the  company  and  has  accepted  a  similar  position 
with  the  Colt's  Patent  Firearms  Manufacturing  Company,. of  the  same 
city.  Mr.  Hanson  has  also  resigned  from  the  machine-gun  board  ap- 
pointed by  the  U.  S.  Government,  but  he  will  continue  to  give  the 
latter  the  benefit  of  his  services,  as  far  as  his  new  duties  will  permit. 

Frank  H.  .Crockard,  vice-president  of  the  Tennessee  Coal.  Iron  and 
Railroad  Company  since  1906,  recently  tendered  his  resignation,  effec- 
tive July  1,  to  accept  the  presidency  of  the  Nova  Scotia  Steel  and  Coal 
Company,  and  will  have  charge  of  plans  for  a  considerable  extension 
of  the  company's  operations.  H.  C.  Ryding,  who  has  served  as  Mr. 
Crockard's  assistant  for  the  past  ten  years,  has  succeeded  to  the  po- 
sition of  vice-president  of  the  Tennessee  Coal,  Iron  and  Railroad 
Company. 

ANNOUNCEMENTS 

.\.  P.  Brisk,  of  the  Brush  Engineering  Association,  has  been 
seh'cted  by  the  Studebaker  Corporation  to  serve  as  consulting  engineer. 
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H.  Wade  IIiBBAitn.  [)riif('ssur  nf  mechanical  engineering.  University 
of  Missouri,  is  niiw  in  Washington  with  the  National  Council  of 
Defense. 

L.  K.  Walkeu,  IVirnicrly  district  manager  of  the  Good  Roads 
Machinery  Company,  Pliiladclphia.  I'a.,  is  now  sales  engineer  of  the 
same  company. 

Cranihir  D.  Gates^  who  was  associated  with  the  Celluloid  Com- 
pany, Newark,  N.  J.,  in  the  capacity  of  chief  draftsman,  is  now 
assistant  works  superintendent  of  the  same  concern. 

Edward  F.  Entwisle,  mechanical  engineer  at  the  Bethlehem  Steel 
Company,  Steelton,  Pa.,  has  been  promoted  to  the  general  super- 
intendency  of  the  Donaghmore  plant  at  Lebanon. 

J.  Leo  Mayer,  formerly  connected  with  the  Zanesvillc,  O.,  works  of 
the  Mark  Manufacturing  Company,  has  become  affiliated  with  the 
Indiana   Harbor,  Ind..  office  of  the  same  company. 

T.  S,  Bailey,  until  recently  with  the  Electric  Boat  Company  at 
Gfroton,  Conn.,  is  now  connected  with  the  San  Francisco,  Cal.,  works 
of  the  same  company. 

Alvah  H.  Saein,  consulting  chemist  of  the  National  Lead  Company, 
New  York,  and  lecturer  at  New  York  University,  was  given  the  degree 
of  Doctor  of  Science  by  Bowdoin  College,  June  21. 

Earl  N.  Mattson  has  been  transferred  to  the  Birmingham  office 
of  the  American  Cast  Iron  Pipe  Company.  He  was  until  recently 
connected  with   the  Chicago.   111.,  office  of  the  company. 

George  Ramsey,  senior  menjber  of  the  patent  law  firm  of  Ramsey 
and  Parmelee,  of  Washington,  D.  C.  is  now  in  charge  of  the  new  office 
of  the  firm  in  New  Y'ork. 

WiLLAED  DOUD  has  accepted  a  commission  as  Lieutenant  (Junior 
Grade)  in  tbe  United  States  Naval  Reserve  Force,  and  has  been 
assigned  to  active  duty  at  the  Naval  Training  Station,  Great  Lakes,  111. 

Frank  G.  Cox,  until  recently  New  England  sales  manager  of  the 
Edge  Moor  Iron  Company,  is  now  located  in  New  York  City  as  New 
York   sales   manager  for  the  same  company. 

K.  M.  Dyer,  president  of  the  Pacilic  Northwest  Society  of  Engineers, 
addressed  the  June  2S  meeting  of  The  Engineers  Club  of  Seattle,  on 
Wooden-Ship  Construction. 

Clarence  E.  Birkenbeii,,  recently  with  The  Holt  Manufacturing 
Company,  Stockton,  Cal.,  as  draftsman,  has  accepted  a  position  with 
Meese  and  Gottfried  of  San  Francisco,  Cal. 

James  Ogg,  with  the  American  Cuban  Estates  Corporation,  Santa 
Clara,  Cuba,  has  become  as.sociated  with  the  Honolulu  Iron  Works 
Company,   Honolulu.  Hawaii. 

Louis  E.  KENriELD,  until  recently  mechanical  engineer  with  R.  Hoe 
and  Company,  New  York,  has  entered  the  employ  of  The  Locomobile 
Company  of  America.  Bridgeport,  Conn.,  in  the  capacity  of  chief  tool 
designer. 

High  P.  Fell  has  assumed  the  duties  of  general  superintendent  of 
the  Kings  County  Lighting  Company.  Brooklyn.  N.  Y.  He  was  until 
recently  associated  with  the  Electric  Bond  and  Share  Company,  New 
York. 

Walter  H.  Volkmar  has  severed  his  connections  with  the  New- 
England  Westinghonse  Company  of  Springfield,  Mass.,  and  is  now 
with  Baker,  Sutton  and  Harrison,  New  York,  industrial  engineers  and 
public  accountants. 

James  D.  Reifsnyder,  formerly  affiliated  with  the  Stokes  ami 
Smith  Company,  Philadelphia,  Pa.,  in  the  capacity  of  chief  engineer, 
has  assumed  the  duties  of  vice-president  and  manager  of  the  Gefes 
Machine  Company,   lloboken,   N.  J. 

Newman  Comfokt  has  been  transferred  from  the  pi>sition  of  O  i<i 
branch  manager  of  the  National  Workmen's  Compensation  Service 
Bureau  to  that  of  Louisiana  branch  manager  of  the  same  bureau, 
with  offices  in  New  Orleans,  La, 

Thomas  Chester  is  now  special  representative,  handling  U.  S. 
Navy  business  for  the  American  Blower  Company,  with  headquarters 
in  New  York.  He  was  formerly  associated  with  the  Detroit,  Mich., 
office  of  the  same  company. 

B.  B.  MiLNER,  engineer  of  motive  power  of  the  New  Y"ork  Central  at 

New  I'ork,  will  hereafter  also  perform  the  duties  heretofore  performed 

by  the  chief  mechanical  engineer,  R.  B.   Kendig,  deceased.      The  office 
of  chief  mechani<ai  engineer  has  been  abolished. 


Edward  J.  Kt.xzs  has  resigned  his  position  as  professor  of  mechan- 
ical engineering  at  Oklahoma  -Agricultural  and  Mechanical  College,  to 
accept  the  commission  of  captain  in  the  Quartermaster  Officers'  Re- 
serve Corps,  and  has  been  ordered  to  Fort  Sam  Houston,  Tex.,  for  duty. 

John  A.  Britton,  in  addition  to  his  present  duties  on  the  California 
State  Council  for  Defense,  will  also  serve  on  the  national  committee 
on  gas  and  electric  service,  of  which  John  W.  Lies,  of  the  New  York 
Edison  Company,  is  chairman. 

Amos  Whitney,  founder  of  the  Pratt  and  Whitney  Company,  Hart- 
ford, Conn.,  was  tendered  a  complimentary  dinner  by  40  members  of 
the  "  Old  Guards  "  at  the  Farmington.  Conn.,  Country  Club,  June  20, 
in  celebration  of  his  eighty-fifth  birthday. 

B.  F.  Rarer,  associate  professor  of  mechanical  engineering  and  B.  M. 
Woods,  assistant  professor  of  theoretical  mechanics  at  the  I'nivcrsity 
of  California,  have  returned  from  a  governmental  commission  to 
Toronto,  and  are  assisting  in  instituting  a  curriculum  on  militar.v 
aeronautics  at  the  State  University. 

Thomas  Morrin.  consulting  mechanical  engineer  of  San  Francisco, 
Cal.,  announces  that  he  has  now  associated  with  him,  as  partner, 
-Albert  A,  Coddington,  and  that  the  business  will  hereafter  he  con- 
ducted under  the  firm  name  of  Morrin  and  Coddington,  consulting 
mechanical  engineers. 

Thomas  E.  Durban  has  severed  his  connection  with  the  Erie  City 
Iron  Works,  Erie,  Pa.,  as  general  manager,  and  has  opened  an  office  in 
the  same  city  for  the  conduct  of  the  affairs  of  the  American  Uniform 
Boiler  Law  Society,  of  whose  Executive  Council  Mr.  Durban  is 
Chairman.  This  society  was  organized  for  the  purpose  of  promulgat- 
ing the  A.S.M.E.  Boiler  Code. 

Henry  M.  Leland,  president  of  the  Cadillac  Motor  Car  Company. 
Detroit,  Mich.,  and  his  son,  Wilfred  C.  Leland,  whose  names  ha%'e  been 
connected  so  prominently  with  the  perfection  of  gasoline  engines, 
have  announced  their  retirement  from  the  automobile  industry  to 
devote  their  time  and  interests  to  the  call  of  the  nation.  They  are 
dedicating  their  services  to  the  task  of  building  up  a  powerful  aero- 
plane fleet  that  will  give  the  United  States  mastery  of  the  air  in  the 
present  war. 

David  L.  Gallup,  professor  of  gas  engineering  at  Worcester  Poly- 
technic Institute,  Worcester,  Mass.,  left  for  Indianapolis,  July  1.  to 
establish  a  research  and  consulting  department  for  the  Nordyke  and 
Marmon  Company,  builders  of  the  Marmon  motor  car.  Professor  Gallup 
will  temporarily  take  the  place  of  Howard  Marmon  who  is  going  to 
France  as  an  aircraft  engineer  of  the  aeroplane  division  of  the  United 
States  Army. 


APPOINTMENTS 

A.  R.  McArthur.  resident  engineer  of  the  American  Sheet  and  Tin 
Plate  Company,  at  Gary,  Ind..  has  been  appointed  a  member  of  the 
School  Board  of  that  city. 

D.  McCall  White,  formerly  chief  engineer  of  the  Cadillac  Motor 
Car  Company,  Detroit.  Jlich.,  has  been  appointed  consulting  engineer 
to  the  General  Motors  Company  and  will  w-ork  closely  with  all  of  the 
G'eneral  Motors  divisions. 


AUTHORS 

Frederic  G.  Coburn  has  contributed  an  article  on  The  Work  of 
Management  to  the  July  number  of  Industrial  Management. 

U.  F.  Stratton  is  the  author  of  New  Starters  for  Induction  Motors, 
which  appeared  in  the  July  12  issue  of  The  Iron   Trade  Revieiv. 

Charles  M.  Horton  has  contributed  an  article  on  The  Reason  for 
Efficiency  "  Experting  "  to  the  July  number  of  Indiistrwl  Management. 

Walter  D.  Fuller  has  contributed  an  article  entitled  Standardiza- 
tion in  Office  Work  to  the  July  issue  of  Industrial  Management. 

C.  E.  Knoeppel  is  the  author  of  The  Industrial  Engineer  and 
Preparation  for  War,  which  appeared  in  the  July  number  of  Industrial 
Management. 

Halbert  p.  Gillette  has  contributed  an  article  entitled  Logic 
for  Engineers — Induction  and  Deduction,  to  the  July  4  issue  of  Engi- 
neering and  Coniravting. 

A.  Lewis  Jenkins  is  the  author  of  Effect  of  Countershaft  Speed 
Ratio  on  Power  and  Torque,  which  appeared  in  the  July  12  issue  of 
the  Amerii'an  Mavhinist. 


THE   NEW   BOOKS 


A  LL  books  received  by  The  Journal  will  be  listed  under  this  heading,  generally  accompanied  by 
•*^  brief  descriptive  notes.  Works  of  special  importance  to  mechanical  engineers  will  be  com- 
mented on  at  length  by  members  and  others  peculiarly  qualified  by  reason  of  their  experience  and 
training. 


Manufacture  of  Artillery  Ammunition 

Manufacture  of  Artillery  Ammunition.  By  Members  of  tlie  Editorial 
Staff  of  the  American  Marltini--^t :  L.  P.  Alford.  Editor-in-CIiiof ; 
F.  H.  Colvin,  Etlian  Vlall,  Robert  Mawson,  E.  A.  Siiverlirop  and 
Jolin  H.  Van  Deventer.  McGraw-Hill  Book  Co.,  Inc.,  New  Yorlt, 
1910.     Cloth,  6x9  in.,  xii+759  pp..  G4S  illustrations.     $6  net. 

This  book  is  an  excellent  volume  from  a  practical  viewpoint 
of  how  the  average  shop  equipment  can  be  readily  converted 
into  a  shop  for  the  manufacture  of  munitions. 

As  a  reference  book  for  dimensions  of  the  different  types 
of  munitions  made  for  the  different  Governments,  it  is  com- 
prehensive and  convenient. 

As  a  general  guide  to  one  who  is  contemplating  the  manu- 
facture of  munitions  with  standard  shop  equipment,  it  would 
be  of  considerable  value. 

As  a  handbook  for  the  student,  it  would  prove  not  unl>' 
convenient  but  valuable  in  giving  him  an  idea  of  the  general 
and  detail  requirements  of  munitions  manufacture. 

The  authors  deserve  great  credit  for  the  thoroughness  with 
which  the  sub.ject  ha.s  been  covered.  We  all  realize,  hov;ever, 
that  the  progress  which  has  been  made  in  the  manufacture 
of  munitions  since  the  book  was  published  and  the  tendency 
to  specialize  in  munitions  manufacture,  owing  to  the  large 
quantities  which  the  United  States  Government  is  now  having 
made,  would  necessitate  the  use  of  the  information  in  this  book 
with  care  and  caution. 

FREnERICK  A.  Waldron. 

Shop  Expense  Analy.sis  and  •Control 

Shop  Expense  Analysis  ajid  Control.  By  Nicholas  Thiel  Ficker,  Con- 
sulting Industrial  Engineer  and  Lecturer  at  N.  Y.  U.  School  of 
Commerce.  The  Engineering  Magazine  Company.  New  York,  1917. 
Cloth,  6x9  in.,  236  pp.,  20  illustrations.     .fS. 

This  book  is  not  a  general  treatise  on  cost  finding,  but 
treats  almost  entirely  of  the  problems  that  center  around 
manufacturing  expense  and  its  allocation.  The  book  consists 
of  twelve  chapters,  the  first  eight  of  which  were  published 
originally  in  The  Engineering  Magazine.  The  titles  and  con- 
tent of  these  chapters  are  as  follows: 

1  Establishment  of  the  Unit  of  Time  as  a  Basis  of  Distribu- 

tion 

2  Machine  Exjiense  and  Material  Expense 

3  Cla.ssification  and  Interpretation  of  General   Ledger  Ac- 

counts Pertaining  to  Production 

4  Distributing  Manufacturing  Expense  to  Production  Cen- 

ters and  Segregating  Power  Expense 
.5     The  Standardization  of  Rent  Expense  Distribution 

6  Depreciation,  Insurance.  Taxes  and  Interest 

7  The  Machine  Unit  System 

8  Current  Variation  Ratio  for  Adjusting  Current  Costs 

9  Organization 

10  AVaste  in  Manufacturing 

11  Graphic  Determination  of  Costs 

12  Standard  Reports. 

The  ob.iect  of  the  author,  apjiavently,  is  to  call  special  atten- 


tion to  the  dilfifult  problems  involved  in  distributing  expense 
burden  in  manufacturing  plants.  The  treatment  of  the  prob- 
lem, however,  is  not  very  general,  but  describes  the  methods 
which  the  author  believes  are  best  for  this  purpose.  These 
methods  might  or  might  not  be  applicable  to  every  plant, 
depending  on  the  industry  and  the  size  of  the  plant.  The 
author's  discussion  of  the  problems  of  distributing  expense 
burden,  however,  is  clear  and  illuminating,  and  is  based  ob- 
viously on  actual  experience. 

No  theories  are  advocated  that  are  especially  new,  but  many 
of  the  author's  methods  and  forms  are  both  interesting  and 
instructive,  though  all  will  not  agree  with  some  of  his  conclu- 
sions. The  book  is  not  as  well  balanced  as  one  would  wish. 
Too  much  space  is  devoted  to  Chapter  10,  for  instance,  to  de- 
tailed descriptions  of  wasteful  methods,  and  the  review  of  the 
jirinciples  of  organization  given  in  Chapter  9  covers  ground 
that  all  who  will  read  the  book  are  thoroughly  familiar  with. 
On  the  other  hand,  little  or  nothing  is  said  of  methods  other 
than  those  advocated  by  the  author,  which,  as  has  been  stated, 
may  or  may  not  be  applicable  to  a  given  factory. 

The  book,  however,  will  be  interesting  and  helpful  to  mana- 
gers, cost  accountants  and  students  of  such  matters,  and 
should  be  in  every  librai-y  that  is  devoted  to  this  line  of  work. 

Dexter  S.  Kimball. 

Laws  of  Physical  Science.     By  Edwin   F.   Nortbrup.      .1.   B.   Lippincott 
Co.,  Philadelphia,  1917.     Leather,  ."i  x  S  in..   210  pp.     .$2. 

This  book  contains  a  collection  of  general  propositions  or 
laws  of  science  grouped  under  the  six  headings  Mechanics, 
Hydrostatics,  Hydrodynamics  and  Capillarity,  Sound,  Heat 
and  Piiysical  Chemistry,  Electricity  and  Magneti.sm,  and  Light, 
together  with  a  combined  author  and  subject  index,  arranged 
alphabetically. 

The  leading  idea  of  the  book  is  a  most  praiseworthy  one,  and 
the  volume  undoubtedly  fills  a  gap  in  the  reference  literature 
of  science.  There  are  many  publications  giving  more  or  less 
complete  collections  of  tables  of  constants,  formulas,  etc.,  and 
hitherto  these  have  to  some  extent  made  up  for  the  absence 
of  a  dictionary  of  physical  laws,  but  the  advantages  of  a  book 
dealing  entirely  and  systematically  with  these  laws,  which 
thus  provides  the  authorities  a  historical  and  logical  founda- 
tions for  these  tables,  are  obvious. 

The  typographical  arrangement  of  the  book  is  somewhat 
poor,  and  the  use  of  italics  in  formulfe  and  for  reference 
letters  would  1;p  a  decided  inqirovement.  For  example,  on 
page  37,  to  i;oint  out  only  mie  i)lace,  the  roman  letter  '•  I  " 
and  the  numeral  "  1  "  are  imlistinguishable. 

Much  remains  to  be  done,  however,  befoie  the  book  can 
really  be  considered  "  a  very  epitome  of  the  world's  heritage  of 
the  fundamentals  of  its  knowledge  and  wisdom."  as  slated  in 
the  preface.  Thus,  looking  o\er  the  index,  we  find  no  mention 
of  the  names  of  Arrhenius,  Bunsen,  Beequerel,  Lavoisier, 
Quincke,  Lehmann,  Roentgen,  Sir  Oliver  Lodge,  and  otiiers; 
nor  are  there  any  references  to  Hertzian  waves.  X-rays.  N-rays, 
cathode  rays  and  dissociation.     The  dcNcliipnuMit   and   present 
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status  (if  the  periodic  law  deserves  more  eompreliensive  treat- 
ment tlian  the  perfimetorv  reference  to  Mendeliett'  on  page  97. 
Howe\er.  a  good  beginning  has  been  made  in  a  most  useful 
undertaking  and  it  is  to  be  hoped  that  in  the  second  edition 
the  autlior  will  have  due  regard  to  possible  im]irovements, 
some  of  which  ha\e  been  referred  to  here. 

Paint  Researrhes  and  Their  Practical  .4ipplicatioD,  By  Henry  A. 
Ganlner  Washington.  D.  C.  (priv:itely  printed).  1917.  Cloth. 
6  .\  9  in..  oS4  p..  155  tigs.     $5. 

In  this  volume  the  author  summarizes  the  inx^estigations 
which  he  conducted  at  the  Institute  of  Industrial  Research  for 
the  Educational  Bureau  of  the  Paint  Manufacturers'  Associa- 
tion of  the  United  States.  Chapters  are  included  on  the  fol- 
lowing subjects :  The  Growth  of  the  Prepared  Paint  Industry 
and  Its  Relation  to  the  Work  of  the  Painter;  The  White  Pig- 
ment Industry;  Physical  Characteristics  of  Pigments  and 
Paints;  Tests  of  Lithopone;  Washington  Paint  Oil  Tests; 
Paint  Protection  for  Portland-Cement  Surfaces;  Paints  to 
Prevent  Electrolysis  in  Concrete  Structures;  Paints  for  Metal; 
Marine  Paints;  Arlington  Paint  Tests;  Observations  on 
Painted  Lumber;  Impregnated  Panel  Tests;  Fire  Retardent 
Paints  for  Shingles  and  Other  Wooden  Structures;  The  Com- 
position of  Paint  Vapors;  The  Toxic  and  i\jitiseptic  Prop- 
erties of  Paints;  The  Light-Reflecting  Values  of  White  and 
Colored  Paints;  Formation  and  Inhibition  of  Mildew  in 
Paints;  Fungi  on  Painted  Surfaces;  Changes  Occurring  in 
Oils  and  Paste  Paints,  Due  to  Autohydrolysis  of  the  Glyeerides ; 
The  Effect  of  Pigments  Upon  the  Constants  of  Linseed  Oil; 
Storage  Changes  in  Vegetable  and  Animal  Oils;  Paint  Driers 
and  Their  Application;  Miscellaneous  Oil  Investigations;  The 
Application  of  Paints  and  Finishes  to  Wood. 

American  Hydroelectric  Practice:  X  Compilation  of  Useful  Data  and 
Information  on  the  Design,  Construction  and  Operation  of  Hydro- 
electric Systems  from  the  Penstocks  to  Distribution  Lines.  By 
William  T.  Taylor  and  Daniel  H.  Braymer.  McCraw-Hill  Book 
Co.,  Inc.,  New  York.  1917.    Cloth,  6x9  in.,  4.'39  pp.,  25S  flgs.     $5. 

This  is  not  a  textbook  on  the  fundamentals  underlying  the 
design  and  construction  of  the  parts  of  a  hydroelectric  system, 
but  a  compilation  of  the  practical  and  essential  features  of 
design,  construction  and  ojieration  as  used  in  many  jjlants, 
interpreted  and  arranged  for  use  by  designers  and  engineers. 
Contents:  General  Survey  of  Water-Power  Engineering;  Low, 
Medium  and  High  Head  Developments;  Layout  and  Selection 
of  Plant  Ecjuipment ;  Transmission  Line  Construction  and 
Operation;  Plant  Line  and  Substation  Costs;  System  Opera- 
tion and  Economics;  Special  Plant  and  Line  Problems;  Data, 
Reference  Tables  and  System  Diagrams. 

War-ships.  By  Edward  L.  .\ttwood.  M.  Inst.  N.  .\..  Member  of  the 
Koyal  Corps  of  Naval  Constructors,  etc.  Longmans,  Green  &  Co., 
London  and  Now  York.  1917.  Sixth  edition.  Cloth.  6x9  in.. 
33S   pp..  209  illustrations.     $4   net. 

This  textbook  on  the  construction,  protection,  stability, 
turning,  etc.,  of  war  vessels,  while  prepared  primarily  for  the 
use  of  naval  officers  taking  the  course  in  naval  architecture  at 
the  Royal  Xaval  College,  Greenwich,  and  amplified  in  certain 
particulars  to  meet  their  special  requirements,  is,  nevertheless, 
believed  by  the  author  to  be  well  adapted  to  serve  as  an  intro- 
duction to  the  subject  for  students  generally.  The  present 
edition,  it  is  stated,  has  been  modified  in  many  places  to  take 
account  of  the  rapid  change  of  practice  in  recent  years. 

Handbook  of  Cheniistr.v  and  Ph.vsics:  A  Ready-Reference  Pocket  Boob 
of  Chemical  and  Physical  Data.  Fifth  Edition.  The  Chemical 
Rubber  Co.,  Cleveland,  O.,  11117.     Cloth,  4  x  6%   in.,  414  pp.     $2. 

In  the  present  edition  of  this  compact,  easily  portable  and 


fairly  comprehensive  reference  work,  the  text,  it  is  stated,  has 
been  carefully  revised  and  brought  down  to  date  and  a  large 
number  of  new  tables  have  been  added. 


Export  Trade  Director.T  1917-1918.  Compiled  by  B.  Olney  Hough, 
.lohiiston  Export  inablishing  Co.,  New  York,  1917.  Cloth,  6x9 
in.,   r>.'!7  pp.,   1    map.      $5. 

Contents:  Export  Merchants  in  the  United  States;  Manu- 
facturers" Export  Agents,  Managers  of  Export  Deiiartments 
and  Export  Brokers;  Leading  Bankers  Engaged  in  Foreign 
Exchange  Business;  Foreign  Exchange  Brokers;  Marine  In- 
surance Companies  in  New  York  City;  Foreign  Freight  For- 
warders; Some  Export  Trucking  Companies  in  New  York 
City;  Steamship  Services  to  Foreign  Portsj  How  to  Ship  to 
Foreign  Markets;  Consuls  of  Foreign  Countries  in  the  United 
States;  United  States  Consular  and  Commercial  Representa 
fives  in  Foreign  Countries;  Associations  for  the  Promotion  of 
Export  Trade. 


Workmen's,  Compensation  Law:  Personal  Injury  by  .Vccident  .\rising 
Out  of  and  in  the  Course  of  the  Employment.  By  P.  Tecumseli 
Sherman.  .\.  Y.,  Workmen's  Compensation  Publicity  Bureau. 
New  York,   1910.      Paper,  6x9  in.,  67  pp.     $2. 

This  is  a  compilation  of  the  decisions  construing  the  British 
law  on  the  subject,  with  abbreviated  summaries  of  the  relevant 
portions  of  the  French  and  German  laws.  These  precedents 
will  be  useful,  the  author  believes,  in  defining  the  meaning  of 
■•  accidents  due  to  risk  of  work "  as  used  in  the  American 
statutes. 

Gas  Chemists'  Handbook.  Compiled  by  Technical  Committee,  Sub- 
Committee  on  Chemical  Tests,  1916.  of  the  .\merican  Gas  Institute, 
C.  C.  Tutweiler,  Chairman,  A.  F.  Kunberger,  Editor.  New  York, 
American  Gas  Institute.  Cloth.  6x9  in..  354  pp.,  67  illustrations. 
$3.50. 

The  present  handbook,  a  revision  of  the  one  compiled  in 
1914,  presents  methods  for  sampling  and  testing  the  material 
used  in  gas  manufacture.  Contents:  Raw  Materials;  Products 
of  Gas  Manufacture;  Impurities  in  Gas;  Tar  Products;  Mis- 
cellaneous and  Tables. 


United  States  Artillery  .Ammunition:  3  to  6  in.  Shrapnel  Shells,  3  to 
6  in.  High  Explosive  Shells  and  Their  Cartridge  Cases,  By  Ethan 
Viall.  McGraw-Hill  Book  Co.,  Inc.,  New  York,  1917.  Cloth, 
9  x  12  in..  9S  pp.,   171   flgs,     $2. 

This  work  is  intended  to  give  shop  men,  engineers  and  man- 
ufacturers an  accurate  knowledge  of  the  sizes,  tools,  shop  work 
and  gages  for  the  more  commonly  used  United  States  shells 
and  cartridge  cases.  The  descriptions  are  in  minute  detail  and 
accompanied  by  numerous  dimensioned  drawings. 

Office  Organization  and  Management.  By  Carl  C.  Parson.';.  La  Salle 
Extension  University.  Chicago.  1917.  Leather,  6  x  S  in..  313  pp., 
59  flgs.     $2.50. 

A  work  treating  of  organization,  management,  layout,  equip- 
ment, methods,  systems,  records,  forms,  employees,  etc.,  and 
based  on  observation  of  the  methods  used  in  the  ofhces  of 
various  large  companies. 

Industrial  Preparedness.  By  C.  E.  Knoeppel.  The  Engineering  Maga- 
zine Co.,  -New  York,  1916.     Cloth,  5x7^2   in.,  145  pp.     $1. 

A  study  of  Germany's  military  and  industrial  preparedness 
intended,  the  author  states,  to  point  the  way  to  national  great- 
'  ness  through  the  right  kind  of  social,  industrial  and  military 
preparedness. 


AN  ACCOUNT  OF  THE  ENGINEERING  WORK  OF  E.  D.  LEAVITT 


By  F.  W.  dean,  boston,  MASS. 
Member  of  the  Societv 


A  brief  account  of  the  life  of  the  late  E.  D.  Leavitt,  Past- 
President,  Am.Soc.M.E.,  was  published  in  The  Journal  for 
April,  1916.  In  view  of  the  interesting  character  of  Mr. 
Leavitt's  work,  however,  and  of  the  influence  which  it  had 
upon  good  design,  pai'ticularly  in  relation  to  water  works  and 
mining  machinery,  it  was  desired  to  place  on  record  a  more 
complete  statement  of  his  life 
and  work  with  illustrations 
of  some  of  his  most  charac- 
teristic designs.  Accordingly, 
a  paper  was  prepared  by 
Mr.  F.  W.  Dean,  who  was 
closely  associated  with  Mr. 
Leavitt  and  is  intimately  ac- 
quainted with  his  accomplish- 
ments. This  paper  is  to  be 
presented  at  the  Annual 
Meeting  and  is  here  published 
in  abstracted  form  with  a  se- 
lection of  a  few  of  the  en- 
gravings. 


ED.  LEAVITT  received 
•  his  education  in  the 
public  schools  in  Lowell, 
Mass.,  learned  the  machin- 
ist's trade  in  the  Lowell  Ma- 
chine Shop,  was  assistant 
foreman  at  Harrison  Loring's 
works  at  South  Boston,  was 
chief  draftsman  at  the  works 
of  Thurston,  Gardner  &  Co., 
at  Providence,  entered  the 
Navy  in  1861,  and  resigned 
therefrom  in  1867.  At  this 
time  he  began  the  office  prac- 
tice of  mechanical  engineer- 
ing, and  on  account  of  the 
times  and  his  ability  he 
achieved  great  success;  not, 
however,  without  some  dis- 
couragements. 

I  have  understood  that  his 
first  steam  engine  was  designed  for  Crozei-'s  cotton  mill,  in 
Chester,  Pa,,  and  built  by  I.  P.  Morris  &  Co.,  Philadelphia. 
This  was  a  simple  horizontal  engine  with  a  steam  chest  as  long 
and  wide  as  the  cylinder.  The  chest  contained  a  very  large 
main  valve  worked  by  an  eccentric  and  having  a  cut-off  valve 
on  its  back  at  each  end  worked  by  a  cam.  The  steam  exhausted 
into  the  main  valve  which  was  hollow,  and  from  this  passed 
out  through  a  special  exhaust  port.  The  main  valve,  being  in 
a  chest  of  live  steam  and  having  exhaust  steam  within,  formed 
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a  condenser  to  some  extent,  and  to  persons  who  knew  of  Mr. 
Leavitt's  great  efforts  in  general  to  secure  economy  this  was 
a  subject  of  comment.  Later  he  used  the  same  design  for  the 
Brooklyn  Bridge  engines  and  for  those  of  the  El  Callao  Mining 
Co.  of  Venezuela.  He  appeared  to  be  attached  to  this  design 
and  spoke  of  it  as  his  cheap  engine,  but  never  mentioned  its 

obvious  defect. 

Mr.  Leavitt  was  firmly  of 
the  opinion  that  the  best 
valve  for  a  steam  engine 
was  the  gridiron  and  he  al- 
ways used  it  except  in  the 
few  eases  mentioned  above. 
Mr.  Leavitt  claimed  that  the 
gridiron  valve  was  the  only 
one  that  would  remain  tight 
indefinitely.  The  reason  for 
this  was  that  it  has  a  great 
deal  of  wearing  surface  and 
no  tendency  to  cock  over  and 
press  more  on  one  edge  than 
the  other,  and  that  when 
operated  by  cams  has  a  con- 
stant travel,  except,  of 
course,  the  cut-off  valves  as 
early  cut-offs. 

Mr.  Leavitt  used  cams  be- 
cause they  enabled  him  to 
secure  exact  and  unchange- 
able motion  to  the  valves. 

The  automatic  cut-off  feat- 
ure was  obtained  by  plac- 
ing a  cam  on  a  hollow  piece 
of  shaft  or  sleeve  through 
which  the,  camshaft  passed, 
and  by  suitable  connection 
with  the  governor  the  cut- 
off cam  could  be  advanced 
or  retarded.  This  was  ac- 
complished by  having  a 
spiral  slot  cut  in  the  camshaft 
and  a  straight  one  in  the 
sleeve,  a  key  made  to  fit  both 
and  moved  by  a  sliding  collar, 
which  m  turn  was  moved  by  the  governor. 

It  is  obvious  that  the  governor  moved  the  valve  and  there- 
fore had  to  be  lai-ge  and  powerful.  For  good  governing  this 
was  not  satisfactory,  except  for  pumping  engines,  which  ran 
slowly,  and  finally  the  governing  apparatus  was  changed  to 
that  ha\'ing  a  small  high-speed  governor  whose  function  was  to 
operate  a  balanced  piston  valve  which  admitted  and  exhausted 
water  or  oil  under  pressure  to  and  from  a  hydraulic  plunger 
and  this  moved  the  cut-off  collar.     Thus  the  governor  had  no 
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resistance  to  overcome  except  friction,  and  could  be  made  as 
sensitive  as  desired.  After  the  first  trial  of  this  governor  it 
was  always  used. 

Mr.  Leavitt's  fame  began  with  the  installation  of  the  Lynn, 
Mass.,  pumping  engine,  built  by  I.  P.  Moms  &  Co.,  which 
made  an  advance  in  economy  over  anything  which  preceded 
it.  Its  economical  performance  was  based  upon  coal  con- 
sumed, and  upon  its  trial  in  December  1873  it  gave  a  duty 
of  103,923,215  ft-lb.  per  100  lb.  of  picked  Lackawanna  anthra- 
cite coal,  based  upon  water  discharged  over  a  weir.  While 
the  feedwater  was  weighed  and  indicator  diagiams  taken,  nu 
evaporative  rate  for  the  boilers  nor  rate  of  steam  consumption 
fdi'  the  engine  was  given  in  the  rejiort. 


Fig.  1    The  Lawrence  Pumping  Engine 


The  Ljmn  engine  was  soon  followed  by  the  Lawrence  en- 
gines, also  built  by  I.  P.  Morris  &  Co.,  which  were  tested  for 
duty  based  upon  100  lb.  of  coal  consumed  and  water  dis- 
charged as  determined  by  weir  measurement.  The  test  was 
made  on  May  2  to  6,  1876,  and  the  duty  was  96,186,979  ft-lb. 
per  100  lb.  of  Cumberland  coal.  The  boilers  were  of  an  ex- 
cellent design  of  the  locomotive  type  and  ought  to  have  given 
a  very  high  evaporation  if  properly  fired.  They  only  evapo- 
rated 8.27  lb.  of  water  and  8.69  lb  on  different  tests  per  pound 
of  coal  from  feed  at  100  deg.  fahr.  and  pressure  at  89  lb. 
This  was  attributed  to  poor  coal,  but  must  have  been  due  to 
poor  filing.  In  those  days  calorimeter  tests  of  coal  and  an- 
alyses of  escaping  gases  were  seldom  made.    Here  again,  while 


feedwater  was  weighed  and  indicater  diagrams  taken,  the  steam 
rate  of  the  engine  was  not  worked  out. 

Fortunately  Park  Benjamin's  Scientific  Expert  Office  tested 
one  of  the  Lawrence  engines  in  1879  after  the  engine  was  over 
three  years  old.  The  principal  data  and  results  were  as 
follows : 

Date    July,  1S79 

Duration  of  test,  hr 15.1 

Kind   of   coal   used Cumberland    bituminous 

Diameter  of  high-pressure  cylinder,  in 18 

Diameter  of  low-pressure  cylinder,   in 38 

Diameter    of   plunger,    in 18.5 

Stroke  of  steam  pistons  and  plunger,  ft 8 

Diameter   of  flywheel,    ft 30 

Clearance  of  high-pressure  cylinder,  per  cent :  top,  2.56  ;  bottom,     2.31 
Clearance  of  low-pressure  cylinder,  per  cent :  top,  1.54 ;  bottom,     1.82 

Steam  pressure  above  atmosphere,  lb 89.5 

vacuum,   in 27.4 

Revolutions   per  minute,   average 13.62 

Discharge  of  pump  in  24  hr.  by  plunger  displacement,  gal.       4,401,272 
Duty  per  100  lb.  of  coal  consumed,  based  upon  plunger  dis- 
placement,   ft-lb 111..j4S,925 

Temperature  of   feedwater,   deg.    fahr 119 

Temperature  of  escaping  gases,   deg,   fahr 358 

Coal  consumption  per  sq.  ft.  of  grate  per  hr.,  lb 8.38 

Actual  evaporation  per  pound   of  coal,   lb 10.13 

Equivalent  evaporation  from  and  at  212  deg.,  lb 11.48 

Equivalent   evaporation    per  pound  of  combustible  from   and  at 

212    deg.,    lb 12.24 

Coal  used  per  indicated  horsepower  per  hr.,   lb 1.63 

Feedwater  used   per  lir.,   lb 2437 

Feedwater  used  per  Indicated  horsepower  per  hr.,  lb 16.48 

Condensation  in  high-pressure  cylinder  jacliet  per  hr..   lb '.       118 

Condensation  in  low-pressure  cylinder  jacket  per  hr.,  lb 160 

In  this  table  we  have  means  of  judging  of  the  economical 
performance  of  both  boiler  and  engine.  The  former  was 
among  the  best  and  the  latter  was  probably  as  good  as  that 
of  any  steam  engine  up  to  that  time.  There  appears  to  have 
Ijeen  no  determination  made  of  the  moisture  in  the  coal  or  in 
the  steam. 

The  perspective  drawing  given  in  Fig.  1  and  taken  from  the 
Park  Benjamin  report  gives  a  good  idea  of  the  Lawrence  en- 
gines, and  serves  the  same  purpose  for  the  Lynn  engine,  there 
being  one  engine  in  the  latter  case. 

THE  BOSTON  SEWAGE  ENGINES 

When  the  City  of  Boston  undertook  to  dispose  of  its  sewage 
by  discharging  it  into  the  ocean  south  of  the  harbor  limits,  it 
became  necessary  to  raise  it  about  40  ft.  near  the  north  shore 
of  Dorchester  Bay.  Mr.  Leavitt  designed  two  vertical  com- 
pound flywheel  engines  for  this  purpose,  which  are  shown  in 
Fig.  2.  These  were  built  by  the  Quintard  Iron  Works,  New 
York,  and  were  vertical  inverted  compound  flywheel  beam  en- 
gines of  the  following  general  dimensions : 

Diameter  of  high-pressure  cylinder,  in 25"^ 

Diameter  of  low-pressure  cylinder,  in 52 

Diameter  of  each  of  the  two  plungers,  ft 4 

Stroke  of  each  piston  and  plunger,  ft 9 

Number  of  plungers 2 

Number  of  revolutions  per  minute,  nominal 10% 

Capacity  in  24  hr..  nominali  gal 25.000.000 

The  cylinders  were  steam-jacketed  and  there  were  tubular 
reheaters  between  the  high-  and  low-pressure  cylinders,  one 
being  between  the  upper  ends  of  the  cylinders  and  the  other 
between  the  lower  ends. 

In  1885  one  of  the  engines  and  its  twin-furnace  locomotive- 
type  boiler  were  tested  by  Dexter  Brackett  with  the  following 
results : 

Dates  of  trials,  1885 Mar.  24-25  May  1-2 

DuraUon    24h.  43m_  24h.  3M.m^ 

Revolutions  per  minate,  average 13.17  1.".42 

Total    lift,    ft 37.80  42.4:i 


October 
1917 


^^nRK  of  e.  d.  leavitt,  f.  a\'.  dean 


823 


Total  dry   coal   consumed,   lb 8,307  9,478 

Duty   ppi-  100   lb.  dry   coal,   ft-lb 125,450,000  122,400,000 

Mean   boiler  pressure,  lb.  per  sq.  in 99.4  98.6 

Mean  vacuum  in  condenser,  in 28.1  28.0 

Total   plunger  displacement,    gal 33,038,000  32,778,000 

Total  discharge  by   weir,  gal 30,224,000  31,256,000 

Average  slip,  per  cent 8.5  4.6 

Approximate  indicated   horsepower 251.5  290.2 

Plunger  horsepower,  no  allowance  for  slip...           212.9  243.5 

Mechanical    efficiency,   per  cent 84.66  83.90 

Approximate  coal  used  per  i.hp.   per  hour,  lb.               1.33  1.35 

Approximate  steam  used  per  i.hp.  per  hour,  lb.            13.89  14.09 

In  1889  he  designed  a  larger  triple-expansion  engine  for 
the  same  place. 


THE     LOUISVILLE     PUMPING    ENGINE 

The  iie.xt  pumping  engine  of  Mr.  Leavitt's  design  to  attract 
attention  was  the  Louisville  engine,  built  by  the  I.  P.  Morris 
Co.,  and  it  was  the  first  to  be  thoroughly  tested.  The  test 
was  conducted  by  Dexter  Brackett  and  F.  W.  Dean  and  lasted 
144  hr.  10  min.  without  stopping. 

The  engine  was  arranged  similar  to  the  Boston  sewage  en- 
gines, but  had  the  flywheel  shaft  near  the  floor  level  and  at 
one  end  of  the  bedplate  instead  of  being  elevated  and  between 
or  just  below  the  lower  ends  of  the  cylinders.  The  reheaters 
were  of  the  same  type. 

The  following  are  the  general  results  of  the  test : 

Diameter  of  high-pressure  cylinder    (hot),  in 22.21 

Diameter  of  low-pressure  cylinder    (hot),  in 54.13 

Diameter  of  high-pressure  piston   rod,   in 5.50 

Diameter  of  low-pressure  piston  rod,  in 6.00 

Stroke  of  each  piston,  ft 10 

Mean  clearance  volume  of  high-pressure  cylinder,  per  cent.  1.585 

Mean  clearance  volume  of  low-pressure  cylinder,  per  cent.  1.530 

Diameter  of  each   differential   plunger,   in 34  &  24  1/16 

Stroke  of  each  differential  plunger,  ft 7 

Diameter  of  flywheel,   ft 36 

Duration   of   trial 144h.  10m. 

Revolutions    per    minute,    average 18.574 

Average  steam  pressure  at  the  engine,  lb.  per  sq.  in 137 

Back  pressure  on  low-pressure  piston,  lb.  per  sq.  In 0.95 

Total  head,  ft 193.35 

Total  dry  steam  used  by  engine  in  cylinders  and  Jackets,  lb.  1,127,533 

Dry  steam  used  per  I.hp.  per  hour  including  jacket  steam,  lb.  12.156 

Horsepower  of  high-pressure  cylinder 279.00 

Horsepower  of  low-pressure  cylinder 364.40 

Horsepower  of  both   cylinders ." 043.40 

Horsepower  of  plungers 599.10 

Mechanical  efficiency  of  engine,  per  cent 93.12 

Duty  per  1000  lb.  of  dry  steam  by  plunger  work,  ft-lb.  ..  .150,838,000 

l>uty    per    1,000,000    B.t.u.    by    plunger   work,    ft-lb 151,672,000 

A.vg.  capacity  of  engine  in  24  hr.  by  weir,  U.  S.  gal 16,489.420 

Avg.  capacity  of  engine  in  24  hr.  by  plungers,  U.  S.  gal. . .  .  17,681.350 

Average  slip  of  plungers,   per  cent 6.74 

THE    W.\SilINGTON    MILLS    ENGINES 

These  are  the  only  Leavitt  power  engines  that  have  ever 
been  thoroughly  tested  as  far  as  I  know.  They  were  put  in 
under  a  guarantee  and  tested  by  Jolm  T.  Henthorn  and  E.  D. 
Leavitt,  Mr.  Leavitt  being  represented  by  A.  M.  Mattice.  They 
were  built  by  the  Dickson  Mfg.  Co.,  Seranton,  Pa.,  and  were  a 
pair  of  30-in.  by  60-in.  steam-jacketed  horizontal  non-con- 
densing engines  running  at  60  r.p.m.  and  driving  a  30-ft.  wheel 
grooved  for  thirty  1%-in.  ropes.  The  test  was  made  after  the 
engines  has  been  in  operation  about  three  years,  and  the  gen- 
eral results  obtained  are  as  follows: 

Duration  of  test   (.Tune  12-19,   1890) One  week,  mill   hours 

Running   time    61  hr.  41  min 

Average  steam  pressure  at  engines,  lb.  per  sq.  in 132.2 

Average   revolutions   per   minute 58.82 

Average  back  pressure,  lb.  per  sq.  in 7.98 

Average  indicated  horsepower  both  engines 1199.2 

Net  moist  steam  used  by  engines   (including  Jackets)   per 

i.hp.   per  hour,   lb 23.16 

Per  cent  of  steam   used   by  Jackets 3.05 


DET.MLS    OF    ENGINE    DESIGN 

Cams.  In  the  early  Leavitt  engines  the  cams  were  made 
with  grooves  in  the  side  and  the  throws  were  inserted  hard- 
ened steel.  The  high-pressure  cut-off  cam,  although  it  ap- 
peared to  be  grooved,  was  not  in  fact.  It  consisted  of  two 
cams,  one  recessed  and  overhanging  the  other.  The  opening 
cam  was  secured  to  the  camshaft  and  the  cut-off  cam  to  the 
hollow  shaft  which  was  conti-olled  by  the  governor.  The  rolls 
which  were  actuated  by  the  cams  were  on  pins  overhung  from 
rockers. 

When  the  hoisting  engine  Superior  was  built,  having  cylin- 
ders 40  in.  and  70  in.  by  6  ft.,  grooved  cams  were  used.  The 
camshaft  was  located  near  the  floor  level,  and  as  the  engine 
was  vertical  and  inverted,  the  valve  rods  were  very  long  and 
heavy.  It  was  intended  to  run  the  engine  at  60  r.p.m.,  but  the 
valve  gear  would  not  operate  satisfactorily,  I  have  understood, 
at  over  35  r.p.m.  The  noise  was  so  great  at  higher  speeds  that 
conversation  could  not  be  carried  on  nearby  without  shouting 
at  dose  range,  and  breakages  of  the  cut-off  cams  and  levers 
occurred.  The  outcome  of  the  trouble  was  that  a  new  valve 
gear  was  designed  which  was  light  and  possessed  small  inertia 
stresses.  In  the  case  of  the  Superior  the  camshaft  was  raised 
to  a  level  with  the  middle  of  the  cylinders  and  was  supported, 
together  with  the  valve  gear,  by  means  of  brackets  attached 
to  the  valve-chest  bonnets.  The  valve  rockers  for  the  lower 
valves  extended  downward,  and  for  the  upper  valves  upward, 
from  the  camshaft. 

The  outside  cams  had  rolls  on  opposite  sides  rotating  on 
pins  in  forked  rockers  so  that  there  were  no  overhung  pins. 
The  pair  of  rockers  of  one  cam  were  connected  together  by 
links,  and  the  throws  of  the  cams  were  so  formed  that  both 
rolls  always  touched  the  cams.  The  Superior  was  started  with 
the  new  valve  gear  in  the  latter  part  of  1883.  and  has  been  run- 
ning ever  since,  from  20  hours  to  24  hours  per  day,  with  the 
utmost  satisfaction. 

Fig.  3  shows  the  Superior  with  a  new  valve  gear,  while  the 
paper  by  Mr.  Leavitt  in  Vol.  2  of  Transactions  (facing  p.  120) 
shows  it  with  the  original  gear. 

Cylinder  Design.  The  Leavitt  cylinders  were  always  steam- 
jacketed  and  had  the  jacket  cast  on.  Mr.  Leavitt  always  feared 
leakage  with  cylinders  having  liners.  The  jacket  was  cast  with 
an  opening  aU  round  the  center  and  this  was  covered  with  a 
copper  ring  with  one  corrugation.  The  ring  was  secured  by 
two  rows  of  tap  bolts  on  each  side.  The  division  of  the  jacket 
wall  in  this  way  was  the  result  of  some  serious  disasters.  The 
jackets  of  the  L3Tin  and  Lawrence  pumping  engines  were  cast 
without  the  division  and  straight,  with  the  result  that  one  or 
more  of  them  cracked  and  had  to  be  replaced.  A  cylinder  of  a 
steam  stamp  at  the  Calumet  and  Hecla  Mine  made  without 
provision  for  jacket  expansion  broke  and  went  through  the 
roof  of  the  building. 

The  steam  chests  of  the  cylinders  were  always  cast  on,  and 
sometimes  the  crank-end  head  was  east  in,  and  sometimes  it 
was  separate.  Fig.  4  shows  a  typical  cylinder.  This  design 
shows  the  inner  wall  serrated  in  order  to  provide  more  surface 
for  contact  with  steam  and  thus  render  jacket  action  more 
active.  This  was  a  feature  not  always  used,  and  was  borrowed 
from  the  practice  of  a  well-known  Belgian  engineer. 

Valves  and  Valve  Seats.  The  valves  were  rectangular  plates 
with  one  end  formed  to  receive  T-ended  valve  stems.  The 
ports  were  slotted.  The  seats  were  secured  to  the  cylinder  by 
means  of  studs,  and  the  surfaces  of  contact  between  the  cyl- 
inder and  seat  were  scraped  to  continuous  contact.  The 
bridges  between  the  ports  of  the  seats  were  each  provided  with 
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an  oil  groove.  There  were  two  yokes  secured  to  the  seats  for 
preventing  the  valves  from  leaving  the  seats  too  far.  In  verti- 
cal cylinders  the  seats  were  somewhat  inclined  so  that  the 
valves  would  tend  to  rest  against  them. 

In  order  to  fill  up  all  unoccupied  spaces  blocks  were  screwed 
in  or  cast  on  to  reduce  the  clearance  volume. 

In  designs  made  since  about  1888,  the  clearance  volume  was 
still  further  reduced  by  casting  V-shaped  forms  on  the  cylin- 
der ports  under  the  bridges  of  the  valve  seats.  This  added  to 
the  condensing  surface  of  the  clearance,  and  in  fact  all  other 
devices   for  diminishing  clearance  did  this  also,  and   I  have 


two  clutches  moved  by  a  lever,  one  of  which  engaged  the  cam- 
shaft with  a  driving  shaft  and  the  other  engaged  it  with  the 
handwheel.  One  of  course  was  engaged  when  the  other  was 
disengaged.  The  operation  of  starting  consisted  chiefly  in 
placing  the  valves  in  the  proper  position,  opening  the  throttle 
and  throwing  the  clutches  at  the  proper  time.  The  skill  re- 
quired to  do  this  was  easily  acquired. 

THE  LEAVITT  BEAM   ENGINE 

Mr.  Leavitt  was  very  fond  of  the  inverted  beam  engine  for 
the  reasons  that  it  made  a  very  low  engine  and  was  long  and 


Fig.  2    Boston  Skwage  Pdmpixg  Exgixe 


often  thought  ihat  wliuttvc-r  may  have  been  gained  by  reducing 
clearance  veas  lost  by  the  increase  in  surface.'  All  Leavitt 
engines  made  an  indicator  diagram  with  a  long  drop  in  the 
compression  line.  The  compression  would  go  on  for  a  time 
and  then  there  would  be  a  collapse  whicli  would  not  be  re- 
covered. I  think  that  this  was  caused  by  condensation  in  the 
clearance,  wlueh  in  turn  was  caused  by  the  great  amount  of 
surface  in  the  valve-seat  ports  and  other  parts. 

There  was  always  means  of  operating  the  valves  by  hand, 
and  this  involved  a  handwheel  something  like  the  steering 
wheel  of  a  steamboat  except  that  it  was  of  steel.     There  were 


stable  in  the  direction  of  motion  uf  the  parts,  and  cheapened 
the  building-  by  making  it  lower.  The  beam  was  generally 
made  of  air-furnace  or  gun  iron,  but  later  of  steel  castings. 
The  weights  of  the  beams  and  reciprocating  parts  were  very 
great  and  they  all  moved  in  the  same  plane,  but  no  trouble 
came  from  this  in  practice. 

The  usual  place  for  crossheads  was  abo\-e  the  beam,  but  they 
have  been  placed  below,  and  in  this  case  the  links  from  the 
crossheads  extended  upward  to  the  beam  pins.  The  beams 
were  generally  made  in  two  "  flitches  "  (to  use  Mr.  Leavitt's 
word),  but  sometimes  in  a  single  piece.     The  connecting-rod 
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pin  sometimes  was  overhung:  from  tlie  beam,  but  oftener  was 
between  the  flitches. 

In  compound  engines  the  high-iiiessure  cylinder  was  above 
one  end  of  the  beam  and  the  low-pressure  cylinder  above  the 
other,  but  in  188fi  Mr.  Leavitt  began  the  design  of  triple-ex- 
pansion engines,  which  he  arranged  by  having  the  high  and 
intermediate  cylinders  above  one  end  of  the  beam  and  the  low- 
pressure  cylinder  above  the  other.  The  liigh  and  intermediate 
pistons  had  coincident  motions.  Tlie  steam  pressure  used  for 
compound  engines  wa.s  1.3.5  lb.  and  for  triple-expansion  en- 
gines 185  lb. 

Reheaters  were  used  in  each  case,  and  it  may  here  be  re- 
marked that  Mr.  Leavitt  had  great  difficulty  in  making  the 
reheater  tubes  tight  in  the  tube  plates. 

In  some  of  the  later  triple-expansion  or  three-cylinder 
compound  engines  three  beams  were  u.sed  and  each  piston 
was  connected  to  one  end  of  each  beam,  and  there  were  three 
connecting  rods  and  three  cranks  120  deg.  apart.     These  were 


HOISTING  MACHINERY 

For  many  years  the  method  of  hoisting  at  both  the  Calumet 
and  the  Hecla  mines  was  by  means  of  constant-running  en- 
gines, wliich  also  drove  air  compressors.  The  hoisting  drum 
was  on  a  shaft  to  whicii  it  was  not  secured  except  by  means 
of  a  clutch.  There  was  also  a  brake  to  prevent  the  drum  from 
moving  and  holding  it  fast  whether  the  engine  was  running  or 
not.  Both  the  clutch  and  brake  wcie  operated  by  means  of 
hydraulic  pressure  from  an  aecunudator,  and  the  levers  for 
controlling  them  were  interlocked  so  tliat  the  clutch  and  brake 
could  not  be  thrown  on  simultaneously.  The  clutch  cylinder 
was  secured  to  an  arm  of  the  flywheel  and  the  water  was  intro- 
duced thi-ough  the  sliaft  which  was  bored  for  the  purpose.  The 
brake  was  secured  to  a  post  which  was  firmly  bolted  to  the 
foundation.  The  brakes  and  clutches  were  of  the  strap  type 
and  worked  on  wood.  There  was  an  indicator  to  show  the  po- 
sition of  the  skip  in  the  shaft,  and  an  anti-ovenvinding  device, 
which  I  believe  was  never  used.     The  drum  centers  were  in 


Fig.  .3     Thr  "  Sitperior  "  Engine 


certainly  beautiful  pieces  of  mechanism  and  operated  to  per- 
fection. The  tii'st  such  engine  was  the  Riedler  pumping  en- 
gine of  the  Boston  Water  Works,  built  in  1894  and  shown  in 
Figs.  5  and  6. 

The  engine  at  the  Bethlehem  Steel  Co.,  designed  by  Mr. 
Leavitt  for  pumping  water  for  the  forging  press  and  built 
by  the  I.  P.  Morris  Co.,  is  another  example  of  this  arrange- 
ment, and  there  are  three  of  them  driving  electric  genera- 
tors at  the  stamp  mill  of  the  Calumet  and  Hecla  Mining 
Company,  as  well  as  several  hoisting  engines  of  this 
type.  In  the  stamp-mill  engines,  although  gridiron  valves 
were  used,  they  were  not  operated  by  cams.  They  were  opened 
by  eccentric  rods  and  were  provided  with  latches  and  dashpots 
as  in  Corliss  gears.  This  feature  of  the  valve  gear  was  caused 
by  the  engines  having  been  built  for  a  reversing  hoisting  gear, 
and  the  valves  could  be  better  controlled  by  a  reversing  link 
when  so  made  than  if  reciprocating  cams  were  used  as  on  the 
engines  Minong  and  Siscowit. 


halves,  and  were  luied  continuously  with  babbitt  metal.  The 
rope  faces  were  sometimes  straight  and  sometimes  conical,  and 
the  arms  were  of  wrought  rods. 

When  Mr.  B.  S.  Whiting  entered  the  employ  of  the  Calu- 
met and  Hecla  Mining  Company  the  Whiting  system  of  hoist- 
ing was  introduced.  This  was  first  used  at  the  Red  Jacket 
shaft,  and  consisted  of  two  cages,  one  descending  and  the  other 
ascending,  with  a  rope  from  the  bottom  of  one  to  the  bottom 
of  the  other,  and  thus  being  balanced.  The  engine  drove  a 
pair  of  narrow-faced  drums  with  two  wraps  over  both  drums. 
The  drum  shafts  were  coupled  together  like  the  wheels  of  a 
locomotive  and  the  engines  were  reversing. 

The  introduction  of  reversing  engines  brought  new  problems 
in  engine  design  and  the  first  engines  were  the  Minong  and 
Siscowit.  These  were  vertical,  triple-expansion  condensing 
beam  engines  using  185  lb.  steam  pressure.  They  had  cam- 
operated  gridiron  valves  with  automatic  eut'OlTs  on  the  high- 
pressure    cylinders.        The    cams    were    reciprocating.        The 
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Walscliaerts  gear  was  used,  the  lap  and  lead  were  derived  from 
the  beam  shaft,  and  the  reversal  was  affected  by  hydraulic 
mechanism. 

Afterward  there  were  several  other  installations  of  the 
Whiting  system  with  other  types  of  engine. 

COMMERCIAL  ENGINES 

Mr.  Leavitt  recommended  quite  a  number  of  commercial  en- 
gines for  hoisting,  pumping  and  for  driving  air  compressors, 
but  they  were  usually  for  spare  units  or  for  temporary  pur- 
poses. For  instance,  the  Superior  originally  drove  hoisting 
drums  on  one  side  and  air  compressors  on  the  other.  On  the 
air-compressor  side  and  beyond  the  compressors  there  was  a 
spare  Corliss  engine  which  could  be  coupled  on  to  drive  the 
compressors  if  the  Superior  had  to  be  stopped.  At  the  other 
side  there  was  a  40-in.  by  60-in.  horizontal  condensing  Leavitt 
engine  for  driving  the  hoisting  drums  in  an  emergency.  At 
the  Heela  mine  there  was  an  exactly  similar  arrangement  with 
the  Leavitt  vertical  compound  condensing  beam  engine  Fron- 
tenae  in  the  middle  driving  in  both  directions,  with  a  spare 
commercial  Corliss  engine  at  each  end.  Similarly  there  were 
various  commercial  engines  in  other  hoisting  houses,  and  not 
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Fig.  4    Typical  Engine  Cylinder 

always  spare  engines.     In  such  cases  the  commercial  part  was 
the  smallest. 

AIR  COMPRESSORS 

A  great  many  air  compressors  are  needed  at  the  Calumet 
and  Heela  Mines,  and  up  to  a  certain  time  commercial  com- 
pressors were  used.  Soon  after  the  installation  of  wet  com- 
pressors at  the  St.  Gothard  Tunnel  in  Switzerland,  Mr.  Leavitt 
was  impressed  with  the  advantages  of  the  type  and  designed  a 
pair  of  42-in.  by  60-in.  by  30-r.p.m.  wet  compressors.  These 
were  placed  in  the  Heela  hoisting  house  and  were  similar  to 
double-acting  pumping  engines,  the  plunger  causing  water  to 
rise  and  fall  in  two  vertical  cylinders  or  chambers — one  at  each 
end.  At  the  top  of  each  of  these  chambers  there  was  a  valve 
deck  having  inlet  and  discharge  air  valves,  and  below  there 
were  spray  nozzles  for  cooling  the  air.  The  spray  water  was 
pumped  by  a  small  attached  pump.  There  was  a  separator  in 
which  the  vapor  settled,  and  the  quality  of  the  air  was  satis- 
factory. These  compressors  were  successful,  but  later  when 
similar  ones  were  installed  at  the  Calumet  hoisting  house  to 
run  at  double  the  speed,  as  I  understand,  they  were  unsuccess- 
ful on  account  of  that  speed  and  were  replaced  by  dry  com- 
pressors. 


PUMPING    ENGINES 


Something  has  already  been  said  about  Leavitt  pumping  en- 
gines, and  it  is  well  to  state  that  the  Lynn  type  of  engine  was 
used  only  at  Lynn  and  Lawrence.  When  the  first  engines  were 
designed  for  the  Calumet  and  Heela  Mining  Company  they 
were  inverted,  and  with  the  high-pressure  cylinder  inclined  for 
the  purpose  of  having  the  cylinders  as  near  together  as  pos- 
sible and  thus  reducing  certain  losses.  Between  the  near  ends 
of  the  cylinders  there  was  a  single  valve  which  was  both  high- 
pressure  exhaust  and  low-pressure  inlet.  At  the  distant  ends 
there  were  two  \'alves  which  moved  simultaneously,  one  being 
the  high-pressure  exhaust  and  the  other  the  low-pressure  inlet, 
although  the  Lynn  engine  had  only  one  valve  between  the  dis- 
tant ends  of  the  cylinders.  Later,  when  the  Boston  sewage, 
F^ig.  2,  and  the  Calumet  Pond  pumiiing  engines  were  designed 
the  cylinders  were  all  vertical  and  reheaters  were  used. 

The  greatest  requirement  for  water  at  the  Calumet  and 
Heela  mine  is  at  the  stamp  mill,  which  is  some  six  miles  from 
the  mine,  on  Torch  Lake,  which  is  an  inlet  from  Lake  Superior. 
The  pumping  engine  Ontario  and  the  large-capacity  spare 
pumps  Huron  and  Arcadian  are  there.  The  engine  Michigan  is 
the  largest  engine  at  the  stamp  mills,  and  has  cylinders  18 
in.,  27%  in.  and  48  in.  by  90  in.  and  two  plungers  with  the 
suction  ends  48  in.  by  90  in.  The  number  of  revolutions  per 
minute  was  intended  to  be  30  and  the  capacity  60,000,000  gal. 
in  24  hours.  It  runs  usually  at  28y2  r.p.m.  The  head  is  about 
40  ft.  This  engine  uses  steam  of  185  lb.  pressure.  The  Mich- 
igan was  a  bold  design,  as  it  is  supported  by  wide,  straddling 
cast-iron  columns  as  shown  by  Fig.  7.  This  engine  had  pump 
cylinders  which  were  oval  at  the  valve  level  for  accommodating 
the  valves,  and  were  of  great  size,  being  9  ft.  10  in.  wide  the 
narrow  way  and  14  ft.  2  in.  the  other  way.  They  were  cast  of 
gun  iron. 

The  Lynn  and  Lawrence  engines  had  each  one  plunger,  this 
being  of  the  Thames-Ditton  type,  being  single-acting  on  the 
suction  and  double  on  the  discharge,  with  a  few  large  double- 
lieat  metal  valves.  This  type  of  plunger  was  not  used  later,  but 
instead  of  this  the  differential  plunger  was  used.  This  plunger 
is  of  two  diametere,  the  lower  part  having  twice  the  cross- 
section  of  the  upper.  The  lower  section  passed  through  the 
■lischarge  valve  deck  and  the  upper  section  through  the  top  of 
the  pump.  This  plunger  is  single-acting  on  the  suction  and 
double  on  the  discharge,  and  two  were  always  used,  one  being 
under  each  end  of  the  beam.  The  differential  plunger  was 
invented  by  Mr.  Leavitt,  but  he  soon  found  that  he  was  antici- 
pated in  this. 

The  sewage  engines  designed  for  the  City  of  Boston  had 
each  two  plungers  of  a  single  diameter. . 

The  largest  Leavitt  pumping  engine,  designed  in  1889  and 
built  by  the  I.  P.  Morris  Co.,  was  the  last  sewage  engine  for 
Boston,  already  referred  to,  the  cylinders  being  ISVa  in.,  33 
in.,  and  52%  in.  by  10  ft.  stroke.  The  plungers,  of  which 
there  are  two,  are  60  in.  in  diameter  by  10  ft.  stroke,  and  the 
rated  capacity  75,000,000  gal.  in  24  hours  against  a  head  of 
about  40  ft.    The  speed  is  18  r.p.m. 

The  Cambridge  engine,  designed  in  1895  and  built  by  the 
De  La  Vergne  Machine  Co.,  New  York,  was  a  triple-expansion 
engine  using  185  lb.  pressure.  The  cylinders  were  18y2  in.,  33 
in.,  and  52%  in.  by  7  ft.  6  in.  stroke,  and  the  plungers  (two 
differential)  19%  in.  and  273^  in.  by  7  ft.  6  in.  stroke.  Its 
rated  speed  was  32  r.p.m.,  and  this  gave  a  piston  and  plunger 
speed  of  480  ft.  per  min.  and  a  capacity  of  20,000,000  gal.  in 
24  hours.  If  the  engine  had  run  slower  it  would  have  been 
more  satisfactorv. 
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At  about  the  time  the  Cambridge  engine  was  designed  Mr. 
Leavitt  was  commissioned  with  the  design  of  a  pair  of  engines 
for  the  city  of  New  Bedford,  Mass.,  which  were  built  by  the 
Dickson  Mfg.  Co.  It  was  decided  to  make  these  engines  com- 
pound and  to  use  185  lb.  pressure,  in  order  to  compare  their 
economy  with  that  of  the  Cambridge  engine  using  the  same 
steam  pressure  and  being  triple.  I  do  not  know  whether  the 
comparison -was  ever  made,  but  the  station  economy  of  the  New 
Bedford  engines  is  better  than  that  at  Cambridge.  The  steam 
cylinders  of  the  New  Bedford  engines  are  16%  in.  and  3614  in. 
by  7  ft.  6  in.  stroke,  and  the  pump  plungers  are  13.7  in. 
and  19%  in.  by  7  ft.  6  in.  stroke. 

A  feature  of  some  Leavitt  pumps  is  that  under  each  suction 
valve  there  is  a  tube  several  inches  long  with  a  bell  lower  end, 


Mr.  Leavitt  became  acquainted  with  Professor  Riedler,  of 
Berlin,  and  I  believe  acquired  the  right  for  a  time  to  use  the 
Riedler  pump  in  the  United  States.  The  Riedler  pumping  en- 
gine for  the  city  of  Boston,  already  referred  to  (Figs.  5  and 
G)  was  a  triple-expansion  three-cylinder,  three-beam,  three- 
connecting  rod,  three-crank  and  three-pump  engine,  and  was 
the  only  one  designed  by  Mr.  Leavitt. 

The  pumps  were  inclined  and  double-acting,  located  at  the 
rear  of  the  engine  and  operated  by  connections  to  the  beams. 
Each  pump  had  a  single  suction  and  a  single  discharge  valve 
at  each  end  operated  by  mechanism. 

The  engine  was  built  by  the  Quintard  Iron  Works,  New 
York.  As  it  was  intended  to  surpass  all  previous  efforts  at 
economy,  the  results  of  a  test  made  by  some  students  of  the 
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Fig.  5    Riedler  Pumping  Engine 


the  object  being  to  form  a  suction  air  chamber  between  the 
tubes.  I  am  not  aware  that  any  benefit  from  this  construction 
was  identified.  It  was  used  on  some  Calumet  and  Hecla  en- 
gines, and  also  on  the  Cambridge  and  New  Bedford  engines. 

Mr.  Leavitt  was  a  great  believer  in  steam  jackets,  and  used 
boiler  pressure  for  this  purpose,  even  in  low-pressure  cylinders 
of  engines  using  185-lb.  steam.  It  is  known  that  these  engines 
exhausted  steam  considerably  superheated  into  the  condensers, 
but  I  believe  that  Mr.  Leavitt  held  that  there  was  great  benefit 
in  drying  the  steam  as  much  as  possible  before  it  left  the 
cylinder. 

The  Leavitt  pump  valves  were  not  as  small  as  those  used 
in  commercial  engines.  They  were  usually  faced  with  leather 
and  had  separate  adjustments  for  the  lift  and  tension  of  the 
spring.  For  sewage  engines  the  valves  were  rectangular  and 
hinged  on  one  side,  each  covering  an  opening  of  4  in.  by  16% 
in.  in  the  latest  engine. 


Massachusetts  Institute  of  Technology  under  the  direction  of 
Prof.  Edward  T.  Miller  are  herewitli  given : 

Diameter  of  high-pressure  cyliudor,  iu 13.7 

Diameter  of  intermediate-pressure  cylinder,   in 24.375 

Diameter  of  low-pressure  cylinder,  in 30 

Stroke  of  each  piston,  in 72 

Diameter  of  each  plunger,  in 17.5 

Stroke   of   each    plunger,    in 48 

Rated  capacity  in  24  hours  at  .^0  r.p.m,,  gal 20,000,000 

Type  of  condenser surface 

Steam  pressure,  lb.  per  sq.  in 185 

Type    of    boiler Belpaire  locomotive 

Duration  of  trial,   hours 24 

.Average  number  of  revolutions  per  minute 50.585 

-Average  steam  pressure  at  throttle,  lb 175.7 

.\verage  vacuum  in  condenser,   in 27.25 

.\verage  pressure  in  first  receiver,  lb 40.5 

Average   pressure  in   second   receiver,   lb 2.4 

Average  pressure  in  high  and  intermediate  cylinder  jackets, 

lb 175.7 

Average  pressure  in  low-pressure  cylinder  jacket,  lb 99.6 

Indicated  horsepower  of  high-pressure  cylinder 150.86 


828 


^\  OKK  OF  E.  D.  LEAVITT,  F.  W.  DEAN 


The  Journal 
.'Ui.Soc.M.E. 


Indicated   horsepower  of  intermediate   cylinder 186.14 

Indicated   horsepower   of   low-pressure  cylinder 238.66 

Total   steam   horsepower 575.66 

Total    pump    horsepower 529.86 

Mechanical    efficiency,    per   cent 92. 

Friction,  per  cent    8. 

Water  discharged  in  24  hours  by  weir  measurement,  gal..    21,016,000 

Slip,   per  cent 1.83 

Dry  steam  used  per  i.hp.  per  hour,  engine  only,  lb 11.22 

Coal  used  per  i.hp.  per  hour,  whole  plant,  lb 1.18 

Duty  per  100  lb.  coal,  f t-lb 150,045,000 

Duty  per  1,000,000  B.t.u.,   tt-lb 145,470,000 

Duty  per  100   lb.  combustible,   ft-lb 160,000,000 

THE   LEAVITT    STAMP 

The  steam  stamp  devised  by  Mr.  Leavitt  f'cir  stamping  rock 


As  appears  to  have  been  the  custom  at  the  Lake  Superior 
mines,  the  stamp  anvil,  which  has  been  made  of  various 
weights,  rested  formerly  on  large  maple  spring  timbers.  In 
about  1900  these  were  omitted  and  the  anvil  placed  directly  on 
the  foundation.  By  this  means  the  output  of  the  stamp  was 
increased  and  the  vibration  of  the  surrounding  territory  dim- 
inished. There  are  27  Leavitt  stami:)S  at  the  Calumet  and 
Hecla  stamp  mills,  each  making  108  blows  per  minute. 

The  valve  gear  and  condenser  pump  are  driven  from  a  shaft 
which  serves  a  long  line  of  stamps.  Later,  I  understand,  the 
exhausts  of  all  of  the  stamps  were  taken  to  low-pressure  tur- 
bines, with  the  result  that  some  of  the  power  engines  were  shut 
down,  and  considerable  eeonomv  resulted. 
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Fig.  6    Riedler  Puiiping  Engine 


containing  native  copper  is  a  gigantic  steam  hammer  about 
thirty-eight  feet  high  above  the  foundation.  See  Fig.  8.  When 
Mr.  Leavitt  began  to  study  economy  of  steam  for  stamps  he 
found  great  room  for  improvement,  and  then  devised  his  well- 
known  stamp.  It  has  two  pistons  on  the  same  rod,  the  upper 
one  being  considerably  larger  than  the  lower.  Steam  for  the 
blow  acts  upon  the  top  of  the  upper  or  larger  piston  and  is 
admitted  by  a  gridiron  valve  and  exhausted  by  another  to  a 
condenser.  Both  valves  are  operated  by  cams.  The  space  be- 
tween the  upper  and  lower  pistons  is  constantly  connected  to 
the  condenser.  The  space  under  the  lower  piston  is  occupied 
by  live  steam  and  serves  to  lift  the  stamp,  and  the  steam  thus 
used  is  churned  into  and  out  of  a  reservoir,  and  thence  to  and 
from  the  steam  pipe.  The  lower  piston  enters  a  compression 
chamber  at  the  bottom  to  limit  the  downward  stroke,  while  the 
upward  stroke  is  limited  by  a  lower  piston  entering  a  dashpot. 


BOILER   pi; ACTIO' E 

Mr.  Leavitt  was  a  gTeat  advocate  of  the  locomotive  boiler  and 
usually  installed  this  type.  I  understand  that  before  adopting 
it  he  designed  some  boilers  for  the  Calumet  and  Hecla  mine 
which  were  a  sort  of  "  elephant  "  boiler,  and  these  were  fail- 
ures. After  this  the  locomotive  type  was  always  used,  and 
these  were  a  g'reat  success.  They  had  a  firebox  with  a  mid- 
water  leg,  thus  forming  two  fireboxes.  The  mid-water  leg  ex- 
tended forward  from  the  firebox  and  formed  two  so-called  flues 
to  a  single  combustion  chamber  which  ended  at  the  tubeplate. 
The  length  of  the  flues  w-as  often  3  ft.  6  in.  and  the  combustion 
chamber  4  ft.  At  the  end  of  the  grate  there  was  a  20-in.  fire- 
brick wall,  thus  making  the  distance  from  the  end  of  the 
grate  to  the  tubeplate  9  ft.  2  in.  In  1882.  or  thereabout,  brick 
arches  began  to  be  used,  as  in  locomotive  practice. 

Originally  the  boilers  liad  a  round  top  above  the  crown  sheet, 
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but  later,  due  to  the  writer's  influence,  the  Belpaire  form  of 
firebox  and  method  of  staying  was  adopted.  Up  to  about  this 
time  the  joints  in  the  barrel  of  the  boiler  were  butted,  both 
longitudinal  and  circumferential,  but  Mr.  Leavitt  was  influ- 
enced to  abandon  the  latter  for  lap  joints.  The  longitudinal 
butt  joint  was,  of  course,  preserved,  and  it  is  interesting  to 
know  that  the  prevailing  form  of  butt  joint  used  in  this  coun- 
try, viz.,  that  having  a  narrow  outside  and  wide  inside  strap, 
was  devised  by  Mr.  Leavitt  and  Edward  Kendall,  of  Cam- 


expensive,  and  as  the  largest  liad  only  2900  sq.  ft.  of  heating 
surface,  the  cost  per  square  foot  of  heating  surface  was  very 
high.  It  was,  in  fact,  about  $5.20  in  1887  for  90-in.  boilers 
for  185  lb. 

For  mill  work  Mr.  Leavitt  used  the  horizontal  return-tubu- 
lar boiler,  and  some  of  them  78  in.  in  diameter  carried  185  lb. 
pressure.  For  the  New  Bedford  pumping  engines  he  used 
cylindrical  boilers  with  two  Purves  furnaces  each  and  3-in. 
tubes  from  the  furnaces  to  a  smokebox. 


Fig.  7    Michig.-in  Pumping  Engine 


bridge,  Mass.,  where  Mr.  Leavitt  also  lived.  This  joint  was 
then  thought  to  be  the  final  word  in  joint  efficiency  and  the 
drawing  of  the  first  boiler  having  it  was  made  in  1879. 

Why  Mr.  Leavitt  did  not  adopt  English  practice  in  butt 
joints,  with  which  he  must  have  been  acquainted,  I  do  not 
know,  but  I  suppose  that  he  was  seeking  a  joint  of  higher 
efficiency  than  that,  as  then  designed,  which  had  the  straps  of 
equal  widths  and  all  rivets  in  double  shear. 

The  first  Belpaire  boiler  he  designed  was  for  135  lb. ;  others 
were  designed  for  185  lb.  pressure.     These  boilers  were  very 


CONSULTING    ENGINEERING 

So  far  as  I  know,  Mr.  Leavitt  did  not  do  much  general  ex- 
pert work,  but  he  acted  as  consulting  engineer  for  a  number 
of  companies.  Among  them  were  Henry  R.  Worthington  and 
the  Dickson  Mfg.  Co.  He  designed  the  Penn  Avenue  shop  for 
the  latter  company  at  Scranton,  Pa.  This  was  a  well-lighted 
shop  with  a  high  center  bay  and  traveling  crane,  and  a  gallery 
on  each  side. 

Mr.  Leavitt's  influence  upon  good  designing  in  this  country 
must  have  been  great,  and  the  many  draftsmen  whom  he  em- 
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ployed  and  who  liave  scattered  throughout  the  country  must 
have  exerted  a  great  and  silent  iniiuence  upon  excellence  in 
design,  which  they  owe  to  him.  I  feel  that  William  Sellers, 
E.  D.  Leavitt,  John  E.  Sweet  and  Charles  T.  Porter  were  the 
best  machine  designers  that  tliis  country  has  produced  up  to 
their  time.  Mr.  Leavitt  willingly  gave  credit  to  the  other  three 
for  much  of  his  own  good  work. 


According  to  the  Frankfurter  Zeitung,  the  newly  manu- 
factured compressed  cellulose  piping  has  proved  very  satis- 
factory in  chemical  factories  and  also  in  mining  works.  The 
new  material,  it  is  said,  is  absolutely  non-porous,  is  con- 
siderably  lighter   than   iron,   can   be   worked   like   wood,   and 


along  such  lines.  It  seems  probable  that  the  conditions  of 
operation  will  have  to  be  radically  changed  if  any  great  re- 
duction in  fuel  per  unit  is  to  be  acliieved. 

Two  revolutionary  suggestions  to  this  end  have  been  made 
within  the  last  few  years.  It  was  pointed  out  by  Robert 
Cramer  that  increasing  the  initial  pressure  by  several  hun- 
dred pounds  would  make  it  possible  to  increase  materially 
the  theoretical  efficiency  of  present-day  cycles,  and  S.  Z.  de 
Ferranti  suggested  a  new  fonu  of  turbine  cycle  in  which  much 
greater  use  was  made  of  superlieated  steam. 

The  highest  steam  pressures  now  commonly  used  with  steam 
turbines  are  in  the  neighborhood  of  200  to  250  lb.  per  sq.  in., 
and  the  highest  steam  temperatures  are  about  600  deg.  fahr., 
corresponding  roughly  to  about  200  deg.  of  superheat.     The 
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Fig.  8    Leavitt  Ore  Stamp 


is  eonsequenlly  easily  moved  and  repaired.  As  cellulose  is 
a  bad  conductor  of  heat,  it  requires  no  particular  protection 
against  heat;  it  also  resists  chemical  influences  better  than 
iron.  Cellulose  tubes  are  suitable  for  conducting  hot  and 
cold  air,  and  for  corrosive  gases  which  eat  into  iron  con- 
ductors very  quickly.  They  are  not  suitable,  however,  for 
steam. — The  Engineer   (London),  August  17,  1917. 

Further  inipro\ements  are  unquestionably  possible  in  tur- 
bines operating  under  present  conditions,  and  improvements 
are  also  possible  in  boiler-room  equipment  and  practice,  but 
the  results  now  reached  in  modern  plants  are  so  near  to  those 
theoretically  attainable  under  the  conditions  of  operation  that 
no  improvements  of  sweeping  magnitude  may  be   expected 


highest  preirsures  for  which  boilers  can  be  built  and  the  highest 
temperatures  which  turbine  parts  can  be  made  to  stand  are 
still  unknown.  The  steam  tables  carry  pressures  to  600  lb. 
abs.  and  total  temperatures  to  about  1000  deg.  fahr. 

The  suggestion  of  Ferranti  contemplated  a  radical  change 
of  cycle.  At  the  jjresent  lime  it  is  impossible  to  say  whether 
turbines  will  ever  ))e  constructed  commercially  to  operate  on 
this  cycle.  There  are  many  mechanical  difficulties  to  be  over- 
come, but  they  do  not  appear  to  be  of  as  great  magnitude 
as  were  those  that  were  met  and  overcome  in  the  early  days 
of  turbuie  construction.  It  is  therefore  conceivable  that  tur- 
bines may  be  built  to  operate  on  the  Ferranti  cycle  or  some 
modification  thereof.^C.  F.  Hirshfeld,  Mem.  Am.Soc.M.E.,  in 
Power,  September  18.  1917. 


THE  TRUMBLE   REFINING   PROCESS 

A  New  Departure  in  the  Methods  of  Oil  Distilling,  Effecting  a    Marked    Saving   in   the   Per- 
centage of  Oil  Required  as  Fuel 

By  N.  W.  THOMPSON,'  SAN  FRANCISCO,  CAL. 


THE  first  step  in  the  refining  of  oils  is  to  obtain  the  differ- 
ent fractions  or  distillates  of  the  crude  oil.  Some  of 
these  are  ready  marketable  products  and  others  need  treat- 
ment. To  obtain  these  distillates  it  is  necessary  to  distill  or 
boil  them  over  in  a  still  and  separate  them  according  to  boil- 
ing points. 

The  old  method  was  to  fill  a  cylindrical  still  with  the  crude 
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Evaporo+or  Evaporator  Column 

Fig.  1      Evaporator  and  Evaporator  Column 


from  which  the  residuum  flows  to  a  cooler  and  then  to  the 
tank.     This  residuum  is  generally  fuel  oil. 

In  these  stills  there  is  a  large  volume  of  oil  over  the  fires 
and  also  an  expensive  installation  to  build  and  maintain. 
There  can  be  no  seams  in  the  bottom  of  the  stills  necessitating 
very  large  plates,  and  it  is  necessary  to  have  perforated 
steam  pipes  in  the  bottoms  to  agitate  tlie  oil  so  as  to  keep  the 
bottoms  from  burning,  etc. 

Large  surfaces  are  necessary  when  the  heating  is  done  in 
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Fig.  2     Separator 


oil  and  boil  off  the  lighter  distillates,  then  the  next  heavier, 
and  so  on.  After  being  condensed  these  distillates  were  run 
through  a  steam  still  and  the  still  kept  to  a  certain  tempera- 
ture until  all  of  the  lighter  fraction  or  first  cut  was  obtained, 
then  tlie  temperature  was  raised  for  the  next  fraction,  and 
so  on. 

A  large  number  of  the  refineries  at  the  present  time  con- 
tinue this  sj'stem,  and  others  put  a  number  of  crude  stills  in 
series  and  run  them  continuously, — that  is,  the  residuum  or 
bottoms  of  the  first  still  run  to  the  second  still  where  they  are 
heated  to  a  higher  temperature,  and  so  on  to  the  last  still, 


'  Engineer,   Siiiplo.x   Refining  Company,   San    Francisco,   Cal.. 


this  way.  There  is  low  heat  transfer  on  account  of  slow 
velocities  and  the  low  specific  heat  of  the  liquid  and  about 
one-third  of  the  surface  of  the  still  cannot  be  heated  and 
must  be  liighly  insulated  to  avoid  excessive  radiation.  How- 
ever, the  radiation  losses  are  considerable  even  in  the  best  set- 
tings. 

The  Trumble  distilling  apparatus  is  quite  a  departure  from 
that  used  in  the  method  described  and  has  proved  very  suc- 
cessful in  the  plants  where  it  has  been  installed.  The  princi- 
pal parts  of  the  apparatus  are  shown  in  Figs.  1,  2  and  3. 

In  Fig.  1  is  shown  a  Trumble  evaporator,  to  which  in  this 
case  is  connected  an  evaporator  column.    The  evaporator  con- 
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sists  of  a  closed  cylindrical  metal  shell,  vertically  disposed,  to 
which  heat  is  applied  from  the  outside  in  any  convenient  man- 
ner, as  for  example,  by  flue  gases  or  by  vapors  from  another 
evaporator. 

Inside  the  evaporating  chamber  is  arranged  a  central  verti- 
cal pipe  having  umbrella-shaped  devices  attached  thereto  at 
intervals,  which  are  called  "  spreader  hoods,"  so  that  oil  when 
fed  to  the  apex  of  these  hoods  will  flow  down  over  their  sides 


Fig.  3    General  Arrangement  of  Plant 


in  a  lliiii  Him  after  the  analogy  of  ram  flow- 
ing down  the  outside  of  an  umbrella.  The  lower 
edges  of  these  hoods  are  at  a  little  distance  from 
the  sides  of  the  wall  of  the  evaporatmg  chamber, 
and  in  oiseration  the  oil  flows  down  and  over  the 
hood  and  strikes  against  the  interior  wall  of  the 
evaporating  cl 'amber  and  flows  down  the  wall  in 
a  thin  continuous  fllm.  In  case  any  of  the  oil 
should  not  strike  against  the  wall  in  the  evaporat- 
ing chamber,  but  should  drop  off  the  edge  of  the 
hood  and  fall  vertically;  or  in  case  there  should 
be  a  ten  "cney  to  bubbling  or  foaming  on  the  wall 
of  the  evaporating  chamber  whereby  a  portion  of 
the  oil  may  be  thrown  back  toward  the  center  of 
the  evaporating  chamber,  such  oil  will  be  caught 
by  the  next  spreader  hood  and  will  flow  down 
the  surface  thereof,  thereby  insuring  an  ultimate 
spreading  of  the  oil  on  the  wall  of  the  evaporating 
chamber. 

The  oil  to  be  operated  on  is  fed  thiough  a  sup- 
ply pipe  to  the  top  of  the  evaporating  chamber 
and  discharges  downward  on  the  apex  of  the  up- 
permost hood.  The  oil  then  flows  down  this  hood 
in  a  thin  stream  and  is  delivered  against  the  interior  wall  of 
the  evaporating  chamber  as  above  described. 

The  centrally  arranged  vapor  take-off  pipe  in  the  evaporat- 
ing cliamber,  to  which  the  spreader  hoods  are  attached,  is  pro- 
vided with  perforations  underneath  each  of  the  hoods,  and 
through  these  perforations  the  vapors  pass  from  the  evapor- 
ating chamber  into  the  vapor  take-off  pipe.  Located  in  this 
vapor  take-off  pipe  are  lateral  branch  pipes,  and  these 
branches  extend  throusrh  the  wall  of  the  evaporating  chamber 


to  the  outside  of  the  apparatus. 

Fig.  2  shows  the  construction  of  the  sejiarator.  This  is  a  re- 
run still  for  distillates  from  bottom  of  dephlegmators,  or  from 
any  other  source,  if  these  need  fractioning.  The  distillate 
flows  into  compartment  (1)  over  a  number  of  pipes  tlirough 
which  a  heating  medium  is  passed,  either  residuum  or  vapors 
as  the  case  may  be.  and  then  passes  through  opening  at  end  of 
compartment  (1)  into  compartment  (2)  and  back  through 
compartment  (3).  and  so  on,  leaving  at  end  of 
compartment  (6).  Tlie  vapors  evolved  in  com- 
partments (1),'(2),  and  (3)  pass  through  open- 
ings into  vapor  compartment  .-1  and  out  through 
opening  a,  to  the  condenser  or  thiough  dephleg- 
mator  to  condenser,  depending  upon  the  fractiona- 
tion required.  The  vapors  evolved  in  compartments 
(4),  (5),  and  (6)  pass  into  vapor  compartments 
and  out  through  opening  b^,  to  condenser,  etc. 

Tlie  manifolds  on  the  ends  of  the  separators  are 
])rovided  with  covers  having  stulHng  boxes  tlirough 
whiih  valves  are  operated  to  vogulate  the  flow 
through  tubes  in  each  compartment,  thereby  con- 
trolling the  heat  in  these  compartments. 

The  illustrations,  Figs.  3  to  6  iuclusive,  are  from 
photographs  taken  during  the  construction  of  a 
jilant  employmg  the  Trumble  system.  Fig.  3  gives 
a  general  view.  In  the  foreground,  at  the  left,  is 
the  pipe  heater  and  located  in  the  brick  stack  at 
tlie  left  is  the  evaporator.  In  the  distance  are  the 
dephlegmators,  in  the  foreground  the  separators 
and  the  vertical  condensers  for  the  vapors  from  the 
separators.     Under  the  arches  are  the  coolers  for 


Fig.  4     Arrangement  of  Receiving  Boxes 


distillates.  The  pipe  lines  in  the  trench  are  the  distillate  lines 
from  the  condensers  and  coolers  carrying  the  coole;l  jiroducts 
to  the  receiving  boxes.  The  arrangement  of  these  receiving 
boxes  is  shown  in  Fig.  4.  Behind  the  boxes  are  dewatering 
traps  for  separating  the  water  from  the  distillates.  Fig.  5 
shows  the  dephlegmators  with  the  heat  exchangers  underneath. 
Fig.  6  shows  the  operating  valves  for  the  distillates  from  the 
dephlegmators.  These  valves  as  well  as  all  operating  valves 
are  handled  from  one  platform. 
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All  plants  are  designed  to  meet  the  conditions  under  wliicli 
they  are  to  be  used,  but  they  are  very  flexible  and  are  able  tu 
take  care  of  a  very  wide  range  of  conditions  by  controlling  the 
heat  of  the  furnace  and  the  velocity  of  the  oil  which  runs 
through  it.  It  will  be  impossible  to  go  into  the  many  different 
arrangements  of  plant  design  but  the  following  will  make 
clear  the  running  of  a  typical  and   successful   plant. 

The  flow  of  the  crude  oil  through  the  plant  is  indicated  by 
the  flow  sheet  in  Fig.  7.  The  oil  enters  through  a  6-in.  line 
and  is  used  as  a  cooling  medium  in  tiie  six 
coolers  shown.  These  coolers  are  of  the  hori- 
zontal tubular  type.  oO  in,  in  diameter,  with 
sixty-two  2-in.  by  18-ft.  tubes.  The  oil  enters  at 
the  bottom  and  passes  through  the  tubes,  making 
four  passes,  and  i-oiiits  out  at  the  top  and  goes 
into  a  header,  through  wliich  it  passes  into  the 
four  heat  exchangers  or  coolers  for  the  re- 
siduum. 

These  heat  exchangers  are  48  in.  in  diameter 
and  have  178  2-in.  by  18-ft.  tubes.  The  crude 
oil  enters  the  first  heat  exchanger  at  the  bottom 
and  passes  through  the  tubes,  making  six  passes, 
and  out  at  the  top  into  the  bottom  of  the  next 
exchanger,  and  so  on,  to  the  heater  pipes,  where  it 
is  split  in  two,  each  lialf  passing  in  series  through 
seventy-two  18%-ft.  lengths  of  4-in.  pipe,  flowing 
back  and  forth  and  upward  at  all  times,  and  then 
into  the  top  of  the  evaporator,  where  it  flows  down 
the  sides  in  a  thin  film. 

The  oil  in  passing  through  the  heater  pipes  and 
evaporator  is  heated  by  the  flue  gases.  The  vapors 
evolved  are  separated  in  the  evaporator  and  taken 
care  of  later.    The  oil  is  maintained  at  a  constant 


After  leaving  the  evaporator  the  residuum  is  used  as  a  heating 
medium  for  redistilling  the  distillates  passing  through  the  sep- 
arators, and  then  flows  through  the  heat  exchangers  counter- 
current  to  the  crude  oil.  The  residuum  enters  the  first  heat  ex- 
changer at  the  top  and  makes  two  passes  around  the  tubes  and 
out  at  the  bottom,  then  into  top  of  the  second  exchanger,  and  so 
on  through  the  five  heat  exchangers  and  through  a  standpipe, 
which  is  vented  and  which  controls  the  head  of  residuum  in 
the  buttum  of  tlie  evaporator,  and  then  to  the  storage  tanks. 


Fig  6     Operating  Valves  fob  Distillates  from 
Dephlegjiators 


Fig.  5    Dephlegmators  with  Heat  Exchangers 
Underneath 

level  in  the  bottom  of  the  evaporator  and  runs  out  of  the 
bottom  of  it  as  residuum.  A  perforated  steam  coil  is  placed  in 
the  bottom  of  the  evaporator  under  the  liquid  and  superheated 
steam  is  passed  through  it  in  order  to  drive  off  any  of  the 
lighter  distillates  which  may  drop  back  from  the  vapors. 
However,  very  little  steam  is  necessary  in  this  case,  as  the 
heat  losses  are  supplied  by  the  flue  gases. 


Having  followed  the  course  of  the  crude  oil 
through  the  apparatus,  showing  the  separation  of 
it  into  vapors  and  residuum,  it  remains  to  dispose 
of  the  vapors  shown  on  flow  chart  in  Fig.  8.  The 
vapors  from  the  central  vapor  column  of  the  evap- 
orator are  taken  out  through  a  shell  and  connected 
into  a  header.  The  vapors  pass  from  this  header 
through  an  oil  catcher  similar  to  a  steam  separator, 
the  condensate  passing  out  of  the  bottom  of  it 
into  the  bottom  of  the  evaporator.  They  then 
pass  through  six  large  dephlegmators  in  series, 
flowing  into  the  bottom  of  each  and  out  at  the  top. 
In  each  dejjhlegmator  a  partial  condensing  of  the 
vajjor  takes  place,  thus  forming  a  liquid  in  the 
bottom  of  that  particular  dephlegraator.  From 
some  of  the  dephlegmators  this  condensed  liquid 
is  a  ready  product;  from  others  it  lies  just  between 
two  different  products. 

A  system  of  water  circulation  is  used  as  a  cool- 
ing medium  for  the  vapors  from  the  dephlegmators 
and  separators.     The  vapors  are  cooled  in  vertical 
tubular  condensers  and  about  twenty  barrels  of 
water  are  required  per  barrel  of  distillate  cooled. 
Superheated  steam  is  used  in   the  bottom  of  the 
evaporator,  separators  and  dephlegmators  as  an  agitator  to  re- 
lieve the  lower  boiler  point  fractions  from  the  bottoms.    About 
30  lb.  per  barrel  of  distillate  are  produced. 

With  two  Trumble  plants  in  operation  continuously  for 
eight  months,  the  company  for  whom  these  plants  were  in- 
stalled has  averaged  a  run  of  16,000  barrels  of  crude  oil  per 
day  of  24  hours  through  both  plants,  30  per  cent  of  this  crude 
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oil  being  vaporized  and  fractionated  into  ready  marketable 
distillate  products.  During  this  time  1.1  per  cent  of  the  total 
amount  of  crude  oil  run  was  used  as  fuel  to  do  this  work,  and 
the  refining  losses  were  0.75  per  cent  of  the  total  amount  of 
crude  oil  run. 

Five  men  are  required  for  operating  the .  two  plants  per 
shift,  i.e.,  one  head  stillman  over  both  plants,  one  stillman  at 
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each  plant,  one  fireman  for  both  plants,  and  one  receiving- 
house  man  for  both  plants. 

At  the  present  time  the  necessity  for  conserving  the  fuel 
oil  and  labor  around  an  oil  refinery  is  imperative.  The  whole 
subject  is  a  matter  of  heat  units  and  their  proper  conservation. 

In  the  Tnimble  system  the  products  to  be  re-iiin  in  the 
separators  are  condensed  but  not  cooled,  thereby  saving  heat. 
The  oil  is  in  a  very  thin  film  on  the  shell  of  the  evaporator 
and  is  being  heated  in  its  downward  flow.  The  vapors  being 
evolved  have  a  free  relief  and  have  no  opportunity  of  drop- 
ping back  into  the  residuum. 

There  is  considerable  work  for  the  mechanical  engineer  in 
conservation  of  heat  units  around  an  oil  refinery  and  in  most 
all  branches  of  the  oil  industry.  There  are  large  refineries 
operating  today  and  using  four  to  five  hundred  per  cent  more 
fuel  than  is  necessary  to  do  the  work.  It  is  possible  to  save, 
by  proper  distribution  of  the  heat  available  around  the  oil 
refineries  in  the  United  States,  at  least  2  per  cent  of  the 
total  crude  oil  put  through  these  refineries.  There  are  large 
oil  refineries  operating  today  that  are  using  as  fuel  4  per 
cent  of  the  crude  oil  run  through  them  to  do  less  work  than 
the  plant  described  is  doing  on  1.1  per  cent  of  the  crude  oil 
run  through  as  fuel,  and  the  losses  due  to  non-condensable 
gases,  etc.,  are  2  per  cent  against  0.75  per  cent. 


A  typical  layout  such  as  is  required  for  accommodating 
the  officers  and  men  at  a  National  Army  cantonment  com- 
prises, in  round  numbers.  1500  separate  buildings,  requiring 
approximately  30  million  feet  of  lumber.  Each  cantonment 
requires  a  complete  system  of  water  supply  and  sewage  dis- 
posal, the  piping  alone  for  which  amounts  to  more  than  50 
miles.  General  warehouses,  with  necessary  trackage,  have  also 
been  provided.  Where  the  facilities  are  not  available  in 
near-by  cities,  complete  refrigerating  and  laundry  plants 
have  been  built. 
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CROSS-CURRENT  PREDETERMINATIONS 
FROM  CRANK-EFFORT  DIAGRAMS 

A  Research  Study  into  the  Cause  of  Excessive  Cross-Current  Flow  Between  Paralleled  Alternators 

When  Driven  by  Reciprocating  Engines 

By  LOUIS  ILLMER,  MILFORD,  CONN. 
Member  of  the  Society 


WHENKV'P'K  alternating-current  generators  are  driven 
by  reeijirocating  engines,  the  fluctuating  crank  effort 
causes  oscillatory  movements  to  be  superimposed  upon  the 
rotating  armature  parts.  In  parallel  operation,  such  dis- 
placement movements  are  subject  to  a  peculiar  cumulative 
action,  which,  under  adverse  conditions,  is  liable  to  become 
so  violent  as  to  drive  the  armature  far  out  of  its  course  of 
uniform  rotative  speed.  The  present  paper  deals  with  the 
cause  and  effect  of  such  cumulative  action. 

Acting  alone,  the  irregular  jjrimary  crank  effort  of  the  re- 
ciprocating engines  accounts  for  but  a  relatively  small  por- 
tion of  the  excessive  displacement  movement  to  which  the 
armature  is  subjected  in  parallel  operation.  Such  small  arma- 
ture oscillations  do,  however,  give  rise  to  cross-current  forces, 
which  in  turn  tend  to  set  up  independent  armature-displace- 
ment movements.  The  combined  action  of  these  two  distinct 
periodic  forces  is  likely  to  superimpose  cumulative  armature- 
displacement  movements  upon  the  rotating  armature  of  far 
greater  amplitude  than  could  be  produced  by  either  com- 
ponent force  acting  alone. 

The  method  deduced  in  this  paper  for  arriving  at  such  re- 
sultant armature-displacement  increments  is  based  upon  find- 
ing the  equivalent  effect  of  the  crank-effort  and  the  cross- 
current-pull forces  in  terms  of  their  respective  sinuous 
sequence  of  force  application.  It  will  be  shown  that  the 
actual  crank-effort  curve  of  any  normal  reciprocating  engine 
may  be  appro.ximated  quite  closely  by  means  of  an  etjuiva- 
lent  sine  curve  and  that  its  characteristic  accelerating  effects 
may  be  expressed  in  terms  of  fairly  simple  harmonic-motion 
formute.  Furthermore,  the  independent  sinuous  oscillations 
which  the  jjeriodie  cross-current  pull  tends  to  superimpose 
upon  paralleled  armatures  may  likewise  be  taken  into  account 
by  formulae  of  this  kind. 

It  will  further  be  shown  that  when  a  sinuous  crank  effort 
of  a  reciprocating  engine  works  against  a  variable  resistance, 
as  fixed  by  the  surging  cross-current  pull  of  the  generator, 
the  conditions  become  favorable  for  imposing  cumulative 
oscillations  upon  the  rotating  armature  and  wheel  parts. 
These  parts  are  then  alternately  accelerated  and  retarded  by 
the  combined  action  of  two  distinct  periodic  forces,  each  of 
which  has  an  independent  period  and  each  tends  to  set  up 
independent  armature  oscillations.  At  times  these  two  forces 
will  be  acting  together,  while  at  other  times  they  will  be  act- 
ing in  opposition,  thus  subjecting  the  armature  and  wheel 
parts  to  a  cumulative  oscillation  about  an  imaginary  position 
corresponding  to  that  of  uniform  rotation. 

The  derived  formulae  make  possible  the  predetermination  of 
the  probable  ultimate  armature-displacement  shift  as  meas- 
ured from  an  imaginary  reference  position,  for  any  given  set 
of  assumjjtions  as  to  characteristics  of  generator  construction, 
crank  effort,  and  wheel  weight.     The  character  and  mayinium 


amplitude  of  the  cumulative  armature  movements  are  found 
to  depend  largely  upon  the  relation  between  the  time  period 
of  the  sinuous  crank-effort  cui-ve  and  that  of  the  cross-current- 
pull  curve.  Under  normal  conditions,  the  difference  in  period 
between  these  two  curves  is  most  readily  controlled  by  the 
selection  of  a  suitable  wheel  weight. 

When  a  light  wheel  is  used  for  paralleled  reciprocating 
engines,  the  armatures  oscillate  in  a  relatively  rapid  period 
and  the  maximum  cumulative  armature-displacement  shift  is 
shown  to  be  approximately  twice  as  large  as  when  a  relatively 
long  resultant  period  of  oscillation  is  obtained  by  the  use  of 
a  heavy  wheel. 

The  secondary  effects  which  accompany  the  use  of  a  light 
wheel  are  more  likely  to  upset  the  engine  regulation  and  in 
other  ways  lead  to  detrimental  electrical  disturbances.  In  the 
event  that  the  wheel  weight  and  governor  characteristics  are 
not  aptly  chosen,  the  resulting  cumulative  armature  oscilla- 
tions may  set  up  a  heavy  cross-current  flow  of  such  magni- 
tude as  to  interfere  seriously  with  the  successful  operation 
of  the  paralleled  generators. 

The  subject  will  be  treated  in  the  following  order,  viz. : 

a  Principles  underlying  harmonic  motion  and  their  applica- 
tion in  estimating  initial  armature  displacements  that 
result  from  the  uneven  primary  crank  effort  of  a  recipro- 
cating-engine drive 

h  The  effect  of  such  periodic  displacement  movements  upon 
a  single  a.c.  generator  when  connected  to  independent 
bus  bars 

c  The  effect  of  periodic  armature  oscillations  upon  paralleled 
generators  in  setting  up  a  variable  resistance  against 
which  the  engine  must  work;  discussion  of  the  cumulative 
oscillations  which  are  likely  to  occur  whenever  a  variable 
load  of  this  kind  is  driven  by  the  fluctuating  crank  effort 
of  a  reciprocating  engine 

d  Conclusions 

e  Appendix :  Characteristic  behavior  of  an  alternating-cur- 
rent generator  and  other  electrical  aspects  of  the  parallel- 
running  problem  relating  especially  to  cross-current  pull 
and  its  effects  in  causing  periodic  variations  in  the  engine 
load. 

INTRODUCTORY 

When  a  reciprocating  engine  works  against  a  constant  load, 
the  increment  of  flywheel  displacement  resulting  from  its  un- 
even crank  efl'ort  is  dependent  upon  the  inertia  of  the  wheel. 
Its  mass  is  alternately  accelerated  and  retarded  in  proportion 
to  the  undulating  character  of  the  crank-effort  forces,  and  for 
present  purposes  the  resultant  change  in  the  wlieel  velocity 
may  be  taken  as  a  convenient  measure  of  such  crank-effort 
irregularity. 


For  presentation  at  the  Annual  Meeting  of  The  American  Society  op  Mec  hanical  Engineers,  New  York,  December  4  to  7,  1917.  The 
paper  is  nere  printed  in  abstract  form  and  advance  copies  of  the  complete  paper  may  be  obtained  gratis  on  application.  .\11  papers  are 
subject  to  revision. 
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The  average  wheel  velocity  may  be  assumed  to  eoineide  with 
that  of  an  imaginary  wheel  rotating  at  absolutely  uniform 
speed,  such  that  any  velocity  change  induced  by  the  variable 
crank  effort  will  cause  the  actual  wheel  to  lag  or  lead  with 
respect  to  the  virtual  position  fixed  by  the  reference  standard. 

Expressed  mathematically,  the  foot-pounds  of  energj'  ab- 
sorbed in  raising  the  flywheel  velocity  from  V^  to  F,  is 

F2«)  =  m(^'  +  ^  '^  (F,  -  F2)  =  2  mV,Vo  =  AH^o....[ll 

where  F„  =  (F^ -|- T'',)/2  =  reference  standard  for  uniform 
rotation,  i.e.,  synchronous  speed  as  measured  by 
the  average  crankpin  velocity  in  ft.  per  sec. 

V,  =  (F,  —  F,)/2  =  maximum  crankpin  velocity  change 
as  measured  with  respect  to  the  reference  stand- 
ard F„ 

2vJV^  =  Sj  =  coefficient  of  speed  fluctuation  as  deter- 
mined from  the  primary  crank-effort  diagram 


im  (F.^ 


Time  =  One  Stroke » 

.L-...-.ti-^ hj 

T         2  (So 


Fig.  1     Sinuous  Crank-Effort  Diagrams 
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equivalent  units  of  wheel  mass  trans- 
ferred to  the  crankpin  radius  R. 

G    „  . 

2 —  p"  =  equivalent  moment   of  inertia   of   the   crank- 
9 

shaft  weights,   g  being  gravity   acceleration   at 
32.2  ft.  per  sec.  per  see. 

G  —  equivalent  rim  weight  of  wheel,  lb.,  which  is  equal 
to  the  weight  of  the  rim  plus  about  1/10  rim 
weight  for  arm  allowance,  plus  the  armature 
weight  as  transferred  to  the  center  of  gravity 
of  the  wheel  rim  p. 

^W„  =  foot-pounds  of  fluctuating  energy  as  measured 

by  one-half  the  total  lobe  areas  enclosed  by  the 

erank-efifort  diagram  per  stroke 

Assuming  a  reciprocating  engine  to  work  with  a  sinuous 

•crank  effort,  the  phase  relation  between  the  velocity  change 

and  displacement  increment  which  it  imparts  to  the  wheel  is 

shown  in  Fig.  1.     The  common  abscissa  is  taken  on  a  time 


basis   which   is   proportional    to    the   travel   of   the   crankpin. 

The  upper  sine  curve  represents  the  variable  crank-effort 
force  drawn  about  the  base  line  XX,  which  ordinate  repre- 
sents the  mean  turning  force  Pc  acting  normal  to  the  crank- 
pin radius.  The  sectional  area  ±^W„  denotes  the  fluctuating 
energy  that  must  be  successively  taken  up  and  given  out  by 
the  flywheel  parts  in  order  to  equalize  the  sinuous  crank 
effort. 

The  resulting  velocity  change  as  measured  at  the  crankpin 
is  indicated  by  the  sinuous  line  superimposed  upon  the  mean 
or  synchronous  velocity  base  TY.  The  sequence  of  the  dis- 
placement increments  is  indicated  by  the  lower  sine  curve 
plotted  with  respect  to  the  base  line  ZZ,  which  represents  the 
reference  position  assumed  by  the  crankpin  when  rotating  at 
the  uniform  synchronous  speed  F„. 

Restricting  the  interplay  of  the  fluctuating  energy  ^W„  to 
that  exchanged  during  any  one  stroke  period  of  the  engine, 
the  coefficient  of  energy  fluctuation  becomes  equal  to 


AWa/Wo. 


.[2] 


where 

K  =  coefiicient  of  energy  fluctuation,  which  is  also 
equal  to  one-half  the  mean  ordinate  of  the  lobe 
area  '^TF„  divided  by  mean  turning  effort  Pc 

^0  =  ^c  X  'tB  =  foot-pounds  of  effective  work  done 
per  stroke,  i.e.,  mean  engine  turning  effort  Pc 
multiplied  by  the  crankpin  path  during  one 
stroke 

Pc  =  b.hp.  X  550/F;,  =  average  crankpin  force  (in  lb.) 
acting  normal  to  the  crankpin  radius  R,  meas- 
ured in  feet. 

HARMONIC-MOTION  PORMDL.E 

A  sinuous  crank  effort,  as  measured  with  respect  to  the 
mean  axis  XX  of  Fig.  1,  sets  up  a  change  in  the  sjmchronous 
velocity  of  the  rotating-wheel  parts  within  the  limits  F„  —  v„ 
and  F„  +  v^,  in  accordance  with  the  law  of  simple  harmonic 
motion.  The  principles  underlying  such  motion  are  easily 
established  since  the  average  ordinate  of  the  sine-lobe  area 
ATF„  bears  a  simple  fixed  relation  to  the  maximum  accelerating 
force  PJ 


1  Starting  with  the  general  equation  for  accelerated  motion, 
no  =  Palm 


[31 

where 

ao    =  maximum  acceleration  acting  upon  the  mass  m  as  meaaured  in  ft.  per 

sec.   per  sec. 
Pq  =  m.aximum  accelerating  force  in  pounds,  as  measured  at  the  middle  of 
the  sinuous  crank-effort  lobe. 
Since  the  average  ordinate  under  the  sectioned  sine  lobe    AWo  is  equal  to 
(2/7r)  Pa.  the  maximum  velocity  increment  will  be 

»o  =  (2/3r)  aatjn (4] 

where 

ttn  =  time  equivalent  one-half  length  of  the  sine  lobe  as  measured  in  eeconds, 
which  in  angular  measure  corresponds  to  7r/2  radians. 
The   resulting   maximum  displacement  being  proportional  to    the    average 
velocity  change  multiplied  by  time,  it  follows  that 

so  =  (2/7r)t)oim  =  (2/7rj2  aotn,'^ [5 

where 

so  =  maximum   Unear  displacement   or   amplitude   of   oscillation    (in   ft.) 
resulting  from  a  sinuous  velocity  change  whose  maximum  is  to. 
As  a  further  condition  for  simple  harmonic  motion,  the  maximum  acceleration 
ao  must  be  directly  proportional  to  the  displacement  ^o,  which  expressed  mathe- 
matically takes  the  convenient  form 


oo  =  /So'so. 


[61 


where 


^oJ  =  specific  acceleration  of  the  sinuous  crank  effort  at  unit  displacement, 
as  measured  with  respect  to  the  synchronous  reference  position 
ZZ  of  Fig.  1. 
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For  the  critical  value  so  =  1  ft.,  the  factor  ao  becomes  equal  to  /3o";  substitu- 
ting this  value  in  {5|  and  transposing,  the  following  relation  is  obtained,  which 
shows  that  the  time  period  for  harmonic  motion  is  independent  of  its  amphtude; 
thus, 

/„  =  7r/2^i,i     (n  =  xZ/So;     (i  =  27r//3o [7] 

where  tjn,  Id  and  /i  are'the  respective  times  of  a  quarter,  half  and  complete  period 
of  harmonic  oscillation. 

It  will  be  seen  that  the  constant  ^o  converts  the  time  factor  into  angular  or 
IT  measure.  It  also  fixes  other  important  charactenstics  of  simple  harmonic  motion, 
ae  is  evident  from  the  following  substitution  in  Equation  [4],  viz. 

m  =  (2  'tt)  ao  (ir/2/3o)  =  m//3o  =  /Soso [8] 

When  a  body  oscillates  harmonically,  the  characteristic 
relations  existing  between  the  acceleration,  velocity  and  dis- 
placement factors  are  definitely  fixed  by  the  basic  constant  /3„ 
as  given  in  Equation  [8]. 

Applying  these  deductions  to  the  case  of  a  sinuous  erank- 
eiSfort  diagram  for  a  single-cylinder  engine,  the  time  period  of 
a  complete  oscillation  is  that  required  for  one  stroke,  which  is 
equal  to 

h  =  GQI2N  =  27r//3o [9] 

where  N  =  revolutions  per  minute. 

The  corresponding  basic  value  of  the  primary  crank-effort 
constant  ^„  may  be  found  by  substituting  the  above  value  of  t, 
in  Equation  [7]  ;  thus, 

i8„  =  2ir/(30/iV)  =  0.21  N [10] 

The  other  basic  values  required  to  characterize  the  harmonic 
wheel  motion  set  up  by  a  sinuous  crank  effort  when  making  a 
complete  oscillation  in  a   time  period   of  one  stroke  as  per 


it       0- 


-ooos 
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Fig.  2    Crank-Effort  Diagrams  for  Single-Cylinder  500- 
B.Hp.  Koerting  Gas  Engine 

Cylinder  dimensions,  25  X  43J^  in.,  speed,  100  r.p.m.;  piston-rod  diameter 
6K  in.;  wheel  weight  at  17M  ft-  outside  diameter,  24,000  lb.;  equivalent  mass 
m  at  crankpin.  12,000  units;  load  condition,  maximum. 

Eq.  [9],  may  be  found  by  substituting  in  Eq.  [1]  ;  thus, 

fo  =  ATFo/2mFo  =  Aso Ill] 

where  F„  =  2'kBN/60  =  mean  crankpin  velocity  in  ft.  per  sec. 
v^  =  maximima  velocity  increment  superimposed  upon 

V„ 
s„  =  corresponding  maximum  displacement  (in  ft.)   as 
measured  from  the  synchronous  reference  posi- 
tion ZZ. 

For  a  single-cylinder  engine  the  pitch  length  of  its  crank- 
effort  lobe,  i.e.,  the  space  passed  over  by  the  crankpin  in  the 
time  period  of  one-half  stroke,  is  equal  to  tcFo/zS,,,  and  since 


{2/t:)P„  represents  the  average  accelerating  force  acting  upon 
the  crankpin  during  this  period,  then 

2„  /„    7r\         2PoFo 


AW, 


H^%) 


2mVoVo [12] 


In  a  similar  manner  it  will  also  be  found  that 

ATTo  =  KWo  =  A'P„F„  (27r  /0„) [13] 

For  a  single-cylinder  engine  the  maximum  velocity  incre- 
ment ■Wj  may  be  found  in  terms  of  known  constants  by  substi- 
tuting the  above  values  in  Eq.  [11] ;  thus, 
27rA'PcFo  1  ivKP, 


=   /SoSo. 


.[14] 


00  2mVc  mlia 

From  the  above  it  also  follows  that 

Po  =  miSc^So  =  xA'Pc [15] 

Fig.  2  shows  that  the  average  results  obtained  graphically 
from  an  actual  single-cylinder  crank-effort  diagram  can 
readily  be  evaluated  on  the  basis  of  the  sine-curve  approxi- 
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Pig.  3   Crank-Effort  Diagrams  for  Twin-Cylinder  2  x  500- 
B.Hp.  Koerting  Gas  Engine 

Cylinder  dimensions,  2.5  X  43^--8  in.:  wheel  weight  at  17Hft.  outside  diameter, 
48.000  lb.;  equivalent  mass  m  at  crankpin,  24.000  units;  load  conditions, 
maximum 

mation,  and  thai  the  resulting  average  velocity  and  displace- 
ment increments  may  be  determined  with  a  fair  degree  of 
accuracy  by  means  of  the  given  equations.  This  figure  repre- 
sents a  crank-effort  diagram  for  a  single-cylinder  500-b.hp. 
double-acting  Koerting  gas  engine  operating  at  maximum 
load. 

A  corresponding  diagram  for  a  set  of  twin-cylinder  engines 
of  the  same  make  and  size  is  shown  in  Fig.  3.  In  both  dia- 
grams due  allowance  has  been  made  for  the  inertia  effect  of 
the  reciprocating  parts,  angulniity  of  connecting  rod,  and  the 
like. 


AEMATURE-DISI'LACEMENT    INCREMENTS    FOR    SINGLE    NON- 
PARALLELED  GENBR.^TOR  UNIXS 

It  is  to  be  borne  in  mind  that  the  harmonic-motion  formulae 
thus  far  deduced  apply  only  to  the  case  of  a  reciprocating 
engine  whose  sinuous  crank  effort  works  against  a  uniform 
or  straight-line  resistance  XX,  such  as  would  be  encountered 

in  a  lineshaft  drive  and  the  like. 
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Tlies.e  simple  relations  may  be  materially  mfxlifieil  wiitii 
reciprocating  engines  are  used  to  drive  alteruating-cnrrent 
generators,  especially  those  connected  in  parallel.  In  tiiat 
event  the  armature  oscillations  resulting  from  the  irrcgulai' 
crank  effort  set  up  a  periodic  cross-current  pull  which  is 
capable  of  producing  a  cyclic  variation  in  the  engine  load. 
This  reactive  effect  is  dependent  upon  the  characteristic 
behavior  of  the  driven  a.c.  generator,  the  essential  featuies 
of  which  are  best  rejiresented  graphically  by  means  of  vector 
diagrams  as  elucidated  in  the  Appendix  included  in  the  fnll 
paper. 

Touching  upon  the  principles  underlying  electric-power  gen- 
eration by  means  of  an  alternator,  it  may  be  pointed  out  that 
such  a  generator  running  at  synchronous  speed  can  only 
deliver  current  to  the  bus  bars  when  the  armature  is  made  to 
lead  with  respect  to  the  neutral  position  assumed  by  the 
armature  when  running  at  no  load.  That  is  to  say,  the  appli- 
cation of  engine  power  forces  the  armature  ahead  of  this 
neutral  phase  position  by  a  certain  angular  displacement  lead 
such  that  it  will  still  be  running  at  synchronous  speed  but  out 
of  phase  with  its  neutral  phase  position  by  an  angular  dis- 

TABLE    1      COMPARATIVE    DISPLACEMENT    VALUES    FOR    SINGLE 

ENGINE 


Items 

Estimatefl  b> 
Forinulge 

Graphical 
Determinations 

Pc 

15,800  lb. 

21 

0  30 

15,000  lb. 

27,000  ft^lb. 

0  03Sft.  per  300. 

O.OOIS  ft. 

/3„. . . .              

A" 

P„ 

AWo 

(2/7r)ro  (avg.  velocity) 

(2/7r)A-o  (avg.  displaeement).. . . 

0  24  to  0.39 
10,000  to  27,000  lb. 
20.400  to  33,200  ft-lb. 
0,041  ft.  per  sec. 

0  0021  ft. 

placement  lead  +  a,,,  on  the  other  hand,  when  an  external 
resisting  force  causes  the  armature  to  lag  with  respect  to  the 
neutral  phase  jDosition  by  an  angle — a„,  tiiis  reverse  action 
will  convert  the  machine  into  a  synchronous  motor. 

As  explained  in  the  Appendix,  the  mean  angular  displace- 
ment lead  a„  is  dependent  upon  the  eonsti^uction  characteristics 
of  the  alternator  and  serves  as  a  measure  of  the  full-load 
output  delivered  by  this  type  of  generator.  Assuming  the 
dri\ing  torque  and  ontput  to  remain  constant,  then  the  uni- 
formly rotating  armature  wdll  maintain  a  constant  lead  angle 
ttj  with  respect  to  its  neutral  or  no-load  jjhase  position.  In 
ease,  however,  the  generator  is  driven  bj'  a  reciprocating 
engine,  its  irregular  crank  effort  will  cause  a  jjeriodic  shift  in 
the  armature  disijlacement  equal  to  ±a,,  as  measured  witii 
reference  to  the  mean  lead  angle  a„. 

Applying  these  deductions  to  the  case  of  a  single  alternating 
generator  dri\-en  by  a  reciprocating  engine,  the  resulting 
speed  fluctuation  as  measured  by  the  coetlicient  S„  will  cause 
the  armature  lead  angle  to  vary  within  the  limits  ±  Va  o„a,. 
This  periodic  shift  in  the  armature  lead  angle  a„  serves  to 
produce  a  corresiionding  change  in  the  generator  output. 
Hence  the  eilect  of  varying  the  resistance  against  which  the 
engine  has  to  work  may  be  embodied  in  its  crank-effort 
diagram  by  substituting  a  sinuous  curve  for  the  straight  base 
line  XX  of  Fig.  1.  As  shown  dotted,  the  phase  and  period  of 
tliis  new  resistance  curve  for  a  single-cylinder  unit  coincide 
with  those  of  its  primary  displacement  curv'e,  while  the 
amplitude  of  such  initial  armature  oscillation  may  be  fixed  at 
'  2  8(,Pc.  as  plotted  upon  the  reference  line  XX. 


CUMUL.VTIVE  DISl'LACEMENT  EFFECTS  FOR   rAHALl.ELED 
(JENElt.VTOK   UMTS 

Turning  now  to  the  electrical  conditions  under  which  alter- 
nators operate  in  parallel,  such  armatures  are  no  longer 
locked  with  the  external  circuit  in  the  manner  of  a  single 
generator;  instead,  the  electrical  tie  assumes  characteristics 
closely  analogous  to  those  of  a  flexible  coupling  between  the 
two  paralleled  armature  shafts,  all  of  which  is  ratlier  fully 
set  forth  in  the  Apjiendix. 

The  flexible  nature  of  this  coupling  allows  one  of  the  par- 
alleled armatures  to  lead  periodically  with  respect  to  its  mean 
lead  angle  a,,,  provided  the  other  armature  simultaneously  lags 
with  respect  to  its  a„  by  an  approximately  equal  angular  dis- 
placement shift  ii.  This  difference  in  armature  jjositions  sets 
up  an  equalizing  or  cross-current  flow  between  the  generators 
whereby  the  lagging  armature  may  momentarily  genera  I  e  less 
power  than  its  mate  without  materially  affecting  I  he  cimibined 
outi'Ut  delivered  to  the  common  bus  bars. 

The  cross-current  pull  is,  however,  capable  of  siiperimiiosing 
oscillations  of  considerable  magnitude  upon  the  rotating 
armature.  The  amplitude  of  such  oscillations  is  generally 
much  larger  than  was  found  to  be  the  case  for  the  single 
generator  connected  to  independent  bus  bars. 

It  will  now  be  shown  that  this  increment  of  displacenient  is 
due  to  the  cumulative  action  which  results  in  iiarallel  genera- 
tors whenever  the  variable  generator  load,  as  fixed  l)y  (lie 
j  eriodic  cross-current  pull,  is  combined  with  an  uneven 
sinuous  crank  effort  having  a  different  period. 

The  resultant  periodic  armature  oscillation  jirodnccd  by  the 
combined  action  of  two  such  forces,  i.e.,  excess  crank  effort  P, 
and  cross-current  pull  P,,.,  is  likely  to  become  cnmnlalive 
when  the  period  of  the  pull  P„  bears  certain  critical  relations 
to  the  period  of  the  force  P„. 

As  given  by  Eq.  [A]  of  the  Appendix,  the  factor  /',„  as 
taken  in  terms  of  the  mean  crankpin  force  Pc  is  equal  to 

P.  r  /Pc  =  (sin  oi  ;sin  ao)  cos  ao 

Owing  to  the  relatively  small  angular  nrniatine  (iisplace- 
ments  iiermissible  in  good  practice,  the  matheniatii-al  ireat- 
ment  of  this  portion  of  the  discussion  may  be  much  siniplilied 
by  substituting  angular  measure  for  the  sine  values  of  I  he 
lead  and  shift  angles  a,  and  a,,  and  by  further  assuming  that 
the  value  of  cos  a„  in  the  above  equation  may  be  taken  as  equal 
to  unity  without  serious  error.  On  the  basis  of  this  ajipro.xi- 
ination,  Eq.  [A]  reads 

Pc./P.  =  Oi/ao  =  S:,/s„ 


Pcc/«.  -  Pels..  =  F 


-116] 


where  a,  =  mean  angular  displacement  lead  of  the  armature 

as  measured  in  electrical  radians 
(X,  =  angular    disj^lacement    shift    of    the    arniatiiic    as 

measured  with  respect  to  mean  lead  position  a„ 
s    =  a„P  =  arc   length    in    feet,    corresponding    to    (he 

armature-displacement  lead  angle  a„  as  measured 

at  the  crankjiin  circle 
J,  =  ttjP  =  arc    length    in    feet,    corresjionding    to    the 

armature-disiilacement  shift  angle  a^. 

In  the  above  equation  the  constant  F  represenis  the  specific 
accelerating  force  (in  lb.)  of  the  cro.ss-current  \*\\\  when  the 
Unear  displacement  s,  =  1  ft.,  as  measured  at  the  crankpin 
circle.  Eq.  [16]  further  shows  that  the  cross-current  i)ull  P,c 
may  be  taken  as  directly  proportional  to  the  linear  shift  s. 
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and  that  it  becomes  approximately  equal  to  the  mean  engine 
turning  force  P^  when  s,  =  s„,.  The  constant  ^t  fixes  all  of 
the  characteristic  relations  of  the  harmonic  armature  move- 
ments resultinj;:  from  the  action  of  the  cross-current  jmll 
except  that  of  the  amjilitude  limit. 

Since  the  angles  a^,  and  a,  are  measured  in  electrical  radians, 
Eq.  [16]  may  also  take  the  form 

in 


m       rtao 


-1171 


where  ^8,"  =  specific  acceleration  of  the  cross-current  pull  at 
Si  =  1  ft.  linear  armature  disiilacement  as  meas- 
ured at  the  crankijin  circle 

7c2?/n  =  generator  pole  pitch  as  measured   (in  ft.)   at  tlie 
crankpin  circle  =  7t  electrical  radians. 
n  =  number  of  pole  pairs  =  cycles  per  sec.  X(60/A'). 

The  resulting  cross-current  pull  corresponding  to  a  given 
armature  shift  s^  is  dependent  upon  the  constructive  char- 
acteristics  of  the   generator,   which   ai'e   largely   fixed   by    the 


P^c  or  Cross-  Cur  rep  f  Pull 

^^      yrtmaru  Crank  Eiforf 


CRANK    EFFORT--P^(-  =  Poond  00=4(2.,  ■■Q>^. 
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Fig.  4     DiAiiHAji   Showing  Cumulative  Effect  of  Cross- 
current Pull  for  ^Jfi^>"i/2 

value  of  s,,,.'  Accordingly,  the  relation  of  the  basic  constants 
/8„  to  /3«  may  also  be  expected  to  be  dependent  upon  the  factor 
sa.  For  single-cylinder  engines  the  numerical  value  for  this 
relation  may  be  arrived  at  as  follows: 

Transposing  Eq.   [14]  to  the  form  ^„'  =  7cKPe/m,s„  and  di- 
viding by  Eq.  [17],  gives 

ft         UttK/so)  I    ,  s,,  I  Rao     m  i-ioi 

Px      \  {n/Hao)        ^        ■%  ^     n       I',. 

When    ^„'  =  Vi;  ;8„,    the    corresponding    equation    for    twin- 
cylinder  engines  becomes  equal  to 


0.105  N 


Irc 

\    ri 


ao     in 
K' 


llSa] 


The  above  equations  fix  the  vital  relations  required  for 
cross-current  determinations  in  paralleled  generators;  they 
show  that  the  important  ratio  of  the  constants  /?„//?i  is  inde- 
jiendent  of  the  coetBcient  K,  and  secondly  that  this  ratio  i» 
l«rgely  dependent  upon  the  speed  factor  K. 

Since  the  value  of  the  primary  displacement  s„  is  usually 
quite  small  in  comparison  with  Sn,  the  period  of  oscillation  set 
up  by  the  cross-current  pull  when  acting  alone  is  a  relatively 
long  one,  being  equal  to 

l\  =t//3i (191 

It  will  be  seen  that  the  paralleled  armatures  are  acted  upon 
by  two  distinct  periodic  forces,  i.e.,  excess  crank  effort  and 
cross-current  pull,  whose  time  periods  are  ic//?„  and  x/^g,,  re- 
spectively. Each  of  these  forces  tends  to  set  up  independent 
oscillations,   but   they   combine   to   swing   the   armatures   in    a 
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Fig.  5     Diagram  Showing  Cumulative   Effect  of  Cross- 
CuKRENT  Pull  for  j8„//?x>7/2 

resultant  period  which  may  be  found  by  replacing  the  straight 
resistance  line  XX  of  the  crank-etfort  diagram  by  a  sinuous 
resistance  or  load  curve  having  a  relatively  large  amplitude 
equal  to  the  cross-current  pull  Pec,  as  indicated  in  Fig.  4. 

In  the  case  of  paralleled  generators,  the  resultant  sectioned 
lobe  area  of  the  crank-effort  diagram  is  to  be  taken  with,  re- 
spect to  the  resultant  sinuous  resistance  line  P„,  since  this 
area  fixes  the  period  and  generally  determines  the  character 
of  the  final  armature  movements. 

The  cross-current  pull  will  contiiuie  to  superimpose  cumu- 
lative oscillations  upon  the  rotating  armature,  until  the  con- 
dition of  indifferent  equilibrium  is  finally  reached  wliere 
P     =  P 

~The  consideration  of  tliis  problem  may  be  fiyther  simplified 
by  taking  into  account  only  the  two  limiting  conditions  as  to 
time  of  oscillation:  namely,  (1)  tlie  case  in  which  the  ratio 
of  PJlii  is  a  relatively  large  one,  i.e.,  7/2  or  over,  by  whicli 
assumption  the  period  and  amplitude  of  the  cross-current  pull 
is  made  to  dominate  and  fix  the  character  of  the  resulting 
armature  movements  as  shown  in  Fig.  4;  and  (2)  the  ease  in 
which  the  factors  p„  and  fi^  are  approximately  equal,  the 
effect  of  which  is  to  produce  a  series  of  comparati\-ely  rapid 
armature  oscillations,  whose  amplitude  rises  and  falls  period- 
ically in  accordance  with  the  sine  law,  as  indicatcil  in  Fig.  ."). 
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Taking  up  the  first  of  these  eases  in  detail  and  referring  to 
Fig.  4,  the  average  velocity  change  produced  upon  the  arma- 
ture and  wheel  parts  will  be  a  function  of  the  resultant  sec- 
tioned area  lying  between  the  crank-effort  and  the  sinuous 
resistance  or  load  curves.  For  the  condition  that  Pec  =  f „,  it 
will  be  apparent  that  the  total  area  under  one  of  the  cross- 
current or  P.e  sine  lobes  as  measured  with  respect  to  its 
straight  base  line  XX  becomes  equal  to  (/3„//?i)^TF„,  i.e.,  equal 
to  the  sum  of  all  the  ^W„  lobe  area  enclosed  by  the  primary 
crank-effort  curve  in  the  time  period  x/^Si.  If  then  such  a 
cross-current  pull  were  acting  alone  upon  the  armature  parts, 
the  energy  absorbed  during  the  time  period  7v/2^i  would,  ac- 
cording to  Eq.  [4],  impart  a  maximum  velocity  change  equal 
to  (/?„/;8,)i;„.  This  value  serves  to  fix  the  amplitude  of  the 
fundamental  velocity  curve  shown  dotted  and  dashed  in  Fig.  4. 

The  cross-current  pull  when  acting  alone  may  be  exjieeted 
to  set  up  armature  oscillations  closely  following  the  laws  of 
simple  harmonic  motion,  because  the  accelerating  force  Pec  is 
approximately  proportional  to  the  displacement  shift  s,.  In 
addition  to  this  motion,  the  irregularity  of  the  crank  effort 
sets  up  independent  sinuous  velocity  changes  of  .smaller  mag- 
nitude as  drawn  dotted  upon  the  axis  YY,  which  superim- 
posed upon  the  fundamental  curve  produces  the  resultant 
velocity  shown  by  the  full-lined  curve  of  Fig.  4. 

The  corresponding  maximum  linear  armature-displacement 
shift  resulting  from  the  combined  action  of  the  cross-current 
pull  and  irregularity  of  crank  effort,  becomes  equal  to 

Sx  =  t;,  //3x  =  So(0  /0.y  [1  +  (|8,  //3o)]  |20] 

by  Eq.   [18]      =  izKsall +{I3JI3„)]   for  a  single-cylinder  en- 
gine. 

Equation  [20]  fixes  the  actual  limiting  displacement  shift 
Si  that  may  be  expected  when  two  paralleled  alternators  have 
settled  into  equilibrium  as  regards  the  interchange  of  cross- 
current energy. 

The  corresponding  mean  shift  angle  ai,,  measured  with 
respect  to  a„  becomes  approximately  equal  to 


-■■■=  Is (£)'(■ -y;) ->•('- I) 
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This  angle  ai„v  is  fixed  by  the  average  ordinate  of  the  sec- 
tioned area  lying  between  the  crank  effort  and  the  sinuous 
load  curve  as  indicated  in  Fig.  4. 

The  correctness  of  the  above  deductions  has  been  checked 
by  means  of  actual  cross-current  measurement  tests  conducted 
upon  a  set  of  single-cylinder  500-b.hp.  Koerting  gas  engines 
having  heavy  flywheels  and  driving  three-phase  alternators  on 
an  induction-motor  load. 

The  crank-efifort  diagi-am  for  these  engines  is  almost  iden- 
tical with  that  given  in  Fig.  2.  The  comparative  results  at- 
tained with  these  two  similar  units,  running  at  a  practically 
constant  load,  are  given  in  Table  2. 

The  pulsations  recorded  by  the  ammeter  readings,  as  meas- 
ured from  maximum  to  maximum,  showed  35  to  38  beats  per 
min.  as  against  an  estimated  period  for  such  beats  of  2  7t//3i  = 
1.9  sec,  or  about  32  beats  per  min. 

CASE   11   CUMUL.\TIVE   DISPLACEMENTS  FOR    (Bo/Br)<"/2 

The  foregoing  formulas  for  the  displacement  shift  angle  a. 
Were  based  upon  the  condition  that  the  ratio  ^„//3i  shall  not 
fail  below  the  critical  value  7/2.  At  this  juncture  the  time 
periods  of  the  crank-effort  and  of  the  generator-load  curves 


become  more  nearly  equal,  and  as  a  result  the  combined  or 
resulting  sectional  area  lying  between  these  curves  assumes 
an  essentially  different  character  from  that  shown  in  Fig.  4. 
The  armature  movements  which  take  place  when  the  ratio 
of  /3„//3i  is  relatively  small  are  still  found  to  act  cumula- 
tively until  the  cross-current  pull  pcc  reaches  its  critical  value 
P„,  but  the  effect  produced  is  a  series  of  rather  rapid  armature 
oscillations  which  periodically  rise  and  fall  in  amplitude  as 
indicated  in  Fig.  5.  In  order  that  such  armature  movements 
may  occur  without  giving  up  energy  to  the  external  power 
circuit,  one  of  the  paralleled  armatures  must  lead  at  approxi- 
mately the  same  instant  that  its  mate  lags,  in  the  manner 
shown  respectively  by  the  full-  and  dotted-lined  oscillations 
in  the  lower  crank-effort  diagi-am. 

The  equation  for  any  ordinate  P,  of  the  sectional  area  lying 

TABLE  2    COMPARATUE  VALUES  FOR  SINGLE-CYLINDER  ENGINES 
(/3o//3x  =  6.4i 

SPECIFICATIONS 


Tj-pe  of  engine. 


Cylinder  dimeoaions . . 
Average  engine  load . . 
Piston-rod  diameter.  -  . 
W^eight  of  H\-\vheel ... 

Total  mass  m.. 

Coefficient  5o  

Po  at  K  =  0.30 

Cos  (im  in  external  circuit. 

Lead  angle  ac 

n  at  25  cycles  per  sec . . 


Double-acting    two-stroke     Koerting    gas- 
engine  without  tail  rod 
25  I  43^8  in.;  speed.  100  r.p.m. 
425  b.hp.  (about) 
6.!^  in. 

7.3.000  lb.  at  18  it.  O.  D. 
58.600  units  at  K  =  1.8  ft. 
1  '660 

11,7001b.  =  0.95  Pc 
0.73  (about) 

143^°  (about)  =  0.255  elec.  radian 
15  pole  pair? 


Displacement  so  by  Eq.  114| 0.00068  ft. 

/3i  by  Eq.  (18] 3.3  for  /3o  =  21 

Ratio /So  to /3x 6.4 

Displacement  shift  si  by  Eq.  [201.  48  so  (about) 

Shift  angle  Oxa,-  by  Eq.  1211 0.7  oo 

Ratio  Z  by  Eq.  [C] 1.08 

Same  by  test  measurement 1.065 

Cross-current  /cc  bv  Eq.  IBJ 0.51  lo 


in  the  upper  crank-effort  diagram  of  Fig.  5  takes  the  follow- 
ing form: 

P,  =  P„  (sin  0,t  +  sin  M [221 

Combining  the  factors  of  this  equation  on  the  basis  of  the 
trigonometrical  relation  for  the  sum  of  sine  values, 


2Po(> 


8«+  0^ 


231 


This  equation,  as  graphically  analyzed  in  the  lower  crank- 
effort  diagram,  shows  that  the  component  oscillations  as  fixed 
by  the  sine  factor  vibrate  cumulatively  within  the  limit  line 
fixed  by  the  cosine  factor.  The  time  period  of  the  component 
oscillation  is  determined  by  the  mean  value  of  j8„  and  ^^,  while 
the  period  of  the  limit  line  is  fixed  by  their  difference.  The 
characteristics  of  the  resulting  velocity  and  displacement 
curves  will  be  identical  with  those  of  the  equivalent  crank- 
eft'ort  curve  shown  in  the  lower  diagram. 

The  time  required  for  the  cumulative  oscillations  to  change 
from  minimum  to  maximum  amplitude  is  equal  to 


U  =  -^K0<,  -  /3x). 


.[24 


which  holds  good  for  all  values  of  /3„//8i  less  than  3  and 
greater  than  unity.  The  maximum  velocity  increment  attained 
by  tlie  wheel  parts  due  to  the  accumulation  of  energy  cannot 
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at  any  time  exceed  the  energy  equivalent  of  tlie  sectioned  area 
as  fixed  by  the  largest  one  of  the  sin  V2(j8o  +  /?i)  lobes,  shown 
in  Fig.  5.  The  corresponding  maximum  acceleration  is  limited 
to  2  PJm,  and  since  the  resulting  velocity  is  proportional  to 
l/(;8„  +  j8,)  and  not  to  l/(/3„ —  /3.),  it  will  be  seen  that  even 
for  long  periods  that  accompany  small  differences  of  y8„  and 
/3x  the  cumulative  energy  does  not  under  any  conditions  tend 
to  produce  an  infinite  armature  deflection.  This  point  is 
brought  out  because  Bonte,'  among  others,  has  advanced  con- 
trary views  as  based  upon  the  Rosenberg  theory  previously 
discussed. 

For  the  cumulative  oscillatory  movements  indicated  by  Fig. 
5  the  maximum  angular  displacement  shift  cannot  exceed 


2_P„ 
P. 


2_Po 
P 


Sara 
"ft"' 


.[25] 


-■-^«  ©'=;(¥):- w 

The  deductions  embodied  in  the  last  two  equations  have 
been  checked  by  the  graphical  determinations  shown  in  Fig.  6, 
as  based  upon  the  assumed  specifications  noted  below.  These 
curves  were  kindly  worked  out  for  the  author  some  years  ago 
by  Mr.  Erich  C.  Rassbach.  At  that  time  the  present  mathe- 
matical basis  had  not  yet  been  developed,  and  in  order  to 
determine  the  probable  course  of  the  resultant  armature  oscil- 
lations for  small  values  of  fijp,^.  it  became  necessary  to  resort 
to  a  tedious  graphical  solution.  The  comparative  figures  given 
in  Table  3  show  satisfactory  agreement. 

The  principles  underlying  the  formulffi  herein  developed 
may  also  be  used  in  solving  tiie  more  general  problems  relat- 
ing to  cumulative  oscillatory  movements,  such  as  are  involved 
in  hunting  rotarv  converters  and  the  like. 
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Fig.  6    Graphical  Determination  of  Cumulative  Armature  Oscillations  for  ^J^-l  =  1.0!) 


The  measured  cross-current  flow  is  determined  by  the  aver- 
age armature-displacement  shift,  and  while  a,'  for  Case  II  is 
approximately  twice  as  large  as  aj  as  found  for  Case  I,  the 
average  shift  is  almost  identical  with  that  given  by  Eq.  [21], 
as  is  evident  from  the  following  relation : 

TABLE  3    COMPARATIVE  VALUES  FOR  TWIN  ENGINES  (/3o/|8x  =  1.09) 

ASSUMED    SPECIFICATIONS 

Type  of  engine Twin-cylinder   double-acting    two-stroke   gas 

engine  with  tail  rod 

Cylinder  dimensions 38  x  66  in. :  speed,  SO  r.p.m. 

Piston-rod  diameter 10  in. 

Assumed  load 4000  b.hp.  =  max.  capacity 

113,000  1b. 

Moment  of  inertia  of  wheel X  9.65  ft.* 

32 

Total  mass  ra 43.500  units  at  K  =  2.75  ft. 

K'  by  differential  method 0.072 

Pa  from  crank-effort  curve 48,000  lb.  =  0.48  Po 

Lead  angle    ao  about  16J.^°  =  0.29  elec.  radian 

n 20  pole  pairs 

;8o' 0.105  N  =  8.4 


(2/7r)  ro'  when  K'  =  0.072. 
(2/7r)  so'  when  A''  =  0.072. 

^,  by  Eq.  llSal 

7r/(^c'  -^x)byEq.  [24]., 

Angle  Ox'  by  Eq.  (251 

Angle  a.av'by  Eq.  [26)... 
Displacement  shift  Sx'. . .  . 
2  IT  1 13:1  -f  /3x) 


Calculatec'  by 
Formulae 


0.02  ft.  per  sec. 
0.0027  ft. 
7.7  =/3o71.09 
4^2  sec.  =  6  rev. 
0.96  oo 
0.37  ao 
About  9  so' 
0.39  sec. 


Craphiral 
Determinations 


0.026  ft.  per  sec. 
0.0022  ft. 

about  5H  rev. 
About  0.85  ao 

About  8  So' 
0.39  sec. 


^  Zeitechrift  des  Vereines  Deutscher  Ingenieure.  Aug.  25.  1906,  p.  1365. 


CONCLUSIONS 

On  the  basis  of  the  principles  enunciated,  it  may  be  con- 
cluded that  wlien  two  alternators  are  thrown  into  parallel  the 
resulting  cross-current  flow,  as  measured  by  means  of  am- 
meters, will  be  largely  independent  of  the  wheel  weight  used, 
except  in  so  far  as  this  weight  may  influence  the  character 
of  the  regulation  rendered  by  the  governor. 

The  difficulty  that  may  be  involved  in  the  use  of  a  light 
flywheel  resides  in  the  detrimental  secondary  effects  that  may 
arise.  When  the  ratio  of  (8„//?i  is  less  than  7/2,  as  is  likely 
to  be  the  case  when  using  a  light  wheel,  the  oscillatory  peak 
movement  indicated  in  Fig.  .5  becomes  about  twice  as  large 
as  would  be  produced  by  the  use  of  a  heavy  wheel  operating 
under  conditions  represented  by  Fig.  4.  This  difference  in 
maximum  angular  displacement  shift  may  become  so  marked 
that  the  armature  working  with  a  relatively  light  wheel  may 
be  thrown  far  over  into  the  negative  or  motor  position.  Such 
excessive  shift  in  the  armature  displacement  may  readily 
create  serious  electrical  disturbance,  for  should  the  angle  a,' 
plus  a,  at  any  time  exceed  •k/I  electrical  radians,  i.e.,  one-half 
pole  pitch,  the  paralleled  generators  would  immediately  fall 
out  of  step. 

The  best  results  in  parallel  operation  may,  therefore,  be 
expected  when  the  ratio  ^J^i  is  kept  as  high  as  6  or  possibly 
8.  As  is  evident  from  Eq.  [18]  and  [18a],  this  condition  is 
more  readily  complied  with  in  the  smaller  short-stroke  engines 
running  at  a  relatively  high  speed.  However,  in  order  to 
avoid  excessively  heavy  wheels  for  the  long-stroke,  slow-speed 
engines,  it  is  found  advisable  to  keep  the  wheel  weight  in  a 
constant  relation  to  the  engine  output. 

The  foregoing  deductions  do  not  take  into  account  any 
beneficial  effects  which  dampening  coils  and  like  devices  may 
be  able  to  exert  upon  the  cumulative  armature  oscillations. 
The  purpose  of  the  present  investigation  was  simply  to  find 
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the  most  favorable  inherent  contlitions  when  oi)erating  witli- 
out  compensating  adjunets  of  any  kind.     . 

The  formulae  given  are  further  conditioned  upon  identical 
constructive  characteristics  for  all  the  paralleled  engine  and 
generator  units.  Any  important  difference  in  this  respect 
may  involve  a  considerable  increase  in  the  minimum  expected 
cross-current  flow  as  fixed  by  the  given  formula*. 

Finally,  attention  is  called  to  the  need  of  properlj'  selecting 
the  coefficient  of  speed  fluctuation  for  the  engine  governor. 
The  extent  to  which  the  primary  speed  coefficient  may  be  in- 
creased by  the  cumulative  displacements  arising  in  paralleled 
engine  units  is  indicated  by  the  ratio  of  Si/s„  as  given  in 
Tables  2  and  3.  The  governor  characteristics  should  be  such 
that  this  increased  "  factor  of  irregularity "  will  not  throw 
the  governor  gear  into  resonant  oscillation  with  the  cumula- 
tive wheel  period. 

The  use  of  additional  wheel  weight  is  able  to  effect  an  im- 
portant change  in  the  period  of  the  cumulative  wheel  swing, 
and  this,  in  turn,  may  make  it  far  easier  to  meet  the  govern- 
ing requirements.  On  the  whole,  therefore,  it  may  be  con- 
cluded that  owing  to  the  beneficial  secondary  effects  the  most 
satisfactorj-  results  in  the  parallel  operation  of  reciprocating- 
engine  units  are  to  be  attained  by  the  use  of  reasonably  heavy 
flywheels,  as  prescribed. 

The  author  desires  to  express  his  indebtedness  to  Prof. 
C.  D.  Albert,  of  Cornell  Univei-sity,  for  reviewing  the  manu- 
script of  this  paper  and  for  the  helpful  criticisms  which  he 
has  made. 


In  marked  contrast  with  the  ordinary  formal  official  report, 
the  chapter  on  fuels  and  mechanical-equipment  investigations 
in  the  year  book  of  the  Bureau  of  Mines  (Department  of  the 
Interior)  is  of  readable  interest  and  practicable  value  to  all 
concerned  in  fuel  economy  and  conservation.  It  is  stated 
that  last  year  500,000,000  tons  of  coal  was  burned,  but  of 
this  amount  the  bureau  estimates  fully  125,000,000  tons,  or 
25  per  cent,  was  wasted  through  incomplete  combustion  and 
other  preventable  waste.  The  function  of  the  Bureau  of 
Mines  and  the  results  obtained  through  its  extensive  investiga- 
tions are  also  set  forth  in  the  publication. 


])ower.  The  losses  are  negligible  in  comparison  with  those 
due  to  incomplete  combustion  or  excessive  air,  wliich  generally 
accompany  combustion  without  visible  smoke.  The  carbon 
]iarticles  producing  visible  smoke  are  not  derived  from  a 
lifting  of  fixed  or  solid  carbon  from  the  grates,  but  they  are 
formed  from  gases  during  tlie  combustion  process. — Power, 
September  18,  1917. 


The  War  Convention  of  American  Business,  brought  to- 
gether at  the  call  of  the  Chamber  of  Conmaerce  of  the  United 
States,  met  at  Atlantic  City,  September  17  to  21.  The  chief 
topic  of  discussion  was  the  regulation  and  control  of  prices 
by  the  Government,  the  organization  of  war  production,  and 
the  adjustment  of  business  during  and  after  the  war.  Sug- 
gestions were  made  that  a  war  board  should  be  created,  similar 
to  the  Ministry  of  Munitions  in  England,  which  would  con- 
trol purchases  for  the  Government,  determine  prices  and  con- 
trol priority  in  distribution  in  order  to  do  away  with  the 
competition  between  Government  demands  and  those  of  pri- 
vate industry,  which  at  present  is  working  considerable  hard- 
ship on  business  men  over  the  country-. 


Among  the  educational  institutions  w-bich  have  been  pa- 
triotically devoting-  the  summer  I'ecess  to  the  intensive  train- 
ing of  enlisted  men  should  be  mentioned  Wentworth  Institute. 
The  institute  has  been  giving  such  training  to  the  men  of  the 
101st  Massachusetts  Engineers,  who  have  received  quite  a 
comprehensive  outline  of  the  essentials  of  machine-shop  opera- 
tions, steam  engines,  pumps,  electrical  construction  and  steam 
and  electrical  power-plant  practice.  An  enormous  amount  of 
practical  work  has  been  accomplished  and  the  thorough  man- 
ner in  which  these  young  engineers  have  constructed  a  long 
series  of  trenches,  bomb-proof  shelters  of  reinforced  concrete, 
dug-outs,  etc.,  with  all  of  the  latest  devices,  emergency  exits, 
drainage  provisions,  wire  entanglements,  suspension  and  pon- 
toon bridges,  electrical  generating  stations  for  use  in  the  field 
to  supply  power,  light  and  telephone  and  telegraph  facilities 
for  field  operations,  ensures  their  early  participation  in  the 
actual  operations  in  the  field. 


A  (■(ihall-('hromp-caVl)on  steel  is  now  being  made  by  a  Shef- 
field works,  for  which  it  is  stated  that  the  property  of  red- 
hardness  is  obtained  without  the  addition  of  tungsten.  This 
steel  is  said  to  melt  at  lower  temperatures  than  tungsten 
high-speed  steel,  and  to  be  so  fluid  as  to  be  readily  cast  into 
intricate  forms  for  milling  cutters,  gages  and  similar  prod- 
ucts. It  may  also  be  annealed  in  the  usual  manner  to  a 
sufficient  degree  of  softness  to  be  readily  machined,  and  can 
be  forged  without  difficulty.  It  can  be  hardened  by  heating 
to  1000  deg.  cent,  and  cooling  in  still  air  without  an  air 
blast. — The  Ironmonger,  August  11,  1917. 


Before  jneaus  can  be  found  to  reduce  smoke,  it  is  obvious 
that  the  causes  of  its  production  must  be  understood.  The 
erroneous  opinion  prevails  that  black  smoke  contains  a  large 
amount  of  fumbustible  matter  and  that  it  is  a  sign  of  greatly 
reduced  economy.  The  most  dense  black  smoke  does  not 
commonly  contain  more  than  14  of  1  per  cent  of  the  com- 
bustible fired.  The  extreme  fineness  and  the  distribution 
of  the   carbon   particles   bestow   upon   them   a   high    coloring 


The  present  national  crisis  brings  home  to  us  the  crying 
needs  of  the  nation  in  availing  itself  of  the  knowledge  and 
ability  at  its  command.  Fifty  thousand  specialists  in  apply- 
ing scientific  knowledge  to  practical  problems  as  well  as  scores 
of  research  laboratories  have  offered  their  services  to  the 
nation.  But  problems  requiring  investigation  are  slow  in 
being  developed.  Once  they  are  fonnulated  and  given  to  the 
engineers  of  the  country,  few  will  remain  unsolved  very  long. 

It  is  for  the  engineer  to  apply  the  results  of  research  to 
practical  problems  and  to  carry  practical  ]iroblems  demanding 
general  research  back  to  the  research  laboratories.  To  the 
engineer,  every  special  problem  requires  a  special  application 
of  fundamental  principles.  Is  it  too  much  to  hope  that  the 
day  is  rapidly  approaching  when  all  great  problems,  particu- 
larly those  of  our  national  and  state  governments,  will  be 
automatically  placed  in  the  hands  of  trained  specialists?  Not 
self-seeking  politicians,  nor  yet  men  with  mere  theories,  but 
engineers  with  a  real  command  of  fundamental  principles, 
men  with  an  unbroken  record  of  big  achievements  and  no 
failures,  men  ever  ready  to  stake  their  all  on  their  ability  to 
handle  problems  in  their  specialty. — Science,  September  14, 
1917. 
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THK  transti'i-  of  lii-at  between  a  liowing  gas  and  the  wall 
(it  a  metallie  flue  through  which  the  gas  flows  is  one  of  the 
most  important  proeesses  in  mechanical  engineering,  and  as 
such  has  been  the  subject  of  much  study  by  physicists  and  by 
engineers.  All  attempts,  however,  to  bring  the  process  under 
the  yoke  of  a  general  formula  have  been  very  imperfectly 
successful. 

The  author  now  offers  the  formula  described  below,  which 
within  a  wide  range  of  conditions  will  represent  with  all  the 
accuracy  needed  for  practical  work  the  processes  of  heat 
transfer  between  a  gas  and  a  metallic  flue  wall. 

The  formula  apjilies  eiiually  well  to  the  loss  of  heat  by  a  hot 
gas  in  a  cooler  flue  and  to  the  gain  of  heat  by  a  cool  gas  in 
a  hotter  flue,  and  although  it  has  been  established  by  purely 
empiric  methods,  yet  the  accuracy  with  which  it  conforms  to 
the  results  obtained  by  various  observers  using  widely  differ- 
ing experimental  methods  leads  to  the  belief  that  it  represents 
closely  the  fundamental  law  by  which  heat  is  transferred  un- 
der the  conditions  under  consideration. 

The  wide  range  of  the  experimental  data  on  which  the 
formula  is  based  is  shown  in  Table  1  and  may  be  sumuuirized 
briefly  as  follows : 

Gases.  The  gases  experimented  with  were  products  of  com- 
bustion, lighting  gas,  CO.,  and  air,  all  at  atmospheric  pressure; 
also  air  at  pressures  ranging  from  0.15  to  140  lb.  per  sq.  in.  abs. 

Rate  of  Flow  of  Gas.  The  rates  of  flow  ranged  from  0.5  to 
650  lb.  per  lir. 

Flues.  Flues  of  annular  and  circular  cross-section  were 
used,  with  effective  diametere  ranging  from  0.5  to  2.0  in.,  and 
of  lengths  from  0.64  to  20  ft. 

Temperatures.  The  inlet  gas  temperatures  ranged  from 
2340  deg.  fahr.  witii  the  products  of  combustion  being  cooled, 
to  55  deg.  fahr.  with  air  being  warmed. 

In  all  of  the  experiments  throughout  this  wide  range  of  con- 
ditions the  transfer  of  heat  is  satisfactorily  represented  by 
the  general  formula  pro]iosed  below. 

GENERAL  FORMULA  FOR  HEAT  TRANSFER 

The  type  of  formula  used  is  adapted  from  that  suggested 
by  Fessenden  and  Hedrick.'  No  attempt  is  made  to  measure 
the  rate  of  heat  transfer  per  square  foot  of  heating  surface  per 
degree  of  temperature  difference,  but  an  expression  is  given 
for  the  rise  or  fall  in  temperature  of  a  gas  in  its  passage  along 
a  flue  tlie  wall  of  wliich  is  at  a  higher  or  a  lower  temperature 
than  the  gas. 

If  a  gas  flows  at  the  rate  of  W  lb.  per  hour  througli  a  flue 
of  which  the  hydraulic  depth  is  rf  4  in.  (in  a  flue  of  circular 
section  the  diameter  corresponding  to  this  hydraulic  depth  is  d 
in.),  and  if  the  temperature  of  the  gas  be  T^  deg.  in  any  given 
section  and  T,  deg.  in  a  section  x  ft.  distant  in  the  direction  of 
the  flow,  and  if  the  mean  flue  temperature  between  these  two 


sections  be  t  deg.,  all  temperatures  being  measured  from  the 
absolute  zero  in  any  scale;  then,  if  the  gas  temjierature  be- 
higher  than  the  flue  temperature, 

lolog  T,/l  —  lolog  TJt  =  Ux [1] 

aijd  if  the  flue  temperature  be  higher  than  the  gas  temperature, 

lolog  t/'l\  —  lolog  t/T„  =  Mx [la] 

where  M  is  a  constant  in  any  given  case,  being  dependent  only 
on  W  the  rate  of  How  of  the  gas,  and  on  d/i  the  hydraulic 
depth  of  the  flue.  In  the  experiments  under  consideration 
there  is  a  critical  rate  of  flow  at  about  5  lb.  of  gas  per  hr. 
At  all  rates  of  flow  above  this  the  value  of  the  coeffieient  M  is 
accurately  given  by  the  equations 

Log  M  =  A  —TO  log  ir [2] 

where 

A  =  1.558  —  0.185d    [3] 

and 

m  =  0.14  +  0.083d    [4] 

The  application  of  Equation  [1]  is  illustrated  by  Figs.  1,  2 
and  3,  which  are  based  on  one  of  the  Babcock  and  Wilcox  ex- 
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Fig.  1    Mean  Gas  Temper.\tures  and  M^ean  Flue 
Temperature 

(B.  &  W.  Test  1,  April  13.) 

jeriments  in  which  i)roducts  of  combustion  at  a  high  tempera- 
ture were  passed  through  a  water-jacketed  flue  and  the  tem- 
perature determined  at  a  number  of  points  along  the  flue. 
The  abscissfB  in  all  three  flgures  are  distances  in  feet  from 
the  furnace  end  of  the  flue.  In  Fig.  1  the  ordinates  of  the 
curve  are  the  gas  temperatures  T  in  degrees  fahrenheit  above 
the  absolute  zero.  A  horizontal  line  is  also  drawn  having  as 
ordinates  the  mean  flue-wall  temperature  '. 

In  Fig.  2  the  ordinates  are  the  logarithms  of  the  ratio  of 
gas  temperature  to  mean  flue  temperature,  log  T/t,  while  in 
Fig.  3  the  ordinates  are  the  logarithms  of  the  ordinates  in  Fig. 
2,  that  is,  they  are  the  logarithms  of  the  logarithms  of  the  tem- 
perature ratios,  [log  (log  T/t)  or  lolog  T/t].  In  Fig.  3  the 
points  plotted  fall  on  a  straight  line  and  it  is  obvious  that  if 


'  Trans.  Am.Soc.M.E.,  vol.  .'iS,  p.  407. 


-  Chappeli's  very  couvf  uieiit  logarlthmlo  notntion  Is  used,  by  which 
'•  lolog  A'  "  denotes  "  the  logarithm  of  the  logarithm  of  the  number 
N."  all  logarithms  being  to  the  base  10.  I  Five  Figiire  Mathematical 
Tables,  by  E.  Chappell.) 
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T,  be  the  gas  temperature  at  any  point  and  T^  the  gas  tem- 
perature at  a  point  x  ft.  further  along  the  flue  the  relation 
between  the  two  temperatures  is  given  by  the  equation 

lolog  TJt  —  lolog  TJt  =  Mx   [1] 

where  M  is  the  slope  of  the  line. 

The  purpose  of  the  present  paper  is  (1)  to  show  that  this 
relation  is  a  general  one,  and  (2)  to  show  how  M,  the  coeiB- 
cient  measuring  the  slope  of  the  lolog  line,  is  affected  by  the 
rate  of  flow  of  the  gas  and  by  the  flue  diameter.  It  should  be 
noted  that  the  coefficient  M  is  dependent  not  on  the  actual 
diameter  of  the  flue  but  on  the  hydraulic  depth,  that  is,  on  the 
quotient  of  the  area  divided  by  the  perimeter.  In  the  case  of  a 
flue  of  circular  cross-section  the  hydraulic  depth  is  one-quar- 
ter the  diameter,  and  it  is  immaterial  whether  diameter  or 
hydrauUc  depth  be  taken  as  argument  in  establishing  the  rela- 
tionship with  the  coeiScient  M.  As  most  of  the  present  work 
concerns  circular  flues,  it  is  convenient  to  use  the  "  effective 
diameter  "  d  in  determinins:  the  relation  between  flue  section 
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Fig.  3    Logarithm  of  Logarithm  of  Temperature  Ratio 

(B.  &  W.  Test  1,  April  13.) 

and  the  coefficient  M.  This  "  effective  diameter,"  being  defined 
as  four  times  the  hydraulic  depth,  is  the  same  as  the  actual 
diameter  in  a  flue  of  circular  cross-section.  Examination  of 
the  experimental  data  has  led  to  the  conclusion  that  the  rela- 
tion between  the  coefficient  M,  the  rate  of  flow  of  gas  W ,  and 
the  elfective  flue  diameter  d,  is  that  shown  above  in  Equations 
[2],  [3]  and  [4]. 

EXPEEIMENTAIi  DATA 

The  data  on  which  the  conclusions  stated  above  are  based 
have  been  derived  from  a  total  of  205  experiments,  the  range 
of  conditions  covered  by  them  being  shown  in  Table  1.  These 
experiments  fall  into  six  groups,  each  of  which  is  due  to  a 
different  experimenter.  The  Jordan'  experiments  are  among 
the  most  accurate,  and  as  they  cover  a  wide  range  of  flue 
diameters,  have  played  a  considerable  part  in  establishing  the 
formulae.     They  comprise  five  series,  each  with  a  flue  of  a  dif- 

a  ~:-  ■ 

'  Proc.  Inst.  M.  E.,  1909,  p.  1817. 


ferent  section.  Two  of  the  flues  were  annular  and  three  circu- 
lar in  section,  the  effective  diameter  ranging  from  0.506  to 
1.968  in.  The  gas  used  was  air,  the  rate  of  flow  ranging  from 
30  to  620  lb.  per  hr.  and  the  inlet  temperature  from  238  to  750 
deg.  fahr.  The  air  was  passed  through  a  vertical  flue  3.28  ft. 
long,  surrounded  by  cooling  water  flowing  in  the  opposite  di- 
rection to  the  air.  Inlet  and  outlet  temperatures  of  the  air 
were  measured. 

The  Nusselt*  experiments  were  made  with  air  at  a  pressure 
of  140  lb.  per  sq.  in.,  and  with  air.  CO.  and  lighting  gas  at  at- 
mospheric pressure.  These  gases  at  atmospheric  temperatures 
were  passed  through  a  horizontal  flue  0.868  in.  in  diameter  sur- 
rounded by  steam  at  atmospheric  pressure,  and  the  rise  in  tem- 
perature measured.  The  length  of  flue  in  which  the  tempera- 
ture rise  took  place  varied  from  0.64  to  1.96  ft.  The  rate  of 
flow  of  gas  varied  from  1  to  400  lb.  per  hr.  These  experi- 
ments were  carried  out  with  great  care  and  are  valuable  on 
account  of  the  wide  range  of  rate  of  gas  flow,  and  because 
gases  of  various  compositions  were  used.  The  Josse"  experi- 
ments, like  those  of  Nusselt,  were  made  with  a  horizontal 
steam-jacketed  flue,  through  which  air  at  atmospheric  tem- 
perature was  passed  and  the  rise  in  temperature  measured. 
Pressures  of  1.5,  7.5  and  15  lb.  per  sq.  in.  were  used,  the  rate 
of  flow  ranging  from  0.5  to  71  lb.  per  hr.  The  flue  was  0.905 
in.  in  diameter  and  4.34  ft.  long.  The  Babcoek  and  WUcox' 
experiments  considered  here  are.  seven  in  number,  taken  at 
random  from  an  elaborate  series  in  which  the  products  of 
combustion  from  a  gas  furnace  were  passed  through  a  water- 
jacketed  flue  2  in.  in  diameter  and  20  ft.  long.  The  gas  inlet 
temperatures  ranged  from  1750  to  2350  deg.  fahr.,  and  as  the 
water  jacket  was  divided  into  twenty  compartments  each  one 
foot  long,  the  drop  in  temperature  of  the  gas  along  the  flue 
could  be  determined  by  measuring  the  amount  of  heat  absorbed 
in  each  compartment  of  the  jacket.  The  mean  water  tempera- 
ture was  approximately  160  deg.  fahr.  The  Fessenden'  experi- 
ments were  very  similar  to  the  Babcoek  and  Wilcox,  but  in  one 
series  a  flue  1.816  in.  in  diameter  and  10.95  ft.  long,  and  in  the 
other  series  a  flue  0.816  in.  in  diameter  and  10.44  ft.  long,  was 
used.  In  both  series  the  jacket  was  divided  into  ten  compart- 
ments in  which  water  was  allowed  to  boil  at  atmospheric  pres- 
sure. Inlet  and  outlet  temperatures  were  measured,  and  the 
drop  of  temperature  along  the  flue  could  be  found  by  measur- 
ing the  amount  of  heat  given  up  to  each  compartment  of  the 
jacket.  The  Pennsylvania  Railroad*  experiments  are  taken 
from  tests  of  locomotives  on  the  Altoona  locomotive  testing 
plant.  One  boiler  had  flues  2  in.  in  diameter  and  18.75  ft.  long, 
the  other  had  flues  1.75  in.  in  diameter  and  15  ft.  long.  The 
firebox  and  smokebox  temperatures  were  measured  in  each  ex- 
periment and  the  weight  of  the  products  of  combustion  deter- 
mined from  the  flue-gas  analysis. 

DERIVATION   OF   FORMUL.S':   FROM   EXPERIMENTAL   DATA 

The  process  of  studying  the  validity  of  Equation  [1]  and  of 
arriving  at  the  law  expressed  by  Equations  [2],  [3]  and  [4] 
is  illustrated  by  Figs.  4  to  7. 

The  first  step  was  to  calculate  from  the  figures  obtained  ex- 
perimentally the  value  of  the  coefficient  M  in  Equation  [1]. 
This  bavins  been  done  and  the  results  tabulated,  it  became  evi- 


*  Mitteilungen   ijber  Forschungsarbeiteu,  vol.   S9    (19101. 

■'•  Zeitschrift  des  Vereines  deutscher   Ingenieure.   1909.   p.   322. 
»  Experiments  on   the  Rate  of  Heat  Transfer   from   a  Hot  Gas  to  a 
Cooler  Metallic  Surface.     The  Babcoek  &  Wilcox  Co..  1916. 

•  University  of  Mi^-ouri  Bulletin,  vol.  17.  no.  26  (October  1916). 

» Locomotive  Tests  and  Exhibits  :  The  Pennsylvania  R.  R.  System, 
1905.  Tests  of  an  E2A  Locomotive  :  Locomotive  Testing  Plant  Bulle- 
tin No.  5 ;  Pennsylvania  R.   R    Co..   1910. 
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dent  that  in  eacli  series  of  experiments  made  with  the  same 
diameter  flue  the  vahies  of  M  decreased  regularly  as  the  rate 
of  gas  flow  increased.  In  the  search  for  the  law  governing  this 
change  the  values  of  log  M  were  plotted  as  ordinates  over  the 
values  of  log  Tr  as  abscissae,  ( TF  =  lb.  of  gas  per  hr. ) .  Fig.  5 
showing  the  results  obtained  from  Nusselt's  experiments  is 
typical  and  is  of  interest  as  covering  the  widest  range  of  gas- 
flow  rates  and  as  covering  gases  of  tiiree  different  compositions 
and  of  widely  different  pressures.  From  this  plot  it  appears 
that  there  is  a  critical  rate  of  flow  at  about  5  lb.  of  gas  per  hr., 
TF  =  5,  log  W  =  0.699,  and  that  for  rates  of  flow  greater  than 
this  the  relation  between  log  M  and  log  TF  is  a  well-marked 
straight  line  of  the  form  log  31  =  A  —  m  log  TF  (Eq.  [2]). 

Before  examining  the  numerical  values  of  the  coefficients  in 
this  equation,  attention  will  be  directed  to  the  meaning  of  the 
two  formute  which  have  been  set  up.  In  Fig.  6,  which  is  Fig. 
5  redrawn  in  diagram  form,  AB  represents  the  lolog  of  the 
temperature  ratio  at  a  given  cross-section  of  the  flue  and  CD 
the  lolog  of  the  temperature  ratio  at  a  section  x  ft.  further 
along  the  flue.  Then  the  slope  of  the  line  AC  is  determined  by 
the  value  of  the. coefficient  M.  If  the  coefficient  has  a  larger 
value,  say  M',  the  line  will  have  a  sharper  slope  and  the  value 
of  lolog  t/T.  will  be  CD,  which  is  less  than  before.  This 
means  that  the  temperature  T,  will  be  gi'eater  than  before. 
An  increase  in  the  value  of  the  coefiieient  M  corresponds  to 
a  more  rapid  interchange  of  heat  between  flue  wall  and  gas, 
and  consequently  in  the  ease  under  consideration,  to  a  greater 
increase  in  the  temperature  of  the  gas. 

The  influence  of  the  rate  of  gas  flow  on  the  coefficient  M 
in  any  given  flue  is  well  illustrated  by  Fig.  5.  As  the  rate 
of  flow  is  increased  the  value  of  the  coefficient  M  decreases, 
that  is  to  say,  the  amount  of  change  in  the  temperature  of 
the  gas  between  any  two  points  decreases.  For  example,  in 
Fig.  5  the  line  drawn  through  the  plotted  points  of  the  Nusselt 
experiments  shows  the  following  values  for  log  TT^  and  log  M  : 


log  w  =  1.0 
log    M    =   1.123 


1.505 
1.017 


2.00 

2.905 


2.70 
2.755 


From  which  the  following  values  are  found  for  IT  and  M : 


W—     10 
M  =  0.132S 


32 
0.1040 


100 
0.08036 


500 
0.05689 


If  an  initial  gas  temperature  of  70  deg.  fahr.  be  assumed, 
the  temperature  of  the  gas  after  passing  1  ft.  along  the  flue 
which  is  maintained  at  212  deg.  fahr.  will  vary  as  follows : 


Rate  of  flow,  lb.  per  Lr.,  IT  =     10 
Temper.iture,   deg.  fahr,   T^  —  103.5 
Rise  in  temperature,  To — Ti   =     35.5 


The  rise  in  temperature  becomes  less  and  less  as  the  rate  of 
flow  is  increased.  If  the  amount  of  heat  transferred  to  the  gas 
is  calculated  from  the  foregoing,  assuming  a  specific  heat  of 
0.238,  the  following  figures  are  obtained : 


82 

100      ■ 

500 

98.5 

92.5 

86.0 

28.5 

22.5 

16.0 

Rate  ol  flow,  ib.  per  hr TT  =  10  32 

Heat  transfer,  B.t.u.  per  br.,  0.238  \V(1\ — T-Ci—  84.6     217 


100 
536 


500 
1910 


From  this  it  will  be  seen  that  when  flowing  at  the  rate  of  10 
lb.  per  hr.  the  temperature  of  the  gas  is  raised  35.5  deg.  out 
of  a  possible  42  deg.,  the  transfer  of  heat  being  at  the  rate  of 
84.6  B.t.u.  per  hr.,  while  if  the  rate  of  flow  is  increased  to  500 
lb.  per  hr.  the  temperature  rise  is  only  16  deg.,  but  the  heat  is 
transferred  at  the  rate  of  1910  B.t.u.  per  hr. 

NUMERICAL  VALUES   FOR   COEFFICIENTS 

Returning  to  Equations  [1]  and  [2]  in  order  to  evaluate  the 
coefficients.  Figs.  4  to  8  come  imder  observation.     The  process 


adopted  in  deciding  on  the  values  given  in  Equations  [3]  and 
[4]  was  to  plot  on  a  fairly  large  scale  values  of  log  M  as  ordi- 
nates against  values  of  log  W  as  abscissae.  This  having  been 
done  for  the  five  Jordan  series,  for  the  Nusselt  and  for  the 
Babcock  and  Wilcox  groups  of  experiments,  all  of  which 
can  lay  claim  to  a  high  degree  of  accuracy,  it  was  evident  that 
Equation  [2],  or  log  M  =  A  —  m\ogW,  was  universally  appli- 
cable if  the  coefficients  A  and  m  were  properly  chosen  to  suit 
each  flue.  This  is  made  clear  by  Fig.  4,  in  which  all  of  the 
seven  series  just  referred  to  are  brought  together  in  one  plot. 
It  is  evident  from  this  that  the  coefficients  A  and  m  which  de- 
termine the  position  of  the  lines  in  this  plot  depend  on  the  ef- 
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4    Relation  Between  Coefficient  M   and  Rate  of 
Flow  of  Gas  for  Various  Flue  Diameters 


All  lines  are  represente(l_by  the  equation 

log  M  =  1.8T  —  (2.23  -I-  log  W)  m, 
wLich   may  be  written  log  Jf  =  A   —   m  log   TV',  where  A   =   1.87  — 
2.23   m.     This   indicates   that   all   ot_the   lines   if   extended   will   pass 
through  the  point  at  which  log  M  —  1.87  and  log  ir  =  —  2.23  =  3.77. 
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Fig.   5     Relation   Between   Coefficient  M   and   Rate  of 

Gas  Flow  from  Nusselt's  Experiments  with 

Various  Gases 

fective  diameter  of  the  flue.  The  problem  is  then  narrowed 
down  to  the  selection  of  values  for  these  coefficients  which 
shall  be  in  some  regular  relation  to  the  effective  flue  diameter, 
and  which  shall  at  the  same  time  harmonize  with  the  individual 
points  derived  from  the  experiments. 

In  studying  tliis  problem  it  was  found  that  in  each  series  of 
experiments  the  points  plotted  in  Fig.  4  could  be  closely  repre- 
sented by  a  group  of  straight  lines  and  all  the  lines  thus  ob- 
tained passed  through  point  (log  3/ =  1.87.  log  17  =  3.87). 
In  other  words,  the  ]>oints  representing  the  relation  between  log 
M  and  log  TF  for  all  the  experiments  in  the  seven  series  now 
under  consideration  lie  on  a  series  of  straight  lines  radiating 
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from  the  common  point  (logi)/  =  1.87,  log  W  =  3.77).  Hav- 
ing diseovered  this  property,  the  positions  of  the  lines  shown 
in  Fig.  4  were  established  by  choosing  for  each  series  of  ex- 
periments a  center  point  (these  are  the  points  marked  Z  in 
Fig.  4)  and  drawing  lines  through  tlie  common  meeting  point 
and  through  these  center  points. 

Table  2  shows  in  columns  3  and  4  the  coordinates  of  the 
center  points  selected  for  each  series,  and  in  columns  5  and  6 
the  values  of  the  coefficients  A  and  m  for  each  of  the  lines  pass- 
ing through  these  center  points  and  tlu'ough  the  common  meet- 
ing point.  To  connect  these  coefficients  with  the  effective  flue 
diameter  they  are  plotted  as  ordinates  in  Fig.  7  over  the  flue 
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Fig.   6    Diagram   Showing   Effect  of  a   Change   in   the 
Value  op  the  Coefficient  M 
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Fig.   7    Relation   Between   Flue  Diameter  and   Coeffi- 
cients m  AND  A  IN  THE  EQUATION  LOG  M  =  A  —  in  LoG  TF 

The  value  of  m  being  determined  by  the  line  drawn  through  the 
plotted  values  of  m,  the  value  of  A  follows  from  the  equation  .L  =  1.87 
—  2.23  m. 

diameters  d  as  abscissse.  All  of  the  points  lie  fairly  close  to  a 
straight  line,  and  for  the  coefficient  m  a  line  with  the  equation 
m  =  0.14  +  0.083d,  or  Eq.  [4] ,  was  chosen  as  representing 
most  satisfactorily  the  relation  between  tn  and  d.  Now  since 
all  of  the  lines  in  Fig.  5  are  drawn  to  jiass  through  the  point 
(log  M  =  1.87,  log  TF  =  3.77),  they  can  all  be  represented  by 
the  equation 

log  M  =  1.87  -  (log  W  —  3.77)  m        [5] 

which  can  be  written 

log  M  =  1.87  —  (2.23  -f  log  1F)»» [oa] 

since  3.77  =  —  2.23,  or  by  regrouping, 

log  M  =  (1.87  —  2.23  m)  —  jn  log  TF   [5b  | 

Combining  this  with  Equation  [2],  it  follows  that 


A  =  1.87  — 2.23  m    [6] 

and  giving  m  the  value  found  above  in  Equation  [4],  Equation 
[0]  becomes 

.1  =  156  —  0.185  d   [3] 

This  completes  the  account  of  the  development  of  the 
formulie  proposed.  It  now  remains  to  consider  their  applica- 
tion to  other  independent  experiments  and  to  consider  critically 
some  portion  of  the  work  described  above. 

APPLICATION  OF  THE  FORMUL.IO  TO  OTHEK  EXPERIMENTS 

In  a<ldition  to  those  from  the  seven  series  of  experiments 
considered  above,  experimental  data  from  five  otlier  series  are 
available  for  comparison.  These  are  the  two  series  by  Fessen- 
den,  one  by  Josse,  and  two  series  of  the  Pennsylvania  Railroad 
locomotive  tests.  For  these  experiments  values  of  M  were  cal- 
culated as  before  and  tlie  values  of  log  M  plotted  against  log 
TV  in  Figs.  8  to  11.  In  these  figures  the  points  are  rather  more 
scattered  than  in  those  previously  considered,  and  the  straight- 
line  relation  between  log  21/  and  log  TF  is  not  so  clearly  marked. 
This  is  probably  due  to  a  somewhat  lower  degree  of  accuracy 
in  the  expernnents,  and  it  was  for  this  reason  that  these  series 
were  used  for  checking  rather  than  for  establishing  the 
formulas.  The  value  of  the  coefficients  A  and  m  as  determined 
by  Equations  [3]  and  [4]  for  the  respective  flue  diameters  are 
given  for  all  twelve  series  of  experiments  in  columns  7  and  8 
of  Table  2.  The  lines  corresi3onding  to  these  coefficients  are 
drawn  in  in  the  various  figures  and  marked  K-K.  In  the  Josse 
experiments,  Fig.  8,  the  values  of  M  given  by  the  line  K-K  de- 
rived from  Equations  [2],  [3]  and  [4]  are  slightly  higher  than 
those  calculated  from  the  experiments.  The  deviation  of  the 
line  from  the  points  is  hardly  greater  than  the  discrepancies 
between  the  individual  points.  In  view  of  the  fact  that  no 
very  elaborate  precautions  were  taken  to  prevent  errors  in 
these  experiments,  it  is  quite  probable  that  the  formula  repre- 
sents the  actual  conditions  at  least  as  closely  as  do  the  figures 
derived  from  the  experimental  data.  This  series  is  also  inter- 
esting, as  it  confirms  the  indication  given  by  the  Nusselt  ex- 
periments of  a  critical  gas  speed  at  about  5  lb.  per  hr.,  log  TF 
=  0.6!)!).  In  the  Fessenden  experiments  the  points  in  Series  I, 
Fig.  9,  are  very  smoothly  grouped  and  could  hardly  be  bet- 
ter rejjresented  than  they  are  by  the  line  K-K  given  by  the 
formulae.  In  Series  II,  Fig.  10,  the  agreement  between  the  cal- 
culated line  K-K  and  the  experimentally  derived  points  is  ap- 
parently not  so  close,  but  in  this  case  the  experimental  condi- 
tions were  such  as  to  give  a  comparatively  large  variation  in 
the  coefficient  M  for  a  small  variation  in  the  heat  absorption. 
In  Fig.  10,  for  a  rate  of  gas  flow  of  19.7  lb.  of  gas  per  hr.,  that 
is,  log  TF  =  1.295,  the  value  of  log  31  from  the  formula?  as 
shown  by  the  line  K-K  is  1.15,  while  the  experimental  points 
show  log  M  =  1.05.  The  experimental  conditions  correspond- 
ing to  this  rate  of  flow  of  gas  show  a  temperature  drop  from 
2003  deg.  fahr.  to  281  deg.  fahr.  in  a  flue  10.44  ft.  long.  The 
use  of  the  calculated  value  of  the  coefficient  31  would  change 
the  outlet  temperature  from  281  to  238  deg.  fahr.,  making  the 
temperature  drop  1765  instead  of  1722  deg.  This  only  means 
a  difference  of  2.5  per  cent  in  the  amount  of  heat  absorbed 
from  the  gas,  which  is  witliin  the  range  of  errors  of  observation 
in  these  experiments.  There  is  therefore  no  real  conflict  be- 
tween the  experimental  data  and  the  formulfe  proposed.  The 
Pennsylvania  Railroad  locomotive  tests,  Fig.  11,  show  remark- 
ably close  agreement  between  the  points  derived  from  the  ex- 
periments and  the  lines  K-K  given  by  the  formulae.  A  notice- 
able feature  in  this  figure  is  the  difference  shown  by  the, ex- 
periments in  the  value  of  the  coefficient  31  in  the  two  series  of 


October 
1917 


TRANSFER  OF  HEAT,  L.  H.  FRY  847 

T.\BLE  1       RANGE  OF  CONDITIONS  COVERED  BY  EXPERIMENTAL   DATA 


Num- 
ber of 
Experi- 
ments 

G 

as 

line 

Experimenter 
and  Gas  Used 

Range  of  Temperatures, 
Deg.  Fahr. 

Rate 

of 

Flow, 

Lb.  per  Hour 

Shape 

of 
Section 

Eflective 
Inside 
Diam., 
Inches 

Lengtii 

Used  in 

Experiments, 

Feet 

Range  of 

.Mean  Wall 

Temperatures, 

Deji.   Fahr. 

(."onditions 

Surrounding 

line 

Inlet 

Outlet 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

.Max. 

Jordan 

15 
14 
14 

12 
17 

238 
357 
319 
365 
381 

545 
750 
604 
637 
736 

147 
243 
250 
154 
260 

235 
373 
443 
258 
468 

108 

108 

108 

30 

72 

550 
600 
620 
98 
520 

.\nnular 
Annular 
Circular 
Circular 
Circular 

(0.6.S4) 
(1.04. 
1.968 
0.506 
1.236 

3.28 
3,28 
3.28 
3.28 
3.28 

(38 

.35 
7"' 
67 

106 
126 
86 
1.30 
102 

Gas    flue    surrounded 

by    annular    water 

Series  D  Air 

flue   carrj-ing   cool- 

ing water  flowing  in 

direction     opposite 

to  that  of  air  flow. 

NUSSELT 

1.  Air  at  14  !b/sq.  in.  abs.. .  . 

2.  Same  as  1,  with  long  en- 

13 

10 
12 
10 

12 

78 

55 
62 
70 

74 

155 

115 
115 
125 

144 

109 

124 

81 

lOS 

124 

187 

176 
148 
150 

177 

1.6 

1.7 

16.6 

6.4 

1.0 

108 

100 
420 
137 

38 

Circular 

Circular 
Circular 
Circular 

Circular 

0.868 

0.868 
0.868 
0.868 

0.868 

Min. 
0.89 

0  96 
1.96 

1  00 

0.64 

M:>.\. 
1    95 

3.70 
1    96 
1    96 

1.90 

217 

217 
217 
217 

217 

Gas  flue  surrounded 
by  steam  jacket 
maintained    at    at- 

3. Air  at  140  Ib./sq.  in.  abs. . 

4.  CO"  at  14  lb.  sc).  in.  abs.. . 

5.  Lighting  Gas  at  14  Ib./sq. 

mospheric  pres- 
sure. 

Babcock  &  Wilcox  Co. 
Products  of  Combustion. . . 

' 

1735 

2340 

377 

649 

94 

313 

Circular 

2.0 

17 

160 

200 

Gaa  flue  surrounded 
by  water  jacket* 
each  one  foot  long, 
to  which  cooling 
water  is  appUed. 

Fessenden 

Products  of  Combustion 

19 
17 

1473 
1492 

1971 
2003 

414 
247 

563 
.'iOG 

40.0 
11   8 

117  0 
25.8 

Circular 
Circular 

1.816 
0.816 

10.95 
10.44 

212 
212 

Gas  flue  in  each  seriei 
surrounded  by  ten 
jackets  to  which 
water    is    fed    and 

Series  II 

boiled  at  atmos- 
pheric pressure. 

JOSSE 

1.  Air  at  14.7  lb. /so.  in.  abs.. 

2.  Air  at    7.2  Ib./sq.  in.  abs.. 

3.  Airat    1.5  lb.  sq.  in.  abs.. 

7 
5 
5 

62 
67 
80 

70 
68 
96 

138 
130 
162 

171 
186 
188 

5,3 
4.8 
0.5 

71 
34 
37 

Circular 
Circular 
Circular 

0.905 
0.905 
0.905 

4.34 
4.34 
4.34 

212 
212 
212 

Gas  flue  surrounded 
by  steam  jacket 
maintained  at  at- 
mospheric pressure. 

Pennsylvania  R.  R. 

Products  of  Combustion 
Series  600 

11 

17 

1476 
1774 

2177 
2266 

500 
562 

689 
740 

64 
121 

171 
252 

Circular' 
Circular 

2  00 
1 .  75 

18.75 

390 

Experiments  with  lo- 
comotive boilers. 

Series  900 

15 

00 

387 

TABLE  2     VALUES  OF  COEFFICIENTS  .4   AND  m  USED   IN   DRAWING    B-B  AND    A'-A'    LINES   IN    FIGS   4   TO    11 


1 

2 

3 

4 

5 

fi 

7 

.< 

Experiments 

Flue  Diameter, 
Inches 

Coordinates  of  Point  Chosen 

as  Center  of 

Plotted  Points 

\'alue  of  Coefficients  A  and  m 
found  for  Line  Drawn  through 
the  Center  Point  and  through 

the  Common  Meeting  Pc>int 
Having  Coordinates 

Log  il/=T.S7,  Log  IT  =3.77 

Values  of  Coefficients 

Corresponding  to  the  Flue 

Diameter  d.  as  Given  by  the 

Straight  Lines  in  Fig.  7 

A=T.5d-0.1S5d 

m=0.14  4-0.0S3rf. 

Log  M 

Log  n- 

.4 

J" 

.4 

m 

2.00 

(0.684)1 
(1.04)1 
1.968 
0.506 
1.236 
0.868 

2  500 

T  010 
2.850 
2.570 
1.170 
2.705 
2.905 

2  20 
2.40 
2.35 
2.45 
1.70 
2.45 
2.00 

1.18 

1.455 

1.37 

1.25 

1  .47 

1.31 

1.36 

0.310 
0.186 
0.223 
0.27S 
1.178 
0.2.50 
0.228 

1.19 
1.43 
1.37 
1.20 
1.47 
1.34 
1.40 

0  306 

Jordan 

Series  B       .      . 
Series  f 

Series  D 

Series  E ,   . . 

0.197 
0.226 
0.303 
0.182 

Series  F 

0.243 

0.212 

Fessenden 
Fessenden 

1.816 
0.816 
0.905 
2  00 
1.75 

1.23 
1.41 
1.39 
1.19 
1.25 

0.291 

Series  II 

0.208 

0.216 

Penna.  R. 
Penna.  R. 

R.,  Series  600.  . 

0.306 

R..  Series  900 

0.285 

'The  flues  in  the  Jordan  series   B    and    C    have    annular    croes-Bections.  The  values  given  in  column  2  as  diameters  are  the  "effective  diameters,"  or  four  times  the  hy- 
draulic depth. 
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tests.  The  boiler-flue  diameter  was  1%  in.  in  Series  900  and  2 
in.  in  Series  600,  and  the  difference  between  the  values  found 
by  experiment  for  M  in  the  two  series  corresponds  exactly  to 
the  difference  as  calculated  from  the  formulae  for  the  two  dif- 
ferent flue  diameters. 

The  formulffi  derived  from  the  seven  series  of  Jordan,  Nus- 
selt,   and  Babcock  and   Wilcox   experiments   are  closely   con- 
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Fig.  8    Relation  Betvsteen  Coefficient  M  and  Rate  op  Gas 
Flow  (17)  from  Josse's  Experiments 

(Line  K-K  derived  from  the  general  formula.) 
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Fig.  9    Relation  Betvteen  Coefficient  3/  and  Rate  of  Gas 
lYow  (TF)  FROM  Fessenden's  Experiments,  Series  I 

(Line  K-K  derived  from  the  general  formula.) 
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Fig.  10    Relation  Between  Coefficient  M  and  Rate  of  Gas 

Flow  {W)  from  Fessenden's  Experiments,  Series  II 

(Line  K-K  derived  from  the  general  formula.) 

CONCLUSIONS 

firmed  as  to  accuracy  of  results  by  the  five  series  of  Fessen- 
den,  Josse,  and  Pennsylvania  Railroad  experiments. 

A  DIAGRAMMATIC  METHOD  OF  CONSIDERING  THE 
PROCESS  OF  HEAT  TRANSFER 

Mechanism  of  Heat  Transfer.  In  considering  the  problems 
connected  with  the  transfer  of  heat  between  gas  and  flue  wall, 
it  is  desirable  to  form  some  sort  of  mental  picture  of  the  phy- 
sical processes  which  are  in  action.  Fig.  12  is  a  diagram  of- 
fered as  a  means  to  this  end. 

The  gas  is  imagined  to  flow  from  left  to  right  through  the 
flue  indicated  in  Fig.  12,  while  the  dotted  diagonal  lines  are 
intended  to  represent,  in  a  very  much  simplified  way,  the  path 


of  individual  particles  of  gas.  Starting  from  a  point  in  the 
center  of  the  flue  with  a  temperature  of  say  Tc,,  a  particle 
travels  outwards  and  forwards  until  it  impinges  on  the  flue 
wall.  For  an  instant  the  particle  will  flatten  itself  so  to  speak 
against  the  wall,  and  in  this  intimate  contact  will  take  on  the 
temperature  of  the  wall  (T^).  It  will  then  rebound  at  this 
temperature.  During  the  rebound  other  particles  approaching 
the  flue  wall  will  be  encountered  and  there  will  be  an  inter- 
change of  heat  and  consequently  of  temperature,  so  that  the 
temperature  of  the  particles  approaching  the  wall  tends  to  ap- 
proach the  wall  temperature  before  actual  contact,  while  the 
particles  leaving  the  wall  tend  to  recover  the  center  tempera- 
ture Tci-  As  a  consequence,  when  the  particle  first  taken  un- 
der consideration  again  reaches  the  center  of  the  flue  it  will 
have  a  temperature  2'c„,  which  is  higher  or  lower  than  T^,  ac- 
cording as  the  wall  temperature  is  higher  or  lower  than  the 
gas    temperature.      The    process    is    repeated    and    on    again 


Fig.  11    Relation  Between  Coefficient  M  and  Rate  of  Gas 
Flow  from  Pennsylvania  Railroad  Lolomotlve  Tests 

(Line  K-K  derived  from  the  general  formula.) 


Fig.  12    Diagram  Representing  Path  of  Gas  Particles  and 
Transfer  of  Heat 

reaching  the  center  the  particle  will  have  the  temperature  T^j 
and  so  on.  This  simplified  way  of  looking  at  the  heat-transfer 
process  will  give  a  correct  understanding  of  the  so-called  film 
of  dead  gas  supposed  to  adhere  to  the  flue  and  to  be  scrubbed 
off  to  permit  a  more  rapid  rate  of  transfer  when  rate  of  flow 
of  gas  is  increased.  The  particles,  as  has  been  said,  ai'e  in  eon- 
tact  with  the  flue  wall  for  an  instant  and  come  away  at  the  wall 
temperature,  so  that  there  is  in  effect  a  film  of  gas  at  the  wall 
temperature  close  to  the  flue.  This  will  to  a  certain  extent  pro- 
tect the  flue  wall  and  cushion  it  against  the  particles  coming 
from  the  center,  but  if  the  center  particles  do  not  strike  the 
wall  they  impinge  on  the  wall  particles  and  effect  an  inter- 
change of  heat  with  these,  some  of  which  travel  again  to  the 
wall,  thus  continuing  exchange  of  heat  between  wall  and  gas. 
If  the  amount  of  gas  passing  through  the  flue  be  increased 
heat  is  transferred  between  gas  and  flue  at  a  faster  rate,  but 
this  is  not  because  the  film  of  gas  at  wall  temperature  is  swept 
off  the  flue  wall,  but  because  more  particles  are  introduced  to 
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bombard  each  unit  of  wall  space.  It  must  be  remembered 
that  while  an  increase  in  the  rate  of  gas  flow  increases  the  rate 
of  heat  transmission,  it  at  the  same  time  reduces  the  efficiency 
of  the  process.  This  has  already  been  dealt  with,  but  in  view 
of  much  that  has  been  written  on  this  subject,  by  Nicolson'' 
among-  others,  the  point  is  worth  emphasizing.  Take  the  case 
of  a  boiler  flue  in  which  hot  products  of  combustion  are  being 
cooled.  A  certain  rate  of  flow  gives  a  certain  temperature 
drop  and  a  certain  amount  of  heat  absorbed.  If  the  rate  of 
flow  be  doubled  it  will  be  found  that  the  temperature  drop  is 
less  than  before;  that  is,  the  amount  of  heat  absorbed  from 
each  jiound  of  gajs  is  less — the  efficiency  of  the  flue  in  absorbing 
heat  has  been  reduced.  Since,  however,  the  weight  of  gas  has 
been  doubled  while  the  amount  of  heat  absorbed  from  each 
pound  has  not  been  halved,  the  total  amount  of  heat  absorbed 
is  greater,  that  is,  the  effectiveness  of  the  flue  in  absorbing  heat 
has  been  increased;  It  would  seem  as  though  with  the  increase 
of  gas  flow  tliere  was  an  interference  between  the  particles 
in  their  bombardment  of  the  flue  wall;  although  the  number 
of  hits  is  doubled  the  blows  interfere  with  each  other  and  are 
not  so  direct,  with  the  result  that  though  the  amount  of  heat 
transferred  is  increased  it  is  not  doubled.  In  many  cases  ad- 
vocates of  high  rates  of  gas  flow  fail  to  distinguish  between 
effectiveness  and  efficiency. 

The  bombardment  of  the  flue  wall  by  the  gas  particles  also 
serves  to  explain  the  effect  of  hydraulic  depth  on  heat  trans- 
mission. The  hydraulic  depth  may  be  decreased  either  by  re- 
ducing the  diameter  of  the  flue  or  by  inserting  a  core  so  as 
to  reduce  the  cross-sectional  area  while  maintaining  the  peri- 
meter (hydraulic  depth  =  area/perimeter).  With  a  reduced 
hydraulic  depth  the  particles  have  a  shorter  distance  to  travel 
between  center  and  wall,  and  consequently  the  same  number  of 
particles  will  make  a  greater  number  of  hits  in  the  same  time 
and  they  will  therefore  effect  the  transfer  of  a  larger  amount 
of  heat. 

Gas  Temperature.  In  setting  out  the  various  formute  for 
change  of  temperature  along  the  length  of  the  flue,  the  tem- 
perature of  the  gas  at  various  points  along  the  flue  has  been 
spoken  of.  This  was  done  with  the  understanding  that  the 
"  temperature  of  the  gas  "  in  this  sense  is  a  term  needing  care- 
ful definition.  In  any  section  of  the  flue  perpendicular  to  the 
longitudinal   axis   the   temperature   will   vary   from   center  to 
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wall.  The  gas  therefore  has  no  definite  temperature  at  that 
section,  but  the  term  "  gas  temperature  "  as  used  in  the  paper 
is  to  be  understood  as  meaning  the  mean  temperature  of  the 
gas  crossing  the  section  under  consideration,  that  is,  the  tem- 
l^erature  at  which  the  gas  if  uniformly  heated  would  carry 
past  the  section  the  same  amount  of  heat  as  is  actually  car- 
ried. This  temperature  cannot  be  measured  directly  by  a 
niei'cury  thermometer  or  by  a  thermocouple.  Nusselt  measured 
the  mean  temperature,  apparently  with  a  fair  degree  of  suc- 
cess, by  means  of  a  resistance  thermometer  formed  of  a  spiral 
of  wire  wound  on  a  mica  cross  in  such  a  way  as  to  traverse 
practically  the  whole  sectional  area  of  the  flue.  In  this  con- 
nection he  points  out  that  with  pyrometers  or  bulb  ther- 
mometers the  radiation  effect  between  instrument  and  flue  wall 
will  prevent  accuracy  of  measurement. 

Heat  Transfer  and  Loss  of  Head.  On  considering  the  ac- 
tion of  heat  transfer  as  outlined  above  it  will  be  apparent  that 
there  must  be  an  intimate  relation  between  the  rate  of  heat 
transfer  and  the  loss  of  head  by  the  gas.  As  each  particle  im- 
]iinges  on  the  flue  wall  it  loses  (or  gains)  a  certain  propor- 
tion of  its  heat,  and  at  the  same  time  must,  unless  the  flue  wall 
be  perfectly  smooth — which  is  of  course  physically  impossible, 
lose  some  of  its  velocity  in  the  direction  of  the  longitudinal 
axis  of  the  flue. 

Nusselt  pointed  out  that  Osborne  and  Stanton  have  dealt 
with  this  phase  of  the  question  mathematically,  and  Stuart"  in 
discussing  the  performance  of  coolers  for  lubricating  oil  says 
that  in  the  case  of  the  oil  and  of  the  water  flowing  through 
the  coolers  the  relative  friction  drops  are  of  the  same  order 
as  the  relative  heat-transfer  factors. 

The  laws  governing  the  loss  of  head  by  a  fluid  passing 
through  a  flue  are  still  but  imperfectly  established,  and  it  is 
suggested  that  a  formula  of  the  type  given  in  the  paper  for 
heat  transfer  might  be  worked  out  to  serve  as  a  general 
formula  for  loss  of  head. 

Such  a  general  formula  would  be  valuable,  as  loss  of  heat 
represents  the  price  that  must  be  paid  for  heat  transfer.  In 
any  attempt  to  increase  the  rate  of  heat  transfer  by  increasing 
the  rate  of  flow  of  the  gas,  the  limit  is  set  by  the  loss  of  head. 
Beyond  a  certain  point  the  loss  of  head,  or  in  other  words  the 
amount  of  energy  required  to  drive  the  gas  through  the  flue, 
makes  the  gain  in  heat  transfer  unremunerative. 
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A  STUDY  OF  SURFACE   RESISTANCE  WITH  GLASS  AS  THE 

TRANSMISSION  MEDIUM 

By  H.  R.  HAMM0ND>  AND  C.  W.  HOLMBERCx,=   BROOKLYN,  N    Y. 


IN  the  study  of  heat  transmission  the  determinations  of  the 
thermal  resistances  of  material  have  been  obtained  in  a 
more  or  less  vague  manner.  At  present  the  majority  of 
coefficients  used  are  combined  coefficients ;  that  is,  no  attempt 
is  made  at  discriminating  between  the  conduction  of  the 
material  itself  and  the  conductions  of  the  two  air  spaces  whicli 
exist  adjacent  to  it.  Consequently  there  are  no  standards  by 
which  surface  resistance  may  be  obtained.  A  method  has 
been  used  by  which  the  temperatures  of  the  air,  both  outside 

^  25()  Jefferson  Ave. 
=  354  Senator  St. 


and   inside,   were   measured   at   a  distance  of   1   in.   from  the 
surface,  but  this  has  never  been  verified. 

In  an  attempt  to  obtain  some  data  on  the  subject  of  surface 
resistance  with  glass  as  the  transmission  medium,  this  paper 
will  deal  with  the  following  points: 

1  A  study  of  the  temperature  gradients  under  variou.s  tem- 

perature  differences   between   the   inside   and   outside   of 
the  box 

2  The  relative   values   of  conduction   for  the  glass  and   for 

the  air  surfaces 


For  presentation  at  the  .innual  Meeting  of  The  .\mekican  Society  ok  Mechanical  Engineer.s,  New  York.  Dotember  4  to  7.  1917.  The 
paper  is  here  printed  in  abstract  form,  and  advance  copies  of  the  complete  paper  may  be  obtained  gratis  upon  application.  All  papers  are 
subjett  to  revision. 


850 


SUKFACE  KE.SLSTANCK,  H.  R.  HAMMOiXD  AND  C.  W.  HOLMBERG 


The  JdiRNAL 

Am.!?oc.M.E. 


3  The  variation  of  the  conduction  values  under  the  various 
temperature  differences  between  tlie  inside  and  the  out- 
side of  the  box. 

THEORY 

Heat  may  be  trajismitted  from  one  side  of  a  wall  to  tlie 
other  in  three  ways :  by  radiation,  by  convection,  and  by 
conduction.  In  this  paper,  however,  the  radiation  and  con- 
vection factors  will  not  be  dealt  with,  and  the  formulae  which 
follow  have  to  do  only  with  conduction. 
For  total  heat  transmitted,  we  may  write: 

Q   =   k  A  (Ar) [1] 

where  Q  =  total  B.t.u.  transmitted  per  hour 

k  =  transmission  in  B.t.u.  jier  hour  per  sq.  ft.  per  deg. 

difference  in  temperature 
A  =  area  of  the  surface  in  sq.  ft. 
(AT)  =  temperature  difference,  deg.  fahr. 
The  value  of  k  depends  upon  several  factors :  the  surfaces, 
the  thickness  and  kind  of  material,  air  spaces,  absolute  tem- 
perature, temperature  difference,  and  condition  of  air  at   the 
surfaces.      The   combined   transmission    coefficient    of   a    com- 


3" Corkboard 


Fig.  1    Appar.'^tus  for  Detkrjiixixg  Temperature  Gr.^diest 

pound   wall  is  determined  from  the   sums   of  the  reciprocals 
of  the   various   conduction   coefficients,   as   follows: 


.[2j 


1  J'.,  ^'3  .('„  1 

^'=r;+-c:+c: T^+Tv, 

where  C^  =  conduction  of  inside  air  surface  in  B.t.u.  per 
hr.  per  sq.  ft.  per  deg.  difference  in  tem- 
perature 

Cj,  Cj, .  .  .  .('„  =  conduction  of  material  per  hr.  per  unit  thick- 
ness per  sq.  ft.  per  deg.  difference  in  tem- 
perature 
6'„i  =  conduction  of  outside  air  surface  in  B.t.u.  per 
hr.  per  sq.  ft.  per  deg.  dift'erence  in  tem- 
perature 
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thickness  of  material  in  inches. 


PROCEDUKE 


The  experiments  were  carried  on  in  the  thermal  testing 
plant  of  the  Pennsylvania  State  College,  which  consists  of  a 
room  17  X  17  X  10  ft.,  well  insulated  with  corkboard  and  kept 
at  a  constant  temperature  by  means  of  brine  coils  placed 
around  the  wall.  Bulletin  No.  9,  Vol.  1,  published  by  the 
Pennsylvania  State  College  Experiment  Station,  contains  illus- 
trations and  a  complete  description  of  this  plant. 


The  experiments  wei'e  made  with  a  corkboard  box  (Fig.  1) 
5  ft.  by  5  ft.  by  5  ft.  1  in.  in  outside  dimensions  and  having 
a  mean  surface  area  of  141  sq.  ft.  The  temperatures  were 
recorded  by  platinum-resistance  thermometers  made  by  the 
Leeds  &  Northruii  Co.  anil  specially  designed  for  this  plant. 
Carefully  calibrated  voltmeters  and  ammeters  were  used  to 
measure  the  heat  input  to  the  box. 

Before  proceeding  with  the  tests  the  resistance  thermometers 
and  the  box  were  carefully  calibrated.  The  thermometers 
were  calibrated  by  comparison  with  a  standard  mercury 
thermometer  reading  to  0.2  deg.  and  estimated  to  0.01  deg. 
The  thermometers  were  placed  in  a  small  box  to  protect  them 
from  any  air  currents  that  might  affect  the  readings.  The 
readings  on  the  mercury  thermometer  were  taken  through 
a  telescope  in  order  that  they  might  be  estimated  more 
accurately  and  not  be  affected  by  heat  radiation  from  the 
person  taking  them.  The  resistance-thermometer  readings 
were  indicated  by  the  usual  Wheatstone  bridge  as  supplied  b> 
Leeds  &  Northrup  Co.  Readings  were  taken  of  the  various 
thermometers  every  ten  minutes,  and  after  a  series  of  tests 
under  different  temperatures,  the  calibration  curves  were 
plotted. 

In  calibrating  the  corkboard  box  for  different  ranges  of 
temperatures  from  inside  to  outside,  a  thermometer  was  sus- 
pended midway  between  the  top  and  bottom  and  10  in.  from 
the  inside  surface,  and  another  placed  outside  in  the  room. 
The  room  was  kept  at  a  constant  temperature  bj-  means  of 
brine  circulating  through  coils  around  the  room.  Inside  the 
box  was  placed  a  fan  for  the  purpose  of  circulating  the  air 
and  thus  keeping  the  box  at  a  uniform  temperature  through- 
out. The  desired  temperature  was  obtained  by  means  of  an 
electric  heating  coil  placed  in  the  center  of  the  box.  During 
the  tests,  readings  were  taken  every  ten  minutes  of  the  tem- 
perature inside  and  outside  the  box  and  of  the  voltage  and 
amperage  input.  "When  the  readings  became  constant  they 
were  considered  acceptable  and  the  rate  of  transmission  in 
B.t.u.  per  liour  per  square  foot  was  calculated  from  the 
formula 

:i,412  X  -1  X   T' 
^.  -^  ^        ^ [31 

mean  area  of  box  surface  X  A '/' 
where  A  =  ammeter  reading  in  amperes. 
I'    =  \oltmeter  readuig  in  volts 
3.412  =  heat  equivalent  of  watts  per  liour 
AT  =  temperature  difference. 

The  calibration  curve  for  the  various  temperature  differences 
is  plotted  in  Fig.  2. 

After  calibration  the  removable  corkboard  side  was  taken 
oft"  and  replaced  by  a  glass  plate  %  in.  thick.  Ther- 
mometers were  placed  at  distances  of  %  in.,  ^ :..  in.,  1  in., 
3  in.,  and  28  in.  from  the  inside  surface,  also  on  the  inside 
and  outside  surfaces  and  28  in.  from  the  outsile  surface. 
Tests  were  made  in  the  same  manner  as  when  the  box  was 
calibrated. 

All  tests  were  run  until  the  respective  thermometers  had 
maintained  constant  readings  for  some  time.  The  arrange- 
ment of  thermometers  afforded  ample  opportunity  to  deter- 
mine the  temperature  gi'adients. 

Owing  to  the  few  available  theimometers,  it  was  not  pos- 
sible to  run  tests  for  inside  and  outside  gradients  simul- 
taneously.. Consequently  the  thermometers  were  rearranged 
as  follows  for  the  outside  gradient  tests:  28  in.  inside,  inside 
surface,  outside  surface,  and  l^  in.,  Vo  in.,  1  in.,  3  in.,  and 
28  in.  outside.  All  tests  so  far  had  been  run  with  circulating 
air  inside  and  still  air  outside.  During  this  set-up,  however, 
air  currents  were  induced  by  a  motor-driven  fan  which  forced 
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air  through  a  narrow  slit-like  aperture  1  in.  wide  and  dis- 
charged across  the  surface  of  the  glass  with  mean  velocities 
at  the  thermometers  of  800  and  1100  ft.  per  niin.  for  two 
tests,  respectively.  Results  of  the  outside  gradient  tests  are 
plotted  in  Fig.  3,  herewith  shown.  Two  curves  obtained 
under  conditions  of  temperature  and  temperature  range  similar 
to  those  of  the  inside  gi-adient  tests  were  plotted  in  Fig.  4, 
together  with  the  inside  gradients  as  though  they  were  obtained 
simultaneously. 

On  account  of  breakage,  the  plain  glass  window  was  now 
replaced  by  a  four-pane  window  sash.  Thermometers  were 
placed  at  28  in.  inside,  the  inside  surface,  the  outside  surface 
and  28  in.  outside  the  window.  Tests  were  now  run  in  the 
same  manner  as  the  preceding  ones,  especial  (are  being 
taken  to  keep  constant  voltage  and  amperage  in  the  heating- 
coil,  since  these  tests  were  primarily  tiansmission  tests.  The 
combined  transmission  coefficient  (/r, )  of  the  window  glass 
was  calculated  from  the  following'  formula  : 


A', 


3.412  ]■  A  —  k,  S,   {AT)  —  O.S  S,  (AD 


4] 


S,X  (AT) 
where    T  —  volts  in  heating  coil 

--1  =  amperes  in  heating  coil 

S,=  nuan    area    of    surface    of    5    sides    of    coikhoard 

box,  sq.  ft. 
S,=  mean  area  of  surface  of  window  panes,  scj.  ft. 
8^=  mean  area  of  surface  of  sash  (wood),  sq.  ft. 
(AT)  =  temperature     difference      (inside — outside),     deg. 
fahr. 
0.8  =  coefficient   of  transmission   of   woocl 
A'„=  coefficient  of  transmission  of  corkboard 

The    coefFicient    l\    was    calculated    for    \ariuus    tenq)ei'ature 
differences  as  shown  above  and  the  results  jslotted  in  Fig.  5. 

The  conductions  of  the  two  air  surfaces  and  the  glass  were 
determined  similarly  to  the  combined  transmission  coefficient, 
save  that  the  value  of  (AT)  in  the  denominator  varied  as  the 
temperature  differences  of  the  various  layers  of  material 
concerned.  These  curves  are  likewise  plotted  in  Fig.  .5  foi 
the  purpose  of  comparison. 

S.VMPLE  CALCULATIONS 

When    (AT)  =  23.1.5  deg.  fahr., 

l\  (combined  transmission  coefficient  of  glass)  = 
(3.412  X  49.5  X  4.51)— (0.8X0.58X"23.15)— (117.3X23.],'!) 


21.4  X  23.15 
"70  —  10.75  —  277         482.25 


495 


495 


:).974 


482.25 
C._.=  conduction  (jf  glass  =  —    ,  ^,  -,  .^  .  =  17.88 

482.25 
r,=  Conduction   of   inside   air   surface  =  „_  .  ,,„  ^.-,  =  2.84 


21.4X7.93 


C„,  =  conduction  of  outside  air  surface  = 

482.25 

=  1.615 

21.4  X  13.90 


DISCUSSION'  OF  RESULTS 

When  plotted,  all  of  the  temperature  gradients  from  the 
surface  proved  to  l)e  siuootli  curves.  This  result  amply 
justified  the  method  of  testing  which  was  employed  during  the 
entire  series  of  tests,  both  gradient  and  transmission.  In 
this  method  of  testing  tlie  authors  continued  the  test  until 
constant    readings   in    the   respective   thermometers   had    been 


maintained  for  some  time.  The  time  elapsing  before  this 
condition  was  obtained  varied  between  two  and  eight  hours. 

The  inside  graclients  bent  down  sliar|>ly  within  the  Hist 
quarter  of  an  inch.  Then  the  curves  grew  flatter,  until  at  a 
distance  of  Vo  in.  from  the  surface  of  the  glass  the  curves 
became  constant.  The  outside  gradients  were  more  gradual 
in  character,  the  major  part  of  the  drop  occurring  in  the 
first  two  inches  from  the  glass  for  still-air  conditions,  while 
the  gradients  obtained  under  moving  air  were  considerably 
llattened  and  readied  a  nearly  constant  value  within  the  first 
inch. 

These  results  would  indicate  that  the  circulating  air  inside 
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Fig.  3     Outside  Temperature  Gradients 

cut  down  the  air  resistance  tihii  at  the  surface  of  the  giiiss 
and  thus  increased  the  conduction  of  the  air  layer. 

Under  still-air  conditions  tlie  outside  surface  resistance  was 
considerably  greater  than  with  moving  air.  This  was  un- 
doubtedly due  to  the  fad  thai  much  heat  was  carried  away 
by  convection. 

These  tests  indicate  that  the  resistance  is  greatest  very 
dose  to  the  surface  of  the  glass  and  that  when  performing 
experiments  in  heat  transmission  it  is  best  to  place  the  outside 
thermometer  not  less  than  2  in.  from  the  surface  under  still- 
air  conditions;  and  not  less  than  1  in.  under  moving-air  con- 
ditions when  the  air  velocity  is  greater  than  800  feet  per 
minut<'. 

The  coinliined   transmission    coefficients   and   the   coiidudion 
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values  for  the  glass  inside  air  surface  and  outside  air  surface 
were  calculated  by  formula    [4]   and  are  as  follows : 


Temperature  Range,  Deg.  Fahr. 

23.15 

40  37 

54.45 

73.52 

Combined  transmission 

0.974 

17.880 

2.840 

1.615 

1.079 

18.050 

3.315 

1   750 

1   159 

19.800 

3  650 

1  S50 

1   165 
19.890 

Conduction  of  inside  air  surface 

Conduction  of  outside  air  surface 

3  560 
1.900 

The  combined  coefficient  values  check  up  fairly  well  with 
the  values  0.96   fdrv  slass)   and  1.1   (wet  aflass)   for  a  single 
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window  I'g  in.  thick,  given  in  Greene's  Elements  of  Heating 
and  Ventilation.  Moreover,  they  show  that  the  transmission 
varies  linearly  with  the  temperature  differences,  as  the  curve 
plotted  in  Fig.  5  will  demonstrate. 


The  conduction  values  for  the  glass  under  the  same  tem- 
perature differences  show  that  they  also  varied  in  the  same 
way  as  the  combined  transmission  values. 

The  conduction  values  for  the  air  surfaces  confirm  the 
results  of  the  gradients,  in  that  the  resistance  of  the  outside 
air  surface  is  shown  to  be  considerably  less  than  that  of  the 
inside  air  surface.  Curves  of  the  surface  resistance  plotted 
to  an  enlarged  scale  in  Fig.  6  show  that  the  conduction  of  the 
surfaces  is  greatest  at  points  where  the  temperature  ranges 
vary  from  65  deg.  to  75  deg.  This  seems  to  indicate  that 
there  is  a  saturation  point  at  which  the  transmission  through 
the  air  layer  cannot  be  increased.  The  writers  believe  that 
it  would  be  highly  desirable  that  further  investigations  be 
undertaken  in  order  to  check  up  this  point. 

Fig.  5  shows  the  relationship  between  the  conductions  of 
the  air  surfaces  and  the  glass.  It  can  be  seen  that  the  re- 
sistance of  the  glass  is  very  slight  as  compared  with  that  of 
the  air  surfaces.  This  proves  that  in  figuring  transmission 
through  glass  the  resistance  of  the  air  layers  at  the  given 
conditions  will  be  the  primary  factors,  since  from  the  figure 
it  is  shown  that  they  form  the  bulk  of  the  resistance  which 
goes  to  make  up  the  combined  transmission  factor.  In  con- 
nection with  this  point  it  is  interesting  to  note  the  investi- 
gations carried  on  by  Professor  Moyer  in  the  Pennsylvania 
State  College  Thermal  Testing  Plant,  and  described  in  the 
A.  S.  R.  E.  Journal,  Vol.  2,  No.  3.  Professor  Moyer's  results 
indicated  that  the  influence  of  air  velocity  on  transmission 
through  glass  caused  the  transmission  coefficient  to  vary  from 
a  value  of  1.26.3  at  zero  velocity  to  4.207  at  a  velocity  of  1200 
ft.  per  min.  This  illustration  further  proves  the  extreme 
importance  of  the  air  surface  resistance  on  the  combined 
transmission  factor. 

Consequently,  the  subject  of  air  resistance  seems  worthy  of 
careful  investigation  as  to  its  behavior  under  varied  condi- 
tions. The  writers  in  suggestmg  further  investigation  along 
this  line  would  say  that  they  consider  thermocouples  prefer- 
able to  resistance  thermometers.  Resistance  thermometers, 
on  account  of  their  appreciable  size  and  consequent  suscepti- 
bility to  radiation,  make  veiy  accurate  surface  readings  im- 
possible, while  the  fine-point  contact  of  the  thermocouple 
makes  it  very  desirable  in  this  connection.  Delay  in  obtain- 
ing thermocoujiles  caused  the  writers  to  use  resistance  ther- 
mometers in  these  tests. 

The  writers  are  indebted  to  Prof.  R.  B.  Fehr  of  the  Penn- 
sylvania State  College  Thermal  Testing  Plant  for  some  of 
the  data  used. 


CONCLUSIONS 

A  summary  of  the  more  important  results  obtained  in  the 
tests  is  as  follows : 

1  The  gradient  tests  demonstrate  that  the  greater  part  of 
the  air-layer  resistance  occurs  at  the  outside  and  within  the 
first  half  inch  of  the  surface. 

2  Whenever  glass  or  any  other  good  conductor  is  used  as 
the  transmission  medium,  the  resistances  of  the  inside  and 
outside  air  surfaces  play  the  major  part  in  determining  the 
combined   transmission   coefficient. 

3  The  tests  show  that  the  transmission  through  glass  and 
through  corkboard  with  temperature  differences  ranging  from 
20  deg.  to  80  deg.  varies  linearly  with  these  temperature 
differences. 

The  writers  wish  to  acknowledge  much  valuable  assistance 
received  from  Prof.  A.  J.  Wood  and  R.  B.  Fehr,  and  from 
the  Penn  State  College. 


CORRESPONDENCE 

CONTRIBUTIONS  to  the  Correspondence  Departments  of  The  Journal  by  members  of  The 
American  Society  of  Mechanical  Engineers  are  solicited  by  the  Publication  Committee.  Con- 
tributions particularly  welcomed  are  suggestions  on  Society  Affairs,  discussions  of  papers  published 
in  The  Journal,  or  brief  articles  of  current  interest  to  mechanical  engineers. 


Steam  Locomotive  Practice 

To  THE  Editor: 

Among:  the  papers  constituting-  the  Symposium  on  Steam 
Locomotives  held  by  the  Minnesota  Section,  I  find  a  number 
of  points  of  interest,  which  might  be  considered  more  exten- 
sively with  profit.  Prof.  G.  L.  Hoyt  calls  attention  to  the  fact 
that,  in  many  cases,  the  use  of  special  heat-treated  steel  has 
not  been  accompanied  by  a  modification  in  design,  so  that  the 
advantages  of  the  higher-priced  metal  could  be  fully  obtained. 
This  is  a  point  that  is  not  readily  understood,  and  is  espe- 
cially true  in  the  case  of  springs,  where  the  alloy  steel  costs 
double  and  should  have  double  strength,  but  the  manufac- 
turers recommended  the  same  load  limits,  viz.,  70,000  to  80,000 
lb.  per  sq.  in.,  that  had  been  used  for  years  in  plain  carbon 
steels.  It  was  explained  that  you  had  double  the  "  factor  of 
safety "  that  you  obtained  with  carbon  steel,  but  this  never 
appealed  to  the  writer  as  being  a  sound  engineering  argument. 
Factors  of  safety  are  too  often  "  factors  of  ignorance,"  and 
as  such  are  not  desirable  quantities  to  increase,  especially  at 
double  the  price. 

These  recommendations  to  use  high-priced  heat-treated 
alloy  steels  without  realizing  the  benefits  for  which  we  pay 
by  a  reduction  in  the  quantity  of  metal  used,  always  convey 
the  impression  that  the  particular  heat  treatment  used  may  not 
give  us  all  that  is  claimed  for  it.  Heat  treatment  is  quite  a 
difficult  process  to  control  properly  in  a  large  plant,  where 
the  conditions  of  operation  are  evidently  very  different  from 
those  that  obtain  in  an  experimental  laboratory,  where  the 
whole  treatment  is  under  the  eye  of  a  specialist  instead  of 
depending  upon  ordinai-y  labor.  PjTographic  charts  will  tell 
what  temperatures  have  existed  at  certain  points  in  the  fur- 
nace, but  the  temperature  of  the  particular  piece  under  treat- 
ment is  quite  another  matter. 

■  The  writer  does  not  wish  to  be  considered  skeptical  of  the 
value  of  alloy  steels — far  from  it,  but  he  has  seen  so  many 
instances  of  things  being  "  seldom  what  they  seem "  in  the 
heat-treated  line  that  he  does  not  always  have  as  much  faith 
in  the  results  of  that  process  as  he  would  like  to  have,  and.it 
seems  possible  that  such  fears  may  be  the  basis  for  maintain- 
ing old  dimensions  in  the  parts  made  of  alloy  steels. 

Coming  to  Pulverized  Fuel  in  Locomotives,  the  writer  is  in 
liearty  accord  with  the  efforts  of  Mr.  Muhlfeld  to  obtain 
greater  output  from  locomotives  by  this  method  of  combus- 
tion. Many  years  before  locomotive  stokers  achieved  the  suc- 
cess which  they  now  enjoy,  he  (the  writer)  pointed  out  the 
necessity  for  increasing  the  steam  output  beyond  the  human 
muscular  limits  of  the  fireman,  which  were  about  5000  to  6000 
lb.  of  coal  per  hr.,  and  favored  the  introduction  of  stokers  on 
locomotives  which  should  have  the  tli'ebox  especially  designed 
for  this  purpose,  instead  of  trying  to  crowd  in  the  stoker 
apparatus  and  mechanism  where  the  construction  was  not 
suitable  for  producing  the  best  results.  The  same  must  be  true 
of  pulverized  coal,  and  prejudice  in  adhering  to  conventional 
lines  should  not  be  allowed  to  interfere  with  the  success  of  this 
method  of  firing  locomotives.     This  has  been  tlie  crucial  point 


in  many  improvements,  and  fear  to  leave  what  our  fathers 
have  done  has  sounded  the  death  knell  of  many  valuable  ef- 
forts for  progress. 

At  the  present  time  the  success  of  feedwater  beaters  on 
locomotives  seems  to  be  more  dependent  upon  the  pump  than 
any  other  feature  of  the  device.  Simple  as  this  part  of  the 
problem  seems  to  be,  it  is  one  very  difficult  of  satisfactory 
solution.  Reciprocating  pumps  jar  themselves  and  their 
parts  loose  and  go  out  of  commission  just  when  the  engineer 
has  neither  time  nor  opportunity  to  "  tinker "  with  them. 
Kotary  pumps  at  high  speed  have  difficulties  of  their  own, 
due  largely  to  the  unsatisfactory  foundations  which  must  be 
furnished  by  the  locomotive  structure.  Bent  spindles  and 
other  troubles  follow  insufficient  rigidity,  and  the  small  space 
available  for  this  apparatus  prevents  securing  the  best  results. 
The  weakest  link  in  a  chain  is  often  located  where  we  least 
expect,  and  compromises  the  whole  structure  by  its  break- 
down. So  an  unsatisfactory  pump  will  put  a  "  curse  "  upon 
a  feedwater  system  that  it  cannot  survive,  no  matter  how 
efficient  the  heater. 

Geo.  R.  Henderson. 

Philadelphia,  Pa. 

To  THE  Editor  : 

The  symposium  on  steam  locomotives,  held  by  the  Minne- 
sota Section  on  March  10,  was  certainly  most  instructive,  but 
I  feel  that  one  point  in  connection  with  the  various  appliances 
and  devices  described  was  not  given  sufficient  importance.  To 
one  familiar  with  development  of  steam  locomotives  in  the 
past  few  years,  there  is  no  question  but  that  the  superheater 
and  brick  arch  have  had  a  very  intimate  connection  with  the 
increase  in  size  and  power  of  our  locomotives.  The  railways 
have  been  continually  seeking  for  larger  and  larger  units  of 
power,  with  but  slight  changes  in  physical  limitations  under 
which  this  power  must  operate  (weight  per  pair  of  wheels, 
height  and  width  limits  and  amount  of  coal  which  can  be  fired 
per  hour),  and  the  increased  capacity  afforded  by  superheat 
and  the  brick  arch  has  permitted  an  increase  in  the  size  of 
locomotives  far  beyond  that  which  would  have  been  possible 
without  them. 

In  the  papers  which  were  read  descriptive  of  various  im- 
provements, emphasis  was  laid  upon  the  economies  in  opera- 
tion which  these  improvements  effected.  It  has  been  the  his- 
tory of  railroading  that  advantage  is  at  once  taken  of  any 
device  which  makes  for  economy  or  efficiency  in  obtaining 
additional  capacity. 

How  much  has  already  been  accomplished  in  this  matter  is 
evident  from  a  comparison  of  the  horsepower  output  of  a 
typical  first-class  locomotive  built  about  1904-05  and  that  of 
one  of  recent  design.  An  average  fireman  can  handle  about 
5000  lb.  of  coal  per  hour.  In  1904  we  were  obtaining  from 
our  best  designs  of  simple  locomotives  without  superheaters 
about  1100  to  1200  i.hp.  per  hour  from  5000  lb.  of  coal.  To- 
day we  are  obtaining  from  the  same  amount  of  coal  about 
2000  to  2100  i.hp.  per  hour. 
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These  latter  figures  were  obtained  from  locomotives  having 
superheaters  and  briek  arches,  together  with  other  refine- 
ments of  design  introduced  in  the  past  few  years.  It  is  evi- 
dent that  the  enormous  strides  in  increased  capacity  and  size 
could  not  have  been  made  had  it  not  been  possible  to  obtain 
more  work  from  a  pound  of  coal  by  taking  advantage  of  the 
increased  efficiency  due  to  these  improvements. 

Two  of  the  latest  developments  which  will  make  possible 
still  further  increases  in  capacity  and  power,  and  which  were 
not  included  in  the  above  comparison  of  locomotives  in  1904 
and  1905  and  at  the  present  time,  are  the  feedwater  heater 
and  the  use  of  pulverized  fuel.  Both  of  these  developments 
are  unquestionably  capable  of  yielding  material  economies 
which  will  undoubtedly  be  utilized  in  still  further  increases  in 
the  capacity  of  locomotives. 

In  the  past  there  have  often  been  statements  made  that  we 
had  reached  the  limit  of  size  and  power  of  locomotives,  but 
it  is  significant  that  of  late  there  have  been  fewer  of  such 
statements.  The  improvements  and  developments  which  were 
described  at  the  meeting  of  the  Minnesota  Section  have  re- 
moved many  of  the  limitations  which  previously  confronted 
locomotive  designers,  until  at  the  present  time  men  who  are 
familiar  with  the  latest  developments  in  this  field  hesitate  to 
make  any  predictions  as  to  limits  of  capacity  and  size  of 
future  steam  locomotives. 

W.   E.  WOODARD. 

Lima,  Ohio. 

Mobile  Armament  for  Defense 

To  THE  Editor: 

Replying  to  the  comments  of  Mr.  Arthur  F.  Gary  on  Mo- 
bile Armament  for  Defense,  published  in  the  September  issue 
of  The  Journal,  I  beg  to  state: 

1  The  standardization  of  ammunition  for  various  calibers 
of  guns  is  a  very  interesting  matter,  but  is  foreign  to  the 
subject  under  discussion. 

2  As  to  the  practicability  of  the  gun  having  a  breech  block 
sliding  against  a  sui-face  plate:  There  is  no  tendency  to  dent 
the  surfaces,  which  are  hardened  and  are  of  sufficient  area  to 
withstand  the  load  imposed.  This  load  is  a  static  pressure  and 
is  not  in  the  nature  of  a  blow ;  means  being  provided  to  bring 
the  surfaces  in  contact,  although  a  working  clearance  is  al- 
lowed when  elevating  the  gun. 

3  With  reference  to  the  methods  of  supporting  railroad 
cars  from  which  guns  of  moderate  size  are  fired :  The  out- 
riggers and  jackscrews  have  been  adopted  for  the  reason  that 
they  admit  of  adjustment  to  almost  all  conditions  of  the  road- 
bed. In  order  to  secure  mobility  it  is  necessary  to  keep  the 
supports  as  nearly  as  possible  within  the  hmits  of  the  road- 
bed. Beyond  the  actual  roadbed  the  ground  may  be  unsuit- 
able to  support  any  load.  The  tripod  arrangement  suggested 
by  Mr.  Gary  presents  several  difficulties.  The  struts  would 
have  to  extend  from  a  point  only  a  little  below  the  trunnions, 
otherwise  they  would  be  subjected  to  a  bending  movement  and 
would  have  to  be  made  heavy.  It  would  be  interesting  to  see 
this  tripod  arrangement  worked  out  for  firing  a  gun  from  a 
ear  on  a  banked  track  say  eight  feet  above  a  New  Jersey 
marsh. 

4  The  independent  drive  for  railroad  cars  is  in  use  to 
some  extent  on  the  Pacific  Coast.  This  is  one  of  the  good 
things  that  come  from  the  West  and  travel  East.  It  may 
replace  the  horse  cars  in  some  parts  of  New  York. 

Andrew  M.  Coyle. 
New  York,  N.  Y. 


Strength  of  Boiler  Furnaces 

To  THE  Editor  : 

Referring  to  Par.  6  of  the  letter  from  Mr.  John  Airey  in 
the  July  number  of  The  Journal,  I  will  quote  the  part  of 
the  Board  of  Trade  rules  pertaining  to  pressure  allowance  on 
plain  circular  furnaces,  as  follows: 

cxr- 


Plain  Furnaces'.     W.  P. 


D(L  +  1) 


TABLE  OF  VALUES  FOR  C 


Longitudinal  Seams  of  Furnace 

Iron 

Steel 

Drilled 

Punrhed 

Drilled 

Single  butt  straps  double-riveted,  or  double 
butt  straps  single-riveted 

Single  butt  straps  single-riveted,  or  lap- 
beveled  and  double-riveted 

Lap  not  beveled,  double-riveted 

Lap  beveled,  single-riveted 

90.000 

80.000 
75.000 
70,000 
65,000 

85,000 

75,000 
70.000 
65,000 
60,000 

99,000 

88,000 
82.500 
77,000 
71,.">00 

Longitudinal  seams  weld'^d 

90,000 

99,000 

In  no  case  should  the  working  pressure  exceed  the  values 

found  by  the  following  formulae : 

9000  r 
W.  P.  = —  for  iron 


W.  P.  = 


D 

9900  T 


J) 


for  steel. 


From  this  it  will  be  noted  that  for  a  plain  circular  furnace 


Fii:.   1  Fig.   2 

Fig.  1    Beveled  Lap  Seam 

Fig.  2    Ordinary  Lap  Seam 


with  a  single-riveted  lap  seam  the  formula  is: 


77.000  T" 


This 


{L  +  1)D 

gives  a  pressure  of  75  lb.  on  the  furnace  of  the  dimensions 
given  by  Mr.  Airey,  as  stated  in  my  communication  in 
the  February  issue  of  The  Journal.  The  constant  77,000 
pertains  to  furnaces  in  which  the  single-riveted  lap  seam  is 
properly  formed  or  "  beveled  "  so  that  the  furnace  cross-sec- 
tion is  a  true  circle  (Fig.  1). 

When  such  a  joint  is  made  as  shown  in  Fig.  2  the  constant 
to  be  used  is  71,500,  which  would  give  a  pressure  of  69  lb. 
without  further  deduction  for  the  efficiency  of  the  longitudinal 
joint. 

Comparing  the  above  constants  and  assuming  100  per  cent 
for  the  collapsing  strength  of  a  flue  with  a  welded  seam  or 
one  with  a  double  butt-strap  joint,  which  are  the  easiest  to 
make  truly  round,  we  get  an  efficiency  of  71,500/99,000  =  72.2 


•  Copied   from    quotation    of   Board   of   Trade   rules    In    Stromeyer's 
Marine  Boiler  Management  and  Constructioi!. 
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per  cent  allowed  by  the  Board  of  Trade  rules  for  the  kind  of 
joint  shown  in  Fig;.  2. 

While  Mr.  Airey's  mathematical  analysis  of  the  effleiency 
of  this  joint  in  compression,  which  was  published  in  the 
Journal  of  the  American  Society  of  Naval  Engineers,  appears 
a  safe  apjaroximation,  it  would  not  seem  that  the  theoretical 
result  of  27.6  per  cent  (or  about  two-fifths  of  the  Board  of 
Trade  allowance)  he  thus  obtains  need  seriously  be  considered 
in  view  of  the  experience  of  several  decades  during  which 
the  Board  of  Trade  constants  have  been  oiierative  unchanged 
in  localities  where  boilers  with  (riveted)  furnace  flues  always 
have  been  proportionally  far  more  numerous  than  in  the 
United  States.  It  appears  quite  probable  that  the  failure  of 
the  actual  flue  mentioned  by  Mr.  Airey  was  due  to  general 
out-of-roundness  in  addition  to  the  fact  that  the  most  unfavor- 
able joint  was  used. 


Upon  the  strength  of  Mi'.  Airey's  analysis  he  is  not  justified 
in  referring  in  a  general  way  to  "  the  weakness  of  a  lap  joint," 
since  a  lap  joint  that  is  properly  formed  as  in  Fig.  1  does 
not  produce  the  unfavorable  feature  of  making  a  cylinder  out 
of  round,  and  his  analysis  pertains  only  to  Fig.  2. 

One  important  point  this  discussion  has  brought  out  is  that 
from  the  present  wording  the  A.S.M.E.  Boiler  Code  rules  may 
be  construed  as  permitting  the  use  of  longitudinal  lap  joints 
that  are  not  properly  formed  for  furnace  flues,  as  all  lap 
joints  in  compression  .should  be,  so  that  true  circularity  is  ob- 
tained. It  might  be  well  to  specifically  prescribe  this  in  the 
various  paragraphs  of  the  Code  where  longitudinal  lap  joints 
for  flues  are  mentioned,  just  as  the  proper  curvature  for 
longitudinal  joints  of  boiler  shells  now  is  prescribed. 

H.  J.  VanderEb. 

Hartford,  Conn. 
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Ten  Years  of  Boiler  Standardization 

THE  conception  of  a  standard  specification  for  steam 
boilers  was  first  advocated,  I  believe,  by  Mr.  Joseph 
H.  McNeill,  who  for  many  years  was  the  very  able  chief 
inspector  of  the  State  of  Massachusetts  Boiler  Inspection 
Department,  and  through  the  very  earnest  endeavors  of  Mr. 
McNeill  and  the  operating  engineers  of  Massachusetts,  most 
ably  sponsored  by  the  late  Hon.  Curtis  Guild,  Jr.,  Governor 
of  Massachusetts  and  later  Ambassador  to  Russia,  the  Massa- 
chusetts Board  of  Boiler  Rules  was  created.  The  writer 
looks  back  with  pleasure  to  being  one  of  the  members  of  the 
original  Board,  on  which  he  represented  boiler-using  interests, 
and  which  included  Josepli  H.  IMcXeill,  Chairman;  Frederic 
H.  Keyes,  representing  boiler-manufacturing  interests;  Robert 
J.  Dunkle,  representing  boiler-insurance  interests,  and  William 
M.  Beck,  representing  operating  engineers. 

Upon  the  retirement  of  Mr.  Frederic  H.  Keyes,  Mr. 
Bartholomew  Seannell,  of  Lowell,  Mass.,  one  of  the  patriarcLs 
of  the  boiler  industry  in  this  country,  was  appointed  in  his 
place.  Upon  Mr.  Scannell's  resignation,  Mr.  Henry  H.  Lynch 
was  appointed. 

The  late  Mr.  Thomas  R.  Armstrong  was  also  a  member 
of  the  Massachusetts  Board  of  Boiler  Rules  at  one  time. 

The  first  meeting  of  the  Board  was  held  on  July  5,  1907, 
in  a  very  small  and  hot  room  on  the  fifth  floor  of  the  State 
House  at  Boston.  At  this  meeting  Mi:  McNeill  stated  to 
the  other  members  of  the  Board  his  ideas  of  a  standard 
specification  for  all  stationary  boilers  to  be  used  within  the 
Commonwealth  of  Massachusetts. 

We  forthwith  set  to  work  to  formulate  a  standard  whicii 
would  be  first  of  all  safe,  and  second  commercial.  We  held 
meetings  weekly  and  oftener  for  practically  the  fli-st  three 
years  of  the  service.  Incidentally  it  might  be  mentioned  that 
the  correspondence  was  very  prolific ;  it  came  from  all  known 
authorities  whom  we  could  interest  enough  to  send  us  any 
good  data  they  had  on  boilers  which  would  make  the  steam 
boiler  of  the  future  reasonably  safe,  and  almost  without 
exception  we  had  prompt  and  efiicient  replies  from  all  those 
well  qualified  to  give  advice. 

From  time  to  time,  as  we  were  in  a  position  to  do  so,  we 
issued  pamphlets  of  instructions  to  boiler  manufacturers  and 
inspectors,  stating  how  the  rules  should  be  applied  in  the 
construction  of  boilers,  until  we  published  the  Rules  of  August 


5.  1909,  wliieh  was  the  last  and  main  issue  made  by  the 
original  members  of  the  Massachusetts  Board  of  Boiler  Rules 
and  embodied  all  that  was  necessary  for  the  guidance  of 
those  manufacturing  and  inspecting  stationary  steam  boilers 
for  the  Commonwealth  of  Massachusetts  for  that  period. 

While  this  work  was  going  on,  the  forces  in  the  Inspection 
Department  were  augmented,  more  rigid  watch  was  kept  of 
existing  boilers,  and  more  thought,  patience  and  skill  put 
into  the  manufacture  of  new  boilers;  in  other  words,  the 
educational  process  was  advanced  and  has  advanced  ever 
since  Mr.  McNeill  started  this  system. 

In  the  meantime,  the  writer  made  a  trip  to  Europe  and 
interviewed  several  of  Europe's  greatest  boiler  engineers  with 
special  reference  to  additions  or  deductions  from  our  Rules, 
and  we  were  very  highly  complimented  in  Europe  on  the 
rules  formulated. 

The  present  Massachusetts  Board  of  Boiler  Rules  consists  of 
Geo.  a.  Luck,  Chairman. 

Frederick  A.  Wallace,  Representing. Boiler-using  Interests. 
Henry     H.     Lynch,     Representing     Boiler-manufacturing 

Interests. 
Robert   J.   Dunkle,   Representing  Boiler-insurance   Inter- 
ests (member  of  Board  since  its  inception). 
Edward  D.  Mullane,  Representing  Operating  Engineers. 
In   addition   to   its   boiler-standardization   work   the   Board 
has  formulated  very  valuable  air-tank  regulations. 

In  1911  the  late  Col.  E.  D.  Meier,  then  president  of  The 
American  Society  of  Mechanical  Engineers,  suggested  in  his 
wonderful  foresight  that  The  American  Society  of  Mechanical 
Engineers  undertake  the  work  of  standardization  of  steam 
boilers  in  a  more  complete  manner  than  was  possible  with  the 
State  of  Massachusetts,  and  the  writer  was  appointed  Chair- 
man of  the  original  committee  of  The  American  Society  of 
Mechanical  Engineers  for  the  purpose  of  creatins  a  standard 
for  that  Society.  This  committee  was  called  The  Committee 
to  Formulate  Standard  Specifications  for  the  Construction  of 
Steam  Boilers  and  Other  Pressure  Vessels  and  for  their  Care 
in  Service,  and  originally  consisted  of 

John  A.  Stevens,  Chairman     Chas.  L.  Huston  " 

\Vm.  H.  Boehm  Edward  F.  Miller  '1 

Rolla  C.  Carpenter  H.  C.  Meinholtz  (Deceased I 

Richard  Hammond  E.  D.  Meier  (Deceased) 

Upon  the  death  of  Mr.  Meinholtz,  Col.  E.  D.  Meier  was 
appointed  in  his  place. 
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Colonel  Meier  took  a  most  active  part  in  the  formation 
of  the  A.S.M.E.  Boiler  Code,  and  up  to  within  a  few  days 
of  bis  death  had  it  constantly  before  him.  It  is  one  of  the 
regrets  of  the  members  of  the  Boiler  Code  Committee  that 
he  could  not  have  lived  to  have  seen  the  fruition  of  the  woik 
he  so  wiselj'  started. 

The  A.S.M.E.  Committee  proceeded  on  similar  lines  to 
those  followed  by  the  Massachusetts  Board  of  Boiler  Rules  in 
counseling-  with  all  qualified  authorities,  manufacturers  and 
large  users  of  boilers,  producing  its  preliminary  report  and 
thereafter  issuing  at  different  times  other  preliminary  reports 
up  to  the  issue  given  to  the  public  in  1914. 

At  one  stage  in  the  work  it  was  found  advisable  and  neces- 
sary to  amplifj'  the  original  Committee  by  appointing  a.i 
Advisory  Committee  composed  of  some  of  our  most  celebrated 
steam  engineers,  for  it  was  believed  that  the  great  interests 
of  our  counti-y  should  not  have  "  taxation  -nithout  repre- 
sentation," and  it  has  always  been  admitted  that  boilers  built 
to  the  standard  of  The  American  Society  of  Mechanical 
Engineers  cost  more  money  than  boilers  built  otherwise,  and 
are  indeed  worth  more. 

In  appointing  the  Advisory  Committee,  men  were  chosen 
to  represent  all  of  the  large  interests  affected,  such  as  rail- 
roads, consulting  engineers,  large  manufacturers  of  different 
types  of  boilers  and  engineering  schools.  Their  keen  interest 
was  thus  secured  in  the  promulgation  of  standards  among  our 
engineering  institutions,  steam-heating  boiler  manufacturers, 
water-tube-boiler  manufacturers,  boiler-insurance  companies, 
threshing  interests  and  boiler  users. 

The  members  of  this  Advisory  Committee  consisted  of  the 
following : 

F.  H.  Clark,  KaUroads. 

F.  W.  Dean,  Consulting  engineers. 

Thos.  E.  Durban,  Boiler  Manufacturers'  Association,  Uni- 
form Specifications  Committee,  for  all  types  of  boilers. 

Carl  Ferrari,  National  Tubular  Boiler  Manufacturers' 
Association. 

Elbert  C.  Fisher,  Scotch  marine  and  other  types  of  boilers. 

Arthur  M.  Greene,  Jr.,  Engineering  education. 

<^HAS.  E.  GrORTON,  Steel  heating  boilers. 

A.  L.  Humphrey,  Railroads. 

D.  S.  Jacobus,  Water-tube  boUers. 

S.  F.  Jeter,  Boiler  insurance. 

Wm.  F.  Kiesel,  Jr.,  Railroads. 

W.  F.  McGregor,  National  Association  of  Thresher  Manu- 
facturers. 

M.  F.  Moore,  Steel  heating  boilers. 

I.  E.  Moultrop,  Boiler  users. 

Richard  D.  Reed,  National  Boiler  &  Radiator  Manufac- 
turers' Association. 

H.  G.  Stott,^  Boiler  users. 

H.  H.  Vaughan,  Railroads. 

C.  W.  Obert,  Secretary  to  Committee. 

In  the  appointment  of  the  Advisorj'  Committee,  we  were 
most  fortunate  in  selecting  men  who  proved  to  be  real  work- 
ers, and  who  moreover  were  naturally  possessed  of  analytical 
minds,  men  not  afraid  to  admit  when  they  were  wrong  and  not 
afraid  to  be  insistent  when  they  were  right. 

The  writer  wishes  to  mention  especially  the  great  assistance 
given  the  Committee  throughout  the  early  stages  of  the  formu- 
lation of  the  A.S.M.E.  Boiler  Code  by  Mr.  Henry  Hess, 
Vice-President  of  the  Society,  who  counseled  with  and  guided 


'  Deceased. 


us  with  special  reference  to  our  conferring  with  other  large 
societies  interested  in  standardization  work,  notably  the  Amer- 
ican Society  for  Testing  Materials,  and  also  other  societies 
which  were  more  or  less  interested  in  a  boiler  standard.  He 
also  very  wisely  advised  us  not  to  have  anything  to  do  with 
legislation  or  politics;  had  we  not  heeded  this  advice  we 
would  probably  have  caused  the  downfall  of  the  Code  early 
in  its  life. 

Space  prevents  mentioning  the  gi-eat  assistance  accorded 
the  Committee  by  manufacturers  of  boiler  material,  irre- 
spective of  their  own  desire  to  manufacture  only  one  standard 
material  for  boilers,  also  the  gi'eat  help  given  by  the  boiler- 
insuring  interests,  and  that  offered  by  the  railroad  interests 
of  America,  and  by  the  large  boiler  users. 

Throughout  the  entire  formulating  period  of  this  work  the 
writer  was  most  ably  assisted  by  his  associate-engineer,  Mr. 
Walter  Slader,  and  he  wishes  here  to  give  this  gentleman 
credit  for  the  very  valuable  work  he  did  throughout  this 
long  and  arduous  task.  In  passing,  he  wishes  also  to  give 
aU  due  credit  to  Power,  The  Boiler  Maker,  and  several  other 
engineering  periodicals  which  have  from  time  to  time  issued 
articles  in  sympathy  with  the  movement. 

The  work  of  the  Boiler  Code  Committee  of  The  American 
Society  of  Mechanical  Engineers  was  founded  on  the  standards 
originated  by  the  Massachusetts  Board  of  Boiler  Rules,  but 
it  should  be  noted  that  the  work  is  a  great  deal  more  com- 
plete and  far-reaching  than  the  Massachusetts  Standard.  In 
the  first  place,  the  A.S.M.E.  Code  specifies  in  detail  the 
chemical  and  physical  properties  of  all  material  entering  into 
the  construction  of  boilers,  and  gives  rules,  formulae  and 
tables  which  have  been  checked  and  rechecked  by  men  of 
national  reputation  and  in  many  cases  verified  by  testing 
laboratories;  that  is  to  say,  in  many  cases,  rules  or  formuls 
were  withheld  until  actual  tests  in  laboratories  had  been  made 
in  order  to  prove  the  mathematics. 

Therefore,  it  is  with  pleasure  that  we  note  that  the  Code 
has  been  adopted,  or  is  in  the  process  of  adoption,  in  great 
states  such  as  New  York,  New  Jersey,  Pennsylvania,  Ohio, 
Indiana,  Michigan,  Wisconsin,  Minnesota  and  California,  and 
such  cities  as  Kansas  City,  Scranton,  Pa.,  and  St.  Louis,  Mo., 
and  even  in  the  Argentine  Republic  and  the  Republic  of 
Paraguay,  South  America. 

This  would  indicate  that  the  Code  has  been  through  a  very 
severe  process  of  trial  and  has  been  found  to  be,  as  stated, 
the  best  in  existence  for  governing  the  construction  and  in- 
spection of  stationary  boilers. 

It  is  also  gratifying  to  the  writer  to  note  that,  according  to 
Specification  No.  2362  for  power-plant  equipment  at  the 
Naval  Training  Station,  Newport,  R.  I.,  boilers  and  acces- 
sories used  by  this  department  are  to  be  in  accordance  with 
the  A.S.M.E.  Boiler  Code. 

As  the  writer  has  many  times  stated  in  public,  the  BoOer 
Code  of  The  American  Society  of  Mechanical  Engineers  is 
intended  for  the  young  engineer.  Many  of  our  older  engi- 
neers know  all  that  is  in  the  Code  and  more,  but  in  looking 
foi-ward  to  the  future,  the  writer,  for  one,  is  always  espe- 
cially careful  in  the  endeavor  to  see  to  it  that  our  young 
engineers  are  started  correctly. 

It  is  interesting  to  the  writer  to  review  the  enormous 
amount  of  money  spent  directly  and  indirectly  by  the  engineers 
having  to  do  with  the  standardization  of  boilers  in  America. 
It  was  stated  authoritatively  in  New  York  at  the  completion 
of  the  A.S.M.E.  Boiler  Code,  Issue  of  1914  with  Index, 
that  the  work,  if  paid  for  at  ordinary  professional  rates, 
would   have   cost    at   least   a   quarter   of   a   million    dollars. 
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Further,  it  was  stated  by  a  member  of  the  Boiler  Code  Com- 
mittee in  New  York  recently  that  by  the  time  the  Code  is 
universal  in  the  United  States,  the  cost  will  approximate  a 
million  dollars. 

To  pi-oraulgate  the  Boiler  Code  throughout  the  Union,  a 
group  of  public-spirited  citizens  organized  what  is  known 
as  the  American  Uniform  Boiler-Law  Society,  the  officers  of 
which  are : 

Thomas  E.  Durban,  Chairman  Administrative  Council. 

E.  R.  Fish,  American  Boiler  Manufacturers'  Association. 
H.  P.  GooDLiNG,  National  Association  of  Thresher  Manu- 
facturers. 

F.  W.   Herendeen,  National   Boiler  and   Radiator  Manu- 
facturers'  Association. 

M.  F.  Moore,  Low-Pressure  Steel  Boiler  Manufacturers. 
I.  Barter,  Jr.,  Water-Tube  Boiler  Manufacturers. 
John  H.  Wynne,  Locomotive  Manufacturers. 
Walter  Plehn,  Steam-Shovel  Manufacturers. 
H.  N.  CovELL,  Hoisting-Engine  Manufacturers. 
Chas.  S.  Blake,  Boiler  Insurance  Companies. 
John  Hunter,  National  Electric  Light  Association. 
D.  J.  Champion,  Boiler  Materials. 

The  Chairman  states  that  this  organization  has  expended 
on  an  average  $1000  per  month  since  starting  on  the  work 
of  interesting  the  States  to  adopt  the  A.S.M.E.  Code.  This 
money  is  being  spent  to  bring  the  Code  prominently  before 
the  people  ajid  to  explain  the  advantages  accruing  from  its 
use. 

On  December  4  and  5,  1916,  the  American  Boiler  Code 
Congress  was  held  at  Washington,  D.  C,  at  which  the  oflScial 
representatives  of  twenty-three  states  were  present,  and  it 
was  unanimously  voted  to  approve  the  Boiler  Code  of  The 
American  Society  of  Mechanical  Engineers. 

We  also  had  a  very  able  sponsor  from  Toronto,  Canada,  in 
Mr.  D.  M.  Medcalf,  Chief  Boiler  Inspector  of  Ontario,  who 
is  fully  alive  and  awake  to  the  advantage  of  having  the  .same 
Code  in  force  in  the  Canadian  provinces  as  in  the  United 
States. 

The  writer  would  mention  that  whatever  assistance  he  has 
given  to  this  work  has  been  given  in  the  spirit  of  true 
Americanism :  to  wit,  "  for  the  good  of  the  service " — and 
incidentally  this  service  has  been  of  great  educational  value 
to  him.  He  has  made  acquaintances  everywhere  and  a  great 
many  friends  in  the  pursuit  of  this  work  and  has  had  the 
pleasure  of  acting  as  Chairman  of  The  American  Society  of 
Mechanical  Engineers'  Boiler  Code  Committee  since  its 
inception. 

For  those  who  do  not  know,  the  idea  of  standardization  is 
strictly  American,  being  an  American  creation ;  for  instance, 
the  standard  fire-hose  coupling,  the  standard  berry  basket, 
tlie  standard  electric-lamp  socket,  the  standard  cement  speci- 
fication, standard  structural  shapes,  standard  screw  threads, 
and  of  late,  the  standard  ship  and  the  standard  aeroplane 
engine;  and  a  standard  boiler  construction  using  one  standard 
of  boiler  materials  and  accessories  would  naturally  appeal  to 
the  liighest  and  broadest  type  of  business  men  in  the  spirit 
of  maximum  conservation  and  efficiency. 

For  the  states  which  have  not  adopted  a  standard,  the 
only  work  that  is  necessary  is  of  an  educational  nature;  for, 
when  the  entire  case  is  fully  explained,  the  Code  is  usually 
adopted.  To  those  states  which  have  not  adopted  the  A.S.M.E. 
Code,  the  writer  would  recommend  its  adoption  as  being  the 
most  complete  boiler  law  of  any  in  existence  at  the  present 
time. 


Further,  a  permanent  eonunittce  has  been  established  by 
The  American  Society  of  Mechanical  Engineers  tor  adding 
to  and  deducting  from  the  A.S.M.E.  Code  as  the  art  advances, 
and  also  to  assist  in  the  interpretations  of  the  Code  in  states 
and  municipalities  where  the  engineers  are  not  conversant 
with  its  ruling-s.  In  other  words,  The  American  Society  of 
Mechanical  Engineers  very  advisedly  puts  itself  in  the  position 
of  a  "  clearing  house "  for  boiler  engineering. 

The  writer's  thought  has  always  been  to  have  the  Code  so 
complete  that  all  that  was  necessary  in  ordering  boilers  was 
to  name  the  type,  amount  of  heating  surface  required  and 
the  working  pressure  desired,  and  where  credits  and  reputa- 
tions were  good,  a  postal-card  order  might  suffice,  since  the 
fact  that  a  boiler  had  been  properly  stamped  with  the  symbol 
of  The  American  Society  of  Mechanical  Engineers  would  be 
positive  proof  that  all  the  purposes  of  the  contract  and  every 
detail  of  the  Code  requirements  were  fulfilled. 

The  A.S.M.E.  Code  is  the  result  of  the  combined  ideas  of 
several  thousand  engineers  who  have  assisted  the  Connnittee 
from  the  start  up  to  the  present  time  in  producing  the  right 
recommendations. 

The  Code  is  now  under  its  first  revision  and  the  revised 
printing  will  be  ready  for  the  public  within  a  few  months. 
The  proposed  revisions  are  being  published  from  time  to 
time  in  The  Journal  with  the  idea  that  all  those  interested 
be  given  •  an  opportunity  to  discuss  them  before  they  are 
brought  to  their  final  form  for  adoption.  The  greater  part  of 
Ilie  revisions  will  be  made  to  clarify  the  text  but  not  to  change 
the  intent  of  the  original  Code. 

Tlie  writer  has  often  been  asked  how  many  boilers  there 
are  in  America,  to  which  he  would  answer  that  as  near  as  he 
can  glean  there  were  about  600,000  power  boilers  in  1914. 
He  would  also  state  that  the  boiler  business  in  America  is 
said  to  amount  to  .$500,000,000  per  year. 

In  closing,  let  it  be  said  that  it  is  the  earnest  wish  of  the 
writer  that  all  those  not  conversant  with  the  Code  may  become 
so,  and  may  assist  in  putting  it  into  general  service  at  the 
earliest  opportune  time.  He  also  wishes  to  thank  all  those 
who  have  assisted  in  any  way  in  the  promulgation  of  the 
A.S.M.E.  Standard. 

John  A.  Stevens. 


rHE  Boiler  Code  Committee  meets  monthly  for  the  purpote 
of  considering  communications  relative  to  the  Boiler  Coda. 
Any  one  desiring  information  as  to  the  application  of  the  Code  U 
requested  to  communicate  ivith  the  Secretary  of  the  Committea, 
Mr.  C.  r.  Ohert,  29  West  39th  St.,  New  York  City. 

The  procedure  of  the  Committee  in  handling  the  cases  is 
as  follows:  All  inquiries  must  be  in  written  form  before  they 
are  accepted  for  consideration.  Copies  are  sent  by  the  Secre- 
tary of  the  Committee  to  all  of  the  members  of  the  Committee. 
The  interpretation,  in  the  form  of  a  reply,  is  then  prepared 
by  the  Committee  and  passed  upon  at  a  regular  meeting  of 
the  Committee.  This  interpretation  is  later  submitted  to  the 
Council  of  the  Society  for  approval,  after  which  it  is  issued 
to  the  inquirer  and  simultaneously  published  in  The  Journal, 
in  order  that  any  one  interested  may  readily  secure  the  latest 
information  concerning  the  interpretation. 

Below  are  given  the  interpretations  of  the  Committee  in 
Cases  Nos.  158,  and  167-172,  inclusive,  as  formulated  at  the 
meeting  of  July  27  and  approved  by  the  Council  on  August 
15.  1917.  In  this  report,  as  previously,  the  names  of  inquirers 
have  been  omitted. 
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Case  No.  158 

Inquiry:  Is  it  pennissible  under  Par.  331  of  the  A.S.M.E. 
Boiler  Code  to  omit  the  stamping  from  tube  heads  of  boiler 
drums  where  they  are  so  flanged  and  corrugated,  as  shown  in 
Fig.  1  that  the  original  stamping  cannot  be  preserved,  or 
would  it  be  allowable  to  stamp  the  heads  with  lot  numbers  as 
they  come  off  the  press  so  that  they  may  be  identified  after- 
ward ? 

Rej)ly:  It  is  the  opinion  of  the  Committee  that  the  con- 
struction shown  is  classed  with  headers  and  does  not  require 
the  stamp  to  be  visible  after  the  part  is  formed. 

Case  No.  I(i7 

Inquiry:  Can  some  allowances  be  made  by  the  Boiler  Code 
Committee  in  the  specifications  for  steel  castings  in  the  Boiler 
Code,  with  regard  to  the  chemical  composition  of  the  ladle 
analysis,  to  compensate  for  the  difficulty  at  the  present  time 
in  obtaining  castings  low  in  sulphur  and  phosphorus? 

Reply:  The  matter  of  modifications  in  the  specification  for 
steel  castings  has  already  been  referred  to  the  American  So- 
ciety for  Testing  Materials,  and  the  question  is  up  for  con- 
sideration at  this  time,  but  no  decision  has  been  reached. 

Case  No.  168 

Inquiry:  Referring  to  Case  No.  113d,  are  we  to  under- 
stand that  all  plates  forming  any  part  of  a  boiler,  no  matter 


Reiily:  It  is  the  opinion  of  the  Boiler  Code  Committee 
that  this  combination  check  and  stop  valve  should  be  classed 
only  as  a  stop  valve. 


Case  No.  170 

Inquiry:  Can  staybolt  iron  made  from  hammered  blooms 
consisting  of  wrought  iron  horseshoes,  be  considered  as  meet- 
ing the  requirements  of  the  specification  in  the  Boiler  Code 
for  staybolt  iron,  if  the  horseshoes  are  originally  made  from 
puddled  iron? 

Reply:  It  is  the  opinion  of  the  Committee  that  Pars.  139 
and  140  in  the  specifications  for  staybolt  iron  require  that  the 
material  forming  the  box  pile  shall  consist  of  bars  the  full 
length  of  the  pile.  If  the  horseshoes  which  are  used  are  first 
worked  into  the  bars  described  in  Par.  1406,  then  cut  to  the 
necessary  full  length  and  made  into  the  box  pile  as  described, 
the  material  will  meet  the  specifications.  It  is  essential  that 
purchased  scrap  be  eliminated. 

Case  No.  171 

Inquiry:  Is  it  essential  that  the  10  jier  cent  limit  of  varia- 
tion allowed  in  Par.  285  of  the  Boiler  Code  for  the  springs  of 
A.S.M.E.  Standard  Safety  Valves,  be  met  where  it  entails 
serious  hardship  to  obtain  sjjrings  so  close?  Certain  manu- 
facturer supply  only  three  springs  for  the  entire  range  from 
25  to  250  lb. 

Reply:  It  is  the  opinion  of  the  Committee  that  this  is  a 
matter  to  be  taken  up  with  the  particular  valve  manufacturer 
in  question,  as  the  variation  called  for  in  the  Code  can  be  and 
is  being  met. 
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Fig.  1     Flanged  and  Cokeugatkd  Tube  Head 

whether  they  are  used  flat,  bent,  or  flanged,  either  hot  or  cold, 
must  be  finished  on  all  edges  by  either  planing,  milling,  or 
chipping? 

Reply:     The    word    "calking"    was    inadvertently    omitted 
from  the  reply  in  Case  No.  113d,  and  the  inquiry  is  answered 
by  the  reply  in  that  Case  which  should  read  as  follows: 
Inquiry:   d   Is  Par.  257  intended  to  do  away  with 
the   bevel   shear   for   finishing   the   calking  edges   of 
plates,  and   does  it   mean  that  the   plate  edges  may 
only  be  planed,  milled  or  chipiaed? 

Reply:  d  According  to  Par.  257  of  the  Code,  in 
order  to  eliminate  the  incipient  cracks  left  by  shear- 
ing, the  calking  edges  of  the  plates  must  be  finished 
by  planing,  milling  or  chipping,  whether  they  are 
sheared  straight  or  beveled. 

Case  No.  169 

Inquiry:  Can  a  cheek  valve  where  a  valve  stem  is  pro- 
vided to  i^ermanently  close  the  valve  when  the  stem  is 
screwed  down,  and  thus  form  a  combination  stop  and  check 
valve,  be  regarded  as  both  a  stop  valve  and  a  check  valve  as 
required  by  Par.  317  of  the  Boiler  Code?  A  device  of  this 
character  is  commonly  applied  to  feed  connections  on  one 
type  of  water  tube  boiler.  Is  it  necessary  where  this  fitting 
is  used  on  the  feed  connection  of  a  boiler  set  in  battery  to 
provide  such  connection  with  an  additional  check  valve  and  a 
globe  valve  between  such  check  and  the  source  of  supply? 


Case  No.  172 

Inquiry:  a  Is  it  to  be  understood  from  Par.  296  that  or- 
dinary commercial  iron  or  steel  pipe  may  be  used  from  the 
steam  space  of  a  boiler  to  the  upper  connection  of  the  water 
column  and  that  the  connection  from  this  pipe  to  the  steam 
gage  may  be  made  of  copper  pipe? 

6  Is  it  permissible  under  Pars.  320,  321,  and  322  of  the 
Boiler  Code  which  require  the  water  connections  to  water 
columns  to  be  made  of  brass  and  provided  with  a  cross  to 
facilitate  cleaning,  to  connect  a  drain  pipe  into  one  unused 
opening  of  the  cross  and  insert  a  cast  iron  plug  in  the  other? 

c  Relative  to  the  arrangement  of  connections  indicated  in 
Inquiry  b,  is  it  allowable  under  Pars.  320,  321,  and  322  of  the 
Boiler  Code  to  use  a  malleable  iron  bushing  and  a  commercial 
iron  or  steel  pipe  to  which  the  drain  valve  may  be  connected? 

Reply:  a  This  understanding  of  the  requirement  of  Par. 
296  is  correct. 

h  The  Boiler  Code  requires  a  brass  connection  from  the 
boiler  to  the  water  column  including  the  cross.  Any  other 
part  can  be  as  described  in  the  inquiry. 

c  The  arrangement  described  would  be  considered  as  in 
accordance  with  the  Code. 


According  to  Moturship,  there  has  been  considerable  dis- 
cussion in  the  last  year  in  regard  to  the  feasibility  of  con- 
crete ships,  and  now  an  experiment  is  to  be  made  and  an 
ocean-going  vessel  of  large  size,  in  this  material,  is  to  be 
thoroughly  tried  out.  Plans  for  the  ship  have  been  prepared 
by  Leroy  Caverly,  a  marine  engineer  of  San  Francisco,  and 
if  tests  now  under  way  are  successful,  work  on  the  vessel 
will  shortly  be  commenced.  As  planned,  this  experimental 
concrete  ship  is  to  be  300  ft.  over  all,  46-ft.  beam,  with  a 
depth  of  24  ft.,  and  be  5000  gross  tonnage  and  powered 
by  steam  turbines  of  2500  hp.  It  is  claimed  that  such  a  craft 
will  have  a  dead  weight  no  greater  than  a  wooden  vessel  of 
the  same  size,  and  can  be  com))leted  in  ninety  working  days  at 
a  cost  of  only  $64  a  ton.  It  is  not  jirobable  that  ])ower  will  be 
installed  at  once,  but  the  hull  will  be  towed  on  a  test  sea  trip. 
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THE  Secretary  is  frequently  asked  what  the  Society  is 
doing  in  connection  with  the  war,  and  he  is  happy  to 
say  that  the  Society  is  not  only  individually  rendering  a  spe- 
cial service,  but  it  is  also  cooperating  with  the  other  societies 
in  most  constructive  work.  It  might  be  well  to  here  review 
the  several  activities  of  the  Society  which  have  bearing  on 
the  war  situation,  but  before  doing  so  it  should  be  mentioned 
that  the  special  activity  now  occupying  our  attention  to  the 
greatest  degree  is  the  work  of  the  Engineering  Resources 
Committee,  Mr.  George  J.  Foran,  Chairman — that  of  furnish- 
ing specialists  for  the  numerous  demands  of  the  Government 
and  the  industries  generally. 

Our  circular  letter  to  the  membership  enclosing  the  Per- 
sonal Classification  Blank  has  brought  in  to  date  over  six 
thousand  replies,  and  upward  of  four  thousand  of  these 
have  been  collated  in  the  most  complete  manner.  To  carry 
out  this  work  of  collation  the  systems  employed  by  the  uni- 
versities in  similar  work,  by  the  insurance  companies,  the 
Census  Bureau  and  the  Bureau  of  Mines,  were  all  carefully 
studied  and  all  their  good  features  incorporated  in  our  own 
system  of  classification. 

The  Society  is  now  furnishing  names  literally  by  the  hun- 
dred in  response  to  numerous  requests  for  men  familiar  with 
munitions  work  and  with  researches  in  the  widest  variety 
of  war  subjects.  One  recent  letter  from  Washington  opens : 
"  Our  Bureau  has  been  asked  to  assist  in  getting  about  one 
hundred  of  the  very  highest-class  men  having  business  and 
executive  experience.     These  men  are  needed  to  go  to  France 

immediately   to    take    charge    of   organizing   .      Please 

send  the  names  and  experience  of  any  men  who  satisfy  our 
requirements  and  who  could  go."  Another  letter  from  an 
important  committee  in  Washington  begins :  "'  We  shall  con- 
sider it  a  favor  if  you  could  give  us  the  names  of  as  many 
as  fifty  mechanical  engineers  who  meet  the  specifications  pre- 
sented in  the  enclosed  bulletin.  We  should  like  not  only  the 
names  but  any  ratings  which  you  have  adopted  in  your  clas- 
sification." 

A  furtlier  corroboration  of  the  large  number  of  calls  being 
made  on  the  Society  for  men  is  furnished  by  a  study  of  the 
columns  of  the  Employment  Bulletin  in  this  and  the  last 
issues  of  The  Journal.  The  Positions  Available  section  of 
file  Bulletin  hist  nionth  was  the  largest  we  had  ever  published. 
This  month's  Bulletin  is  even  larger  than  last  month's. 

To  those  members  who  have  patriotically  offered  their 
sen-ices  to  the  Government  through  the  medium  of  the  So- 
ciety's Engineering  Resources  Committee,  but  who  have  not 
yet  been  rewarded  by  the  assigment  to  duties  under  the  Gov- 
ernment, we  can  only  say  that  their  names  have  invariably 
been  forwarded  and  that  in  due  time,  as  the  demand  for  their 
particular  kind  of  service  is  created,  the  Government  will 
undoubtedly  take  advantage  of  it. 

Passing  m  review  over  the  steps  the  Society  has  taken  in 
connection  with  the  war  situation,  it  is  interesting  to  state: 
First,  the  Committee  on  Engineer  Officers'  Reserve  was  di- 
rectly responsible  for  the  inclusion  in  the  Hay  Bill  of  1916 
of  what  is  known  as  the  Engineer  Officers'  Reserve  Corps. 


Second,  the  Military  Engineering  Committee  of  the  Engi- 
neering Societies  participated  in  the  Preparedness  Parade, 
in  New  York  City,  in  which  10,000  engineers  marched;  this 
committee  also  conducted  a  series  of  lectures  on  Military 
Tactics  by  officers  assigned  by  the  War  Department,  and, 
further,  it  recruited  an  entire  corps  of  1167  men,  plus  about 
160  others,  which  has  already  been  sent  to  France.  The  ex- 
pense contributed  individually  by  twenty  or  more  members 
of  the  Militai-y  Engineering  Committee  was  over  five  thou- 
sand dollars. 

This  Society  also  took  up  energetically  at  the  Spring  Meet- 
ing in  Cincinnati,  in  May  la.st,  tlie  matter  of  Standardization 
of  Gages,  and  an  ofheer  of  the  Society  went  to  Washington 
and  discussed  the  case  with  some  of  the  Bureau  heads,  and 
we  have  reason  to  believe  that  this  helped  in  the  passing  of 
an  act  providing  for  the  work  now  being  developed  in  the 
Bureau  of  Standards. 

We  have  also  a  General  Engineering  Committee  of  the 
Council  of  National  Defense,  and  the  American  Engineering 
Service  Committee  and  War  Committee  of  Technical  Societies 
of  the  Engineering  Council. 

In  another  column  the  membership  will  be  delighted  to 
read  of  the  prospective  meet''Jgs  in  the  West  which  will  be 
attended  by  the  president.  It  is  a  noteworthy  occasion  when 
an  engineering  society  can  obtain  a  visit  from  its  president. 
Dr.  HoUis  is  sacrificing  both  time  and  strength  to  make  this 
tour.  It  is  also  a  source  of  satisfaction  to  announce  that 
Mrs.  Hollis  will  accompany  him. 

Calvin  W.  Rice, 

Secretary. 

Amendments  to  the  Constitution 

The  following  amendments  to  the  Constitution  are  to  be 
presented  at  the  Annual  Meeting,  to  be  held  in  New  York, 
December  4  to  7,  1917. 

Portions  in  brackets  show  additions  to  the  present  wording 
of  the  Constitution,  and  portions  in  parentheses  show  dele- 
tions. 

These  proposed  amendments  were  approved  by  the  Council, 
presented  at  the  Spring  Meeting  at  Cincinnati,  1917,  for  dis- 
cussion, and  under  the  requirements  of  C57  and  C58  will  be 
presented  for  final  vote  by  letter  ballot. 

C26  The  affairs. of  the  Society  shall  be  managed  by  a 
board  of  directors  eliosen  from  among  its  Members,  Associates 
and  Associate-Members,  which  shall  be  styled  "  The  Council." 
The  Council  shall  consist  of  the  President  of  the  Society,  who 
shall  be  the  presiding  officer,  six  Vice-Presidents,  nme 
Managers,  the  Treasurer,  and  the  five  surviving  Past-Presi- 
dents "who  have  last  held  office.  [The  number  of  persons  con- 
stituting a  quorum  of  the  Council  shall  be  determined  by  the 
By-Laws.]  The  Secretary  may  take  part  in  the  deliberations 
of  the  Council,  but  shall  not  have  a  vote  therein. 

C4.5  The  Standing  Committees  [of  Administration]  of  tlie 
Society  (to  be  appointed  by  the  President)  shall  be: 

(1)  Committee  on  Finance 

(2)  Committee  on  Meetings  [and  Program] 
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(3)  Committee  on  Piiblioation  [and  Papers] 

(4)  Committee  on  Membership 

(5)  [Committee  on  Local  Sections] 

(6)  Cormnittee  on  Constitution  and  By-Laws 
(Library  Committee)' 

(House  Committee)' 

(Research  Committee)' 

(Public  Relations  Committee)' 

(Committee  on  Standardization)' 
[The  appointment,  organization,  duties,  and  terms  of  service 
of   Standing   Committees   shall   be   as   the   By-Laws   provide. 
The  Chairman  of  each  Standing  Committee  shall  have  a  seat 
in  the  Council  of  the  Society  but  no  vote. 

There  shall  be  other  standing  committees  of  the  Society  as 
the  By-Laws  provide  and  the  Council  approves.] 

C47     The  Annual  Committees  shall  be : 

An  Executive  Committee,  appointed  by  the  Council; 
A  Nominating  Committee,  appointed  by  the  President; 
Tellers,   as  required  by   the   By-Laws,   appointed  by   the 
President ; 


^  To  be  designated  Standing  Committees,  in  distinction  trom  Standing 
Committees  of  Administration,  and  to  be  provided  for  in  the  By-Laws. 


[Such   other  committees  as  may  be  required  from   time 
to  time.] 

C55  The  Society  shall  not  be  responsible  for  statements  or 
opinions  advanced  in  papers  or  m  discussions  at  its  meetings. 
Matters  relating  to  [partisan]  polities  or  purely  to  trade  shall 
not  be  discussed  at  a  meeting  of  the  Society,  nor  be  included 
in  the  Transactions. 

C56  The  Society  shall  not  (approve  or  adopt  any  standard 
or  formula,  or  approve  any  engineering  or)  [endorse  any] 
commercial  enterprise.  It  shall  not  allow  its  imprint  or  name 
to  be  used  in  any  commercial  work  or  business. 

C58  The  letter-ballot,  accompanied  by  the  text  of  the 
proposed  amendment,  shall  be  mailed  by  the  Secretary  to  each 
person  entitled  to  vote,  at  least  thirty  days  previous  to  the 
closure  of  the  voting.  The  ballots  shall  be  voted,  canvassed, 
and  amiounced  as  provided  in  the  By-Laws.  The  adoption'  of 
the  amendment  shall  be  decided  by  a  majority  of  the  votes 
cast.  An  amendment  shall  take  eit'eet  on  the  announcement  of 
its  adoption  by  the  Presidmg  Officer  of  the  Semi-Annual 
Meeting  next  following  the  closure  of  the  vote.  [Any  changes 
in  the  order  of  consecutive  numbering  of  existing  articles  of 
the  Constitution,  made  necessary  by  such  adopted  amendment, 
sliall  be  made  under  the  direction  of  the  Council.] 


A  LOOK  AHEAD 

A  Review  of  the  Prospective  Work  of  the  Society  for  the  Coming  Year 


HUNDREDS  of  calls  are  coming  to  the  engineering  socie- 
ties of  the  country  for  help  and  cooperation  in  meeting 
the  needs  of  the  war.  Highly-trained  men  are  wanted  in  large 
numbers,  besides  technical  advice  and  information  on  innumer- 
able sub.jects.  In  all  such  work  concerted  action  is  necessary 
and  the  avoidance  of  duplication ;  hence  the  importance  of  the 
Engineering  Council  and  its  War  Committees,  representing 
collectively  the  several  engineering  societies  as  described  by 
President  Hollis,  Chairman  of  the  Council,  elsewhere  in  this 
mimber. 

In  a  look  ahead  the  greatest  promise  for  effective  service  to 
the  Government  by  the  Society  appears  to  lie  in  the  part  which 
it  will  play  in  this  united  service  by  the  engineers  of  the 
country. 

Acting  as  a  separate  unit,  however,  the  Society  has  already 
done  enormous  work  in  this  direction  largely  through  its  En- 
gineering Resources  Committee,  George  J.  Foran,  Chairman, 
which  has  classified  and  indexed  with  respect  to  their  special- 
ties 4000  members  and  hopes  eventually  to  have  similar  data 
for  every  member  to  use  in  suisplying  the  war  needs  of  the 
country. 

DPJVELOPMENT  OF  THE  SECTIONS 

Last  year  five  new  sections  were  organized  at  Baltimore, 
Detroit,  Erie,  Indianapolis  and  New  Orleans,  making  a  total 
of  21  sections.  The  Committee  on  Sections  recognizes  that 
these  local  organizations  emphasize  the  national  scope  of  the 
Society  and  intends  to  continue  this  development  by  the  addi- 
tion of  several  new  sections  besides  the  organization  of  the 
Connecticut  Section  with  its  five  branches,  annoimcement  of 
which  has  already  been  made. 

This  organization  of  state  sections  is  of  more  than  passing 
interest.  The  Minnesota  Section  was  the  first  and  the  Atlanta 
Section  has  aimed  to  administer  to  the  requirements  of  several 
of  the  Southeastern  gToup  of  states,  but  Connecticut  is  the 
first  state  to  have  a  number  of  Branches  holding  meetings  in 
their  respective  localities,  and  all  contributing  in  addition  to 
the   development   of  the    Society  throughout  the   state.      The 


plan  of  organization  is  explained  more  in  detail  under  anotlier 
heading. 

It  is  the  purpose  of  the  Sections  Committee  to  encourage  the 
sections  to  identify  themselves  with  local,  civic  and  municipal 
affairs  inasmuch  as  they  relate  to  engineering  projects.  An 
effort  will  also  be  made  to  obtain  united  action  by  the  several 
sections  on  work  proposed  by  the  various  standing  commit- 
tees of  the  Society :  as  for  example,  if  the  Research  Committee 
were  to  outline  a  series  of  investigations  it  is  thought  that  they 
would  be  much  more  successful  if  tiie  local  sections  joined  in 
the  conduct  of  the  work. 

The  sections  benefit  the  membership  at  large  by  the  publi- 
cation of  the  section  papers  in  The  Journal.  The  committee 
has  therefore  suggested  as  a  uniform  practice  that  each  local 
section  make  a  special  effort  this  year  to  contribute  technical 
papers  and  data,  through  the  establishment  of  the  following 
organization : 

1.  The  appointment  of  a  committee  of  three,   particularlj' 

qualified,  to  study  the  local  field  and  determine  what 
papers  and  data  the  section  is  best  qualified  to  con- 
tribute; solicit  the  contributions  of  papers  from  local 
engineers  and  report  to  the  Committee  on  Sections. 
Attention  is  called  to  the  fact  that  papers  need  not  be 
long.  In  fact,  brief,  concise  statements  of  valuable  in- 
formation often  are  of  interest  and  value. 

2.  Select   a   committee    of   two,   qualified   b>-    broadness    of 

vision,  to  investigate  what  researches  may  be  most 
effectively  carried  out  because  of  the  particular  engi- 
neering work  being  done  in  the  locality.  Appoint  those 
particularly  fitted  to  organize  and  conduct  those  re- 
searches and  report  the  findings  to  the  Committee  on 
Sections. 

These  researches  need  not  necessarily  be  in  the  nature 
of  obtaining  original  data  but  may  be  reports  of  progress 
or  acliievements  made  in  any  branch  of  the  profession 
or  consist  in  the  arrangement  in  convenient  form  of  the 
best  information  available  on  any  particular  subject. 
Good  technical  reports  on  local  engineering  develop- 
ments will  also  be  excellent  material. 

There  are  many  weU-qualified  .young  men  in  each  local- 
ity who  will  be  glad  to  undertake  to  accomplish  the 
results  if  properly  encouraged. 
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It  has  been  suggested  that  this  organization  be  effected  at 
once  in  order  that  one  of  the  first  meetings  this  fall  may  be 
given  over  to  the  promotion  of  these  results. 

In  accord  with  the  plan  previously  announced  to  have  the 
sections  brought  into  closer  contact  with  the  activities  of  the 
Society,  the  Committee  on  Sections  will  visit  the  St.  Louis, 
Milwaukee,  Chicago  and  Detroit  Sections  this  month  for  the 
purpose  of  acquainting  those  sections  with  the  needs  of  the 
Society  as  outlined  in  the  preceding  paragraphs. 

In  connection  with  the  work  of  the  sections  it  is  pleasing  to 
note  that  the  members  at  Seattle,  Wash.,  and  Portland,  Ore., 
have  invited  President  HoUis  to  visit  them,  and  for  the  first 
time  in  the  history  of  the  Society  the  members  of  the  Society 
in  those  Northwestern  cities  will  come  together  at  a  meeting, 
held  under  its  auspices.  This  will  indeed  be  a  momentous  occa- 
sion and  it  is  fitting  that  the  President  of  the  Society  should  be 
the  guest  of  honor.  It  would  not  be  surprising  should  the 
organization  of  a  section  in  that  locality  result  because  of  the 
spirit  and  enthusiasm  which  Dr.  HoUis  brings  to  all  those  who 
have  the  opportunity  of  hearing  him  promulgate  his  doctrines 
on  the  opportunity  of  the  engineei-ing  profession  to  take  a 
leading  part  in  making  the  world  a  democracy. 

MEMBERSHIP  WOKK 

The  work  of  the  sections  is  closely  allied  to  that  of  the  Com- 
mittee on  Increase  of  Membership  because  it  is  the  latter  which 
often  makes  possible  the  establishment  of  a  section  by  securing 
the  strength  in  numbers  to  make  possible  successful  meetings. 
The  committee  plans  to  continue  during  the  coming  year  its 
established  policy  of  conservatively  encouraging  the  members 
of  the  Society  to  bring  within  the  pale  of  its  influence  all 
mechanical  engineers  of  proven  ability  and  to  continue  the 
acquaintanceship  work  at  meetings  which  it  has  conducted  in 
the  past.     The  present  membership  is  over  8200. 

STANDING  COMMITTEES 

The  Finance  Committee  has  prepared  its  budget  for  1917- 
18,  including  a  reijort  for  the  past  year,  showing  that  the 
annual  income  has  passed  tlie  .$200,000  mark.  Next  year  it  is 
estimated  to  reach  $228,500.  In  preparing  the  budget  the 
usual  plan  is  followed  of  providing  for  only  90  per  cent  of 
the  expected  income  and  for  iialf  of  the  initiation  fees  to  be 
placed  in  the  reserve  fund.  As  a  result  of  this  sound  policy, 
the  Society  holds  an  enviable  position  among  other  organiza- 
tions as  one  of  unquestioned  strength  and  stability  and  pre- 
pared for  any  call  upon  its  resources  which  is  likely  to  arise. 

The  Committee  on  Meetings,  wliich  has  conducted  in  the 
past  year  what  are  generally  considered  to  have  been  the  two 
most  successful  conventions  of  the  Society,  has  plans  well 
developed  for  the  coming  Annual  Meeting,  elsewhere  outlined. 
Of  the  sub-committees,  the  Committee  on  the  Protection  of 
Industrial  Workers  has  now  under  preparation  a  number  of 
safety  codes  including  codes  for  elevators,  machine-shop 
guards  and  woodworking-machinery  guards,  which  they  hope 
to  bring  before  the  Annual  Meeting  in  December. 

The  Publication  Committee  has  rounded  out  the  year  with 
The  Jourjjai,  covering  the  meclianical  engineering  field 
through  its  reports  of  meetings  of  the  Society  and  reviewing 
the  engineering  press  more  thoroughly  than  ever  before.  New 
departments  have  been  added,  the  circulation  is  now  consider- 
ably abo\-e  10,000  and  the  advertising  is  constantly  increasing. 
While  no  radical  changes  are  expected,  it  is  intended  to  main- 
tain this  substantial  development  and  growth ;  and  this  applies 


as  well  to  the  annual  volume  of  Transactions  and  the  annual 
volume  of  Condensed  Catalogues. 

The  House  Committee  has  completed  extensive  alterations 
in  the  Society's  rooms.  By  the  removal  of  partitions  better 
facilities  have  been  provided,  the  most  modern  lighting  system 
has  been  installed,  the  acoustics  have  had  most  careful  atten- 
tion. The  office  is  now  located  in  two  large  I'ooms,  one  devoted 
to  the  publication  and  engineering  work  and  the  other  to  the 
business  and  secretarial  departments.  Later  the  reception  and 
reading  rooms,  the  Secretary's  office  and  the  Council  room 
will  be  redecorated. 

The  Committee  on  Constitution  and  By-Laws  has  had  under 
consideration  for  some  time  a  number  of  amendments  neces- 
sitated by  the  growing  membership  of  the  Society  and  the 
larger  demands  by  other  societies  and  the  Government  upon 
its  facilities.  A  complete  report  of  these  amendments  will  be 
found  in  another  part  of  this  issue  of  The  Jouknal. 

TECHNICAL  COMMITTEES 

The  Standardization  Committee  expects  to  continue  its  work 
in  connection  with  the  American  Engineering  Standards  Com- 
mittee. This  committee  has  drawn  up  a  constitution,  and 
deems  this  to  be  only  the  beginning  of  what  is  hoped  will 
eventually  fill  a  very  important  national  and  international  need. 
It  is  expected  that  with  time  there  will  be  found  to  participate 
in  the  woi'k  of  this  committee  every  technical  association  or 
society  whether  of  an  engineering  or  other  nature,  not  only  in 
the  United  States,  but  abroad.  A  beginning  in  this  direction 
has  already  been  made  in  that  the  British  Engineering  Stand- 
ards Committee  has  invited  this  American  Engineering  Stand- 
ards Committee  to  send  delegates  to  London  to  consider  a 
change  in  the  British  standard  Whitworth  thread  to  the  sim- 
pler cross  section  of  the  United  States  screw  thread  and  to 
consider  also  the  question  of  metric  threads. 

The  Boiler  Code  Committee  has  the  following  jjrogram  under 
consideration  for  the  coming  year : 

The  completion  of  the  first  revision  of  the  Boiler  Code,  in 
pursuance  to  a  recommendation  which  was  accepted  by  the 
Council  of  the  Society  and  which  was  as  follows : 

'•'  Your  Committee  recommends  that  you  appoint  a  per- 
manent committee  to  make  svieh  revisions  as  may  be  found 
desirable  in  these  Rules,  and  to  modify  them  as  the  state  of  the 
art  advances,  and  that  .such  committee  should  hold  meetings 
at  least  once  in  two  years  at  which  all  interested  parties  may 
be  heard." 

The  regular  monthly  meetings  of  the  committee  will  be  held 
for  the  purpose  of  considering  communications  relative  to  the 
Boiler  Code  and  rendering  intevi^retations  thereon. 

The  Committee  on  Flanges  and  Pipe  Fittings  has  the  fol- 
lowing topics:  A  50-lb.  low-pressure  standard  for  steam, 
water  and  air,  etc.;  a  600-lb.  standard  for  superheated  steam; 
800.  1200  and  .3000-lb.  standard  for  water,  air,  gas,  etc.,  with 
ratings  propoitionate  to  shock  or  no  shock  conditions.  Mal- 
leable iron  pipe  fittings  and  unions  are  also  scheduled  for  the 
Committee's  consideration. 

The  A.S.M.E.  and  the  Manufacturing  Standardization  Com- 
mittee have  been  working  jointly  in  the  compilation  of  draw- 
ings, tables  and  data,  most  of  which  should  be  available  for 
the  committee's  discussion  during  the  coming  years. 

The  Research  Committee  has  several  sub-committees  which 
have  investigations  or  reports  in  process,  outlined  in  what 
foUows. 

Lubrication :  Research  on  cylinder  lubrication  under  both 
steam  and  gas  engine  conditions  is  expected  to  be  under- 
taken bv  Professor  Flowers  of  Ohio  State  University.     This 
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work  will  reqime  au  appropriation  of  $600  for  the  ensuing 
year  to  caiTy  it  through.  The  apparatus  has  been  especially 
built  for  the  purpose  and  is  the  only  one  of  its  kind  in  this 
countrj'. 

Cutting  Action  on  Machine  Tools:  In  coujunction  with 
the  Bureau  of  Standards,  this  committee  is  to  carry  out  an  in- 
vestigation of  the  stresses  and  conditions  involved  by  change 
in  shape  and  material,  cutting  speed,  etc.,  on  a  special  planer 
equipped  with  dynamometer  at  the  Bureau  of  Standards.  An 
investigation  is  also  to  be  undertaken  on  the  action  of  the  De- 
Leeuw  rotary  cutter,  which  gives  a  very  large  increase  in 
cutting  capacity  over  the  old  type  stationary  tools,  using  the 
same  materials.  This  work  should  prove  very  valuable  from 
a  production  point  of  view  and  therefore  would  appear  to  be 
of  considerable  interest  to  the  Government  in  connection  with 
nnmitions  work. 

Worm  Gearing :  This  committee  has  prepared  a  study  of 
the  important  American  patents  on  the  subject  of  bearing 
metals  and  expects  to  make  a  study  during  the  following  year 
of  the  foreign  patents  also.    It  has  in  view  to  collect  all  patent 


data  before  re])orling;  it  will  take  at  least  a  year  to  do  this. 

Flow  Meters :  This  committee  is  prepai-ing  what  is  prac- 
tically a  complete  test  on  the  theory,  formulae,  accuracy,  cost 
and  desirability  of  various  types  of  commercial  flow  meters 
now  on  the  market.  This  is  being  written  in  sis  sections,  at 
least  two  of  which  will  be  ready  for  publication  in  December. 

The  general  plan  upon  which  all  of  the  sub-committees  are 
working,  is  that  all  pre\'ious  work  upon  the  particular  sub- 
jects involved  should  tirst  be  collected  by  means  of  a  bibliog- 
raphy and  written  up  in  a  compendium,  so  that  reference  out- 
side of  the  report  would  not  be  needed.  The  principal  reason 
for  adopting  this  plan  was  to  avoid  the  unnecessary  duplica- 
tion of  work  which  so  often  occurs  in  committee  activities. 

Several  of  the  other  committees  have  standardization  work 
mider  way  upon  which  it  is  not  possible  to  announce  future 
plans  at  the  present  writing.  So  extensive  has  become  the 
professional  work  of  the  active  committees  of  the  Society, 
however,  that  the  Secretary  has  under  advisement  the  organi- 
zation of  a  department  of  the  office  staff  to  attend  solely  to 
the  committe  requirements. 


THE   ENGINEERING  COUNCIL 


THE  formation  of  an  Engineering  Council  is  the  outgrowth 
of  a  real  need  for  proper  consideration  of  questions  of 
general  interest  to  engineers  and  to  the  public,  and  to  provide 
the  means  of  united  action  upon  questions  of  common  concern. 
Many  such  questions  have  come  up  in  the  past  and  will  arise 
in  greater  number  in  the  future.  This  war  has  brought  out 
very  impressively  the  actual  need  for  united  action  of  some 
kind.  At  present  the  Council  is  concerned  only  with  four 
societies  because  that  seemed  the  most  practical  way  of  get- 
ting a  group  of  men  together  to  answer  the  immediate  needs, 
but  these  societies  do  not  assume  to  speak  for  all  engineering 
societies  in  the  country.  Criticism  that  they  are  exclusive 
in  any  way  is  utterly  mistaken.  There  is  the  hope  that  such 
a  Council  by  proving  itself  effective  may  lead  to  much  wider 
cooperation  in  a  strictly  representative  body  for  all  engineers, 
and  thus  pave  the  way  for  a  very  much  lai-ger  union  in  the 
future. 

How  can  the  Council  be  enlarged?  By  a  union  of  all  so- 
cieties either  as  the  outgrowth  of  the  present  Council  or  by 
a  congress  of  engineers  leading  to  united  action  by  all  so- 
cieties. The  first  method  will  be  the  most  natural  one  because 
many  local  societies  and  national  societies  also  have  a  large 
membership  in  the  four  societies  at  present  concerned.  We 
have  three  classes  of  engineers  to  reach:  First,  those  who  are 
members  of  local  societies  and  not  members  of  national  so- 
cieties: second,  those  who  are  members  of  national  societies 
and  not  members  of  local  societies;  and  third,  those  who  are 
members  of  no  society.  The  last-named  class  constitutes  a 
very  large  number  in  our  profession. 

We  engineers  are  almost  as  raised  as  American  citizenship, 
and  we  suffer  therefrom  just  as  much  as  America  with  a 
population  representing  evei-y  race  and  every  people  in  Eu- 
rope. There  can  be  no  question  of  the  enormous  advantage 
of  union.  That  union  should  be  completed  by  strengthening 
the  existing  agencies  and  not  by  the  fonnation  of  new  so- 
cieties. The  national  societies  are  thoroughly  national  not- 
withstanding an  occasional  complaint  that  they  are  run  by 
New  York.  If  they  have  not  been  able  to  express  the  demo- 
cratic spirit  of  our  country  as  fully  as  might  be  desired, 
it  is  the  fault  of  the  members  in  all  the  states  and  not  of 
the  city  in  which  the  principal  offices  are  located. 


The  four  societies  concerned  at  present  are  tlie  American 
Society  of  Civil  Engineei-s,  the  American  Institute  of  Mining 
Engineers,  The  American  Society  of  Mechanical  Engineers  and 
the  American  Institute  of  Electrical  Eugineei-s.  They  have 
come  together  from  time  to  time  in  the  past  for  special  pur- 
poses and  there  have  been  general  conferences  on  subjects 
requiring  immediate  settlement,  but  until  the  Engineering 
Council  was  definitely  organized  in  June  there  was  no  per- 
manent body  to  advise  all  the  societies.  We  have  had  many 
fruitful  discussions  in  the  past  leading  to  useful  action. 
The  Standardization  Committee  which  has  been  organized 
to  represent  five  societies  has  passed  upon  commercial  stand- 
ards of  all  kinds.  This  committee  has  great  possibilities  and 
it  should  be  enlarged  enough  so  that  its  influence  may  become 
very  widespread. 

Many  problems  have  already  been  presented  before  the 
Council.  Its  personnel,  made  up  of  twenty-four  men  repre- 
senting equally  the  four  societies,  is  well-balanced  and  judi- 
cial. The  first  duty  was  necessarily  the  organization  and 
appointment  of  standing  committees,  which  have  already  been 
reported  in  the  press.  They  might  with  advantage  be  men- 
tioned here: 

1  Committee  on  Public  Affairs,  comprising  Messrs.  C.  W. 
Baker,  G.  F.  Swain,  S.  J.  Jennings  and  E.  W.  Rice. 

2  Committee  on  Rules,  comprising  Messrs.  J.  P.  Chan- 
ning,  Clemens  Herschel,  N.  A.  Carle  and  D.  S.  Jacobus. 

3  Committee  on  Finance,  comprising  Messrs.  B.  B.  Thayer, 
I.  E.  Moultrop,  Calvert  Townley  and  Alex.  C.  Humphreys. 

Certain  questions  relate,  however,  to  the  war  and  the  assis- 
tance that  engineers  can  render.  A  committee  to  be  called 
the  American  Engineering  Service  Committee  was  appointed 
with  instiiietions  to  invite  the  cooperation  of  all  engineering 
societies.  This  committee  in  the  first  instance  consists  of 
A.  D.  Flinn  of  the  Civil  Engineers,  A.  S.  McAllister  of  the 
Electrical  Engineers,  George  J.  Foran  of  the  Mechanical  En- 
gineers, G.  C.  Stone  of  the  Mining  Engineers,  and  E.  B. 
Sturgis  of  the  Mining  and  Metallurgical  Engineers.  Its 
present  duty  is  the  tabulation  and  listing  of  the  members  of 
the  five  societies  represented,  in  order  that  we,  as  a  profession, 
may  be  in  a  position  to  take  a  larger  part  in  the  industries 
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aftei-  peace  is  declared.  This  tabulation  has  already  in  part 
been  done,  but  in  a  rather  unsystematieal  and  unequal  way.  It 
is  hoped  that  the  new  coinruittee  by  having  additions  from 
other  societies  may  make  a  final  and  lasting  tabulation  of 
all  the  engineers  in  the  United  States.  The  list  is  to  be  kept 
in  the  Engineering  Building  for  general  use  in  Government 
I^roblems  and  in  the  industries.  At  present  the  committee 
is  devoting  its  attention  to  the  immediate  need  of  the  hour, 
namely,  the  procurement  of  men  for  special  service  in  the 
Government.  A  list  of  specialists  in  the  societies  has  already 
been  completed. 

There  are  three  methods  by  which  engineers  may  enter 
United  States  service;  first,  through  some  organization;  sec- 
ond, through  individual  application  to  a  department  of  the 
Government,  and  third,  through  selection  by  the  Conscription 
Law.  But  this  is  war  service  wholly  and  not  civil  service, 
which  is  the  same  now  as  it  has  always  been.  As  a  matter 
of  fact,  a  great  many  engineers  have  already  entered  through 
the  engineering  societies,  through  colleges  and  through  va- 
rious special  boards  in  Washingfon.  The  importance,  how- 
ever, of  a  complete  list  of  engineers  and  their  professional 
specialties  cannot  be  overrated.  Such  a  complete  list  can  be 
made  only  with  the  help  of  the  local  as  well  as  the  national 
societies.  The  committee  mentioned  above  is  organized  with 
George  -J.  Foran  as  cliairman  and  A.  S.  McAllister  as  secre- 
tary. All  societies  should  respond  to  the  request  for  coopera- 
tion. 

Another  committee,  of  which  Harold  W.  Buck  is  chairman, 
is  called  the  War  Committee  of  Technical  Societies.  The 
members  are  Messrs.  H.  W.  Buck,  A.  M.  Greene,  Jr.,  R.  N. 
Inglis,  C.  R.  Corning,  G.  C.  Stone,  D.  W.  Brunton,  J.  M. 
Boyle.  J.  V.  Davies,  .Joseph  Bijur.  A.  S.  McAllister,  W.  D. 


Kicliardson  and  Charles  Baskerville.  It  was  appointed  to 
assist  any  organization  in  Washington,  such  as,  for  instance, 
the  Council  of  National  Defense,  the  National  Research  Coun- 
cil and  the  Naval  Consulting  Board,  in  any  way  in  which  it 
can  bring  to  the  attention  of  the  engineers  of  the  country  the 
necessity  for  thought  and  help  in  the  numerous  problems  that 
arise. 

A  Council  organized  by  the  enlargement  of  the  present 
Engineering  Council  can  be  very  effective  in  many  ways  with- 
out interfering  with  the  autonomy  of  any  individual  society. 
Every  society  has  some  definite  pui-pose  of  its  own  and  also 
some  which  it  holds  in  common  with  all  other  societies.  One 
of  the  latter  purposes  relates  to  public  service  and  to  coopera- 
tion. To  the  end  that  all  societies  may  understand  fully  their 
opportunity,  the  committee  of  which  Mr.  Foran  is  chairman 
has  made  a  complete  list  of  all  the  societies  and  their  ofifi- 
i-ers,  and  communications  are  being  sent  out  inviting  coopeia- 
tion;  and  it  is  hoped  that  the  Council  may  be  successful  in 
arousing  sufficient  interest  to  bring  about  a  larger  and  better 
Council  for  all  engineers. 

In  organizing  the  Council,  provision  was  made  for  the 
election  to  membersliip  of  other  national  engineering  and 
technical  societies.  There  is  no  doubt  that  rules  can  be  made 
under  which  these  societies  may  become  members,  but  this 
will  involve  consultation  and  discussion  in  the  future. 

The  ofifiee  of  the  Council  is  in  the  Engineering  Societies 
Building,  29  West  39th   Street,  New  York  City. 

(Signed)     Iha  N.  Hollls,  Chairman, 

Worcester,  Mass. 
C.-VLVERT  TowNLEY,  Secretary, 

115  Broadway,  New  York  City. 


THE  COMING   ANNUAL  MEETING 


THE  time  is  past  when  engineers,  citizens  of  a  country  at 
war.  can  with  equanimity  sit  in  convention  to  discuss 
details  of  engineering  practice.  Their  thoughts  are  on  the 
great  problems  of  the  war  and  on  the  service  which  they  can 
render  their  country. 

With  this  in  mind  the  Committee  on  Meetings  has  planned 
a  program  for  the  Annual  Meeting  which  is  designed  to  be  of 
definite  and  constructive  value  for  those  in  the  service  of  the 
Nation.  While  a  sufficient  number  of  excellent  technical 
papers  will  be  provided  on  general  subjects  to  uphold  the 
standard  of  the  Society's  Transactions  for  reference  pur- 
poses, emphasis  will  be  placed  on  a  series  of  addresses  to  be 
given  on  some  of  the  broad  problems  that  now  confront  the 
engineer  in  his  endeavor  to  give  his  country  the  mastery  in 
the  great  struggle  which  is  to  make  the  "  world  safe  for 
democracy." 

On  Tuesday  evening  will  be  an  address  by  Hon.  Wm.  H. 
Taft,  former  President  of  the  United  States,  and  conferring 
of  honorary  membership  on  Maj.-Gen.  Geo.  W.  Goethals. 
events  of  the  greatest  interest  and  satisfaction  to  every 
member. 

The  business  meeting  on  Wednesday  morning  will  be  fol- 
lowed by  a  session  in  charge  of  the  Committee  on  Local  Sec- 
tions. The  importance  which  the  Sections  have  assumed  in 
the  Society  and  the  possibilities  they  offer  for  a  broadening 
influence  in  tlie  Society's  affairs  have  led  to  the  assignment  of 
tliis  as  the  opening  session,  and  a  very  full  discussion  of  the 
topics  to  be  presented  is  hoped  for. 

An  intimate  account  of  the  engineering  achievements  of  the 
late  INIr.  E.  D.  Leavitt  will  be  presented  by  Mr.  F.  W.  Dean. 


All  are  agreed  that  to  win  the  war  there  must  be  conser\'a- 
tion  of  resources,  including  food,  fuels  and  supplies  of  all 
kinds;  higher  efficiency  in  industry  and  transportation; 
unlimited  production  of  munitions  and  appliances  of  war; 
willing  cooperation  on  the  part  of  every  citizen,  regardless  of 
his  status  in  life;  and  the  gi-eatest  possible  development  of 
American  incentive  and  productive  talent. 

The  question  of  the  solution  of  such  problems  as  the  fore- 
going will  foi-m  the  basis  of  the  keynote  session  on  the  general 
subject  of  Service  of.  the  Engineer  to  the  Public.  This  session 
will  last  all  day  Thursday,  December  6,  and  will  be  opened  by 
President  Hollis  who  will  speak  on  Univer.sal  Public  Service 
in  Peace  and  War.  He  will  be  followed  by  other  speakers 
treating  of  the  topics  given  below: 

The  Agricultural  Machinery  Problem. 

Topical  Discussion  on  Machinery  of  Food  Production. 

Railroad  Transportation. 

Motor  Transportation. 

The  Aircraft  Problem. 

Topical  Discussion  on  Aviation. 

Special  Education  in  Time  of  War. 

Engineering  Research. 

Building  a  Merchant  Marine  in  a  Hurry. 

Certain  of  the  foregoing  subjects,  notably  Agricultural 
Machinery  and  Aviation,  will  be  discussed  in  detail,  with 
papers  on  steam,  gas  and  electric  power  on  the  farm,  farm 
transportation  and  the  machinery  of  canning  and  preserving. 
In  tlie  case  of  the  aircraft  jiroblem  there  will  be  discussed  the 
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selection  and  training  of  aviators,  and  jiroblems  of  aircraft 
engrincering  and  aircraft  production. 

At  the  Cincinnati  meeting  last  spring  the  three  sessions  on 
the  principles  involved  in  the  manufacture  of  munitions  were 
among  the  most  enthusiastic  and  largely  attended  meetings 
ever  held  by  the  SocietJ^  with  members  in  attendance  from 
all  sections  of  the  country  and  Canada.  In  order  to  carry 
this  work  further  a  session  has  been  arranged  for  the  Annual 
Meeting  by  the  Sub-Committee  on  Machine  Shop  Practice, 
upon  the  subject  of  inspection.  At  this  session  an  attempt 
will  be  made  to  present,  on  the  one  hand,  the  requirements  of 
the  Government,  and  on  the  other,  the  difiBculties  encoun- 
tered by  manufacturers  in  interchangeable  manufacture,  with 
the  object  of  defining  as  far  as  possible  the  philosophy  of 
inspection  and  offering  constructive  suggestions  for  carrying 
out   its   underlying   principles. 

Two  other  sessions  by  sub-committees  have  been  ar- 
ranged, one  by  the  Sub-Committee  on  Textiles  and  the  other 
by  the  Sub-Committee  on  Air  Machinery.  The  former,  like 
the  session  on  the  subject  of  inspection,  will  deal  with  broad 
principles  applicable  alike  to  textile  manufacture  and  to  other 
lines  of  industry,  two  of  the  tojiics  being  questions  of  labor 
turnover  and  safety  in  textile  mills. 

Another  timely  subject  imder  the  present  condition  of 
affairs  where  manufacturers  are  working  under  tremendous 
pressure  is  that  of  industrial  management  and  methods  of 
increasing  production.     There  will  be  a  session   on   manage- 


ment at  which  one  topic,  a  comparatively  new  one,  will  relate 
to  the  employment  of  women  in  the  skilled  industries,  with 
special  reference  to  machine-shop  and  heavy  work.  Bearing 
on  this  also  will  be  addresses  on  the  relation  of  industrial 
management  to  the  engineer,  to  indicate  the  broadening  field 
of  the  engineer  and  the  extent  to  which  his  efforts  must  lie 
in  the  direction  of  the  management  of  men,  both  in  respect  to 
efficiency  and  to  social  service.  It  is  hoped  that  arrangements 
can  be  made  for  a  luncheon  for  the  membership  on  one  day  of 
the  convention  at  which  certain  of  these  matters  will  be  dis- 
cussed in  after-luncheon  addresses. 

It  is  expected  further  that  Dr.  Brashear  will  be  with  his 
friends  of  the  Society  again  and  deliver  the  lecture  on  the 
Beautiful  in  Commonplace  Things  which  he  was  to  have  given 
last  year,  but  was  prevented  from  doing  by  his  trip  to  the 
Orient.  This  lecture  will  be  as  an  oasis  in  a  desert  in  these 
war  times  when  we  are  jorone  to  forget  that  there  are  larger, 
liigher  and  more  important  things  in  life  than  strife  among 
nations. 

As  for  the  past  two  years,  there  will  be  a  smoker  on 
Wednesday  evening  for  the  membership  and  while  the 
program  has  not  been  definitely  concluded,  several  members 
have  expressed  the  desire  that  Past-Presidents  John  R. 
Freeman,  Ambrose  Swasey  and  John  A.  Brashear  may  be 
prevailed  upon  to  tell  at  that  time  some  of  the  incidents  of 
their  trip  to  the  Orient  during  the  past  year.  Nothing,  surely, 
could  be  more  pleasing  to  everyone  than  this. 


WAR  CONVENTION  OF  AMERICAN  BUSINESS 

Chamber  of  Commerce  of  the  United  States  of  America,  Atlantic  City,  N.  J.,  September  17-!^1 


THE  program  of  the  gi'eat  convention  of  American  busi- 
ness, just  held  at  Atlantic  City,  was  representative  of  all 
walks  of  life  —  cabinet  officers,  captains  of  industi^y,  engineers, 
bank  and  railroad  officers.-  Never  has  the  Seci'etary  attended 
a  meeting  from  which  emanated  so  impressive  and  vital  a  mes- 
sage for  the  engineers  of  the  country  who  are  holding  the 
pivotal  points  on  the  firing  line  of  industry.  In  some  small 
measure  the  Secretary  desires  to  pass  on  the  messag-e  to  eveiy 
member  of  the  Society. 

The  earnestness  of  the  speakers  and  the  seriousness  of  the 
situation  in  which  the  country  finds  itself  at  the  present  time 
were  emphasized  throughout  the  meeting.  All  the  resources 
of  the  nation's  business  were  whole-heartedly  and  unre- 
servedly pledged  to  helja  win  the  war.     This  includes  us! 

It  would  be  impossible  to  portray  the  fervor  of  the  conven- 
tion, and  in  the  space  available  in  The  Journal  no  more 
than  an  outline  can  be  given  of  the  more  important  addresses. 
Those  desiring  a  complete  statement  may  obtain  it  in  the  next 
issue  of  The  Nation's  Business,  published  monthly  by  the 
Chamber  of  Commerce. 

The  addresses  covered  in  the  following  notes  are  those  of 
Pi'esident  Rhett.  Secretarj'  of  War  Baker,  the  Secretary  of 
the  Interior,  Mr.  Lane,  and  the  Russian  Ambassador,  given 
Tuesday;  those  of  President  Bedford  of  the  Standard  Oil 
Co.,  Park  President  Harry  A.  Wheeler,  Mr.  Herbert  C. 
Hoover,  Mem.A.I.M.E.,  and  Lord  Northeliffe  on  Wednesday; 
and  those  of  the  Seeretai-j'  of  Labor,  Mr.  Wilson,  and  Mr. 
L.  A.  Osborne,  Mem.Am.Soc.M.E.,  on  Thursday. 

The  chairman  of  the  Munitions  Board,  Mr.  Frank  A.  Scott. 
Mem.Am.Soc.M.E.,  was  absent  on  account  of  illness. 


President  Rhett  said: 

"  The  Chamber  has  not  oul.v  called  together  the  deleg.ites  from 
its  own  9.~)0  commercial  organizations'  members,  representing  over 
400,000  individuals,  firms,  and  corporations,  and  its  own  individ- 
ual and  associate  members  numbering  over  (iOOO.  but  it  has 
extended  invitations  to  other  commercial  organizations  of  the 
country  not  members  of  the  Chamber,  to  be  represented  here, 
and  to  unite  with  it  In  sending  out  a  message  from  the  business 
men  of  America  which  will  let  the  world  clearly  understand  that 
whatever  the  cost,  whatever  the  sacrifice,  they  propose  to  place 
ever.v  resoiu'O?  at  their  command  behind  the  Government,  and 
its  Allies  in  their  determination  to  see  that  liberty,  democracy, 
civilization,  and  humanity  shall  not  perish. 

"There  may  be  those  who  would  sacrifice  any  national  wel- 
fare, present  or  future,  to  their  own  ambitions,  possibly  to  their 
own  comforts,  but,  thank  God,  in  this  splendid  democracy  of 
ours,  they  can  constitute  a  very  small  minority,  and  in  the 
ranks  of  business  their  number  is  negligible.  Let  us  make  this 
number  infinitesimal  by  such  vigorous  pronouncements  and  by  such 
united  action  both  in  convention  as.sembled  and  in  business  engag- 
ed that  every  impulse  to  selfish  or  sordid  action  may  be  sup- 
pressed and  a  great  wave  of  enthusiasm  may  move  us  on  to  such 
achievement  in  service  and  in  sacrifice  as  shall  constitute  a  com- 
pelling influence  for  a  speed.v  conclusion  to  this  war — a  conclusion 
that  will  bring  us  a  real  peace — a  peace  for  this  generation  and 
generations  to  come — a  peace  that  will  secure  for  all  times 
to  mankind  its  most  precious  possessions  which  in  their  aggre- 
gate we  call  civilization  and  humanity." 

Secretary  of  \Var  Baker  struck  the  keynote  of  the  confer- 
ence wlien  he  declared  at  the  morning  session : 

"Ampricau  business  has  been  at  the  right  hand  of  the  Gov- 
ernment since  the  moment  war  was  declared.  We  want  every 
man  that  can  be  influenced  by  you,  every  woman,  and  every 
child  enrolled  in  another  great  army,  the  army  of  American  l)usi- 
ness." 
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Secretary  Baker's  speech  was  intensely  human  and  forceful, 
and  was  so  clear-cut  and  compelling  that  when  he  had  finished 
he  had  given  the  big  business  men  in  attendance  a  clear  idea 
of  the  reasons  why  business  and  the  Government  had  at  times 
been  wide  apart,  and  why  they  were  now  so  closely  welded 
together  in  a  common  cause. 

Secretary  Lane's  speech  was  the  feature  of  the  afternoon 
session  on  Tuesday,  and  the  audience,  estimated  at  three  thou- 
sand, cheered  him  again  and  again  as  he  recounted  the  situa- 
tion.   Among  other  things  he  said: 

"  We  of  America,  it  is  conceded,  know  how  to  make  money, 
and  we  will  prove  that  we  know  how  to  make  war,  wholehearted, 
resolute  war,  war  that  means  organization,  machinery,  science, 
war  that  means  men  by  the  million  and  money  by  the  bOliou, 
war  that  means  heartbreakings.  ruined  hopes,  a  little  glory  per- 
haps,  a  certain  self-respect,  a  world  that  men   can  grow  in. 

"  If  there  is  a  danger  in  this  country  it  is  not  that  our  men 
will  not  be  brave,  that  our  guns  will  not  be  great,  that  our 
troops  will  have  no  ammunition  and  our  generals  no  strategy, 
but  it  will  be  the  danger  coming  from  discontent  with  domestic 
conditions.  The  business  man  can  prove  his  loyalty  most  surely 
in  fixing  prices,  in  marking  down  the  shoe  lace,  the  loaf  of  bread, 
the  hatchet,  the  coat,  the  beefsteak,  all  the  commonplace  things 
of  life,  than  in  any  other  way.  There  is  not  a  business  man 
in  this  hall  who  does  not  carry  in  his  hand  the  future  of  this  war." 

The  evenmg  session  was  opened  by  an  address  by  Charles 
Edward  Russell,  who  was  a  member  of  the  Root  Commission 
recently  returned  from  Russia. 

He  impressed  his  audience  with  the  seriousness  of  the  situ- 
ation by  emphasizing  that 

■'  A  thin  Russian  line  of  .soldiers  is  all  that  stands  today  be- 
tween the  Kaiser  and  his  goal ;  all  that  stands  between  the 
principle  of  freedom  and  the  triumph  of  autocracy.  There  are 
upon  the  Russian  line  from  Rumania  to  Riga,  153  army  divisions. 
Upon  the  entire  French  front  there  are  only  123  German  divisions. 
Let  Russia  collapse  and  the  German  flood  will  sweep  aside  any- 
thing of  resistance  that  is  now  there.  The  Russian  people  are 
self  governed  and  they  look  to  us  as  their  brothers.  Instead  of 
being  bankrupt,  they  are  the  richest  people  on  earth,  richest  in 
natural  resources,  richest  in  character. 

"This  is  our  opportunity  to  save  the  nation.  Let  us  give 
freely.  Let  us  show  to  them  that  we  are  really  a  United  States 
and  that  we  will  fight  for  freedom  to  the  end." 

The  Russian  Ambassador,  after  a  complete  statement  of 
conditions,  exclaimed : 

"  What  Russia  needs  most  of  all  is  improvement  of  railway 
transportation,  reorganized  agricultural  production  and  a  dili- 
gently executed  possible  restitution  of  supply  of  general  commo- 
dities, whether  manufactured  within  the  country  or  imported. 
Railway  materials  of  all  kinds  and  primarily  rolling  stock 
machinery  for  repair ;  agricultural  implements ;  machine  tools, 
instruments  and  raw  materials  for  improving  the  production 
within  the  country ;  certain  commodities  of  everyday  life,  that  is 
what  Russia  needs  and  needs  badly.  And,  gentlemen,  for  these 
requrements  to  be  fulfilled,  outside  of  credits,  she  needs  ships, 
ships  and  ships." 

President  Bedford  of  the  Standard  Oil  Company  urged 
both  economy  and  increase  of  production,  giving  statistics  to 
show  the  inadequacy  of  the  present  supply. 

The  most  eloquent  words  of  the  entire  convention  was  the 
peroration  of  Past-President  Han-y  A.  Wheeler,  chairman 
of  the  Chamber's  Committee  on  Transportation.  He  predicted 
federal  control  of  railroads. 

Thursday  evening  Herbert  C.  Hoover  warned  the  nation 
of  the  penalty  of  failing  to  aid  the  Government,  and  that 
inability  of  business  men  to  realize  their  responsibilities  and 
cooperate  adequately  with  the  Government  might  result  in 
socialism. 


Speaking  of  Russia,  he  said : 

"  Justifiable  as  this  revohition  may  have  been  and  as  great 
a  cause  of  liberty  as  it  may  result,  no  one  can  deny  that  the 
whole  trend  of  this  revolution  has  been  socialistic,  and  the  latest 
phase  is  a  development  into  practical  socialism.  The  strain  in 
the  revolution,  I  am  convinced  from  much  cxiierienee  in  Russia. 
was  the  reaction  from  failure  of  the  Government  and  the  com- 
mercial classes  to  meet  their  public  duty, 

"  The  other  end  to  be  attained  is  of  profound  importance. 
The  alternative  to  failure  of  our  commercial  system  to  maintain 
its  place  and  at  the  same  time  serve  public  interest  is  rigid 
autocratic  governmental  organization  of  industry  of  the  German 
type.  Such  organization  is  autocracy  itself — it  breeds  beaurocracy 
and  stifles  initiative,  and  thus  democracy,  at  its  birth.  We 
must  organize — we  must  mobilize — our  every  national  energy,  if 
we  ai-e  to  win  this  war  against  the  organization  perfected  by 
autocracy.  Either  we  must  organize  from  the  top  down  or  from 
the  bottom  up.  One  is  autocracy  itself — the  other,  democracy. 
If  democracy  cannot  organize  to  accomplish  its  economic,  as  well 
as  its  military  defense,  it  is  a  false  faith  and  reed  be  abandoned." 

These  are  momentous  words. 

Lord  Northcliffe,  the  head  of  the  British  mission,  followed 
with  a  tribute  to  the  ability  and  bravery  of  Mr.  Hoover.  He 
further  prefaced  his  remarks  by  stating  that  he  was  engaged 
in  directing  one  of  the  largest  businesses  in  America,  that  of 
expending  $50,000,000  per  week. 

He  went  into  the  exact  details  of  the  war  as  it  pertains  to 
us.    The  following  is  an  example : 

"  You  will  require  vast  refrigerating  stores  for  the  preserva- 
tion of  meats  and  other  foods  for  your  armies.  At  this  time 
six  months  from  now  you  will  probably  have  between  000,000 
and  800,000  men  in  Prance.  Think  of  the  refrigeration  machinery 
you  must  establish. 

"  This  war  is  the  greatest  business  the  world  ever  knew  and 
in  our  country  we  are  doing  nothing  else.  Let  me  tell  you  that 
you  will  have  to  furnish  between  five  and  six  ijairs  of  shoes  a 
year  in  the  easiest  parts  of  the  lines  at  the  front  and  twelve 
pairs  a  year  at  the  hard  parts  for  each  of  the  600,000  or  800,000 
men  you  will  soon  have  on  the  front." 

Lord  Northcliffe  pointed  out  that  the  average  life  of  a  rifle 
is  six  weeks  as  one  instance  in  addition  to  those  already  cited 
of  the  amount  of  business  organization  that  must  be  created 
in  the  United  States  on  account  of  the  war. 

Thursday  morning  the  third  member  of  the  Cabinet  to  ad- 
dress the  meeting,  Secretary  Wilson,  gave  a  condensed  state- 
ment of  why  we  were  at  war,  and  followed  by  an  exhortation 
equally  to  the  laboring  man  and  to  employers  to  remember 
that  neither  may  take  this  opportunity  of  the  nation's  distress 
to  gain  advantages  that  could  not  be  obtained  in  times  of 
peace,  and  that  the  sole  idea  of  all  must  be  to  cooperate  to 
win  the  war. 

On  Friday  the  resolutions  approved  by  the  Resolution  Com- 
mittee and  unanimously  adojjted  by  the  convention  were 
principally  as  follows : 

"  Assembled  on  the  call  of  the  Chamber  of  Commerce  of  the 
United  States  and  representing  more  than  half  a  million  business 
men  and  every  industry  in  every  state  in  the  Union,  this  con- 
vention promises  to  our  people  that  business  will  do  all  in  its 
power  to  prevent  waste  of  men  and  material  and  will  dedicate 
to  the  nation  every  facility  it  has  developed  and  every  financial 
resource  it  commands  on  such  terms  and  under  such  circumstances 
as  our  Government  shall  determine  to  be  just." 

Next  to  the  general  pledge  to  the  Government,  the  most 
important  resolution  was  the  second,  which  read,  in  part: 

"  Be  it  resolved  by  the  representatives  of  American  Businc^^s 
met  in  War  Convention,  that  all  war  buying  should  be  a.ssem- 
bled  under  the  control  of  one  board  or  executive  department ;  and 

"  Be  it  further  resolved,  that  this  war  supply  board  or  depart- 
ment should  be  given  full  power  to  procure  war  supplies  to  the 
best  advantage  to  the  Government  as  to  price,  quality,  and  deliv- 
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ery.  ami  i"  :'  way  to  maintain  essential  industrial  life  wilhoiit 
disturbinj;  social  and  economic  conditions,  including  the  power  to 
fix  prices  not  only  to  the  Government  but  to  the  public  on 
essential  products,  and  to  distribute  output  in  a  manner  to  pro- 
mote the  national  defense  and  the  maintenance  of  our  industrial 
structure." 

This  proposal  is  one  which  the  members  of  tlie  chamber, 
particularly  those  of  them  who  have  had  occasion  to  do  war 
business  in  Washington,  feel  most  strongly  is  essential  to  the 
efficient  prosecution  of  the  war;  and  while  there  is  variance 
of  opinion  as  to  the  reasons  for  the  present  confusion,  nearly 
even-body  is  agreed  that  centralization  is  the  obvious  remedy. 

Another  most  important  development  which  is  only  begin- 
ning— a  very  promising  start  has  been  made  in  some  indus- 
tries already — was  the  recommendation  that  every  industry 
organize  a  war  committee  of  its  leading  men  to  cooperate 
directly  with  the  Government  in  finding  a  way  to  meet  every 
demand  that  the  Government  makes  on  industry. 

It  wall  then  be  seen  that  this  Society,  "  The  Society  of  the 
Industries,"  is  vitally  affected  by  the  decisions  of  this  con- 
vention and  as  executives  to  carry  them  to  a  successful  con- 
clusion. 

Calvin  W.  Rice. 

Visit  by  the  President 

President  Hollis  will  leave  Worcester  on  October  14  for  a 
visit  to  several  Sections  and  Student  Branches  of  the  Society 
in  the  far  West.  His  itinerary  includes  visits  to  the  following 
cities :  St.  Louis,  El  Paso,  Los  Angeles,  San  Francisco,  Seattle 
and  Portland.  Upon  the  completion  of  this  trip  Dr.  Hollis 
will  vei-j'  nearly  have  accomplished  his  aim  to  visit  every 
Section  of  the  Society  during  his  term  of  office,  something 
which  no  other  President  of  the  Society  has  been  able  to  do. 
Wherever  Dr.  Hollis  has  spoken,  before  Student  Branches  and 
Sections,  he  has  been  uniformly  successful  in  creating  unusual 
enthusiasm. 

Including  the  visits  made  by  the  Secretary  practically  every 


Student  Branch  and  Section  of  the  Society,  numbering-  59  in 
all,  will  have  been  visited  within  the  year  ending  November 
first. 

The  following  table  shows  in  detail  what  has  been  done,  H 
indicating  visits  by  President  Hollis  and  K  those  made  by 
Secretarv  Rice : 


SECTIONS 

STUDENT  BRANCHES 

Atlanta 

II     117-17 

-Vrkansas.  ruivprsity  of.  .  . 

R    4-  9-17 

lialtimore. .  .  . 

It  lO-L'l-lCi 

-Vrmour    Institute   of  Tech- 

Birmingham.. 

n     1-1.-I-17 

nology     

R    3-31-17 

Hoscon 

II    2-  7-17 

Bucknell     College 

K  10-26-16 

Host  on 

R    2-  7-17 

California.    Cniversity  of... 

II        10-17 

Buffalo 

11    3-  7-17 

Carnegie  Institute  of  Tech- 

HufEalo  

R  10-18-16 

nology    

K  10-16-16 

Chicago 

II    1-  5-17 

Case  School  .Vpplied  Science 

R  10-17-16 

Chicago 

K    3-31-17 

Cincinnati,  University  of.  .  . 

R    3-23-17 

Cincinnati .  .  . 

R    3-23-17 

Columbia  University 

R  12-11-16 

Cincinnati  .  .  . 

H    5-23-17 

Ueorgla     School     of     Tech- 

Detroit  

H    1-  3-17 
R  10-19-16 

nology   

II     1-17-17 

Erie 

Illinois.   University  of 

H    1-10-17 

Indianapolis.. 

H    3-12-17 

Iowa.    State  University   of. 

R    4-  2-17 

Inilianapulis, 

R  1().2016 

.Johns   Hopkins   University . 

R  10-25-16 

Kansas  City.. 

R  10-23-16 

Kansas   State   Agricultural 

Los  Angeles .  . 

H        10-17 
H    1-  6-17 

College    

R  10-22-16 

Milwaukee.  .  . 

Kansas,   University  of 

R    4-  3-17 

Milwaukee.  .  . 

R    3-28-17 

Kentucky.  State  University 

Minnesota  .  .  . 

H    3-  9-17 

of     

R    3-24-17 

New  Haven. .  . 

R  10-15-16 

Louisiana   State  University 

H    1-12  &  13-17 

New  York .... 

H    3-16-17 

Michigan,   University  of .  .  . 

H    1-  4-17 

New  Orleans. . 

H     1-13-17 

Minnesota,    University   of.  . 

H    3-10-17 

Philadelphia  . 

II    3-  9-17 

Missouri,    University   of . .  .  . 

R    4-  6-17 

Providence. .  . 

H    3-28-17 

New    Vork   University 

H    3-16-17 

San  Francisco 

H       10-17 

Ohio  State  T'niversity 

H   .■l-l::-17 

St.  Louis 

R  10-24-1 1; 

Pennsylvania    State  College 

R  10-27-16 

St.  Louis 

R    4-  S-17 

Polytechnic      Institute      of 

Brooklyn     

II    3-16-17 

I'urdue   University 

H    1-  8-17 

Kenssi'laer    Polytechnic    In- 

stitute      

H    3-  .5-17 

Throop     College     of     Tech- 

nology    

H        10-17 

Washington    University.  .  .  . 

R  10-24-16 

Washington    University.  .  .  . 

R    4-  8-17 

■^ 

Wisconsin,    University    of.  . 

R    3-26-17 

Yale    University 

R  11-  3-16 

Massachusetts    Institute   "f 

Technoloev    

I!     2     7-17 

CANDIDATES   FOR   MEMBERSHIP 

TO  BE  VOTED  ON  AFTER  NOVEMBER  10,  1917 


Below  is  the  list  of  candidates  who  have  filed  applications  for 
membership  since  the  date  of  the  last  issue  of  The  Journal. 
These  are  classified  according  to  the  grades  for  which  their 
ages  qualify  them,  and  not  with  regard  to  professional  qualifi- 
cations, i.e.,  the  ages  of  those  under  the  first  heading  place 
them  imder  either  Member,  Associate  or  Associate-Member, 
those  in  the  next  class  under  Associate  or  Associate-Member, 
those  in  the  third  class  under  Associate-Member  or  Junior, 
and  those  in  the  fourth  under  Junior  grade  only.  Applica- 
tions for  change  of  grading  are  also  posted. 


Tlie  Membership  Committee,  and  in  turn  the  Council,  urge 
the  members  to  scrutinize  this  list  with  care  and  advise  the 
Secretary  promptly  of  any  objections  to  the  candidates  posted. 
All  correspondence  in  this  regard  is  strictly  confidential.  Un- 
less objection  is  made  to  any  of  the  candidates  by  November 
10,  1917,  and  providing  satisfactory  replies  have  been  received 
from  the  required  number  of  references,  they  will  be  balloted 
upon  by  the  Council.  Those  elected  will  be  notified  about 
December  15,  1917. 


NOTE.  The  Council  desires  to  impress  upon  applicants  for  membership  that  under  the  present 
national  conditions  the  procedure  of  election  of  members  may  be  somewhat  slower  than  under  normal 
conditions.  The  first  step  in  the  consideration  of  an  application  is  taken  by  the  Membership  Committee, 
'Mid  this  committee  is  composed  of  busy  men,  with  limited  opportunity  to  meet  together  in  lliese  strenuous 
times. 


NEW  APPLICATIONS 


FOK    CO.VSinERATlON    AS    MEMBER,    ASSOCIATE    OR    ASSOCIATE-MEMBER 


Alabama 

.VPPLEBY,  William  C,  Mechanical  Engineer, 
Southern  Wheel  Co., 


Birmingham 


JOHNSON.   MOKRIS   R.,   Chief  Field   Engineer, 
Fairfield  Works,  Tennessee  Coal,  Iron  &  Railroad  Co..      Fairfield 
Connecticut 

CL.VRK,  James  G.,  Chief  Inspector, 

Remington  Arms  Co..  Bridgeport 

HOGAN,  William  E.,  Superintendent  Interior  Transportation, 
Remington  Arms  U.M.C.  Co.,  Bridgeport 
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LANE,  Augustus  H.,  Engineer, 

The  Eastern  Machinery  Co.,  New  Haven 

MEAD,  RicHAitD  R.,  Assistant  General  Works  Manager. 

Anieriean  Graphophone  Co.,  Bridgeport 

SPIEKS,  EiiE»ERifK  G.,  Superintendent, 

B.  &  K.  Mff,'.  Co..  New  Britain 
WEIjIjS,    llEitisEitT   E..    IHvision   Supenntendent, 

Remington  Arms  U.M.C.  Co.,  Bridgeport 

District  nf  Columbia 

BRIGGS.  Cl.AKK  A.,  Associate  Physicist, 

Bureau  of  Standards.  Washington 

Georg:in. 

ELEY.  J.  N.,  Consulting  Mechanical  and  Electrical  Engineer. 

Atlanta 
HUNTINGTON.  William   S.,  Designing  Engineer,  Tacking  Plants 
and   Cold    Storage. 

C.  L.  Brooks  Engineering  Co.,  Moultrie 
HONIKER.  Charles  D.,   Textile  Manufacturing. 

Fulton  Bag  &  Cotton  Mills,  Atlanta 

TITSHAW,  Ernest  P.,  Electrician. 

Atlanta  Water  Works.  Atlanta 

WIKLE,  James  T.,  Mechanical  Engineer, 

Fultou  I!ag  &  Cotton  Mills,  Atlanta 

[Uinois 

FISKE,   Clarence   W.,   Assistant   Chief  Engineer. 

Williams,  White  &  Co.,  Moline 

KLINCK,  Fred  E.,  Mechanical  Engineer, 

H.  Mueller  Mfg.  Co..  Decatur 

McDERMOTT,  George  R„  Steam  Engineer, 

Illinois  Steel  Co.,  South  Chicago 

SISSON,  Vinton  E.,  Assistant  to  Vice-President, 

The  Pressed  Steel  Mfg.  Co.,  Chicago 

Indiana 

LONN,   Edward  J,,   President, 

Great  Western  Mfg.  Co..  I^aPorte 

Kentucky 

MEEHAN.  James  L.,  Manager,  Open-Hearth  Steel  Plant, 

Ashland  Iron  &  Mining  Co.,  Ashland 

Maryland 

ALLISON,  Robert  P.,  Works  Manager, 

Poole  Engineering  &  Machine  Co.,  Baltimore 

Massachusetts 

BOLTON,  Fred  C,  Chief  o%-er  Gage  Makers  and 
Assistant  i'^oremen. 

New  England  Westinghouse  Co.,  Springfield 

BRINCKERHOFF,  Henrv  G.,  N.  E.  Representative. 

The  Engineer  Co.  of  New  York,  Boston 

FISKE,  George  I..  Engineer, 

Choralcelo  Co.  of  Massachusetts,  Boston 

ISBELI-.   John  A..   Chief  Engineer, 

Wood  Newspaper  Machinery  Corp.,  Taunton 

MORGAN,  Earl  B.,  Safety  Engineer, 

Norton  Co.,  Worcester 

PERELSTROUS.  Anany  W..  Special  Russian  Representative. 

New  England  Westinghouse  Co.,  Springlield 

PERKINS,  Henry  F,,  Assistant  Mechanical  Engineer, 

Worsted  Department,   Pacific  Mills.  Lawrence 

SHORT.  Fred  A.,  Mechanical  Designer  and  Checker, 

Stone  &  Wehster  Engineering  Corp.,  Boston 

Michigan 

DENNIS,  Basil  W.,  Assistant  Superintendent  of  Power, 

Ford  Motor  Co.,  Detroit 

GRAVES,  Walter  J.,  Assistant  Engineer, 

U,  S.  Engineer  Department,  Sault  Ste.  Marie 

Montana 

BLAKE,  Harold  N..  Assistant  Superintendent, 

Anaconda  Copper  Mining  Co..  .\nacouda 

New  Jerse.v 

H.VWKINS,  Wilford  J.,  Vice-President, 

International  Arras  &  Fuse  Co.,  Inc.,  Bloomfleld 

JACOBSON,  Conrad  C.  Mechanical  Engineer  and  Designer, 

The  Celluloid  Co.,  Newark 

JONES,  Paul,  Works  Engineer, 

Biisch  Magneto  Co..  Plainfield 

PATTBERG,   George,  Assistant   Service  Engineer, 

United  Piece  Dye  Works,  Lodi 

ZISCH,  George  J.,  President  and  General  Manager, 

Newark  Engineering  &  Refrigerating  Co.,  Newark 

New  York 

DAWLEY,  Howard  H„  Safety  Supervisor, 

Remington  Arms  U.M.C.  Co.,   Inc.,  lUon 

JOHNSON.  Andrew  F..  Designing  Engineer, 

E.   L.   Phillips  &  Co..  New   York 

LAGERHOLM,  Axel  F.,  Assistant  Secretary, 

J.  E.  Dockendorff  &  Co..  Inc..  New  York 


NEFF.  William   L.,  Assistant  to  New  York  Manager, 

Brown  &  Sharpe  Mfg.  Co..  New  York 

PEARCE,  Chouteau  E,,  Chief  Engineer,  Heating  and   Ventilating 
Department. 

Richard  D.  Kimhall  Co.,  New   York 

ROSSMAN,  James  G.,  Financial  Manager, 

William  Kurd  Hillyer,  Investment  Securities,  New  York 

STEARNS,  Karl  T.,  Assistant  Hydraulic  Engineer. 

St,  Lawrence  River  Power  Co..  Massena 

Ohio 

BLUNDELL,  Eustace  E.,  General  Superintendent, 

The  Cleveland  Automatic  Machine  Co.,  Cleveland 

GALLERY.  J.  General  Manager, 

The  J.  C.  Callery  Engineering  Co.,  Columbus 

KING.  William  L..  Construction  Foreman, 

General  Electric  Co.,  Cincinnati 

Pennsylvania 

FLYNN,  John  H.,  Manager, 

Blaw-Knox  Co..  Pittsburgh 

HEINRITZ,  Walter  J„  Construction  Engineer, 

Counties  Gas  &  Electric  Co..  Norristown 

KANE,  William,  President  and  General  Engineer. 

William  Kane  Mfg.  Co.,  Inc.,  Philadelphia 

KROXFELD.  GuSTAVE  L.  S„  Mechanical  Engineei, 

The  Ilaynes  Stellite  Co..  Pittsburgh 

McNAUGHER,  David  W.,  Partner, 

Robert  W.  Hunt  &  Co.,  Pittsburgh 

WILHELM,  John  H..  Superintendent  of  Gauge  Department. 

Prankford  Arsenal,  Philadelphia 

Texas 

HOGUE,  William  H.,  Manager, 

Magnus  Co.,  Inc.,  Houston 

Washington 

CARPENTER,   Hubert   V..   Dean,   College   of  Mechanic  Arts   and 
Engineering. 
State  College  of  Washington.  Pullman 

Wisconsin 

BAILEY,  Atwell  B\,  Assistant  General  Superintendent, 

The  A'uci'ican  .\ppraisal  Co.,  Milwaukee 

BROWN,  Walter,  Vice-President  and  General  Manager, 

Ttie  Webster  Electric  Co.,  Racine 

OLSON,  Fred  S.,  General  Superintendent, 

The  American  Appraisal  Co.,  Milwaukee 

OLSON,  Lyle  H.,  General  Manager, 

The  American  Appraisal  Co.,  Milwaukee 

SMITH,  Charles  R.,  Appraisal  Engineer, 

The  American  Appraisal  Co.,  Milwaukee 

ChUe,  S.  A. 

HOFFMAN,  Albert  A.,  Construction  Engineer, 

Andes  Copper  Mining  Co.,  Potrerillas 


FOR   CONSIDER.ITION    AS   ASSOCIATE   OR   ASSOCIATE-MEMBER 

California 

BEUTER,  Arthur  J..  Technical  and  Sales  Representative. 

The  Baldwin  Locomotive  Works.  San  Francisco 

District  of  Columbia 

JASPER,  Grover  R..  Purchasing  Inspector. 
Emergency  Fleet  Corp., 
Michigan 

MERKER,  Paul  O.,  Mechanical  Engineer, 
The  Larrowe  Milling  Co., 
New  York 

CASTONGUAY,  Arthur  F..  with 
Western  Electric  Co.. 

Ohio 

BRIGHTMAN.  Howard  L..  Works  Manager, 
Brightman  Mfg.  Co., 

Pennsylvania 

STUCKEMAN,  Herman   S.,   Superintendent  of  Construction, 

American  Foundry  &  Construction  Co.,  Pittsburgh 

Cuba 

LINTON,  Eap.l  B.,  Assistant  Supervisor, 

Cuba  Can  Corp.,  Pedroso  Matanzas 


Washington 


Detroit 


New  York 


South   Columbus 


FOR    consideration    AS    ASSOCIATE-MEMBER    OR    JUNIOR 

Colorado 

KRUEGER,  George  H.,  Special  Apprentice, 

Great  Western  Sugar  Co.,  Longmcml 

Connecticut 

GORH.iM,  Howard  W.,  Assistant  Superintendent. 

Raw  Material  Departments, 

Bridgeport  Brass  Co.,  Bridgeport 
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PARKEK,  Arthdb  R.,  Engineer. 

Remington  Arms  U.M.C.  Co.,  Inc..  Bridgeport 

WILMOT,  Russell  C,  Engineer,  Manufacturing  Department, 

The  American  Tube  &  Stamping  Co.,  Bridgeport 

Georgia 

COWLES,   Clifford  A..  Jr.,  Chief  Engineer, 

Atlantic  Steel  Co.,  Atlanta 

niinois 

GULLEY.  L.4UUENCE  R..  Manager  and  Chief  Engineer, 

The  Burr  Co.,  Champaign 

NEWELL,  John  C,  Chief  Engineer, 

Keystone  Steel  &  Wire  Co.,  '  Peoria 

RUSH.  Clarence, 

-Automobile  Construction  Work,  Chicago 

SUUFF.  Evans  L.,  Stoker  Engineer.  Service  Department, 

Wcstinghouse  Elec.  &  Mfg.  Co..  Chicago 

Inditma 

CLANCY,   William    C,    Inspector  Aeroplanes  and   Aeroplane   En- 
gines, 
Signal  Service  at  Large,  Indianapolis 

New  Jersey 

BOOZER,  Dooglas  G..  Mechanical  Engineer. 

Eclipse  Phonograph  Co..  Newark 

BURNS,  Herbert  A.,  Superintendent  Material  Department, 


Massachusetts 

FERRETTI,  Alfred  John,  Assistant, 

Mechanical    Engrg.    Laboratories, 
Massachusetts  Institute  of  Tech., 


Cambridge 


International  Arms  &  Fuze  Co., 
KOERNER,  Theodore  H.,  General  Superintendent, 

Newark  Engineering  &  Refrigerating  Co., 
KOHLER,  Anthony  M.,  Production  Engineer, 

The  Babcock  &  Wilcox  Co., 
New  York 

HAVENSTEIN,  Perct  W.,  Engineer, 

Viele,  Blackwell  &  Buck, 
HITE.  Hugh  D.,  Works  Manager, 

Intertype  Corp., 
ROTH.  Sam  I..  Sales  Engineer, 

Pawling  &  Harnischfeger  Co., 


Ohio 


BRIGHTMAN.  Hakrison  M.,  Superintendent, 

The  Brightman  Mfg.  Co., 
BROWN,  Warren  G.,  Works  Engineer, 

Modern  Foundry  Co.. 


Bloomfield 


Newark 


Bayonne 


New  York 


Brooklyn 


New  York 


Columbus 
Cincinnati 


Feniisylvania 

GROPF,  Howard  M..  Leading  Draftsman,  Gauge  Division, 

Frankford  Arsenal.  Philadelphia 

McDERMET,  John  K.,  Industrial  Research  Engineer, 

Mellon  Inst.,  University  of  Pittsburgh,  Pittsburgh 

SLAUGHTER,  Charles  H.,  Draftsman  and  Designer. 

Jones  &  Laughlin  Steel  Co.,  Woodlawn 

Wisconsin 

JAHNKE,  Charles   B.,  Experimental  Engineer,  Mfg.   Dept., 

Fairbanks,  Morse  &  Co..  Beloit 

KLECKNER,  A.  C,  Chief  Engineer, 

The  Webster  Electric  Co.,  Racine 


for  consideration  as  junior 

California 

KNOX,  Garner  L.,  Production  Engineer, 

Moreland  Motor  Truck  Co., 
WIGGERS,  John,  Chief  Engineer, 

Moreland  Motor  Truck  Co., 
Connecticut 

EDWARDS,   Georoe  C.  Foreman  of  Pull  Socket  and  Assembling 
Department. 

Harvey  Hubbell,  Inc.. 
SCHABECT,  John  G.,  Tool  Designer, 

Remington  Arms  U.M.C.  Co.,  Inc., 

Georgia. 

BLECKLEY,  Logan,  Jr.,  Experimental  Engineer, 
Atlantic  Steel  Co., 
Indlajia 

EDDY,  Benjamin  S.,  Heating  and  Contracting  Engineer, 

Indianapolis 
HAMBROCK,  Oscar  F.,  Special  Apprentice,  Office  of 
Assistant  Engineer  of  Motive  Power, 
Pennsylvania  Lines,  Ft.  Wayne 

ROBECHEK.  Bert,  Machinist, 

Inland  Steel  Co.,  Indiana  Harbor 

Louisiana 

SPRAGUE,  Frank  E.,  Estimator  and  Designer, 
John  H.  Murphy  Iron  Works, 

Mar}' land 

LINCOLN,  Joseph  B.,  Mechanical  Laboratorian, 
U.  S.  Naval  Engineering  Experiment  Station, 


Los  Angeles 
Los  Angeles 


Bridgeport 
Bridgeport 

Atlanta 


Freeport 


Windsor 


New  Orleans 


Annapolis 


New  Jersey 

SUTTON,  Granville  G..  Time-Keeper, 

Brighton  Mills,  Passaic 

New  York 

EVANS,   Lynn   B.,   New   York   Representative   and   Associate   Enl- 
neer. 
The  Franklin  Mfg.  Co..  New  York 

HEWARD.  Francis  S.  B.,  Manager,  New  York  Office, 

James  Howden  &  Co.,  Ltd.,  New  York 

HOPKINS,  Peter  A.,  Engineer, 

Ponn  Spring  Works,  Baldwinsville 

KINGSBURY',  Chester  L..  First  Lieutenant  Ordnance  Dept.,  U.  S. 
Reserve,   and  Assistant   Superintendent  of  Shops, 

Watervliet  Arsenal,  Watervliet 

LYNE,  Lewis  F..  Jr.,  President, 

Oil  Specialties  &  Supply  Co.,  New  York 

SPRECKELS,  Charles  H.,  Jr.,  Assistant  Engineer, 

New  York  Refinery  of  National  Sugar  Refining  Co.  of  N.  J. 

Long  Island  Cltj 

Pennsyl^'ania 

ELLIOTT,  George  F.,  Engineer, 

Elliott  Co.,  Pittsburgh 

Texas 

AUSTIN,  P.1UL  P.,  Jr.,  Engineer  of  Tests, 
Freeport  Sulphur  Co., 
Vermont 

HUBBARD,  Guy,  Assistant  Purchasing  Agent, 
National  Acme  Co., 
Canada 

O'ROURKE,  Francis  W.,  Tour  Foreman  and  Chemist, 

St.  Mauiice  Paper  Co.,  Ltd.,  Cap  Madeleine,  P.  Q. 


APPLICATIONS  FOR  CHANGE  OF  GRADING 
promotion  from  associatb 

Connecticut 

CASHEN,  Henry  C,  Master  Mechanic, 

The  Bradley  &  Hubbard  Mfg.  Co.,  Merlden 

promotion  from  associate-member 

CAMPBELL,  James  A.,  Mechanical  Superintendent, 

Renfrew  Mfg.  Co.,  Adams 

New  Jersey 

GATES.  Grandox  D..  Assistant  Works  Superintendent. 

The  Celluloid  Co.,  Newark 

promotion  from  junior 

Michigan 

GRIMES,  George  L.,  President  and  Manager, 

Midland   Machine  Co.,  Detroit 

New  York 

BERRI-iN,  Henry  C, 

Engineering  Dept.,  Federal  Shipbuilding  Co.,  New  York 

CONNETT.  Lyndon  R., 

L.  R.  Connett  &  Co.,  New  York 

JOHNSON.  David  C.  Engineer. 

Kean,  Taylor  &  Co..  Bankers,  New  York 

JONES,  Forrest  S.,  Chief  Engineer, 

Chas.  Pfizer  &  Co.,  Inc.,  ■  New  York 

Pennsylvania 

JACOBSON.  Franz,  Checker, 

Pressed  Steel  Car  Co.. 
MURPHY,  Edward  T.,  Vice-President, 
Carrier  Engineering  Corp., 
Texas 

EDGAR,  Osmer  N.,  Engineer-in-eharge,  Industrial  Department, 

Houston  Chamber  of  Commerce,  Houston 

HOSMER,  Fred  E.,  Mechanical  Engineer, 

Gulf  Pipe  Line  Co.,  Houston 

Canada 

BILLINGS,  J.  H.,  Lecturer  in  charge  of  Machine  Design 

Department,  University  of  Toronto,  Toronto 

Hawaii 

RENTON,  James  L.,  Chief  Engineer, 

Ewa  Plantation  Co.,  Ewa 

Total  number  of  new  applications 114 


McKees  Rocks 


Philadelphia 


NECROLOGY 


ALFRED  J.  ORMSTON 

Alfred  J.  Ormston,  Jr.,  was  born  in  Oil  City,  Pa.,  on  July 
6,  1883.  He  received  his  early  education  in  the  parochial  and 
public  schools  and  the  private  school  of  Dr.  Samuel  Earp,  of 
Oil  City. 

For  several  years  thereafter  he  was  employed  in  the  oflflce 
of  Alfred  Smedley,  chief  engineer  of  the  National  Transit 
Co.,  in  Oil  City,  in  the  capacity  of  clerk  and  stenographer,  re- 
signing to  engage  in  business  for  himself  in  the  production 
of  oil. 

He  later  entered  Carnegie  Institute  of  Technology,  Pitts- 
burgh, from  which  he  was  graduated  in  1912,  having  com- 
pleted the  course  in  mechanical  engineering.  The  following 
year  he  taught  in  the  Institute,  and  later  went  to  Watertown, 
N.  Y.,  where  he  was  employed  by  the  Massey  Machine  Co.  in 
the  capacity  of  mechanical  engineer.  While  with  this  firm  he 
invented  and  took  out  letters  patent  on  a  small  governor  for 
engines.  He  assigned  tliis  patent  to  the  Massey  Machine  Co., 
who  now  manufacture  it  as  their  "  Type  0." 

From  Watertown  Mr.  Ormston  moved  to  Woodlawn,  Pa., 
where  he  was  employed  by  the  Jones  &  Laughlin  Steel  Co. 
For  a  time  he  occupied  the  position  of  assistant  master  me- 
chanic, and  at  the  time  of  liis  death  was  assistant  to  Mr.  C.  L. 
Dudley,  steam  engineer. 

On  the  afternoon  of  July  31  he  was  scalded  by  the  dis- 
charge from  a  steam  siphon  at  the  works  and  died  the  fol- 
lowing morning.  Mr.  Ormston  became  a  junior  member  of 
the  Society  in  1913. 

EDWIN  D.  TUCKER 

Edwin  D.  Tucker  was  born  in  New  York  City  on  October 
10,  1865.  He  was  educated  in  the  public  schools  of  the  city 
and  in  Wilson  and  Kellogg's  private  school. 

Upon  leaving  school  he  served  his  apprenticeship  with  the 
firm  of  R.  Hoe  &  Co.,  and  later  obtained  his  drawing-room  and 
shop  experience  with  the  same  firm.  He  was  later  promoted 
to  the  position  of  foreman,  holding  this  until  1906. 

In  the  same  year  Mr.  Tucker  became  associated  with  Shep- 
pard  Knapp  &  Co.  and  was  treasurer  of  the  firm  for  five 
years,  when  he  retired  from  active  business. 

He  became  a  member  of  the  Society  in  1898.  He  was  also 
a  member  of  the  General  Society  of  Mechanics  and  Trades- 
men, and  of  The  Franklin  Institute  of  Philadelphia.  He  died 
on  Julv  9,  1917. 


MYRON  KNOX  RODGERS 

Myron  K.  Rodgers  was  born  in  November  1861.  He  was 
graduated  from  Washington  and  Jefferson  College  in  1886, 
taking  the  first  prize  in  chemistry. 

He  left  immediatey  for  the  West,  obtaining  a  position  as 
rodman  on  the  Montana  Central  Railroad,  then  building  into 
Butte.  He  was  rapidly  promoted  until  he  was  made  resident 
engineer,  having  charge  of  several  tunnels.  When  this  road 
was  completed  he  obtained  a  position  as  surveyor  with  the 
Anaconda  Copper  Mining  Co.,  and  was  advanced  in  a  short 
wliile  to  the  position  of  chief  engineer,  which  he  held  un- 
til 1896. 

At  that  time  he  became  associated  with  Mr.  Marcus  Daly 


of  New  York,  who  was  vei-y  much  interested  in  mining.  Mr. 
Rodgers  became  Mr.  Daly's  mining  expert  and  traveled  all 
over  the  world  examining  mining  properties  for  him.  In 
1907  he  went  into  the  mining  business  for  himself.  He 
opened  up  the  Nickel  Plate  Mine  at  Hedley,  B.  C,  and  also 
the  Hidden  Creek  Mine  of  the  Granby  Co.,  taking  both  of 
these  properties  as  mere  prospects  and  developing  them  until 
they  were  ready  for  the  reduction  works.  He  designed  and 
built  the  Hedley  Gold  Mining  Company's  mill.  In  1912  he 
became  interested  in  mining  property  in  Mexico,  but  the  revo- 
lution stopped  any  mining  operations  in  that  counti-y. 

He  became  a  member  of  the   Society  in   1894.     He  died 
in  June  1917. 


SYDNEY  FRANCIS  SAVAGE 

Sydney  F.  Savage  was  born  in  1889  in  Cambridge,  Mass., 
and  received  his  early  education  in  that  city.  He  was  later 
graduated  from  Lowell  Institute. 

He  was  employed  in  an  engineering  capacity  with  manu- 
facturing concerns  in  the  vicinity  of  Boston,  including  the 
Blake-Knowles  Steam  Pump  Works  and  the  Hood  Rubber 
Co.,  until  1914,  when  he  entered  the  employ  of  the  United  Il- 
luminating Co.,  New  Haven,  Conn.,  in  the  engineering  de- 
partment. 

Upon  the  formation  of  the  firm  of  Westcott  &  Mapes,  New 
Haven,  he  joined  the  organization  as  mechanical  engineer, 
later  beeondng  director  and  assistant  secretary  and  success- 
fully directing  many  important  undertakings. 

He  became  a  junior  member  of  the  Society  in  1914.  He 
died  on  August  18,  1917. 


DWIGHT  BOYCE  PANGBURN 

Dwight  B.  Pangburn  was  born  in  Washington,  D.  C,  on 
Nov.  27,  1889.  Later  the  family  moved  to  New  Haven,  Conn., 
where  he  was  educated  in  the  public  schools,  being  graduated 
from  the  high  school  in  1907.  The  same  year  he  entered  Yale 
University  in  the  Sheffield  Scientific  School.  He  took  the 
regular  course  in  mechanical  engineering,  and  was  graduated 
in  the  class  of  1910.  He  continued  his  studies  in  the  same 
line  until  1912,  when  he  received  the  degree  of  mechanical 
engineer.  He  was  then  apjaointed  an  instructor  in  the  mechan- 
ical engineering  department  in  Sheffield  and  was  holding  that 
position  at  the  time  of  his  death. 

Mr.  Pangburn's  shop  experience  was  limited.  However, 
during  one  summer  vacation  he  acted  as  consulting  engineer 
for  the  Hendee  Manufacturing  Company,  and  during  the 
following  college  year  he  conducted  some  scientific  tests  of 
the  Indian  motorcycle  for  the  company  at  Mason  Laboratory, 
Sheffield. 

He  wrote  many  scientific  articles  for  various  publications, 
and  also  a  number  of  short  stories  for  popular  magazines. 
He  was  a  recognized  authority  on  bird  life  and  was  a  charter 
member  of  the  New  Haven  Bird  Club. 

At  tlie  time  of  his  death  he  was  collaborating  with  Prof. 
Richard  S.  Kirby  in  writing  a  textbook  on  descriptive 
geometry. 

He  became  a  junior  member  of  the  Society  in  1912.  He 
was  also  a  member  of  the  National  Geographic  Society.  He 
died  on  Aug.  24,  1917. 
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EXECUTIVE  COMMITTEE  OF  THE 

LOCAL   SECTIONS    OF   THE 

A.S.M.E.  1916-17 


C.  R.  Richards 


Elliott  H.  Whitlock 


D.  Robert  Yarnall 
Chairman 


THE     SECTIONS     COilMITTEB     HAS     LAIl' 
OUT  AN"  AJIDITIOUS  PKOGRAil  FOR  THE 
SEASON.         THE      COMMITTEE      WILL 
VISIT  THE  ST.  LOUIS,  MILWAUKEE, 
CHICAGO    AND    DETROIT    SEC- 
TIONS THIS  MONTH 


Walter  Rautenstrauch 


L.  C.  Marburg 


AMONG   THE   SECTIONS 


IN  another  part  of  the  Society  Affairs  Section  of  this  issue 
of  The  Journal  is  given  a  very  comprehensive  statement 
of  what  the  Committee  on  Sections  expects  to  accomplish 
during  the  season  just  commencing.  Of  direct  interest  to  the 
readers  of  The  Journal  is  the  plan  to  have  each  Section  pre- 
sent two  papers  for  publishing  in  these  columns. 

The  President  has  just  completed  plans  for  a  Western 
trip,  of  which  the  following  is  the  itinerary:  Leave  Worcester 
October  14;  St.  Louis,  October  16;  El  Paso,  October  18;  Los 
Angeles,  October  22 ;  San  Francisco,  October  26 ;  Seattle,  Octo- 
ber 28  or  29.  The  Sections  at  the  Coast  are  looking  forward 
with  a  great  deal  of  anticipation  to  this  visit,  especially  as 
Dr.  Hollis  will  be  accompanied  by  Mrs.  HoUis. 

The  Executive  Committees  of  all  the  Sections  have  been 
actively  at  work  during  the  summer  on  their  programs,  and 
by  the  end  of  this  month  a  few  of  the  Sections  will  already 
be  holding  their  initial  meetings.  In  the  November  issue  wc 
hope  to  be  able  to  isublish  the  programs  for  the  season  of  all 
the  Society's  twenty-two  sections. 

The  Providence  Engineering  Society,  affiliated  with  our  So- 
ciety, held  its  opening  meeting  on  September  18.  A  I'epre- 
sentative  of  the  A.S.M.E.  was  present  who  prepared  an  ac- 
count of  the  meeting  which  is  published  elsewhere  in  this 
issue. 

ICXKCTITIVK  COAIMITTKES  OF  THE  SECTION'S 

Atlaiitii 

Oscar   Elsas,   Chairman j   Cecil   P.    Poole,   Seoretarii ;   Earl   F. 
ScCi'T,  Robert  Gregg,  .T.  N.  G.  Nesbit. 

Baltimore 

W.    W.    Varney,   Chairman;    L.    B.    Robertson,    A.    G,    Ciirlstie, 
V.  C.  Thomas,  W.  M.  Chatard. 

Birniinghain 

.r.  H.  Klinck,  Chairman;  W.  P.  Caine,  Yiee-Chalrtiiaii ;  J.  G.  Hat- 
man,  Hecy-Treas.;  Paul  Wkiwht,  R.  E.  Bhakeman. 

Boston 

A.    C.    A.SHroN,    Chairman ;    W.     G.     Starkweather,    iSeerctary ; 
Richard  H.   Rice,  W.   W.  Crosev,  Frank  L.   Fairbanks. 

BulTulo 

Committee  to  be  appointed. 

Chicago 

Ale.x.   D.   Bailey,   Chairman;   H.   T.   Bentlev.    Vici-Chairman ;  K. 
L.  Rice,  Secretary :  P.  N.  Engel,  G.  R.  Brandon. 

Cincinnati 

Committee  to  bo  appointed. 


George  W.  Bissell,  Chairman;  S.  J.  Hoextek,  secretary;  T.   IL 
IIinciiman,  E.  C.  Fi.siiek,  Russell  Huff. 


Chairman  to  be  appointed;   M.   W.   Sherwood,    \  ice  Chairman  :   R. 
Conrader,  Trcatiurer ;  M.  E.   Smith,  Secretary ;  N.   A.  Newton. 

Indianapolis 

W.    H.    Insley,    CTojrman  .•    L.    M.    Wainwright.    Vicc-Chairman; 
B.  G.  Mering,  Treasurer :  F.  C.  Wagner,  L.  W.  Wallace. 

Lob  Angeles 

F.   G.   Pease,   Chairman;  T.  J.   Royer,   Secretary;   Rali'H   Si'RAdo, 
n.  L.  DoOLiTTLE,  H.  E.  Brett. 

Milwaukee 

W.    M.    White,    Chairman;    Fred    H.    Dorner,    Secrctarii ;    L.    E. 
Strothman,  Edward  Hutchens,  M.  A.   Beck. 


H.  LeRoy  Brink,  Chairman;  J.  A.  Teach,  Vtce-Chairman;  E.  .V. 
Wilhelm,  Secy-Treas. ;  J.  V.  Martens,  C.  W.  Tubbv. 

New  Haven 

H.  B.  Sargent,  Chairman;  E.  H.  Lockwood,  Secretary;  F.  Tj. 
Mackintosh,  J.  A.  Norcross,  J,  W.  Roe. 

New  Orleans 

II.  L.  HuTSON,  Chairman;  E.  W.  Carr,  Secretary;  W.  B.  Gregory, 

.\.    M.    LOCKETT,    R.    T.    BOBWELL. 

New  York 

J.  .1.  Swan,  E.  .T.  Prindle,  A.  D.  Blake,  J.  H.  Norris.  W.  II. 
Greol. 

Ontario 

R.  W.  Angos,  Chairman;  Chester  B.  Hamilton,  .Tr.,  Secretary; 
C.  R.  Bdrt,  L.  H.  Fletemever,  G.  V.  Ahara. 

Philadelphia 

L.  F.  MoouY,  Chairman;  John  P.  Mudd.  Secretary;  E.vimeit  B. 
Carter,  W.  R.  Jones,  H.  B.  Taylor. 

St.  Louis 

R.  L.  Radclipfe,  Chairman;  E.  H.  Tenney,  Secretary;  E.  Flad, 
W.  A.  Hoffman,  H.  R.  Setz, 

.San  Francisco 

B.  F.  Raber,  Chairman;  A.  C.  Paulsmeier,  Vice-Cliairman ;  C. 
H.  Delany,  Secretary;  Ely  Hutchinson,  Omar  Denny. 

Worcester 

Geo.  I.  RocKwooD,  Chairman;  R.  G.  Williams,  Secretary;  V.  B. 
Edwards,  H.  P.  Fairfield,  F.  W.  Parks. 

Providence  Engineering  .Societ.v 

Robert  W.  --ipAMS,  President;  George  A.  Carpenter,  First  Vice- 
President;  Wayland  T.  Robfrtson,  Second  Vice-President;  John 
T.  Frankenberg,  Third  Vice-President ;  William  A.  Kennedy, 
Secretary;  and  .\lbert  E.  Thornley,  Treasurer. 

Providence  Engineering-  Society 

The  Providence  Engineering  Society  can  survey  the  work 
accomplished  since  its  organization  a  year  ago  with  just 
pride  and  satisfaction.  The  slogan  of  the  organization, 
"  Ideas  -|-  work  =  Results,"  has  been  productive  of  a  very  at- 
tractive group  of  meeting  rooms,  located  on  the  top  floor  of 
the  Rhode  Island  School  of  Design,  conveniently  located  at 
29  Waterman  Street,  Providence. 

The  first  meeting  of  the  season  was  held  on  Tuesday  even- 
ing, September  18,  at  which  Prof.  J.  Ansel  Brooks,  Past 
President  of  the  P.  E.  S.,  gave  an  illustrated  talk  on  My  Trip 
to  Honolulu.  Professor  Brooks  spent  about  si.x  months  in 
the  Hawaiian  Islands  last  winter  and  spring,  and  secured  a 
wonderful  collection  of  photographs  of  the  features  of  the 
Islands.  Mr.  Jolm  R.  Freeman,  Past  President  of  the 
A.S.M.E.,  who  visited  the  Hawaiian  Islands  en  route  to  the 
Orient,  was  present  and  gave  an  interesting  supplement  to 
Professor  Brooks's  address. 

The  organization  of  the  Providence  Engineering  Society 
embraces  the  following  ten  sections :  Chemical,  Dr.  R.  L. 
Lyons,  Chairman ;  De.signers  and  Draftsmen,  Benjamin  F. 
Waterman,  Chairman ;  EfiSciency,  Howard  D.  Wilsox,  Chair- 
man; Fire  Insurance  Engineers,  Paul  A.  Colwell,  Chairman; 
Industrial  Education,  Professor  William  H.  Kenerson, 
Chairman;  MacluMe  Shop,  Arthur  H.  Annan,  Chairman; 
Municipal  Engineering,  Karl  R.  Kennison,  Chairman;  Power, 
Warren  B.  Lewis,  Chairman;  Structural,  Eugene  B.  Whipple, 
Chairman ;  and  Student,  George  R.  Sturtevant. 
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EMPLOYMENT  BULLETIN 

rHE  SECRETARY  considers  it  a  special  obligation  and  pleasant  duty  to  make  the  office  of  the 
Society  the  medium  for  assisting  members  to  secure  positions,  by  putting  them  in  touch  with 
special  opportunities  for  which  their  training  and  experience  qualify  them,  and  for  helping  any- 
one  desiring   engineering  services.      The  Society   acts   only   as   a   clearing   house   in   these   matters. 


GOVERNMENT  REQUESTS 

The  Society  has  been  asked  to  make  suggestions  oj  men  for  the 
following  positions  ivith  the  Government.  Further  information 
will  be  given  on  request.  Non-members  oj  the  Society  having  the 
qualifications  may  avail  themselves  oj  these  notices  by  enclosing 
with  their  reply  a  personal  introduction  to  the  Society. 

INSPECTORS  OF  STEEL  HELMETS  (under  Civil  Service  Com- 
mission) : 

(A)  Steel  welding  and  rolling.  Two  or  three  men  will  be  needed. 
The  inspection  of  processes  covers  the  operation  of  rolliuf;  into  shei-ts 
and  the  incidental  welding. 

(B)  Pressing.  Six  men  are  needed.  This  is  the  ordinary  operation 
of  pressed  metal  work. 

(C)  Assembling.  Four  to  six  men  are  needed.  These  men  will  in- 
spect assembling,  including  the  addition  of  incidental  hardware  and 
the  lining,  and  will  be  responsible  for  the  finished  articles. 

(D)  In  addition,  at  least  six  men  will  be  needed  to  inspect  the 
helmet  linings,  which  are  made  of  felt  and  leather,  sewed  by  machine. 
Men  of  shoe  experience  to  be  utiliieil  here.     2174. 

RATE    SETTER    IN    ARTILLERY    AMMUNITION    DEPARTMENT 

•with  at  least  one  or  two  years'  experience  or  more  at  assembly  work, 
or  a  man  clever  with  his  hands  in  order  that  he  may  jump  in  and  do 
each  operation  himself  with  dispatch,  and  tabulate  his  results  in  a  neat 
manner,  thus  giving  an  indication  of  how  many  pieces  an  hour  can 
be  done  in  the  various  operations  of  assembling  artillery  ammunition. 
The  man  should  not  be  influenced  either  by  workers  or  by  foremen, 
and  will  report  results  directly  to  the  officer  in  charge.  The  work 
covers  a  wide  range — from  small  primer  work  to  handling  of  6.2  shells. 
Such  a  man  would  be  paid  at  the  rate  of  $0.50  per  hour.     2182. 

INSPECTORS  OF  ORDNANCE  EQUIPMENT  (under  Civil  Service 
Commission).  Inspectors  for  hardware  and  metal  equipment,  com- 
prising such  articles  as  buckets,  rings,  fasteners,  hand  axes,  wire 
cutters,  intrenching  tools,  canteens,  cups,  meat  cans,  cutlery  and  other 
small  articles  of  brass,  iron,  steel  or  aluminum.  Men  who  have  had 
a  high-school  or  equivalent  education  and  in  addition  have  had  four 
years'  experience  in  a  manufacturing  plant  making  such  articles  as 
those  described  above  will  qualify  for  one  class  of  inspectors.  An- 
other class  are  graduates  from  a  college  or  university  of  recognized 
standing  and  who  have  had  one  year's  experience  in  a  manufacturing 
plant,  on  the  practical  end  of  the  work.  These  men  should  be  over 
25  years  of  age.  Duties  will  consist  in  the  organization  and  super- 
vision of  the  inspection  work  In  plants  where  equipment  as  described 
above  is  being  manufactured.  Inspectors  will  also  be  responsible  for 
the  preparation  of  the  necessary  reports  covering  the  inspection,  ship- 
ment and  payment  for  the  articles  dcscriheil.      2l'jr,. 

MECHANICAL  DRAFTSMEN  who  have  been  called  by  the  selective 
draft,  may,  if  they  desire,  serve  their  country  in  their  chosen  pro- 
fession by  being  transferred  from  their  respective  cantonments  into 
the  drafting  force  of  the  Ordnance  Department  as  non-commissioned 
officers.  For  further  particulars,  address  Gun  Division,  Ordnance  De- 
partment 1.330  F  Street,  Washington.  D.  C.     222.'3. 

MECHANICAL  DRAFTSMEN  WANTED  IMMEDIATELY  by  the 
Gun  Division,  Ordnance  Department,  Washington,  D.  C.  For  further 
information,  communicate  at  once  with  the  Gun  Division,  Office  of  the 
Chief  of  Ordnance,  1330  F  Street,  Washington,  D.  C.     2224. 

For  the  follouing  positions,  A'os.  2171,  2i87  atid  22ir,  letters  shoniny 
tjualiflcations  should  6e  sent  to  the  Secretary.  Further  information 
vannot  he  given  at  this  time. 

MECHANICAL  DRAFTSMEN  AND  MECHANICAL  ENGINEERS. 
Former  to  serve  as  civilians  at  salaries  of  from  $1400  to  .$1800  per  year. 
Latter  to  be  commissioned  as  First  or  Second  Lieutenant  at  from 
»1800  to  $2000  per  year.     2171. 


instruments.       Manufacturing    experience    of    value. 
$1200  to  $2200  per  year.    2187. 


Salaries    from 


TECHNICAL  GRADUATES  OF  ESTABLISHED  UNIVERSITIES 
WITH  DEGREE  OF  M.E. 

(.\j  Some  technical  and  executive  experience  in  operating  industrial 
plants,  for  commissioned  service  with  salaries  ranging  from  $2500  to 
$3000. 

(B)  Men  of  principally  technical  and  some  special  experience  in 
designing  and  coordinating  work  for  the  manufacture  of  products 
similar  to  military  and  naval  ordnance,  aeronautical  supplies,  internal- 
combustion  ougiues.  for  coinmissioneU  service  with  salaries  ranging 
from  $2500  to  $3000.     2217. 


POSITIONS  AVAILABLE 

In  jorwarding  applications,  stamps  should  be  enclosed  jor  trans- 
mittal to  advertisers;  applications  jor  non-members  should  be 
accompanied  by  a  letter  oj  reference  or  introduction  from  a  mem- 
ber, such  reference  letter  to  be  filed  with  the  Society.  Copy  for 
notices  must  be  in  hand  by  the  15th  of  the  month. 

INDUSTRIAL  ENGINEER — COST  ACCOUNTANT.  A  well-estab- 
lished firm  can  offer  exceptional  opportunities  for  effective  and  In- 
jeresting  work  to  engineering  graduates  who  have  had  substantial 
experience  with  modern  industrial  accounting,  with  special  preference 
to  manufacturing  costs.  In  reply  state  age,  education,  experience, 
present  and  expected  salary.     431. 

ASSISTANT  DESIGNER  AND  WORKS  MANAGER.  High-grade 
company  with  factory  located  in  western  Maryland  desires  services 
of  a  man  having  a  technical  training  in  the  foregoing  capacity. 
Duties :  To  assist  in  designing  special  machinery  and  developing 
ideas ;  analyze  machine  operations,  prescribe  equipment  and  devise 
means  to  effect  speedy  and  economical  production ;  superintend  the 
manufacturing  of  such  machinery.  Requires  the  ability  of  a  thoroughly 
practical  master  mechanic  with  original  ideas  as  to  methods,  a  knowl- 
edge of  modern  shop  practice,  familiarity  with  the  design  and  appli- 
cation of  time-saving  fixtures,  executive  ability  and  diplomacy  neces- 
sary to  successfully  direct  a  manufacturing  plant.  No  question  of 
salary  if  the  right  man  applies.  State  full  particulars  and  experience 
ironi  technical  degree,  with  the  assurance  that  such  information  will 
be  held  as  confidential  and  no  investigation  will  be  made  with  present 
employer  prior  to  conference.     958. 

SUPERINTENDENT  AND  FOREMAN  OF  POWER  PLANT.  Man 
capable  of  taking  complete  charge  of  large  smelter  plant  consisting  of 
steam  turbines,  large  blowing  engines,  large  rotary  blowers,  Diesel 
engines,  waste-heat  and  oil-fired  boilers,  pumping  plant,  high-  and  low- 
tension  electrical  equipment,  etc.  Must  be  familiar  with  combustion 
and  operating  problems  and  have  organizing  and  executive  ability. 
Salary  about  $2,500.     Location  Arizona.     1025. 

RESEARCH — TESTS  ENGINEER.  Man  with  mechanical  and  elec- 
trical training,  from  28-35  years  of  age,  preferably  over  draft  age, 
for  work  in  the  standardization  of  household  equipment.  Location 
New  York.     1082. 

MACHINE  DESIGNER  between  25  and  35  years  of  age,  with 
mechanical  and  electrical  engineering  knowledge  and  sufficient  shop 
experience  to  enable  him  to  design  apparatus  so  that  it  can  be 
economically  manufactured.  Some  pneumatic  engineering  experience 
preferred,  but  not  absolutely  necessary.  Work :  Improvement  of 
present  product  in  regard  to  increasing  the  quality  of  finished  article. 
Design  of  new  products  now  in  process  of  development.  Salary, 
$1,200  to  $3,600,  depending  entirely  on  man.  Location  Hoboken,  N.  J. 
1155. 

SHOP     SUPERINTENDENT     for     machine     shop     manufacturing 

planers,  lathes,  etc.,  and  employing  200  to  300  people.      Confidential. 
11. 5S. 


INSPECTORS  OF  INSTRUMENTS,  division  of  Signal  Corps.     Men 
not  subject  to  draft  and  with  technical  training  preferred,   especially  COMPETENT    MAN    to    take    hold    of    maintenance    and    machine 

In  physics.     Not  necessary  to  have  thorough  knowledge  of  aeronautical        repairs  and  general  shop  economies.     Prefer  one  about  35  years  old, 
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with  technical  education  and  enough  shop  experience  to  uuilerstand 
the  operation  of  all  machine  tools,  and  with  a  full  appreciation  of  the 
value  of  time  on  an  operation  without  going  into  any  efficiency  work. 
Opportunity  for  advancement  and  eventually  an  executive  position. 
Location  Ohio.      1160. 


opportunity  along  educational  lines  is  offered. 
2126. 


Location  Pennsylvania. 


SALESMAN   for  mechanical   apparatus, 
man.     Location  New  York  State.     1167. 


Salary    depends    upon    the 


EXPERIENCED  SALES-ENGINEER  FOR  FRANCE  desired  by  ex- 
port house.  Man  who  has  actually  sold  machinery  in  that  country. 
Must  be  competent  to  develop  efficient  sales  organization,  appoint  sub- 
agents,  etc.  A  substantial  profit  share  will  be  paid  in  addition  to 
salary,  therefore  exceptional  opportunity.  Address  applications  in 
French  or  English.     1173. 

MECHANICAL  ENCilNEER  familiar  with  general  machinery  in 
wood-working  and  mrichine  sliop  to  take  charge  of  drafting  room. 
At  present  planning  ship  ways,  and  the  work  for  this  particular  engi- 
neer will  be  the  la.ving  out  of  the  wood-working  and  machine  shop,  as 
well  as  derricks,  cranes,  etc.  Location  Pennsylvania.     1175. 

PRODUCTION  MANAGER.  Man  31  to  40  years  of  age,  with  ma 
chine  shop  experience  and  familiar  with  modern  production  methods, 
for  a  permanent  position  in  charge  of  planning  production  department 
of  a  large  manufacturing  concern.  In  first  letter  state  qualifications 
fully  and  initial  salary  expected.     Location  New  York  State.     1176. 

INSPECTOR.  Energetic,  capable  young  man  as  inspector  in  plant 
manufacturing  small  machinery  and  machine  parts.  Should  have  had 
experience  as  a  machinist.  State  initial  salary  expected,  age,  experi- 
ence and  qualifications.  Good  opportunity  for  advancement.  Location 
New  Jersey.     1183. 

STEAM  ENGINEER  familiar  with  operation  of  boiler  work,  com- 
bustion problems,  etc..  for  New  York  concern.     Salary  $150.     1184. 

SALES  ENGINEERS.  Men  at  least  34  years  of  age,  with  college 
education  or  its  equivalent,  who  have  had  mechanical  training  and 
shop  experience,  in  the  sales  department  of  a  prominent  manufacturer 
of  pneumatic  machinery.  Good  opportunity  for  the  riglit  men.  Give 
references,  experience  and  .salary  expected.  Location  New  York  State. 
1187. 

DR.AFTSM.-VN  with  sufficient  experience  to  enable  him  to  take  charge 
of  the  making  and  checking  of  detail  drawings  in  a  drawing  room  em- 
ploying two  or  three  men.  State  qualifications  and  past  experience 
fully.  Large  part  of  the  work  will  consist  of  routine  calculations ; 
applicants  must  be  possessed  of  technical  training.  Salary  about  $150 
per  month.     Location  New  York  State.     1189. 

FACTORY  EXECUTIVE  technically  trained,  about  30-35  years  of 
age,  for  large  textile-machinery  manufacturing  plant.  Knowledge  of 
up-to-date  shop  methods  essential,  also  successful  experience  in  the 
handling  of  mechanics.  Applicant  would  be  required  to  spend  from 
one  to  two  years  in  shop  to  become  familiar  with  the  various  classes 
of  work,  after  which  the  position  of  assistant  superintendent  with 
further  excellent  opportunities  for  promotion  will  be  open  to  him. 
Salary  to  start,  about  $2,500.     Location  Massachusetts.     IIHI. 

CHIEF  DRAFTSMAN  with  executive  and  engineering  ability,  com- 
petent to  direct  the  work  of  eight  draftsmen  and  superintend  design 
of  output  of  plant  manufacturing  large  tankage,  steel-mill  buildings, 
zinc-smelter  equipment  and  cement-mill  work,  along  engineering  lines. 
Must  be  competent  to  operate  system  now  installed  in  relation  to 
hilling,  routing  and  ordering  materials,  ^Vant  man  with  at  least  ten 
years'  experience  in  manufacturing  lines.  Salary  $2,000.  Location 
Kansas.     2013. 

HIGH-GRADE  TOOL  DESIGNER  with  good  experience  on  heavy 
automatic-screw-machine  tools  including  Acme,  Gridley,  Brown  & 
Sharpe  and  Cleveland  automatics,  and  also  capable  of  handling  the 
problem  of  standardizing  tools  and  tool  records.  Salary  $25  to  $30 
per  week.     Location  Ohiti.     ]ltK\7. 

TWO  TECHNICAL  GRADUATES  ;ipproximately  30  to  38  years  of 
age  with  experience  of  sufficient  breadth  so  that  they  would  be  posted 
on  problems  of  manufacture  in  more  tlxan  one  line.  M^'U  who  liave 
been  steadied  by  experience,  yet  ambitious  to  push  ahead  and  In- 
terested in  the  various  problems  of  manufacture  and  construction. 
Location  Massachusetts.     2071. 

DRAFTSMEN  for  Watertown  plant.  Salary  $20  weekly.  Apply 
by  letter  to  Employment  Dept.,  Maxim  Munitions  Corporation.  Der- 
by, Conn.     2124. 

INSTRUCTOR  with  technical  and  actual  operating  experience  to 
take   charge   of   stationary   engineering   department   where    exceptional 


CONSULTING  ENGINEER  iu-connection  with  sale  and  installation 
of  swivel  joints.  Position  would  require  man  to  travel  quite  exten- 
sively to  call  and  confer  with  the  master-mechanic  or  engineer  and 
see  that  our  joints  are  properly  installed.  Position  would  be  a  dignified 
one  and  could  be  made  very  important,  depending  upon  the  results 
of  the  efforts  put  forth.  Salary  $50  per  week  and  expenses.  Location 
Wisconsin.     2133. 

STRUCTURAL  DRAFTSMEN.  (A)  For  Government  work,  two 
timber  draftsmen,  probably  men  familiar  with  trusses  and  trestles, 
and  one  general  draftsman  for  general  tracing  and  drafting.  (B)  Six 
structural-steel  designing  draftsmen  and  three  or  four  draftsmen 
inmiliar  with  foundation  work.     Location  Maryland.     2136. 

METALLURGIST.  Large  manufacturer  of  automobile  parts  operat- 
ing steel  mill  and  tube  mill  desires  services  of  a  thoroughly  competent 
metallurgist.  An  exceptionally  good  opportunity  to  secure  position 
with  firm  having  a  nation-wide  reputation  for  producing  a  high-quality 
liroduct.     Location  Middle  West.     2137. 

SALESMAN.  Young  man  of  some  experience  to  sell  or  promote 
patent  rights  on  commission.     Only  part  time  will  be  needed.     2138. 

ENGINEER  with  thorough  technical  training  and  not  less  than 
five  years'  experience,  capable  of  designing  installations  of  machinery, 
tanks,  etc.,  estimating  costs  and  supervising  erection.  Work  In  con- 
nection with  new  centrifugal  processes.  Position  permanent.  Loca- 
tion Eastern  Pennsylvania.     2142. 

INSTRUCTORS  in  mechanical  engineering  for  university  in  Middle 
West.     Salary  $1,300.     2143. 

TOOLMAKERS  AND  TOOL  DESIGNERS  experienced  on  jigs,  fix- 
tures and  gages.  Only  flrst-class  men  need  apply.  Good  salary  and 
best  of  working  conditions.     Location  Pennsylvania.     2153. 

MECHANICAL  ENGINEERS.  Rapidly  growing  company  has  open- 
ings for  trained  and  experienced  technical  men,  also  for  younger  men 
with  technical  training  in  mechanical  engineering.  Apply  by  letter 
giving  training,  experience,  and  class  of  work  desired,  whether  operat- 
ing, efficiency  work,  or  designing.     Location  Pennsylvania.     2150. 

DRAFTSMAN  experienced  in  marine-engine,  water-tube  boiler  and 
river-steamer  work.  State  age.  salary  expected  and  references.  Loca- 
tion Charleston,  W.  Va.     2157. 

SUPERINTENDENT  for  electro-chemical  plant.  Man  with  experi- 
ence and  executive  ability,  capable  of  handling  about  50  employees. 
Salary   entirely   dependent    upon    man.      Location    Pacific  Coast.      2159. 

SUPERINTENDENT  with  not  less  than  five  years'  experience  In 
factory  management,  to  take  charge  of  a  factory  employing  600  to 
700  people  ;  a  man  who  is  leader  of  men  ;  who  has  had  training  as  a 
mechanical  engineer  and  if  possible  a  designer  of  automatic  machinery. 
Good  opening  for  right  kind  of  high-grade  man.     Confidential.     2160. 

DRAFTSMEN  experienced  in  power-plant  work.  College  graduates 
preferred.  Salary  $125-$180,  according  to  Individual.  Location  New 
York.     2161. 

DESIGNER  of  power-plant  work.  College  graduate  preferred. 
Salary  $125-$1S0,  according  to  man.     Location  New  York.     2162. 

MECHANICAL  ENGINEER  with  originality  and  experience  Id 
supervising  all  details  of  engineering  department.  Must  be  capable 
and  resourceful  practical  designer.  Work  of  an  industrial  nature, 
covering  smelting  practice  and  coal-  and  ore-handling  equipment. 
Large  plant  located  in  Eastern  Peunsylvania.  Salary  $250  per  month. 
Apply  by  letter.     2163. 

YOUNG  MAN  not  over  35  and  not  subject  to  military  draft.  Must 
possess  some  technical  training  or  experience  in  mechanical  lines, 
including  drafting,  be  energetic  and  have  executive  ability.  Salary 
to  start,  $1,300  to  $1,500.     Location  New  York  State.     2166. 

PRODUCTION  MANAGER  with  experience  In  the  manufacture  of 
machine  tools  and  specialty  appliances.  Location  New  England. 
Salary  depends  entirely  upon  individual.     2170. 

SALES  ENGINEER.  Man  competent  In  handling  and  selling  rein- 
forcing, bar  steel,  pig  iron,  coke,  etc.  Position  requires  man  with 
some  technical  kuow'ledge,  preferably  one  with  an  cnirincerinL-  training 
and  some  practical  experience  in  steel  construction.  Energetic  and 
aggressive  salesman  of  good  character  desired;  one  who  will  be  loyal, 
and  while  anxious  to  advance,  will  not  l>e  disposed  to  fly  from  job  to 
job.     Salary  about  $4000.     Location  Pacific  Coast.     2172. 
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DKAFTSMAN,  preferably  one  with  some  experience  in  general 
machine  design  and  steel-plate  worlf.  Salary  $75  to  $90  per  month. 
Good  opportunity  for  advancement.    Location  Pennsylvania.     2173. 

EXPERT  IN  CHECKING  UP  DRAWINGS  to  work  on  special 
machinery,  coke  ovens,  etc.  Salary  up  to  $175  per  month,  depending 
upon  individual.     Location  New  York.  2175. 

DESIGNERS.  First-class  men  experienced  on  tools,  fixtures  and 
gages.     State  full  experience.     Location  Illinois.     2176. 

DESIGNER  of  regulators  and  a  designer  of  tools.  None  but  thor- 
oughly experienced  man  need  apply.  Good  opening  with  big  manufac- 
turing company.     Location  Middle  West.     2177. 

PHYSICISTS,  CHEMISTS.  ENGINEERS,  DESIGNERS  AND 
DRAFTSMEN  for  work  of  research,  development,  and  design  related 
to  problems  of  telephonic,  telegraphic  and  radio  communication,  which 
are  matters  of  public  importance.  Opportunities  for  such  men  in  both 
temporary  and  permanent  positions,  -\pply  by  letter.  Location  New 
York.     2178. 

ENGINEERS  FOR  STEEL  PLANT.  Four  positions  open  in  modern 
plant.  Mechanical  and  civil  engineering  experience  desirable.  Sal- 
aries $125,  $150,  $175.    Location  Pennsylvania.     2183A. 

MECHANICAL  ENGINEER  with  some  knowledge  in  installing  and 
operating  mining  and  ore-dressing  machinery.  Must  be  capable  of 
starting  and  planning  mining  enterprises,  and  must  study  Russian  if  he 
does  not  already  know  it,  and  bring  with  him  certain  American 
agencies  in  the  lines  of  mining  machinery.     Location  Russia.     2183B. 

PROFESSOR  OP  MACHINE  DESIGN  in  mechanical  engineering  de- 
partment of  university  in  Middle  West,  to  teach  the  subjects  usually 
included  under  this  title,  with  possibly  some  laboratory  work  on  the 
strength  and  other  physical  properties  of  materials.  Salary  about 
$2500.     2184(1). 

INSTRUCTOR  IN  MECHANICAL  ENGINEERING,  at  $1400  to 
$1500.  to  teach  a  few  hours  of  class-room  work  in  elementary  steam 
engineering  and  some  elementary  laboratory  work,  including  gas-power 
laboratory.  Prefer  a  man  who  desires  to  specialize  in  gas-power 
laboratory  work.     2184(2). 

TWO  ASSISTANTS  IN  MECHANICAL  ENGINEERING,  at  $850 
for  9  months'  work.  One  to  have  charge  of  the  instrument  room  and 
the  other  to  be  assistant  in  office  ;  both  to  do  some  correction  of  lab- 
oratory reports  and  class  exercises.     2184(3). 

SUPERINTENDENT  OF  AERONAUTICAL  LABORATORY  and  its 
six  or  eight  instructors  in  our  School  of  Military  Aeronautics.  Should 
be  a  man  of  mechanical-engineering  training  who  has  specialized  and 
has  had  considerable  experience  in  the  operation  and  testing  of  aero- 
nautical engines,  a  good  teacher,  with  executive  ability  in  supervising 
and  directing  the  work  of  the  laboratory  of  250  to  300  students.  Such 
a  man  would  receive  at  least  $200  per  month.  12  months  in  the  year, 
indefinitely.     2184(4). 

UNDERSTUDY  to  the  superintendent  of  aeronautical  laboratory 
called  for  in  Position  No.  2184(4).  Would  expect  to  pay  from  $150  tu 
$175  per  month.     2184(5). 

E>ESIGNING  DRAFTSMAN,  man  experienced  on  water-tube  marine 
and  stationary  boilers  and  superheaters  only  need  apply.  Good  posi- 
tion for  competent  man.  State  education  and  experience  in  detail,  age 
and  salary  expected.     Location  New  York.     2185. 

YOUNG  MEN  wanted  by  manufacturers  of  mechanical  instruments 
for  indicating  and  reporting  pressures,  temperature,  speed,  etc.  The 
position  is  ultimately  that  of  traveling  salesman  with  attractive  pecu- 
niary inducement.  The  start  will  be  modest,  as  a  course  of  training 
must  be  gone  through  at  home  oflBce  in  New  York.     21S8. 

INSTRUCTOR  IN  MECHANICAL  DRAWING  AND  MACHINE  DE- 
SIGN in  the  extension  division  of  a  university  in  the  Middle  West. 
Position  consists  in  taking  care  of  all  correspondence  study  work  in  the 
above  subjects  and  also  in  the  revision  and  preparation  of  courses 
along  this  same  line.  Salary  from  $1500  to  $1800  per  year  of  H 
months.     2189. 

YOUNG  ENGINEERS  with  good  technical  education  and  from  one 
to  three  years'  experience  along  general  mechanical-engineering  lines. 
Must  be  of  good  personality.  encr;,'''tic.  persoverini;  and  ra]>able  <  f  'fin 
siderable  development ;  good  opportunity  for  advancement.  Address 
E.  I.  du  Pont  de  Nemours  &  Co..  Engineering  Department,  Wilmington. 
Del.     2192. 

DESIGNER  AND  ASSISTANT  OFFICE  EXECUTIVE  of  iiower 
plant.  Salary  §150  to  $175  per  month.  Location  New  Y'ork  State. 
2194. 


AGENT    FOR     STEAM-BOILER    AND    FLYWHEEL    INSURANCE. 

-Vpplications  will  be  treated  confidentially  from  men  who  have  demon- 
strated their  ability  to  produce  business  in  these  lines.  State  fully 
experience  and  compensation  desired.     2196. 

YOUNG  SALESMAN  for  New  York  City.  Applicant  should  prefer- 
ably have  had  experience  in  connection  with  building  operations  and 
must  be  a  man  of  good  address  and  pleasing  personality.     2197. 

TWO  TECHNICAL  MEN,  one  to  act  as  a  service  engineer,  the  other 
as  a  sales  engineer.  The  former  need  not  necessarily  be  a  technical 
graduate,  but  should  be  familiar  with  die  design  and  hydraulic-press 
work.  For  the  latter  position  desire  a  technical  graduate  familiar 
with  automobile  starting,  lighting  and  ignition  apparatus  and  electrical 
devices  in  general.  Experience  in  plastic  molding  or  die  design  would 
be  advantageous.  If  applicants  are  between  the  ages  of  21  and  31  they 
should  show  cause  for  exemption  or  have  numbers  near  the  end  of  the 
draft  call.  Prefer  single  men,  since  the  positions  will  require  consider- 
able traveling  over  a  wide  territory.  Product  is  highly  specialized  and 
the  first  two  or  three  months  of  employment  will  be  spent  in  the  shop 
and  laboratory.  Salary  commensurate  with  experience  and  ability. 
2198. 

DETAILER  on  interchangeable-parts  machinery.  Salary  $25  to  $35, 
depending  upou  individual.     Location  New  York  State.     2199. 

CHIEF  DR-'kFTSMAN,  experienced  on  tools,  jigs  and  fixture  design, 
to  take  charge  of  a  dozen  men.  Prefer  man  from  25  to  35  years  of 
age  with  shop  experience  in  the  manufacture  of  interchangeable  parts 
and  with  executive  ability  so  that  he  can  assist  the  superintendent 
directing  the  technical  work.     Salary  $200  per  month  to  start.     2200. 

ASSISTING  MANAGTER  for  large  chemical  plant.  Location  New 
York  State.     2203. 

OFFICE  EXECUTI'VE  to  take  charge  of  correspondence,  routing  of 
salesmen,  agencies,  etc..  in  connection  with  an  industrial  electric-truck 
manufacturing  plant.  State  experience.  Salary  to  start  $2400.  Ap- 
pointment by  letter.     Location  New  York  State.     2205. 

YOUNG  MECHANICAL  ENGINEER,  preferably  a  recent  college 
graduate,  to  work  tip  in  engineering  and  steel  export  department,  with 
probability  of  eventually  taking  charge.  Location  New  York  State. 
2206. 

DETAILER  on  hoisting  and  conveying.     2208. 

YOUNG  TECHNICAL  GRADUATE  as  instructor  in  machine  design 
in  the  meciianical  engineering  department  of  eastern  college.  Salary 
$1200.     Work  begins  September  20.     2209. 

TOOL  DESIGNERS.  First-class  men  for  permanent  positions.  Lo- 
cation New  Jersey.     2210. 

DRAFTSMEN  for  power  station  of  railway.  Salary  $100  to  $150 
a   month.     Location  Ohio.     2211. 

CONSTRUCTION  SUPERINTENDENT  on  brick,  iron  and  combus- 
tion. Single  man  preferred.  Salary  $175  to  $200  a  month.  Location 
New  York  State.     2212. 

EXPERIENCED  DRAFTSMAN  on  jigs  and  fixtures.  Good  pay  and 
opportunities.     Location  New  York   State.     2213. 

INSTRUCTOR,  with  the  rank  of  assistant  professor,  in  engineerin.e 
mechanics,  strength  of  materials,  materials  testing  laboratory,  and 
hydraulics,  for  the  University  of  Oklahoma,  at  Norman,  Okla.  Salary 
$1400  for  year,  with  annual  increase  of  $100.  The  position  is  for  the 
duration  of  the  war,  possibly  longer,  as  the  school  is  growing  rapidly. 
The  man  will  have  full  charge  of  the  work  and  be  free  to  use  his  own 
methods  and  text.  A  teacher  of  considerable  experience  in  these  sub- 
jects might  be  paid  more  than  the  above  salary.  Recent  graduates, 
preferably  with  some  teaching  experience,  who  intend  to  follow  teach- 
ing as  a  profession,  will  be  given  careful  consideration. 

A  similar  position  at  the  same  pay  and  rank  is  open  in  the  steam 
engineering  and  mechanical  laboratory.  This  position  is  permanent. 
2214. 

MAN  to  assist  in  the  design  of  laboratory  of  university  in  New  Eng- 
land, later  instructor  in  night  course,  to  equip  motor-vehicle  laboratory 
for  the  experimental  study  of  the  factors  entering  into  the  construc- 
tion and  design  of  motor  vehicles,  including  engine  and  chassis.     2215. 

DETAILERS.  Young  engineers  for  work  on  specifications.  Loca- 
tion New  York  State.     2216. 

SUPERINTENDENT,  preferably  under  50,  with  enthusiasm  aud 
thoroughly  conversant  with  shop  routing,  cost  accounting,  and  ability 
for  organizing.  Position  is  availaiile  at  once.  Salary  between  $4000 
and  $5000  per  year.     Confidential.     2218. 

DETAIL  DRAFTSMAN,  experienced  on  jig,  fixture  and  tool  design- 
ing.    Salary  $25-$2S  per  week.     Also  a  man  capabb-  of  taking  charge  of 
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tlie  (Irafttug  room  at  salary  ilepoudlny 
Location  Connecticut.     2219. 


uiMHi   iippluniil's  qualilicatioiis. 


PACTOUY  SUPERINTENDENT.  Man  tliorouglily  experionced  in 
machine-sliop  practice  and  modern  centralized  planning-control  meth- 
ods ;  capable  of  securing  large  production  in  the  most  efficient,  econom- 
ical manner.  Factory  is  divided  into  divisions  of  brass  and  iron 
foundry,  structural  steel,  machine  shop,  pattern-making,  wood  worit, 
polishing  and  plating.  Product  is  light,  generally  concerned  in  the  pro- 
duction of  cash  carriers,  pneumatic-transmission  tubes  and  light-duty 
conveying  machinery.     Location  Massachusetts.     2220. 

MECHANICAL  DRAFTSMEN  having  such  e.^pcrienci-  in  heating 
and  general  plant  work  as  would  regularly  occur  in  the  office  practice 
of  the  average  consulting  heating  engineer.     Location  Baltimore.    2221. 

INSTRUCTOR  IN  MECHANICAL  ENGINEERING  to  teach  mechan- 
ical drawing  and  descriptive  geometry  in  an  engineering  college  on 
the  Pacific  Coast.     Salary  $1200  to  $1400.     2222. 

ASSISTANT  OR  ASSOCIATE  PROFESSOR  OF  MECHANICAL 
ENGINEERING  in  charge  of  department,  with  salary  of  $1800  to 
$2000  for  ten  months,  depending  upon  qualifications.  These  should 
include  graduation  from  a  technical  school  and  both  teaching  and 
practical  experience.  Candidates  should  send  without  delay  late  photo- 
graph, full  record  of  experience,  and  credentials.   Location  Idaho.    2225. 

ELECTRICAL  ENGINEER,  with  two  or  three  years'  experience  de- 
veloping automatic  motor  control  for  heavy  machinery.  Location  near 
New   York.      222fi. 

YOUNG  MECHANICAL  OR  ELECTRICAL  ENGINEER  as  assistant 
to  executive  in  New  Y'ork  engineering  office.  Duties  will  be  largely  sec- 
retarial. Technical  education  and  combined  engineering  and  business 
experience  are  desirable.  Salary  $2000  to  $2500.  Apply  by  letter. 
2228. 

CHIEF  DRAFTSMAN.  Permanent  position  for  chief  mechanical 
draftsman  with  large  firm  manufacturing  a  number  of  heavy  standard 
lines,  boilers,  engines,  sawmill  and  pulpmill  machinery,  municipal  ma- 
chinery, etc.  Location  in  city  in  Central  Ontario,  Canada.  Apply  by 
letter.     2229. 

ADVERTISING  MANAGER  for  large  industrial  corporation  in  New 
York  City.  Familiarity  with  advertising  writing,  printing,  publishing, 
etc.     22RO. 


MEN   AVAILABLE 

Only  members  of  the  Society  are  listed  in  the  published  notices 
in  this  section.  Copy  for  notices  should  be  in  hand  by  the  15th 
of  the  month,  and  the  form  of  the  notice  should  be  such  that  the 
initial  tvords  indicate  the  classification.  Notices  are  not  repeated 
in  consecutive  issues. 

EXECUTIVE  position  in  the  steel  business — either  in  the  manufac- 
turing or  sales  end — desired  by  an  American,  technical  graduate.  Age 
36,  married.  Fifteen  years'  experience  in  steel  plant,  general  construc- 
tion and  varied  engineering  work.  At  present  employed.  Will  arrange 
tor  New  York  Interview.     J-.320. 

CHIEF  ENGINEER  OR  MASTER  MECHANIC,  now  employed. 
Thorough  technical  and  practical  experience,  covering  the  construction, 
operation  and  upkeep  of  steam  and  hydraulic  power  plants-  in  connec- 
tion with  industrial  works.  Specialty  :  steam  and  fuel  economy.  Sal- 
ary $2500.     Available  about  October  1.     J-,321. 

.TUNiUI!  MEMBER,  age  .34,  with  16  years'  general  engineering  and 
operating  experience,  wishes  position  as  malleable  foundry  engineer  or 
superintendent  in  connection  with  engineering  concern  doing  foundry 
work.  Specialized  in  foundry  equipment  design,  pattern  making  and 
mounting  (or  multiple  production,  furnace  operator,  core  making  for 
agricultural-implement  works  and  malleable  pipe  fittings.     J-322. 

SUPERINTENDENT  OF  POWER  of  steam-electric  and  compressor 
plant,  age  31,  married,  technical  graduate.  Seven  years'  experience  in 
design,  construction  and  operation  of  steam-power  plants  and  electric- 
transmission  lines.  At  present  superintendent  of  10,000-hp,  power 
plant  for  mining  company  in  the  Southwest.     J-323. 

MAINTENANCE  ENGI.NEER  OR  SUPERINTENDENT  OF  POWER. 
Resigned  from  position  as  power  and  maintenance  engineer  of  large 
industrial  plant,  and  now  available  for  position  along  similar  lines. 
Have  good  general  education,  supplemented  by  special  engineering  and 
business  courses  of  study.  Four  years  of  special  machine-shop  instruc- 
tion ;  four  years  field  erection  and  construction  work  on  large  engine, 
steam-turbine  generators,  refrigerating  and  structural  machinery.  Ten 
years  with  large  western  industrial  plant  as  chief  engineer  of  power 
plant  and  power  and  maintenance  engineer.  Have  originality,  training 
and  experience  to  handle  a  big  job  where  initiative  and  hard  work  will 
bring  recognition  and  advancement.  Non-user  of  tobacco  and  alcohol. 
Refer  to  former  employers  as  to  character  and  ability.     .1-324. 


MECHANICAL  ENGINEER.  Technical  graduate  with  experience  in 
time-study,  planning,  production  and  inspection  work,  desires  position 
of  responsibility  with  manufacturing  concern.     J-325, 

MECHANICAL    ENGINEER— FACTORY    EXECUTIVE.       Graduate 

M.E.  with  14  years'  practical  nianufacturin.;;  experii'uce  II.- s  Held 
positions  as  master  mechanic,  mechanical  engineer  and  factory  super- 
intendent with  large  mannCacturing  lompany.  Experienced  in  duplicate 
manufacture  of  light  and  medium-heavy  machinery,  also  in  woodwork- 
ing from  standing  timber  to  highly  finished  cabinet  wood.  With  pres- 
ent employers  the  past  11  years.  Desires  position  with  growing  con- 
cern with  opportunity  to  obtain  financial  interest.  Middle  West  pre- 
ferred.    J-326. 

MECHANICAL  ENGINEER,  37  years  old.  with  IS  years'  practical 
experience  with  machine  tools,  steam  turbines  and  engines,  boilers  and 
special  machinery,  exceptional  theoretical  knowledge,  ability  in  design 
testing  and  operation,  desires  change.  Also  have  had  some  sales  ex- 
perience.    Location  anywhere,  but  Middle  West  preferred.     J-327. 

MECHANICAL  AND  ELECTRICAL  ENGINEER,  age  34,  married, 
technical  graduate,  10  years'  experience  in  power-plant  design,  ap- 
praisal and  operation,  also  consulting  and  efHciency  work  in  manulac- 
turing.  Can  design,  supervise  or  organize  new  work.  At  present  em- 
ployed, but  desires  new  connections  with  ample  opportunity  to  produce 
results.      Salary,  $3600.     J-32S. 

EXECUTIVE  OR  WORKS  MAN.\GER,  age  34,  married,  technical, 
mechanical  and  electrical  engineer  with  wide  experience  as  executive 
manager  and  engineer  ;  specialized  in  power-plant  design  and  operation. 
.\lso  experienced  in  iniUislri:il  efficiency  and  appraisal  work.  Can 
furnish  best  of  references.      Salary  $4000.      J-329. 

FACTORY  EXECUTIVE.  University  graduate  in  mechanical  engi- 
neering, 38  years  old,  wishes  to  make  connections  with  modern  concern 
manufacturing  small  mechanical  or  electrical  api)ar:.tus  in  large  qua" 
titles.  Has  thorough  knowledge  and  practical  experience  in  modern 
factory  organization,  manufacturing  methods  and  employment  matters. 
For  several  years  connected  as  production  manager  and  assistant  fac- 
tory manager  with  first-class  concern  employing  1800  men.     J-330. 

MECHANICAL  ENGINEER  OR  SUPERINTENDENT.  American, 
with  14  years'  practical  experience,  also  theoretical  experience.  Spe- 
cialist in  valves,  fittings  and  engineering  specialties  of  all  descriptions  ; 
machines,  tools,  fixtures  and  equipment  for  same,  shop  maintenance; 
efficiency  and  production  engineer.  Successfully  held  positions  and  has 
references  verif.ying  above  experience.     ,1-331,  _  ^ 

EXECUTIVE,  ASSISTANT  TO  EXECUTIVE  OR  MECHANICAL 
ENGINEER.  Cornell  graduate,  age  30,  12  years'  experience  in  posi- 
tions covering  chief  executive,  office  management  and  works  manager, 
operation  and  construction  and  experimental  work.  Experienced  in 
combustion,  steam  and  gas  power.     At  present  employed.     J-332. 

SELLING  ENGINEER,  27  years  old,  with  10  years'  experience  in 
power,  gas  and  chemical  equipment  design  and  construction,  desires 
position  in  sales  work  ;  has  excellent  business  training  ;  active  worker 
with  initiative  and  technical  ability.      J-333. 

MECHANICAL  ENGINEER  OR  CHIEF  DRAFTSMAN.  American. 
41,  with  broad  experience  in  meeting  unusual  conditions  in  collieries, 
smelters,  chemical  operations,  etc.  Can  supervise  work  in  shop  or  field. 
Salary  $3000.     New  York  district  or  foreign.     J-334. 

MASTER  MECHANIC  OR  SUPERINTENDENT  OF  CONSTRTC- 
TION.     Technical  education  and  20  years'  practical  experience.     J-33,'>. 

INSTRUCTOR  in  mechanical  engineering,  with  five  years'  experience 
in  drafting  room,  shop  and  laboratory,  seeks  extra  work  to  be  done  in 
his  office.     Location  New  York  City.     ,T-336. 

SALES  ENGINEER,  OFFICE  EXECUTIVE  OR  DISTRICT  MANA 
GER.  Technical  graduate,  ten  years'  experience  in  eastern  territory, 
highly  successful  in  present  work  as  a  business  getter,  seeks  larger  field 
where  energy  and  ability  to  show  results  are  wanted.  Nine  years  in 
present  position.     J-337. 

PRACTICAL  ENGINEER  with  broad  tool-designing  and  machine- 
shop  experience  desires  a  responsible  position  where  an  agreeable  per- 
sonality, ability  to  handle  men,  an  evening-school  technical  education, 
coupled  with  a  capacity  to  "  deliver  the  goods,"  will  pave  the  way  to 
a  good  future.  For  the  past  year  and  a  half  employed  by  a  large  ord- 
nance firm  to  investigate  their  machinp-shop  methods  and  tools.  Age 
28,  last  numbers  in  draft.     Salary  $300  per  month.     .1-338. 

EXECUTIVE  MANAGER.  An  executive  of  ability  and  aggressive- 
ness, a  mechanical,  technical  graduate,  at  present  employed,  desires  to 
connect  with  a  manufacturer  whose  business  m:iy  need  systematizing 
and  building  up  as  to  organization  an<l  production.  Has  had  a  varied 
experience  in  different  branches  of  manufiicluring.  operating  industrial 
plants  along  lines  of  scientific  management,  and  is  fully  conversant 
with  modern  methods  of  manufacturing  and  marketing  product.     Onlj 
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interested  in  a  permanent  position  offering  good  possibilities  for  im- 
provement.    J-339. 

MECHANICAL  ENGINEER,  45.  married  ;  10  years'  sliop  experience 
and  14  years'  experience  in  drafting,  special  machine  design,  survey- 
ing, mapping  and  construction  work  :  good  linowledge  of  elevating,  con- 
veying, screening  and  power-transmission  machinery.  Good  organizer 
and  executive  and  can  handle  men  and  get  good  results.  Lately  re- 
turned from  resident  engineer's  position  in  foreign  country  on  account 
of  war  conditions.  Will  go  anywhere  if  conditions  and  salary  are  right. 
J-340. 

CHIEF  ENGINEER  OF  POWER  PLANTS  OR  PLANTS  AND 
SUPERINTENDENT  OF  GAS  WORKS.  Age  46,  married.  Assoc.  Mem. 
Am.  Soc.  M.  E.  Eight  years  in  present  position.  Holds  Massachusetts 
first-class  engineer  license  ;  has  had  extensive  experience  on  both  Gen- 
eral Electric  and  Allis-Chalmers  turbines  and  different  types  of  water- 
gas  machinery  and  almost  all  types  of  steam  boilers  at  various  pres- 
sures. Has  good  executive  ability.  Would  consider  a  position  in  the 
east,  Massachusetts  preferred.  Salary  $3000.  All  correspondence  will 
be  treated  confidentially.    J-341. 

TECHNICAL  GRADUATE  M.  E.,  with  two  years'  practical  experi- 
ence in  general  engineering.  At  present  employed  as  assistant  to  fac- 
tory engineer  of  an  industrial  plant.  Has  had  considerable  experience 
in  designing  and  construction  work.  Position  in  the  East  preferred. 
J-342. 

PURCHASING  ENGINEER.  At  present  engaged  with  large  corpora- 
tion and  in  touch  with  production  and  export  organizations ;  qualified 
as  a  man  of  affairs  and  technically  in  machinery,  metal  products,  ma- 
chine tools,  electrical  equipment  and  engineering  materials.  Desires 
to  change,  assuming  greater  responsibilities  and  expecting  commen- 
surate salary.     J-343. 

DRAFTSMAN.  Graduate  mechanical  engineer,  age  24,  with  IS 
months'  experience  in  the  design  and  layout  of  refrigerating  plants  and 
machinery,  desires  position,  preferably  in  the  East.  Available  on  short 
notice.     H-344. 

COMBUSTION  AND  STEAM  ENGINEER.  Junior  member,  Cornell 
graduate,  age  28,  experienced  in  fuel  and  combustion  engineering,  test- 
ing boilers,  engines  and  stokers  and  also  cost  distribution  and  opera- 
tion, maintenance,  construction  and  supervision  of  power-plant  equip- 
ment supplying  compressed  air,  steam,  refrigeration  and  hot  water  and 
steam  heat.     Salary  ?2000.    Location  New  York.    J-345. 

EMPLOYMENT  MANAGER,  at  present  employed  in  that  capacity, 
wishes  to  make  a  change.  Thoroughly  competent  to  hire  all  classes  of 
help,  having  had  18  years'  practical  mechanical  experience.  Age  37, 
married.     J-346. 

FACTORY  EXECUTIVE,  MASTER  MECHANIC  OR  PLANT  SUPER- 
INTENDENT. Age  39,  18  years'  experience  as  production  superintend- 
ent in  the  manufacture  of  engines,  condensers,  high-vacuum  air  pumps, 
centrifugal  pumps,  etc.  General  engineering  work,  both  medium  and 
heavy.  Has  traveled  extensively  in  connection  with  field  work  on  same. 
Good  executive  of  pleasing  personality,  alert  and  resourceful,  exercis- 
ing well-balanced  judgment  in  all  dealings  and  retaining  confidence  of 
organization.     J-347. 

MECHANICAL  ENGINEER.  Purdue  graduate,  age  29.  married;  ex- 
perienced along  lines  of  design,  construction,  installation,  purchasing 
and  management,  with  reference  to  buildings,  machines  and  department 
layouts.  At  present  employed  as  supervisor  over  large  drafting  room. 
Salary  $200  to  start.     J-348. 

EQUIPMENT  ENGINEER,  PRODUCTION  MANAGER  OR  SUPER- 
INTENDENT with  thorough  knowledge  of  manufacturing  methods  and 
processes  and  ability  to  apply  them  to  get  the  maximum  production 
from   the   equipment   and   men   emplnyed.      J-:i49. 

MECHANICAL  ENGINEER  OR  ASSISTANT  TO  EXECUTIVE. 
Technical  graduate,  age  25,  two  years'  experience  in  the  manufacture 
of  internal-combustion  engines.  At  present  employed.  Salary  $1800. 
Location  New  York  City  or  vicinity.    J-350. 

ENGINEER  OR  CHIEF  DRAFTSMAN.  Technical  graduate  with  18 
years'  experience  as  designer,  chief  draftsman  and  assistant  engineer, 
desires  responsible  position.  Familiar  with  design  of  centrifugal  and 
steam  pumps,  steam  engines,  elevating  and  conveying  machinery,  shoe 
machinery,  ball-bearing  manufacture ;  also  machinery  for  making 
asphalt  paper  and  shingles,  power  transmission,  general  factory  equip- 
ment and  maintenance.  Salary  $2500.  Open  for  engagement  Jan.  15. 
J-351. 

CONSULTING  OR  ADVISORY  ENGINEER.  Member  with  large 
executive  and  manufacturing  engineering  experience  on  equipment,  up- 
keep, design  of  tools,  machines,  ways  and  means  and  industrial  econo- 
mies in  general,  desires  to  serve  a  tew  reliable  manufacturing  concerns 
in  a  consulting,  advisory  or  designing  capacity.     J-352. 

RAILROAD    EQUIPMENT    EXPERT.      Age    33,    college    education. 


Several  years'  varied  experience  in  designing,  construction,  estimating, 
sales,  shop,  office,  executive  on  various  types  of  railroad  equipment,  in- 
cluding buildings  and  power  plants,  foreign  and  domestic.  Speaks  for- 
eign languages.     Best  of  references.     J-353. 

MECHANICAL  ENGINEER,  EXECUTIVE.  Age  31.  married.  Tech- 
nical education,  with  two  years'  commercial  experience  and  six  years 
as  designer  on  steam  turbines  and  power  plant.  Desires  position  as 
works  engineer  or  assistant  to  executive  in  manufacturing  or  engineer- 
ing firm.      Excellent   health   and   habits.      J-3.54. 

MECHANICAL  ENGINEER.  Associate  member,  age  30.  Technical 
training ;  three  years  in  civil  engineering  work,  foundation,  concrete, 
steel  building  and  power-house  erection  ;  four  years'  mechanical-engi- 
neering experience  on  boilers,  engines,  special  apparatus,  hydraulic  ma- 
chinery, shop  work,  producer-gas  engines  and  generators,  industrial 
plant  work  ;  two  years  in  electrical  work  on  a.c.  and  d.c.  generation, 
transmission  and  distribution.  Good  executive.  Desires  to  specialize. 
J-355. 

PLANT  ENGINEER  OR  ASSISTANT  TO  EXECUTIVE.  University 
graduate,  mechanical  engineer,  not  liable  for  military  service  under 
present  conscription  law.  Fourteen  years'  varied  experience  in  engi- 
neering work  and  design ;  familiar  with  modern  shop  methods  and 
follow-up  ;  thoroughly  practical,  with  executive  ability  ;  not  afraid  of 
work  or  responsibility.  Desires  to  communicate  with  only  those  who 
intend  to  employ  a  competent  assistant  for  a  number  of  years.    J-350. 

EXECUTIVE  MECHANICAL  ENGINEER.  Cornell  graduate,  age 
35,  married,  fourteen  years'  practical  experience  in  machine-tool  use. 
manufacturing  and  commercial  branches  of  business  ;  trained  in  sales 
engineering  and  general  management.  Seeks  responsible  executive  posi- 
tion as  general  manager  or  sales  manager  of  progressive  macliinery  man 
ufacturer.     J-357. 

MECHANICAL  ENGINEER  with  15  years'  experience  in  designing, 
estimating  aiid  general  drafting  in  excavating  machinery,  hoLsting  en- 
gines, derricks  and  miscellaneous  machinery,  also  some  experience  in 
machine  shop  and  cast-steel  foundry  practice,  desires  a  position  as 
chief  draftsman  or  assistant  engineer  with  a  concern  where  there  is  a 
good  future.     Now  employed.    Middle  or  Far  West  preferred.     J-358. 

ASSISTANT  MECHANICAL  ENGINEER,  ASSISTANT  MASTER 
MECHANIC,  ASSISTANT  TO  MANAGER  OR  ASSISTANT  TO  EX- 
PERIMENTAL ENGINEER.  Member,  born  in  Norw.iy  ;  age  42,  tech- 
nically educated,  married  ;  21  years'  designing  and  executive  experi- 
ence with  large  concerns.  Has  good  sound  judgment.  Anticipates 
making  a  change  and  can  go  at  a  week's  notice.  Location  New  York 
or  Brooklyn  preferred.     J-359. 

INDUSTRIAL  ENGINEER.  Junior  member.  American,  age  2.S,  mar- 
ried. Six  years'  experience  in  all  branches  of  manufacture  of  small 
parts  with  concern  employing  3000  men  in  time-study  work,  phtnning, 
routing,  estimating  costs,  etc.  Experience  in  detail  upon  reciuest.  At 
present  employed.     Good  executive  ability  proved.     J-3ti0. 

MECHANIC.4L  ENGINEER.  Columbia  graduate,  1912,  with  five 
years'  experience  in  design,  construction  and  inspection  work  with 
prominent  concerns.  Well  grounded  in  machine  design,  plant  layouts, 
and  equipment.  Desires  position  in  engineering  department,  or  as  as- 
sistant to  department  head.  Preference  given  to  opening  presenting 
chance  to  advance.     J-361. 

MECHANICAL  ENGINEER.  Columbia  graduate,  age  37.  married. 
Fourteen  years'  service  in  motive-power  department  of  large  western 
railroad,  in  testing  laboratory,  as  draftsman,  assistant  engineer  of 
tests  and  assistant  mechanical  engineer.  Desires  opportunity  for  ad- 
vancement and  greater  responsibility.     At  present  etuployed.     J-362. 

TECHNICAL  GR.4DUATE  in  mechanical  engineering  desires  em- 
ployment leading  to  a  position  in  efficiency  department.  Experience 
has  been  mainly  with  mining  machinery  and  jigs  and  fixtures,  lias 
had  experience  in  machine  shop.     J-363. 

MECHANICAL  ENGINEER.  Stevens  graduate,  age  28.  with  five 
years'  experience  with  Diesel  engines  and  auxiliary  machinery,  desires 
position  with  more  direct  bearing  upon  the  prosecution  of  the  war  than 
present  position  offers.     J-364. 

ASSISTANT  TO  EXECUTIVE.  Young  technically  trained  engineer- 
ing draftsman,  exempt  from  military  service,  desires  a  change.  Ex- 
perience covers  general  steel-mill  engineering,  construction  and  ma- 
chine design.     Location   Chicago.      J-36o. 

ABRONAUTIC.\L  MECHANICAL  ENGINEER,  age  28,  three  years' 
engine  experience  in  aeronautics,  also  auto-engine  experience.  At 
present  employed  in  Bnft'aln.  Desires  to  enter  the  production  field  as 
production  expert  or  Inspector.     J-366. 

MANUFACTURING  EXECUTIVE.  Member,  age  34,  who  is  a  tech- 
nical graduate  and  has  handled  propositions  in  organization  of  gas, 
munitions  and  artificial  silk  properties,  is  now  available.  Salary 
$6000-$7200.      Location   immaterial.      J-367. 
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British  Workshops  and  the  War 

IN  a  speech  delivered  in  the  House  of  Commons,  June  28, 
1917,  by  Christopher  Addison,  then  Minister  of  Munitions 
in  the  British  Cabinet,  it  was  stated  that  the  program  decided 
upon  by  the  British  Government  in  1915,  as  regarded  the 
production  of  munitions,  required  the  erection  of  large  addi- 
tional factories  in  many  lines.  As  a  result  of  this  policy, 
many  products  have  been  manufactured  at  a  price  considerably 
below  that  which  prevailed  in  the  market  at  the  time  of  the 
erection  of  the  factories.  Thus  the  present  cost  of  production 
of  one  of  the  basic  high  explosives,  trinitrotoluol,  at  Queens- 
ferry,  exclusive  of  interest  and  amortization,  is  8y2d.  per  lb. 
When  the  factory  was  started  the  cost  in  the  market  was  Is.  9d. 
per  lb. 

In  connection  with  the  manufacture  of  explosives  and  un- 
der an  arrangement  with  the  Food  Production  Department, 
a  section  of  the  Explosives  Supply  Department  has  been  started 
for  the  provision  of  all  the  artificial  fertilizers  wliieh  are  re- 
quired. The  control  of  the  iron  and  steel  industries  gives  all 
the  basic  slag  that  is  wanted,  and  it  is  expected  that  the  en- 
tire war  problem  in  fertilizers  will  be  met  and  give  more  than 
one  million  tons  of  superphosphates,  neai'ly  half  a  million 
tons  of  ba.sic  slag  and  a  quarter  million  tons  of  sulphate  of 
ammonia.  Further,  thi'ough  the  ingenuity  of  Mr.  Kenneth 
Chance  and  his  staff,  a  process  has  been  discovered  whereby 
great  quantities  of  potash  may  be  obtained  sufficient  to  meet 
the  requirements  of  the  optical-glass  trade  and  leave  some 
surplus  for  the  needs  of  agriculture. 

The  production  of  sulphuric  acid  has  also  been  greatly  in- 
creased. In  particular,  that  of  fuming  acid  is  more  than 
fifteen  times  greater  than  it  was  before  the  war  and  costs  less 
to  produce. 

That  the  production  of  gun  auununition  and  fuses  has  been 
increased  many  times  is  a  well-known  fact.  It  is  less  well 
known  that  a  new  explosive  component  has  been  found  and 
apparently  thoroughly  tested  out. 

Many  of  the  filling  and  shell  factories  are  worked  by  volun- 
tary boards  of  management.  At  present  the  whole  work  of 
filling  employs  about  100,000  persons,  and  the  cost  of  filling 
has  been  reduced  by  40  per  cent,  as  compared  with  what  it 
was  a  year  ago. 

The  inspection  department  has  grown  tremendously  in  the 
last  two  years,  both  because  of  the  increasing  magnitude  of 
production  and  because  of  the  greater  diversity  of  the  muni- 
tions supplied.  In  July,  1915,  the  staff  of  the  inspection  de- 
partment consisted  of  8761  persons.  It  now  consists  of 
nearly  40,000  persons  in  the  United  Kingdom,  with  an  addi- 
tional staff  in  the  United  States  of  more  than  8000.  An  effort 
has  been  made  to  employ  women  in  every  possible  way.  In 
March,  1916,  they  composed  28  per  cent  of  the  staff.  They 
now  compose  61  per  cent,  numbering  29,000,  and  they  are 
employed  on  almost  all  operations  except  those  in  which  spe- 
cial technical  experience  or  physical  strength  are  required. 
Notable  improvements  in  design  are  claimed  to  have  been 


made.  During  the  Battle  of  the  Sorame  reports  were  con- 
stantly received  that  a  considerable  number  of  rounds  of  am- 
munition either  failed  to  explode  or  burst  prematurely.  This 
has  been  eliminated  to  a  considerable  extent. 

As  regards  the  development  in  gun  supply,  the  demand 
for  guns  for  anti-aircraft  purposes  and  for  the  arming  of 
merchant  ships  lias  placed  a  particularly  heavy  strain  upon 
the  country's  capacity  for  producing  long-range  guns  for  use 
in  the  field.  At  the  same  time  the  output  at  Enfield  has  in- 
creased tenfold  and  the  weekly  capacity  for  the  production 
of  machine  guns  is  more  than  twenty  times  greater  than  it 
was  two  years  ago.  Some  months  ago  the  output  of  small- 
arms  ammunition  became  so  abundant  that  it  was  found  un- 
necessary to  place  any  orders  outside  of  the  United  Kingdom. 
The  arsenal  at  Woolwich  lias  increased  tremendously.  In 
August,  1914,  the  staff  consisted  of  10,866  persons.  Now  it 
amounts  to  73,571.  The  number  of  women  employed  in  1914 
was  125.    Now  it  is  close  to  25,000. 

A  significant  instance  of  how  the  war  helped  allied  in- 
dustries is  cited  in  the  case  of  glass  for  optical  instruments. 
Before  the  war  England  would  rely  on  home  sources  for  only 
about  10  per  cent  of  the  glass  used  in  optical  instruments, 
being  dependent  mainly  on  German  and  Austrian  supplies. 
Since  the  war,  however,  difficult  formulae  have  been  worked 
out,  especially  by  Professor  Jackson  and  his  colleagues,  and 
under  comprehensive  aiTangements  England  not  only  has  ade- 
quate supplies  for  herself,  but  is  able  to  provide  substantial 
assistance  to  her  allies.  In  fact,  the  whole  group  of  industries 
connected  with  the  glass  trade  has  been  placed  on  a  secure 
foundation. 

The  great  provider  of  the  war  industries,  the  machine-tool 
department,  is  the  servant  of  all  and  has  to  furnish  every 
variety  of  machine  from  the  smallest  tool,  or  lathe,  to  the 
mightiest  crane.  The  department  has  a  machine-tool  clearing 
house  by  which  idle  and  insufficiently  used  machinery  is  in- 
vestigated and  examined  and  an  attempt  made  to  divert  it 
to  better  use.  During  the  past  seven  mouths  (previous  to 
June,  1917),  this  branch  investigated  22,027  applications  and 
succeeded  in  releasing  42,638  machines  roughly  valued  at  more 
than  £3,000,000. 

The  "  tank  "  made  its  appearance  last  autumn.  At  the  close 
of  the  year  much  work  was  still  required  to  be  done  in  the 
way  of  alterations  and  improvements,  but  the  supplies  of 
new  dasigns  are  coming  fon\'ard  excellently.  The  end  of  the 
story  is  not  reached  and  constant  improvements  are  being 
made. 

As  regards  aeroplanes,  it  had  been  found  that  the  mobiliza- 
tion of  all  resources  for  the  production  of  internal-combus- 
tion engines  under  a  unified  scheme  of  direction  was  essen- 
tial. Such  a  working  relation  was  established.  Formerly 
there  were  a  number  of  shops  which  were  producing  a  num- 
ber of  different  types  of  engines.  By  a  continued  effort  to 
diminish  the  number  of  types  and  to  concentrate  on  the  best, 
with  the  policy  of  maintaining  one  shop  devoted  to  the  pro- 
duction of  only  a  single  type  of  engine,  an  enormous  increase 
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in  produetiou  has  been  obtained  apart  from  the  addition  either 
of  machinery  or  labor.  The  output  of  aeroplanes  is  rapidly 
increasing.  The  production  for  May  is  more  than  twice  that 
of  December  and  four  times  greater  than  that  of  May  1916. 
The  supply,  however,  will  become  much  greater  still  in  a  few 
months'  time,  for  the  govei-nment  is  working  at  a  vast  prob- 
lem of  production  and  the  plans  provide  for  its  full  realiza- 
tion. 

The  following  statements  are  made  as  regards  the  effect 
of  the  submarine  campaign  on  the  production  of  munitions. 
In  overseas  supplies  alone  the  Ministry  of  Munitions  is  in- 
terested in  nearly  1,500,000  tons  of  munitions  monthly.  Of 
shell  components  shipped  from  North  America  to  supplement 
home  production  the  total  loss  since  the  commencement  of  the 
unrestricted  submarine  campaign,  taking  the  heaviest  item  of 
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loss  in  any  single  component,  is  only  5.9  pev  cent  of  the 
amount  shipped. 

As  regards  the  American  and  Canadian  supplies,  it  is  stated 
that  until  recently  all  purchases  were  made  through  J.  P. 
Morgan  &  Co.  Lately,  however,  I\Ir.  Gordon,  the  Vice-Chair- 
man  of  the  Imperial  Munitions  Board  of  Canada,  at  the  re- 
quest of  the  Minister  of  Munitions,  has  moved  to  the  United 
States  and  has  been  appointed  as  the  head  of  all  British 
munitions  organizations  there  and  will  report  to  Lord  North- 
elitife.  Negotiations  are  now  (June  1917)  proceeding  at  the 
suggestion  of  the  United  States  Government  for  a  further 
consolidation  of  interests  on  both  sides. 

A  vigorous  attempt  has  been  made  to  economize  in  the 
use  of  metals  and.  a  part  of  the  program  was  the  institution 
of  scrap  collection  and  distribution.  For  this  purpose  an 
extensive  salvage  department  has  been  established,  which 
works  in  cooperation  with  the  armies  at  the  front.  The  Minis- 
ter of  Munitions  proposed  to  re-form  hundreds  of  thousands 


of  18-pounder  cartridge  cases.  When  it  is  remembered  that 
the  price  of  a  new  case  is  about  7s.,  that  it  can  be  re-formed 
four  times,  and  that  the  process  of  doing  it  costs  4d.  a  case, 
the  importance  of  this  branch  is  obvious.  Another  committee 
is  charged  with  the  duty  of  devising  ways  of  economizing 
in  the  use  of  the  more  expensive  metals.  In  this  way  a  re- 
duction in  the  amount  of  copper  used  in  copper  bands  is 
secured,  amounting  to  a  saving  of  many  thousands  of  tons 
of  copper  in  a  year,  and  less  expensive  metals  are  now  brought 
into  use  as  constituents  of  vaiious  fuses  and  other  shell  com- 
pounds. 

A  large  amount  of  attention  is  being  given  to  the  question 
of  health  of  munition  workers,  and  principles  are  being  estab- 
lished which  will  continue  to  be  applied  long  after  the  war. 
More  than  600  finns  have  appointed  supervisors  whose  sole 
duty  is  to  promote  the  welfare  of  their  workers,  and  great 
benefit  has  resulted  in  different  directions.  Should  they  be 
necessary,  schemes  have  been  prepared  in  connection  with  the 
feeding  of  munition  workers  which  have  regard  to  the  arduous- 
ness  of  the  labor  in  which  they  are  engaged.  Last  year  the 
problem  arising  out  of  the  handling  of  poisonous  explosives 
(T.N.T.  in  particular)  became  somewhat  acute,  and  a  special 
committee  was  appointed  to  investigate  them  and  make  re- 
ports. This  resulted  in  the  application  of  suggestions  which 
have  been  accompanied  by  an  enormous  diminution  in  the 
cases  of  illness.  It  has  been  found  here,  as  in  many  cases 
before,  that  the  problems  of  prevention  when  understood  are 
simpler  than  those  of  cure. 

The  widespread  employment  of  women  in  munition  work 
has  been  accomplished  with  singulai-ly  little  difficulty.  From 
60  to  80  per  cent  of  the  machine  work  on  shells,  fuses  and 
trench-warfare  supplies  is  now  being  performed  by  women. 
They  have  been  trained  in  aeroplane  manufacture,  in  gun 
work,  and  in  almost  every  other  branch  of  ammunition  work. 
Also  a  large  amount  of  mobile  labor,  not  previously  trained, 
has  been  utilized.  For  this  purpose  training  supplementary 
to  that  which  goes  on  in  the  works  had  to  be  resorted  to. 
More  than  sixty  technical  schools  and  colleges  in  Great  Britain 
are  used  in  this  work  and  have  trained  more  than  32,000 
workers.  Theie  are  also  five  special  industrial  factories  en- 
gaged in  training.  Three  other  sections  of  the  Ministry  of 
Munitions  have  been  in  constant  operation  to  supplement  that 
which  is  done  either  by  dilution  or  training.  There  are  38,000 
skilled  work  people  employed  away  from  their  homes  as  war- 
munition  volunteers  and  also  40,000  soldiers  who  have  been 
I'eleased  from  the  colors  and  have  placed  themselves  at  the 
disposal  of  the  Ministry. 


The  Engineering  Coimcil  has  organized  a  committee  known 
as  the  War  Committee  of  Technical  Societies.  This  com- 
mittee is  "  to  act  as  the  intermediary  or  means  of  communica- 
tion, when  desired,  in  matters  relating  to  Science,  Research. 
Invention  and  Engineering "  between  the  many  and  varied 
agencies  of  the  Government  and  the  memberehip  of  technical 
and  engineering  societies.  It  is  hoped  that  by  this  means 
members  of  technical  societies  who  as  yet  have  not  actively 
engaged  in  war  work  will  allow  their  technical  and  engineer- 
ing abilities  to  be  drawn  upon. 

One  of  the  first  activities  of  the  committee  was  to  send 
to  the  membership  of  the  technical  societies  the  first  bulletin 
issued  by  the  Naval  Consulting  Board,  under  date  of  July  14, 
1917,  on  The  Submarine  and  Kindred  Problems.  Each 
member  receiving  the  bulletin  is  urged  to  concentrate  liis  best 
efforts  upon  the  problem  and  to  transmit  any  valuable  ideas 
to  the  Secretary  of  the  Naval  Consulting  Board. 


U.   S.    BUREAU   OF  STANDARDS 


THE  Li.  tS.  Bureau  of  Standards  is  now  doing  work  of 
exceptional  interest  and  importance  in  connection  with 
the  war  activities  of  the  country.  From  time  to  time  mention 
is  made  in  the  press  of  its  new  great  laboratory  for  testing 
aircraft  engines  and  of  its  work  for  the  U.  S.  Army  and 
Signal  Corps.  Of  course,  tlie  greater  part  of  this  work  is. 
as  it  should  be,  confidential. 

But  in  addition  to  these  special  activities,  the  Bureau  of 
Standards  is  carrying  on  many  investigations  of  profound 
interest  to  the  engineering  profession.  Tlianks  to  the  courtesy 
of  Dr.  S.  W.  Stratton,  Director  of  the  Bureau  of  Standards, 
and  his  staff  of  assistants  and  investigators.  The  Journ.\l  is 
enabled  to  present  to  its  readers,  beginning  with  tlie  pro.^ent 


Constitution  of  Portland  Cement 

In  order  to  determine  what  new  constituents  are  produced 
in  Portland  cement  when  the  magnesia  content  is  raised  con- 
siderably above  that  permitted  by  present  standard  specifica- 
tions, and  in  order  further  to  determine  what  effect  these  new 
constituents  would  have  upon  the  physical  properties  of  the 
material,  a  number  of  cements  were  burned  in  the  rotary  kiln 
of  the  Bureau.  In  these  the  magnesia  content  varied  from 
1.7  per  cent  to  25.5  per  cent.  In  all  18  different  cements  were 
produced  in  two  series  of  nine  burnings  each.  In  both  series 
the  compositions  were  those  of  normal  cement,  excepting  the 
magnesia   content   only.     But   in    one   case   the   silica  content 
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issue,  data  on  sucli  of  the  work  of  the  Bureau  as  is  considered 
suitable  for  publication. 

The  Latent  Heat  of  Vaporization  op  Amjionia,  Nathan  S. 
Osborne  and  Milton  S.  Van  Dusen 

The  latent  heat  of  vaporization  of  liquid  ammonia  has  been 
determined  throughout  the  temperature  interval  — 42  deg.  to  -\- 
52  deg.  -cent,  by  direct  measurements,  using  a  caloi'imeter 
specially  designed  for  the  particiiia;-  problem.  This  instru- 
ment is  of  the  aneroid  or  unstirred  type,  the  ammonia  being  tlie 
only  liquid  in  the  calorimeter.  Heat  developed  and  measured 
electrically  in  a  coil  is  transmitted  by  conduction  and  convec- 
tion to  the  ammonia,  and  is  expended  in  the  evaporation  of 
a  determined  amount  which  is  withdrawn  as  superl.eated  vapor. 
Accessory  data  from  other  sources  are  required  only  in  the 
computation  of  small  correction  terms.  The  results  are  ex- 
pressed by  an  empirical  equation  and  a  table  of  values  given 
for  every  degree  from  — 45  deg.  cent,  to  -|-  55  deg.  cent.  By 
combining  the  data  for  the  heat  of  vaporization  with  the  data 
for  specific  heat  of  the  saturated  liquid  from  a  previous  in- 
vestigation, the  specific  heat  of  saturated  ammonia  vapor  is 
obtained  and  a  table  of  values  of  this  quantity  is  given  in  an 
appendix. 


was    somewhat    higher    and    the    alumina    content    somewhat 
lower  than  in  the  other  ease. 

As  raw  materials,  clay,  kaolin,  feldspar,  limestone  and 
dolomite  were  used.  In  the  one  series  the  cement  of  lowest 
magnesia  content  was  made  of  a  raw  mix  containing  lime- 
stone, clay  and  a  small  amount  of  feldspar,  the  latter  being 
added  to  increase  the  silica-alumina  ratio  over  that  obtamable 
with  clay  and  limestone  alone.  The  magnesia  in  the  other 
burns  of  this  series  was  increased  by  replacing  the  limestone 
with  dolomite.  In  the  second  series  the  raw  mixes  were  com- 
posed of  clay,  limestone  and  a  small  amount  of  kaolin,  the 
latter  being  used  to  decrease  the  silica-alumina  ratio  over  that 
obtainable  with  the  clay  alone.  In  this  series  also  increasing 
amounts  of  limestone  were  replaced  with  dolomite,  until 
dolomite  alone  was  used. 

The  deportment  of  the  high-magnesia  cements  in  the  kiln 
was  Acry  characteristic.  There  was  a  reduction  of  the  clinker- 
ing  temperature  with  increasing  magnesia  content,  though  to 
produce  satisfactory  clinker  this  was  not  as  marked  as  ex- 
pected. But  to  prevent  the  dusting  of  the  clinker  of  the  higher 
magnesia-content  cements,  it  was  necessary  to  overburn  to  a 
very  hard  vitreous  mass.  This  mass  in  the  kiln  was  about 
of  the  consistency  of  putty,  and  as  a  result  there  was  a  decided 
tendency  to  form  "  logs  "  and  "  rings."     The  clinkei-  was  also 
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of  a  reddish-brown  color,  which  gave  a  decided  brownish  tinge 
to  the  ground  cement. 

A  microscopical  examination  of  the  clinker  showed  that 
increasing  amounts  of  magnesia  produced  an  increasing  size 
of  crystals  and  granularity.  When  the  magnesia  exceeded 
8  per  cent,  a  constituent  (monticellite)  not  present  in  nonnal 
cement  was  noted.  When  the  magnesia  was  still  further 
increased  to  an  amount  exceeding  10  per  cent,  another  con- 
stituent— spinel — not  present  in  normal  cement,  was  also  noted. 
It  was  also  noted  that  those  constituents — tricalcium  silicate 
and  tricalcium  aluminate — which  produced  quick  setting  and 
early  strength,  were  not  materially  decreased  by  the  appearance 
of  the  new  constituents;  whereas,  the  orthosilicate  of  lime 
which  produces  the  later  hardening  and  modifies  the  early 
setting  of  the  other  constituents,  was  decidedly  decreased  in 
amount. 

The  effect  of  the  liigher  magnesia,  when  not  exceeding  8 
per  cent,  was  not  very  noticeable  in  any  of  the  physical  prop- 
erties. Higher  amounts  produced  a  quick  initial  set  and  an 
apparent  slow  final  set.  The  strength  both  in  tension  and 
compression  of  neat  and  mortar  specimens,  and  of  concrete 
specimens  in  compression,  when  8  per  cent  was  not  exceeded, 
was  very  comparable  with  the  strengths  exhibited  by  cements 
of  normal  magnesia  content.  Above  these  amounts  the  early 
strengths  were  less,  but  show  a  consistent  gain  with  age. 

Specimens  are  still  available  for  examination  and  breaking 
at  later  periods  than  those  reported  in  this  paper. 

Tests  or  Labge  Bridge  Columns,  H.  H.  Griffith  and 
J.  G.  Bragg 

The  investigation  gives  a  comparative  analysis  of  the  ex- 
perimental data  found  upon  eighteen  large  bridge  columns 
when  they  were  tested  in  the  10,000,000-lb.  testing  machine. 
The  action  of  each  column,  as  a  whole,  was  studied  in  a  range 
of  loadings  taken  to  determine  the  behavior  of  lattice  bars, 
pin  plates,  diaphragms,  etc.  The  causes  and  effects  of  initial 
strain  from  riveting  and  fabrication  are  discussed. 

Technologic  Paper  No.  10  of  the  Bureau  of  Standards. 

Paints  and  Varnishes 

This  publication  is  intended  to  give,  without  unnecessary 
detail,  information  which  should  be  of  value  to  those  inter- 
ested in  the  use  of  paint  and  varnish.  After  a  general  dis- 
cussion and  classification  of  paints  and  varnishes  and  an  ex- 
planation of  the  process  of  "  drying,"  the  raw  materials, 
including  oils,  driers,  thinners,  resins,  and  pigments  that  enter 
into  the  composition  of  paint  or  varnish  are  individually  de- 
scribed. The  methods  of  manufacture  and  of  testing  var- 
nishes are  presented,  ready-mixed  or  prepared  paints  are  dis- 
cussed, and  somewhat  detailed  instructions  on  mixing  paints 
and  stains,  on  color  blending,  and  on  the  application  of  paint 
and  varnish  to  various  surfaces  are  given.  Specifications  in 
common  use  for  many  of  the  materials  treated  are  included, 
and  a  glossary  of  painters'  terms  also  appears. 

Circular  No.  69  of  the  Bureau  of  Standards. 

Materials  for  the  Household 

Describes  the  more  common  materials  used  by  the  house- 
hold, comprising  paint  materials,  cement,  clay  products,  lime, 
plasters  and  stucco,  wood,  metals,  bituminous  roofing,  inks, 
and  dyes^  adhesives,  paper,  textiles,  rubber,  leather,  cleansers 
and  preservatives,  fuels,  illuminants  and  lubricants,  and  con- 


cludes with  a  chapter  on  quantity  in  the  purchasing  of  mate- 
rials.     Each    title    is    treated    under    the    general    heads    of 
composition    and    definition,    sources,   properties,    uses,   tests, 
preservation,  hints  as  to  selection  and  use,  and  references. 
Circular  No.  68  of  the  Bureau  of  Standards. 


Combined  Table  of  Sizes  xx  the  Principal  Wire  Gages 

A  table  combining  in  one  series  the  sizes  in  the  American 
(B.  &  S.),  Steel,  Birmingham  (Stubs'),  British  Standard,  and 
Metric  wire  gages,  arranges  in  order  of  diameters  of  wires. 
It  gives  the  diameters  of  all  the  gage  numbers  in  these  five 
systems  in  mils,  inches,  and  millimeters,  also  the  cross-sections 
in  square  mils,  circular  mils,  square  inches,  and  square  milli- 
meters. The  table  is  specially  useful  to  manufacturers  who 
wish  to  determine  the  nearest  equivalent  in  American  or  Brit- 
ish gage  sizes  of  wires  specified  in  millimeters  or  square  milli- 
meters, or  vice  versa. 

Circular  No.  67  of  the  Bureau  of  Standards. 


The  Determination  of  Absolute  Viscosity  by  Short-Tube 
ViSCOSiMETERS,  Winslow  H.  Hersehel 

The  Engler  and  the  Saybolt  Universal  viscosimeters,  which 
are  the  instruments  usually  employed  in  the  oil  trade,  have 
such  short  outlet  tubes  that  the  equation  for  the  flow  through 
long  capillary  tubes  is  not  applicable  without  correction 
factors.  The  literature  has  been  carefully  reviewed  and 
further  experimental  work  has  been  done.  The  conclusion  is 
reached  that  water  is  not  a  suitable  liquid  for  use  in  finding 
the  relation  between  viscosity  and  time  of  discharge  for  short- 
tube  viscosimeters,  and  that  Ubbelohde's  equation,  and  all 
others  based  upon  it,  are  seriously  in  error. 

Technologic  Paper  No.  100  of  the  Bureau  of  Standards. 

An  Investigation  of  the  Axial  Aberrations  of  Lenses 

In  Scientific  Paper  No.  311  of  the  Bureau  of  Standards, 
the  en-ors  which  affect  the  definition  of  a  lens  are  discussed, 
and  methods  of  graphically  representing  the  central  errors 
described.  The  condition  for  freedom  from  coma  near  the 
axis  is  arrived  at.  The  relative  importance  of  the  errors  in 
different  types  of  lenses  is  discussed.  Hartman's  method  is 
extended,  permitting  one  set  of  measurements  to  give  all  the 
important  central  errors — spherical  aberration,  zonal  varia- 
tion of  equivalent  focal  length,  and  axial  and  oblique  achro- 
matism. The  apparatus  and  procedure  are  described,  and 
the  accuracy  of  the  adjustments  and  the  measurements  dis- 
cussed. The  method  is  applicable  to  all  systems  of  relatively 
short  focus  and  large  aperture,  such  as  photographic  lenses, 
projection  lenses,  and  telescope  objectives,  and  also  to  com- 
plete optical  systeros.  The  results  of  the  method  as  applied 
to  a  complete  telescope  are  discussed  and  shown  to  be  inde- 
pendent of  the  accommodation  of  the  observer.  Seventeen 
sets  of  curves  are  given  for  as  many  different  lenses,  and 
an  illustrative  discussion  of  one  set  of  curves,  together  with 
a  general  description  of  the  types  of  lenses  represented  by 
each  group  of  curves. 

The  Effect  op  the  Size  of  Grog  in 
Fireclay  Bodies 

The  size  of  grain  has  long  been  known  to  exert  considerable 
influence  upon  the  properties  of  mortars,  concrete,   fireclay 
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refractories,  and  other  materials.  Technologic  Paper  No.  104 
of  the  Bureau  of  Standards  describes  an  investigation  in 
which  is  determined  the  effect  of  the  size  of  the  calcined  por- 
tion, or  grog,  upon  the  properties  of  the  fireclay  bodies  within 
a  field  of  practical  sizes.  The  general  plan  of  procedure 
consisted  of  separating  grog  into  a  number  of  sizes,  recom- 
bining  these  in  arbitraiy  proportions  by  calculation  from 
triaxial  diagrams,  mixing  with  an  equal  weight  of  clay,  and 
molding  with  water  into  test  pieces  for  the  detei-mination 
of  various  properties.  Strength  in  the  raw  state,  as  in- 
dicated by  the  modulus  of  rupture,  depended  upon  a  number 
of  factors  and  did  not  vary  directly  with  the  size  of  the  grog. 
Proper  proportioning  of  gi'og  sizes  gave  stronger  bodies 
than  single  grog  sizes.  The  strength  of  burned  bodies  in- 
creased directly  with  decrease  of  the  size  of  grog,  the  size 
being  expressed  numerically  as  a  surface  factor.  Bodies  con- 
taining the  larger  sizes  were  more  resistant  to  sudden  heat- 
ing and  cooling  from  600  deg.  cent,  and  1000  deg.  cent. 
Volume  shrinkage  in  burning  to  cone  12  increased  approxi- 
mately with  decrease  of  porosity.  No  relation  was  found 
between  strength  and  porosity  in  the  dry  or  burned  states. 
Methods  are  suggested  for  proper  proportioning  of  grog  for 
glass  pots,  saggers,  and  similar  bodies. 

Wave-Length  Measdeements  in  Spectra  from  5600  A  to 

9600  A 

Some  work  in  spectroscopic  analysis  at  the  Bureau  of 
Standards  sliowed  the  importance  of  investigating  the  red  and 
adjacent  infra-red  regions  of  spectra  more  carefully  and  ex- 
tensively. Ordinary  photographic  plates  were  stained  in  a 
mixture  of  dicyanin,  water,  alcohol  and  ammonia  to  make 
them  sensitive  to  the  long  light  waves.  These  stained  plates 
were  used  to  photograph  the  arc  spectra  of  twenty  of  the 
chemical  elements,  including  the  alkali  metals,  the  alkaline 
earths,  and  elements  commonly  found  in  iron  as  impurities. 
The  photographs  were  made  in  the  first-order  spectrum  with 
a  concave  grating  of  640  cm.  radius,  the  grating  being  mounted 
in  parallel  light.  This  spectrograph  gives  a  dispersion  of 
about  10  A  per  mm.  in  the  first  order.  With  this  apparatus 
exposure  times  of  30  min.  sufficed  to  record  waves  longer  than 
9000  A  (A  =  Ang-strom  =  0.0000001  mm.)  and  demonstrated 
the  value  of  dicyanin  as  a  photographic  sensitizer  for  such 
spectral  investigations.  Waves  which  are  2000  A  longer  than 
the  longest  waves  in  the  visible  spectrum  were  thus  detected 
photographically  without  difficulty. 

Accurate  measurements  of  wave  lengths  and  determina- 
tions of  the  characteristics  of  the  emission  lines  were  obtained 
from  these  spectrograms.  The  second  order  spectrum  of  the 
iron  arc  was  photographed  on  either  side  of  the  fii'st  order 
and  the  long  wave  lengths  were  obtained  from  the  standards 
in  the  iron  spectrum.  In  this  paper  the  wave  lengths  in 
International  Angstroms  are  given  for  the  arc  spectra  of  the 
following  elements :  lithium,  sodium,  potassium,  rubidium, 
caesium,  copper,  calcium,  strontium,  barium  and  magnesium. 

Frequency  differences  of  doublets  in  the  spectra  of 
sodium,  potassium,  rubidium,  caesium  and  copper  are  shown 
by  these  wave-length  measurements  to  be  constant  in  most 
cases  to  one  part  in  100,000  in  the  number  of  waves  per 
centimeter. 

Comparison  of  the  spectra  made  it  possible  to  detect  many 
impurities  in  the  elements  used  for  light  sources.  StiU  more 
extensive  spectral  investigations  are  required  in  the  region 
of  long  wave  lengths  to  identify  all  lines  correctly.  (W.  F. 
Meggers,  in  Scientific  Paper  No.  309,  Bureau  of  Standards.) 


Typical  Cases  of  the  Deteriokation  ok  Muntz  Metal 
(60-40  Brass)  By  Selective  Corrosion 

Brass  of  the  type  60  copper  and  40  zinc,  which  is  used 
commercially  in  a  variety  of  forms,  e.g.,  wrought  bolts, 
sheathing,  condenser  tubes,  extruded  forms,  etc.,  often  shows 
a  kind  of  deterioration  by  which  the  metal  changes  its  color 
to  copper-red  and  becomes  vei-y  weak  and  brittle  although 
the  shape  and  size  apparently  remain  unchanged.  This  change 
of  properties  is  due  to  a  selective  corrosion  of  the  alloy,  which 
has  a  duplex  structure,  when  exposed  to  the  action  of  some 
electrolyte,  particularly  sea  water.  This  type  of  corrosion 
has  been  recognized  by  manufacturers  and  users  of  brass 
for  some  time;  the  numerous  samples  illustrating  this  kind 
of  deterioration  which  have  been  submitted  to  the  Bureau 
of  Standards,  however,  showed  the  utility  of  a  description 
of  typical  eases  of  such  corroded  brasses.  The  study  of  such 
types  includes  bolts,  boat  shea,thing,  condenser  tubes,  and  parts 
which  were  corroded  while  under  stress. 

The  examination  of  the  microstructure  shows  clearly  the 
method  of  the  attack,  the  zinc-rich  constituent  being  electro- 
lytically  "  leached  out,"  leaving  a  skeleton  of  weak,  pulveru- 
lent copper  in  its  place  so  that  the  piece  becomes  very  weak 
and  brittle.  Later  the  second  constituent  may  be  attacked 
so  that  the  whole  specimen  is  converted  into  pulverulent 
"  copper,"  the  sample  becoming  so  weak  that  it  can  be  broken 
into  fragments  in  the  fingers. 

Conditions  which  appear  from  the  examination  of  corroded 
samples  to  accelerate  this  type  of  coiTosive  attack  are:  The 
microstruetural  composition  of  the  alloy,  contact  with  strongly 
electronegative  metals,  the  effect  of  certain  adhering  deposits 
of  basic  zinc  chloride  resulting  from  the  corrosion,  the  thor- 
oughness of  the  annealing  the  sample  has  previously  received, 
the  temperature  of  the  electrolyte,  and  the  stresses  to  which 
the  specimens  are  subjected  during  the  corrosive  attack. 
(Teclmologic  Paper  No.  103,  Bureau  of  Standards.) 


Capital  and  Labor  in  England 

At  the  general  meeting  of  shareholders  of  Messrs.  Dorman, 
Long  &  Co.,  held  in  Middlesbrough,  England,  on  July  31, 
Mr.  A.  J.  Dorman,  dealing  with  the  future  relations  between 
Capital  and  Labor,  said  tliat  many  took  a  gloomy  view  of 
what  was  likely  to  happen  after  the  war,  but  personally 
he  was  not  one  of  those.  He  believed,  if  they  were  allowed 
to  manage  their  own  affairs,  employer  and  employed  in  con- 
ference together  would  an'ive  at  a  happy  conclusion.  To 
his  mind  the  problem  to  be  solved  was  to  settle  the  price 
at  which  the  workmen  would  give  their  best  labor  free  from 
all  restrictions.  It  must  be  evident  to  all  thinking  men  that 
no  high  wages  could  be  paid  except  in  return  for  efliciency 
and  increased  output.  Given  that,  a  settlement  would  be  an 
easy  matter,  for  the  employer  did  not  ask  for  increased 
hours  and  harder  work — improved  machinery  would  do  the 
hard  work.  Under  such  conditions  it  is  possible  to  pay  higher 
wages  and  yet  produce  at  lower  cost.  British  manufacturers 
could  assemble  their  material  at  less  cost  than  most  nations, 
and  had  shipping  facilities  second  to  none.  They  had  re- 
ceived little  or  no  encouragement  to  embark  in  large  com- 
mercial undertakings,  and  their  machinery  had  been  allowed 
to  become  somewhat  antiquated,  but  a  new  life  was  springing 
up  within  them,  and,  if  only  a  fair  understanding  could  be 
come  to  between  Capital  and  Labor,  he  had  no  doubt  that 
the  new  industries  that  had  been  brought  into  being  would 
prove  to  be  a  source  of  great  prosperity  to  the  country  and 
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enable  it  lo  bold  its  owu  in  the  markets  of  the  world.  For 
obvious  reasons,  there  was  not  likely  to  be  any  great  altera- 
tions in  their  returns  during  the  continuance  of  the  war,  but 
when  peace  came  it  would  doubtless  bring  with  it  a  large 
demand  for  shipbuiding  and  constructional  material,  for 
which  they  would  be  well  prepared. 

Sixth  Annual  Safety  Congress 

The  Sixth  Annual  Safety  Congress  of  the  National  Salety 
Council  was  held  at  the  Hotel  Astor,  New  York,  Sept.  10  to  14. 
Concurrently  with  the  congress  was  held  an  exhibition  of 
safety  and  sanitation  devices  at  the  Grand  Central  Palace. 
This  exhibition  is  claimed  to  be  the  largest  and  most  complete 
ever  held.  The  work  of  the  congress  was  divided  into  the  fol- 
lowing groups:  Public  Safety  Division,  Public  Administrative 
or  Governmental  Division,  Health  Service  and  Industrial  Rela- 
tions Division,  Transportation  and  Pubbe  Service  Division, 
and  the  Industrial  Division.  The  Transportation  Division  was 
subdivided  into  four  sub-sections,  viz.:  Electric  and  Street 
Railways,  Marine  and  Navigation,  Public  Utilities,  and  Steam 
Railroads.  The  Industrial  Division  was  formed  by  the  follow- 
ing sub-sections:  Chemical  and  Rubber;  Logging,  Lumbering 
and  Woodworking;  Metals  and  Metallurgy,  including  Foun- 
dries, Iron  and  Steel  Works;  Mining  and  Quarrying:  Automo- 
bile Manufacturing;  Car  Builders;  Paper  and  Pulp;  and  the 
Textile  Trades. 

American  Chemical  Society 

The  meeting  of  the  Amei-ican  Chemical  Society,  held  in  Cam- 
bridge and  Boston,  September  10-13,  was,  to  a  large  extent,  of 
the  nature  of  a  review  of  the  great  work  done  by  American 
chemists  since  the  beginning  of  the  war  and  of  the  degree  of 
prepare:',ness  for  the  days  of  peace,  however  distant.  The 
meeting  was  well  attended  and  attracted  a  considerable  amount 
of  attention  throughout  the  country. 

Arthur  L.  Day,  Director  of  the  Geophysical  Laboratory  in 
Washington,  gave  an  address  on  the  Establishment  of  Optical 
Glass  Manufacture  in  America.  Up  to  the  time  of  the  war 
this  country  was  dependent  on  Germany  and  France  for  its 
optical  glass.  The  details  of  manufacture  could  not  be  obtained 
by  the  American  Government  from  the  governments  of  England 
or  France,  as  the  processes  were  secret  aJid  not  known  to  these 
governments.  The  problem  which  was  there  and  then  put  up 
to  the  Geophysical  Laboratory  was  to  make  a  satisfactory 
glass  out  of  American  raw  materials  and  to  do  it  quickly.  After 
careful  figuring  by  the  Army  and  Navy  officials  it  was  decided 
that  six  was  the  minimum  of  different  kinds  of  necessary 
glasses.  In  this  work  the  Geophysical  Laboratoi-y  was  assisted 
by  the  Bausch  &  Lomb  Co. 

The  difficulties  were  many,  both  in  the  way  of  lack  of  infor- 
mation and  securing  proper  raw  materials,  but  they  have  all 
been  gradually  solved,  and  it  is  expected  that  with  the  knowl- 
edge now  available  a  glass  equal  to  any  used  in  Europe  can 
be  made  in  this  country. 

William  H.  Nichols,  chairman  of  the  Committee  on  Chem- 
icals of  the  Council  of  National  Defense,  presented  an  exten- 
sive address  on  the  Work  of  the  Committee  on  Chemicals.  An 
organization  with  the  view  to  securing  proper  chemicals  has 
been  taken  up  by  the  Washington  authorities  since  the  declara- 
tion of  war.  The  present  organization  is,  in  the  opinion  of  the 
speaker,  temporary.  In  all,  the  Chemical  Committee  with  its 
sub-committees  includes  some  37  men,  practically  all  of  whom 
are  leading  men  in  their  respective  branches  of  industry.     Tn 


general,  the  manufacturers  have  resj^ouded  most  cordially  to 
the  demands  made  upon  them  by  the  committee,  and  there  are 
many  instances  of  sacrifices  being  made  for  which  recognition 
is  not  expected  and  will,  probably,  not  be  received.  There  are 
exceptions,  but  every  effort  is  being  made  to  produce  satisfac- 
tory results  without  resorting  to  higher  authority. 

The  one  great  need  of  any  colossal  organization  is  the  com- 
plete coordination  of  all  its  parts.  No  one  can  claim  that  the 
organization  in  Washington  has  yet  reached  this  stage  or  even 
approximated  it.  Many  things  are  done  several  times  over  and 
many  others  needed  are  not  done  at  all. 

Dr.  M.  T.  Bogert  presented  an  address  on  the  Work  of  the 
Chemistry  Committee  of  the  National  Research  Council,  review- 
ing its  activity  in  the  mobilization  of  research  chemists  in  war 
work.  The  most  important  field  of  their  work  is  in  the  produc- 
tion of  poisonous  gases,  gas  ma.sks,  gas  shells,  the  absorption 
of  hydrogen  gas  in  the  submarine  battery  rooms,  and  the  re- 
lated U-boat  problems. 

Among  the  divisional  meeting-s,  one  of  the  most  interesting 
was  the  conference  held  by  the  Industrial  Division  on  the  In- 
dustrial Chemi.<t  in  AVar  Time.  Dr.  L.  H.  Baekeland.  member 
of  the  Naval  Consulting  Board,  gave  a  talk  on  the  Work  of  the 
Board.  On  the  whole,  there  was  little  encouragement  in  what 
he  said.  The  ovei-whelming  majority  of  the  suggested  ideas  are 
not  worth  much,  and  it  has  been  necessary  to  issue  a  pamphlet 
telling  the  people  what  not  to  do.  He  said  neio  explosives  are 
not  what  is  wanted,  but  a  good  supply  of  those  we  already  know 
about. 

In  connection  with  the  meeting  a  national  exposition  of 
chemical  industries  w-as  held  during  the  week  of  September  24. 
an  account  of  which  will  be  given  in  a  later  issue  of  The  Jour- 
nal. 

An  interesting  report  on  the  last  meeting  of  the  American 
Chemi'-al  Society  will  be  found  in  the  September  15  issue  of 
Metallurgical  and  Chemical  Engineering. 

American  Association  of  Port  Authorities 

Better  coordination  of  tenninal  facilities  back  of  the  docks 
in  American  ports  bears  a  close  relation  not  only  to  reducing 
the  cost  of  manufacture  and  the  expense  of  living,  but  to  the 
economic  struggle  that  is  coming  after  the  war.  In  fact,  the 
elimination  of  duplicated  work  and  its  consequent  delays  may 
mean  much  toward  bringing  peace  in  the  war  now  being  waged. 
This  preparation  for  the  present  fight  and  the  war  after  the 
war  was  emphatically  advocated  at  the  convention  of  American 
Association  of  Port  Authorities  in  Cleveland,  September  11  to 
13. 

The  enthusiastic  reception  of  this  idea  showed  that  the  speak- 
ei-s  were  not  alone  in  placing  this  interpretation  and  this  em- 
phasis on  the  resolution  calling  for  increased  efficiency  of 
railroad  freiglit  terminals  connected  with  ports.  The  resolu- 
tion was  carried  over  from  last  year's  convention  at  Montreal. 

The  convention  was  oijened  Tuesday  morning  with  an  ad- 
dress of  welcome  by  E.  S.  GrifBths,  of  the  Cleveland  River 
and  Harbor  Commission.  This  speech  was  responded  to  by 
the  president  of  the  association,  W.  G.  Ross,  of  Montreal.  The 
delegates  were  entertained  at  a  luncheon  reception  by  the 
Chamber  of  Commerce.  Officials  of  the  chamber,  of  the  city 
and  of  the  association  made  brief  talks,  and  Calvin  Tompkins, 
of  New  York,  former  commissioner  of  docks  in  that  city,  was 
introduced  as  the  principal  speaker. 

Mr.  Tompkins  spoke  of  the  way  in  which  the  world's  ship- 
ping is  now  being  administered  as  a  gi'eat  unit,  with  an  effi- 
eiencv  never  before  attained.     This  work  shows  what  can  be 
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duin;  aiul  what  piubably  will  be  done,  at  least  in  a  measure, 
after  the  war  is  over. 

Papers  were  read  during  the  day  on  the  following  subjects: 
Establishment  of  Exact  Lines  for  Port  Planning,  by  Charles 
W.  Staniford,  chief  engineer  of  department  of  docks  and 
ferries.  New  York  City;  Administration  of  New  York  Canals, 
by  Maurice  W.  Williams,  engineer  in  charge  of  mechanical 
equipment  of  barge  canal  terminals;  Legal  Status  of  Sub- 
merged Land  and  Littoral  Ownership,  by  Judge  Robert  M. 
Morgan,  common  pleas  court,  Cleveland.  Colonel  Lansing  H. 
Beach,  United  States  Engineers,  described  canal  operations 
in  various  parts  of  the  country. 

How  watei'-borne  traffic  on  the  Great  Lakes  has  grown  in 
about  half  a  century  from  a  few  small  cargoes  to  one  of  the 
greatest  tonnages  in  the  world,  was  interestingly  told  by  Har- 
vey D.  Goulder,  general  counsel  of  the  Lake  Carriers'  Associa- 
tion. In  1679  the  Griffin,  of  about  45  tons,  was  built  just  above 
Niagara  Falls.  She  made  one  trip  and  was  never  heard  from 
again.  In  the  following  century  a  few  small  vessels  appeared. 
In  the  forties  of  the  past  century  a  great  statesman,  in  speak- 
ing against  a  land  grant  for  a  canal  to  connect  Lake  Superior 
with  the  lower  waters,  said  one  might  as  well  propose  to  pro- 
ject commerce  up  into  tiie  moon  as  into  the  upper  lake  region. 
A  few  years  later  the  state  of  Michigan  made  the  improvement 
and  the  freight  movement  through  the  Soo  that  year  was  l-l,50^i 
tons.    In  1916  it  was  92  million  tons. 

The  general  opening  of  navigation,  Mr.  Goulder  said,  might 
be  fixed  as  1855,  the  date  of  the  opening  of  the  canal.  Until 
after  the  Civil  War  the  government  had  spent  some  $3,000,000 
on  lake  navigation  improvements.  Since  then  it  has  spent 
more  than  $100,000,000.  The  great  growth  of  lake  freight  was 
accomplished  through  a  gradual  growth  in  size  of  ships,  canals 
and  terminals. 

Tins  growth  has  resulted  in  cheaper  manufactured  products 
not  only  along  the  lakes,  but  in  every  part  of  the  country,  for 
the  cost  of  carrying  grain  and  ore  on  the  lakes  is  only  about 
nne-tentli  the  average  cost  on  the  railroads. 

In  the  evening  an  illustrated  lecture  on  the  handling  of  bulk 
freight  on  the  lakes  was  given  by  J.  D.  Carey,  of  the  Cleveland 
River  and  Harbor  Commission.  He  explained  with  motion  pic- 
tures how  remarkable  speed  in  loading  and  unloading  ships 
is  accomplished  through  big  terminal  equipment.  By  means 
of  grab  buckets  that  pick  up  in  one  stroke  15  to  20  tons  of  ore, 
a  ship  of  10,000  tons  capacity  can  be  unloaded  in  3  hr.  15  nun. 
The  same  ship  can  be  loaded  with  ore  in  25  min. 

The  Wednesday  session  was  devoted  to  the  discussion  of  the 
resolution  adopted  at  the  Montreal  convention  a  year  ago,  call- 
ing on  the  Interstate  Commerce  Commission  to  investigate  ter- 
minal and  port  conditions,  railroad  charges,  free  wharfage 
and  kindred  subjects,  and  bringing  out  tlie  need  for  increased 
terminal  efficiency  through  pooling  and  joint  use  of  tenninals. 
This  matter  had  already  been  taken  up  with  I  lie  commission 
since  the  previous  convention,  and  is  to  be  considered  still  fur- 
ther.   The  investigation  probably  will  be  made. 

The  discussion  wa.s  opened  with  a  general  presentation  of 
the  problem  of  port  terminal  efficiency  in  its  relation  to  the 
economic  situation  in  the  Americas  and  to  the  preparation  for 
trade  expansion  when  peace  comes,  by  Edward  F.  McSweeney. 
of  Boston,  who  first  introduced  the  resolution.  Millions  of  dol- 
lars have  been  spent  on  docks,  he  said,  but  much  of  it  was 
wasted  because  there  was  little  vision  in  planrung.  Facilities 
back  of  the  docks  were  in  isolated  groups,  controlled  by  sep- 
arate railroads.  Duplication  of  work  and  delay  and  congestion 
resulted. 

In  the  war  after  the  war — the  struggle  for  foreign  trade — 


the  United  States  must  put  forth  a  united  effort  to  win  the 
share  of  commerce  it  needs  and  can  supply.  The  value  of 
this  effoi-t  will  depend  largely  upon  our  port  arrangements. 

The  situation  in  regard  to  terminal  charges  and  delays  was 
taken  up  more  in  detail  by  Robert  Bridges,  of  Seattle,  in  a 
description  of  that  port,  where  a  strong  eifort  is  being  made 
to  remedy  faults.  He  explained  how  at  several  piers  it  takes 
24  hours  and  cosis  $(!  to  transfer  a  car  from  one  pier  to  the 
next,  while  with  one  belt  line  for  the  entire  port,  the  same  oper- 
ation could  be  done  in  30  min.  for  .$2. 

Mr.  Bridges  advocated  not  only  the  public  ownership  or  di- 
rection of  a  belt  line  along  the  docks  and  a  complete  terminal 
yard,  but  centralized  control  of  all  railroads  and  the  establish- 
ment of  free  ports.  Any  reduction  in  the  time  of  handling 
freight  would  result  in  cheaper  costs  and  quicker  deliveries, 
and  thus  would  attract  many  more  factories  to  the  port  cities, 
the  natural  meeting  place  of  raw  materials,  Mr.  Bridges  said. 

W.  G.  Ross,  Montreal,  was  reelected  president;  William  J. 
Harney,  of  New  York,  secretary,  and  Harry  C.  Gahn,  Cleveland, 
treasurer. 

The  next  convention  will  be  held  in  Boston  next  September. 

Wm.  J.  Nolle. 

New  England  Water  Works  Association 

The  Thirty-sixth  Annual  Convention  of  the  New  England 
Water  Works  Association  was  held  in  Hartford,  Conn.,  Sep- 
tember 11  to  15.  The  choice  of  Hartford  as  a  place  of 
meeting  afforded  a  splendid  opportunity  for  the  study  of 
the  extensive  new  AVater  Works  of  that  city  now  nearing 
completion.  An  interesting  program,  including  addresses  by 
specialists  on  problems  of  water-works  design,  construction, 
and  management,  M'as  carried  out. 

Hon.  Frank  A.  Hagarty,  Mayor  of  Hartford,  extended 
the  greetings  of  the  citj',  and  commented  on  the  extensive 
provisions  for  water  supply  for  Hartford.  Hon.  Charles  H. 
Clark  emphasized  the  economy  in  water  consumptions  due  to 
metering  of  water  and  made  a  plea  for  the  treatment  of 
municipal  waste  before  its  introduction  into  public  water 
courses.  Hon.  Charles  E.  Goss  advocated  a  dual  water  supply 
for  cities — one  serving  domestic  and  the  other  industrial 
needs. 

In  his  presidential  address  Mr.  Caleb  M.  Saville,  Chief 
Engineer  of  the  Water  Department  of  Hartford,  outlined 
the  qualities  demanded  in  water-works  executives  and  em- 
phasized the  necessity  of  broader  training  in  the  financial 
and  economic  aspect  as  well  as  design  and  construction  of 
water  works. 

George  A.  Johnson  discussed  exhaustively  the  pi'ol)lems  of 
i-apid  sand  filtration  and  pointed  to  the  ascendency  of  the 
mechanical  or  rapid  sand  filter.  He  called  attention  to  the 
I'act  that  74  per  cent  of  the  filtered  vi'ater  in  this  country 
is  supplied  by  rapid  filters.  He  also  pointed  out  the  great 
diminutiim  in  typhoid  during  the  last  three  decades  and 
ascribed  it  in  large  part  to  water  purification. 

In  the  discussion  which  followed  this  paper  the  topics  of 
prevention  of  tastes  in  waters  treated  with  sulphate  of  alumina 
and  the  conservation  of  wash  water  were  discussed  by  R.  S. 
Hastings,  W.  C.  Hawley,  and  others. 

Robert  S.  Weston  reviewed  the  development  of  mechan- 
ical filter  bottoms  and  strainer  systems  and  discussed  in  de- 
tail the  advantages  of  the  Wheeler  strainer,  particularly 
the  elimination  of  metal  parts,  securing  a  uniform  distribu- 
tion of  wash  water  and  a  minimum  thickness  of  gravel.  The 
care  and  operation  of  rapid  sand   filters  formed  the  subject 
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of  a  paper  by  Johii  W. .  Gaiteuby,  while  a  paper  by  F.  L. 
Cady  described  the  slow  sand  Alters  in  use  in  Providence, 
R.  I.  Delos  F.  Wilcox  described  the  problems  encountered 
by  the  city  of  New  York  in  dealing  with  the  five  privately 
owned  companies  within  its  city  limits. 

Bertram  Brewer  explained  the  means  employed  for  reduc- 
ing water  rates  in  "Waltliam,  Mass. 

Papers  on  water-works  shop  construction  were  delivered 
by  A.  E.  Martin  and  H.  W.  Hosford.  H.  R.  Turner  de- 
scribed the  operating  problems  of  a  small  Water  Works 
Department. 

A  paper  on  the  control  of  Microscopic  Organisms  in  Water 
Supply  by  William  Haine  was  warmly  discussed. 

After  a  general  exposition  by  President  Saville  of  the 
water  system  of  the  city  of  Hartford,  a  detailed  descrip- 
tion of  the  system  was  given  by  the  members  of  the  Engi- 
neering Staff.  Particularly  interesting  were  the  descriptions 
of  the  construction  of  the  Masonry  Dam  on  Nepaug  River, 
the  design  of  Spillway  at  Richard's  Corner  Dam,  Grouting 
of  Dam  Foundations,  and  the  development  and  designing  by 
H.  W.  Griswold,  R.  E.  Wise,  J.  E.  Garrett,  W.  E.  Johnson, 
Frank  Brainard,  H.  W.  Home,  and  J.  H.  Shaughnessy. 

In  dealing  with  the  subject  of  Pollution  of  Streams  in 
Connecticut,  J.  L.  Jackson  deplored  the  failure  to  restrict  the 
discharge  of  wastes  into  streams  which  might  othei-wise  be 
excellently   adapted   for   drinking  purposes. 

S.  E.  Killam  outlined  the  means  by  which  Boston  was 
enabled  to  postpone  by  many  years  its  proposed  extension 
to  its  water  system  by  reducing  its  per-capita  consumption 
from  109  to  80  gal.  per  day,  through  the  installation  of  service 
meters. 

The  papere  wdll  be  published  in  full  in  the  Quarterly  Jour- 
nal of  the  New  England  Water  Works  Association. 

Gravitation 

In  the  daily  papers  of  September  19  it  was  stated  that  a 
new  theory  as  to  gravitation  will  be  announced  soon  be- 
fore the  St.  Louis  Academy  of  Science  by  Prof.  Francis  E. 
Nipher,  retired  head  of  the  department  of  physics  of  Wash- 
ington University.  In  a  written  statement  Professor  Nipher 
said: 

■•  It  will  be  shown  that  gi-avitational  attraction  between 
masses  of  matter  not  only  has  been  diminished  into  zero,  but 
has  been  converted  into  a  repulsion  which  is  more  than  twice 
as  great  as  normal  attraction." 

Professor  Niplier  is  reported  to  have  made  his  experiments 
with  bodies  suspended  horizontally  toward  each  other.  By 
introducing  electricity  into  the  atmosphere  he  converted  nor- 
mal attraction  into  repulsion. 

"  If  electricity  can  alter  the  gravitational  attraction  of  the 
bodies  used  in  my  experiments,"  he  said,  "  the  same  force  can 
alter  the  earth's  attraction.  If  the  negative  electricity  could 
be  drawn  from  the  earth's  surface,  gravitational  attraction 
suddenly  would  cease  and  the  coherence  of  the  earth's  surface 
would  be  disastrously  affected." 

This  Month's  Abstracts 

A.  Leon,  in  the  Journal  of  the  Society  of  German  Engi- 
neers, discusses  the  subject  of  fatigue  of  machine  parts,  more 
particularly  the  distribution  of  stresses  in  machine  parts  at 
points  where  the  section  of  the  members  concerned  becomes 
wider  or  narrower. 

The  variation  of  temperature  in  dams  of  various  thick- 
nesses during  the  period  of  setting  in  concrete  forms  the  sub- 


ject of  an  investigation  by  R.  A.  Monroe.  He  found  that 
first  this  variation  is  different  in  thin  arches  from  that  oc- 
curring in  thick  arches,  and  second,  the  temperature  of  a  con- 
crete wall  of  light  thickness  (14  in.)  follows  that  of  the  air 
with  remarkable  closeness. 

The  Bureau  of  Standards  has  investigated,  with  chai-aeter- 
istic  thoroughness,  some  unusual  structures  of  wrought  iron 
apparently  due  to  the  presence  of  a  high  content  of  phos- 
phorus. One  of  the  remarkable  characteristics  of  the  structure 
investigated  is  its  persistence  upon  heating,  which  suggests 
a  possible  bearing  on  the  failure  of  material  in  which  it  occurs. 

Description  of  apparatus  and  processes  for  testing  rails  by 
the  quick-bend  method  as  carried  out  by  the  Pennsylvania 
Railroad  will  be  found  in  the  section  Engineering  Materials. 
It  is  stated  that  this  method  displaced  the  drop  test  formerly 
used,  because  the  now  nearly  universal  use  of  open-hearth 
steel  rails  has  made  necessary  a  method  which,  in  addition  to 
detecting  possible  brittleness,  would  also  determine  the  ranges 
of  elasticity  and  ductility  of  the  steel. 

Data  on  the  spark  length  in  various  gases  and  vapors  are 
presented  by  Robert  Wright  in  a  paper  in  the  Journal  of  the 
Chemical  Society.  This  appears  to  be  the  first  investigation 
of  this  kind  of  electric  ignition  carried  out  under  conditions 
enabling  comparable  results  to  be  obtained. 

Another  feature  of  the  design  of  internal-combustion  en- 
gines is  covered  in  an  interesting  manner  in  an  article  on 
bulb  experiments  in  hot-bulb  engines  published  in  The  Engi- 
neer. The  article  discusses  the  design  of  the  hot  bulb  and 
reports  experiments  with  various  types  of  this  important 
auxiliary. 

The  McEwen  high-compression  oil  engine  described  in  the 
section  Internal  Combustion  Engineering  operates  on  the 
Diesel  principle.  Its  interest  lies  primarily  in  the  fuel  valve 
and  method  of  governing  fuel  injection,  and  in  the  design  of 
a  comparatively  simple  air  compressor. 

The  paper  by  William  Alexander  before  the  Institution  of 
Mechanical  Engineers  describing  the  energy  diagram  for  gas 
mixtures  in  British  units  and  some  of  its  uses  is  of  consider- 
able interest,  and  would  have  been  still  more  valuable  had  the 
actual  charts  been  reproduced.  As  a  matter  of  fact,  however, 
the  only  chart  reproduced  is  the  combined  chart  of  entropy 
temperature  and  entropy  total  heat  as  found  in  the  abstract 
in  this  issue.  The  writer  derives  expressions  for  the  various 
relations  affecting  the  energy  derivation  in  the  gas  mixture, 
and  in  addition  gives,  by  way  of  illustration  of  the  use  of  the 
diagram,  some  data  on  the  comparison  of  thermal  diagrams 
for  large  and  small  Diesel  engines.  This  part  of  the  paper 
is  of  considerable  interest  in  itself,  but  could  not  be  abstracted 
here  because  of  lack  of  space. 

Alan  E.  I.  Chorlton's  extensive  paper  on  the  construction 
of  turbine  pumps  could  be  only  briefly  abstracltd.  It  is  par- 
ticularly interesting  because  of  the  careful  classification  of 
the  various  types  of  turbine  pumps  under  the  headings  of  the 
various  component  parts  of  a  pump.  It  is  interesting  to  note 
that  the  writer  does  not  believe  that  the  so-called  balanced- 
type  of  single-eye  wheel  of  multicellular  pumps  is  actually 
balanced,  and  claims  that  the  advantage  of  being  in  balance 
is  a  purely  paper  one.  Disturbing  factors  are  set  up  for  vari- 
ous influences,  and  in  practice  it  is  necessary  to  provide  addi- 
tional balancing  means  of  one  type  or  another. 

A  120-ton  coal  car  for  the  Virginian  Railway,  described  in 
the  section  Railroad  Engineering,  is  of  interest  not  only  be- 
cause of  its  huge  size,  but  also  because  of  some  features  of 
construction  which  made  the  use  of  such  a  large  unit  possible 
and  safe. 
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Engineering  Materials 

Fatigue  of  Machine  Parts,  A.  Leon 

(Zeits.  Vereines  Deutsch.  Ing.,  vol.  61,  pp.  192-196, 
March  3,  and  pp.  214-218,  March  10,  1917.) 

The  common  assumption  that  pure  tension  or  compression 
is  distributed  uniformly  over  the  whole  section,  and  that  the 
variation  of  stress  is  linear  in  the  ease  of  bending,  is  not 
justified  where  the  section  of  the  members  concerned  becomes 
wider  or  narrower.  There  the  nature  and  distribution  of 
stress  are  complicated,  and  this  is  an  important  factor  in 
machine  parts,  especially  in  moving  parts  of  complex  form 
which  are  subjected  to  alternating  stresses.  A  notched  test 
bar  loaded  gi-adually  to  the  breaking  point  behaves  differently 
according  as  the  metal  is  brittle  or  ductile.  In  brittle  mate- 
rials the  distribution  of  stress  remains  uneven  until  fracture 
occurs  (at  lower  load  than  corresponds  to  the  strength  of  a 
smooth  bar  of  the  material).  A  ductile  material,  on  the  other 
hand,  gives  greater  strength  when  notched  than  when  in  the 
plain  bar;  once  the  yield  point  is  passed,  the  extension  in- 
creases rapidly  and  the  stresses  are  equalized  to  an  increasing 
extent.  Cross  stresses  are  also  set  up  which  reduce  the  risk 
of  breaking.  The  author  gives  curves  and  formulae  relating 
to  longitudinal  and  cross  stresses,  and  changes  in  the  corre- 
sponding dimensions  of  a  notched  rubber  rod.  A  notched 
rod  of  ductile  material  does  not  contract  over  the  whole 
breaking  section,  but  only  in  the  immediate  neighborhood  of 
the  slot  bottom.  The  section  after  fracture  is  relatively  less 
contracted  than  in  a  smooth  rod,  hence  the  greater  breaking 
load.  Under  repeated,  and  particularly  under  alternating, 
stress,  ductile  material  behaves  like  brittle  material;  where 
the  limit  of  elasticity  is  exceeded,  the  material  is  given  a 
"  set "  first  in  one  direction,  then  in  the  other.  As  a  result 
it  becomes  fatigued,  small  cracks  appearing  which  gradually 
deepen  and  extend  until  failure  occurs.  Wohler's  tests  show 
the  danger  of  sharp  changes  in  section.  St.  Venant  showed 
that  notching  causes  local  increases  in  pressure  of  at  least 
100  per  cent.  Failure  under  alternating  load  occurs  at  a 
point  where  the  stress  distribution  is  affected  unfavorably  by 
a  hard  or  soft  inclusion,  or  by  complete  interruption  of  the 
elastic  cohesion.  Heating  of  specimens  during  alternating- 
stress  tests  is  an  indication  that  the  elastic  limit  is  being 
exceeded,  so  that  inelastic  changes  in  form  are  occurring  and 
failure  will  soon  take  place.  In  order  to  tell  whether  the  elas- 
tic limit  will  be  exceeded  in  a  constructional  part,  it  is  neces- 
sary to  know  the  actual  distribution  of  stress.  Alternating 
tensile  and  compressive  stresses  up  to  about  8.5  per  cent  of 
the  elastic  limit,  or  45  per  cent  of  the  ultimate  tensile  strength, 


do  not  cause  failure  of  mild  steel  until  the  number  of  load 
reversals  exceeds  1,000,000;  the  rapidity  of  reversal  of  the 
load  also  affects  the  life  test.  The  author  mentions  Beilby's 
hypothesis  of  an  amorphous  modification  of  the  metal  as  a 
possible  explanation  of  fatigue  phenomena.  Ludwik  sug- 
gests a  loosening  of  the  metallic  structure  by  repeated  stress- 
ing. Under  alternating  torsion  the  change  in  form  is  local- 
ized more  and  more  until  only  a  single  layer  of  material  is 
"  working " ;  this  intensifies  local  variations  in  stress  and 
increases  the  risk  of  fracture. 

Bauschinger's  tests  on  various  grades  of  iron  show  the 
ratio  of  steady  tensile  strength  to  initial  and  to  alternating 
strength  to  be  1 :  0.56 :  0.49.  In  other  words,  the  initial 
strength  is  only  about  14  per  cent  greater  than  the  alternat- 
ing strength.  The  author  defines  "  notch  ratio  "  as  the  ratio 
of  greatest  to  smallest  width  of  rod;  and  the  "notch  figure" 
as  the  ratio  of  greatest  mean  stress  (referred  to  the  useful 
section).  The  reciprocal  of  the  notch  figure  is  the  "utilization 
figure."  A  circular  hole  in  a  plate  causes  200  per  cent  in- 
crease in  stress  at  two  points  on  the  edge  of  the  hole,  i.e.,  the 
notch  figure  is  3,  compared  with  8/3  for  semicircular  edge 
notches.  The  author  cites  values  for  these  factors  as  deter- 
mined by  various  investigators,  and  gives  curves  for  the 
stress  distribution  in  a  perforated  rubber  rod  subjected  to 
tension.  Comparison  is  made  between  mild  steel  subjected 
to  small  distortion  and  rubber  subjected  to  great  extension. 
The  author  gives  tables  of  data  from  his  own  tests  on  rubber 
rods,  and  local  and  average  extension.  The  large  deformation 
in  rubber  specimens  equalizes  stress  distribution  to  some  ex- 
tent. For  instance,  with  a  notch  ratio  of  5  the  notch  figure 
decreased  from  3.15  to  1.98,  corresponding  to  mean  extensions 
of  11  and  37  per  cent  and  maximum  local  extensions  of  36 
and  75  per  cent.  Curves  in  the  original  show  the  distribution 
of  primary  and  secondary  stresses  in  a  perforated  stone  block 
subject  to  compression,  and  in  a  rubber  specimen  with  rec- 
tangular holes.  The  secondary  (cross)  stresses  are  important. 
These  tests  have  a  bearing  on  the  influence  of  rivet  holes  on 
the  strength  of  parts.  Fillets  may  affect  stress  distribution 
unfavorably,  and  examples  in  the  original  show  the  propor- 
tion of  various  sections  which  is  rendered  idle  by  ribs  or 
fillets.  The  final  section  of  the  paper  includes  a  number  of 
useful  notes  concerning  the  effect  of  various  changes  in  sec- 
tions, slotting,  polished  or  ground  surfaces,  and  various  means 
of  observing  these  effects  and  compensating  for  them.  The 
paper  relates  rather  to  the  general  phenomena  and  problems 
of  stress  distribution  than  to  specific  machine  parts. 
{Science  Abstracts,  Section  B — Electrical  Engineering,  vol. 
20,  part  7,  July  30,  1917,  no.  235,  pp.  225-226,  t) 
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How  Temperature  Varied  in  Two  Dams  While  Cement 
Was  Setting,  R.  A.  Monroe 

In  planning  the  recent  40-ft.  height  increase  of  the  Lake 
Spaulding  dam  of  the  Pacific  Gas  and  Electric  Company  in 
northern  California,  it  was  decided  to  determine  how  tem- 
peratures varied  within  the  concrete.  Accordingly,  as  the 
work  was  under  way,  thermometers  in  the  shape  of  thermo- 
couples were  put  in  at  predetermined  locations,  so  that  records 
could  be  kept.  The  same  tests  were  applied  to  a  dam  of  the 
multiple-arch  type  in  order  that  the  effect  in  thin  ai'chcs 
might  be  compared  with  that  observed  in  a  structure  of  large 
section. 

In  the  large  dam  the  thermometers  were  located  both  at 
the  center  and  near  the  surface,  while  in  the  thin  arches  only 
a  central  location  was  used. 

The  data  are  presented  in  the  form  of  tables.  From  them 
it  is  seen  that  the  temperature  of  the  freshly  placed  concrete 
was  47  to  48  deg.,  and  in  eleven  days  it  rose  noticeably  across 
the  entire  section.  At  the  upstream  face  the  gain  was  27 
deg.;  at  the  downstream  face,  22.5  deg.,  and  at  the  center  43 
deg.,  or,  roughly,  twice  as  much  as  at  the  faces.  (These  data 
refer  to  the  Spaulding  dam.)  In  two  months  the  temperature 
of  the  concrete  1  ft.  from  the  faces  of  the  dam  had  returned 
to  normal  atmospheric  temperature,  while  that  of  the  center 
of  the  section  was  still  20  deg.  above  normal  atmospheric 
temperature,  and  falUng  at  the  rate  of  3  deg.  per  week.  A 
reading  taken  over  six  months  from  the  time  of  pouring 
showed  the  concrete  at  the  center  to  be  4  deg.  above  that  at 
the  faces,  but  at  practically  mean  atmospheric  temperature 
for  the  preceding  month. 

The  results  in  the  case  of  the  thin  arch  were  different.  In 
the  design  of  the  arch  it  was  assumed  that  due  to  the  chem- 
ical action  of  the  cement  the  setting  temperature  of  the  con- 
crete in  the  arch  wings  would  be  10  deg.  above  the  average 
daily  temperatures.  Actually,  a  rise  of  17  deg.  above  the 
mean  was  discovered.  The  results  as  presented  in  a  table 
also  show  tliat  the  highest  temperature  was  attained  in  about 
18  hours  after  pouring,  or  shoi-tly  after  the  concrete  had 
taken  its  permanent  set,  but  that  this  temperature  was  main- 
tained for  only  a  few  hours. 

Another  interesting  thing  which  was  noted  was  how  closely 
the  temperature  of  a  concrete  wall  of  this  thickness  (14  in.) 
follows  that  of  the  air,  and  these  results  indicate  clearly  that 
in  a  structure  of  this  type  provision  must  be  made  for  a 
temperature  variation  of  approximately  the  same  magnitude 
as  shown  by  atmospheric  records.  {Engineering  Neivs-Record, 
vol.  79,  no.  6,  Aug-ust  9,  1917,  pp.  253-254,  3  figs.,  e) 


streaks  throughout  the  metal.  Particularly  was  it  found  asso- 
ciated with  crystals  unusually  large  in  size. 

By  using  a  copper-chloride  etching  reagent  these  patterns 
may  be  develojjed  in  a  striking  manner.  Crystals  of  ordinary 
wrought  iron  will  not  exhibit  such  etch  patterns  even  after 
very  prolonged  heating. 

The  examination  of  the  metal  close  up  to  the  fracture 
which  occurred  during  its  service  shows  that  the  break  took 
place  through  the  crystals  and  parallel  to  the  markings  con- 
stituting the  mottled  etch  pattern  at  that  point. 

The  writer  comes  to  the  conclusion  that  the  non-homogeneity 
of  the  individual  crystals  as  indicated  by  the  mottled  etch 
pattern  is  to  be  attributed  to  some  impurity  dissolved  in  the 
iron,  but  not  uniformly  diffused  throughout  the  crystal. 

An  examination  of  several  pieces  revealed  that  the  unusual 
microstructure  described  above  is  found  only  in  material  rela- 
tively high  in  phosphorus,  but  analysis  for  jjhosphorus  sliows 
that  though  such  unusual  features  of  structure  are  invariably 
associated  with  irons  which  are  rather  high  in  phosphorus, 
one  cannot  predict  with  certainty  their  presence  from  a  knowl- 
edge of  the  average  phosphorus  content  alone. 

One  of  the  remarkable  characteristics  of  this  inter-crystal- 
line structure  is  its  persistence  upon  heating.  After  heating 
a  specimen  of  a  wrought  iron  eyebar  for  three  hours  at  ap- 
proximately 600  deg.  cent.,  no  appreciable  change  in  structure 
was  found.  A  second  sample  heated  for  about  one  and  a 
half  hours  at  approximately  725  deg.  cent,  and  furnace- 
cooled  still  shows  faint  traces  of  the  former  condition. 

The  euteetie  disappeared,  but  the  non-homogeneity  of  struc- 
ture is  still  apparent  from  the  dendritic  pattern.  This  il- 
lustrates the  remarkably  slow  rate  of  diffusion  of  phosphorus 
in  the  ferrite  matrix,  and  explains  why  the  mottled  structure 
is  not  wiped  out  during  the  processes  of  heating,  rolling  and 
forging  constituting  the  manufacture  of  wrought  iron. 

These  unusual  features  of  microstructure  suggest  a  possible 
bearing  on  the  failure  of  material  in  which  they  occur.  The 
brittle  character  of  ferrite  containing  considerable  phosphorus 
is  well  known.  Crystals  which  show  the  heterogeneity  caused 
by  high-  and  low-phosphonis  bands  in  juxtaposition  are  more 
apt  fatigued  by  repeated  stresses  than  crystals  more  uniform 
in  their  structure.  This  applies  particularly  to  bands  trans- 
verse to  the  direction  of  the  stresses  acting. 

Examination  of  a  series  of  wrought  irons  showed,  however, 
that  such  features  are  not  to  be  regarded  as  common.  Many 
poor  grades  of  iron  may  be  unsuitable  for  other  reasons. 
{The  Iron  Ago,  vol.  100,  no.  10,  September  fi.  1917.  pp.  538- 
540,  7  figs.,  t) 


Some  Unusual   Structures  or  Wrought  Irok,   Henry   S. 

Rawdon 

Data  of  an  investigation  earned  out  at  the  U.  S.  Bureau  of 
Standards  in  which  sections  of  wrought  iron  which  have 
failed  have  been  investigated  chemically  and  microscopically, 
and  as  a  result  attention  is  called  to  the  detection  of  certain 
impurities  and  their  possible  influence  on  the  physical  prop- 
erties of  the  metal. 

As  a  rule,  in  wrought  iron  no  definite  orientation  of  crystals, 
or  grains,  is  apparent,  but  the  presence  of  slag  in  the  ferrite 
matrix  is  usually  revealed  by  the  appearance  of  streaks. 

In  some  cases,  however,  the  ferrite  crystals  presented  a 
mottled  appearance,  particularly  after  prolonged  etching  with 
»n  acid  reagent.  This  etch  pattern  was  not  found  over  the 
entire  surface  of  the  specimen,  but  was  restricted  to  certain 


Testing  Rails  by  the  Quick-Bend  Method 

Description  of  an  apparatus  recently  built  by  tlie  Penn- 
sylvania Railroad  to  replace  the  drop  test.  The  Pennsylvania 
Railroad  introduced  the  present  drop  test  into  its  specifica- 
tions for  carbon-steel  rails  in  1900,  at  which  time  the  rails 
were  produced  by  tlie  bessemer  process  only  and  brittleness 
was  to  be  guarded  against.  Since  1908,  however,  open-hearth- 
steel  rails  have  come  into  general  use  and  at  the  present  time 
practically  all  orders  for  rails  on  the  Pennsylvania  Railroad 
are  of  this  nature. 

On  the  open-heartli  rail,  however,  the  drop  test  gives  very 
little  information  on  the  relative  merits  of  rails  from  different 
manufacturers.  It  was  therefore  thought  tliat  a"  transverse 
rapid-bending  test  as  an  alternative  to  the  standard  drop  test 
might    give    more    conclusive    information    relative    to    such 
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]ihysical  properties  as  elasticity,  ductility  and  hardness  of  the 
material. 

The  quick-bend  test  machine  was  plaoed  in  service  about 
May,  1917.  It  consists  of  a  hydraulic  press  and  intensifier. 
The  press  is  of  the  four-column  inverted  type,  having  a  clear 
distance  of  3  ft.  4  in.  by  12  in.  between  columns.  The  main 
ram,  16  in.  in  diameter  with  a  12-in.  stroke,  is  cast  solid  with 
the  moving  platen,  which  is  guided  on  the  four  columns.  The 
twin  pull-back  rams,  6  in.  in  diameter,  are  symmetrically 
located  at  the  sides   of  the  main   ram. 

The  intensifier  (Fig.  1)  is  of  the  single-jiressure  type  with 
a  total  weight  of  approximately  11,000  lb.  The  ram  which 
extends  from  the  high-jiressure  cylinder  to  the  base-pressure 
cylinder  is  integral  with  the  base-pressure  piston  and  has  a 
total  stroke  of  36  in.  The  diameters  of  the  ram  and  the  base- 
pressure  piston  are  9  in.  and  26  in.  respectively,,  which  gives  a 
step-up  ratio  of  about  8.35  to  1. 

The  operation  of  the  machine  is  controlled  by  a  bronze 
three-way  valve  having  a  balanced  exhaust.  By  admitting  450 
lb.  per  sq.  in.  line  pressure  to  the  base  cylinder  of  the  inten- 
sifier, the  pressure  in  the  high-pressure  cylinder  thereon  and 
consequently  in  the  ram  cylinder  of  the  press  is  raised  to  ap- 


FiG.  1    Penx.sylvaxia  R.\ilroad  Machine  for  Testing 
Rails  by  Rapid  Bending 

proximately  3760  lb.  per  sq.  in.,  developing  a  total  capacity 
in  the  press  of  about  756,000  lb.  The  36-in.  stroke  of  the  in- 
tensifier ram  actuates  the  entire  12-in.  travel  of  the  main  ram 
by  intensified  pressure  alone,  thus  assuring  a  smooth,  con- 
tinuous curve  of  the  indicator  card. 

The  hydraulic  indicator  is  used  to  register  the  pressure  re- 
quired for  a  relative  deflection  of  the  specimen,  the  indicator 
being  in  direct  communication  with  the  main  ram  chamber. 

The  rail  test  specimen  is  placed  on  the  supports  of  the 
press  and  pressure  is  applied  through  the  loading  head  of  the 
ram  at  the  center  of  the  rail  until  ruptui'e  of  the  specimen  oc- 
curs. During  this  action,  which  requires  approximately  seven 
seconds,  the  indicator  card  showing  increments  of  deflection 
and  corresponding  pressure  is  taken.  In  this  card  the  curve  is 
drawn  of  which  the  abscissae  indicate  deflections  and  the  ordi- 
nates  the  loads  in  thousands  of  pounds.  The  elements  taken 
from  the  card  are  the  deflection  and  load  at  the  elastic  limit 
and  the  ultimate  strength,  while  the  work  required  to  fracture 
the  specimen  may  also  be  obtained. 

It  has  been  demonstrated  from  comparative  drop  and  quick- 
bend  tests  that  rails  which  have  to  meet  the  drop-test  require- 
ments showed  undesirable  physical  properties  when  subjected 
to  the  quick-bend  test.     The  quick-bend  test  is  of  particular 


advantage  in  the  determination  of  the  ranges  of  elasticity  and 
ductility  of  the  steel.  (Railway  Age  Gazette,  vol.  63,  no.  10, 
Sept.  7,  1917,  pp.  413-415,  3  figs.,  d) 

Internal  Combustion  Engineering 

Spark  Length  in  Various  Gases  and  Vapors,  Robert  Wright 

The  different  factors  affecting  the  phenomenon  of  electric 
discharge,  in  so  far  as  the  length  and  nature  of  spark,  voltage, 
gas  pressure  and  temperature  relations  in  the  spark  are  af- 
fected, have  formed  the  subject  of  a  large  number  of  investi- 
gations (compare  The  Journal  for  January  1917,  p.  86), 
but  the  wider  chemical  relations  have  been  investigated  a  good 
deal  less. 

Natterer,  in  1889,  published  an  examination  of  the  spark 
discharge  through  a  number  of  gases  and  vapors  at  atmos- 
pheric pressure.  His  method  of  investigation  a):ipears  to  have 
been,  however,  quite  crude,  and  the  data  cannot  be  relied  upon. 

As  regards  the  effect  of  temperature  of  the  gas  on  the 
spark,  Harris,  in  1834,  and  Cardani,  in  1888,  both  found  that 
the  temperature  has  no  effect  on  the  spark,  provided  that  the 
number  of  molecules  per  cubic  centimeter  of  the  given  gas 
remains  constant.  That  is  to  say,  if  the  spark  gap  be  enclosed 
in  a  gas-tight  vessel,  then  the  voltage  required  to  produce 
a  spark  will  be  quite  independent  of  the  temperature;  but 
if  the  vessel  be  left  open  so  that  the  gas  can  expand  at  at- 
mospheric pressure,  then  increase  of  temjjerature  causes  in- 
creases '  of  spark  length  for  a  given  voltage.  The  effect  is 
exactly  the  same  as  if  the  gas  concentration  had  been  reduced 
by  lowering  the  pressure  in  the  ordinary  way,  the  temperature 
remaining  constant.  In  the  present  investigation  a  20-mm. 
gap  at  100  deg.  cent,  was  found  to  correspond  with  15  mm. 
at  18  deg.  cent,  and  20  mm.  at  183  deg.  cent,  with  5  mm.  at 
18  deg.  cent. 

TABLE   I      RELATIVE    SPARK    LENGTHS    IN    MILLIMETERS 


Substance 


Methane 

Methyl  chloride 

Methylene  chloride . .  . 

Chloroform 

Carbon  tetrachloride. 


Methyl  bromide. 
Methyl  iodide .  .  . 


Ethane 

Ethyl  chloride. 
Ethyl  bromide - 
Ethyl  iodide.  .  . 


Ethylene. . 
Acetylene . 


Water 

Methyl  alcohol. .. 

Ethyl  alcohol 

iaoPropyl  alcohol. 
i.'oButyl  alcohol . . 


Ethyl  formate. 
Ethyl  acetate . , 

Ethyl  propionate. 


Carbon  dioxide .... 
Sulphur  dioiide, . . . 
Carbon  disulphide . . 
Hydrogen  sulphide. 


Air  gap 
30  mm. 


29 
24 

9 

5 

1.5 

12 

8.5 

24 

21 
9 
6.5 

35 
32 

40 
30 

23 
IS 
16 

14 
11 


16 
10 


.\ir  gap 
20  mm. 


20 
16 

6 

3.5 

1 

9 
5.5 

18 

16 
6.5 
4.5 

27 
26 

36 
26 
19 
15 
13 


11 
6 


Temperature, 
deg.  cent. 


100 
100 
100 
100 
100 

100 
100 

100 
100 
100 
100 

100 
100 

138 
138 
138 
138 
138 

138 
138 


100 
100 
100 
100 
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In  the  present  investigation  the  vapors  of  a  number  of  sim- 
ple organic  substances  were  sparked  under  conditions  enabling 
comparable  results  to  be  obtained.  Among  other  things,  a 
fairly  constant  voltage  was  an-anged  for  by  having  an  air 
gap  of  similar  form  and  definite  length  coupled  in  parallel 
with  the  vajior  gap,  both  gaps  being  at  the  same  temperature. 
In  each  measurement  the  length  of  the  vapor  gap  was  ad- 
justed so  that  on  carefully  raising  the  potential  it  sparked 
equally  with  the  standard  air  gap.  Thus  the  measurements 
may  be  taken  as  representing  the  insulating  powers  of  the 
various  substances  relative  to  that  of  air  at  the  same  temprera- 
ture  and  pressure. 

It  is  interesting  to  note  that  for  various  reasons,  fully  ex- 
plained in  the  original  article,  it  was  found  advisable  to  aban- 
don measurements  made  by  comparing  vapors  at  their  boiling 
points  with  air  at  the  same  temperature.  It  was  also  found 
that,  whether  the  air  gap  is  heated  or  not,  it  is  of  the  first 
importance  that  all  vapors  with  whicli  comparative  measure- 
ments are  being  made  should  be  at  the  same  temperature. 


Fig.  2    Suction    Through   Valve    Chamber   op    McEwen 
HiGH-CojiPRESsiON  Oil  Engine 


The  apparatus  used  is  described  in  detail.  The  results 
given  in  Table  1  have  been  obtained,  but  no  claim  for  gi-eat 
accuracy  is  put  forward,  even  though  each  figure  is  the  mean 
of  several  readings  which  never  varied  among  each  other  by 
less  than  10  per  cent.  Still,  for  any  series  of  comparable 
substances,  increase  of  molecular  weight  is  accompanied  by 
increase  of  insulating  power,  but  the  method  is  not  sufficiently 
accurate  to  determine  whether  the  property  is  a  purely  addi- 
tive one  or  not.  In  fact,  it  appears  that  the  curves  connect- 
ing the  potential  and  length  of  spark  for  different  gases  may 
intersect  one  another,  and  this  result  was  actually  obtained 
in  the  case  of  carbon  dioxide  and  air. 

An  attempt  to  measure  the  spark  length  for  several  of  the 
substances  in  the  liquid  state  proved  to  be  a  failure.  How- 
ever, one  can  scarcely  expect  that  any  simple  agreement  could 
exist  in  the  case  of  liquids,  for,  first,  the  extra  factor  of  sur- 
face tension  has  been  mtroduced,  and,  second,  the  relationship 
between  number  of  molecules  and  volume  which  holds  for 
gases,  no  longer  exists  here.  {Journal  of  the  Chemical  Society, 
vols.  Ill  &  112,  no.  057,  July  1917,  pp.  643-649,  2  figs.,  e) 


McEwEN  High-Compression  Oil  Engine 

The  McEwen  engine  is  of  the  four-cycle  high-compression 
type  which  ojerates  on  the  Diesel  principle  and  is  adapted 
to  burn  any  kind  of  heavy  crude  oil  or  residue. 

As  shown  in  Fig.  2,  the  inlet  and  exhaust  valves  are  ver- 
tical and  the  fuel-injection  nozzle  in  the  center  of  the  head. 
The  operating  camshaft  driven  by  a  gear  on  the  crankshaft  is 
supported  independently  of  the  cylinder,  so  that  the  cam 
thrust  is  taken  up  directly  by  the  engine  foundation,  thus 
relieving  the  frame  of  stresses  from  this  source.  To  take  off 
the  cylinder  head  it  is  necessary  only  to  disconnect  the  ex- 
haust pipe  and  fuel  line,  knock  out  the  pins  on  the  valve 
levers  and  remove  the  nuts  from  the  head  bolts. 

The  piston   is  in   one  piece  of  the  truck  type  and   is  air- 


FiG.  3    Governor  and  Parts  of  Fuel  Valve  of  the 
McEwEN  Engine 

cooled.  Tlie  length  of  the  rod,  and  thus  the  compression,  may 
be  altered  by  inserting  distance  pieces  between  the  rod  and 
tlie  boxes. 

In  the  fuel  pump  no  stuffing  box  is  used,  the  plunger  being 


Fig.  4    Air  Compressor  of  the  McEwen  Engine 

case-hardened  and  gi-ound.  This  plimger  is  operated  against 
a  spring  and  the  return  stroke  is  controlled  by  a  wedge  which 
is  actuated  by  the  governor.  Fig.  3. 

This  governor  consists  merely  of  the  weights  W  held  by 
spring  S  and  connected  by  bell  cranks  to  the  sliding  sleeve  L, 
which  in  turn  connects  with  the  wedge.  As  the  speed  increases 
the  weights  fly  out,  causing  the  bell  cranks  to  slide  the  sleeve 
to  the  right  and  shove  the  wedge  in  farther.  This  shortens 
the  return  stroke  of  the  pump,  decreases  the  suction,  and 
feeds  less  fuel  to  the  sjjray  nozzle. 

A  two-stage  air  compressor  self-contained  in  a  single  barrel 
is  driven  by  a  small  crank  on  the  end  of  the  main  shaft.  As 
shown  in  Fig.  4,  the  first-  and  second-stage  cooling  coils  are 
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integral    with    the    combined    high-pressure    head    and    water 
jacket. 

The  high-pressure  air  goes  to  the  fuel  spray  line  which  is 
provided  with  a  seamless  steel-tube  receiver  to  prevent  any 
fluctuation  in  pressure.  The  pressure  and  output  of  the  com- 
pressor is  controlled  by  a  throttle  on  the  suction  line  of  the 
low-pressure  end,  and  when  it  is  desired  to  charge  the  start- 
ing tank  this  throttle  is  opened  and  the  charging  air  taken  off 
between  the  high-  and  low-pressure  stages.  The  air  starting 
valve  is  in  the  side  of  the  cylinder  head  (see  Fig.  2). 

The  cooling  water  first  comes  to  the  compressor,  then  is 
passed  to  the  engine  cylinder  jacket  and  finally  to  the  cylinder 
head.  Neither  the  piston  nor  the  exhaust  valve  is  cooled. 
Based  on  50  deg.  fahr.  entering  temperature  and  140  deg. 
fahr.  exit  temperature,  the  builders  estimated  a  water  con- 
sumption of  approximately  3.5  gal.  per  hp.-hr.  In  rating  the 
engine  a  conservative  mean-effective  pressure  of  about  68  lb. 
is  figured  on,  allowing  for  10  per  cent  overload  for  two  hours. 
(It  is  stated  that  the  engine  actually  carried  for  a  short  period 


been  obtained,  thus  illustrating  once  more  the  statement  that 
each  size  of  each  type  of  oil  engine  is  a  law  unto  itself. 

Fig.  5  (of  which  only  the  top  part  is  reis reduced)  shows 
a  section  of  an  ordinary  crankcase  compression  two-cycle  hot- 
bulb  motor.  The  cylinder  cover  was  water-cooled  and  the  in- 
jection valve  was  placed  horizontally  in  it,  so  that  it  was  ne- 
cessary to  deflect  the  jet  up  into  the  bulb  by  drilling  the  nozzle 
hole  at  an  angle. 

For  the  air-injection  type  the  form  of  bulb  shown  in  Fig.  5 
was  found  to  be  the  best  and  most  durable,  and  practically  all 
classes  of  fuel  could  be  smokelessly  consumed.  In  addition, 
it  was  possible  when  the  correct  compression  was  found 
(about  140  to  150  lb.  per  sq.  in.)  to  run  at  full  speed  with- 
out the  aid  of  a  water-drip  to  regulate  the  temperature  of  the 
bulb. 

The  water-cooled  cylinder  cover  possesses  an  advantage  that 
is  very  convenient  should  the  supply  of  water  give  out.  As 
the  air  is  compressed  into  the  bulb  through  a  water-cooled 
throat,  the  temperature  of  the  bulb   can   be  kept  within   all 


Pig.  5  Fig.  6  Pig.  7 

Figs.  5  to  7    Various  Types  of  Hot-Bulbs  Tried  Out  with  Solid  and  Air  Injections 


as  much  as  25  per  cent  overload.)      (Power,  vol.  46,  no.  10, 
September  4,  1917,  pp.  321-323,  7  figs,  d.) 

Some  Bulb  Experiments  in  Hot-Bulb  Engines 

With  the  hot-bulb  engine  it  is  always  a  matter  of  consider- 
able difficulty  to  get  absolutely  complete  combustion  of  the 
fuel  oil.  In  all  engines  that  inject  the  oil  direct  into  the 
cylinder  with  a  pump  the  oil  enters  as  a  jet,  and  as  it  is  in  a 
more  or  less  solid  form,  it  is  extremely  difficult  to  obtain 
smokeless  combustion,  owing  principally  to  imperfect  pulveri- 
ization  causing  the  particles  of  oil  to  be  too  large  to  burn  com- 
pletely during  the  short  period  the  oil  is  in  the  cylinder.  Fur- 
ther, if  the  nozzle  is  of  an  imperfect  form  there  is  also  a  dan- 
ger of  the  oil  carrying  over  too  far  and  depositing  on  the  sides 
of  the  combustion  chamber. 

With  air  injection  it  is  possible  to  obtain  greater  turbulence 
and  mixing  in  the  combustion  space,  with  the  result  that 
cleaner  combustion  is  obtained. 

The  author  [not  named]  carried  out  a  series  of  experiments 
to  determine  the  best  form  of  bulb.  Both  air-  and  solid-injec- 
tion systems  were  tried,  and,  while  no  absolutely  uniform  con- 
elusions  can  be  drawn  from  the  experiments,  forms  of  bulbs 
were  determined  that  for  certain  classes  of  heavy  oils  are 
claimed  to  be  smokeless. 

It  was  also  found  that  when  new  sizes  of  engines  were 
built  embodying  the  best  results,  some  of  them  did  not  come 
up  to  expectations,  while  others  exceeded  the  best  that  had 


practical  limits,  by  regulating  the  temperature  of  the  water 
around  the  throat. 

In  all  designs  of  hot-bulb  motors  with  water-cooled  cylin- 
der covers  the  bulbs  are  very  small  as  compared  to  those  (see 
Fig.  6)  in  which  the  bulb  and  cover  are  made  as  one  uncooled 
casting.  Bulbs  are  therefore  very  cheap  to  replace,  and  as 
the  air  in  the  cylinder  is  kept  cooler  by  the  cover,  it  is  denser, 
and  consequently  a  higher  mean  pressure  can  be  supported 
and  a  more  powerful  engine  obtained,  which  was  proved  by 
the  experiments. 

As  regards  the  comparative  merits  of  solid  and  air  sys- 
tems of  injection,  the  writer  states  that  it  is  safe  to  estimate 
an  increase  of  15  per  cent  in  the  power  of  air-injection  over 
soUd-injeetion  engines,  which  compensates  for  the  complica- 
tions added  by  the  compressor.  On  the  other  hand,  it  requires 
a  more  intelligent  driver  to  operate  the  engine,  and  this  type 
should  only  be  installed  when  good  attention  can  be  given. 
It  is  also  better  adapted  for  the  larger  sizes  of  engines  and 
it  is  the  writer's  opinion  that  it  should  not  be  fitted  to  engines 
giving  less  than  40  to  50  b.hp.  per  cylinder. 

Practically  speaking,  any  of  the  six  forms  of  bulb  illus- 
trated in  the  article  can  be  used  for  air  injection  with  smoke- 
less combustion,  and  further,  it  was  found  that  the  testing: 
expenses  and  time  required  for  tuning  up  was  less  for  a  new- 
size  of  engine  of  this  type  than  for  a  new  size  of  the  solid-in- 
jection type. 

For  the  latter  the  form  of  bulb  shown  in  Fig.  6  was  tried, 
but  even  though  it  was  used  with  success  on  a  well-known 
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make  of  engine,  it  was  found  to  be  rather  smoky.  Further, 
the  fact  that  a  certain  proportion  of  the  air  in  the  passage 
leading  into  the  bulb  furthest  away  from  the  jet  cannot  be 
directly  attacked  by  the  oil  jet  would,  no  doubt,  tend  to  keep 
down  the  main  pressure. 

The  type  shown  by  Fig.  7  easily  gave  the  best  i-esults  de- 
spite possibly  some  serious  drawbacks.  With  paraffin,  shale 
oil  and  gas  oil  the  exhaust  was  perfectly  clean,  full  power 
was  obtained  without  assistance  of  the  water-drip,  and  no 
overheating  of  the  bulb  took  place.  With  the  water-drip  an 
increase  of  25  per  cent  in  the  power  was  easily  maintained 
for  long  periods  and  without  the  expenditure  of  any  addi- 
tional fuel  oil.  The  writer  believes  that  this  type  of  bulb 
keeps  cool  without  the  water-drip,  because  the  whole  of  the 
flange  of  the  bulb  is  in  contact  with  the  water-cooled  cover. 


Fig.  8     Combined  Chart  op  Entropy  Temperature   {(f>T) 
AND  Entropy- Total  Heat  ((^/) 

Should  the  bulb  tend  to  keep  too  cool,  its  temperature  can  be 
nicely  adjusted  by  relieving  some  of  the  flange,  so  as  to  re- 
duce the  surface  in  contact  with  the  water  cooling  of  the  cover. 
The  bulb  proved  to  be  very  durable. 

Two  modifications  of  Fig.  7  were  tried :  one  in  which  the 
nozzle  was  placed  in  the  cylinder  cover  and  much  nearer  to 
the  bulb  than  in  Fig.  7,  and  another  with  the  bulb  having  one 
of  the  walls  practically  a  prolongation  of  the  throat  to  the 
cylinder.  Both  proved  to  be  failures.  Next,  the  nozzle  was 
put  directly  in  the  bulb  with  no  better  success.  The  differ- 
ence in  the  design  of  these  types  of  bulbs  is  quite  slight  and 
is  a  good  illustration  of  how  small  the  margin  is  between  suc- 
cess and  failure  in  the  design  of  hot-b\ilb  engines.  ( Tlic  Enyi- 
neer,  vol.  124.  no.  3215,  Aug.  10.  1917.  pp.  112-113.  6  figs.. 
eA) 

Ax   Energy  Diagram  for  Gas  Mixtdees  and  Some  of  Its 
Uses,  William  Alexander 

Charts  have  been  published  for  the  average  gas  mixture 
in  metric  units,  namely,  bj'  Prof.  A.  Stodola,  but  these  charts 
cannot  be  used  with  British  units  of  jiressure  and  volume.  In 
view  of  these  facts  the  writer  jjrepared  a  chart  expressed  in 
British  units  and  represented  in  it  all  of  the  six  state  char- 
acteristics of  gaseous  substances. 

.  In  the  deiivation  of  the  chart  and  expression  of  equations 
on  which  it  is  based,  the  following  notation  has  been  used : 

P  =  pressure  in  lb.  per  square  foot,  or 

P  =  pi'essure  in  lb.  jier  square  inch 


V  =  volume  in  cubic  feet  per  lb. 

T  =  absolute  temperature  (centigrade) 

(j>  =  entropy 

E  =  internal  energy 

Pv 
I  =  total  heat,  defined  by  I  =  E  -\-  -—  =  E  -\-  A  Pv,  where 


1 

J 


Joule's  equivalent  =  1,400  ft-lb.  jier  pound-de- 


gree centigi'ade. 

The  writer  derives  expressions  for  the  various  relations,  of 
which  the  following  are  cited  here. 

Relation  between  the  Entropy  and  Temperature  for  the 
Constant-Volume  and  the  Constant-Pressure  Lines.  For  any 
constant-volume  line,  the  difference  between  the  entropies  at 
any  two  temperatures  2',  and  T^,  is 


<t>'.  ~  4>i 


b\og,^+s{T,- 


T,)- 


(t: 


V) 


and  for  constant-pressure  lines 

<i>,  -  <^.  =  a.  log.,  -±-{-s(T._^T,)-^(,T:-  T,') 

Also,  at  any  given  temperature  the  difference  of  entropies  for 

the  constant-volume  lines  v^  and  r,  is 

r . 

4>2  —  4>i  =  B  loge  ~ 

1 

and  for  constant-pressure  lines  P,  and  P.  is 

P., 
<^,  —  </,,  =  —  P  log,  -^ 

also 

^  —  ^(p  =  14.7 )=  0.0707  (loge  p  + log,  14.7) 
where  p  is  now  in  lb.  per  square  inch. 

On  the  chart  entrojiy  is  set  off  horizontally  on  an  even  scale, 
and  an  even  scale  of  temperature  and  uneven  scales  of  total 
heat  and  internal  energy  are  set  off  vertically. 

The  author  discusses  in  some  detail  the  advantage  of  repre- 
senting the  six  functions  of  state  as  a  means  of  simplifying 
the  expressions. 

But,  besides  simplifying  the  calculation  in  finding  the  effi- 
ciency of  ideal  diagrams,  the  energy  chart  affords  a  con- 
venient means  of  ascertaining,  to  some  extent,  the  kind  of 
thei-mal  action  that  goes  on  iu  the  cylinders  of  actual  gas 
engines  and  enables  one  to  obtain  a  fairly  close  idea  of  actual 
efficiencies. 

The  writer  also  shows  how  the  mean  pressure  can  be  deter- 
mined from  or  checked  by  means  of  a  practical  thermal  dia- 
gram, v/hieh  latter  gives  at  once  the  temperatures  at  most 
points  of  the  cycle.  In  particular,  the  writer  carries  through 
a  comparison  between  a  small  and  large  Diesel  engine,  and 
finds  through  a  consideration  of  the  compression  lines  that 
the  larger  cylinder  and  piston  are  hotter  than  the  smaller. 
The  hot  cylinder  may  account  for  earlier  and  better  combus- 
tion in  the  larger  engine,  as  the  expansion  lines  on  the  right 
(Fig.  9)  would  indicate.  The  average  temperature  of  the 
cylinder  and  piston  suiface  in  the  larger  engine  is  seen  from 
the  figure  to  be  approximately  750  deg.  cent,  absolute  at  the 
jioint  H.  which  temperature  is  near  the  limit  for  the  best 
lubricating  oils.  This  indicates  the  reason  for  the  well-known 
particular  difficulty  experienced  in  keeping  cool  the  piston 
and  internal  surface  of  the  cylinder  of  large  Diesel  engines. 

The  nature  of  the  combustion  is  also  well  illustrated  in  Fig. 
9.  In  the  larger  Diesel  engine  combustion  is  nearly  complete 
at  0.4,  equivalent  to  0.36  of  the  stroke,  and  in  the  small  Diesel 
combustion  is  almost  complete  at  0.7  equivalent,  to  0.46  of  the 
stroke.     The  thermal  diagi'am  should  thei'efore  be  of  consider- 
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able  service  in  tuning  up  engines  to  give  their  best  indicated 
results.  {I'he  Journal  of  the  Institution  of  Mechanical  Engi- 
neers, no.  5,  July  1917,  pj..  333-349,  8  &gs.,  tA) 

Measuring  Apparatus 

Theory  of  the  Flexible-Tube  Manometer,  H.  Lorenz 
{Phys.  Zeits.,,\'o\.  18,  pp.  117-121,  March  15,  1917) 

For  measuring  the  pressure  of  liquids  or  elastic  fluids  in 
industrial  processes,  the  Bourdon  flexible-tube  manometer 
plays  an  important  part.  The  active  component  of  this  in- 
strument is  a  thin-walled  metallic  tube  of  oval,  i.e.,  elliptical, 
cross-section,  which  is  bent  into  circular  shape,  the  ring,  how- 
ever, not  being  closed  but  including  an  angle  of  270  deg. 
Both  ends  are  closed  by  soldered  covers,  and  near  the  fixed 
extremity  the  tube  carries  a  support  for  attaclunent  to  the 
vessel  under  examination.  Pressure  causes  deformation  of  the 
tube,  which  deformation  is  communicated  to  a  calibrated  re- 
corder fixed  to  the  movable  end. 

The  present  paper  deals  with  the  theory  of  this  instru- 
ment, and  first  investigates  a  closed-ring  tube  possessing  a 
known  internal  pressure.  A  previous  paper  [see  Abs.  1335 
(1912)]  on  the  bending  of  curved  tubes  should  be  consulted. 
The  distortion  produced  is  found  to  be  directly  proportional 
to  the  pressure  in  the  flexible  tube — a  fact  which  supersedes 
the  previous  theory  of  dependence  upon  the  strength  of  the 
tube.  Discrepancies  between  theory  and  experiment  are 
ascribed  to  the  incomplete  elliptical  shape  of  the  meridian 
curve  or  to  the  loss  of  double  symmetry  of  distortion.. 
(Science  Abstracts,  Section  A — Physics,  vol.  20,  part  7,  July 
30,  1917,  no.  235.  p.  258,  et) 

Mechanics 

Column  Tests  and  Formul.«,  Robert  S.  Foulds 

In  the  Engineering  News-Record  of  June  28,  1917,  was 
given  a  description  of  column  tests  made  at  the  Bureau  of 
Standards.  The  present  article  is  partly  of  the  nature  of 
comments. 

The  writer  expresses  the  belief  that  on  account  of  the 
erratic  tests  it  is  idle  to  expect  plotted  results  of  any  par- 
ticular series  of  one  cross-section  to  give  a  smooth  curve  for 
&  column  formula.  Further,  with  eiTatic  results  eliminated, 
different  sections  with  ends  squared,  as  in  the  Bureau  of 
Standards  tests,  would  probably  have  varying  degrees  of  end 
fixity,  and  this  would  give  curves  of  different  slojies. 

The  general  trend  of  these  tests,  as  a  whole,  is  seen  to  follow 
-the  direction  of- the  formula  36,000-0.386  {l/r)-,  tangent  to  the 

28E 
Euler  curve  — — -j-  at  l/r  =  216.     Perfect  fixity  of  the  ends  is 


(l/r 


■kE 


not  to  be  expected — that  is,  a  curve  tangent  to  4 ^.     In 

•column  tests  with  pin  ends,  one  would  expect  a  general  slope 


.such  as  is  expressed  by  a  curve  tangent  to  16- 


E 


(l/r) 


,  which  end 


conditions  it  is  believed  approximate  the  end  conditions  in 
structures.  Had  the  length  I  between  points  of  inflection  in 
these  tests  been  measured  and  the  results  plotted,  they  would 

probably  have  had  the  general  slope  of  a  curve  tangent  to    "' 

The  writer  believes  that  too  few  tests  have  been   made  to 
establish  any  formula,  and  besides  no  one  formula  for  a  steel 


of  particular  chemical  combination  would  exactly  express  the 
facts  for  various  sections  and  for  thin  and  thick  material. 

He  further  believes  that  had  the  elastic  limits  been  given, 
it  would  have  probably  been  found  that  the  ratio  of  the 
elastic  limit  of  the  columns  tested  to  their  ultimate  is  roughly 
equal  to  the  ratio  of  the  elastic  limit  of  full-sized  tension 
members  to  their  ultimate. 

As  regards  working  stresses,  he  claims  that  a  curved-line 
formula  is  more  rational  than  a  straight-line  formula,  and 
believes  that  in  time  engineers  will  adopt  a  curved-line 
formula  something  like  the  J.  B.  Johnson  parabolic  formula,  or 
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Fig.  9     Comparison  op  Thermal  Diagrams  for  Large  and 
Small  Diesel  Engines 

36,000 — 0.7  {l/r)-.     {Engineering  News-Record,  vol.  79,  no.  6, 
August  9,  1917,  pp.  260-261,  e) 

Standardizing  Symbols  for  Screw-Thread  Notation  and 

FORMULvD 

The  Bureau  of  Standards  is  considering  the  symbols  given 
below  for  use  in  its  work  on  the  standardization  of  screw- 
thread  gages.  In  proposing  the  jiarticular  letters  given,  sev- 
eral points  have  been  in  mind,  such  as  the  use  of  symbols 
which  can  be  found  on  the  ordinary  typewriter,  and  the  con- 
sistent use  of  large  and  small  letters. 

An  attempt  has  been  made  to  use  the  large  and  small  let- 
ters in  a  systematic  manner  which  will  give  the  best  results. 
In  computations  and  development  formulse,  it  is  generally 
most  convenient  to  use  the  diameter.  It  has,  therefore,  seemed 
desirable  to  inovide  symbols  for  both  diameters  and  radii,  and 
this  has  been  done  by  using  the  large  letters  for  the  diameters 
and  the  corresponding  small  letters  for  the  radii. 

With  a  few  exceptions,  the  capital  letter  has  been  used  to 
indicate  the  largest  quantities  and  the  small,  or  lower-case, 
letter  the  corresponding  smaller  quantities.  This  has  not  been 
done  in  the  case  of  the  letter  "  N,"  as  it  was  thought  best 
to  have  the  upper-case  "  N "  a  reciprocal  of  the  upper-case 
"  T,"  and  similarly  with  the  lower-case  "n"  and  "  t.'"    The 
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Bureau  will  be  very  glad  of  constructive  criticisms  and  sug- 
gestions from  those  who  are  experienced  and  interested  in  the 
subject.     The  symbols  follow : 

STMBOLS  FOR  SCREW-THREAD  rORMUL^al 

Full,  or  outside  diameter D 

(Corresponding  radius) d 

Pitch   or  effective  diameter E 

(Corresponding  radius) e 

Core  diameter K 

(Corresponding  radius) k 

Angle  of  the  thread A 

(For  half  the  angle) a 

Number  of  turns  per  inch N 

Number  of  threads  per  inch n 

Lead P  =  1  N 

Thread  interval p  =  1/n 

Helix  angle s 

Tangent  of  the  helix  angle S 

Width  of  flat  at  top  and  bottom F 

Distance  from  the  flat  to  point  that  would  be  formed 

if  sharp  V-thread  were  used f 

Depth  or  height  of  sharp  V H 

Depth  or  height  of  thread h 

REGAKDING    WIRE    MEASUREMENTS 

Measurement  over  wires M 

Diameter   of  wire G 

(Corresponding  radius) g 

Radius  of  curvature  (Whitworth  crest  and  root) .  .  .    c 
{American  Machinist,  vol.  47,  no.  8,  August  23,  1917.  p.  326, 
9) 

Pumps 

Notes  on  the  Construction  of  Turbine  Pumps,  Alan  E.  L. 
Chorlton,  Mem.  Am.  Soc.M.E. 

Description  and  discussion  of  the  main  elements  of  con- 
struction of  turbine  pumps.  The  writer  considers  the  subject 
under  the  headings  of  the  various  component  parts  of  a  pump. 
These  are: 

The  stator,  which  consists  of  the  casing,  or  housing,  and  of 
the  guide  vanes,  or  appliances,  for  converting  velocity  energy 
into  pressure  energy. 

The  impeller. 

The  balancing  appliances,  hydraulic  or  mechanical. 

The  rotor  considered  as  a  whole,  and  including  the  spindle, 
with  its  protecting  sleeves,  impellers,  and,  in  most  cases,  the 
balancing  appliances. 

The  bed  and  other  details,  bearings,  stuffing  boxes,  etc. 

There  are  two  main  types  of  casings;  the  Osborne-Reynolds, 
or  divided  type,  sometimes  called  the  ring  type,  and  the  Sulzer 
integral,  or  one-piece  type,  sometimes  called  the  cylindrical 
type.  Recent  American  practice  provides  a  variation  of  this 
type  with  the  housing  in  lialves,  divided  on  the  horizontal  cen- 
tral line. 

As  regards  the  guide  vane,  the  writer  classifies  the  various 
assemblies,  or  passages,  into  three  groups : 

a  tangential  and  radial  with  return  radial 
b  tangential  and  spiral 
c  combinations. 

Speaking  generally,  combination  designs  are  not  so  efficient 
as  the  si-jiple  types,  owing,  probably,  to  the  hydraulic  loss 


through  changing  the  radial  direction  of  the  water  at  high 
speed. 

As  regards  the  flnish  of  guide-passage  surfaces,  the  writer 
states  that  for  best  efficiency,  the  throat  of  the  passage,  at 
least,  if  not  the  entire  passage,  should  be  of  gun  metal  or 
bronze,  as  iron  does  not  preserve  a  sufficiently  good  surface 
for  high-velocity  conditions.  For  best  results,  a  bronze  blade 
should  be  provided  with  bosed-in  passage,  the  blade  being 
attached  to  the  guide-vane  casting  or  doweled  to  the  casing. 

Impellers  are  either  single-entrant  or  double-entrant. 

Multicellular  pumps  use  a  single-eye  wheel  in  three  forms: 
a,  unbalanced,  and  equal  side  areas,  one  rubbing  shoulder;  b, 
unbalanced,  equal  side  areas,  two  rubbing  shoulders;  and  c, 
balanced  on  paper.  Type  c  has  the  paper  advantage  of  being 
in  balance.  Actually  it  is  a  poor  approximation  to  a  balance. 
Disturbing  factors  are  set  up  by  differences  in  side  pressure 
on  the  impeller  due  to  differences  in  volume  and  surface  form 
of  the  water  contained  on  the  two  sides  of  the  impeller;  by 
ditl'erences  of  quantitative  leakage  through  the  two  shouldeis, 
and  by  high-pressure  leakage  into  one  side  of  the  impeller 
from  the  stage  above  and  leakage  from  the  other  side  of  the 
impeller  to  next  low-pressure  stage  below.  Therefore,  in 
practice  it  is  necessary  to  provide  an  additional  end-balancing 
device  of  the  hydraulic  type,  or  a  mechanically  positioning 
fitting,  such  as  a  thrust  collar  or  ball  bearing. 

The  writer  discusses  in  detail  the  question  of  how  the  in- 
ternal design  of  all  impellers  is  governed  by  the  two  con- 
trolling features :  the  entrance,  or  inlet  angle  of  vane,  and  the 
delivery,  or  exit  angle  of  the  vane. 

The  balancing  appliances  are  discussed  in  detail. 

As  regards  the  rotor,  the  question  of  support  is  discussed 
in  an  interesting  manner.  The  ideal  condition  is  that  of  a 
rotor  supported  in  lubricated  bearings  on  a  shaft  of  such  suffi- 
cient stiffness  between  supports  that  the  deflection  under  all 
possible  rimning  conditions  is  less  than  the  clearance  allowed 
at  the  neck  rings  and  intermediate  bushes,  so  that  no  contact 
takes  place  between  the  rotating  and  the  fixed  members,  this 
clearance  at  the  neck  rings  and  intermediate  bushes  being  kept 
down  to  the  smallest  possible  limits.  It  is  practically  impos- 
sible to  present  mathematically  the  exact  conditions  with  such 
a  number  of  incalculable  factors  to  take  into  account. 

The  supporting  effect  of  the  bushes  on  the  shaft  in  passing 
through  the  diaphragm  intermediate  between  the  impellers  is 
very  difficult  to  allow  for  exactly.  Intermediate  bushes  can 
only,  in  some  eases,  be  considered  as  water-lubricated  sup- 
ports, which  will  act  as  such  so  long  as  a  certain  low  surface 
pressure  on  them  is  not  exceeded;  but  if  too  great  pressure 
comes  on,  heating  takes  place  on  account  of  the  high-speed 
of  rotation.  The  author  believes  that  too  much  use  is  made 
of  these  intermediate  supports  in  turbine-pump  design.  It  is 
found  in  practice  that  an  internal  bearing  to  be  successful 
must  have  the  same  v.ater  pressure  at  both  ends  and  must  be 
properly  lubricated  with  good  grease,  and  then  it  gives  excel- 
lent results.  It  is,  after  all,  a  fact,  therefore,  that  designers 
are  practically  dependent  on  the  shaft  itself  for  the  necessary 
strength  and  stiffness  to  allow  of  vane  internal  clearance, 
which  makes  apparent  the  great  importance  of  a  good  design 
which  will  economically  give  the  minimum  deflection  of  the 
spindle. 

The  forms  of  neck-ring  are  classified  and  discussed   under 
the  following  heads: 
a  Internal 
b  External 
c  Vertical 
(I  Labvrinth 
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Static 


ib) 


(c) 


Dynamic 


J 


(d) 


affecting    the    deflection    of    a    turbine-pump 

The  weight  of  spindle  and  distribution  of 
diameter  change 

The  weight  and  distribution  of  impellers,  bal- 
ancer, and  parts 

The  number  and  span  of  supporting  bearings; 
and 

The  djnamic  condition,  other  incalculable 
forces  entering  into  the  account,  such  as 
centrifugal  forces  due  to  the  out-of-baJance 
masses,  and  finally  certain  hydraulic  dis- 
turbances. 


(a)  Should  be  as  light  as  possible  consistent  with  the  neces- 
sary stiffness,  and  in  common  practice  spindles  are  practically 
parallel  the  whole  length. 

(h)  Inipellers  and  balancer  should  be  gi'ouped  together  as 
closely  as  possible,  only  allowing  sufficient  space  for  the 
water  passages  between  the  stages;  also,  the  entire  weight 
should  be  brought  as  close  to  the  supj)oi'ting  bearings  as  pos- 
sible. 

(c)  The  span  of  sujiporting  bearings  plays  such  an  ex- 
tremely important  part  in  the  durability  of  the  pump ;  in  the 
possibility  and  preservation  of  fine  clearances;  in  the  whirl- 
ing of  the  shaft  and  in  the  determination  of  the  most  econom- 
ical size  of  spindle,  that  special  notice  will  be  taken  of  it. 

(d)  A  loaded  shaft  supported  horizontally  between  two 
bearings  will  "  sag,"  and  when  rotated  must  suffer  bending  at 
evei-y  revolution.  Also,  there  are  bound  to  be  certain  out-of- 
balance  masses  in  the  rotor  due  to  keys,  heterogeneous  com- 
position of  material,  the  unavoidable  variation  of  thickness 
of  castings,  etc.  In  addition,  a  shaft  has  vibrational  periods 
due  to  its  length  and  diameter,  the  whole  question  of  vibration 
being  intensely  complicated  by  the  loading  and  supports. 
(Journal  of  the  Institution  of  Mechanical  Engineers,  No.  .5, 
July  1917,  pp.  361-432,  42  fig.,  crf.4) 

Railroad  Engineering 

Beach  Oil-Electric  Car  for  the  Nashville,  Chattanooga 
&  St.  Louis  Railway 

Description  of  an  oil-electric  car  designed  to  supplant 
steam-locomotive  passenger  service  in  branch-line  territory 
where  the  slight  density  of  traffic  makes  such  a  type  prefer- 
able. This  car  is  provided  with  motor-driven  trucks,  current 
for  which  is  secured  from  an  oil-engine-driven  generator 
mounted  in  the  forward  end  of  the  car.  It  is  stated  to  be 
the  most  powerful  self-propelled  unit  of  its  kind  thus  far 
constructed  and  is  expected  to  operate  at  from  one-third  to 
one-fifth  of  the  expense  required  to  maintain  a  corresponding 
service  by  steam,  in  addition  to  its  eliminating  smoke,  etc. 

The  power  plant  consists  of  a  four-cycle  eight-cylinder 
150-hp.  engine  direct-connected  to  a  100-kw.  differential-com- 
pound-wound 250-volt  direct-cun'ent  generator,  running  at  a 
constant  speed  of  1,000  r.p.m. 

The  engine  burns  a  fixed  gas  derived  from  a  gas  generator 
which  operates  on  kerosene  oil.  The  gas  is  supplied  directly 
from  the  generator  into  the  engine  cylinders  in  the  propor- 
tion of  one  part  of  gas  to  six  parts  of  air. 

The  car  weighs  113,000  lb.  completely  equipped,  accelerates 
at  a  rate  of  0.8  miles  per  hr.  per  sec.  and  has  a  speed  of  45 
miles  per  hr.  It  requires  140  hp.  to  operate  this  car  at  45 
miles  per  hr.  and  340  hp.  to  accelerate  at  the  above-mentioned 


rate.  As  the  engine  generates  150  lip.  and  the  car  when  run- 
ning at  45  miles  per  hr.  consumes  only  140  hp.,  the  additional 
power  developed  is  automatically  used  to  charge  the  battery. 

The  car  is  heated  by  means  of  hot  water  from  the  engine, 
which  is  by-passed  when  not  wanted.  The  double  trucks  on 
which  the  car  is  mounted  are  of  the  equalized  high-speed 
type  with  7  ft.  3-in.  wheel  base,  33-in.  M.C.B.  rolled-steel 
wheels  and  5x9-in.  M.C.B.  journals. 

The  following  is  believed  to  be  a  fair  average  cost  per 
mile  (the  cost  generally  varies  with  the  service  required) : 
Wages,  .$0.0745;  fuel  and  lubrication,  $0.04;  repairs  and 
supplies,  $0.0.35;  depreciation,  $0.0385;  total  cost,  $0,188. 
{Railway  Review,  vol.  61,  no.  9,  September  1,  1917,  pp.  259- 
260,  3  figs.,  d) 

A  120-Ton  Coal  Car  for  the  Virginian  Railway, 
B.  W.  Kadel 

Description  of  one  of  four  experimental  cars  built  for  the 
Virginian  Railway  without  drop  doors  to  unload  in  tlie  car 
dumper. 

The  car  is  built  for  use  in  bituminous-eoal-carrying  service 
and  has  certain  features  of  construction  which  make  it  of  par- 
ticular interest. 

The  car  body  is  of  plate-and-angle  construction,  with  Car- 
negie cross-tie  sections  for  side  stakes  and  end-plate  stiffeners. 
The  principle  of  design  is  that  the  weight  of  the  lading  be 
actually  transferred  to  the  sides  of  the  car,  the  integrity  of 
the  center  sill  as  a  draft  member  being  maintained.  The  cen- 
ter sill  extends  not  quite  to  the  bolster  at  either  end  of  the 
car.  The  buffing  forces  are  delivered  to  the  center  sill,  not 
through  the  rivets,  but  as  direct  loads  upon  the  ends  of  the 
sills,  and  the  center  plates  are  integral  parts  of  the  steel  cast- 
ings forming  a  portion  of  the  radial  draft  gear. 

To  prevent  the  center  sill  from  receiving  bending  stresses 
of  any  moment  from  the  lading,  three  plate-girder  diaphragms 
are  provided  to  carry  the  load  out  to  the  side  plate  girders. 
These  have  the  compression  members  passing  continuously 
over  the  center  sill,  and  the  bottom,  or  tension,  member  pass- 
ing under  the  sill. 

The  sides  of  the  car  are  carried  by  the  body  bolsters,  which 
are  of  novel  construction.  They  are  integi'al  steel  castings 
located  above  the  floor  of  the  car  within  the  coal  space,  and 
are  shaped  not  only  to  give  an  economic  and  advantageous 
disposition  of  the  metal  for  the  various  conditions  of  load 
application,  but,  at  the  same  time,  to  offer  no  obstruction  to 
the  coal  in  dumper.  Wing  plates  extend  upward  from  the 
outer  ends  of  the  bolster's  to  stay  the  sides  of  the  car. 

Because  of  the  great  weight  of  the  ear,  it  has  been  found 
necessary  to  provide  definite  jacking  points  specially  designed 
to  take  care  of  this  operation.  Two  jacking  blocks  are  pro- 
vided at  each  corner  of  the  car,  either  of  which  will  support 


table  1     STRESS  LIMITATIONS  OBSERVED  IN  DESIGN  OF 
VIRGINIAN  120-TON  COAL  CAR 


Tension 

Compression 

Shear 

Bearing 


Stress,  lb.  per  sq.  in. 


Structural 
Parts 


13,000 
13,000 
9.000 


Steel 
Castings 


9.000 
9,000 
8,000 


Rivets 


8,000 
16,0(X) 
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the  load  of  that  corner  of  the  car,  so  that  the  ear  can  be 
jacked  up  at  one  of  these  points  and  stooled  at  the  other. 
One  of  these  blocks  is  under  the  end  of,  and  in  reality  a  part 
of,  a  east-steel  body  bolster,  the  other  being  a  part  of  the 
corner  poling  pocket.  The  push-pole  pockets  also  have 
bracket  portions  which  extend  out  and  engage  stops  on  the 
cradle  of  the  dumper,  should  the  overhead  clamps  for  any 
reason  fail  to  hold  the  car  when  in  inverted  position. 

It  is  stated  that  the  aim  in  the  design  lias  been  to  eliminate, 
as  far  as  possible,  all  useless  metal,  and  to  this  end  an  espe- 
ciallj'  careful  analysis  of  the  known  forces  and  stresses  was 
made.  Under  the  most  extreme  conditions  of  loading  the 
extreme  combined  stresses  have  not  been  allowed  to  exceed 
those  given  in  Table  1,  based  on  10  per  cent  overload  in  the 
car.  As  far  as  possible,  the  secondary  stresses  have  been  ana- 
lyzed and  allowed  for.  The  article  contains  a  promise  of  pub- 
lishing, at  a  later  date,  the  method  of  calculation  of  stresses 
for  the  various  portions  of  this  car.  [Railway  Age  Gazette, 
vol.  63,  no.  7,  Aug-ust  17,  1917.  pp.  285-289,  7  figs.,  d) 


any  complications  in  removing  either  boiler  or  superheater 
tubes. 

Such  an  arrangement  involves  the  danger  of  having  the 
superheater  projecting  too  far  into  the  chamber  and  burning 
out.  In  this  case  this  difficulty  was  overcome  by  placing  the 
superheater  tubes  in  a  single  header  so  arranged  that  the  front 
and  back  rows  were  not  more  than  about  four  inches  apart, 
which  prevents  any  excessive  heat  reaching  the  tube. 

The  superheater  header  is  divided  into  three  compartments 
and  consists  of  two  double  gi'oups  of  U-tubes,  one  group  being 
placed  immediately  alongside  the  other. 

If  a  superheater  tube  should  fail,  it  is  not  necessary  to 
shut  the  boiler  down,  as  the  tube  can  be  plugged  in  a  few 
minutes.  For  this  purpose  a  steam  stop  valve  is  placed  on  the 
inlet  side  of  the  superheater,  so  that  it  is  only  necessary  to 
discharge  the  steam  from  the  superheater  to  reexpand  or  stop- 
per a  tube,  which  can  be  done  in  a  few  minutes  without  let- 
ting the  steam  out  of  the  boiler. 

The  followina:  particulars  are  given  of  the  workine  of  this 


Steam  Engineering 

Exchange  of  Bases  in  Permutite,  Miss  G.  Kornfeld 
{Phys.  Zeits.,  vol.  18,  pp.  113-114,  March  1,  1917. 
Paper  read  before  the  Deutsch.  Bunsen  Gesell.,  Dec. 
1917.) 

Together  with  V.  Rotlunund,  the  author  investigated  the 
aluminate-silicates,  or  permutites,  of  Gans,  considering  them 
to  consist  of  two  phases,  a  .solution  containing  two  cations 
and  one  anion,  and  a  solid  phase  (permutite)  containing  the 
two  cations.  The  author  reviews  the  researches  and  formulae 
of  Wiegner  and  of  Gans,  and  describes  experiments  in  which 
powdered  sodium  permutite  was  mixed  with  solutions  of  sil- 
ver nitrate  and  sodium  nitrate  (simultaneously  or  separately), 
and  shaken  for  about  five  minutes;  the  concentrations  varied 
within  very  wide  limits.  A  new  formula  is  deduced  and  tested 
by  experiments  with  silver  permutite  and  alkali  salts. 
(Science  Abstracts,  Section  A — Physics,  vol.  20,  part  7,  July 
30,  1917,  no.  235,  pp.  301-302,  gt) 

Sugden's  Superheater  for  the  Stirling  Type  of  Boiler 

In  the  usual  aiTangement  of  superheater  with  this  type  of 
boiler  the  former  is  placed  between  the  first  and  second  bank 
of  tubes.  There  are,  however,  certain  particular  objections 
to  this  arrangement,  principally  because  of  the  very  limited 
space  available  for  cleaning,  removing  or  replacing  either 
boiler  or  superheater  tubes. 

If  the  superheater  is  arranged  with  the  lieaders  either  above 
or  below  the  two  sets  of  circulating  pipes  connecting  the 
steam  and  water  space  of  the  drums,  there  are  certain  dif- 
ficulties; if  placed  below  the  expanded  joints  of  the  tubes  and 
the  joints  of  the  han dholes  affording  access  to  the  headers, 
they  are  in  the  path  of  the  flame  and  heated  gases,  whicli  is 
bad  practice.  In  the  alternative  an-angement  the  headers  are 
placed  outside  the  superheater  pipes,  being  inserted  between 
the  circulating  pipes.  This  is  the  objectionable  feature  of 
placing  the  superheater  tubes  in  the  chamber  between  the  first 
and  second  banks  of  tubes,  as  this  increases  the  difficulty  of 
taking  out  and  replacing  the  boiler  tubes  as  well  as  the  super- 
heater tubes. 

In  the  new  design,  shown  in  Fig.  10,  the  superheater  is 
placed  in  the  first  chamber,  in  close  contact  with  the  front 
wall  of  the  boiler  and  in  such  a  position  that  access  can  be 
readily  obtained  for  cleaning  and  inspection.     It  also  avoids 


Fig.  10    SuGDEN  Superheater  for  Stirling  Type  of  Boiler 

superheater  on  a  Stirling  boiler  at  the  Blaina  Colliery.  The 
boiler  has  a  heating  siu'face  of  1620  sq.  ft.  and  a  grate  surface 
of  32  sq.  ft.  and  is  capable  of  evaporating  under  normal  con- 
ditions of  working  about  6500  lb.  of  water  per  hour.  The 
working  pressure  is  160  lb.  per  sq.  in.,  giving  a  temperature 
of  370  deg.  fahr.  The  superheat  added  to  the  steam  at  this 
temperature  is  ISO  deg.  fahr.,  making  a  total  steam  tempera- 
ture of  550  deg.  fahr.  (Engineering,  vol.  104,  no.  2693,  Aug. 
10,  1917,  p.  147,  3  figs.,  d) 
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Carnegie  Endowment  for  International  Peace.  Year  P.ook.  1917. 
Washington,  1917.  Gift  of  Carnegie  Endowment  for  International 
Peace. 

Chemical  Relations  of  the  Oil-Field  Waters  in  San  Joaquin  Val. 
LEY,  California.  (U.  S.  Geological  Survey.  Bulletin,  653).  Wash- 
ington, 1917.     Purchase. 

A  Complete  Epitome  of  Practical  Navigation.  By  J.  W.  Norie. 
London,   1S77.      Gift   of   F.    H.    Frankland. 

CONCURSO  Internacional  Para  la  ErecciOx  de  un  Mo-vumento  a 
LA  Memobia  del  Mayor  General  del  Ej^rcito  Libertador,  Max- 
imo GOMEZ  Y  Baez.  Habana,  1917.  Gift  of  Cuba-Corn,  del  Monu- 
mento. 

Economic  Geology  of  Gilpin  County  and  Adjacent  Parts  of  Clear 
Creek  and  Boulder  Counties,  Colorado.  (U.  S.  Geological  Sur- 
vey.     Professional   paper  94).      Washington,   1917.     Purchase. 

enrichment  of  Ore  Deposits.  (U.  S.  Geological  Survey.  Bulletin 
625).     Washington,  1917.     Purchase. 

Brie  &  Pittsburgh  Railroad  Company,  .\nnual  Report.  59tli.  1916. 
Erie,  1916.     Gift  of  Company. 

An  Exploration  of  the  Tazin  and  Taltson  Rivers  North  West 
Territories.  (Canada.  Department  of  Mines.  Memoir  84 ». 
Ottaica,  1916.     Purchase. 


Magnesite  Deposits  of  Grenville  District.  Argenteuil  County, 
Quebec.  (Canada.  Department  of  Mines.  Memoir  98 1.  Ottawa, 
1917.     Purchase. 

National  Service  Handbook.  Issued  by  The  Committee  on  Public 
Inlormatiou.  Washington,  1917.  Gift  of  Committee  on  Public  In- 
formation. 

New  South  Wales.  Depart.ment  of  Mines.  Annual  Report,  1916. 
Sydney,  1917.     Purchase. 

New  York  Times  Index.     Vol.  V,  1917.     Neio  York,  1917.    Purchase. 

Oklahoma  Society  of  Engineers.  Transactions.  Vol.  11.  III.  Okla- 
homa, 1916-17.     Gift   of   Society. 

Old  Time  Telegraphers  and  Historical  Association.  Annunl  Re- 
union. 31st,  32d.  1912-1913.  Gift  of  National  Electric  Light 
Association. 

Photography  in  Colors.  By  George  Lindsay  Johnson.  New  ed., 
E.  P.  Dutton  &  Co.  New  York,  1917.  Cloth,  5x8  in.,  302  pp..  36 
illus..  $2.     Gift  of  the  publisher. 

PiTTSFiELD,  Mass.  Board  of  Public  Works.  Report.  1912-191U. 
Pittafleld,  191S-1917.     Gift  of  City  Clerk. 

Plain  and  Ornamental  Forging.  By  Ernst  Schwarzkopf.  John 
Wiley  &  Sons,  Inc.,  New  York.  1916.  Cloth,  5x8  In.,  267  pp.,  228 
figs.     $1.50.     Gift  of  the  publisher. 

Portsmouth,  Va.  Mayor's  Annual  Message,  together  with  Municipal 
Reports,  1913-1916.     Gift  of  City  Clerk. 
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The  Powdk  Ki.xk  Book.  Novel  Ideas  and  Simple  Devices  for  Meeting 
Emergencies  in  the  Power  Plant.  Power,  New  York,  llin.  Boards, 
t;.\S  in.,  146  pp.,  147  figs.     $1.75.     Gift  of  tlie  publisher. 

Practical  M.vrine  Engineering.  For  Marine  Engineers  and  Students, 
with  Aids  for  Applicants  for  Marine  Engineers'  Licenses.  Fourth 
ed.  B,v  Captain  C.  W.  Dyson.  Marine  Engineering,  Xew  York, 
i;il7.    Cloth,  6x0  in.,  982  pp.,  500  figs.     $6.   Gift  of  the  publisher. 

Printing  Trades  Blie  Book,  1917.  A.  F.  Lewis  &  Co.  Aew  York. 
1017.     Cloth,  6x8  In.,  543  pp.     $3.     Gift  of  the  publisher. 

Public  I'TiLiriEs  Reports  Annotated.  1917-B.  Rucheiter,  19n. 
Purchase. 

PUBLIC  Vtilities  REPORTS.     1917-C.     RocHestcT,  1917.     Purchase. 

Quebec.  Report  ox  Mining  Operations  in  the  Province  of  Quebec. 
1916.     QiKiec,  1017.     Purchase. 

Railway  E.stimates.  Design,  Quantities  and  Costs.  B.v  I'.  Lavis. 
Mc(;raw-Hill  Book  Co.,  Inc.,  New  York,  1917.  Cloth,  6x9  in.,  60S 
pp.,  99  figs.     $5.     Gift  of  the  publisher. 

Railroad  Freight  R.^tes  and  the  Farmer.  By  Samuel  O.  Dunn.  An 
address  before  the  Illinois  .-igricultural  Association,  July  6,  1917. 
Pnrfha.se. 

Hand  Mining  Economics.  Some  Salient  I'nappnciated  Issues.  By 
G.  A.  Denny.  Reprinted  from  the  Journal  of  the  South  African 
Institution  of  Engineers,  April,  1917.  Johannesburg,  1917.  Pur- 
chase. 

The  "  Ratio  "  Chart  for  Plotting  St.atistics.  By  Irving  Fisher. 
Reprinted  from  Quarterly  Publications  of  the  American  Statistical 
Association.  June.   1917.      (jift   of  author. 

Recent  Practice  in  the  Sanitary  Drainage  of  Buildings  :  With 
Memoranda  on  the  Cost  of  Plumbing  Work.  By  Wra.  Paul  Ger- 
hard. Second  ed.,  D.  Van  Nostraud  Co.,  New  York,  ISUO.  Boards. 
4x6  in..  173  pp.      $0.50.      Gift  of  the  puljlisher. 

Rhodesia  Chamber  of  Mine.s.  Annual  Report.  22d,  1916.  Bulaicayo, 
1916.     Purchase. 

Royal  Ontario  Nickel  Commission.  Report.  Toronto,  1917.  Gift 
of   Royal    Ontario    Nickel   Commission. 

Rugby  Engineering  Society  Proceedings.  Vol.  XII.  Rughii,  1915. 
Purchase. 

Russia.  Learned  Committee  of  Ministry  of  Agriculture.  Report  on 
Agricultural  Machinery.  Year  VIII.,  No.  4,  1916.  (In  Russian) 
n.  p.     1916.     Gift  of  Russia  Department  of  Agriculture. 

St.  Lodis-San  Francisco  Railway  Company.     Report  as  of  Dec.   31, 

1916.  n.  p.    1917.     Gift  of  company. 

St.  Louis  Southwestern  Railway  Company.  Annual  Report.  1916. 
St.  Louts,  1917.     Gift  of  Company. 

Sanitation  Practically  Applied.  By  Harold  Bacon  Wood.  John 
Wiley  &  Sons,  Inc.,  New  York,  1917.  Cloth,  5x8  in.,  473  pp., 
44  figs.     $3.     Gift  of  the  publisher. 

Shipyard  Practice  as  Applied  to  Warship  Construction.  By  Neil 
J.    McDermaid.      Second   ed.,    Longmans,    Green   &   Co.,   Neio    York, 

1917.  Cloth,  0x9  in.,  332  pp.,  153  figs.     $4.     Gift  of  the  pulilisher. 

State  Sanitation  :  A  Review  of  the  Work  of  the  Massachusetts  State 
Board  of  Health.  By  George  Chandler  Whipple.  Cambridge. 
Harvard  University  Press.  Cambridge,  Mass.,  1917.  Cloth,  0x9 
in.,  377  pp.,  12  plates,  8  diagrams.     $2.50.     Gift  of  the  publisher. 

Steam  Turbines  :  A  Practical  Work  on  the  Design,  Selection,  Oper- 
ation, and  Maintenance  of  Steam  Turbine  and  Turbo-Generator 
Plants.  By  Walter  S.  Leland,  American  Technical  Society,  Chi- 
eago,  1917.  Cloth.  6x8  in.,  137  pp..  116  figs.  $1.  Gift  of  the 
publisher. 

Storage  Batteries  Simplified:  Operating  Principles — Care  and  In- 
dustrial Applications.  By  Victor  W.  Page.  Cloth  5xS  in.,  208 
pp.,  S9  figs.     $1.50.     Gift  of  the  publisher. 

Strength  of  Materials.  By  James  E.  Boyd.  Second  ed.,  McGraw- 
Hill  Rook  Co.,  Inc.,  New  York,  1917.  Cloth,  6x9  in.,  380  pp.,  254 
figs.     $3.     Gift  of  the  publisher. 


Stresses  in  Structures.  By  A.  H.  Heller,  revised  by  Clyde  T. 
Morris.  Third  ed.,  John  Wiley  &  Sons.,  Inc.,  New  York,  1916. 
Cloth,   6x9   in.,    374   pp.,   230  figs.      $2.75.      Gift  of  the   publisher. 

Surface  Water  Supply  of  the  United  States,  1913.  Part  XII. 
North  Pacific  drainage  basins.  (Water  Supply  paper  362).  Wash- 
ington,  1917. 

1914.     Part  VI.     Missouri  River  Basin.     (Water  Supply 

paper  386).     Washington,  1917. 

Part  XI.     Pacific  Slope  Basins  in  California.      (Water 


Supply   paper  391).      Washingto?i,  1917. 

Part    XII.      North    Pacific    Drainage    Basins.     (Water 

Supply  paper  394).      Washington,  1917. 

19ir.,    Part    V 


Hudson  Bay  and  Upper  Mississippi 
River  Basins.  (Water  Supply  paper  405).  Washington,  1917. 
Purchase. 

Telephone  Pioneers  of  America.  Proceedings  of  Fifth  Annua! 
Convention,  1915.     Gift  of  National  Electric  Light  Association. 

.\  Text-Book  of  Inorganic  Chemistry.  Edited  by  J.  Newton  Friend. 
Vol.  VIII :  The  Halogens  and  Their  Allies.  By  Geoffrey  Martin 
and  E.  A.  Dancaster.  Charles  Grifiin  &  Co.,  Ltd.,  London,  1915. 
Cloth,  6x9  in.,  337  pp.,  30  flgs.     $3.     Gift  of  J.  B.  Lippincott. 

A  Text  on  Duick  Pavemext.s.  By  Clark  It.  Mandlgo,  Western  Paving 
Manufacturers'  Association.  Kansas  City,  1917.  Cloth,  5x8  in., 
126  pp.,   42  figs.      $1.50.      <jift  of  the  publisher. 

The  Theory  and  Practice  of  Working  Plans.  (Forest  Organiza- 
tion.) By  A.  B.  Recknagel.  2d  ed.,  John  Wiley  &  Sons,  Inc., 
New  York.  1917.  Cloth,  6x9  in.,  265  pp.,  20  illus.  $2.  Gift  of 
the  publisher. 

Topographical  Drawing.  By  Edwin  R.  Stuart.  McGraw-Hill  Book 
Co.,  Inc.,  Neio  York,  1917.  Cloth.  6x9  in.,  126  pp.,  54  flgs,  1  map. 
$2.     Gift  of  the  publisher. 

Trow's  New  York  City  Directory,  1917.     New  York,  1917.     Purchase. 

Tungsten  Minerals  and  Deposits.  (U.  S.  Geological  Survey.  Bulle- 
tin  652).      Washington,   1917.      Purchase. 

U.  S.  Bureau  of  the  Census.  Abstract  of  the  Census  of  Manufac- 
tures, 1914.     Washington.  1917.     Purchase. 

united  States  National  Museum.  Proceedings.  Vol.  51.  Washing- 
ton, 1917.     Purchase. 

U.  S.  National  Museum.  Report  on  the  progress  and  condition  of  the 
Museum  for  the  year  ending  June  30,  1916.  Washington.  1917. 
Purchase. 

Use  of  the  Panoramic  Camera  in  Topographic  Surveying,  With 
Notes  on  the  Application  of  Photogrammetry  to  Aerial  Stii- 
VEYS.  (U.  S.  Geological  Survey.  Bulletin  657).  Washington. 
1917.     Purchase. 

The  War  and  Business.  By  Otto  H.  Kahn..  New  York,  1917.  Gift 
of  author. 

War  Taxation,  Some  Comments  and  Letters.  By  Otto  H.  Kahn. 
Neic   York,   1917.      Gift    of   author. 

Washington  Academy  of  Sciences.  Directory,  1917.  Washington. 
19Tr.     Gift  of  Washington  Academy  of  Science. 

Water  Purification.  By  Joseph  W.  Ellms.  McGraw-Hill  Book  Co., 
Inc.,  New  York,  1917.  Cloth,  6x9  in.,  485  pp.,  149  figs.  $5.  Gift 
of  the  publisher. 

Winter  Track  Work.  By  E.  R.  Lewis.  Railway  Educational  Press, 
Inc.,  Chicago,  1917.  Cloth,  5x8  in..  166  pp.,  21  illus.  $1.60.  Gift 
of  the   publisher. 

A  Wonderful  Fifty  Years.  By  Edwin  T.  Holmes.  Privately  pub- 
lished (copyright),  1917.  Cloth,  6x9  in..  133  pp.,  155  illus.  Gift 
of  the  author. 

The  Wool  Industry.  Commercial  Problems  of  tlie  American  Woolen 
and  Worsted  Manufacture.  By  Paul  T.  Cheriniiton.  .\.  W. 
Shaw  Co.  Chieago  (copyright),  1916.  Cloth,  oxS  in.,  201  pp. 
$2.50.      Gift    of    the    publisher. 
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Gift  of  (;eorge  L.  Fowlek 

International  Railroad  Master  Blacksmiths'  Association.     Report 
of  tlie  Proceedings  of   the   15th   Annual  Convention,   1907. 

Master   Car    and   Locomotive    Painters'   Association.      Proceedings 
of  Annual  Convention,   L'3,  29,  30,  1892,  1898,   1.899. 

Traveling  E.nginekrs'  Association.     Proceedings  of  the  14th  Annual 
Convention,   1900. 


Gift   of    Portland   Cement   Association 
Concrete    in    the    Coi'Ntrv. 
Concrete    Facts  About  Concrete  Roads. 
Concrete    Fence    Posts. 
Concrete    Septic    Tanks. 
CoNCBETE    Sewers. 

Concrete    Tile   for    Land   Drainage. 
CONCRBTiNO    IN    Cold    Weather. 
Farmer's  Handbook  ok  Concrete  Construction. 

Proportioning   Concrete   Mixtures   and   Mixing   and   Placing   Con- 
crete. 

Pbotectung  Concrete  Work  Done  in   Warm  Weather. 

Simple  Forms  for  Concrete. 

Small  Concrftte  Garages. 

Tennis  Every  Day  on  Concrete  Courts. 

Why  Build  Fireproof? 

Gift  of  National  Electric  Light  .\ssociation 

One   hundred   and   thirty-six   volumes  and   pamphlets   principally   on 

workingmen's    compensation    and    state  public    service    commissioner's 
reports. 


A.  S.  M.   E.  Accessions 

Air  Brake  Association.  Proceedings  of  the  24th  .Vnnual  Convention. 
New  York,  1917.     Gift  of  Association. 

An  Automatic  Starter  for  Induction  Motors.  By  H.  F.  Stratton. 
A  paper  presented  before  the  Association  ot  Iron  and  Steel  Elec- 
trical   Engineers,    May    26,    1917. 


The  Character  op  the  British  Empire.  By  Ramsay  Muir.  Londun, 
mn.      Gift   of  W.   Macneile    Dixon. 

National  Machine  Tool  Builders'  Association.  Proceedings  15tb 
semi-annual   convention,   1917.      Gift  of  Association. 

New  York  City,  Board  of  Estim.vte  and  Apportionment.  Standard 
Methods  ot  Testing  Rubber  Materials.  July,  1917.  '  ^Veic  York, 
19n.      (Jift   of  Board  of  Estimate   and  ApportionmoBt. 

New  York  City,  Board  op  Water  Supply.  Information  for  bidders 
forms  of  bid,  contract,  bond  and  certificates,  specifications  and 
drawings  for  furnishing  and  delivering  a  portable  steel  building 
and  a  truck,  erecting  a  brick  storage  building  at  14nth  Street  and 
Fifth  Avenue  and  doing  miscellaneous  work.  (Contract  181), 
1917.     Gift  of  Board  of  Water  Supply. 

Information  for  bidders,  forms  of  bid,  contract,   bonds 

and  certificates,  specifications  and  drawings  for  furnisliiug  and 
delivering  gate  and  pressure  regulating  valves  and  appurtenances 
for  the  City  tunnel  of  the  Catskill  Aqueduct  in  the  City  of  New 
York,  1917.   (Contract  ISS).     Gift  of  Board  of  Water  Supply. 

New  York  State,  State  Engineer  and  Surveyor,  -\unual  Hcport, 
Supplement.  Vol.  II,  1916.  Albany,  ISll.  Gift  of  State  Engineer 
and    Surveyor. 

Notes  on  the  Construction  of  Turbine  Pumps.  By  A.  E.  L;  Chorl- 
ton.  (Excerpt  minutes  of  proceedings  of  the  meeting  of  the 
Institution  of  Mechanical  Engineers,  May  18.  1917>. 

Producing  the  Evidence  in  the  Case  of  the  Chesapeake  and 
Delaware  Canal.  Extension  of  remarks  of  Hon.  J.  Hampton 
Moore  of  Pennsylvania,  June  26.  1917.     Wnxliinritan.  1917. 

St.  Louis  Public  Libr-Vky.  .\nnual  Report.  191tvl917.  St.  Lonia, 
1917.    Gift  of  Library. 

Wattuppa  Water  Board.  Annual  Report  to  the  City  Council  of  the 
City  of  Fall  River,  Mass.  43.  1917.  Gift  of  Wattuppa  Water 
Board. 


TRADE  CATALOGUES 

Bowser,  S.  F.,  &  Company.  Fort  Wayne,  Ind.  Catalogue  of  oil  filtra- 
tion devices.  Catalogue  of  oil  storage  and  distribution  In  the 
factory. 


PERSONALS 


/N  these  columns  are  inserted  items  concerning  members  of  the  Society  and  their  professional 
activities.  Members  are  always  interested  in  the  doings  of  their  fellow-members,  and  the 
Society  welcomes  notes  from  members  and  concerning  members  for  insertion  in  this  section.  All 
communications  of  personal  notes  should  be  addressed  to  the  Secretary,  and  items  should  be  re- 
ceived by  October  16  in  order  to  appear  in  the  November  issue. 


CHANGES  OF  POSITION 

M.  A.  Neeland  has  been  elected  president  of  the  New  York  Ship- 
building Corporation,  Camden,  N.  J. 

G.  C.  Hyde,  formerly  engineer  with  the  Kentucky  Utilities  Company, 
Louisville,  Ky.,  has  entered  the  service  ot  the  Southern  Indiana  Power 
Company,  Bedford,  Ind. 

J.  Clyde  Parmely,  superintendent  of  the  St.  Clair  County  Gas  and 
Electric  Company,  Belleville,  III.,  has  become  identilied  with  the 
Luzerne  County  Gas  and  Electric  Company,  Plymouth,  Pa. 

Robert  Pierpont,  until  recently  connected  with  the  Remington  Arms 
Company,  Chester,  Pa.,  as  superintendent,  has  become  associated  with 
the  Dalton  Manufacturing  Company,  of  New  York. 

Reuben  M.  Stee.  contractor,  located  at  Dozey.  N.  D..  has  recently 
become  associated  with  the  Sheyenne  Valley  Light  and  Power  Com- 
pany, Inc.,   Valley  City,  N,  D. 


W.  L.  Bean,  who  has  been  acting  as  assistant  to  the  president  of  the 
N.  Y.,  N.  H.  and  H.  R.  R.  Company,  New  Haven.  Conn.,  has  been 
appointed  assistant  to  general  mechanical  superintendent. 

George  W.  Wildin,  general  mechanical  superintendent  of  the  N.  Y., 
N.  H.  and  H.  R.  R.  Company.  New  Haven,  Conn.,  has  been  appointed 
general  manager  of  that  company,  succeeding  C.  L.  Bardo. 

Guy  C.  Pitts,  formerly  assistant  to  yard  engineer.  Sun  Shipbuild- 
ing Company,  Chester,  Pa.,  has  entered  the  service  of  the  Federal 
Shipbuilding   Company,    New   York,   as   assistant   mechanical   engineer. 

John  B.  Lovely  has  severed  his  connection  with  the  Fort  Dear- 
born Manufacturing  Company,  Sterling,  111.,  and  has  accepted  a  posi- 
tion with  the  Vermont  Farm  Machine  Company,  of  Bellows  Falls,  Vt. 

Abthur  B.  Newhall,  formerly  instructor  of  applied  science  at 
Wentworth  Institute,  Boston,  Mass.,  has  become  identified  with  the 
Hood  Rubber  Company,  Watertown,  Mass. 


Daniel  E.  Kehoe,  formerly  associated  with  Kehoe's  Iron  Works. 
Savannah,  Ga.,  is  now  located  at  the  Charleston  Navy  Yard  in  the 
hull  division,  as  assistant  shop  superintendent. 


F.  J.  Ryan  resigned  from  the  Snyder  Electric  Furnace  Company  on 
June  1,  to  take  up  the  duties  of  general  manager  of  the  Electric  Fur- 
nace Construction  Company;  Philadelphia,  Pa. 
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John  A.  Randall,  head  of  the  department  of  physics  at  Pratt  In- 
stitute, Brooklyn,  N.  Y.,  has  resigned  to  enter  the  employ  of  the  Toledo 
Scale  Company  in  an  engineering  capacity. 

R.  BuRDETTE  Dale  has  resigned  as  chief  engineer  of  the  Erie  City 
Iron  Works,  Erie,  Pa.,  and  has  accepted  a  position  in  the  planning 
department  of  The  Franklin  Manufacturing  Company,  Franklin,  Pa. 

John  J.  Harman,  assistant  chief  engineer  with  the  Elliott  and  Her- 
man Engineering  Company,  Peoria,  III.,  has  become  affiliated  with  the 
Walworth  Manufacturing  Company,  of  Kewanee,  111. 

Max  M.  Shaw  has  become  aflSiiated  with  the  Merchant  Mill  of  the 
Bethlehem  Steel  Company,  South  Bethlehem,  Pa.  He  was  formerly 
connected  with  Wentworth  Institute,  Boston,  Mass. 

Charles  J.  Bamfohd,  formerly  affiliated  with  the  Agasote  Millboard 
Company,  Trenton,  N.  J.,  as  chief  engineer,  has  become  associated  with 
the  Buffalo  Cold  Storage  Company,  of  Buffalo,  N.  Y. 

J.  G.  Malone  has  accepted  a  position  as  engineer  with  The  Roessler 
and  Hasslacber  Chemical  Company,  Perth  Amboy,  N.  J.  He  was  until 
recently  connected  with  the  Hercules  Powder  Company,  of  Parlin,  N.  J. 

Arthur  C.  Hubbell,  formerly  machine  designer  with  C.  D.  Enochs, 
of  Minneapolis,  Minn.,  has  become  identified  with  the  Purchasing  Bu- 
reau of  Small  Arms,  New  York,  in  the  capacity  of  United  States 
inspector. 

J.  B.  Freeman  has  resigned  his  position  as  chief  engineer  of  the 
Webster  Engineering  Company,  Chicago,  111.,  and  has  accepted  a  sim- 
ilar position  with  the  Du  Pere  Manufacturing  Company,  of  the  same 
city. 

George  J.  Sturmfelsz,  Jr.,  has  resigned  the  position  of  boiler  house 
engineer  with  E.  I.  duPont  de  Nemours  and  Company,  City  Point,  Va., 
to  accept  the  position  of  superintendent  of  boilers  with  the  Bethlehem 
Steel  Company  at  their  Sparrows  Point,  Md.,  plant. 

riENRY  Sw'iFT  has  Severed  his  connection  with  The  American  Steam 
Gauge  and  Valve  Manufacturing  Company  of  Boston,  Mass.,  and  is 
now  associated  with  The  Cincinnati  Ball  Crank  Conipany,  of  Cin- 
cinnati, Ohio,  as  chief  engineer. 

James  P,  Calderwood  has  resigned  as  associate  professor  of 
mechanical  engineering  in  Pennsylvania  State  College,  State  College, 
Pa.,  and  has  accepted  a  position  in  the  technical  research  department 
of  the  Travelers  Insurance  Company,  Hartford,  Conn. 

James  T.  Gratiot  has  severed  his  connection  with  Fairbanks.  Morse 
and  Company,  Denver,  Colo.,  as  manager  of  the  machinery  depart- 
ment, and  has  assumed  the  duties  of  manager  of  the  Coliseum  Garage 
Company,  Casper,  Wyo. 

Alton  A.  Richardson,  until  leceLtly  identified  with  the  Castner 
Electrolytic  Alkali  Company,  Niagara  Falls,  N.  Y.,  in  the  capacity  of 
assistant  engineer,  has  accepted  the  position  of  engineer  with  the 
National  Electrolytic  Company,  Canal  Basin,  Niagara  Falls,  N.  T. 

Roland  P.  Hetzel  has  resigned  his  position  as  shop  instructor  in 
the  Se.ittle  Public  Schools,  Seattle,  Wash.,  to  accept  a  position  in  the 
engineering  department  of  the  Ames  Shipbuilding  and  Drydock  Com- 
pany, of  the  same  city. 

Clarence  P.  MacAkthur,  for  the  past  five  and  a  halt  years  master 
mechanic  of  the  Bowen  Manufacturing  Company,  of  Auburn,  N.  Y., 
has  resigned  to  accept  the  position  of  general  foreman  with  the  Wag- 
ner Electric  Manufacturing  Company,  of  St.  Louis,  Mo. 

Burton  C.  Fonda  has  become  affiliated  with  the  New  Y'ork  office  of 
The  F.  W.  Home  Company,  of  Tokio,  Japan.  He  was  formerly  con- 
nected with  the  turbine  department  of  the  General  Electric  Com- 
pany, Schenectady,  N.  Y. 

J.  E.  Gibson,  formerly  in  the  employ  of  the  American  Pipe  and 
Consti-uction  Company,  Philadelphia,  Pa.,  as  principal  assistant  engi- 
neer, has  assumed  the  position  of  manager  of  the  water  department 
of  the  Charleston  Light  and  Water  Company,  Charleston,   S.  C. 

W.  S.  Jones,  of  Philadelphia,  who  has  been  associated  with  the 
Midvale  Steel  Company  in  its  general  sales  department,  has  been 
chosen  vice-president  of  the  Vanadium  Alloys  Company,  of  Pitts- 
burgh, Pa. 

George  M.  Smith,  until  recently  associated  with  Walter  Rachals 
and  Company,  Youngstown,  Ohio,  as  chief  engineer,  has  become  con- 
nected with  the  Interstate  Iron  and  Steel  Company,  Chicago,  111.,  in 
a  similar  capacity. 

Lonis  M.  Zach,  formerly  mechanical  engineer  and  designer  with 
the  Anaconda  Copper  Company,  and  International  Smelting  Company, 


Tooele,   Utah,   has  accepted  a  similar  position  with   the   Public  Works 
office,  Washington  Navy  Yard,  for  the  period  of  the  war. 

Donald  C.  Wright,  formerly  production  manager  of  the  Remington 
Anns-Union  Metallic  Cartridge  I'lunpany,  Ilion.  N.  Y..  in  charge  of 
Enfield  contracts,  has  become  affiliated  with  the  Dodge  Manufacturing 
Company,  Mishawaka,  Ind.,  in  the  capacity  of  production  manager. 

J.  N.  Helpbringer  has  resigned  from  the  position  of  power-plant 
engineer  with  the  Firestone  Tire  and  Rubber  Company,  Akron.  Ohio, 
to  accept  the  position  of  superintendent  of  power  plants  with  the 
Kansas  Gas  and  Electric  Company,  with  headquarters  at  Wichita,  Kan. 

G.  G.  Crewson,  until  recently  connected  with  the  Roessler  and 
Hasslacber  Chemical  Company,  Perth  Amboy,  N.  J.,  as  mechanical 
engineer,  has  become  associated  with  E.  I.  du  Pont  de  Nemours  and 
Company,  Wilmington,  Del.,  in  a  similar  capacity. 

ItOBERT  H.  Wallace  has  entered  the  employ  of  the  Alignum  Products 
Company,  South  River,  N.  J.,  in  the  capacity  of  factory  manager.  He 
was  formerly  shop  superintendent  of  the  Bailey  Meter  Company, 
Cambridge,  Mass. 

Frank  E.  Wilder,  who  has  been  consulting  engineer  with  the 
Southwark  Machine  Company,  of  Portland.  Me.,  for  some  time,  will 
remove  to  Bristol,  Conn.,  where  he  has  taken  a  position  on  the  engi- 
neering staff  of  the  New  Departure  Manufacturing  Company. 

Ben.  G.  Elliott,  until  recently  associate  professor  of  mechanical 
engineering  at  the  University  of  Nebraska,  Lincoln,  Neb.,  has  become 
affiliated  with  the  University  Extension  Division  of  the  University  of 
Wisconsin,  Madison,  Wis. 

Edmund  Barany,  machine  designer  of  the  Singer  Manufacturing 
Company,  Elizabeth,  N.  J.,  has  assumed  the  duties  of  mechanical  en- 
gineer and  assistant  to  general  superintendent  of  the  Cleveland  Twist 
Drill  Company,  Cleveland,  O. 

R.  J.  S.  PiGOTT,  New  York  district  manager  for  Sanford  Riley 
Stoker  Company  and  B.  F.  Sturtevant  Company,  has  become  identified 
with  the  Bridgeport  Brass  Company.  Bridgeport,  Conn.,  as  superin- 
tendent of  the  raw-material  departments. 

Frederick  W,  Gay,  formerly  associated  with  The  J.  G.  White  En- 
gineering Corporation,  San  Francisco,  CaL,  has  assumed  the  position 
of  general  manager  of  the  New  York  office  of  the  Pelton  Water  Wheel 
Company. 

Charles  L.  Fi.scher  has  accepted  the  position  of  master  mechanic 
with  the  Willard  Storage  Battery  Company,  Cleveland,  Ohio,  after 
twelve  years  of  service  with  the  Pennsylvania  Lines  West  of  Pitts- 
burgh. 

Ernest  O.  Hickstein,  recently  identified  with  the  V.  S.  Indian 
Service,  Pawuuska,  Okla.,  as  natural-gus  engineer,  has  again  become 
affiliated  with  the  Empire  Gas  and  Fuel  Company,  Bartlesville,  Okla., 
in  tbe  research  department. 

Edward  R.  Feicht,  formerly  master  mechanic  of  the  Federal  Dye- 
stuff  and  Chemical  Company.  Kingsport,  Tenn.,  has  assumed  the 
duties  of  assistant  superintendent  of  plant  of  the  Bridgeport  Brass 
Company.  Bridgeport,  Conn. 

Charles  J.  Manuel,  formerly  chief  draftsman  of  the  tool  depart- 
ment of  the  Aeromarine  Plane  and  Motor  Company,  Keyport,  N.  J., 
has  become  affiliated  v/ith  the  forging  department  of  the  American 
Can  Company,   Edgewater,   N.  J.,  in  the  capacity  of  chief  draftsman. 

Maurice  L.  Bullard  has  entered  the  employ  of  L.  H.  Shattuck,  Inc., 
agents  for  the  U.  S.  Shipping  Board,  Emer.L'eucy  Fleet  Corporation,  in 
the  construction  of  a  ship  yard  and  also  the  building  of  wooden  hulls. 
Mr.  Bullard  was  recently  associated  with  the  W.  H.  McElwain  Com- 
pany, Manchester,  N.  H.,  in  the  capacity  of  chief  engineer. 

Henry  C.  Berrian,  until  recently  connected  with  tbe  engineering 
department,  estimating  division,  of  the  Newport  News  Shipbuilding 
and  Dry  Dock  Company,  Newport  News,  Va.,  has  liecome  affiliated 
with  the  Federal  Shipbuilding  Company,  New  York. 

R.  A.  Smart,  formerly  assistant  manager  of  works  of  the  Westing- 
uouse  Electric  and  Manufacturing  Company,  and  later  in  charge  of 
the  American  and  Canadian  plants  of  the  Oliver  Chilled  Plow  Works  as 
works  manager,  is  now  associated  with  the  Tacony  Steel  Company 
and  the  Tacony  Ordnance  Corporation,  of  Tacony,  Philadelphia,  Pa. 

Haury  J.  Klotz  has  obtained  a  leave  of  absence  from  his  position 
as  operating  engineer  for  tbe  Decatur  Railway  and  Light  Company, 
Decatur,  111.,  and  has  accepted,  for  an  indefinite  period,  the  position 
of  instructor  in  the  School  of  Aeronautics  which  the  University  of 
Illinois  is  conducting  for  the  Government  :it  Cliampaign. 
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ANNOUNCEMENTS 

liEMiV  A.  Hale  lias  been  commissioned  captain  in  the  Engineer  OtB- 
cers'  Reserve  Corps. 

J.  B.  C'KANE  lias  entered  tlie  employ  of  the  Lehigh  Navigation  Elec- 
tric Company,  Allentown,  Pa. 

G.  (i.  Schmidt  l;as  become  associated  with  the  Carrier  Engineering 
Corporation,  New  York. 

The  partnership  between  H.  K.  Beach  and  Paul  C.  Pbilipp,  under 
the  name  of  Philipp  and  Beach,  Philadelphia,  Pa.,  has  been  dissolved. 

Arthdr  C.  Merrill  has  assumed  the  duties  of  employment  super- 
visor of  the   Laureutide  Company.   Ltd..   liiand'.Mere,   guebec,   Canada. 

J.  E.  Johnson,  Jr.,  of  New  Yorli,  has  gone  to  rhe  Pacific  Coast  on 
a  professional  trip  which  will  require  six  or  seven  weeks. 

Lawrence  B.  Webster,  secretary  of  the  Western  Ohio  Railway  Com- 
pany, with  headquarters  in  Cleveland.  Ohio,  has  been  commissioned 
as  Captain.  Ordnance  Department,  U.  S.  A. 

CoRNELiis  T.  MvEii.s  has  gone  to  Washington  at  the  request  of 
Quartermaster-General  yharpe  to  assist  in  standardization  and  design 
of  motor  trucks  to  be  used  by  the  Army. 

Herbert  B.  Reynolds  has  become  identified  with  the  United  Rail- 
ways and  Electric  Company,  Baltimore.  Md.,  in  the  capacity  of  mechan- 
ical assistant  to  the  superintendent  of  motive  power. 

John  B.  Price,  formerly  connected  with  the  Chicago,  111.,  office  of 
The  Mechanical  Appliance  Company,  of  Milwaukee,  Wis.,  as  sales  en- 
gineer, has  opened  an  office  for  the  same  company  at  Cincinnati,  Ohio. 

W.  E.  Firth,  safety  engineer  for  a  number  of  years  with  the  Mid- 
vale  Steel  Company,  Philadelphia.  Pa.,  has  resigned  to  take  a  well- 
earned  vacation. 


liamsport.  Pa.,  has  been  appointed  master  mechanic  of  the  PenDsylvania 
Railroad  Shops  at  Sunbuiy,  Pa. 

Louis  T.  Ki. adder  has  been  appointed  construction  engineer  of  the 
Philadelphia  Rapid  Transit  Company,  Philadelphia,  Pa.,  superseding 
William  C.  Kerr,  who  has  recently  become  associated  with  the  Re- 
public Railways  and  Light  Company,  New  York. 

Clarence  S.  Adams  has  been  appointed  assistant  superintendent  of 
inspection  of  the  Pierce-Arrow  Motor  Car  Company,  Buffalo,  N.  Y. 
He  was  formerly  connected  with  the  same  company  in  the  capacity 
of  engineer. 

H.  E.  Harris  and  William  A.  Viall  have  been  appointed  members 
on  a  committee  to  act  with  the  National  Bureau  of  Standards  in  pro- 
ducing gages  for  the  manufacture  of  munitions  and  standardized  parts 
for  small  arms  and  heavy  ordnance. 

Walter  E.  Donham,  until  recently  connected  with  the  Chicago 
and  North  Western  Railway  Company,  Winona,  Minn.,  in  the  capacity 
of  supervisor  of  motive  power  and  machinery,  has  been  appointed 
assistant  to  the  general  superintendent  of  motive  power  and  car  de- 
partments of  the  same  company,  with  headquarters  in  Chicago,  111. 

The  following  appointments  have  been  announced  by  The  Waltham 
Watch  Company,  Waltham,  Mass.  :  Olaf  Ohlson,  formerly  mechan- 
ical superintendent,  is  now  general  superintendent  ;  K.  L.  Fulson, 
industrial  superintendent,  has  been  appointed  assistant  to  the  vice- 
president  and  given  the  title  of  assistant  general  manager ;  Gleason 
Wood,  formerly  assistant  superintendent,  has  been  appointed  assistant 
general  superintendent. 

Edgar  C.  Felton,  formerly  president  of  the  Pennsylvania  Steel 
Company,  has  accepted  an  appointment  as  Director  of  the  Department 
of  Civilian  Service  and  Labor,  under  the  Committee  of  the  Public 
Safety,  Philadelphia.  In  addition  to  being  connected  with  various 
railroads  and  steel  companies,  Mr.  Felton  is  now  on  the  board  of 
managers  of  the  Girard  Trust  Company,  and  director  of  the  Franklin 
National   Bank  and  the  Farmers  and  Mechanics  National    Bank. 


E.  P.  Rich,  whose  firm,  Neiler,  Rich  and  Company,  have  been 
selected  as  supervising  engineers  in  charge  of  the  heating  for  Camp 
Custer  Cantonment  at  Battle  Creek,  Mich.,  will  be  located  there  until 
the  completion  of  the  work. 

John  A.  Stevens,  Manager,  Am.Soc.M.E.,  engaged  in  consulting 
engineering,  with  steam-power  plants  as  a  specialty,  at  Lowell,  Mass., 
has  organized  a  depaitment  to  cover  the  design  and  superintendence 
of  construction  of  factory  buildings. 

Harry  J.  Makk.s,  formerly  with  the  American  Engine  and  Electric 
Company.  New  York,  which  has  recently  been  purchased  by  the  Bound 
Brook  Engine  and  Manufacturing  Company,  is  now  in  charge  of  the 
New  York  otfice  of  the  latter  company.  Mr.  Marks  for  the  past  ten 
years  has  been  instrumental  in  installing  numerous  steam  plants. 

It  was  erroneously  stated  in  the  September  Journal  that  A.  R. 
Dickinson  was  no  longer  in  the  employ  of  Lockwood.  Greene  and 
Company.  Mr.  Dickinson  is  still  connected  with  the  mill  management 
department  of  that  company,  and  is  temporarily  located  at  the  Winns- 
boro  Mills,  Winnsboro,  S.  C. 

Captain  Wii.i.ia.m  T.  Taylob  has  been  appointed  a  permanent  cap- 
tain in  the  British  Army  with  seniority  from  June  1,  1910.  For  the 
past  nine  months  he  has  been  attached  to  rhe  Royal  Flying  Corps.  In 
the  early  part  of  1915  he  resigned  his  position  in  Bolivia,  S.  A.,  to  join 
the  British  forces.  Since  1916  he  has  been  engaged  on  the  French 
front 

Frank  I.  Ellis,  who  was  engaged  by  the  Jones  and  Laughlin  Steel 
Company,  Pittsburgh,  Pa.,  to  design,  build  and  put  into  operation  a 
new  mill  at  Woodlawn,  Pa.,  has  opened  an  office  as  consulting  engineer 
in  Pittsburgh.  For  12  years  Mr.  Ellis  was  chief  engineer  of  the 
United  Engineering  and  Foundry  Company,  Pittsburgh,  and  later  was 
manager  of  the  plant  of  the  Mark  Manufacturing  Company,  of  Chicago, 
at  Zanesville,  Ohio. 


APPOINTMENTS 

Lieut.  John  D.  Kilp.\trick,  N.  G.,  N.  J.,  who  constructed  Camp 
Wadsworth,  has  been  appointed  a  Major  in  the  regular  service,  his 
commission  to  take  effect  immediately. 

Nathan  A.  Middleton  has  been  commissioned  a  Captain  of  the  En- 
gineers Officers'  Reserve  Corps  of  the  United  States  Army,  and  placed 
on  active  duty. 

Robert  G.  Bennett,  recently  assistaut  engineer  of  motive  power 
of  the   central   division   of  the   Pennsylvania    Railroad   Company.   Wil- 


ADTHORS 

W.  Knight  is  the  author  of  Stresses  in  Rotating  Discs  witli  a  Hole 
at  the  Centre,  which  appears  in  the  August  o  issue  of  Engtntering. 

L.  A.  QuAYLE  has  contributed  an  article  on  Coal  and  Ash  Con- 
veyor Tests  to  the  September  4  issue  of  Power. 

C.  F.  HiRSHFELD  is  the  author  of  an  article  on  Efficiencies  of  Steam- 
Turbine  Cycles,  published  in  the  September  IS  issue  of  Power, 

C.  J.  Morrison  has  contributed  an  article  on  Who  Pays  the  Damage? 
to  the  September  13  issue  of  the  American  Machinist. 

Christopher  H.  Bierbaum  has  contributed  a  review  on  Graphite 
Lubrication  to  the  September  13  issue  of  The  Iron  Age. 

H.  D.  Chdbch  has  contributed  an  article  on  Design  of  Motor  Trucks 
for  Military  Purposes  to  the  September  issue  of  Western  Engineering. 

Charles  A.  Carpenter  has  contributed  an  article  on  Cost  Method 
of  Jobbing  Shops  to  the  September  number  of  Industrial  Management. 

R.  S.  Hawley  is  the  author  of  an  article  entitled  Heat  Losses 
through  Buildings  and  Building  Materials  in  the  September  issue  of 
Western  Engineering. 

P.  F.  Walker  is  the  author  of  an  article  on  Ethical  Tendencies  in 
Modern  Industrialism,  which  appears  in  the  September  issue  of 
Industrial  Management. 

J.  W.  Herbert  presented  a  paper  on  Safety  and  the  Foreman  at 
the  Si-ith  Annual  Safety  Congress  of  the  National  Safety  Council, 
held  in  New  York,  September  11  to  14. 

Millard  F.  Cox  is  the  author  of  a  paper  on  the  Mikado  Type  Loco- 
motive. Louisville  and  Nashville  Railroad,  which  appears  in  the  Sep- 
tember S  issue  of  the  Railway  Review. 

Carl  W.  Wejss  is  the  author  of  an  article  on  Function  of  Water 
in  Internal  Combustion  Engines,  published  in  the  September  issue  of 
The  Automobile   and  Automotive  Industries. 

L.  A.  Wilson,  Urbana,  111.,  contributed  an  article  on  Lowering  the 
Grade  of  Gasoline,  which  is  published  in  the  September  number  of 
The  Autiimobile  and  Automotive  Industries. 

Frederick  G.  Coburn  is  the  author  of  an  article  on  The  Assistant 
from  the  Manager's  and  His  Own  Viewpoint,  which  .ippears  in  the 
September  issue  of  Industrial  Management. 


PREVENTABLE  WASTE  OF  COAL  IN  THE  UNITED  STATES 

With  a  Consideration  of  Alternative  Methods  of  Its  EHminatiou 

By  DAVID  MOFFAT  MYERS,  NEW  YORK,  N.  Y. 
Member  of  the  Society 


AS  a  means  of  far-reaching  economy  the  Government  of 
the  United  States  should  at  this  time  apply  intelligent 
and  direct-acting  efforts  to  the  conservation  of  fuel  at  the 
industrial  plants  which  are  responsible  for  its  greatest  con- 
sumption. It  is  unnecessary  before  a  body  of  engineers  to  show 
proof  that  coal  is  wasted  in  vast  quantities  in  the  boiler 
furnaces  of  our  plants,  to  feed  which  it  is  mined  and  dis- 
tributed at  a  high  and  ever-increasing  cost  of  labor  and 
material. 

The  mining  and  distribution  of  coal  have  been  placed 
under  the  supervision  of  the 
\\ar  Coal  Board  in  order  more 
nearly  to  meet  the  crying  needs 
in  these  directions,  to  use  the 
railroad  facilities  more  eflScient- 
ly  so  that  the  present  car  short- 
age may  be  minimized  to  the 
greatest  possible  extent,  and  to 
apportion  the  coal  in  quantity 
and  to  uses  deemed  most  ex- 
pedient. 

While  this  organized  effort 
to  bring  about  efficiency  in  the 
production  and  distribution  of 
coal  is  being  made,  no  parallel 
measures  have  been  adopted  to 
bring  about  a  normal  and  prac- 
ticable efficiency  in  its  use.  The 
hundreds  of  large  plants  whicli 
are  consuming  fuel  wastefully, 
in  many  cases  more  wastefully 
and  carelessly  than  ever  be- 
fore, are  directly  and  needlessly 
causing  a  large  fraction  of  the 
existing  ear  shortage.  They 
are  overloading  the  already 
strained  capacity  of  the  rail- 
roads; they  are  rendering 
slower  and  more  difficult  the 
transportation     of    food     and 

other  vital  commodities,  and  in  short  they  are  simply  counter- 
acting the  measures  of  efficiency  in  production  and  distribu- 
tion which  have  elsewhere  been  establi.shed. 

PREVENTABLE  WASTE  OF  FUEL 

The  preventable  waste  of  fuel  in  the  boiler  furnaces  of  one 
steel  mill  amounted  to  40,000  tons  per  year,  which  at  $5  a  ton 
would  cost  $200,000.  This  was  a  comparatively  modern  plant. 
The  efficiency  of  boilers  and  furnaces  in  a  14-day  test  was 
55  per  cent.  The  load  factor  was  unusually  favorable  to 
high  efficiency  and  could  readily  be  raised  to  70  per  cent  or 
over.     This  is  only  one  example  and   there  are   many  more 
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Comprehensive  abstracts  of  the  papers  to  be 
presented  and  discussed  at  the  thirty-eighth 
Annual  Meeting  of  The  American  Society  of 
Mechanical  Engineers,  to  be  held  in  the  En- 
gineering Societies  Building,  New  York,  Decem- 
ber 4  to  7,  are  continued  in  this  issue  and  ivill 
be  concluded  in  the  December  number. 

The  abridgments  here  presented  are  supple- 
mental to  the  complete  papers  being  printed  in 
pamphlet  form.  They  have  been  prepared  with 
the  collaboration  of  authors  and  are  therefore 
authoritative  presentations  of  the  subject-matter 
of  the  papers.  In  many  cases  the  abstract  omits 
only  such  sections  of  the  complete  paper  as 
mathematical  derivation  of  formulae,  minute 
descriptions  of  apparatus,  logs  of  tests,  etc., 
which  could  not  very  well  be  curtailed. 

As  stated,  all  the  Annual-Meeting  papers 
appearing  in  The  Journal  are  also  being  printed 
in  unabridged  pamphlet  size  for  advance  dis- 
tribution, and  members  of  the  Society  desir- 
ing a  complete  copy  of  any  particular  paper  may 
obtain  it  upon  application  to  the  Secretary. 

Contributed  discussion  of  these  papers  for 
presentation  at  the  meeting  and  publication  in 
The  Journal  and  Transactions  is  invited. 


extreme  eases.  In  one  hand-fired  plant  the  evaporation  was 
raised  from  6  to  9  lb.  in  a  few  days  of  instruction,  and  con- 
tinuously kept  close  to  this  higher  mark  with  the  help  of  coal 
and  water  measurements  which  were  inaugurated.  The  saving 
was  due  exclusively  to  instruction  and  consequent  better  opera- 
tion. 

The  saving  or  wasting  of  one-fourth  of  the  coal  consump- 
tion of  any  industrial  plant  depends  entirely  upon  the  effi- 
ciency of  its  operating  management.  Let  me  emphasize  that 
this  fraction  of  the  consumption  relates  exclusively  to  the 

boiler  plants,  i.e.,  the  produc- 
tion of  steam;  and  does  not 
include  the  large  economies 
possible  in  connection  with  its 
distribution  and  use. 

For  well-known  reasons  the 
boiler  plant  offers  the  more 
lucrative  field  for  producing 
economies,  and  these  with  a 
minimum  of  alteration  in  phy- 
sical equipment. 

Under  present  conditions  a 
plant  which  carelessly  oper- 
ates at  an  efficiency  of  40  to 
50  per  cent  receives  from  the 
Government  the  same  con- 
sideration in  the  delivery  of 
coal  as  the  one  whose  eflSciency 
is  70  to  75  per  cent.  This  ob- 
viously is  unfair  as  well  as 
wasteful. 

The  Government  hands  over, 
say,  200,000  tons  of  coal  a 
year  to  a  plant  owner,  but  asks 
for  no  account  as  regards  its 
consumption,  nor  any  ques- 
tions as  to  the  amount  of  steam 
it  is  made  to  produce.  There 
is  nevertheless  an  equivalent 
amount  of  steam  this  fuel  is 
capable  of  generating,  and  it  can  and  should  be  made  to  pro- 
duce that  quantity. 

CONSERVATION    METHODS 

The  object  of  this  paper  is  to  open  a  discussion  which  it  is 
hoped  will  ultimately  lead  to  the  formulation  of  definite  rec- 
ommendations of  means  for  the  reduction  of  the  present  great 
preventable  waste  of  fuel  in  our  industries;  to  direct  such 
means  principally  toward  the  elimination  of  that  portion  of 
the  present  waste  which  is  due  to  faulty,  careless  and  unin- 
formed operation  of  plants;  to  forward  these  recommenda- 
tions fo  the  proper  governmental  authorities  as  an  official  com- 
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munication  of  this  Society,  and  to  offer  to  the  Government  the 
services  of  the  Society  for  the  organization,  furthering,  and,  as 
far  as  possible,  the  execution  of  the  plan  which  may  as  a 
consequence  be  adopted. 

In  general,  there  are  two  plans  of  operation  worthy  at  least 
of  consideration.  One  might  be  tenned  the  autocratic 
method.  This  would  involve  the  use  of  authority  to  compel 
eoal  consumers  to  execute  such  measures  of  economy  as  the 
proper  authorities  might  prescribe  for  any  given  case.  Limits 
to  be  set  as  to  expense  to  the  user.  Such  limits  might  be  in 
terms  of  a  percentage  of  their  present  yearly  coal  bill.  Altera- 
tions to  be  directed  chiefly,  as  previously  implied,  to  purely 
operating  improvements.  Many  objections  would  probably  be 
made  by  consumers  against  this  plan,  but  once  in  effect  the 
majority  would  no  doubt  realize  its  pecuniai^y  advantage  to 
themselves.  But  its  tendency  may  be  too  strongly  opposed  to 
democratic  principles. 

The  other  plan  would  be  largely  an  educational  one,  in 
which  patriotism  and  efficiency  would  furnish  the  motive 
forces  required. 

The  teaching  must  be  accomplished  with  the  utmost  simplic- 
ity and  directness.  Above  all  it  must  be  in  such  form  as  to 
be  readily  comprehended  and  applied.  This  is  a  big  task,  but 
with  the  technical  and  executive  ability  represented  in  this 
Society,  these  things  should  be  and  can  be  accomplished. 

The  requisite  information  must  reach  the  owners  and  man- 
agers of  industries,  and  there  must  be  simple  instruction  sheets 
for  the  engineers  and  firemen.  The  vital  importance  of  daily 
accurate  records  of  coal  and  water  must  be  taught  and  infor- 
mation given  regarding  practical  appliances  for  automatic 
measurements  of  both. 

Blank  forms  might  be  sent  in  advance  to  plant  owners  in 
order  to  be  advised  by  them,  first,  whether  they  would  be  will- 


ing to  cooperate  with  a  governmental  organization  offering  to 
assist  them  in  reducing  their  coal  consumption,  and  second, 
to  obtain  such  data  as  to  size,  type,  equipment,  operation  and 
fuel  consumption  of  the  plants  as  would  enable  a  classification 
which  would  permit  a  Government  board  of  experts  to  send 
Buch  instructions  as  would  include  the  information  needed  for 
any  one  class  of  plants. 

This  work  would  be  greatly  aided  by  a  staff  of  experts  ready 
to  visit  plants  when  so  requested  by  owners  and  make  inves- 
tigations and  recommendations  and  keep  in  touch  with  the 
progress  of  economies.  Included  in  such  a  staff  should  be  men 
intimately  familiar  with  practical  operating  economies  whose 
duties  would  be  the  delivering  of  lectures  or  talks,  which 
should  be  planned  so  as  to  reach  directly  not  only  managers 
and  owners  of  the  industries,  but  also  the  chief  engineers  and 
firemen  of  the  boiler  plants.  This  feature  of  the  plan,  by 
itself,  would  undoubtedly  result  in  great  savings. 

The  U.  S.  Bureau  of  Mines  has  for  a  number  of  years  en- 
gaged in  obtaining  and  disseminating  scientific  information 
regarding  the  mining  and  consumption  of  coal,  and  the  results 
of  the  work  have  been  of  great  value  to  technical  engineers 
who  are  able  to  use  and  apply  it.  It  is  evident  that  we  now 
require  an  extension  of  the  idea  of  education,  but  in  such 
form  as  directly  to  affect  the  men  who  run  the  boiler  plants 
of  our  country,  for  in  their  hands  is  the  saving  or  wasting  of 
one-fourth  of  our  fuel  supply. 

Six  hundred  million  tons  of  coal  were  mined  in  the  United 
States  in  1916.  If  we  assume  only  one-half  of  this  to  have 
been  used  for  our  industrial  boiler  plants,  then  a  quarter  of 
the  coal  used  under  boilers  amounts  to  75,000,000  tons  per 
year.  It  is  worth  while  to  save  this  fuel  by  preventing  its 
waste.  This  quantity  of  coal  represents  the  use  of  1,500,000 
fifty-ton  freight  cars. 


PLOTTING   BLOWER  TEST  CURVES 

By  a.  H.  ANDERSON,  CHICAGO,  ILL. 
Member  of  the  Society 


To  the  several  methods  of  plotting  blower-test  curves  another 
method  is  here  added,  whose  utility  is  demonstrated  by  the  solu- 
tion of  problems  from  graphically  recorded  test  data.  Diagrams 
are  given  for  impellers  with  blades  tilted  forward,  with  blades 
radial,  and  with  blades  tilted  backward,  the  coordinates  used  being 
revolutions  per  minute  and  static  pressure  in  inches  of  ivater.  Two 
series  of  curves  are  given,  one  showing  various  rates  of  discharge 
in  cubic  feet  per  second,  and  the  other  the  volumes  discharged  per 
second  per  horsepower. 


SEVERAL  ingenious  methods  of  graphically  representing 
centrifugal-fan  characteristics  are  in  use,  and  to  these 
the  writer  adds  another  method  which,  to  the  best  of  his  knowl- 
edge, is  new. 

To  obtain  the  experimental  data  the  fan  is  tested  at  several 
speeds,  the  discharge  being  varied  by  the  use  of  different  sized 
orifices.  Figs.  1,  2  and  3  show  the  curves  for  three  fans  which 
differ  only  in  the  angle  of  inclination  of  the  blades,  the  coor- 
dinates being  static  pressure  and  speed.  The  curves  connect 
points  of  equal  capacity,  and  also  equal  cubic  feet  per  second 


per  horsepower.     The  use  of  the  charts  is  best  illustrated  by 
the  six  problems  which  foUow. 

Problem  1.  Required  the  input  horsepower  in  Fig.  1  for 
1360  r.p.m.  and  2.7  in.  static  pressure. 

Solution:  The  chart  shows  the  fan  is  delivering  14.5  cu.  ft. 
per  sec.  per  horsepower,  with  a  capacity  of  45  cu.  ft.  per  sec. 
The  input  horsepower,  therefore,  is  45/14.5  =  3.1. 

Problem  2.  Required  the  mechanical  efficiency  in  Fig.  1  at 
1360  r.p.m.  and  various  static  pressures. 

Solution:  (1)  Cubic  feet  per  second:  read  direct.  (2) 
Velocity  pressure:  find  in  Table  1.  (3)  Dj-namic  or  total 
pressure :  add  static  and  velocity  pressui-e.  (4)  Output  horse- 
power: take  product  of  cubic  feet  per  second,  dynamic  pres- 
sure, and  a  constant  depending  upon  temperature  and  pressure 
(for  usual  conditions  constant  =  0.0093).  (5)  Input  horse- 
power: divide  cubic  feet  per  second  by  cubic  feet  per  second 
per  horsepower.  (6)  Mechanical  efficiency:  divide  output 
horsepower  by  input  horsepower.     These  successive  steps  are 
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tabulated  below.    Note  that  the  zone  of  maximum  eflBeiency  is 
found  at  the  concave  part  of  the  series  of  curves. 


Static 

(1) 

(2) 

(3) 

(4) 

(5) 

(6) 

pressure, 

Velocity 

Total 

Mech. 

in.  water 

Cu.  ft. 

pressure, 

pressure. 

Output 

Input 

efficiency. 

per  sec. 

in.  water 

in.  water 

hp 

hp. 

% 

2.8 

35.0 

0  23 

3.03 

0  95 

2  33 

40.5 

2.4 

62.5 

0.53 

2.93 

1.56 

3.62 

43.0 

2.0 

62.0 

0.74 

2.74 

1.73 

4  07 

42.5 

1.8 

65.0 

0.81 

2.61 

1.72 

4.43 

41.8 

Problem  3.    Required  the  mechanical  efficiency  in  Fig.  2  at 
1300  r.p.m.  and  various  static  pressures. 

Solution:    See  method  used  in  Problem  2  and  the  following 
tabulation. 


(1) 

(2) 

(3) 

(4) 

(5) 

(6) 

Static 
pressure, 

Velocity 

Total 

Mech. 

in.  water 

Cu.  ft. 

pressure, 

pressure, 

Output 

Input 

efficiency. 

per  sec. 

in.  water 

in.  water 

hp. 

hp. 

% 

2.0 

30 

0,17 

2.17 

0.67 

1.67 

40.0 

1.8 

42 

0.34 

2.14 

0.92 

2.21 

41.5 

1.4 

52 

0.52 

1.92 

1.02 

2  66 

40.0 

1.0 

58 

0.65 

1.65 

0.98 

2.70 

36  0 

TABLE  1    VELOCITY  PRESSURES  IN  INCHES  OF  Vf  ATER  FOR  VARIOUS 
RATES  OF  DISCHARGE 


Cu.  ft. 

Velocity 

Cu.  ft. 

Velocitj 

Cu.  ft. 

Velocity 

Cu.  ft. 

Velocity 

per 

pressure, 

per 

pressure, 

per 

pressure. 

per 

pressure. 

sec. 

in. 

sec. 

in. 

sec. 

in. 

sec. 

in. 

36 

0.250 

44 

0.375 

52 

0.520 

60 

0.700 

37 

0.264 

45 

0.390 

53 

0.540 

61 

0.720 

38 

0.280 

46 

0.410 

54 

0.562 

62 

0  740 

39 

0.294 

47 

0.426 

55 

0.585 

63 

0.760 

40 

0.310 

48 

0.445 

56 

0.605 

64 

0.790 

41 

0.325 

49 

0.463 

67 

0.628 

65 

0.810 

42 

0.340 

50 

0.483 

5S 

0.650 

43 

0.357 

51 

0.500 

69 

0  670 

Note  that  the  zone  of  maximum  efficiency  is  found  along 
the  40-cu.-ft.-per-sec.  Une. 

Problem  4.    Required  the  mechanical  efficiency  in  Fig.  3  at 
1400  r.p.m.  and  various  static  pressures. 

Solution:    See  method  used  in  Problem  2  and  the  following 
tabulation. 


(1) 

(2) 

(3) 

(4) 

(5) 

(6) 

Static 
pressure, 

Velocity 

Total 

Mech. 

in.  water 

Cu.  ft. 

pressure. 

pressure, 

Output 

Input 

efficiency, 

per  sec. 

in.  water 

in.  water 

hp. 

hp. 

% 

1.6 

30 

0.17 

1.77 

0.54 

1  58 

34.0 

1.2 

40 

0.31 

1,51 

0.61 

1  82 

33.6 

0.8 

48 

0.44 

1.24 

0.61 

2.08 

29.3 

Problem  5.  Required  the  r.p.m.  and  static  pressure  to 
change  from  1320  r.p.m.  and  50  cu.  ft.  per  sec.  to  55  cu.  ft. 
per  sec.  (Fig.  1). 

Solution :    FoUow  the  1320-r.p.m.  line  down  to  50  cu.  ft.  per 


sec,  where  the  static  pressure  is  found  to  be  2.29  in.    The  new 
static  pressure  will  then  be 

(55)' 


2.29  X 


(50)^ 


2.77  in. 


The  r.p.m.  corresponding  to  a  static  pressure  of  2.77  in.  and 
55  cu.  ft.  per  sec.  is  1450. 
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Fig.  2    Characteristic  Curtos,  Blades  Radial 

Problem  6.  The  speed  of  a  fan  (Fig.  2)  is  changed  from 
1160  r.p.m.  to  1500  r.p.m.  The  original  static  pressure  is  1  in. 
Increase  the  capacity  in  the  ratio  of  the  speeds,  1500/1160  = 
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1.3,  and  detennine  ratio  of  new  input  liorse])Ower  to  original, 
and  ratio  of  new  static  pressure  to  original. 

Solution:  The  capacity  at  1  in.  and  1160  r.p.m.  is  48  eu.  ft. 
per  sec,  therefore  the  new  capapity  will  be  48  X  1-3  =  62  cu. 
ft.  per  sec.  At  1500  r.p.m.  and  62  eu.  ft.  per  sec.  the  static 
pressure  is  1.6  and  the  ratio  is  1.6/1  =  1.6,  or  approximately 
the  square  of  1.3.  The  horsepower  at  1  in.  and  1160  r.p.m.  is 
48/26.5  =  1.8,  and  the  horsepower  at  1.6  in.  and  1500  r.p.m. 
is  62/15  =  4,  the  ratio  being  4/1.8  =  2.2,  which  is  the  cube  of 
1.3.  Hence,  when  the  capacity  of  a  fan  varies  directly  with 
the  r.p.m.,  the  static  pressure  varies  directly  with  the  square 
of  the  r.p.m.,  and  the  horsepower  directly  with  the  cube  of 
the  r.p.m. 

The  general  arrangement  of  the  apparatus  for  obtaining  the 
power  input  is  shown  in  Fig.  4.  The  fan  was  directly  driven 
by  a  Sprague  electric  djTiamometer,  and  the  torque  was  meas- 
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Fig.  3    Characteristic  Curves,  Blades  Tilted  Backvtard 

ured  by  a  Kron  springless  scale.  The  outjiut  apparatus  is 
shown  in  Fig.  5.  Dynamic  pressures  were  obtained  by  a  pitot 
tube  and  static  pressures  by  a  piezometer  ring  with  four  open- 
ings through  the  wall  of  the  pipe.  Fig.  6  shows  the  connec- 
tions from  the  pitot  tube  and  piezometer  to  the  differential 
gages.  This  view  shows  also  the  method  of  securing  the  orifice 
plate  to  the  discharge  pipes. 


Walter  Humphreys,  registrar  of  the  Massachusetts  Institute 
of  Technology,  has  compiled  registration  statistics  which  indi- 
cate the  effects  of  the  war  on  technical  education.  The  total 
registration  is  between  eight-five  and  ninety  per  cent  of  what 
it  was  last  year  at  the  same  time.  The  freshman  year  shows 
an  increase,  the  percentage  in  terms  of  last  year's  figure  being 
104,  while  the  second,  third  and  fourth  years'  classes  are,  re- 
spectively, 93  per  cent,  75  per  cent  and  86  per  cent  of  the 
number  in  the  school  in  June. 

The  graduate  students  stand  at  60  per  cent  of  last  year's 
figure.  There  is  the  most  shrinkage  in  the  juniors,  the  sopho- 
mores of  last  year,  to  whom  two  years  more  of  schooling  has 
perhaps  seemed  a  long  time.    The  return  of  eighty-six  per  cent 


of  the  juniors  to  be  senioi's  is  evidence  in  favor  of  the  junior 
summer  camp.     The  purpose  of  this  was  to  give  some  military 


Fig.  4    Apparatus  tor  Obtaining  Power  Input 


Fig.  5     Apparatus  for  Obtaining  Output 


Fig.  6    Connections  to  Differential  Gages 

practice  and  an  opportunity  to  anticipate  fourth-year  studies, 
and  complete  work  at  an  earlier  date. 


THE  MOISTURE  CONTENT  OF  TEXTILES  AND 
SOME  OF  ITS  EFFECTS 

By  WILLIAM  D.  HARTSHORNE,  METHUEN,  MASS. 
Member  of  the  Society 


THE  smoothness  and  evenness  of  a  thread  are  dependent 
upon  the  relation  of  its  moisture  content  to  the  surround- 
ings atmosphere  at  the  time  of  spinning;  and  many  of  the  hith- 
erto inizzling  defects  in  a  finished  fabric  are  explainable,  and 
the  remedy  or  method  of  prevention  rendered  obvious,  as  soon 
as  the  correct  relationship  of  these  facts  to  weaving-  and  fabric- 
finishing  conditions  is  apprehended.  Moreover,  the  effects  of 
moisture  content  upon  strength  and  elasticity  are  not  less  im- 
portant, both  in  manufacturing  processes  and  commercial  use. 
The  most  sig-niflcant  effects  of  moisture  content  upon  tex- 
tiles may  be  classitied  under  three  general  heads  : 

I    Weight 
II    Dimensions 
III    Strength  and  Elasticity 
Under  these  respective  heads,  among  the  different   textile 
materials  there  is  great  diversity  of  effect,  and  as  a  consequence 
a  great  di\ergency  in  unverified  opinion.     The  most  obvious 
of  these  effects  is  weight,  and  to  this  factor  the  present  paper 
is  mainly  devoted. 

To  conditions  causing  changes  in  weight  much  more  effective 
study  has  been  given  than  to  those  causing  changes  in  dimen- 
sions or  strength  and  elasticity.  These  latter  are  complicated 
by  other  factors,  such  as  twist  or  weave,  which  tend  to  increase 
or  diminish  tlie  ordinary  effects  of  moisture. 


dried  and  the  length  of  exposure  to  a  drying  and  oxidizing 
atmospliere. 

With  materials  as  valuable  as  silk,  wool  and  cotton  and  such 
of  their  products  as  are  sold  by  weight,  the  actual  weighing 
of  the  water  they  may  happen  to  contain  at  the  time  of  sale  is 
of  evident  importance  to  both  buyer  and  seller,  when  it  is 
once  understood  what  slight  changes  of  circumstances  can 
cause  a  loss  or  gain  in  weight  involving  thousands  of  dollars 
in  many  everyday  transactions. 

The  standard  condition  upon  which  worsted  yarn  and  tops 
combed  without  oil  have  long  been  bought  and  sold  in  England 
and  on  the  Continent  allows  18%  per  cent  regain  or  added 
weight  to  the  standard  dry-weight  condition.  The  standard 
for  silk  is  11  per  cent  and  for  cotton  is  81/2  per  cent.  UntU 
recently  no  standards  except  for  silk,  which  is  the  same  the 
world  over,  had  been  generally  recognized  in  the  United  States. 

Theoretically,  it  makes  no  difference  whether  the  standard 
condition  of  regain  be  assumed  at  one  figure  or  another  pro- 
vided that  the  actual  condition  is  known  and  that  some  stand- 
ard has  been  agreed  upon  between  buyer  and  seller.  Prac- 
tically, however,  it  is  desirable  that  the  standard  condition  be 
somewhere  near  the  average  expected  for  the  country  in  which 
the  transaction  takes  place,  and  that  at  the  time  of  delivery 
the  material  shall  in  its  whole  mass  be  as  near  as  may  be  in 
this  standard  condition. 


EI^FECT  OF  MOISTURE  CO.NTENT  ON  WEIGHT 

In  measuring  weight,  long  before  any  exact  cau.sal  relation- 
sliip  had  been  established  between  the  various  factors,  certain 
standards  of  moisture  content  for  the  principal  textile  mate- 
rials, such  as  silk,  wool,  cotton  and  flax,  and  their  manufac- 
tured products,  had  been  established  by  custom,  and  to  some 
extent  sanctioned  by  law,  in  the  principal  Continental  markets 
and  in  England,  as  a  basis  for  purchase  and  sale. 

Variations  in  weight  between  different  materials  due  to  their 
individual  hygroscopic  properties  as  affected  by  atmospheric 
changes  alone  were  thus  recogTiized,  and  a  standard  basis  for 
figuring  the  standard  allowances  agreed  upon  was  also  adopted 
and  with  few  exceptions  has  been  steadily  adhered  to.  This 
standard  basis  was  obtained  by  determining  the  average  loss  in 
moisture  of  a  series  of  representative  samples,  from  the  lot  of 
material  in  question,  by  drj'ing  them  in  a  proper  oven  at  a 
temperature  of  221  to  230  deg.  fahr.  until  they  ceased  to  lose 
weight,  or  the  rate  of  loss  had  reached  a  prescribed  minimum. 

The  standard  allowances  made  upon  this  "  standard  "  dry 
basis  of  weight  {sometimes  called  the  bone-dry  or  the  abso- 
lutely dry  basis)  are  commercially  called  "  regains,"  a  nomen- 
clature liable  to  misconception  and  misapplication  which  it  is 
important  at  the  outset  to  avoid  both  in  practical  use  and  the- 
oretical study.  The  hygroscopic  capacity  and  other  properties 
of  both  wool  and  cotton,  for  instance,  are  well  known  to  be  ma- 
terially affected  both  by  the  temperature  at  which  they  are 


CORROBORATION  OF  15  PER  CENT  REGAIN  FOR  WORSTED 

The  importation  of  worsted  yarns  and  tops  into  this  country 
under  foreign  exporting  conditions,  owing  to  the  loss  of  weight 
sustained  upon  storage  here,  had  given  the  impression  that 
there  must  be  at  least  2  or  3  per  cent  difference  in  weight  due 
to  climatic  reasons.  ■; 

It  was  important,  therefore,  in  developing  the  new  Ameri- 
can industry  of  combing  tops  for  the  trade  to  adopt  a  stand- 
ard believed  to  be  safe  for  this  country.  This  was  put  at  the 
arbitrary  figure  of  15  per  cent  regain,  an  amount  easy  to 
calculate  and  also  within  expected  limits.  It  seemed  best, 
however,  to  determine  with  some  degree  of  certainty  how  near 
this  figure  was  to  the  average  natural  condition  corresponding 
to  some  one  locality,  such  as  Lawrence,  Mass. 

With  this  object  in  view,  a  skein  of  worsted  yarn,  2/42  Aus- 
tralian, combed  in  oil  and  spim  on  the  Bradford  system,  was 
prejaared  whose  absolute  or  rather  "  standard "  dry  weight 
was  carefully  determined  by  weighing  and  testing  other  skeins 
of  the  same  material  under  exactly  like  conditions.  This  meth- 
od of  using  substitute  skeins  was  adopted  to  avoid  the  known 
effects  of  heat  in  changing  the  hygroscopic  property  of  wool 
and  other  fibers. 

Table  1  shows  the  variations  in  weight  of  this  skein,  which 
were  remarkable,  ranging  from  a  little  over  7  per  cent  to  as 
high  as  35  per  cent  on  the  calculated  dry  weight.  There  were 
occasional  variations  of  15  or  even  19  per  cent  in  24  hours. 


For  presentntion  nt  the  .\nnual  Meeting  of  Ttte  .\merican  Society  of  Mechanical  Engineers.  New  York,  Decenilier  4  to  7,  1917.  The 
paper  is  bere  printed  in  abstract  form  and  advance  copies  of  tbe  complete  paper  may  be  obtained  gratis  on  application.  All  papers  are  subject  to 
revision. 
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The  observations  recorded  in  Table  1  gave  for  outdoor  con- 
ditions a  general  average  for  the  year  of  17.45  per  cent,  or 
something  less  than  the  standard  allowed  abroad ;  and  without 
attempting  at  the  time  to  go  further  into  the  law  of  change,  it 
was  felt  that  at  least  it  was  demonstrated  that  a  standard  of 
15  per  cent  regain  for  worsted,  as  had  already  been  assumed, 
was  conservative  for  this  country. 

EELATION  BEJTWEEN   HUMIDITY,  TEMPEE.VTTJRE  AND  KBGAIN 

The  determination  of  the  exact  relation  between  the  three 
factors,  humidity,  temperature  and  regain,  was  a  problem 
which  the  author  had  had  under  investigation  for  some  time 
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prior  to  1905.  That  the  absorption  of  moisture  by  worsted  yarn 
was  in  some  manner  dependent  upon  relative  humidity  and 
temperature  was  abundantly  shown  by  the  year  of  exterior 
observations  recorded,  and  also  by  many  interior  records  made 
subsequently.  It  seemed  possibly  true  that  the  atmospheric 
pressure  affected  the  result,  but  its  effect  was  so  far  over- 
shadowed by  the  element  of  temperature  that,  for  practical  mill 
purposes,  it  was  evident  that  the  height  of  the  barometer  could 
be  neglected.  In  fact,  all  observations  for  either  relative  hu- 
midity or  skein  regain  were  made  on  the  assumption  of  30  in. 
barometric  pressure. 

♦table    1     VARIATIONS  IN  WEIGHT   OF   SKEIN   OF   WORSTED   FOR 
ONE  YEAR 
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General  average  (by  the  month)  for  the  year.  17*^  per  cent. 

Lowest  average  periods  (April),  14",  and  (May),  14'*  per  cent. 

Highest  average  periods  (November),  22",  and  (December),  19"  per  cent. 

Lowest  observation  (April  30),  7'  per  cent. 

Highest  observation  (November  26),  35'  per  cent. 


The  Hrst  efforts  towiird  tlie  solution  of  the  problem  of  find- 
ing the  relation  were  directed  to  obtaining  in  a  closed  room, 
for  as  long  a  period  as  possible,  a  uniform  state  of  moisture 
and  temperature.  The  difficulty  of  maintaining  both  these 
factors  uniform  for  a  sufBcient  length  of  time  to  determine 
more  than  a  very  limited  range  of  facts  was  found  to  be  ex- 
tremely great,  if  not  impossible,  with  apparatus  then  avail- 
able. So  far  as  these  facts  were  determined,  they  indicated 
that  the  same  skein  of  worsted  yarn  can  always  be  relied  upon 
to  reach  the  same  weight  under  like  conditions,  if  given  suffi- 
cient time. 

For  the  purpose  of  eliminating  the  effect  of  hard  twist  in 
retarding  the  absorption  of  moisture  and  the  effect  of  oil  upon 
the  net  result,  a  quantity  of  2/24  soft  twist,  French  spun,  fine 
Australian  yam  was  prepared  and  extracted  with  ether,  dried, 
and  extracted  again  with  warm  water  to  which  a  few  drops  of 
ammonia  had  been  added.  After  allowing  it  to  hang  up  for 
some  time  to  come  to  its  natural  state,  this  yarn  was  made  up 
into  groups  of  skeins  of  equal  lengths  and  approximately  equal 
weights.  The  final  weight  and  moisture  state  of  the  groups 
was  carefully  determined  after  they  had  been  hung  up  together 
again  for  about  two  days,  by  drying  out  individual  skeins  of 
the  different  groups  in  the  ordinary  ventilated  Bradford  oven 
at  a  temperature  of  from  220  to  230  deg.  fahr.,  until  they 
ceased  to   lose   weight,   and   also   by  leaving  small   two-gram 
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WITH  Moisture 

skeins  in  weighing  bottle.s  under  a  dessicator  containing  strong 
sulphuric  acid. 

These  two  methods  were  used  to  cheek  each  other  from  time 
to  time  during  the  experiments,  to  establish  the  true  weight 
of  the  skeins  being  used  as  moisture  indicators. 

Attention  has  already  been  called  to  what  has  been  termed 
the  "  lagging  effect,''  due  to  the  time  required  by  a  skein  of 
yarn  to  take  up  or  part  with  moisture.     The  effect  of  this  is 
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to  show  for  a  given  humidity  and  given  temperature  a  higher 
result  when  the  skein  regain  condition  has  been  a  falling  one, 
and  a  lower  result  when  that  condition  has  been  a  rising  one. 
In  undertaking,  therefore,  a  careful  series  of  experiments,  it 
was  deemed  necessary  to  make  the  skeins  to  be  examined  of 
such  a  size  that  they  could  be  accurately  weighed  on  a  delicate 
balance,  and  not  be  so  large  that  the  amount  of  moisture  which 
might  be  absorbed  or  parted  with  by  a  given  skein  would 
require  a  great  many  cubic  feet  of  air  to  supply  or  displace  it. 

Upon  comparing  the  results  obtained  from  two  skeins  hung 
together,  one  of  which  had  been  previously  exposed  to  a  damp 
atmosphere,  and  the  other  to  a  comparatively  dry  atmosphere, 
it  was  soon  found  that  while  it  might  require  hours  or  even 
days  to  bring  the  skeins  exactly  together  again,  the  mean 
between  the  two  at  any  time  after  15  or  20  min.  was  prac- 
tically the  same  in  repeated  experiments  for  the  same  tempera- 
ture and  relative  humidity,  and  presumptively  equal  to  what 
a  third  skein  would  have  shown  which  had  been  a  long  time 
exposed  to  identical  conditions.  It  was  therefore  assumed 
that  this  mean  could  be  relied  upon  to  quickly  determine  the 
true  regain  relationship  for  any  not  too  rapidly  changing  con- 
ditions. It  was  thus  possible  to  make  use  of  the  very  lag 
effect,  which  had  previously  rendered  individual  observations 
seemingly  incompatible,  to  establish  comparatively  accurate 
and  true  results.  Figs.  1  and  2  are  intended  to  illustrate  this 
lagging-behind  and  coming-together  effect  and  the  method  of 
obtaining  quick  results. 

In  order  to  compare  the  results  obtained  by  this  method,  a 
special  form  of  charting  was  devised,  shown  in  Fig.  3  for 
worsted  and  Fig.  4  for  cotton,  on  a  scale  greatly  reduced  from 
the  original,  where  the  ordinates  represent  regain  and  the 
abcissas  moisture  per  cubic  foot  of  space,  for  the  temperatures 
and  relative  humidities  found  and  shown  in  the  figures.  It 
will  be  observed  that  the  lines  joining  points  of  the  same  rela- 
tive humidity  (for  example,  the  50  per  cent  line)  cross  the 
isothermal  lines  in  a  general  oblique  direction,  curved  slightly 
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convex,  on  the  downward  side;  that  is  to  say,  for  a  given 
relative  humidity  the  regain  is  less  at  the  higher  temperature, 
but  not  less  in  a  constant  ratio. 

By  the  aid  of  this  charting  principle,  a  sufficient  number  of 
points  were  located  to  trace  the  isothermal  and  the  relative 
humidity  lines  shown,  and  from  these  charted  results  it  was 
found  possible  to  tabulate  by  interpolation  the  percentage 
regain  on  worsted  with  a  fair  degree  of  accuracy  for  each 
percentage  of  relative  Immidity  from  15  per  cent  up  to  near 
saturation,  and  for  isothermals  5  deg.  of  temperature  apart 
from  35  deg.  fahr.  to  100  deg.  fahr. 


The  data  for  securing  the  cotton  chart  were  by  no  means 
so  complete  as  those  used  for  the  worsted  chart,  and  therefore 
the  same  degree  of  accuracy  was  not  expected  for  it. 

It  will  be  seen  from  Figs.  3  and  4  that  the  regains  for  cotton 
are  approximately  one-half  of  those  for  worsted  under  like 
conditions,  but  the  relative-humidity  lines  are  more  nearly 
straight  and  therefore  bear  a  more  nearly  constant  ratio  to 
the  regains. 

Another  metliod  of  comparing  results  is  shown  in  Fig.  5,  in 
which  curves  of  saturation   (100  per  cent  humidity),  60  per 
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Fig.  5    Regain  of  Cotton  and  Worsted 


cent  relative  humidity,  15  per  cent  regain  in  worsted,  and  (to 
avoid  confusion)  a  number  of  points  only  on  the  curve  of  71/2 
per  cent  regain  in  cotton,  are  represented.  An  additional  re- 
gain curve  for  20  per  cent  on  worsted  is  also  shown. 

It  will  be  noticed  that  at  ordinary  mill  temperatures  the  TVa 
per  cent  curve  for  the  cotton  here  used  closely  coincides  with 
the  15  per  cent  worsted  curve,  and  within  the  limits  of  observa- 
tion their  deviation  is  not  great  at  either  high  or  low  tempera- 
tures. In  the  absence  of  other  considerations,  this  fact  might 
be  taken  therefore  as  reason  sufficient  for  establishing  a  71/2 
per  cent  regain  for  cotton  for  this  country,  if  it  be  conceded 
that  15  per  cent  is  the  proper  standard  for  worsted. 

It  is  interesting  to  note  also  that  the  60  per  cent  humidity 
curve.  Fig.  5,  crosses  the  combined  regain  curve,  just  named, 
at  about  77  deg.  fahr.,  a  room  condition  which,  according  to 
Sconfletti,  is  compatible  with  both  good  work  and  comfort  in 
a  cotton-spinning  I'oom. 

Sconfletti  gives  his  own  experience,  as  corroborating  that  of 
other  men,  that  the  most  favorable  temperature  for  manufac- 
turing cotton  (and  textile  fibers  in  general?)  is  between  68  and 
77  deg.  fahr.,  while  the  relative  humidity  for  cotton  should  be : 

In  carding,  between  50  and  55  per  cent 

In  spinning,  between  55  and  60  per  cent 

In  weaving,  between  65  and  70  per  cent. 
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These  figures  would  indicate  a  regain  condition  for  cotton, 
by  the  1911  tables: 

In  carding,  from  about  6.5  per  cent  to  7.2  per  cent 

In  spinning,  from  about  7.2  per  cent  to  8.0  per  cent 

In  weaving,  from  about  8.6  per  cent  to  9.5  per  cent. 

or,  in  other  words,  for  cotton  the  stock  should  be  gaining  at 

each  step  of  manufacture. 

Whether  this  be  true  or  not  for  cotton,  it  is  not  true  for 
worsted  so  far  as  the  Bradford  system  of  spinning  is  con- 
cerned. For  the  Bradford  system  of  worsted  spinning,  even 
though  the  stock  contains  oil,  there  seems  to  be  no  doubt  that 
it  must  be  losing  moistul'e  during  the  process  of  spinning  to 
make  a  good  spin;  hence  the  necessity,  if  the  top  contains 
only  15  per  cent  regain,  for  keeping  the  moisture  condition 
well  up  dui'ing  the  processes  of  drawing  and  roving  or  else 
for  long  aging  in  a  cool,  damp  cellar  before  going  to  the 
spinning  frame.  The  latter  plan  used  to  be  thought  an  abso- 
lute necessity,  but  modern  successes  in  humidification  have  very 
largely  obviated  it. 

One  of  Scbloesing's  methods  involved  the  use  of  pure  sul- 


HeatingPipe 

Fig.  6    Appaeatus  for  Determining  Regain 

phuric  acid  of  known  strengths  in  obtaining  known  and  com- 
paratively constant  states  of  relative  humidity  in  a  closed 
vessel  or  chamber. 

Both  of  his  methods,  though  checking  up  well  with  each 
other,  involved  the  question  of  control  and  length  of  time 
required  to  arrive  at  results — a  time  so  great  that  to  apply 
them  over  a  wide  range  of  temperatures  to  make  a  complete 
comparison  with  the  writer's  figures  seemed  out  of  the  ques- 
tion. The  sulphuric-acid  method  was  the  simplest  but,  though 
making  use  of  conditions  of  known  humidity  in  obtaining  the 
facts  (not  the  law)  of  regain,  neglected  the  phenomenon  of 
lag — one  of  the  time  elements  in  the  problem. 

To  accomplish  this,  it  was  necessary  to  obtain  the  elimina- 
tion of  the  lagging  effect  by  direct  obsei-vations  under  condi- 
tions of  constant  temperature  and  constant  humidity  in- 
definitely maintained,  or  so  closely  known  that  the  constant 
condition  required  could  be  calculated.  In  attempting  this, 
use  was  made  of  Scbloesing's  sulphuric-acid  method  in  an 
apparatus  developed  after  much  experimenting,  shown  in  Fig. 
6,  so  that  observations  could  be  repeated  over  and  over  again 
under  conditions  caleulably  alike  upon  the  same  and  upon 


different  pairs  of  skeins  to  obtain  a  satisfactory  average  for  a 
gi\en  kind  of  material  at  as  many  points  of  temperature  and 
humidity  as  desired. 

The  principle  of  operation  of  the  apparatus  is :  A  pair  of 
skeins,  one  moister  and  the  other  drier  than  the  proposed 
humidity  would  give,  are  hung  on  the  two  ends  of  a  specially 
designed  metal  frame  within  an  enclosed  metallic  vessel,  the 
cover  of  which  is  sealed  by  mercury.  Excepting  the  top,  this 
vessel  is  entirely  surrounded  by  water,  the  temperature  of 
which  can  be  kept  constant  by  a  thermostat.  In  the  bottom 
of  this  chamber,  paraffined  for  protection,  varying  known 
strengths  of  sulphuric  acid  are  placed  and  the  framework  re- 
volved in  the  air  above  by  a  small  motor,  wliieh  also  turns  an 
agitator  in  the  outside  water.  Thermometers  pass  through  the 
lid  of  the  sealed  chamber,  one  terminating  in  the  air  and  the 
other  in  the  liquid  below,  so  that  the  exact  temperature  of  each 
is  known  and  therefore  the  exact  equilibrium  conditions  are 
calculable.  The  bearing  for  the  shaft  is  a  copper  tube  held  in 
a  conical  plug,  making  a  practically  air-tight  joint.  When  it  is 
desired  to  weigh  the  combination,  the  driving  band  is  dis- 
engaged, and  the  hook  from  the  scale  above  inserted  in  the 
hook  of  the  shaft  of  the  framework,  just  lifting  it  from  its 
conical  bearing,  so  that  the  weight  can  be  taken  accurately. 

It  will  be  noted  that :  The  original  dry  weights  of  the  skeins 
having  by  calcid-atio-n,  from  blank  tests  on  other  skeins,  been 
made  equal,  one-half  of  the  sum  of  the  weights  found  always 
represents  the  average  present  condition  of  the  skins. 

It  was  soon  found  that  in  about  an  hour's  time  an  equi- 
librium was  established  between  the  two  skeins  so  that  there 
was  neither  gain  nor  loss  thereafter,  while  the  temperature  re- 
mained the  same. 

It  was,  however,  found  on  repeating  the  same  experiment  on 
the  same  pair  of  skeins,  in  the  same  order,  that  is,  the  same 
skein  always  remaining  the  drier,  that  the  successive  observa- 
tions gave  continually  loiver  results  for  the  average  regain;  but 
if  the  skeins  for  a  repeated  experiment  were  alternated  in  the 
exposing  condition,  that  is,  if  the  one  which  had  been  drier  in 
the  first  instance  was  made  the  damper  in  the  second,  then  the 
results  represented  a  very  nearly  constant  condition  of  regain, 
not  only  for  the  same  pair  of  skeins,  but  for  duplicate  pairs, 
and  in  the  final  accepted  results  a  series  of  tests  on  duplicate 
samples,  alternating  for  the  moist  and  dry  state  in  each,  were 
averaged  for  each  point  of  regain  determined. 

By  suitable  humidities  and  temperatures,  thus  predeter- 
mined and  accurately  controlled,  points  of  regain  in  sufficient 
number  were  found  not  only  to  confirm  the  basis  for  the  gen- 
eral law  previously  propounded  in  1905,  but  to  extend  its 
application  so  as  to  cover  for  both  worsted  and  cotton  the 
relationship  of  humidity  and  regain  at  all  temperatures  within 
the  limits  of  the  apparatus  as  aiTanged,  giving  reliable  results 
not  previously  found  possible. 

Having  obtained  these  accurate  comparative  points,  the 
mathematical  considerations  as  first  announced  in  1905  and 
their  further  application  to  the  more  complete  conception  of 
the  laws  of  regain  as  developed  in  1911  may  be  briefly  sum- 
marized. 

SUMMARY  OF  THE  LAWS  OF  REGAIN 

To  summarize  these  laws  of  regain  in  cotton  and  worsted, 
we  can  say : 

First.  The  general  law  for  cotton  and  worsted,  and  prob- 
ably for  any  other  textile  fiber,  may  be  expressed  by  the 
formula 

K  R  T'  =  HX  5771.44  X  10' 
in  which  H  represents  any  given  relative  humidity  expressed 


November 
1917 


MOISTURE  CONTENT  OF  TEXTILES,  W.   D.  HARTSHORNE 


909 


decimally;  B  the  regain  at  any  absolute  temperature  T;  K  is  a  Second.     For  any  given  temperature  the  relation  of  values 

variable  coefficient  depending  upon  H,  K  and  T  in  such  a  way  of  R  to  the  variable  K,  for  both  worsted  and  cotton,  is  ex- 

that  f or  H  =  1  the  product  of  K  B  T"'  is  a  constant  quantity  pressed  by  a  hyperbolic  equation,  differing  for  each  substance, 

represented  by  the  number  5771.44  X  10'-    I"  tliis»  5771.44  is  Third.    For  any  other  temperatures  the  law  for  worsted  is: 

the  weight  in  grains  of  a  cubic  foot  of  aqueous  vapor  at  any  For  the  same  humidity  the  squares  of  the  regains  at  different 
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Fig.  7    B.^KOMETRic-CoRKECTiON  Chart 

Note. — Figs    7   to   11,   inclusive,   are   reproduced  from   tlie  autlior's  original  drawings  to  ensure  their  accuracy. 


ro  ro  tj  Cj 


4.  Oi 


(   60' 

loo- 
as- 

BO- 
SS- 
100- 


fF 

\'^^ 

■fs?'>V~1\'JN 

^ 

\y 

^ 

W 

\ 

\M 

W^\i 

H       "^ 

1  ■^    -■ 

~=3 

v\ 

'To      ^ 

1  M 

\\ 

V 

H 

m 

ulll- 

!:: 

!>b\l^ 

i3^ 

^ 

V 

vV\ 

\^ 

u 

\  \ 

« 

nlu 

|-~ 

^^OT 

/|\ 

^> 

\\' 

X 

\  \ 

\ 

Vow 

vT?\ 

\    r 

g 

vf 

\\- 

T  \\ 

\ 

iVivilT  f 

tf 

xS\^ 

\^ 

i\  \ 

\   rj. 

\\ 

ClUMli 

'Mw^ 

K^ 

*  V;^ 

r^ 

x\ 

oi-' 

V 

K 

r 

^ 

\X 

\\- 

r\ 

l\  '*  \ 

v^' 

\ 

\    \  L.-ifTv    \    L-'tT   '   ' 

:0 

i»^ 

V\ 

v< 

A  \ 

K 

xiv 

V 

Vv 

i? 

m 

'l)< 

A^ 

n4 

Cv 

uf 

?n 

\Wr. 

ra 

^p 

M\ 

<v 

xk 

\^ 

\k 

8 

M 

\-'\ 

% 

ft 

1 

1 

i^ 

s 

l<i^ 

m 

y\ 

Cv 

\M 

Mtt 

XVml 

3Sl 

T 

70-'r 

+ 

BO";"" 

? 

SO- 
95- 
100- 


ro  fo  U  0: 


>          ;n 

(Jl              W 

Oi         o 

^        o 

rcen+ad*^ 

Humid** 

Fiii.  8     Absolute-  and  Relative-Humidity  Chart.  Wool 


temperature  multiplied  by  the  corresponding  absolute  tempera-  temperatures  are  to  each  other  inversely  as  the  cubes  of  the 

ture  in  degrees   fahrenheit,  divided  by  the  maximum  elastic  corresponding  absolute  temperatures. 

force  of  aqueous  vapor  at  tliat  temperature,   expressed   in  Fourth.    The  law  for  cotton  is :    For  the  same  humidity  the 

inches  of  mercury.    In  this  expression,  therefore,  we  are  inde-  first  powers  of  the  regains  at  different  temperatures  are  to  each 

pendent  of  tables  for  saturated  aqueous  vapor,  either  for  unit  other  inversely  as  the  first  powers  of  the  corresponding  abso- 

of  weight  or  elastic  force.  lute  temperatures. 
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No  other  substances  have  as  yet  been  compared  in  this  man-  points  of  their  construction,  nor  are  they  adaptable  for  every- 

uer  by  the  writer,  but  for  such  substances  it  is  quite  possible  day  use.     By  properly   constructed   charts  on  a  unit-system 

that  all  these  relations,  except  those  of  the  general  formula,  basis,  it  is  possible  to  avoid  the  necessity  for  using  any  tables 

may  be  decidedly  different.  in  either  hygrometric  observations  as  such,  or  the  reading  of 


Fig.  9    Absolute-  and  Relative-Humidity  Chart,  Cotton 


Fig.  10    Unit-Vaeiation  Regain  Lines,  Wool 


ANOTHER  METHOD  OF  CHARTING  AND  FURTHER  DEDUCTIONS 
EXPLAINED 

Though  graphically  expressing  the  relations  and  laws  re- 
ferred to,  the  charts  so  far  shown  do  not  lend  themselves 
readily  to  accurate  portrayal  of  the  established  facts  at  all 


the  corresponding  conditions  of  equilibrium  therewith  for  the 
several  textile  materials. 

Figs.  7  to  11  were  devised  for  this  purpose,  so  far  as  com- 
mercial and  mill  uses  require,  for  wool  and  cotton.  On  each 
of  them  the  vertical  lines  represent   (as  labeled)   5-deg.  inter- 
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vals  of  temperature  and  the  horizontal  lines  5  per  cent  in- 
tervals in  relative  humidity.  For  closer  reading,  each  degi-ee 
and  each  per  cent  are  marked  off  respectively  at  the  top  and 
bottom  and  on  both  sides  of  the  charts. 

Barometric  Corrections.  Fig.  7  is  needed  in  ordinary  mill 
use  only  in  a  negative  sense.  It  shows  the  effect  of  the  height 
of  the  barometer,  by  unit  variations,  in  obtaining  the  correct 
relative  humidity  from  readings  of  the  sling  hygrometer,  and 
can  be  read  as  closely  as  necessary  for  practical  purposes.    On 


respect  to  the  absolute-  and  relative-lmmidity  lines  in  what- 
ever manner  either  may  have  been  determined. 

On  each  of  these  four  figures,  the  unit-regain  curves  are 
nearly  straight  lines  for  both  clean  wool  and  cotton,  running 
in  a  general  upward  direction  from  left  to  right,  and  labeled 
from  1  to  32  per  cent  on  the  wool  charts,  and  from  1  to  20 
per  cent  on  the  cotton  charts. 

In  Figs.  10  and  11,  besides  the  unit-difference  curves,  there 
are  three  extra  lines,  two  in  Fig.   10  and  one  in   Fig.   11, 


Fig.  11     Unit- Variation  Regain  Lines,  Cotton 


it  and  on  Figs.  8  and  9  the  curves  running  in  a  convex  upward 
direction  from  left  to  right  and  labeled  from  1  to  40  deg. 
downward  represent  the  position  of  unit  differences  in  the  wet- 
and-dry  bulb  readings  of  a  sling  hygrometer  and  are  plotted 
from  relative  humidities,  with  barometer  at  30  in.,  very  care- 
fully calculated  to  the  nearest  one-tenth  of  1  per  cent. 

The  lines  crossing  these  wet-and-dry-bulb  difference  curves 
and  running  from  left  to  right,  concave  downward,  are  desig- 
nated barometric-correction  curves.  They  are  labeled,  be- 
ginning at  the  lower  left-hand  corner,  1.9,  1.8,  1.7,  etc.,  to  1.0, 
and  then  continuing  0.9,  0.8,  etc.  Their  significance  is  this: 
The  correction  in  per  cent  to  be  added  to  or  subtracted  from 
the  humidity  findings  by  the  chart  curves  will  be  one  times  the 
drop  of  the  barometer  in  inches  below  30,  and  one  times  the 
rise  above  30,  respectively,  on  every  reading  falling  on  the 
line  labeled  1.0,  and  0.9  times,  0.5  times  or  1.1,  etc.,  times  such 
leadings  falling  on  the  curves  so  labeled. 

For  readings  falling  between  these  lines,  a  relative  estimate 
can  be  interpolated  by  inspection,  if  need  be. 

Regain  Curves.  Figs.  8  and  9  are  intended  to  be  used  in 
determining  from  sling-hygrometer  readings  both  absolute  and 
relative  humidities,  within  the  limits  of  temperature  indicated 
and  the  corresponding  regains,  for  a  state  of  equilibrium 
therewith  on  wool  and  cotton  respectively. 

Figs.  10  and  11  show  within  the  same  limits  of  tempera- 
ture the  unit-variation  regain  lines  for  wool  and  cotton  with 


labeled,  respectively,  15.5  per  cent,  18.25  per  cent  and  8.5 
per  cent.  These,  with  the  three  emphasized  lines  at  15,  19  and 
20  per  cent,  represent  equilibrium  conditions  for  certain  com- 
mercial standards  in  wool  and  cotton,  to  be  more  fully  de- 
scribed and  explained  later. 

All  these  lines  are  plotted  from  data  developed  either  di- 
rectly from  the  writer's  original  formulae,  or,  where  admissible, 
by  interpolation  from  the  tables  in  the  Appendix. 

Ahsohile-Humidity  Curves.  In  each  of  Figs.  8  to  10  are 
plotted  curves  running  from  left  to  right  in  a  convex  direction 
downward,  labeled,  respectively,  1  gi-ain,  2  grains,  3  grains, 
etc.,  up  to  19  grains,  which  rejiresent  weights  of  aqueous  vapor 
per  cubic  foot  under  the  temperature  and  relative  humidity 
conditions  indicated  at  their  points  of  intersection  with  the 
temperature  and  humidity  lines.  These  cui-ves  are  plotted 
from  data  calculated  from  Professor  Marvin's  Table  12  in 
U.  S.  Weather  Bureau  Report  No.  236. 

ILLUSTRATIONS    OP    THK    PRACTICAL  USE   OF  THE  CHARTS 

Example  1.  Assuming  a  30-in.  barometer,  suppose  an  ob- 
servation by  the  sling  hygrometer  gave  a  dry-bulb  temperature 
of  65  and  wet-bulb  60  deg.  Note  in  Fig.  8  that  the  5-dei;'. 
difference  curve  crosses  the  vertical  65-deg.  temperature  Ine 
just  a  little  below  its  intersection  with  the  horizontal  75  per 
cent  humidity  line;  that  the  curve  for  5  grains  of  aqueous 
vapor  per  cu.  ft.  crosses  a  little  to  the  left  of,  and  the  19  per 
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cent  regain  for  clean  wool  exactly  at  the  same  75  per  cent 
point.    The  results  would  be  properly  recorded: 

Temi^erature,  deg 65 

Relative  humidity,  per  cent 75 

Absolute  humidity,  gr.  per  cu.  ft 5.1 

Wool  regain,  per  cent 19 

Cotton  regain,  per  cent 10.7  (Fig.  9) 

It  will  be  observed  that  even  on  the  reduced  scale  of  Fig.  9 
it  would  be  possible  to  read  the  relative  humidity  closer  and 
call  it  74.8  per  cent,  and  the  other  items  correspondingly  less; 
but  it  would  not  be  worth  while  to  do  so  for  a  single  ob- 
servation, because  that  degree  of  accuracy  would  rest  upon 
the  assumiJtion  that  the  difference  in  the  wet-  and  dry-bulb 
temperature  had  been  taken  with  an  obsei'vation  en'or  of  less 
than  one-tenth  of  a  degree — an  improbable  supposition,  except 
with  a  very  careful  observer  using  very  refined  instruments. 
Mill  observations  are  usually  taken  to  the  nearest  %  deg.,  im- 
pljdng  a  possible  error  of  over  0.2  deg.,  or  as  much  as  1  per 
cent  in  any  single  record  of  humidit)',  under  approximately 
like  conditions. 

Again,  under  like  circumstances,  referring  to  Fig.  7,  it  will 
be  seen  that  the  observed  point  falls  approximately  on  the 
barometric-correction  curve  0.3,  which  means  that  it  would 
require  a  difference  of  3  l/'3  in.  in  the  barometer,  more  or  less 
than  30,  to  make  a  difference  of  1  per  cent  in  the  humidity 
reading;  or,  in  other  words,  an  amount  no  greater  than  the 
possible  error  of  an  ordinai-y  mUl  observation. 

Example  2.  For  dry  bulb  77V2,  wet  bulb  61  deg.,  difference 
I6V2  deg.,  the  point  is  found  at : 

Temperature,   deg 77y2 

Relative  humidity,  per  cent 37^/2 

Absolute  humidity,  gr.  per  cu.  ft 3.8 

Clean-wool  regain,  per  cent 10.3     (Fig.  8) 

Cotton  regain,  per  cent 5.3    (Fig.  9) 

Barometric-correction  factor 0.65  (Fig.  7) 

In  this  case,  to  need  a  con-ection  of  as  much  as  1  per  cent 
in  the  humidity  record,  involving  0.2  per  cent  and  0.1  per  cent 
only  in  the  reading  for  the  regain  conditions  of  wool  and  cot- 
ton, respectively,  would  requiie  [since  (1.00-^0.65)  =1.54] 
a  drop  in  the  barometer  to  below  28%  in.  or  a  rise  to  above 
311/2  in. 

OTHER  INTERPRETATIONS  AND  INFERENCES 

As  regards  barometric  corrections  in  mill  practice,  the 
humidity  conditions  usual  either  for  warehouse  storage  or 
manufacturing  rooms  evidently  lie  above  the  barometric-cor- 
rection curve  labeled  1.0;  and  Figs.  8  and  9  show  that  it 
requires,  for  conditions  in  the  neighborhood  of  this  line,  a 
difference  of  about  5  per  cent  in  relative  humidity  for  wool 
and  10  per  cent  for  cotton  to  make  as  much  as  1  per  cent 
difference  in  their  respective  regain  conditions.  Consequently, 
the  probable  maximum  effect  upon  humidit5'  readings  of  anj' 
barometric  change  likely  to  occur  in  our  latitude  and  at  eleva- 
tions not  exceeding  1,000  ft.  would  only  be  equivalent  to  about 
one-half  of  one  per  cent  in  the  proper  reading  for  the  regain 
of  wool  and  one  quarter  of  1  per  cent  for  cotton.  The  com- 
mon custom,  therefore,  of  paying  no  attention  to  barometer 
readings  in  observations  for  moisture  conditions  in  factories 
not  situated  at  high  elevations  is  quite  justifiable  from  a  prac- 
tical standpoint. 

It  cannot  at  present  be  said  that  any  definite  standard  for 
moisture   regain   on   cotton,   manufactures   of  cotton,  raw   or 


scoured  wool,  worsted  yarns,  or  other  manufactures  of  wool 
except  tops,  or  other  textile  materials  except  silk,  is  properly 
recognized  in  the  trade  in  this  country. 

The  most  important  reason  for  not  adopting  the  English 
and  Continental  standards  for  wool  here  lies  in  the  fact  that  it 
is  more  difficult  to  maintain  indoor  atmospheric  conditions  in 
our  climate  corresponding  to  such  standards,  and,  moreover, 
tops  and  yams  actually  containing  such  amounts  of  moisture, 
if  long  stored  unprotected  from  mildew,  are  likely  to  become 
seriously  damaged. 

In  the  writer's  experience  there  is  little  such  danger  gf 
damage  at  ISVa  per  cent  on  wool  (15  per  cent  on  oil  stock) 
or  8^/2  per  cent  on  cotton.  While  it  is  true  that  for  the  best 
conditions  of  spinning  it  is  better  to  have  in  the  material  an 
amount  of  moisture  equal  to,  or  possibly  even  greater  than, 
the  Bradford  standards,  in  order  to  allow  for  necessary  losses 
by  evaporation  and  still  maintain  a  humidity  condition  of 
spinning  rooms  at  a  point  where  electrical  action  in  cold 
weather  would  be  without  material  effect,  yet  this  can  be 
taken  care  of  by  the  spinner  himself,  and  need  not  involve 
the  danger  from  mildew  by  long  storage  at  Bradford  stand- 
ards in  our  warmer  climate.  However,  with  material  worth 
anywhere  from  50  cents  to  $2.00  per  lb.  or  more,  it  is  easy 
to  see  the  commercial  importance  of  knowing  at  what  price 
100  lb.  of  bone-dry  material  is  being  bought  or  sold,  but  it 
makes  little  difference,  as  a  commercial  transaction,  whether 
the  price  be  fixed  on  the  basis  of  that  100  lb.  weighing  110  lb., 
115  lb.,  or  even  120  lb.,  providing  the  standard  is  accepted, 
condition  determined,  and  corrected  weight  billed  up. 


The  skin  which  forms  on  the  surface  of  some  oil  paints  and 
varnishes  is  practically  airtight.  According  to  a  paragraph 
in  the  Zeitschrift  des  Vereines  Deutscher  Ingenieure  of  July 
21,  1917,  such  a  skin,  which  is,  at  any  rate,  waterproof  and 
dustproof,  can  be  formed  on  sacks  of  jute  and  on  bags  of 
cardboard,  etc.,  for  the  transport  of  lime,  chalk,  cement  and 
dextine,  as  well  as  for  packing  greasy  and  oUy  materials.  The 
process  is  described  as  the  Pliiss-Stauffer  process,  and  it  is 
stated  that  the  skin  is  pressed  upon  the  material,  which  need 
not  be  a  texture,  by  special  machinery. — Engineering ,  Septem- 
ber 28,  1917,  p.  340. 


Aluminum  bronzes  can  be  improved  by  thermal  treatment. 
When  they  contain  less  than  7  per  cent  of  copper,  the  thermal 
treatment  will  not  affect  the  properties  much,  according  to  the 
Giesserei  Zeitung  for  June  1,  1917.  Higher-grade  bronzes 
can  be  hardened,  however,  and  by  the  further  addition  of  iron, 
silicon  and  other  elements  the  mechanical  properties  of  the 
aUoys  can  be  much  varied.  Thus,  for  instance,  bronzes  can  be 
prepared  having  a  Brinell  hardness  of  100  without  being  brit- 
tle. An  aluminum  bronze,  resembling  in  its  mechanical  prop- 
erties a  0.35  carbon  Swedish  steel,  was  given  hardness  values 
ranging  from  100  up  to  260  by  various  theiinal  treatments; 
such  bronzes  will  answer  as  bearing  metals  even  for  high 
speeds.  The  following  figures  are  given  as  to  the  properties 
of  a  10  per  cent  aluminum  bronze  containing  some  titanium, 
the  percentage  of  which  is  not  stated;  the  figures  refer  to  the 
original  alloy  as  cast,  to  the  quenched  bronze,  and  to  the 
bronze  after  the  thermal  treatment  at  different  temperatures 
Limit  of  elasticity  in  kg.  per  sq.  cm.,  9.6,  19.8,  27.7  to  19.2 
tensile  strength  in  kg.  per  sq.  cm.,  51.8,  73.6,  67.7  to  64 
elongation  in  per  cent,  19.5,  1.0,  .5.5  to  1.4;  contraction  of  area 
in  per  cent,  33.7,  0.8,  9  to  18.5;  Brinell  hardness,  100,  262,  158 
to  140. — Engineering,  September  21,  1917,  p.  305. 


LABOR-TURNOVER  RECORDS  AND  THE  LABOR  PROBLEM 


By  RICHARD  B.  GREGG,'  BOSTON,  MASS. 
Non-Member 


THE  study  of  labor  turnover  is  the  measurement  of  the 
movement  of  industrial  workers  in  and  out  of  their  em- 
ployment, and  the  analysis  of  its  causes  and  results.  The 
value  of  sueh  study  is  patent  to  everyone  who  has  ever  han- 
dled employment.  The  difficulty  of  training  a  continually 
shifting  force,  the  low  quality  and  quantity  of  production 
obtainable  from  tramp  workers,  the  lack  of  team  play,  low 
standards,  poor  tone,  discontent  and  unrest  in  an  establish- 
ment where  the  labor  turnover  is  high — all  these  are  factors 
that  gravely  affect  both  the  annual  balance  and  the  ease  and 
effectiveness  of  management. 

There  is,  of  course,  a  certain  amount  of  labor  turnover 
which  is  unavoidable  and  nor- 
mal. The  factory  will  always 
be  losing  people  from  old  age, 
death  not  caused  by  industrial 
accident  or  occupational  dis- 
ease, marriage,  changes  of  resi- 
dence or  domestic  events  wholly 
uninfluenced  by  the  character 
of  work  or  pay.  What  this 
normal  amount  will  be  will 
vary  from  factory  to  factory 
according  to  local  conditions. 
A  careful  estimate  in  one  in- 
stance placed  it  at  21  per  cent 
of  the  total  working  force.  The 
amount  of  turnover  in  excess 
of  this  normal,  excepting  lay- 
offs due  to  slackening  demand 
for  product,  may  be  considered 

a  kind  of  barometer  of  dissatis-  -  

faction,  either  of  employer  with 

employee   or  of   employee   with   position.     The   quittings   are 

in  effect  a  sort  of  gradual  continuous  strike. 

Let  us  imagine  a  factory  where  there  is  a  high  labor  turn- 
over, with  all  its  consequent  difficulties.  What  would  it  mean 
to  apply  scientific  methods  to  this  problem,  and  what  would 
be  the  probable  results'?  First  of  all,  we  must  get  the  facts. 
How  great  is  the  labor  turnover?  To  get  this  we  must  examine 
the  payroll  or  keep  a  record  of  the  hirings  and  quittings  and 
discharges  from  the  entire  factory  for  a  given  period  of  time — 
say  a  year.  By  comparing  the  total  number  of  "  leavers  "  for 
all  reasons  with  the  total  normal  number  of  workers  in  the  fac- 
tory we  may  obtain  the  turnover  in  terms  of  precentage,  which 
is  useful  for  comparisons  with  other  periods  or  other  groups  of 
workers.  For  purposes  of  thorough  analysis  it  will  be  well  to 
obtam  the  amount  and  percentage  of  turnover  for  each  depart- 
ment and  each  position  with  the  departments.  In  one  factory 
the  annual  turnover  for  the  entire  concern  for  several  suc- 
cessive years  was  in  the  region  of  45  per  cent.  Again,  in  one 
department  in  a  cotton  mill  the  turnover  last  year  was  over 
500  per  cent.  The  turnover  in  some  positions  will  occasion- 
ally run  much  higher  than  that. 


1 


The  application  of  rational  methods  of  anal- 
ysis to  the  conduct  of  the  operative  details  of 
industrial  establishments  has  long  been  accepted 
as  an  effective  means  of  approaching  the  maxi- 
mum efficiency  of  output,  and  in  recent  years 
production  problems  of  all  kinds  have  been 
studied  and  solved  by  such  methods.  In  this 
paper  the  author  advocates  the  application  of  a 
similar  mode  of  analysis  to  an  increasingly  im- 
portant phase  of  the  labor  problem,  namely,  the 
labor  turnover,  or  the  shifting  of  ivorkers  from 
one  place  of  employment  to  another.  He  consid- 
ers various  causes  that  have  given  rise  to  the 
problem  and  suggests  other  aspects  of  the  sub- 
ject that  still  remain  to  be  explored,  leaving  a 
discussion  of  the  remedies  which  have  proved 
successful  for  future  treatment. 


Having  obtained  the  annual  turnover  in  toto  and  in  detail 
in  this  fashion,  we  will  get  further  light  on  the  situation  by 
working  out  the  turnover  for  each  week  and  for  other  divi- 
sions of  the  year  such  as  each  of  the  thirteen  four-week 
periods.  In  this  way  we  learn  whether  there  are  any  sea- 
sonal or  periodic  fluctuations.  In  some  industries,  such  as  the 
building  trades  or  the  manufacture  of  clothing,  such  variations 
are  very  marked. 

It  is  obvious  that  these  measurements  and  analyses  tend  to 
make  it  more  possible  to  learn  the  causes  for  the  turnover. 
Once  we  learn  real  causes  and  definitely  locate  responsibilities 
we  are  in  a  position  to  begin  to  control  the  phenomenon. 

Can-ying  out  our  analysis 
and  arrangement  of  facts  still 
further,  we  can  often  obtain 
very  valuable  indices  of  the 
reasons  for  high  labor  turover. 
For  instance,  grouping  the 
leavers  according  to  their  actual 
earnings  will  show  the  signifi- 
cance of  the  wage  factor  as  a 
cause  for  leaving.  To  illustrate 
how  this  works  out:  A  certain 
cotton  mill  learned  that  there 
was  a  high  labor  turnover  in 
its  power  department.  Upon 
further  analysis  the  turnover 
was  found  to  be  confined  almost 
entirely  to  the  coal  handlers. 
Inquiry  showed  that  these  men 
were  receiving  fifty  cents  a 
week  less  than  the  coal  handlers 


»75  state  Street. 


at  the  local  railroad  station. 
The  wage  was  raised  fifty  cents,  the  turnover  ceased,  and  the 
management  was  relieved  of  its  worry  about  demuwage 
charges.  Usually  a  large  part  of  the  shifting  will  be  found 
in  the  low-paid  groups.  The  results  of  most  experiments  with 
this  fact  seem  to  show  that  low  wages  are  much  more  the  cause 
of  the  high  turnover  than  any  inlierent  and  iinehangeable 
characteristics  of  that  group  of  workers. 

Other  groupings  that  might  prove  significant  are  sex,  na- 
tionality, age,  foremen,  rooms,  heaviness  of  work,  amount  of 
illumination  or  ventilation  of  work  place,  dirtiness  of  job, 
method  of  pay,  amount  of  accident  risk,  anxiety,  amount  of 
other  fatigue  factors,  distance  of  workers'  homes,  etc. 

A  further  aid  in  learning  the  causes  for  leaving  is  making 
inquiries  from  the  leavers  before  they  go  and  from  the 
foremen. 

As  a  result  of  all  this  recording  of  facts,  measuring,  weigh- 
ing, testing,  analysis  and  classification,  we  find  ourselves  able  to 
determine  the  real  causes  for  the  turnover  in  a  large  number 
of  cases.  Sometimes  the  causes  will  be  simple,  as  in  the  case 
of  a  motor  company  that  learned  that  most  of  its  leavers  had 
resided  a  considerable  distance  away  from  the  plant.  By  giving 
preference  to  applicants  living  nearby  the  turnover  was  grad- 


For  preseotation  at  the  Annual  Meeting  of  the  American  Society  of  Mechanical  Engineers.  New  York,  December  4  to  7.  1917.  The 
paper  Is  here  printed  in  abstract  form,  and  advance  copies  of  the  complete  paper  may  be  obtained  gratis  upon  application.  All  papers  are 
subject  to  revision. 


913 


914 


LABOR-TURNOVER  RECORDS,  R.  B.  GREGG 


The  JoxjrnaIj 
Am.Soc.M.E. 


ually  very  greatly  reduced.  Usually,  however,  there  is  a  com- 
plex set  of  causes,  and  the  apparent  cause  merely  serves  to 
release  discontent  that  has  gradually  been  accumulating  for  a 
number  of  reasons.  With  patience  and  skill  we  can  usually 
arrive  near  to  the  truth.  By  further  measurement  and  anal- 
ysis we  can  determine,  or  at  least  approximate,  the  cost  of 
losing  a  worker  in  a  particular  position  and  training  another. 
These  costs  may  be  roughly  divided  into  overhead  costs  and 
operating  costs. 
Among  the  overhead  costs  there  are : 

1  More  rapid  depreciation  of  machinery  because  of  ignorance 

or  lack  of  skill  of  new  workers 

2  Extra  floor  space  and  extra  machines  to  provide  against 

idleness  of  a  certain  amount  of  machinery  due  to  shifting 
labor. 
Operating  costs  may  include  any  or  all  of  the  following: 

1  Time  of  increased  superintendence  or  office  work : 

a  Time  spent  by  foremen  or  superintendent  in  discharg- 
ing a  workman  where  that  is  the  way  the  vacancy 
occurred 

6  Time  spent  by  foremen  or  other  workers  in  training  the 
new  employee 

c  Time  spent  by  clerks  on  additional  payroll  or  other 
records. 

2  Machine  costs,  covering 

a  Time  machinery  is  idle  when  a  new  worker  cannot  be 
obtained  immediately 

6  Idle  machinery  for  temporary  stoppages  due  to  ig- 
norance or  lack  of  skill  of  new  worker 

c  Repairs  to  machines  or  renewals  of  tools  broken  for  the 
same  reason. 

3  Material  costs,  including- 

a  Waste  or  damaged  material  due  to  ignorance  or  lack  of 

skill  of  new  worker 
6  Difficulties  in  subsequent  processes  due  to  poor  work  by 

new  employees  in  previous  processes 
c  Lower  production  while  new  employee  is  working  up 

his  best  skill. 

4  Additional  accident  cost   due  to  higher  rate  of  accidents 

among  new  employees. 

These  two  kinds  of  overhead  costs  and  four  groups  of  op- 
erating costs,  while  not  exhaustive,  serve  to  illustrate  the 
method  of  observation,  recording,  measurement  and  analysis 
which  is  just  as  helpful  in  this  aspect  of  the  matter  as  else- 
where. With  knowledge  so  obtained  the  factory  manager  is 
in  a  position  to  estimate  more  truly  the  importance  of  this 
problem  and  to  judge  whether  he  can  afford  to  take  certain 
steps  to  reduce  this  turnover. 

As  is  probably  well  known,  those  who  have  made  the  most 
careful  studies  of  this  question  find  that  it  costs  about  $10  to 
replace  an  ordinary  laborer,  and  as  much  as  $300,  and  per- 
haps more,  to  replace  skilled  workers.  The  cost  varies,  of 
course,  with  the  nature  of  the  position.  The  total  losses  are 
unquestionably  enormous.  Mr.  Magnus  Alexander  in  his  well- 
known  study,  it  may  be  remembered,  estimated  the  losses  in 
a  group  of  twelve  metal-working  factories  in  a  single  year  at 
not  less  than  $831,000;  and  one  textile  mill,  employing  about 
two  thousand  workers,  may  be  mentioned  which  is  losing  at 
least  $20,000  annually  from  its  high  labor  turnover.  Other 
instances  could  be  multiplied. 

It  should  be  remembered,  moreover,  that  none  of  these  esti- 
mates includes  the  losses  to  the  emploj'ees  or  the  community. 
What  frequent  job  shifting  means  to  the  employee  and  his 
family  in  terms  of  frequent  house  moving,  ill-feeling,  discour- 


agement, bitterness,  decrease  of  skill,  lowering  of  pride  and 
self-respect,  we  have  no  means  of  measuring. 

There  are  many  other  aspects  of  the  matter  that  still  re- 
main to  be  explored.  What  are  the  relations  between  absences 
and  tardiness  and  labor  turnover?  Cannot  absences  and  tardi- 
ness be  studied  in  the  same  way  as  labor  turnover?  What  are 
to  be  the  relations  of  labor-turnover  control  to  such  prob- 
lems as  trade  education,  promotion  policies,  the  intellectual 
life  of  the  industrial  community,  the  mobility  of  labor,  scien- 
tific management,  women  in  industry?  Will  it  be  wiser  to 
leave  the  broad  problem  of  control  of  labor  turnover  entirely 
in  the  hands  of  employers,  or  should  the  state  have  a  voice  in 
the  control?  These  are  questions  both  of  the  present  and  of 
the  future.  In  thinking  about  them  and  working  over  them  it 
is  important  to  bear  in  mind  the  value  of  scientific  method. 
The  discovery  of  a  unit  of  measurement,  a  method  of  meas- 
urement, analysis  and  classification,  has  made  possible  great 
advances  in  this  one  small  part  of  the  labor  problem. 

Let  us  get  the  facts  in  the  labor  situation, — all  of  them. 
Just  as  Darwin  always  recorded  all  facts  which  tended  to  con- 
tradict his  hypotheses,  because  he  knew  that  unless  he  did  so 
he  would  be  apt  to  overlook  those  facts  in  order  to  make  his 
hypotheses  triumph,  let  us  also  recognize  the  presence  of  per- 
sonal and  business  interests  and  bias  in  ourselves  as  weU  as 
in  others.  Let  us  never  dodge  or  shirk  the  facts.  Let  us 
record  them  so  that  we  and  others  can  study  them  at  any 
time.  Let  us  measure  when  means  of  measurement  are  obtain- 
able. Let  us  analyze,  weigh,  test,  and  fearlessly  experiment. 
Let  us  invoke  our  finest  constructive  imagination  in  making 
our  hypotheses.  Let  us  not  be  dogmatic  but  humble  with  our 
theories,  ready  to  throw  them  away  when  new  facts  are  rec- 
ognized. 

Let  us  last  of  all  never  overlook  the  human  instincts.  They 
lie  at  the  heart  of  our  problem.  Because  of  much  past  neglect 
in  the  handling  of  this  question  they  require  the  greater 
emphasis. 

It  is  unquestionably  a  trait  that  every  person  wants  to  have 
some  sort  of  control  of  the  circumstances  and  direction  of  his 
own  life  and  of  his  work  as  a  part  of  his  life.  For  this  reason 
I  believe  not  only  in  scientific  method  and  spirit,  but  I  also 
believe  that  science  must  join  hands  with  democracy  in  order 
to  reach  any  sound  solution  of  the  greatest  of  all  our  prob- 
lems. To  find  the  methods  and  forms  of  organization  through 
which  such  a  solution  may  be  obtained  is  the  task  that  lies 
ahead  of  us. 


Like  the  farmer,  the  engineer  is  an  indispensable  factor 
in  the  well-being  of  the  nation.  He  has  to  deal  not  with  whim 
and  fancy,  but  with  the  forces  and  elements  of  nature.  At 
bottom  his  problems  involve  the  utilization  and  conservation 
of  the  natural  resources  of  the  nation — the  patrimony,  as  it 
were,  of  nature  to  man.  With  progress  social  life  becomes 
increasingly  complex.  With  division  of  labor  comes  the  effi- 
ciency and  expertness  of  the  specialist,  but  also  the  interde- 
pendence of  individuals  and  communities.  Only  the  uncivilized 
who  live  upon  the  gifts  of  nature  are  today  self-sufficient  and 
independent  as  regards  the  necessities  of  existence.  A  large 
city,  on  the  other  hand,  is  always  within  hailing  distance  of 
starvation.  The  engineer  is  a  product  of  this  interdependent 
life,  and  his  sway  has  increased  as  civilization  has  grown  in 
complexity.  His  function  has  become  so  specialized  that  it 
cannot  be  dispensed  with,  and  none  can  substitute  in  his  place. 
Light,  heat,  power,  sanitation,  irrigation,  construction,  inter- 
communication— these  are  vital  elements  in  modem  progress. 
—Power,  October  23,  1917. 


ACCIDENT  PREVENTION   IN   THE  TEXTILE   INDUSTRY 


By  DAVID  S.  BEYER,'  BOSTON,  MASS. 
Non-Member 


THE  manager  of  the  steel  mill  handling  several  hundred 
tons  of  molten  metal  every  day,  might  think  that  in  com- 
parison with  his  difficulties  the  mechanical  problem  in\olved 
in  turning  out  a  spool  of  thread  or  a  bale  of  cloth  would  be 
very  simple.  A  study  of  conditions  in  the  textile  industry, 
however,  would  soon  convince  him  that  the  man  in  charge  of  a 
modern  textile  plant  has  some  problems  which  are  all  his  own. 
Many  of  these  problems  come 
from  conditions  which  have  a 
very  direct  bearing  on  accident 
prevention,  notably  the  follow- 
ing: 

Mechanical  Exposure.  In 
the  majority  of  manufacturing 
industries  the  number  of  ma- 
chines is  less  than  the  number 
of  employees.  For  example, 
the  combined  insurance  records 
from  a  number  of  states  show 
the  following  average  condi- 
tions : 

Earthenware      manutacturing.      17 
machines  per  hundi-ed  employees. 
Furniture    manufacturing,    40    ma- 
chines  per  hundred   employees. 
Rubber    goods     manufacturing.     60 
machines  per  hundred  employees. 
Printing,     67     machines    per     hun- 
dred employees. 


In  the  textile  industry,  on 
the  other  hand,  the  number  of 
machines  usually  exceeds,  by 
several  times,  the  number  of 
employees.  Sixty-one  charac- 
teristic cotton  mills  contained 
33,393  employees  and  119,078 
machines,  or. 
Cotton   mills 357  machines  per  hundred  employees 

The  average  cotton  mill  in  Massachusetts  has  nearly  a  thou- 
sand employees  and  several  thousand  machines.     These  ma- 


Mechanical  accidents  form  a  large  percentage 
of  all  those  occurring  in  the  textile  industry. 
Contributory  factors  to  this  condition  are  (I) 
an  exceptionally  large  mechanical  exposure — 
the  exposure  points  run  into  the  thousands  or 
tens  of  thousands  for  a  single  plant  and  it  is  an 
extensive  problem  to  guard  completely  all  the 
belts  and  gears,  (2)  female  and  child  labor — a 
large  percentage  of  the  employees  are  women 
and  youths,  and  (3)  an  ever-present  temptation 
to  clean  machines  in  motion — there  is  a  natural 
tendency  on  the  part  of  the  operator  to  be  con- 
stantly cleaning  or  picking  the  "  fly  "  out  of  a 
machine. 

There  is  probably  no  other  industry  where  so 
great  a  weight  should  be  given  to  mechanical 
guarding,  or  where  effective  guards  will  produce 
such  important  results. 

This  paper  describes  the  various  methods  and 
forms  of  mechanical  protection  which  are  de- 
sirable for  textile  machinery,  discusses  effective 
steps  toward  overcoming  difficulties  encountered 
in  providing  complete  safeguards,  and  codifies 
definite  standards  for  use  in  specifying  guards 
for  textile  machinery. 


District 

Males  16  years 
and  over 

Females  16  years 
and  over 

Children  under 
16  years 

Number 

Per  cent 

Number 

Per  cent 

Number 

Per  cent 

New  England  States 

76,483 

13,852 

54,577 

806 

49,0 
43.7 
45.5 
29.4 

70,113 

I'S.lie 

37,885 

1,597 

45.0 
47.6 
31.6 
58.3 

9,385 

2,765 

27,538 

341 

6.0 
8.7 

Southern  States 

Indiana  and  Otlier  States 

22.9 
12.3 

Total 

145,713 

46.9 

124,711 

40.2 

40,029 

12.9 

chines  are  usually  belt-driven,  and  some  of  them  have  auxiliary 
belts  in  addition  to  the  main  driving  belt.    Most  of  them  have 


gears  at  several  points  on  each  machine.  The  exposure  points 
run  into  the  thousands  or  tens  of  thousands  for  a  single  plant, 
and  it  is  an  extensive  problem  to  guard  completely  all  the 
belts  and  gears. 

Kind  of  Employees.  Another  feature  of  the  textile  industry 
that  adds  to  the  accident  hazard  is  the  fact  that  such  a  large 
percentage  of  the  employees  are  women  and  youths,  as  shown 

by  the  data  in  the  preceding 
table  from  one  of  the  U.  S. 
Government  publications.' 

These  figures  were  for  1905, 
and  it  is  probable  that  the 
number  of  young  persons  em- 
ployed in  the  cotton  mills  has 
been  reduced  by  child-labor 
laws  enacted  since  that  date. 
It  is  undoubtedly  safe  to  as- 
sume, however,  that  at  least 
half  of  the  employees  in  cotton 
mills  are  women  and  children. 
Women  are  naturally  less 
mechanically  inclined  than  men 
and  are  not  so  likely  to  appre- 
ciate the  danger  of  power- 
driven  machinery.  Their  cloth- 
ing and  hair  are  much  more 
likely  to  become  entangled  in 
machinery,  thus  making  the 
hazard  inherently  greater  for 
women  than  for  men.  The 
youthful  employee  is  also  more 
likely  to  be  injured  through 
carelessness  and  as  the  result 
of  chance-taking  or  horseplay. 
A  large  percentage  of  cot- 
ton-miU  employees  are  foreigners,  to  whom  it  is  difficult  to 
explain  fuUy  the  hazards  of  their  work.  Figures  from  the 
government  report  mentioned  show  that  less  than  10  per  cent 
of  the  employees  are  American  or  American-born. 

Cleaning  Machinery.  Another  condition  contributing  to  the 
accident  hazard  in  the  textile  industry  is  the  fine  Unt  or  fluff 
which  results  from  many  operations,  and  which  tends  to  col- 
lect in  the  form  of  "fly  "  over  the  machinery  and  gets  into  the 
gears  and  moving  parts.  While  this  is  not  likely  to  injure 
the  machinery,  it  brings  about  a  natural  tendency  on  the  part 
of  the  operator  to  be  constantly  cleaning  or  picking  the  "  fly  " 
out  of  the  machine. 

Most  plants  have  rules  that  the  machinery  shall  not  be 
cleaned  while  in  operation,  but  they  are  difficult  to  enforce. 
Out  of  a  total  of  557  mechanical  accidents  reported  by  cotton 
mills  to  one  insurance  company,  88  (or  about  16  per  cent)  oc- 
curred from  cleaning  while  machinery  was  in  motion.     The 


'  Vice-President  and  Chief  Engineer,  Liberty  Mutual  Insurance  Com- 
pajiy. 


'  Report  of  Conditions  of  Women  and  Child  Wage  Earners  In  the 
United  States. 


For  presentation  at  the  Annual  Meeting  of  The  American  Society  of  Mechanical  Engineers,  New  Yorli,  December  4  to  7,  1917.  The 
paper  is  here  printed  in  abstract  form,  and  advance  copies  of  the  complete  paper  may  be  obtained  gratis  upon  application.  All  papers  are  subject 
to  revision. 
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tendency  to  do  this  is  enhanced  by  the  fact  that  the  operators 
are  usually  paid  on  a  piece-work  basis,  hence  they  do  not 
like  to  lose  any  product  by  having  the  machines  shut  down  for 
cleaning. 

Thus  we  have  the  combination  of  (1)  an  exceptionally  large 
mechanical  exposure,  (2)  female  and  child  labor,  much  of 
which  is  non-Euglish-speaking,  and  (3)  an  ever-present 
temptation  to  clean  machines  while  in  motion.  Under  these 
circumstances  it  is  not  surprising  that  mechanical  accidents 
form  a  large  percentage  of  all  accidents  occurring  in  the  tex- 
tile industiy.  That  this  is  actually  the  case  is  corrobo- 
rated by  an  analysis  of  accidents  in  Massachusetts,  a  state 
which  has  approximately  one-third  of  all  workmen  employed 
in  cotton  mills  in  this  country.  While  mechanical  accidents 
for  all  industries  of  the  state  were  only  27  per  cent,  numeri- 
cally, of  the  total  number  of  accidents  reported,  mechanical 
accidents  in  cotton  mills  were  44  per  cent  of  the  total  for  this 


Fig.  1     Guards  for  Pickers 

These  photographs  show  an  exceUent  arrangement  of  guards  for 
beltF  and  chains  on  pickers.  The  guards  are  supported  by  rods  fastened 
to  the  framework  of  the  machine,  and  can  be  quickly  removed  by 
loosening  a  couple  of  thumbscrews  which  secure  them  to  the  supports. 
This  permits  cleaning  the  floor  underneath  the  guards  without  dis- 
turbing them,  as  would  be  necessary  if  the  guards  were  supported 
from  the  floor.  In  order  to  avoid  places  where  "  fly  "  may  collect,  the 
guards  do  not  completely  enclose  the  belts  and  chains,  but  a  transverse 
Bection  has  been  placed  across  each  guard,  between  the  two  sides  of  the 
belt  or  chain,  to  prevent  danger  of  a  hand  being  slipped  down  inside 
the  guard  and  thus  being  caught  and  injured.  The  projecting  end  of 
the  beater  shaft  is  protected  by  a  metal  cap. 


industry,  or  nearly  doable  the  average  ratio  for  the  other 
industries. 

An  additional  study  of  accidents  in  the  thirteen  principal 
industries  of  Massachusetts,  such  as  boots  and  shoes,  metal- 
working,  electrical  supplies,  rubber  factories,  paper  mills,  and 
printing  establishments,  shows  that  the  lost  time  per  thousand 
employees  resulting  from  the  mechanical  hazards  of  belting, 
shafting  and  gearing  is  three  times  as  great  in  the  cotton  mills 
as  the  average  for  the  whole  thirteen  industries. 

Mechanical  accidents  as  a  class  are  more  serious  than  non- 
mechanical  accidents.'  While  they  represent  a  little  less  than 
one-half  of  all  accidents  reported  in  the  cotton  industry  in 


*  See  paper  by  the  author  presented  at  the  4th  Annual  Meeting  of 
the  International  Association  of  Industrial  Accident  Boards,  and  re- 
printed in  the  Weekly  Underwiitor  for  Septonilier  13.  1917.  In  one 
state  which  kept  a  separate  cost  record  for  these  classes,  the  average 
mechanical  accident  cost  nearly  twice  as  much  as  the  average  non- 
mechanical   accident. 


Massachusetts,  it  is  probable  that  they  are  at  least  three-quar- 
ters of  the  problem  from  the  standpoint  of  severity. 

While  safety  education  of  employees  through  the  organiza- 
tion of  safety  committees,  safety  talks,  the  posting  of  safety 
bulletins  and  signs,  etc.,  are  important  in  this  industry,  as  in 
all  others,  there  is  probably  no  other  industry  where  so  great 
weight  should  be  given  to  mechanical  guarding,  or  where  ef- 
fective guards  will  produce  such  important  results,  as  in  the 
textile  industry. 

INTERLOCKING    GUARDS 

The  effort  to  reduce  the  mechanical  accidents  in  this  industry 
has  resulted  in  the  development  of  a  type  of  guard  which  is 
about  as  nearly  "  fool-proof  "  as  any  mechanical  device  can  be, 
— the  so-called  interlocking  guard.  In  this  form  of  protection 
the  guard  is  so  arranged  that  it  cannot  be  removed  while  the 
machine  is  running,  and  the  machine  cannot  be  started  until 
the  guard  is  in  place. 

This  result  can  often  be  secured  by  a  very  simple  and  inex- 
pensive arrangement;  for  example,  the  beater  lock  shown  in 
Fig.  2.  The  beater  revolves  at  high  speed  and  the  loss  of 
hands  and  other  serious  injuries  have  resulted  from  employees 
putting  their  hands  into  it  while  it  is  running.  To  prevent 
such  occurrences  a  disk  is  keyed  to  the  beater  shaft  so  that  it 
revolves  whenever  the  beater  is  in  motion.  Before  the  beater 
cover  can  be  raised  a  projection  on  the  locking  arm  used  to 
keep  the  beater  cover  closed  must  be  slipped  through  an  open- 


FiG.  2    Interlocking  Device  for  Beater  Co\'er  and  Door 
Over  Dirt  Grid  (Pat.) 

In  order  to  open  the  beater  bonnet  or  the  door,  a  projection  on  the 
locking  lever  (shown  in  white)  must  be  slipped  through  the  disk  on 
the  beater  shaft.  Obviously  this  can  only  be  done  while  the  machine  is 
at  a  standstill.  In  order  to  start  up  the  machine  again,  the  locking 
lever  must  be  slipped  out  of  engagement  with  the  disk,  which  insures 
the  bonnet  and  door  being  closed  before  the  machine  is  started. 

ing  in  the  disk.  This  can  only  be  done  while  the  disk  and 
shaft  are  at  a  standstill,  and  so  long  as  the  locking  arm  is  in 
contact  with  the  disk  it  prevents  the  machine  being  started, 
which  means  that  the  cover  must  be  replaced  and  the  locking 
arm  slipped  back  over  it  before  the  machine  can  be  started  up. 
Similar  devices  are  also  applied  to  various  kinds  of  gear 
covers. 

The  general  application  of  this  principle  to  textile  machin- 
ery would  eliminate  many  of  the  accidents  which  now  occur  on 
account  of  carelessness  or  thoughtlessness  of  the  employees. 
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WHEN  IS  A  GEAU  (iUARD  NOT  A  GUARD? 

This  is  a  question  that  has  been  agitating  safety  inspectors 
and  plant  managers  ever  since  the  tirst  gear  guard  was  built. 
There  is  a  natural  desire  on  the  part  of  everyone  to  make 
guards  as  simple  and  inexpensive  as  possible.  Unfortunately, 
this  perfectly  legitimate  desire  has  resulted  in  two  types  of 
guards  for  gears  which  are  so  ineffective  that  they  have  tended 
to  discredit  guarding  to  a  certain  extent,  because  accidents  still 
occur  after  the  so-called  guards  are  installed.  One  is  a  band 
over  the  face  of  the  gear  following  more  or  less  closely  the 
outline  of  the  gear,  but  leaving  the  most  dangerous  part,  the 
mesh  point,  exposed  sufficiently  to  admit  a  finger  or  even  a 
hand.  Another  is  to  provide  a  guard  which  protects  the  mesh 
point,  but  which  is  not  carried  around  the  periphery  of  the 
gear,  and  thus  forms  a  shearing  action  between  the  teeth  of 
the  gear  and  the  edge  of  the  guard  at  the  point  where  the  teeth 
pass  underneath  the  guard. 

Many  of  the  pioneer  concerns  in  the  safety  movement,  such 
as  the  United  States  Steel  Corporation,  .started  out  by  install- 
ing gear  guards  of  the  above  types;  but  found  that  they  did 
not  eliminate  the  accidents  and  later  changed  them  to  guards 
completely  enclosing  the  gears.  There  are  many  partial  gear 
guards  in  the  textile  industry  today,  and  they  sometimes  con- 
tribute to  accident  occurrence  from  the  false  sense  of  security 
they  inspire. 

An  analysis  of  550  textile-machine  accidents  reported  con- 
secutively to  an  insurance  company  showed  that  88  of  these 


Fig.  3    Belt  Shifter  fob  Cards 

This  shifter  can  be  installed  by  simply  securing  It  to  the  circular 
-flange  above  the  pulley  by  means  of  one  or  two  set  screws.  It  only 
requires  a  few  seconds  to  loosen  these  set  screws  and  slip  off  the 
siiifter  when  it  is  necessary  to  reverse  the  belt  for  grinding. 

accidents,  or  about  lb  per  cent,  were  from  gearing ;  more  than 
.a  third  of  the  gear  accidents  were  due  to  cleaning  the  machin- 
ery while  in  motion. 

It  is  not  practicable  to  apply  the  interlocking  principle  to 
all  gearing  on  textile  machinery,  but  it  is  practicable  to  fully 
■enclose  the  gears;  and  where  the  guards  are  not  interlocked 
they  should  be  firmly  fixed  in  position  by  cap  bolts  or  other 
means  that  make  it  difficult  for  the  operatives  to  remove  them 
quickly,  and  tend  to  restrict  their  removal  to  properly  author- 
ized mechanics. 

From  a  list  of  Massachusetts  accidents,  out  of  a  total  of 
1087  gear  accidents  occurring  in  one  year  the  cotton  mills  con- 
tributed 400;  in  addition,  the  woolen  and  worsted  mills  had 
236.    Thus  we  see  that  cotton  and  woolen  mills  were  respon- 


sible for  considerably  more  than  half  the  total  number,  al- 
though they  only  employed  about  one-quarter  of  the  workmen 
engaged  in  manufacturing  industries  in  the  state. 

BELT   GUARDS 

There  were  254  accidents  from  belting  in  Massachusetts 
cotton  mills  during  one  year  and  113  accidents  in  woolen  mills, 
or  a  total  of  367  for  the  two  industries;  this  shows  that  belt 
guards  are  also  important  for  textile  machinery. 

A  good  many  textile  machines,  such  as  roving,  spinning  and 
twisting  frames,  have  an  outboard  bearing,  supported  by  a 
framework  around  the  pulley,  that  tends  to  keep  employees 
away  from  the  pulley  and  offers  a  certain  degree  of  protection. 
In  addition,  these  machines  are  commonly  provided  with  belt 
shifters,  and  where  the  shifter  comes  down  close  to  the  point 
of  contact  between  the  belt  and  pulley  it  considerably  reduces 
the  chance  of  anyone  being  caught  at  this  point,  where  most 
of  the  serious  belt  accidents  occur. 


Fig.  4    Belt  Guard  on  Spooler 

This  shows  a  belt  guard  which  has  been  developed  by  one  of  the 
machinery  builders.  This  is  a  simple  and  inexpensive  type  of  guard, 
but  taken  in  conjunction  with  the  outboard  bearing  and  belt  shifter 
it  gives  quite  a  good  degree  of  protection. 

Several  manufacturers  of  these  machines  have  provided  an 
excellent  guard,  consisting  merely  of  a  semi-circular  disk  cast- 
ing or  plate  which  is  fastened  to  the  outboard  bearing  of  the 
machine.  This  guard  only  extends  a  few  inches  above  the 
contact  point  between  the  belt  and  pulley,  and  does  not  guard 
the  upper  part  of  the  belt  to  the  height  which  is  commonly 
prescribed  in  insurance  and  other  mechanical  standards  for 
safeguards. 

For  other  types  of  machines  it  is  usually  impossible  for 
the  machinery  manufacturer  to  provide  belt  guards  as  an  in- 
tegral part  of  the  machine,  on  account  of  the  fact  that  the 
driving  belts  lead  off  at  various  angles  which  can  only  be 
determined  by  the  local  arrangement  of  each  plant.  Under 
such  conditions  it  is  necessary  for  the  belt  guards  to  be  in- 
stalled at  the  plant,  after  the  machinery  is  in  place. 

BELT  SHIFTERS 

Some  types  of  textile  machinery,  such  as  roving  and  spin- 
ning frames,  have  long  been  equipped  with  belt  shifters  as  an 
operating  necessity,  since  the  operators  need  to  shut  down  the 
machines  at  some  distance  from  the  driving  belt. 

Other  machines,  such  as  cards,  are  commonly  found  with- 
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out  shifters.  There  has  been  a  notion  generally  prevalent 
among  mill  owners  that  it  was  impracticable  to  apply  belt 
shifters  to  cards  on  account  of  the  grinding  operation,  which 
requires  the  belt  to  be  reversed.  Shifters  which  are  thor- 
oughly practical  in  operation  have  been  developed,  however, 
and  cards,  as  well  as  other  textile  machines,  should  be  so 
equipped. 

OTHER    S.\FETY    PROVISIONS 

Various  additional  forms  of  mechanical  protection  are  de- 
sirable for  textile  machinery,  such  as  the  elimination  of  all 
protruding  set  screws,  keys,  bolts  or  other  dangerous  projec- 
tions from  revolving  parts,  and  the  guarding  of  projecting 
shaft  ends.  Crashing  or  shearing  actions  in  some  machines, 
such  as  mule  spinning  frames,  should  be  protected,  as  should 
also  rope  drives  on  mule  frames. 

Many  eye  injuries  have  been  caused  by  shuttles  flying  from 
looms,  and  shuttle  guards  are  accordingly  important  for  weav- 
ing equipment. 

Steam-heated  drums  or  cylinders  of  slashers,  calenders,  etc., 
should  be  provided  with  relief  valves,  and  the  use  of  a  reduc- 
ing valve  with  pressure  gage  and  safety  valve  on  the  low- 
pressure  side  of  the  line  is  an  important  item  of  safety  equip- 
ment for  the  steam  line  supplying  auxiliaries  of  this  kind. 

There  were  1776  accidents  in  one  year  in  Massachusetts 
caused  by  machinery  peculiar  to  the  cotton  mills,  and  903  by 
machinery  peculiar  to  the  woolen  and  worsted  mills. 

GUARDING  EXISTING  EQUIPMENT 

Many  machines  in  each  textile  plant  are  usually  duplicates 
of  one  another,  so  that  the  pattern  for  one  guard  may  apply 
to  several  hundred  machines.  Where  the  guards  are  made  by 
the  manufacturer  and  the  expense  of  designing  guards  and 
making  patterns,  etc.,  can  thus  be  distributed  over  a  number 
of  mills,  the  cost  can  be  reduced  to  about  the  lowest  possible 
minimum. 

In  spite  of  this  condition,  however,  when  we  take  into  con- 
sideration the  fact  that  several  thousand  guards  may  be  re- 
quired to  fully  protect  the  machinery  in  a  single  plant,  it  is 
evident  that  the  guarding  of  existing  maeliinery  must  neces- 
sarily be  carried  along  gradually  so  as  to  distribute  the  labor 
and  expense  over  a  period  of  years. 

GUARDING    NEW   EQUIPMENT 

New  machinery  is  constantly  being  installed,  however,  and 
at  the  present  time  much  of  this  machinery  is  going  in  an 
unguarded  or  partially  guarded  state,  even  though  the  ma- 
chine builders  have  developed  simple  and  effective  guards  for 
most  of  the  dangerous  machinery,  and  will  furnish  these 
guards  for  new  equipment  at  little  or  no  increased  cost.  This 
is  an  inefficient  way  of  handling  the  matter,  as  it  is  often  diffi- 
cult for  the  mills  to  design  satisfactory  guards  after  the  ma- 
chinery has  been  installed,  and  the  cost  of  the  latter  method 
is  considerably  greater.  Worst  of  all  from  the  safety  stand- 
point, workmen  are  likely  to  be  injured  on  the  imguarded  ma- 
chinery before  it  can  be  protected. 

Probably  the  installation  of  unguarded  machines  is  due  more 
than  anything  else  to  the  lack  of  definite  safety  standards  in 
this  country  for  textile  machinery.  As  matters  stand  at  pres- 
ent the  different  textile  plants  have  little  opportunity  to  find 
out  what  are  effective  and  practical  guards  which  they  could 
use  in  ordering  new  machinery.  The  machinery  builder  is  also 
in  a  quandary,  on  account  of  the  varsdng  requirements  of  dif- 


ferent states  and  of  different  plants.  If  one  builder  attempts 
to  furnish  eomialete  safeguards  for  his  equipment  he  is  likely 
to  be  underbid  by  a  competitor  who  economizes  on  cost  by 
omitting  the  guards. 

SAFETY   STANDARDS  FOR  TEXTILE  MACHINERY 

Probably  the  most  effective  step  toward  overcoming  these 
difficulties  would  be  the  preparation  of  definite  and  authori- 
tative safety  standards  which  could  be  used  by  the  factory- 
manager  in  ordering  new  equipment  and  by  the  builder  in 
designing  his  machinery.  If  such  standards  were  prepared  and 
given  wide,  general  publicity  they  would  undoubtedly  be  fol- 
lowed for  most  of  the  future  installations. 

It  would  seem  that  this  might  be  an  excellent  line  of  effort 
for  the  Sub-Committee  on  Protection  of  Industrial  Workers 
of  the  Society,  or  for  a  special  committee  which  might  be 
appointed.  The  textile  section  of  the  National  Safety  Council 
at  its  annual  Congress  in  New  York,  1917,  went  on  record  in 
favor  of  such  standards,  and  voted  to  appoint  a  committee 
which  would  cooperate  with  any  others  interested  in  drawing 
up  safety  standards  for  the  textile  industry. 

Much  work  in  the  way  of  developing  satisfactory  safety 
devices  for  textile  machinery  has  already  been  done,  and 
provisions  such  as  the  following,  each  one  of  which  has  been 
put  into  practical  use  by  one  or  more  plants,  might  well  be 
included  in  these  standards: 

General    Standards    for   Ali<   Textile   Machine.s 

1.  All  gears  and  sprockets  exposed  to  contact  shall  he  completely 
cuilosed.  or  have  a  band  guard  around  the  face  of  the  gear  or  sprocket 
with  side  flanges  extending  inward  beyond  root  of  teeth,  of  such  design 
and  arrangement  that  a  finger,  cannot  pr<:i.iect  through,  over,  artmnd  or 
underneath  the  guard  and  be  caught  in  mesh  point  of  gears  or  contact 
point  of   chain   and   sprocket. 

2.  All  dangerous  projections  on  revolving  shafting  such  as  protrud- 
ing set  screws,  keys,  bolts  and  couplings,  shall  be  made  flush  with  the 
surface  or  effectively  guarded  in  such  a  manner  as  will  prevent  their 
catching  clothing  of  persons  which  may  come  in  contact  with  them. 
Projecting  ends  of  beater  shafts  shall  be  encased  or  otherwise  effec- 
tively guarded. 

3.  Driving  belts  shall  be  equipped  with  mechanical  shifters. 

Additional  Standards  for  Certain  Textile  Machines 

Pickers.  All  beater  covers  and  doors  which  can  be  reached  whllt 
the  machine  is  running,  shall  be  equipped  with  interlocking  devices 
which  prevent  their  being  opened  while  the  machine  is  in  operation 
and  the  machine  being  started  while  the  covers  are  in  place. 

Cards.  Cylinder  covers  or  doors  shall  be  equipped  with  interlocking 
devices  which  prevent  their  being  opened  while  the  machine  is  in  oper- 
ation and  the  machine  being  started  until  the  covers  are  in  place. 

h'lp  J/ac/n"Nc.s  and  Douhhrs.  These  machines  shall  be  provided  with 
interlocking  guards  which  will  prevent  the  operator  from  coming  In 
contact  with  the  in-running  rolls  while  they  are  in  motion. 

Drawing,  Windii\g,  Ring  Spinning  and  Twisting  Frames,  Etc.  Covers 
or  doors  giving  access  to  head  end  gearing  of  these  machines  shall  be 
equipped  with  interlocking  devices  which  prevent  their  being  opened 
while  the  machine  is  in  operation  or  the  machine  being  started  until 
the  covers  are  in  place.  A  guard  shall  be  placed  in  front  of  the  driving 
pulley  which  will  effectively  guard  the  point  of  contact  between  the 
belt  and  pulley.' 

Looms.     Looms  shall  be  provided  with  effective  ihuttle  guard*. 

There  can  be  no  disagreement  as  to  the  desirability  of  acci- 
dent prevention  from  the  humanitarian  standpoint;  from  the 
business  standpoint,  however,  it  takes  on  a  new  aspect  when 
we  realize  its  effectiveness  in  reducing  an  important  item  of 
manufacturing  cost.  Accident  prevention  then  becomes  of 
vital  interest. 

'  Belt  guards  should  also  be  provided  for  other  machines,  but  they 
can  usually  be  furnished  more  advantageously  by  the  purchaser  tht« 
by  the  machinery  builder. 


BAGASSE   AS  A  SOURCE   OF   FUEL 
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THE  use  of  bagasse,  or  megasse,  as  it  is  sometimes  called, 
as  a  source  of  fuel,  dates  from  the  earliest  periods  of 
cane-sugar  manufacture.  Even  before  vacuum  pans  came  into 
use,  the  sugar  manufacturer  was  wont  to  bum  the  sun-dried, 
or  even  the  green,  bagasse  under  the  open  kettles.  When 
steam  was  introduced  into  the  sugar  factoiy  as  a  means  of 
heating  the  cane  juice  and  syrup,  bagasse  came  to  be  burned 
under  the  boilers  as  a  result.  The  first  boilers  designed  for 
bagasse  burning  differed  vei-y  little  from  the  coal-burning 
boilers  at  that  time.  As  more  modern  improvements  were  in- 
troduced into  cane-sugar  manufacture,  the  methods  of  burn- 
ing bagasse  were  also  improved  upon,  so  that,  at  the  present 
time,  very  efficient  bagasse- 
burning  installatious  have  been 
perfected.  A  few  of  these  will 
be  described  in  a  subsequent 
portion  of  this  paper. 

Some  of  the  questions  one 
might  ask,  when  seeking  infor- 
mation about  this  particular 
fuel,  are :  Of  what  value  is 
bagasse  as  a  fuel?  How  does 
it  compare  with  coal  or  oil? 
What  is  its  composition?  It 
may  be  well  to  discuss  a  few 
of  these  points. 

Bagasse,  chemically,  consists 
mainly  of  a  tough  fiber,  sugar 
or  sucrose,  glucose  and  other 
reducing  sugars  (by  a  reducing 
sugar  is  meant  one  that  will  re- 
duce  Tehling's    solution),    and 

water.  The  fiber  content  ranges  from  30  to  50  per  cent;  the 
sucrose  from  an  almost  negligible  quantity  to  as  high  as  10 
per  cent;  and  the  water  from  40  to  65  per  cent;  the  other 
constituents  occur  in  such  small  amounts  that  they  may  be 
disregarded.  Its  composition  varies  greatly,  according  to  the 
method  and  effectiveness  of  milling  the  cane;  good  milling  re- 
sulting in  a  bagasse  very  suitable  for  burning,  or  low  sugar 
and  water  content.  In  Louisiana  the  fiber  content  averages 
about  40  per  cent  and  the  moisture  about  53  per  cent;  the 
remaining  7  per  cent  being  mainly  sucrose. 

METHODS  OF  CALCULATING  THE  FUEL  VALUE  OP  BAGASSE 

There  are  several  methods  in  use  for  calculating  the  fuel 
value  of  bagasse.  In  this  country  Prof.  E.  W.  Kerr's  formula 
is  in  general  use.  According  to  one  of  his  bulletins,  the  fuel 
value  of  one  pound  of  bagasse  is  calculated  as  follows : 

The  heat  value  of  one  pound  of  dry  bagasse,  by  experiment, 
is  8300  B.t.u.  Assume  that  the  moisture  content  of  a  bagasse 
is  48  per  cent,  and  that  this  bagasse  is  burned  in  a  furnace 
the  stack  temperature  of  which  is  500  deg.  fa.hr.  One  hundred 
per  cent  minus  48  equals  52  per  cent  dry  matter  in  ba- 
gasse. Fifty-two  per  cent  multiplied  by  8300  equals  4316 
B.t.u.  in  the  dry  bagasse.     Assume  the  temperature  of  the 

•  Louisiana  State  University. 


The  heating  value  of  one  pound  of  average 
dry  Louisiana  bagasse  has  been  found  by  experi- 
ment to  be  8300  B.t.u.,  and  despite  a  high 
moisture  content  of  about  50  per  cent,  it  is 
therefore  a  valuable  fuel.  W  hile  in  former 
years  not  much  attention  was  paid  to  the  drying 
of  bagasse  before  burning  it,  many  authorities 
now  claim  that  a  great  saving  can  be  effected  by 
such  a  procedure.  The  calorific  value  of  this 
important  fuel  to  the  sugar  industry,  as  influ- 
enced by  the  high  moisture  content,  and  the 
benefits  of  preliminary  drying  are  discussed  at 
length,  various  methods  of  calculating  the  fuel 
value  being  given,  together  with  notes  on  devices 
employed  by  various  sugar  houses  in  its  use  for 
steaming  purposes. 


bagasse  as  80  deg.  fahr.  Then  the  water  in  the  bagasse  will 
have  to  be  raised  from  80  deg.  up  to  its  boiling  point  (212  deg. 
fahr.),  and  then  vaporized  before  the  bagasse  can  be  com- 
pletely burned.  The  calculations  for  the  heat  necessary  to 
vaporize  this  water  are  as  follows: 

212  deg.  —  80  deg.  =  132  deg. ;  500  deg.  — ■  212  deg.  =  28S  deg. 
Heat  necessary  to  raise  the  water  in  1  lb.  of  bagasse  to  the  boiling 
point  =  0.48  XIX  132  ^  63.4  B.t.u. 

Heat  necessary  to  vaporize  tlie  water  in  1  lb.  of  bagasse  from  a  tem- 
perature of  212  deg.  =  0.48  X  1  X  970  =  403.6  B.t.u. 

Heat  necessary  to  superheat  vapor  from  212  deg.  to  500  deg.  =  0.48 
X  1  X  288  X  0.5  =  69.1  B.t.u.,  wbere  0.5  is  taken  as  the  specific  heat 
of  superheated  steam. 

Heat  lost  in  the  water  =  63.4  -f-  465.6  -1-  69.1  =  598.1  B.t.u. 
Net  heating  value  of  1  lb.  of  bagasse  =  4316  —  598.1  =  3717.9  B.tu. 

Prinsen    Geerligs,    the   noted 
authority  on  cane-sugar  manu- 
facture, has  introduced  the  fol- 
lowing formula  for  calculating 
the  fuel  value  of  bagasse,  ac- 
cording to  its  composition  : 
Calorific   value   m    B.t.u.   of 
1  lb.  baga.sse  =    (8550  X 
per   cent  fiber)    -f    (7119 
X    per    cent    sucrose)    -(- 
(6750  X  per  cent  glucose) 
—  (972  X  per  cent  water) 
The  results  obtained  by  using 
this  formula  compare  very  well 
with    the    results    obtained    by 
burning  the  fuel  in  a  calorim- 
eter.    The  one  point  in  favor 
of      using     Professor     Kerr's 
formula    is    that    it    does    not 
require    a    complete    chemical 
analysis  of  the  bagasse,  while  m  using  the  latter  a  complete 
analysis  is  absolutely  necessary. 

It  has  been  found  that  the  average  Louisiana  bagasse  has 
a  calorific  value  of  about  8300  B.t.u.  per  pound  of  dry  bagasse 
and  from  3620  B.t.u.  gross  (with  bagasse  containing  56.7  per 
cent  moisture)  to  4800  B.t.u.  gross  (containing  42.8  per  cent 
moisture).  The  net  heating  values  are  respectively  2200  and 
3350  B.t.u.  It  is  thus  seen  that  the  heating  value  per  pound 
ranges  between  wide  limits,  according  to  the  moisture  content. 
In  all  of  the  above,  5  per  cent  was  allowed  for  radiation  and 
no  excess  air  present.  The  caloiific  value  of  Cuban  bagasse 
approaches  that  of  Louisiana  very  closely  for  a  given  moisture 
content,  but  for  a  given  per  cent  extraction  on  weight  of  cane 
the  calorific  value  of  a  pound  of  Cuban  bagasse  is  greater  than 
that  of  a  pound  of  Louisiana  bagasse,  due  to  a  lower  moisture 
content  of  the  Cuban  product.  The  results  given  in  the  tables 
at  the  top  of  p.  920  are  typical. 

The  Louisiana  varieties  of  sugar  cane  yield  from  400  to 
580  lb.  of  bagasse  per  ton  of  cane,  or  on  an  average  of  20  to 
30  per  cent  of  the  total  amount  of  cane  ground.  In  a  1000- 
ton  house  (1000  tons  every  24  hours)  this  would  amount  to 
about  480,000  lb.  a  day,  or  from  19,500  to  21,000  lb.  per  hour. 

One  pound  of  bagasse  will  evaporate  from  2  to  3%  lb.  of 
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With  an  80  per  cent  juice  extraction  on  weight  of  cane: 


Variety  of  Bagasse 

Moisture, 
per  cent 

Fiber, 
per  cent 

Heating  Value,  B.t.u. 
per  Lb. 

Total 

Net 

32  8 
42.8 

60 
50 

5628 
4816 

4092 

3345 

With  nearly  equal  moisture  contents: 


Variety  of  Bagasse 


Cuban 

Louisiana . 


Extraction 
per  cent 


75 
80 


Moisture, 
per  cent 


42.6 

42,8 


Fiber, 
per  cent 


48 
60 


Heating  Value,  B.t.u. 
per  Lb. 


4S07 
4816 


Net 


3335 

3345 


(For  a  table  of  this  kind,  see  La.  Bulletin  117,  p.  45.) 

water  "  from  and  at  212  fahr."  Assuming  coal  and  fuel  oil 
to  have,  respectively,  calorific  values  of  14,000  and  19,000 
B.t.u.  per  lb.,  then  from  4  to  6  lb.  of  bagasse  are  equivalent 
to  1  lb.  of  coal  and  from  43  to  65  lb.  equivalent  to  1  gal. 
(about  7.6  1b.)  of  oU. 

Professor  Kerr  found,  in  his  latest  tests  at  Louisiana  sugar 
houses,  that  the  bagasse  from  one  ton  of  cane  generated  from 
1.16  to  1.44  boiler  horsepower.  Thus  the  bagasse  from  a  1000- 
ton  house  for  24  hours  will  generate  from  1160  to  1440  boiler 
hp.  during  that  period  of  time.  It  would  require  about  60 
tons  of  coal  per  day  to  do  the  same  work,  assuming  that  the 
coal  equivalent  of  the  bagasse  from  1  ton  of  cane  is  120  lb. 
It  is  thus  seen  that  bagasse  plays  an  important  role  as  a 
source  of  fuel  in  the  sugar  house. 

METHODS  USED  IN  DRYING  BAGASSE 

In  former  years  not  much  attention  was  paid  to  the  drying 
of  bagasse  before  burning  it.  It  was  was  the  custom  either  to 
sun-dry  it  or  feed  it  to  the  furnaces  in  a  wet  condition,  just 
as  it  came  from  the  mills.  Of  later  years,  however,  many 
devices  have  been  put  into  use  in  order  to  dry  it  partially 
before  it  is  burned. 

In  Mauritius,  apparatus  known  as  "  secheries  "  have  been 
put  into  use  for  this  purpose.  They  consist  of  a  chamber 
near  the  chimneys,  in  which  is  arranged  a  system  of  belts 
alternately  traveling  in  opposite  directions.  The  flue  gases 
go  through  this  apparatus,  and  thus  the  waste  heat  of  the 
gases  is  utilized  to  dry  the  wet  bagasse.  In  countries  where 
labor  is  cheap  and  fuel  high,  as  in  some  parts  of  Egypt,  other 
devices,  whereby  the  bagasse  is  conveyed  around  the  smoke- 
stack and  smokebox  of  the  boilers  by  means  of  a  screw-like 
conveyor,  have  come  into  use  to  remove  part  of  the  moisture 
from  the  bagasse. 

A  very  efiicient  bagasse  drier  has  been  designed  by  Pro- 
fessor Kerr  (La.  Bulletin  128),  which  is  in  the  foiTU  of  a 
tower-like  structure.  The  bagasse  is  conveyed  to  the  top  and 
falls  downward  over  a  series  of  inclined  shelves  placed  oppo- 
site each  other.  The  dried  bagasse  is  conveyed  from  the  bot- 
tom of  the  drier  to  the  furnaces.  The  furnace  gases  are  used 
to  dry  the  bagasse  and  are  conveyed  to  the  bottom  of  the  drier 
and  pass  upward,  the  hottest  gases  coming  in  contact  with  the 


driest   portion   of  the   bagasse.     An   induced-draft   system   is 
employed,  the  fan  being  placed  near  the  top  of  the  drier. 

Of  late,  especially  in  Cuba  and  Hawaii,  in  large  factories 
stokers  are  being  put  into  use  to  dry  bagasse.  These  stokers 
are  mainly  of  the  step-grate  type,  some  with  front  feed  and 
others  with  double  feed.  The  bagasse  is  fed  at  the  top  or 
upper  back  part  of  the  stoker  in  the  same  manner  as  coal. 
They  have  proved  to  be  very  efficient  as  a  means  of  drying 
bagasse,  as  weU  as  in  regulating  the  combustion  or  burning 
of  the  bagasse. 

As  to  the  economy  of  bagasse  drying,  many  authorities 
claim  that  a  great  saving  can  be  effected  by  drjing  this  fuel 
before  it  is  fed  to  the  furnaces.  This  has  been  proved  as  a 
result  of  many  experiments.  Noel  Deerr  states  that  in  Mauri- 
tius he  found  that  bagasse  entering  a  secherie  with  50  per  cent 
of  moisture  would  leave  containing  only  35  per  cent;  this 
amount  of  water  corresponds  very  closely  with  the  evapora- 
tion of  half  the  original  moisture.  In  a  calculation  of  the  heat 
lost  in  the  flue  gases,  he  found  that  565  B.t.u.  per  lb.  of 
bagasse  were  earned  away  in  the  associated  water;  a  saving 
of  half  of  this  would  be  282  B.t.u.,  reducing  the  heat  carried 
away  in  flue  gases  from  1675  to  1393  B.t.u.;  or,  expressed  as 
a  percentage  on  the  total  heat  of  1  lb.  of  bagasse,  the  loss  in 
the  l:ue  gases  is  30.4  per  cent  as  compared  with  36.6  per  cent 
loss  calculated  for  wet  bagasse.  Professor  Kerr  says  that  in 
Louisiana  16  per  cent  of  the  total  heat  generated  by  the  com- 
bustion of  1  lb.  of  bagasse  is  required  to  evaporate  the  mois- 
ture present.  About  I4I/2  per  cent  of  the  moisture  in  Louisi- 
ana bagasse  was  removed  by  drying  it,  and  the  dried  bagasse 
had  a  heating  value  55  per  cent  greater  than  the  wet 
bagasse.  This  means  that  a  saving  of  over  2%  gal-  of  oil  will 
be  effected  per  ton  of  cane  ground.  In  a  factory  grinding 
60,000  tons  of  cane  per  season  this  means  a  saving  of  about 
154,000  gal.  oil,  or  3670  bbl.,  which,  at  $1.25  per  bbl.,  means 
a  saving  of  $4,587.50  per  season. 

BOILER  FURNACES  FOR  BURNING   BAGASSE 

As  has  been  said  before,  bagasse  was  formerly  burnt  in 
furnaces  very  similar  to  those  used  for  burning  coal.  During 
recent  years,  however,  many  improvements  have  been  made 
along  this  line.  In  present  practice  furnaces  of  the  Dutch- 
oven  type  are  very  widely  used.  Boilers  of  all  types,  includ- 
ing those  of  the  Scotch-marine  type,  are  used  in  connection 
with  the  Dutch-oven  type  of  furnace. 

The  following  shows  the  types  of  boilers  in  use  at  a  few 
Louisiana  sugar  houses : 


House 

Tj-pe  of  Boiler 

Angola 

Horizontal  return  tubular,  with  Dutch  oven  and  small 

fan. 
Scotch  marine,  with  susperision  furnaces  and  Dutch 
Stirling,  with  Dutch  oven. 
Horizontal  return  tubular,  with  large  and  elaborate 

bustion  chamber. 
Horizontal  return  tubular,  with  Quinn  fiat-top  furnace. 

draft 

Poplar  Grove 

Adeline 

Vermilion 

com- 

Other  t^qies  in  use  in  Louisiana  (given  in  Bulletin  117,  La. 
Expt.  Station)  are:  Babcock  and  Wilcox;  Cook  water-tube 
(vertical  tubular) ;  Climax  water-tube  (vertical  tubular) ; 
and  various  tj'pes  of  boilers  of  the  "  half  "  and  "  full  "  Dutch- 
oven  types. 

In  Demerara  the  Abel  type  of  furnace  is  used  in  connection 
with  the  standard  types  of  boilers.    By  using  this  furnace  the 
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heated  gases  of  combustion  pass  three  times  along  tlie  boiler. 
The  essential  diii'erence  between  the  Dutch-oven  and  Abel  type 
of  furnace  is  in  the  size  of  the  combustion  chamber,  which  in 
the  latter  type  is  much  larger. 

In  Louisiana,  the  combustion  chambers  of  sugar-house  boil- 
ers are,  in  general,  large.  Where  oil  is  burned  in  connection 
with  bagasse,  which  is  the  case  in  many  houses,  there  is  a 
tendency  to  make  the  combustion  chamber  smaller  as  the  burn- 
ing oil  causes  a  better  combustion  of  the  bagasse,  the  furnace 
temperatures  being  higher  when  burning  these  two  fuels  to- 
gether than  the  furnace  temperatures  obtained  by  burning 
either  of  them  alone. 

The  grate  surface  should  be  small  in  furnaces  used  for 
burning  bagasse,  as  the  rate  of  combustion  is  high,  sometimes 
running  as  high  as  300  lb.  per  hr.  per  sq.  ft.  of  grate  surface. 
This  corresponds  to  about  20  boiler  hp.  per  sq.  ft.  of  grate 
surface.  Some  of  the  recently  installed  500-hp.  boilers  in  the 
tropics  have  only  25  sq.  ft.  of  grate  surface.  Small  grates 
require  less  manipulation  and  care  in  order  to  prevent  exces- 
sive air  losses  than  is  the  case  with  large  grates,  there  being 
less  danger  of  portions  of  the  grate  being  uncovered,  etc.  The 
amount  of  grate  surface  per  boiler  hp.  also  varies  with  the 
amount  of  moisture  in  the  bagasse — the  less  moisture  there 
is,  the  smaller  the  grate  surface  can  be  made.  In  Professor 
Kerr's  recent  tests,  the  highest  rate  of  combustion  was  at 
Adeline  (225  lb.  bagasse  per  hr.  per  sq.  ft.  of  grate  surface), 
while  the  lowest  was  at  Vei-milion  (85  lb.  per  hr.  per  sq.  ft.)  ; 
corresponding  to  about  15  and  6.5  boiler  hp.  per  unit  area, 

TABLE   1     DATA  ON   BOILER   TESTS  AT  LOUISIANA   SUGAR 
HOUSES 


Sugar  House 

Item 

Adeline 

Angola 

\'ermilion 

Bagasse  burnt,  per  hr.,  lb 

3777  to  5614 

2345  to  3441 

3586  to  3687 

Moisture  in  bagasse,  per  cent. .  - 

45.4  to  53,0 

53.1  to  58.6 

46.3  to  47.0 

Grate  surface,  sq.  ft 

25 

25,89 

42 

Heating  surface,  sq.  ft 

2500 

1512 

2450 

Equivalent     evaporation     from 

and  at  212  deg.  per  hr..  lb    . 

8636  to  13093 

2197  to  6476 

9131  to  9469 

Bagasse  burnt  per  hour  per  sq. 

ft.  of  grate  surface,  lb 

151  to  225 

79.6  to  119 

85.4  to  87.8 

Steam  pressure,  lb.  per  sq.  m. 

97  to  119 

87  S  to  lO'i 

108.7tol09  8 
98.5to98.7 

Quality  of  steam,  per  cent  dry- 

98.3  to  99-8 

98.5  to  99.6 

Draft  in  flues,  in.  of  water 

0,464  to  0.634 

0,300  to  0,487 

0  417  to  0  434 

Equivalent     evaporation     from 

and    at   212   deg.    per   lb.    of 

bagasse,  lb 

2. 13  to  2,35 

1.36  to  1,90 

2,48  to  2  64 

Efliciency  of  furnace  and  grate, 

per  cent 

a56,S3  to  64,61 

148.96  to  60.32 

i61.15  to  66  65 

663,17  to  71,93 

665.26  to  67.63 

667.65  to  73.81 

respectively.  It  is  probable  that  a  mean  between  these  two 
sizes  would  be  good  practice. 

It  is  the  practice  in  Louisiana  to  use  systems  of  forced  or 
induced  draft  as  a  source  of  air  supply.  Bagasse  contains  a 
great  amount  of  air,  but  when  burned  on  a  small  amount  of 
grate  surface,  with  a  high  rate  of  combustion,  it  requires  a 
high  draft.  When,  however,  it  is  burned  in  furnaces  having 
a  large  combustion  chamber  and  a  large  surface,  air  in  nearly 
all  cases  is  supplied  in  great  excess,  which  lowers  the  efficiency 
of  the  boiler  and  grate.  Where  forced  draft  is  used  in  Louisi- 
ana, the  general  tendency,  it  is  found,  is  to  supply  air  in  great 
excess. 

In  order  to  show  comparative  figures  on  boiler  tests  at 
Louisiana  sugar  houses,  a  partial  list  of  results  is  given  in 


Table  1,  which  shows  in  each  case  the  highest  and  lowest  values 
obtained. 

In  calculating  the  efficiencies  in  Table  1,  the  following 
methods  were  used :  Efficiency  a  =  heat  leaving  in  steam  per 
lb.  wet  bagasse  divided  by  net  heating  value  of  1  lb.  of  wet 
bagasse  [gross  heating  value  per  pound  minus  (heat  necessary 
to  vaporize  moisture  present  in  it  plus  heat  necessary  to  raise 
to  stack  temperature)]. 

Efficiency  b  =  heat  leaving  the  steam  per  lb.  wet  bagasse 
divided  by  [net  heating  value  per  pound  (same  as  above)  plus 
heat  required  to  vaporize  moisture  formed  by  the  combination 
of  the  hydrogen  and  oxygen  in  the  fuel].  It  is  probable  that 
the  latter  method  of  calculating  efficiencies  is  more  suitable  for 
making  comjjarisons  where  there  is  a  considerable  variation 
in  the  quality  of  bagasse. 

In  conclusion,  it  may  be  said,  that,  although  many  recent 
improvements  have  been  made  in  the  methods  of  burning 
bagasse,  there  are  yet  many  fields  open  along  this  same  line. 
Methods  of  regulating  the  air  supply,  improvements  in  fur- 
naces and  driers,  and  utilization  of  the  heat  in  the  waste  flue 
gases  are  some  of  the  problems  being  worked  upon  by  the 
sugar-house  engineer  of  today,  with  a  view  of  conserving  as 
much  of  the  heat  as  possible  furnished  by  this  most  valuable 
by-product  of  the  sugar  house. 


The  latent  heat  of  steam  of  standard  pressure  and  tempera- 
ture is  a  fundamental  constant,  the  value  of  which  has  long 
been  less  satisfactorily  known  than  was  desirable.  The  values 
given  in  Kaye  and  Laly's  Physical  and  Chemical  Constants 
differ  appreciably,  ranging  from  the  537  calories  of  Regnault 
obtained  in  1847  to  the  540  calories  found  by  Joly  in  1895. 
A  new  determination  is  described  in  a  paper  by  Mr.  T.  Carlton- 
Sutton,  published  in  a  recent  issue  of  the  Proceedings  of  the 
Royal  Society.  The  plan  of  the  experiments  consisted  in 
weighing  the  quantity  of  steam  condensed  upon  a  bulb,  both 
when  empty  and  when  filled  with  water.  Erom  the  two  ob- 
servations the  latent  heat  can  be  deduced,  the  value  found 
being  538.88  mean  calories.  It  is  claimed  that  this  figure  is 
correct  to  the  fourth  significant  figure. — Engineering,  August 
24,  1917,  p.  200. 


One  of  the  great  events  of  the  war  has  been  to  create  a 
tremendous  demand  for  labor  at  a  time  when  a  vast  quantity 
of  the  best  grade  of  labor  formerly  available  has  been  taken 
away  from  useful  occuj^ations.  According  to  the  latest  data 
published  in  the  daily  press,  approximately  37,000,000  men 
are  now  engaged  on  the  fighting  lines.  Somebody  had  to  take 
their  places.  Part  of  their  work  is  being  done  by  machinery 
through  an  increased  employment  of  automatic  and  semi- 
automatic machines,  but  a  large  share  of  the  work  could  be 
done  only  by  human  agencies,  and  even  where  automatic  ma- 
chinery is  employed,  back  of  the  engine  must  be  the  human 
hand. 

Women  have  had  to  be  called  in,  therefore,  to  take  the  place 
of  men,  and  all  indications  point  to  an  increased  demand  for 
female  labor,  at  least  in  the  next  few  years.  In  this  connec- 
tion the  discussion  of  Female  Labor's  Place  in  Automotive 
Industry,  by  Allen  Sinsheimer,  is  of  interest,  as  the  writer 
goes  into  a  number  of  particular  details.  From  what  he  states, 
it  appears  that  female  labor  may  be  very  advantageously  em- 
ployed in  certain  lines  under  certain  reasonable  conditions. 
On  the  other  hand,  it  appears  also  from  a  quotation  of  a  state- 
ment by  Samuel  Gompers  relating  to  German  war  conditions 
that  female  labor  may  be  easily  abused  with  most  disastrous 
results  to  the  women  thus  misemployed. 


THE   STEAM  MOTOR  IN   THE   AUTOMOTIVE   FIELD 


By  E.  T.  ADAMS,  SYRACUSE,  N.  Y. 
Member  of  the  Society 


AT  tlie  present  time  the  question  as  to  the  relative  fitness 
of  the  gasoline  as  compared  with  the  steam  motor  for 
automotive  service  is  receiving  most  serious  attention.  New 
developments  and  new  inventions  in  steam  motors  have  revolu- 
tionized the  status  of  steam  at  the  very  time  when  the  oil  in- 
dustry has  reached  a  position  absolutely  the  reverse  of  that 
which  led  to,  and  fostered,  the  growth  of  the  gasoline  engine. 
Two  interrelated  economic  de- 
velopments are  especially  note- 
worthj'.  First  is  the  tremen- 
dous increase  in  the  demand  for 
automotive  power.  The  use  of 
the  automobile  has  become  uni- 
versal, the  use  of  the  truck  is 
at  the  beginning  of  an  era  of 
expansion  which  may  prove 
equally  great,  and  the  farm 
tractor  marks  the  beginning  of 
a  demand  greater  than  all  the 
others.  The  farm  is  the  great- 
est single  user  of  power;  few 
people  realize  how  huge  a  por- 
tion of  the  earth's  surface  must 
annually  be  cut  into  slices, 
turned  upside  down  and  pul- 
verized to  form  a  seed  bed,  or 
the  expenditure  of  power 
which  this  involves.  The  ex- 
cellence of  the  gasoline  motor 
has  led  to  its  adoption  for  this 
and  for  other  service  for  which 
it  is  economically  unfitted,  and 
we  are  fast  working  toward  a 
condition  where  gasoline  alone 
is  not  produced  in  sufficient 
quantity  to  meet  the  demand. 

Second  is  the  fuel  situation.  When  the  automobile  industry 
was  young  the  oil  industry  was  dependent  on  the  use  of  oil  for 
light,  and  gasoline  was  a  by-product, — cheap,  abundant  and  of 
excellent  quality.  Today  the  oil  industry  is  based  on  oil  for 
power,  and  gasoline  is  its  foremost  product.  The  supply,  even 
with  lowered  quality  and  new  processes  of  manufacture,  is  not 
equal  to  the  demand,  and  the  price  is  too  high  for  many  com- 
mercial uses.  There  will  be  some  gain  due  to  the  perfection  of 
vaporizing  types  of  carburetor  which  wiU  permit  further  low- 
ering of  the  quality  of  gasoline,  and  some  gain  due  to  in- 
creased attention  to  economy,  but  the  growth  of  the  use  of 
power  in  this  field  will  be  greatly  hampered  unless  there  is  an 
increase  in  the  quantity  of  fuel  available  far  greater  than  can 
be  expected  from  tliis  source  alone.  This  means  the  use  of 
oils  other  than  gasolme,  and  of  methods  other  than  carburetion 
and  burning  in  an  internal-combustion  engine. 

The  steam-driven  motor  is  the  type  which  most  readily  meets 
this  condition,  and  its  use  will  receive  a  further  impetus  be- 
cause the  demand  for  gasoline  is  a  seasonable  demand  and  a 


The  tremendous  increase  in  the  demand  for 
automotive  power  has  outdistanced  the  ability 
of  the  gasoline  engine  to  meet  this  demand, 
chiefly  for  the  reason  that  the  supply  of  fuel  is 
not  now  equal  to  the  requirements. 

The  steam  unit  has  many  advantages  for  auto- 
motive service.  Its  high  torque  at  loiv  speed,  its 
overload  capacity,  its  smooth,  flexible  speed  and 
poiver  control  have  remained  the  standards  of 
excellence  reached  for  but  never  attained  by 
any  gasoline  motor. 

The  design  of  the  steam  unit  is  simple,  and 
many  features  of  construction  have  been  intro- 
duced which  tend  toward  long  life  and  low  cost 
of  upkeep. 

The  difference  in  cost  between  gasoline  and 
poiver  oil,  when  coupled  with  a  reduced  cost  of 
lubricating  oil,  represents  an  appreciable  reduc- 
tion in  fuel  cost  in  favor  of  the  steam  unit  and 
one  of  importance  to  the  truck  and  tractor 
operator. 

Numbers  of  netv  steam  trucks,  tractors  and 
pleasure  cars  are  in  service,  or  in  process  of 
manufacture  or  design.  This  effort  and  this 
demand  will  have  a  profound  influence  on  the 
automotive  industry. 


steam  unit  using  unpurified  kerosene  or  similar  light  distillates 
will  use  these  by-products  of  gasoline  manufacture  during  the 
season  in  which  they  are  produced.  These  by-products  are 
produced  in  great  quantities,  are  relatively  cheap  and  furnish 
an  ideal  fuel  for  the  small-power  steam  boiler. 

The  steam  unit  has  many  advantages  for  automotive  sendee. 
Its  high  torque  at  low  speed,  its  overload  capacity,  its  smooth, 

flexible  speed  and  power  con- 
trol have  remained  the  stand- 
ai'ds  of  excellence  reached  for 
but  never  attained  by  any 
gasoline  motor.  The  connec- 
tion from  motor  to  axle  is  sim- 
ple and  direct,  without  clutch, 
reverse  or  change  gears.  Steam 
is  available  at  full  boiler  press- 
ure and  for  practically  full 
stroke  to  give  torque  to  lift  a 
loaded  rear  axle  slowly  and 
gently  from  a  rut.  Ahead 
and  reverse  follow  the  move- 
ment of  a  single  lever,  and 
acceleration  and  hill-climbing 
capacity  hitherto  unknown  are 
at  the  operator's  command. 

High  steam  pressures  and 
temperatures  have  been  the 
rule,  but  a  light,  compact  motor 
eonstniction  and  high  economy 
are  attainable  with  steam  pres- 
sures between  400  and  500 
lb.  gage,  and  thereby  we  avoid 
the  tendency  to  carbonize 
the  lubricating  oil  which  is 
found  at  higher  temperatures. 


There  has  been  much  interest- 
ing speculation  on  the  economies  due  to  the  use  of  higher 
steam  pressures  and  the  best  division  of  a  given  total  heat 
between  superheat  and  the  temperature  due  to  evaporation. 
But  in  the  small  units  here  considered,  practical  considerations 
such  as  have  been  outlined  will  doubtless  govern  design. 

The  chief  force  which  is  bringing  about  the  increased  use  of 
the  steam  motor  is  its  superior  fitness  for  automotive  service, 
especially  in  the  commercial  field.  First,  in  truck  service  the 
upkeep  of  the  gasoline  truck,  even  with  the  expert  service,  is 
now  beyond  reason  and  is  a  serious  handicap  to  the  business. 
Overloading  and  incompetent  handling  are  blamed  for  this  con- 
dition, but,  practically,  overloading  is  not  preventable,  and 
starting  from  a  bad  position  is  an  unavoidable  liazard.  Racing 
the  motor,  coupled  with  the  sudden  application  of  the  clutch,  is 
the  only  answer  to  these  conditions  which  the  gasoline  motor 
affords.  The  result  is  destructive  to  both  power  plant  and 
transmission.  The  steam  motor  meets  this  situation  by  using 
steam  for  practically  the  full  stroke  of  the  piston  and  at  any 
pressure  which  the  tractive  power  of  the  wheel  will  permit. 


For  presentation  at  the  .Annual  Meeting  of  The  American  Society  op  Mechanical  Enoineers,  New  York.  December  4  to  7.  1917.  The  paper 
is  here  printed  in  abstract  forai,  and  advance  copies  of  the  complete  paper  may  be  obtained  gratis  upon  application.  All  papers  are  subject 
to  revision. 
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The  available  mean  effective  pressure  on  the  steam  piston  un- 
der these  conditions  is  fully  five  times  the  maximum  available 
with  a  gasoline  motor,  and  the  motor  speed  for  the  same  torque 
may  be  correspondingly  low.  With  the  steam  unit  the  load 
is  picked  up  gently,  exactly  as  a  locomotive  starts  a  train.  This 
tends  toward  low  cost  of  upkeep. 

Another  point  in  favor  of  the  steam  unit  is  the  extreme  sim- 
plicity of  the  transmission — one  pair  of  bevels  or  spurs,  or 
direct  drive  on  the  worm  shaft  is  all  that  is  required  for  light 
and  moderate  power  work,  with  one  additional  reduction  for 
heavy  work  and  tractor  service.  There  is  no  clutch,  no  reverse 
gear — only  a  simple  direct  drive  from  motor  to  axle.  This 
again  tends  toward  low  upkeep  and  long  life. 

In  early  constructions  the  motor  naturally  followed  loeomo- 
ti\-e  or  marine  lines.  Modern  steam  motors  are  preferably  of  the 
multiple-cylinder  type,  designed  for  quantity  production  using 
the  tool  equipment  and  shop  methods  of  the  modern  gasoline- 
motor  manufacturer.  They  are  carefully  balanced,  are  light 
and  simple  and  capable  of  as  high  speed  as  may  be  desired. 
The  uniflow  type  is  largely  used  because  of  its  simplicity  and 
its  high  economy  when  operated  non-condensing.  Because  of 
the  high  steam  pressure,  the  most  economical  mean  effective 
pressure  is  about  the  same  as  the  full-load  m.e.p.  of  the  gasoline 
motor,  and  for  the  same  power  the  cylinder  sizes  are  about  the 
same  in  the  two  eases.  With  this  construction  piston  and 
valve  require  but  little  lubrication,  the  amount  of  lubricating 
oil  necessary  being  far  less  than  that  used  by  older  types  of 
steam  or  by  modern  types  of  gasoline  motors.  The  pistons 
and  rods  follow  automobile  practice.  Alloy  steel  and  alu- 
minum are  freely  employed  and  ball-bearing  construction  is 
used  where  pos.sible.  Crankshafts  and  pins  are  oiled  by  a 
forced-lubrication  system,  bearing  areas  are  ample,  and  the 
labor  cost  for  adjustment  and  repair  is  naturally  extremely 
low. 

Boiler  design  exhibits  greater  variety  than  any  other  por- 
tion of  the  steam  unit.  The  cylindrical  fire-tube  types,  both 
with  and  without  a  water  leg,  have  their  advocates.  The 
ordinary  flash  type  is  in  use  but  not  so  much  in  favor,  due, 
among  other  things,  to  its  especial  tendency  to  carbonize  any 
lubricating  oil  introduced  with  the  fuel.  Tube  boilers  with 
natural  or  forced  circulation  are  popular  and  effective.  A 
forced  circulation,  contraflow-tube  type  seems  especially  -com- 
mendable in  that  it  may  be  forced  to  almost  any  degree  and  is, 
therefore,  responsive,  light,  compact  and  economical.  The 
stack  temperatures  are  readily  brought  down  to  50  deg.  above 
feed  temperatures;  the  superheat  is  under  good  control  and 
danger  of  burning  or  injury  to  the  tubes  is  negligible.  One 
advantage  of  the  tube  type  is  its  absolute  safety  from  destruc- 
tive explosions. 

All  these  features  exhibit  a  very  great  advance  over  older 
constructions.  They  are  popular  because  of  their  economy  and 
safety,  and  because  all  these  improvements  tend  toward  longei 
life  and  lower  cost  of  upkeep. 

The  furnace  is  the  most  important  feature  of  the  modern 
unit.  All  precedent  is  swept  aside.  With  a  light  power  oil 
as  the  established  fuel,  there  is  no  excuse  for  following  old 
practice  and  merely  firing  oil  into  a  combustion  space  origin- 
ally designed  for  coal,  and  in  later  designs  this  is  not  done. 
First,  proper  conditions  are  established  for  burning  the  oil; 
second,  proper  conditions  are  established  for  utilizing  the 
heat  thus  generated,  and  these  are  then  combined.  In  one 
installation  this  leads  to  a  design  with  the  furnace  practically 
at  the  top  of  the  boiler,  with  force  feed  of  oil  and  air;  this 
has  proved  a  most  acceptable  and  desirable  location. 

Various  methods  of  controlling  the  oil  are  in  general  service. 


In  the  oldest  type  tlie  oil  under  pressure  is  converted  into  a 
highly  superheated  vapor,  which  discharges  past  an  adjustable 
needle  valve  drawing  with  it  an  air  supply,  fed  and  controlled 
as  in  a  bunsen  burner.  After  proper  mixing  the  mixture  is 
burned  as  it  issues  from  fine  perforations  in  the  grate.  A  pilot 
light  which  keeps  the  oil  supply  superheated  is  a  necessary 
part  of  the  equipment.  In  spite  of  its  high  economy  and  its 
honorable  record  in  service,  this  system  is  steadily  being  dis- 
placed in  the  more  modern  designs.  Objection  is  made  that 
under  certain  conditions  the  pilot  light  and  the  heated  oil 
under  pressure  are  highly  dangerous,  and  the  clogging  of  the 
control  valve  by  carbon  and  tars  foi-med  by  the  cracking  of 
the  oil  is  objectionable  and  expensive. 

The  mechanical  atomizer  of  the  type  used  in  larger  furnaces 
and  with  heavier  oils  does  not  appear  in  use,  but  would  seem 
to  be  well  suited  to  the  service.  New  systems  of  this  general 
class  are  being  very  extensively  tried  out.  These  systems  are 
important  because  they  consider  not  only  the  proper  burning 
of  the  oil,  but  also  the  commercially  more  important  item  of 
control.  Considered  as  a  unit,  the  vital  control  of  the 
motor  must  be  at  the  furnace.  There  must  be  control  in 
proportion  to  load,  to  steam  pressure,  and  to  maximum 
steam  temperature,  and  also  control  directly  responsive  to  the 
demands  of  the  public.  In  a  pleasure  car,  starting  from  cold, 
there  must  be  steam  to  enable  the  car  to  be  driven  away  in  one 
minute.  The  mechanism  or  control,  to  be  commercially  suc- 
cessful, must  be  no  more  burdensome  than  the  movement  of  a 
lever  or  the  throwing  of  a  switch.  In  a  truck  or  tractor  the 
demands  are  somewhat  more  moderate;  but  in  general  the 
steam  unit  must  be  practically  on  a  par,  in  the  matter  of 
starting,  with  the  gasoline  unit,  and  the  fact  that  in  this 
respect  also  steam  is  now  on  a  par  with  gasoline  is  one  reason 
for  the  present  impetus  toward  steam. 

Where  both  air  and  oil  are  metered  in  under  forced  draft 
and  in  a  boiler  as  flexible  as  those  here  described,  it  appears 
that  a  simple  and  entirely  satisfactory  method  of  heat  gradua- 
tion is  to  "  cut  in  and  cut  out " ;  that  is,  to  stop  the  supply  of 
both  oil  and  air  entirely  where  it  is  desired  to  limit  pressure 
or  temperature,  and  to  cut  in  again  at  full  power  when  the 
pressure  or  temperature  falls,  this  action,  of  course,  being  en- 
tirely automatic.  With  the  safety  which  a  tube  boiler  provides, 
a  satisfactory  system  of  water  supply  is  a  feed  pump  operated 
by  any  means  whose  speed  or  time  of  operation  is  directly 
proportional  to  the  load.  This  involves  attention  to  the  water 
level  and  occasional  adjustment  by  the  operator,  but  as  there 
is  no  serious  penalty  for  his  failure  this  seems  an  entirely  sat- 
isfactory method — perhaps  more  satisfactory  than  a  type 
more  strictly  automatic. 

Next  to  the  fuel  situation  and  the  desire  for  reduced  cost 
of  upkeep,  this  new  system  of  control  is  the  most  important 
development  affecting  the  renaissance  of  the  steam  motor  in 
the  automotive  field. 

The  exhaust  is  condensed  to  atmospheric  pressure  in  an 
ordinary  type  of  automobile  radiator.  The  type  with  wide 
surfaces  and  thin  water  spaces  has  proved  most  effective.  In 
a  pleasure  ear  complete  condensation  is  secured  in  a  small 
radiator  often  without  the  use  of  a  fan.  The  efficiency  of  the 
radiator  is  reduced  by  excessive  oil  in  the  feed,  but  otherwise 
there  are  no  disagreeable  effects.  Under  these  conditions  fresh- 
water supply  is  only  needed  at  rare  intervals,  which  again  is  a 
feature  which  has  served  greatly  to  increase  the  demand  for 
the  steam  motor. 

It  is  characteristic  of  the  internal-combustion  motor  that  it 
gives  its  highest  economy  at  its  maximum  load,  with  rapid 
reduction  in  economy  as  the  load  is  decreased.    The  reverse  is 
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true  of  the  steam  unit.  It  lesults  from  this  that  under  usual 
operating  conditions  the  steam  unit  is  operating  at  its  maxi- 
mum efiieieney,  whereas  the  gasoline  unit  is  operating  at  only 
fair  efficiency.  These  efficiencies  tend  to  meet,  and  in  the  two 
cases  in  actual  service  the  quantity  of  fuel  per  brake  horse- 
power should  not  be  materially  different. 

The  difference  in  cost  between  gasoline  and  power  oil,  when 
coupled  with  a  reduced  cost  of  lubricating  oil,  represents  an 


appreciable  reduction  in  fuel  cost  in  favor  of  the  steam  unit 
and  one  of  importance  to  the  truck  and  tractor  operator.  In 
the  case  of  the  automobile  where  a  small  horsepower  repre- 
sents great  mileage,  this  item  is  of  lesser  importance;  but  it 
lends  romance  to  engineering  to  note  that  the  joy  of  driving 
the  smooth,  flexible  steam  motor  is  likely  to  cause  its  exten- 
sive adoption  first  in  the  field  which  commercially  needs  it 
least. 


WORK   OF  THE  BOILER  CODE  COMMITTEE 


rHE  Boiler  Code  Committee  meets  monthly  for  the  purpose 
of  considering  communications  relative  to  the  Boiler  Code. 
Any  one  desiring  information  as  to  the  application  of  the  Code  is 
requested  to  communicate  with  the  Secretary  of  the  Committee, 
Mr.  C.  W.  Obert,  29  West  39th  St.,  ISIetv  York  City. 

The  procedure  of  the  Committee  in  handling  the  cases  is 
as  follows :  All  inquiries  must  be  in  written  form  before  they 
are  accepted  for  consideration.  Copies  are  sent  by  the  Secre- 
tary of  the  Committee  to  all  of  the  members  of  the  Committee. 
The  interpretation,  in  the  form  of  a  reply,  is  then  prepared 
by  the  Committee  and  passed  upon  at  a  regular  meeting  of 
the  Committee.  This  interpretation  is  later  submitted  to  the 
Council  of  the  Society  for  approval,  after  which  it  is  issued 
to  the  inquirer  and  simultaneously  published  in  The  Journal, 
in  order  that  any  one  interested  may  readily  secure  the  latest 
information  concerning  the  interpretation. 

Below  are  given  the  interpretations  of  the  Committee  in 
Cases  Nos.  174-176,  inclusive,  as  formulated  at  the  meeting 
of  September  20,  and  approved  by  the  Council  on  October  12, 
1917.  In  this  report,  as  previously,  the  names  of  inquirers 
have  been  omitted. 

Case  No.  174 

Inquiry:  What  type  of  stays  does  Par.  200  of  the  Boiler 
Code  refer  to  in  its  requirements  for  the  drilling  of  tell-tale 
holes  in  their  ends?  The  rules  of  the  Interstate  Commerce 
Commission  establish  the  distinction  that  all  stays  shorter 
than  8  in.  in  length  shall  be  termed  staybolts. 


Reply: 
follows : 


It  has  been  proposed  to  revise  Par.  200  to  read  as 


200  Staybolts.  The  ends  of  screwed  staybolts 
shall  be  riveted  over  or  upset  by  equivalent  process. 
Staybolts  must  be  hollow  or  the  outside  ends  of  solid 
staybolts,  8  in.  and  less  in  length,  shall  be  drilled  with 
a  hole  at  least  t\  in.  diameter  to  a  depth  extending 
at  least  i  in.  beyond  the  inside  of  the  plates,  except 
on  boilers  having  a  grate  area  not  exceeding  15  sq. 
ft.,  or  the  equivalent  in  gas  or  oil-flred  boilers,  where 
the  drilling  of  the  staybolts  is  optional.  Solid  stay- 
bolts  over  8  in.  long  and  flexible  staybolts  of  either 
the  jointed  or  ball  and  socket  tj^pe  need  not  be  drilled. 


Case  No.  175 

Inquiry:  Is  it  necessary  imder  the  rules  of  the  A.S.M.E. 
Boiler  Code  that  the  outside  firebox  plate  of  locomotive  type 
boilers  be  of  the  same  thickness  as  the  barrel  sheets  when  it 
is  reinforced  bv  stays  to  the  inner  firebox  sheet?  It  is  cus- 
tomary in  locomotive  boiler  practice  to  make  the  outside  fire- 
box plate  of  less  thickness  than  the  barrel  plate  for  reason 
of  this  staying. 

Reply:  The  Committee  now  has  this  matter  under  consid- 
eration and  will  render  a  formal  reply  as  soon  as  the  investi- 
gations now  under  way  have  been  completed. 


Case  No.  176 

Inquiry:  What  factor  of  safety  shall  be  used  under  the 
rules  of  the  Boiler  Code,  a.  when  the  longitudinal  joint  of  a 
dome  less  than  24  in.  in  diameter  is  lap  riveted,  and,  b.  when 
such  dome  is  attached  to  the  shell  of  the  boiler  by  a  flanged 
ring  construction-  in  accordance  with  Par.  261  ? 

Reply:  When  the  longitudinal  joint  of  a  dome  less  than  24 
in.  in  diameter  is  lap  riveted,  the  longitudinal  barrel  of  the 
dome  must  be  designed  on  the  basis  of  a  factor  of  safety  of 
not  less  than  8.  When  such  a  dome  is  attached  to  the  shell 
of  the  boiler  by  a  1  anged  ring  construction,  in  accordance  with 
Par.  261,  the  flanged  construction  shall  have  a  factor  of  safety 
of  not  less  than  5,  but  this  does  not  involve  any  change  in 
the  factor  of  safety  of  not  less  than  8  in  the  dome  barrel. 


The  Governor  of  Michigan  has  appointed  the  following  men 
as  members  of  the  Board  of  Boiler  Rules,  in  accordance  with 
the  terms  of  the  Hanley  Act,  passed  by  the  legislature  last 
winter:  G.  W.  Bissell,  East  Lansing;  E.  C.  Fisher,  Saginaw; 
J.  C.  McCabe,  Detroit;  S.  Milan,  Grand  Rapids;  G.  E. 
Christensen,  Houghton. 


Autogenous  welding  entered  upon  what  is  bound  to  be  a 
fruitful  period  when  recently  in  the  Engineering  Societies 
Building,  New  York  City,  committees  of  various  societies  and 
manufacturers  met  and  formed  the  National  Welding  Council. 
All  the  industries  were  represented,  together  with  the  insur- 
ance companies  and  the  constituted  authorities,  such,  for  ex- 
aniijle,  as  represented  by  J.  C.  McCabe,  safety  engineer  for 
the  City  of  Detroit. 

The  purpose  of  the  National  Welding  CouncU  is,  in  the 
beginning,  at  least,  divided  into  four  divisions,  to  accomplish 
the  following  ends:  Uniformity  of  design  of  pressure  vessels 
to  be  autogenous  welded;  licensing  of  welders  for  pressure- 
vessel  work;  research  to  determine  an  infallible  test  that  will 
reveal  unsafe  welds,  and  fourth,  to  investigate  the  micro- 
structure  and  physics  of  welds.  As  autogenous  welding  is  so 
attractive  on  account  of  both  the  cost  and  the  time  of  doing 
such  work,  the  development  of  the  art  as  applied  to  pressure 
vessels  suffers  because  engineers  who  represent  the  public  as 
well  as  private  interests  cannot  be  certain  of  the  safety  of  an 
autogenous  weld.  The  frank  statements  by  Mr.  McCabe,  and 
by  the  insurance  interests  represented  at  the  meeting  by  T.  T. 
Parker,  of  the  Fidelity  and  Casualty  Co.,  and  J.  G.  Shaw,  of 
the  Travelers  Insurance  Co.,  were  most  commendable.  These 
gentlemen  gave  the  welders  to  understand  that  until  some  reli- 
able tests  that  would  enable  one  to  determine  the  safety  of  a 
weld  had  been  found,  they  would  not  permit  of  the  use  of 
welds  in  pressure  vessels  subject  to  tension.  This  also  is  the 
attitude  of  responsible  engineers,  many  of  whom  have  applied 
welds  to  pressure  vessels  that  are  unlikely  to  rupture  or  other 
accident,  and  which,  if  ruptured,  will  not  cause  serious  damage 
to  surrounding  property  or  loss  of  life. — Power,  Oct.  9,  1917. 
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CONTRIBUTIONS  to  the  Correspondence  Departments  of  The  Journal  by  members  of  The 
American  Society  of  Mechanical  Engineers  are  solicited  by  the  Publication  Committee.  Con- 
tributions particularly  welcomed  are  suggestions  on  Society  Affairs,  discussions  of  papers  published 
in  The  Journal,  or  brief  articles  of  current  interest  to  mechanical  engineers. 


Inspection   in    Munitions    Manufacture 

'I'o  THE  Editor: 

In  his  paper  on  The  Importance  of  Intelligent  Inspection 
in  Munitions  Manufacture,  presented  at  the  Spring-  Meeting 
of  the  Society  at  Cincinnati  in  May  of  this  year,  Mr.  Walsh 
put  forth  some  statements  and  considerations  in  regard  to 
difficulties  experienced  in  the  inspection  of  big  artillery  orders 
in  the  United  States  in  1915-16. 

The  members  of  the  Russian  Artillery  Commission  readily 
acknowledge  the  justice  and  value  of  Mr.  Walsh's  statements, 
as  well  as  those  in  other  papers  presented  at  the  same  meeting. 

Unfortunately  for  some  who  were  not  familiar  with  the 
execution  of  an  order  by  the  Canadian  Car  &  Foundi'y  Com- 
pany for  5,000,000  3-in.  shrapnel  and  high-explosive  shells 
for  the  Russian  Government,  some  expressions  m  Mr.  Walsh's 
paper  and  examples  used  in  his  illustrations  may  be  under- 
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Fig.  1     Adiiitional  Toler.ince.s  for  Rus.sian  Shells 

stood  in  an  undesirable  way  from  the  standpoint  of  the  Rus- 
sian Commission,  and  may  be  interiireted  and  generalized  in 
such  a  way  which,  we  hope,  the  author  him.self  did  not  have 
in  view. 

For  example,  in  Par.  2  Mr.  Walsh  states :  ''  Russia  was  as 
little  prepared  to  provide  the  required  number  of  qualified 
inspectors  as  was  the  contractor,  and  in  consequence  the  manu- 
facturer had  inflicted  upon  him  so-called  inspectors  who  were 
selected  from  eveiy  walk  in  life,  it  seemed,  except  the  mechan- 
ical, and  barbers,  bartenders,  butchers,  students  and  teachers 
were  the  usual  thing  and  the  practical  man  the  exception.'' 

The  inspectors  who  were  selected,  as  the  author  justly  points, 
"  from  every  walk  of  life  except  the  mechanical,"  were  not, 
in  reality,  the  Russian  inspectors,  but  the  inspectors  of  the 
contractors,  who  were  eventually  taught  by  the  Russian  re]- 
resentatives.  Naturally,  the  provision  of  all  the  necessary 
number  of  inspectors  from  Russia  to  America  during  the  war 
could  not  and  should  not  be  realized.  The  Russian  Goven  - 
ment  sent  to  the  United  States,  as  it  did  to  Japan,  England 
and  France,  a  small  contingent  of  skilled  inspectors,  under  the 
supervision  of  whom  were  the  American  inspectors. 

W<?  re.adily   admit  that   even   an    inspector   thoroughly   fa- 


miliar with  his  business  is  not  free  sometimes  from  extreme 
strictness,  and  sometimes  even  from  so-called  "  discretion," 
but  we  wish  to  draw  attention  to  the  fact  that  every  sub-con- 
tractor, for  whom  each  requirement  of  the  inspector  results  in 
a  loss  of  money,  is  naturally  inclined  to  exaggerate,  in  a  dis- 
advantageous manner,  the  actions  of  the  inspectors,  so  it 
would  be  well  to  look  upon  such  statements  with  prudence, 
and  particularly  when  such  statements  cannot  be  verified. 
That,  in  the  main,  the  Russian  inspection  was  not  too  strict 
is  indicated  by  Fig.  1  given  herewith,  which  shows  additional 
tolerances  which,  it  is  true,  were  not  announced  to  the  fac- 
tory and  which  wei'e  used  by  the  Russian  representatives,  and 
only  owing  to  which,  however  good  the  production,  can  be 
explained  the  fact  that  the  whole  quantity  of  finally  rejected 
shells  did  not  exceed  1  to  1^/2  per  cent. 

It  is  interesting  to  note  in  respect  to  this,  that  out  of  the 
total  number  of  accepted  complete  rounds,  only  40  per  cent 
of  that  number  were  fully  in  accordance  with  the  contract  . 
specifications;   the  other   60   per   cent   did   not  conform  with 
contract  specifications. 

All  Russian  inspectors  who  had  an  opportunity  to  see  Mr. 
Walsh's  paper  cannot  help  but  agree  with  the  statements 
nuide  by  him  in  Pars.  5  to  12  with  regard  to  technicalities  of 
inspection. 

Russian  3-in.  Shell  Depahtment, 
Captain  S.  N.  Petrenko. 

Heat  Transfer  in   Condensers 

To  THE  Editor  : 

The  transfer  of  heat  in  surface  condensers  is  a  subject  which 
has  frequently  been  discussed  in  the  Society's  proceedings,  so 
that  the  following  method  of  determining  one  factor  may  be 
of  interest. 

The  design  of  surface  condensers,  water  heaters,  and,  gen- 
erally,  any  apparatus  for  the  heating  or  cooling  of  fluids 
where  the  hot  medium  is  never  mixed  with  the  cold  one,  re- 
quires the  determination  of  the  mean  temperature  difference. 
Suppose  two  fluids,  A  and  B,  to  enter  a  vessel  in  separate 
compartments  for  the  interchange  of  heat. 
Let  r,  =  temperature  of  fluid  A  at  the  point  at  which  it  begins 
to  have  contact  with  fluid  B 
T,  =  temperature  of  fluid  B  at  the  point  at  which  it  begins 

to  have  contact  with  fluid  A 
T^  =  temperature  of  lluid  A  at  the  point  at  which  it  ceases 

to  have  contact  with  fluid  B 
T,  =  temperature  of  fluid  B  at  the  point  at  which  it  ceases 
to  have  contact  with  fluid  A. 
Then,  for  parallel  flow.  Fig.  1,  the  difference  in  temperature 
at  the  beginning  of  contact  is  T,  —  T„,  and  the  difference  where 
the  fluids  cease  to  have  contact  is  T^  —  T,. 

For  counter-current  fow.  Fig.  2,  the  difference  in  tempera- 
ture at  beginning  of  contact  is  T,  —  T^,  and  the  difference 
where  the  fluids  cease  to  be  in  contact  is  T,  —  T... 

If  the  differences  in  temperature  are  represented  by  D,  and 
D,,  then 
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For  paraUel  flow,  D,  =  T,—  T,  and  D,=  T^—  T. 

For  counter-current  flow,  D^  =  T^  —  T,  and  D^=  T^  —  T, 
Let  D™  =  mean  temperature   difference;    then,   according   to 
Hausbrand,' 

fl,  — D, 

This  formula  can  be  equally  well  written 

D.  —  D, 


Z)m   = 


log,  {D,/D,) 


as  can  be  shown  by  a  simple  algebraic  proof.  Hence  it  makes 
no  difference  whether  Z>„  as  determined  by  the  rule  above,  is 
greater  or  less  than  D,.  The  numerator  of  the  fraction  must 
always  be  positive,  and  the  denominator  must  be  the  Napierian 
logarithm  of  an  improper  fraction. 

In  determining  the  design  of  a  piece  of  apparatus  it  is  often 
necessary  to  solve  this  formula  three  or  four  times,  as  it  rarely 
happens  that  stock  designs  will  fit  a  specific  case  exactly.  It 
is  also  often  desirable  to  detei-mine  the  effect  upon  the  ap- 
paratus of  slight  changes  in  the  conditions. 

A  ready  means  of  solving  the  formula  rapidly  is  shown  in 
the  calculating  chart,  Fig.  3,  which  will  give  solutions  in  a  few 
seconds,  accurate  enough  for  all  practical  purposes.   The  chart 


FIG.  1  FIG.  2 

Fig.  1    Fluids  Entering  Compartments  in  Parallel  Flow 
Fig.  2    Fluids  Entering  Compartments  in  Counter- 
Current  Flow 


Fig.  4    Scribed  Parallel  Rule 

is  made  up  of  four  scales:  On  the  left-hand  side  of  the  left- 
hand  scale  the  values  of  Z>,  are  plotted;  the  right-hand  scale 
contains  the  values  of  D^;  the  difference  between  these  quan- 
tities, D,  —  D.,  is  plotted  on  the  right-hand  side  of  the  left- 
hand  (D,)  scale;  the  diagonal  scale  gives  the  values  of  Dm,  the 
mean  temperature  difference. 

To  use  the  chart,  join  the  given  values  of  D,  and  D^  with  a 
straight  line,  and  draw  a  line  parallel  to  this  line  through  their 
difference,  D,—D,.  This  line  will  intersect  the  D„,  scale  at  the 
required  value. 

An  example  will  show  the  procedure.  Steam  enters  a  closed 
parallel-flow  heater  at  215  deg.  fahr.  and  water  enters  at  50 
deg.  fahr. ;  the  steam  leaves  at  212  deg.  fahr.  and  the  water  is 
heated  to  180  deg.  fahr. 
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T,  =  215 
T,=    50 
T,  =  212 
T,  =  180 

C.  =  T, 

—  T,  =  215—  50  =  165 

—  T.  =  212  —  180  =  32 

=  165  —  32  =  133 

Join  165  on  D^  scale  with  32  on  D,  scale  and  draw  a  parallel 
line  through  133  on  the  D^  —  Z?,  scale ;  this  cuts  the  I>„  scale 
at  81.2,  the  required  value  of  mean  temperature  difference. 
Numerical  solution  gives  the  answer  as  81.05. 

The  chart  depends  upon  the  principles  of  similar  triangles. 
A  proof  of  the  principles  upon  which  it  is  constructed  may  be 
found  in  the  Journal  of  the  Western  Society  of  Engineers, 
February  1911,  Vol  XVI,  No.  2,  p.  112. 
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Join  fhe  given  values  of  D,  and D2 
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difference, D,-D2i  this  line  nill 


Fig.  3    Chart  for  Determining  Mean  Temperature 

DiPPERENCE 

A  convenient  device  for  using  the  chart  is  a  parallel  rule 
made  of  transparent  celluloid  about  0.025  in.  or  0.03  in.  thick, 
with  fine  lines  scribed  on  the  under  side  of  the  parallel  links. 
Such  a  rule  is  illustrated  in  Fig.  4. 

HowABD  M.  Ingham. 

New  York,  N.  Y. 


■  Evaporating,  Condensing  and  Cooling  Apparatus,  by  E.  Hausbrand. 
For  Hausbrand'a  formula,  see  Trans.  Am.Soc.M.E.,  vol.  32,  pp.  1151 
and  1211. 


At  the  annual  meeting  of  the  national  advisory  committee 
for  aeronautics  held  recently.  Dr.  W.  F.  Durand,  Mem.Am. 
Soc.M.E.,  was  reelected  chairman  and  Dr.  S.  W.  Stratton, 
Mem.Am.Soc.M.E.,  was  reelected  secretary.  Members  of  the 
executive  committee  were  elected  as  follows:  Dr  Joseph  S. 
Ames,  Dr.  Charles  F.  Marvin,  Dr.  Michael  I.  Pupiu,  Major- 
General  George  O.  Squier,  U.  S.  A.;  Dr.  S.  W.  Stratton, 
Mem.Am.Soc.M.E.;  Rear-Admiral  D.  W.  Taylor,  U.  S.  N., 
and  Dr.  Charles  D.  Waleott.  At  the  organization  meeting  of 
the  executive  committee.  Dr.  Charles  D.  Waleott  was  elected 
chairman  and  Dr.  S.  W.  Stratton,  secretary. 


SOCIETY  AFFAIRS 

A  Record  of   the  Current   Activities   of    the  Society,  Its   Members,  Council,    Committees. 

Sections  and  Student  Branches;  and  an  Account  of  Professional 

Affairs  of  Interest  to  the  Membership 


ANNUAL  MEETING  PROGRAM 

New  York,  December  4  to  7,  1917 

Tuesday,  December  4 

I2.00  m.        Opening  of  Registration  Bureau  in  Engineering  Societies  Building 

2.00  p.m.     Council  Aieeting 

8.30  p.m.     Report  of  Tellers  of  Election  and  Introduction  of  the  President-elect 

Conferring  of  Honorary  Membership  upon  Major-General  George  W.  Goethals,  followed 

by  an  address  by  Hon.  William  H.  Taft 
Reception  by  the  President  and  the  President-elect 

Wednesday,  December  5 
9.45   a.m.     Business  Meeting,  to  be  followed  by  the  Keynote  Session 

It  will  be  suggested  to  the  Council  that  the  Business  Meeting  be  adjourned  to 
Thursday  morning  to  allow  more  time  for  the  Keynote  Session 

10.00  a.m.     Keynote  Session  on  The  Service  of  the  Engineer  to  the  Public  in  Times  of  Crises 

Universal  Public  Service  in  Peace  and  War,  Dr.  Ira  N.  Hollis.  This  will  be  the  presidential 
address  by  Dr.  Hollis,  after  which  there  will  be  other  addresses  by  distinguished  men  of 
national  reputation  on  the  following  subjects  relating  to  problems  incident  to  the  war: 
Agricultural  problem;  fuel  problem;  transportation;  motor  transportation;  building  of  a 
merchant  marine;  aircraft  problem;  special  education  in  time  of  war;  engineering  research. 
This  will  be  an  all-day  session 

Buffet  Luncheon 


12.30  p.m. 
2.00  p.m. 

2.30  p.m. 


Continuation  of  Keynote  Session  on  The  Service  of  the  Engineer  to  the  Public  in  Times 
of  Crises 


ilta 


neous  sessions 


power-plant  session 

Preventable  Waste  of  Coal  in  the 
United  States,  David  Moffat  Myers 

The  Cooling  of  Water  for  Power 
Plant  Purposes,  C.  C.  Thomas 

Bagasse  as  a  Source  of  Fuel,  E.  C. 
Freeland 

The    Steam    Motor    in    the    Auto- 
motive Field,  E.  T.  Adams 


general  session 


The  Transfer  of  Heat  Between  a 
Flowing  Gas  and  a  Containing 
Flue,  Laivford  H.  Fry 

A  Study  of  Surface  Resistance  with 
Glass  as  the  Transmission  Me- 
dium, H.  R.  Hammond  and  C.  W. 
Holmberg 

Cooling  and  Drying  Air  and  the 
Removing  of  Infinitesimal  Dust 
Therefrom,  W.  J.  Baldwin. 

Recent  Developments  in  BALANCfNc 
Apparatus,  N.  W.  Akimoff. 

Plotting  Blower-Test  Curves,  A. 
H.  Anderson    (By  title  only.) 

Cross-Current     Predeterminations 
from     Crank-Effort     Diagrams, 
Louis  Illmer     (By  title  only.) 

(Continued  on  Next  Page.) 


industrial-safety  session 

Several  codes  will  be  presented  for  dis- 
cussion by  the  Sub-Committee  on 
Protection  of  Industrial  Workers, 
among  them  Codes  of  Safety  Stand- 
ards for  Elevators  and  Woodworking 
Machinery. 
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Wednesday,  December  5   (Continued) 

3.00  p.m.     Ladies'  Reception  and  Tea 

S.15  p.m.     Smoker 

Get-together  meeting  for  members.  Mr.  John  R.  Freeman,  Past-President  Am.Soc.M.E.,  will 
give  an  illustrated  talk  upon  his  trip  to  the  Orient  taken  last  winter  with  Dr.  John  A.  Brashear 
and  Mr.  Ambrose  Swasey,  Past-Presidents  Am.Soc.M.E.  Music  by  Glee  Club.  Refresh- 
ments 

Thursday.  December  6 

10.00  a.m.     Business  Meeting  continued,  followed  by  General  Sessions 


LOCAL-SECTIONS    SESSION 
This  session  will  be  held  under  the  direction  of  the  Sections 
Committee,  for  a  discussion  of  the  work  of  the  Sections  and  of 
Society  Affairs,  by  representatives  of  the  24  Sections  of  tlie 
Society 


GENERAL    SESSION 

An  Account  of  the  Engineering  Work  of  E.  D.  Leavitt, 
F.  W.  Dean 

Expenses  and  Costs,  H.  L.  Gantt 

The  following  -papers  contributed  by  Local  Sections  will  be  presented  bft 
title: 

By-Product  Coke  and  Coking  Operations.  C.  J.  Ramsburg 

and  F.  W.  Sperr,  Jr. 
The  Submarine,  C.  H.  Bedell 
Combined  Stresses,  A.  L.  Jenkins 
The  Trumble  Refining  Process,  N.  W.  Thompson 


12.30  p.m.     Luncheon,  at  which  there  will  be  an  address  on  The  Relation  of  Industrial  A-Ianage- 
MENT  TO  Engineering,  by  Prof.  Dexter  S.  Kimball 


2.30  p.m.     Simultaneous  Sessions 


machine-shop  session 

Under   the  auspices  of  the  Sub~Committee  on  Machine  Shop  Practice 

Topical  Discussion  on  the  subject  of  Inspection  with  the  fol- 
lowing introductory  discussions: 
The  Logic  of  Inspection,  A.  L.  DeLeeuw 
The  Relation  of  Inspection  to  Product,  F.  A.  Waldron 
General    Principles    of    Government    Inspection    and 
Relations   Between  Inspectors  and  Manufacturers, 
Col.  B.  W.  Dunn 


TEXTILE    SESSION 
Urider  the  auspices  of  the  Sub-Comm  ittee  on  Textiles 

Labor-Turnover  Records  and  the  Labor  Problem.  Rich- 
ard B.  Gregg 

Accident  Prevention  in  the  Textile  Industry,  David  S. 
Beyer 

The  Moisture  Content  of  Textiles  and  Some  of  its 
Effects,  V\  illiam  D.  Hartshorne 


8.^0  p.m.     Lecture  and  Annual  Reunion 

The  Beautiful  in  Commonplace  Things,  Dr.  John  A.  Brashear.  Following  the  lecture  there 
will  be  a  reunion  and  dance,  with  refreshments,  on  the  fifth  floor  of  the  Engineering  Societies 
Building 


Friday.  December  7 


lo.oo  a.m.     Simultaneous  Sessions 


MANAGEMENT    SESSION 


power-test    HEARING 


Topical   discussion   on   the   Employment   of  Women   in    the       A  public  hearing  by  the  Power  Test  Committee,  preliminary 


Skilled  Industries,  with  particular  reference  to  war  condi- 
tions. To  be  introduced  by  Mr.  John  \V.  Upp,  General 
Electric  Co.,  and  Mr.  C.  B.  Lord,  Wagner  Electric  Manu- 
facturing Co. 

The  Engineer,  the  Cripple  and  the  New  Education,  by 
Major  l-'rank  B.  Gilbreth 

2.00  p.m.      Council   Meeting 


to  a  proposed  revision  of  the  Power  Test  Code  of  the 
Society,  comprising  rules  for  conducting  tests  on  prime 
movers  of  different  types,  and  auxiliary  apparatus 


NOTE: — The  above  program  was  tentatively  accepted  at  the  meeting  of  the 
Committee  on  Meetings  on  October  26.  It  is  possible  that  the  arrangement 
of  sessions  may  be  modified  slightly,  but  the  program  is  issued  in  the  present 
form  to  enable  members  and  others  to  make  their  arrangements  to  attend  the 
meeting.  In  the  final  program  some  of  the  features  here  announced  will  be 
augmented 
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COUNCIL  NOTES 


THE  October  meeting  of  the  Council,  the  first  meeting 
following  the  summer  recess,  was  held  on  October  12  to 
enable  President  Hollis  to  attend  before  leaving  for  his  visit 
to  the  Pacific  Coast  Sections.  The  following  members  were 
present :  Ira  N.  Hollis,  President;  John  H,  Barr,  C.  H.  Ben- 
jamin, Robert  H.  Fernald,  Frederick  R.  Hutton,  D.  S. 
Jacobus,  C.  T.  Main,  C.  T.  Phinkett,  John  A.  Stevens,  and 
Calvin  W.  Rice,  Secretary. 

Executive  Committee.  Actions  of  the  Executive  Committee, 
taken  on  June  2,  21  and  July  13,  were  made  the  basis  of  the 
following  minutes: 

It  was  voted  to  approve  the  appointment  of  the  Committee 
on  Cooperation  and  Organization,  Mr.  Fred  J.  Miller,  Chair- 
man; Messrs.  L.  P.  Alford,  Elmer  H.  Neff  and  F.  A.  Waldron. 

Messrs.  Victor  J.  Azbe,  Bert  L.  Baldwin,  T.  J.  Cookson, 
(}.  F.  Gebhardt,  J.  J.  Hoppes  and  F.  E.  Idell  were  approved 
as  a  Committee  on  Standardization  of  Feedwater  Heaters. 

Messrs.  E.  H.  Ahara,  G.  M.  Bartlett,  C.  H.  Benjamin,  J.  R. 
Cantley,  J.  J.  Flather,  F.  V.  Hetzel  and  F.  Morse  were  ap- 
proved as  a  Committee  on  Standardization  of  Roller  Chains. 

Interpretations  No.  153  to  161  of  the  Boiler  Code  Commit- 
tee were  approved. 

Messrs.  H.  E.  Harris,  Chairman;  John  H.  Barr,  William  A. 
Viall  and  L.  A.  Fischer  were  approved  as  a  committee  of  this 
Society  to  develop  a  central  bureau  for  the  certification  of 
gages  and  for  the  consideration  of  adequate  facilities  for  certi- 
fying gages  used  throughout  the  United  States  in  the  manu- 
facture and  inspection  of  munitions  of  war. 

Additional  appropriations  to  the  House  Committee,  Publica- 
tion Committee  and  Committee  on  Engineering  Resources,  as 
recommended  and  approved  by  the  Finance  Committee,  were 
approved. 

Remission  of  Dues.  The  Conmiittee  on  Constitution  and  By- 
Laws  was  requested  to  draw  a  by-law  providing  for  the  auto- 
matic remission  of  dues  of  a  member  reaching  a  certain  age 
or  having  paid  dues  for  a  certain  number  of  years. 

Dues  of  Members  in  Military  Service.  The  Secretary  was 
requested  to  prepare  a  list  of  all  members  now  in  military 
service,  to  be  published  and  distributed  at  the  Annual  Meeting. 

It  was  the  sense  of  the  Council  that  such  members  should 
have  their  dues  absolutely  remitted  for  the  period  of  the  war 
and  until  six  months  after  the  declaration  of  peace. 

Increase  of  Membership  Committee.  S.  J.  Hoexter  was  ap- 
pointed chairman  of  the  Michigan  sub-committee,  and  C.  R. 
liurt  chairman  of  the  Ontario,  Canada,  sub-committee. 

Power  Test  Committee.  It  was  voted  to  conduct  a  public 
hearing  of  the  Power  Test  Code  at  the  forthcoming  Annual 
Meeting.  Announcement  of  this  hearing  is  given  elsewhere  in 
this  issue. 

An  Advisory  Committee  was  appointed  to  attend  this  and 
future  hearings,  and  to  confer  with  the  Power  Test  Committee 
on  request. 

American  Engineering  Standards.  The  report  of  this  com- 
mittee was  approved,  and  Messrs.  Henry  Hess,  W.  F.  Kiesel 
and  Carl  Schwartz  were  appointed  on  the  committee. 

Engineering  Council.  The  President  reported  on  the  pres- 
ent status  of  the  work  of  this  body  and  the  call  it  would 
soon  make  for  funds  to  carry  on  work  principally  for  the 
Government  in  the  present  crisis. 

American  Institute  of  Architects.  Mr.  Clyde  R.  Place  and 
Prof.  J.  W.  Roe  were  approved  to  represent  the  Society  as 


honorary  vice-presidents  in  a  conference  with  the  American 
Institute  of  Architects'  Committee  on  Quantity  Production. 

Machine  Screw  Nuts.  Messrs.  E.  H.  Ehrmann,  E.  Burdsall 
and  Charles  Glover  were  approved  as  a  Committee  on  Machine 
Screw  Nut  Standardization,  to  cooperate  with  a  similar  com- 
mittee of  the  Society  of  Automotive  Engineers.  Announce- 
ments regarding  this  joint  committee  have  already  appeared 
in  The  Journal. 

Finance  Committee.  It  was  voted  to  approve  and  authorize 
the  budget  recommended  by  the  Finance  Committee  of  two 
hundred  and  five  thousand  Ave  hundred  and  five  dollars,  with 
the  understanding  that  this  sum  shall  include  an  appropriation 
of  five  hundred  dollars  for  the  Standing  Committee  on  Public 
Relations,  and,  further,  the  Finance  Committee  is  authorized 
to  make  such  adjustments  within  this  appropriation  as  may 
be  required  during  the  year  to  meet  the  extraordinary  demands 
upon  the  engineering  societies  occasioned  by  the  war. 

Second  Liberty  Loan.  The  Finance  Committee  was  author- 
ized to  invest  the  sum  of  ten  thousand  dollars  ($10,000)  in  the 
Second  Liberty  Loan. 

Committee  on  Meetings.  On  recommendation  of  this  com- 
mittee, Messrs.  W.  W.  Bird,  Chairman;  Stanley  G.  Flagg,  Jr., 
B.  D.  Fuller,  Robert  E.  Newcomb,  Charles  E.  lOioeppel,  Wil- 
fred Lewis  and  Richard  Moldenke  were  approved  as  a  Sub- 
Committee  on  Foundry  Practice. 

Visits  to  the  Sections.  The  President  reported  that  in  re- 
sponse to  invitations  from  the  Sections,  he  had  arranged  to 
visit  St.  Louis,  El  Paso,  Los  Angeles,  San  Francisco,  Seattle 
and  Portland.  An  account  of  Dr.  Hollis's  trip  will  be  given 
in  the  next  issue  of  The  Journal. 

Public  Relations  Committee.  Mr.  C.  T.  Main,  member  of 
this  committee,  reported  its  organization  meeting  on  Octoljer 
11,  with  Dr.  F.  H.  Newell  as  chairman  and  Mr.  Morris  L. 
Cooke  as  secretary. 

Constitution  and  By-Laws.  Prof.  F.  R.  Hutton,  as  chair- 
man of  this  committee,  presented  a  report  of  suggested  new 
by-laws  for  the  government  of  the  local  sections.  This  was 
adopted,  and  the  By-Laws  are  published  in  this  issue  of  The 
Journal  under  Sections. 

Professor  Hutton  also  reported  suggested  changes  in  the 
by-laws  to  meet  the  constitutional  changes  announced  in  the 
October  issue  of  The  Journal  and  to  be  voted  on  at  the 
Annual  Meeting. 

Junior  and  Student  Prizes.  Recommendations  of  the  com- 
mittees on  Award  of  .Junior  and  Student  Prizes  were  accepted, 
and  the  awards  made  will  be  announced  at  the  Annual  Meet- 
ing. 

Committee  on  Sections.  The  organization  of  the  Connecti- 
cut State  Section  was  approved,  with  headquarters  at  New 
Haven  and  branches  at  Meriden,  Bridgeport,  Hartford  and 
Waterbury. 

Mr.  W.  L.  Roueche  was  ajjpointed  secretary-treasurer  of  the 
Birmingham  Section. 

Adjournment  was  taken  to  meet  in  Chicago  on  November  16. 

Calvin  W.  Rice, 

Secretary. 


Those  members  who  have  not  yet  received  Vol.  38  of 
Transactions  are  notified  that  the  delay  has  been  caused  by 
embargos  on  freight  shipments  to  some  points. 
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ROLL  OP"  HONOR 


I 


N   the   May   issue   of   The   Journal   we   published   the   first  Glenn,  E.  n..  officers'  Training  Camp,  U.  S,  a.,  Oglethorpe,  Ga. 

,.         „  ",  n    I      n.      •   .         11  11  1  GOBTZENUKitunu.  li.  L..  I  iist  LimitouaQt,  Ordiiance  Deiiiiitiiiciit,  U.  S.  K., 

list  of  meinl)ei-s  ot  the  Society  who  have  enhsted  in  the  serv-  Americau  Exiicilitiouary  Forces. 

ice  of  the  country  iu  its  great  drive  "  to  malce  the  world  safe  Greuory,  W.    B.,    Major,    Engineer    Officers'    Reserve    Corps,    American 

for  democracy,"  and  it  is  interesting  to  note  tlie-  rapid  growth  ^     ExiK-ditiomn-.y  ]-<,rccs.         „       ,       ,  ^„       ,  „ 

■  '                                           °                                1        o  Guise,  H.  B.,  Major,  Ordnance  Department,  Officers    Reserve  Corps, 
of  the  Honor   Roll.      We  have  published   notices  of  5GG  mem-  Guitkhas,  .1.  G..  Lieutenant,  4lh  Eugineeis,  Vancouver  r.arracks.  Wash. 
bei'S  from  all  parts  of  the  Union  who  have  notilied  us  of  their  Guthkie,     James,    Major,     Ordnance     Department,     Officers'     Ueserve 
enlistment.     A   large  proportion  of  members  listed  are  com- 
missioned  in   the   Engineer  Officers'  Reserve   Corps  or  in   the  jj^le,  Hexuy  a.,  Jr.,  Captain,  Engineer  Officers'  Reserve  Corps. 
Ordnance  Dejiartment,  Officers'  Reserve  Corps.    The  Aviation  Hall,  keitelb.  Cai>t:uu.  oniuance  Departmeut,  u.  s.  it. 
Section  of  the  Signal  Corps,  and  the  Naval  Reserve,  are  also  ]]■'"-  Q^''-?"-  a..  Captain.  Engineers'^ Section   omcers'  Uoserv..  r,„„s. 

o  '^   '  '  ILviaciEs,  Geoiice  II.,  Major  General,  Headquarters  oOtli  Depot  Brigade, 

well  represented.  Camp  Cody.  Deming,  N.  M. 

If  any   members  have  joined  the  armed  forces  of  the  COUn-  Hewitt,    R.   i;..   Captain,   Engineers'   Department.    Fort    Sam    Ili.iiston, 

try,  but  have  so  far  not  been  listed  in   the  Roll   of  Honor,  iLi^'i'^^j'^'o,..,,,,^,  ji.^o,  signal  Corps,  U.  .s.  n. 

they  are  uivited  to  send  in  their  names  to  the  Secretary.     The  Holsun,  r.  C,  Captain,  I.  o.  M.  O.  C,  53rd  Ordnance  Mobile  Work- 
Soeietv   is   proud   of   their  action  and   is  an.xious   to  apprise  -'"'"P  d-igi'D,  British  E.xpeditionary  Forces.  I'ranc.-. 

,."„,,  ,  p    .,        T-.      ,1  1        o      •    .  Ill  HUR.VTII.VL,    A.    O.,    First    Lieutenant,    Ordnance    Department,    Officers' 

their  tellow   members  oi   it.     J*  urther,   the   Society  would   be  Reserve  Corps,  u.  S   A. 

pleased  to  imblisli,  and.  members  at  home  would  be  interested 

to  read,  "  e.xj  erieiice  letters  "  from  men  who  are  out  on  active  Juiigexsen,  J.  C,  Major,  Ordnance  Department. 


service. 

The    following   Roll   of   Honor   supplements    those   already 
published : 

Adams.  C.  E..  10.*{rd  Regiment  Field  Artillery,  2*)th  Division  American 

Expcditiona  i  y   Forces. 
ALLEN,   .Tareo    K..    First    Lieutenant,    2Cth    Engineer    Regiment.    Camp 

Dix,   N.   J. 
Ames,  John  II.,  Fi  st  Lieutenant.  Ordnance  Department.  U.  S.  R. 

Baikd,  Ly>rAX  S..  First  Lieutenant,  .-Vviation  Section.  Officers'  Reserve 

Sign;:l  Corps. 
Barker.  Georoe  S.  First  Lieutenant.  Ordn.ince  Department.  U.   S.  A. 
Bates.  Harkv  H.    Officers'  Training  Camp,  Ft.  Myer,  Va. 
Bes.se.  Iv  1'..,  First  Lieutenant,  Ordnance  Department,  Officers'  Reserve 

Corps. 
Bond,  K.   M..  Captain,   Inspector  of  Ordnance,   Ft.  Louis,  Mo. 
BovD,  lliai!  M.,  Second  Lieutenant,  F.  A.  O.  R.  C.  Camp  Upton,  L.  I. 
BOYER.  Fred.  O..  Fi'st  Lieutenant.  Second  II.  S.  Fn'.'ini'ers 
Brexxan.    E.    M.,    First   Lieutenant,    309th    Engineers.   Camp   Taylor, 

Lo.ulsville.  Ky. 
Brown.    Ki ci.xe    L.,   Jr..   First   Lieutenant,   Engineer   Officers'   Reserve 

Corps. 
Brown.    Fred    W.,    Captain,    Ordnance    Department,    Officers'    Reserve 

Corps, 
Burton.    \y.    Dr;.\N.    Aeronautical    Mechanical    Engineer,    U.    S.    Signal 

Service,  Fort  Omaha,  Xeb. 

CAiirnELL.   E.    D.     Captain,    Ordnance   Department,    Carriage   Division, 

Washington.  D.  C. 
Cassidy,  rERRY   R  ,  Captain,  Coast  Artillery,  Officers'   Reserve  Corps. 
CHAMiiKur.AiN.   Paii.   M..   Ordnance   Section,   Officers'   Reserve  Corps. 
Christen.  A.  I'...  First  Lieutenant,  Signal  Corps. 

Dallis,  Dark  A.,  Engineers'  Training  Camp,  Atlanta,  Ga. 

EicHRXBERO.   M.   A..    Inspector   of  Aeroplanes   ami   Aeroplane   Engines, 

United  States  Signal  Corps. 
Ellsworth.  I'errv  F.,  First  Lieutenant,  Signal  Corps.  U.  S.  R. 

Farr,  Roy  S.,  Second  Lieutenant,  Co.  1,  Engineer  Reserve  Officers' 
Trainln'r  Canu'.  .American   I'niversity.  Washington.  D.  C. 

Felker.  GEORni-,  F..  Captain,  Ordnance  Department.  U.  S.  R.,  Camp 
Wheeler,  M::con.  <!a. 

Fowler,  W.  S.,  First  Lieutenant,  Ordnance  Department,  Carriage 
Division,   U.   S.   R. 

Gaillard.  D.  p..  First  Lieutenant,  Ordnance  Officers'  Ueserve  Corps. 
Division  T.   1".  S.   A. 

Gfroreii.  AiiiKitT  II..  First  Lieutenant,  Officers'  Reserve  Corps,  Ord- 
nance ni'partment. 

Gilbretii.    Fiuxk    I!..    Major.    Ordnance   Department.    U.    S.    A. 

Oilman.  F.  W..  Fist  Lieutenant.  Encineer  Ollirers'  Reserve  Corps, 
Reserve  (illiccrs'  Training  Camp,  Ft.  Myer.   Va. 

Githins,  Tiios.   F..   Plattsburg  Training  Camp. 


Kaelin.  Charles  G..  Captain.  Or<lnance  Deiiartmeiit.   U.  S.   K..  Fratik- 

ford  Arsenal,   itiidesliurg.   Pa. 
Kjley.   George    I'..,    First    Lieutenant,    Ordnance    DepartmcEit.    Ollicers' 

Reserve  CorjiS.   U.    S.   A. 
Kext,  EnwARD  R.,  Officers'  Training  Camp,  Ft.  Myer,  Vn. 
KiLf.vrRiti;,  John  D.,  Major,  National  Guard,  N.  J. 

LacO.mbe,  C.  F.,  Captain,  Engineer  Officers'  Reserve  Corps,  U.  S.  A. 

Larsen.  Cha1!M'^s.  Captain.  2(;th  Engineers,  Camp  Dix  ,N.  J. 

Le  Fevre,  C.  D.,  Ordnance  Officers'  Reserve  Corps. 

Lii'SNEit,  r..  B.,  Captain.  Ordnance  Depai-tment.  Motor  Section.  V.  S.  A. 

LoxGLEV.   Francis    I!..   Major,    Engineering   Department,    Signal    Corps 

Aviation  Sch<K)I,  San  liiego,  Cal. 
LONGsTiiETii,  Charles,  Lieut.  Commander,  U.  S.  Naval  Reserve  Force. 
Lord,  Harold  S.,  First  Lieutenant,  Engineers,  U.  S.  R. 

MacMaster,  It.  K.,  First  Lieutenant,  Engineer  Corps. 

Mai.lorv,  Ciias.  K.,  Lieutenant,  U.  S.  N.,   Bureau  of  Steam   Engimcr- 

ing.  Washington.  D.  C. 
Mann,  Carl  P.,  Officers'  Training  Camp,  Ft.  Myer,  Va. 
May,  O.  j..  Captain.  Engineers'  Division,  U.  S.  A. 
Metz,  W.  R..  Captain.  Quartermaster  Corps.  U.  S.  R. 
Meixner,  P,i:KXAi;n  .\.,  First  Lieutenant,  Ordnance  Dep.irlment,  (HIiccis' 

Reserve  Corps. 
Mickle,   Frank   A.,   First   Lieutenant,   Ordnance   Department,   Officers' 

Reserve  Corps. 
Middletox,    Nathan    A.,    Captain,    Engineer   Officers'    Reserve    Corps, 

U.  S.  A. 
Miller,  Philit  F..  First  Lieutenant.  Field  Artillery  Section,  Carriage 

Division.  Ordnance  Department,  V.   S.  R. 
MisrH.    Arthi'r    A.,    First    Lieutenant,    Ordnance    Section,     Ollicei-s' 

Reserve  Corps,  U.  S.  A. 
MvERs,   J.    L..    First    Lieutenant.    Ordnance    Department,    Officers'    Re- 
serve Corps. 

Nigh,  G.   W.,  Camp  Funston,  Fort  Riley,  Kan. 

NORRis.    Eari.e    P...   Captain,    Ordnance    Officers'    Reserve    C'oriis.    I''irl.l 
Artillery  Section,  Carriage  Division,  Ordnance  Deiiartmenl. 

Pratt,    Prof.    .Toseph    Hyde,    Major,    Engineers,    Separ.ilc    Bal  l.-ilirin, 
N.  C. 

Rathjexs,  G.  W.,  Major,  313th  Engineers,  Camp  Dodge,  Des  Moines, 
Iowa. 

Riciiaiu)SON,     Edward     I*..,     Major,     American     Expedition;iry     l''orces. 
France. 

Short,  Frank,  First  Lieutenant,  Ordnance  Department,  U.  S.  A. 
Smith,    IUirace    L.,    First    Lieutenant,    1st    Regiment    of    lOrigiucers, 

France. 
Staiik.  W.  E..  Lieutenant.  Company  C,  5th  Engineers,  Corpus  Christi, 

Tex. 
Stepanek,  Emil.  Battery  B.  333rd  Field   .Artillery,  Camp  Grant,    111. 
Stetson,  John  P...  Jr..  Aviation  Section.  U.  S.  A. 
~~        ■  Stkeeter.  Robert  L.,  Captain,  Ordnance  Department,  U.  S.  It. 

•Acceptance  of  commission  pending  at  date  of  latest  list  from  War         Si'MMEhs.  IHniel.  First  Lieutenant,  Engineer  Officers'  Reserve  Corps, 
Department.  Camp  Meade,  Md. 
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Swain,  P.  W.,  Second  Lieutenant,  Field  Artillery,  Camp  Devens, 
M.iss. 

Swift,  Hahiet  L.,  First  Lieutenant,  ICth  Regiment  Engineers,  Engi- 
neer Oiric-ers"  Ui'serve  Corps. 

SwETi'i.Nu,  J.  K.,  Second  Lieutenant,  Engineer  Officers'  Reserve  Corps. 

Talbot,   J.    A.,    Second   Lieutenant,    Field    Artillery    Section,    Offlcen' 

Reserve  Corps. 
THOSirso.N.  P.   \V.,  First  Lieutenant,   Inspector  of  Ordnance,  Ordnance 

Dopartinent,  U.  S.   R. 
TiLso.v,  llow.Mio,  Ordnance  Department,  Officers'  Reserve  Corps. 
TnowiiiiiiiuE,   Amasa,   Major,   Ordnance   Department,   Officers'    Resenr* 

Corps. 

ViNKEuc^K.  EAni.E  W.,  Second  Lieutenant,  30Dth  Engineers,  Camp  Tay- 
lor, Louisville,  Ky. 

Walker.    L.    E..    First    Lieutenant,    Ordnance    Officers'    Reserve    Corps, 

Carriage   Division. 
Web.steu.  Lawiie.vce  D.,  Captain,  Ordnance  Department,  U.  S.  A. 
Welling.    Limlsay    II.,   Ordnance   Department,    Rock    Island    Arsenal, 

Rock  Island.  111. 
WiELAxn,  C.  F.,  Captain,  Officers'  Reserve  Corps,  U.  S.  A. 
Williams,   S.   S.,   Signal   Service,  U.  S.  A..  Atlanta,  Ga. 
WOODBCRY,  J.  G.,  Major,  Ordnance  Department,  U.  S.  R. 
Wkigiit,   Dot'GLASS   B.,   Second   Lieutennut,   Engineer   Officers'    Reserve 

Corps,   United   States  Expeditionary   Forces,   France. 

EiiGEK,  N.  A.,  First  Lieutenant,  Ordnance  Department,  U.  S.  R. 


Secretary's  Letter 


Have  you  subscribed  for  a  Liberty  Bond?  If  not,  won't 
you  please  immediately  telephone  your  bank  offering  to 
take  a  bond  if  not  too  late,  or  to  subscribe  to  the  next  issue? 
Also  arrange  to  pay  for  it  out  of  future  savings,  not  by  selling 
investments  or  witbdrawing  moneys  in  savings  banks, — both 
of  which  are  require!  to  continue,  without  embarra'ssment,  the 
existing  industrial  conditions. 

Then  won't  you  take  up  the  matter  in  your  business  rela- 
tions? Get  everybody  saving  and  investing  their  savings  in 
Liberty  Bonds.  Every  member  of  your  department  should 
take  a  bond;  if  not,  know  why. 

Only  ten  per  cent  of  the  face  of  a  bond  need  be  jaaid  in. 
The  bank  will  carry  the  balance  at  four  per  cent,  the  same  as 
the  Government  pays.  If  your  bank  is  unwilling  to  do  this, 
notify  me  and  I  will  advise  you  of  a  bank  that  will.  Business 
is  done  on  credit.  The  Government  needs  the  credit  of  the 
people.    Why  not  lend  your  credit  to  your  Government? 

Are  you  aware  that  to  win  this  war,  10,000,000  people  must 
subscribe  for  bonds,  and  that  only  by  the  combined  energies  of 
every  man,  woman  and  child  we  can  win?  If  you  can,  take 
oitt  a  bond  for  every  member  of  your  family  and  instruct  them 
to  help  pay  for  it  out  of  sacrifices,  candy,  entertainments, 
clothing,  everything  that  is  unnecessary.  Don't  fear  that  you 
are  going  to  put  people  out  of  employment  if  every  one  stops 
waste.  The  United  States  is  starting  on  a  rate  of  production 
that  is  going  to  require  the  labor  of  10,000,000  people  on  war 
activities  alone ! 

I  know  of  factories  going  up  where  there  are  all  manner 
of  machine  tools,  lathes,  planers,  boring  machines,  etc.,  and 
not  only  now  is  every  employee  a  woman,  but  no  men  are  to  be 
employed  because  there  is  no  prospect  that  there  will  be 
any  men  for  an  indefinite  period. 

Come  to  the  Annual  Meeting  and  hear  all  about  the  employ- 
ment of  women  in  the  industries  and  how  the  several  prob- 
lems have  been  met. 

Every  feature  of  our  Annual  Meeting  is  of  vital  interest  to 
you.  Learn  how  you  can  be  of  greater  service  to  your  country 
in  this  crisis.  It  is  your  duty  to  your  profession  to  have  it 
render  the  greatest  service  to  the  nation. 

Calvin  W.  Rice, 

Secretary. 


A.S.M.E.  Standards 

SOON  after  its  foundation  in  1880,  the  Society  instituted 
the  procedure  of  creating  standards  of  method  and  di- 
mensional standards  and  of  issuing  such  standards  in  printed 
form  for  general  use.  To  date  upward  of  fifty  such  standards, 
or  codes,  have  been  formulated,  and  some  of  them  have  been 
widely  adopted  and  have  become  the  basis  of  extensive  manu- 
factures. 

The  consideration  of  a  proposed  standard  by  the  Society  has 
usually  been  inaugurated  as  the  result  of  its  attention  being 
called  to  diversities  of  proportions  existing  in  similar  pieces 
produced  by  different  manufacturers;  variances  in  methods  of 
measurement  of  similar  quantities;  lack  of  a  uniform  basis  of 
expression  of  certain  facts;  absence  of  interchangeability,  etc. 

Sometimes  the  absence  of  the  standard,  and  the  consequent 
necessity  of  it,  has  been  pointed  out  by  a  competent  authority 
in  a  paper  embodying  a  resolution  recommending  the  expe- 
diency of  tile  Society  considering  the  matter  and  reporting. 
Sometimes  an  interested  party  has  addressed  the  Society  .re- 
questing an  opinion,  which  has  later  been  made  the  basis  of 
a  standard.  Sometimes  the  Society  itself  has  recognized  the 
necessity  for  a  uniform  procedure  and  has  taken  the  initial 
step  toward  its  creation. 

In  all  cases,  upon  affirmative  action  by  the  Council  of  the 
Society,  accepting  the  duty  to  formulate  the  standard,  a  com- 
mittee of  competent  persons,  members  of  the  Society  and  other 
authorities,  has  been  appointed  to  frame  recommendations. 
Such  committees  have  always  been  charged  to  take  into  their 
confidence  all  interested  parties  and  to  submit  their  findings 
to  such  parties  for  inspection  and  criticism  before  reporting 
them  to  the  Society. 

Reports  of  standards  committees  are  presented  at  a  general 
meeting  of  the  Society  and  are,  upon  presentation,  open  for 
discussion  by  the  whole  membership  and  by  others  interested. 
Following  such  discussion,  if,  by  vote,  the  recommendations 
still  stand,  the  report  is  referred  to  the  Council,  who  receive 
it  and,  upon  approval  by  them,  order  it  entered  upon  the  reco- 
ord  and  printed  in  the  Transactions  of  the  Society. 

In  cases  where  the  field  of  action  covered  by  a  committee  is 
very  wide,  viz.,  such  as  that  of  the  Boiler  Code  Committee  or 
the  Power  Test  Committee,  it  has  become  the  practice,  on  the 
acceptance  of  the  committee's  report  and  its  subsequent  dis- 
charge, to  appoint  a  permanent  committee  to  interpret  the 
rules  when  called  upon  to  do  so,  to  make  such  revisions  as  may 
be  found  desirable,  and  to  modify  the  rules  to  meet  such  new 
conditions  as  arise.  These  interpretations  and  rules  are  for- 
mally approved  at  meetings  of  the  permanent  committee,  and 
by  letter  ballot  submitted  to  the  members  who  could  not  attend 
the  meeting.  They  are  thereupon  submitted  to  the  Council, 
and  if  approved  printed  in  The  Journal.  The  permanent 
committee  holds  meetings  from  time  to  time,  at  which  all  inter- 
ested parties  are  given  an  opportunity  to  present  suggestions 
with  regard  to  the  standards  under  consideration.  These  meet- 
ings constitute  "  revision  periods "  and  take  place  at  stated 
intervals,  for  instance,  once  in  two  or  more  years.  All  revisions 
of  the  codes  or  standards  involving  a  change  of  meaning  are 
reserved  for  these  meetings,  which  may  also  take  the  charac- 
ter of  "public  hearings"  so  as  to  afford  everybody  interested 
an  opportunity  of  stating  his  case  in  public. 

Recent  developments  in  the  standardization  work  of  the 
Society  include  the  appointment,  by  amendment  to  the  Con- 
stitution in  the  Spring  of  1915,  of  the  Standardization  Com- 
mittee as  a  standing  committee  of  the  Society.  It  is  the  func- 
tion of  this  committee  to  standardize  the  method  of  making 
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and  arriving  at  standards  rather  than  create  standards  them- 
selves. This  committee  endeavors  to  bring  about  a  unifica- 
tion of  the  standardizing  work  of  the  Society,  and  for  this 
purpose  national  and  international  cooperation  between  organ- 
izations and  governments,  including  an  exchange  of  informa- 
tion with  regard  to  standardization. 

Finally  there  is  the  Standardization  Committee  of  the 
national  engineering  societies  to  cooperate  by  representation  on 
a  proposed  Joint  Committee  composed  of  three  representatives 
each  from  the  national  engineering  societies,  to  consider  and 
report  back  to  their  respective  societies  suggested  means  of 
bringing  about  cooperation  in  the  formulation  of  American 
Engineering  Standards. 

The  Society  is  at  all  times  prepared  to  formulate  standards 
within  its  field  of  activity  and  to  assist  other  organizations 
in  the  preparation  of  standards,  and  will,  upon  request,  ap- 
point members  to  serve  on  committees  for  this  purpose.  Sev- 
eral such  cooperative  committees  are  at  work  at  tlie  j^resent 
time. 

It  should  be  reiterated  that  none  of  the  reports  are  adopted 
by  the  Society.  They  are  simply  actions  which  carry  weight 
and  a  recommendation,  but  no  further  obligation.  In  prac- 
tically all  cases  the  standards  have  been  accepted  by  outside 
parties,  but  of  course  without  request  by  the  Society. 

Catskill  Aqueduct  Celebration  by  Engineers 

The  completion  of  the  Catskill  Aqueduct  is  an  event  of  such 
extraordinary  engineering  importance  that,  notwithstanding 
the  war,  the  citizens  of  New  York  decided  that  it  should  not 
pass  unobserved.  As  an  engineering  feat,  the  aqueduct  is  the 
greatest  accomplishment  of  its  kind  in  history  and  a  monu- 
ment to  American  genius. 


Croton  reservoir,  now  to  be  abandoned;  civic  parade;  exer- 
cises in  the  public  schools  and  exhibitions  by  the  historical, 
scientific  and  art  societies. 

The  United  Engineering  Societies  Committee,  working  with 
Dr.  Kunz's  sub-committee,  has  planned  an  Aqueduct  Celebra- 
tion by  engineers  to  be  held  in  the  Engineering  Societies 
Building,  New  York  City,  on  November  14.  Mr.  George  H. 
Pegram,  President  of  the  American  Society  of  Civil  Engineers, 
will  preside,  and  there  will  be  addresses  by  Hon.  John  Purroy 
Mitchel  and  Major-General  George  W.  Goethals.  Mr.  A.  D. 
Flinn,  deputy  chief  engineer  of  the  Metropolitan  Board  of 
Water  Supply,  will  deliver  an  illustrated  lecture  on  the 
Catskill  Aqueduct. 

Power  Test  Hearing 

A  public  hearing  of  the  Rules  for  Conducting  Tests  of 
Power  Plant  Apparatus  (Power  Test  Code  of  1915)  wiU  be 
held  in  the  Engineering  Societies  Building,  New  York,  Decem- 
ber 7,  in  connection  with  the  Annual  Meeting.  The  hearing 
will  be  conducted  by  the  Power  Test  Committee,  and  the 
Advisory  Committee  of  this  Committee  will  attend. 

Condensed  Catalogues 

The  Seventh  Annual  Volume  of  the  A.S.M.E.  Condensed 
Catalogues  is  the  largest  and  most  comprehensive  edition  of 
this  book  yet  published.  An  endeavor  has  been  made  in  the 
new  volume  to  increase  the  value  of  this  publication  to  the 
membership  and  to  the  mechanical  profession  at  large.  Many 
more  firms  than  ever  before  are  represented  by  publication  of 
their  data  in  the  Catalogue  Section. 

The  general  Mechanical  Equipment  Directory,  which  was 
inaugurated  as  a  new  and  distinctive  feature  in  the  1916  vol- 


The  Catskill  Aqueduct  Medal 


To  plan  anil  carry  out  the  arrangements  for  the  commemora- 
tion, the  Mayor  of  New  York,  Hon.  John  Purroy  Mitchel,  ap- 
pointed a  Mayors  Catskill  Aqueduct  Celebration  Committee, 
with  Hon.  George  McAneny  as  chairman  and  with  various 
sub-committees.  The  Sub-Committee  on  Art,  Scientific  and 
Historical  Exhibitions,  Dr.  George  F.  Kunz,  chairman,  in  turn 
invited  the  United  Engineering  Society  to  appoint  a  committee 
to  cooperate  with  it  in  planning  the  engineering  features  of 
the  celebration.  This  committee  consists  of  Messrs.  Samuel 
Sheldon,  Chairman;  Charles  Warren  Hunt,  Calvin  W.  Rice 
and  E.  Gybbon  SpUsbury. 

The  celebration  commenced  on  October  12  with  appropriate 
exercises,  such  as  turning  on  the  Catskill  water  at  new  foun- 
tains in   City   Hall   and   Central  Parks;   emptying  the  lower 


ume,  appears  in  this  edition  in  enlarged  and  improved  form. 
In  its  preparation  the  suggestions  received  from  members  and 
othei-s,  following  the  initial  appearance  of  the  Directory  in  the 
issue  for  last  year,  have  been  of  much  assistance.  During  the 
past  year  the  Society's  records  relating  to  manufacturers  of 
mechanical  equipment  have  also  been  extended,  with  the  result 
that  in  this  edition  the  Directory  contains  the  names  and 
addresses  of  more  than  3200  different  firms,  indexed  and  cross- 
indexed  under  upward  of  2500  subject  headings. 

The  section  of  Engineering  Data  has  also  been  extended  and 
improved  in  this  volume.  In  addition  to  the  data  selected  from 
The  Journal  and  Transactions  for  the  past  year,  a  summary 
of  the  work  of  the  standards  committees  of  the  Society  is 
included  this  year. 


PRESIDENT  HOLLIS  ADDRESSES  THE  CLEVELAND 

ENGINEERING  SOCIETY 


Ox  September  11,  Dr.  Ira  N.  Hollis,  President  of  The 
Am.Soe.M.E.,  addressed  the  Cleveland  Engineering  So- 
ciety on  the  subject  of  Engineering  and  Cooperation,  in  which 
he  urged  most  earnestly  that  the  engineers  of  the  country 
come  together  for  those  interests  which  they  hold  in  common. 
He  expressed  the  hope  that  the  Engineering  Council  would 
soon  become  representative  of  every  engineering  society  in  this 
country,  local  as  well  as  national,  making  the  council  a  body 
of  men,  in  number  between  sixty  and  seventy,  who  can  truly 
speak  for  the  engineers  of  the  country,  and  having  power 
delegated  to  them  to  speak.    Dr.  Hollis  said  in  part: 

ENGINEERING  AND  COOPERATION 

How  cau  cooperation  be  applied  to  engineers  in  a  special  way 
so  that  they  can  be  more  able  to  serve  the  colors  or  to  dedicate 
themselves  to  real  service?  How  can  the  engineers  best  work  to- 
gether? We  call  this  an  age  of  specialization  in  connection  with 
engineering  and  everything  else ;  but  what  is  specialization  but 
cooperation  ? 

There  are  various  methods  by  which  cooperation  may  be  brought 
about,  and  I  cai-e  not  how  it  is  brought  about,  whether  through 
national  engineering  societies,  local  engineering  societies,  engineer- 
ing clubs,  or  through  colleges,  so  long  as  it  is  effective. 

In  the  national  societies  we  have  made  an  effort  during  the  past 
few  years,  by  means  of  sections  of  the  societies  in  various  parts  of 
the  country,  to  interest  groups  of  our  men  in  what  the  national 
bodies  want  to  do.  The  American  Society  of  Mechanical  Engi- 
neers, for  example,  has  sections  in  a  great  many  of  the  large  cities 
all  the  way  to  California.  That  does  not  mean  that  the  parent 
society  is  unfriendly  to  local  societies.  I  have  often  said,  in  fact, 
I  always  say  in  a  city  like  this,  we  desire  every  engineer  to  belong 
to  one  of  the  national  societies,  and,  above  all  else,  to  his  local 
.society  of  engineers. 

We  have  made  many  efforts  to  bring  the  societies  together  into 
what  might  be  called  a  great  national  society,  and  they  have  al- 
ways been  failures.  They  have  appeared  in  the  form  often  of 
conference  committees  representing  a  number  of  societies. 

We  have  had  special  conferences  on  all  kinds  of  subjects,  started 
for  the  purpose  of  elucidating  some  one  subject  in  which  all  of  the 
engineers  are  interested.  I  recently  proposed  in  a  letter  to  the 
chief  engineering  societies,  the  constituting  of  a  council  that  would 
last  for  all  time  and  recognize  this  condition  of  certain  things 
common  to  all  engineers  as  apart  from  the  technical  matters  we 
want  to  study  and  work  out  in  our  own  societies.  The  idea  was 
threshed  out  for  three  or  four  months,  and  I  thought  it  was  going 
to  fail.  It  did  not,  however,  and  we  have  now  in  the  Engineering 
Council  at  least  an  attempt  to  solve  questions  among  civil,  mechan- 
ical, electrical  and  mining  engineers  of  this  country. 

What  are  the  kinds  of  questions  common  to  engineers?  The 
American  Society  of  Mechanical  Engineers  was  founded,  and  in 
the  ideas  of  its  founders  was  constituted,  for  the  education  of  its 
members  in  technical  matters  by  the  interchange  of  papers,  by 
reading  papers  for  one  another's  education,  and  we  have  profited 
by  that.  It  is  truly  an  educational  institution.  Now,  out  of  that 
society  there  have  grown,  as  the  result  of  experience,  certain  needs 
for  a  better  understanding  of  the  relation  of  that  society  to  the 
public.  The  reading  of  a  technical  paper  is  a  very  good  thing,  but 
if  we  do  nothing  else  than  listen  to  technical  papers  and  meet  only 
to  exchange  views  about  machinery,  we  are  narrowing  our  view- 
points a  good  deal,  and  depriving  the  members  of  our  society  of 
the  opportunity  to  become  really  enlightened  in  the  application  of 
their  profession  to  the  great  needs  of  society. 

The  way  to  solve  our  problem  of  cooperation  in  the  United 
States  amongst  the  engineers  is  not  by  establishing  a  new  society 
for  that  purpose,  but  by  making  use  of  the  agencies  that  already 
exist — all  the  national  and  local  engineering  societies. 

It  seemed  to  me  that  we  might  have  a  congress  of  engineers. 
I  asked  a  year  ago  if  it  was  not  possible  to  take  the  four  national 
societies  that  are  rather  concrete  and  within  reach,  so  that  getting 
them  together  would  be  practical  at  least,  and  see  if  we  could 
not    have   one   meeting,   where   all   of   us   met.      I    have   sometimes 


thought  that  it  would  be  a  good  thing  if  we  could  extend  this 
idea  to  the  whole  of  the  United  States,  and  have  one  grand  round- 
up at  some  place  in  this  country  where  we  could  all  get  together 
and  perhaps  spend  a  week  in  threshing  out  one  another's  full 
ideas  and  bringing  something  out  of  the  discussion  that  would 
be  worth  while.  I  have  despaired  of  being  able  to  carry  out  this 
plan  through  pressure  of  other  work.  I  do  not  know  of  any  other 
way  to  do  it  than  to  bring  the  societies  face  to  face  from  month 
to  month  with  the  numerous  problems  that  are  common  to  them 
all,  and  that  is  what  we  propose  to  do  through  the  medium  of  the 
Engineering   Council. 

My  hope  for  the  Engineering  Council  is  that  it  is  simply  the 
beginning  of  a  council  backed  by  the  engineering  societies  them- 
selves, having  power  delegated  to  them  to  solve  certain  questions 
without  any  reference  back  to  the  societies  at  all,  as  engineers, 
and  my  hope  is  that  every  engineering  society  in  this  country, 
local  as  well  as  national,  will  in  the  course  of  a  few  years  belong 
to  the  Council,  making  it  a  body  of  men,  in  number  between  sixty 
and  seventy,  who  can  truly  speak  for  the  engineers  of  the  country, 
and  having  power  delegated  to  them   to  speak. 

To  my  mind,  I  think  we  have  in  the  Council  the  greatest  oppor- 
tunity the  engineers  have  ever  had  in  the  history  of  this  country 
for  all  of  us  to  get  together.  All  of  us  ought  to  go  to  work  to  help 
it  and  strengthen  it  in  every  way,  and  if  it  does  not  broaden  itself 
out  so  that  other  societies  become  members  of  it  and  have  their 
voice — their  voices  are  just  the  same  as  those  of  the  men  who 
are  working  in  the  Engineering  Societies  Building  in  New  York — ■ 
it  should  be  made  to. 

I  do  not  know  of  any  better  way,  to  begin  with  what  I  call 
real  cooperation,  than  to  take  the  agency  which  has  gradually 
grown  out  of  a  necessity  in  New  York  City,  and  strengthen  it 
into  a  truly  national  council  that  represents  you  engineers  in 
Cleveland  just  as  much  as  it  represents  the  men  in  New  York  or 
the  men  in  any  other  place. 

In  connection  with  the  extension  of  representation  on  the 
Engineering  Council.  I  appointed  a  committee,  each  of  whose 
members  represents  seven  or  eight  societies,  for  the  purpose  of 
.seeing  what  can  be  done  toward  compiling  a  complete  directory 
of  all  the  engineers  of  the  country.  There  are  four  types  of 
engineers  so  far  as  their  relation  to  the  societies  is  concerned : 
those  who  belong  to  one  or  more  national  societies,  those  who 
belong  to  a  local  society  and  a  national  society,  those  who  belong 
to  a  local  society  and '  do  not  belong  to  a  national  society,  and 
those  who  belong  to  no  society  at  all.  All  ought  to  come  in  our 
listing  as  part  of  the  public  service  that  the  societies  can  do  for 
the  engineers.  I  think  the  directory,  if  compiled,  ought  to  be  in 
two  places,  one  in  the  Engineering  Societies  Building  in  New 
Y'ork,  being  a  complete  list,  and  the  other  a  local  list  for  use  in 
every  localit.v ;  so  that  there  are  two  places  where  we  ought  to 
have  such  a  list,  one  that  applies  to  Cleveland,  we  will  say,  and 
one  that  applies  to  the  whole  nation. 

This  committee  has  been  putting  in  no  end  of  time  and  study. 
For  the  purpose  of  the  war  they  have  already  made  out  a  first- 
class  list  of  fifteen  hundred  or  two  thousand  men  who  have  inti- 
mate knowledge  and  great  experience  in  specialties.  That  list  is 
used  by  the  United  States  Government ;  in  fact,  hardly  a  day 
goes  by  that  we  do  not  have  some  request  in  connection  with  it. 
But  there  is  the  after-war  condition,  where  such  a  committee  rep- 
resenting all  the  engineers  could  be  of  great  use  in  connection 
with  the  readjustment  of  our  industries. 

We  know  as  engineers  why  we  ought  to  work  together.  There 
is.  however,  a  last  thought  I  want  to  put  into  your  minds,  that 
we  gather  strength  just  in  proportion  as  we  impress  upon  the 
other  citizens  of  this  country  that  we  belong  to  a  truly  great 
profession  interested  in  the  welfare  of  this  country.  I  sat  down 
in  Washington  the  other  day  to  listen  to  Mr.  Post,  assistant  to  the 
Secretary  of  Labor,  and  other  gentlemen  speak  on  the  establish- 
ment of  what  they  call  a  public-service  reserve,  which  would 
naturally  belong  to  (he  army  or  navy.  Mr.  Post  gave  me  a  list 
of  the  positions  that  he  proposed  to  fill,  including  plumbers,  boiler- 
makers,  blacksmiths,  all  down  through  all  the  trades.  I  said  to 
him.  "  Why,  Mr.  Post,  you  misunderstood  the  situation ;  you 
must  be  thinking  of  engine  drivers."  "  Oh,  no,"  he  said,  "  I  am 
thinking  of   the   engineer."      "  Well,   but."   I   said,   "  the   engineers 
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are  professioual  men."  "  Oh,  no,"  he  replied,  "  they  are  wage 
earners."  Now.  tliat  was  a  description  that  is  totally  false.  We 
are  wage  earucrs  in  the  sense  that  the  lawyer  and  the  doctor  is  a 
wage  earner,  but  we  are  not  wage  earners  in  the  seu.so  that  a  man 
who  goes  to  work  ten  hours  a  day  for  so  much  au  hour  is.  We 
may  have  to  go  through  that  apprenticeship,  and  it  is  a  good  thing 
to  go  thiough  it,  but  nevertheless  when  we  talk  of  engineering  we 
mean  the  profession  involving  the  same  amount  of  thought,  the 
same  interest  in  the  development  of  our  country  that  the  lawyer  or 
the  doctor  has. 

Couseguently.   I   emphasize  the  word   profession,   and   I   believe 


that  in  coming  together  as  engineers  (not  necessarily  in  one  great 
engineering  society,  which  I  think  is  a  piece  of  Utopian  foolish- 
ness) our  national  and  local  societies  can  cultivate  the  vocation 
peculiar  to  themselves  just  as  well  after  they  come  together  as 
they  do  now,  and  to  come  together  for  those  things  common  to  all 
and  that  relate  to  the  public  relations  of  the  engineering  societies. 
Do  not  let  us  surrender  the  fact  that  we  are  professional  men,  that 
whether  we  get  our  education  in  college,  or  whether  we  get  it 
b.v  the  hard  knocks  of  experience,  we  have  learned  a  great  pro- 
fession without  which  our  country  would  be  an  undeveloped  and 
barren  waste. 


WAR  ACTIVITIES  OF  TECHNICAL  SOCIETIES 

By  CALVIN  W.  RICE,  NEW  YORK 
Secretary,  The  American  Society  of  Mechanical  Engineers 


WAR  is  a  science ;  in  fact,  it  is  one  of  the  most  complex  of 
sciences.     This  has  been  recognized  for  ages,  but  in  the 
present   war    it    has   become   particularly   evident.      War 
in   the  air.   war  under  the   sea,   war  by   means  of   novel   surface 
machines,   bombs  and  gases  have  all  added  to  the  complexity  of 
the  science. 

War  has  become  a  m:itter  of  complete  military  and  economic 
organization,  into  which  every  man,  woman  and  child  must  be 
massed.  The  sole  thought  and  effort  of  the  nation  in  modern 
war  must  be  concentrated  on  the  business  of  making  war.  Par- 
ticularly is  this  true  in  "  our  "  war. 

In  this  complete  organization  the  technical  men  play  not  a  small 
part,  and  it  is,  therefore,  but  natural  that  the  several  technical 
societies  representing  them  should  be  active  as  such  in  the  war 
period.  It  is.  however,  with  no  thought  of  t'.king  peculiar  credit 
that  the  following  activities  of  the  technical  organizations  are 
enumerated — it  is  realized  that  at  this  time  the  nation  places  de- 
pendence on  everyone,  no  matter  what  his  talent  or  connections. 

It  was  during  the  Civil  War  in  1SC.3  that  the  National  Academy 
of  Sciences  was  formed  and  Congress  gave  it  a  charter  to  advise 
the  Government  in  all  technical  matters.  Therefore,  it  was  to  be 
expected  that  with  the  war  problems  accumulating,  as  they  did  last 
year,  the  Academy  should  again  offer  its  services,  and  the  President 
of  the  Uui!ed  States  officially  received  them  in  September,  1910. 
President  Wilson  invited  the  President  of  the  Academy  at  that 
time  to  form  what  is  known  as  the  National  Research  Council. 
The  Council  has  functioned  continuously  since  its  appointment  and 
has  performed  excellent  service. 

The  Council  is  a  body  of  about  40  men,  members  of  technical  so- 
cieties, who  have  in  turn  arranged  themselves  into  numerous  com- 
mittees to  study  all  realms  of  research.  The  following  is  part  of  a 
statement  kindly  prepared  by  the  Vice-Chairman  of  the  work  of 
the  Council  to  date,  condensed  with  difficulty  on  account  of  the 
great  variety  and  scope  of  its  activities: 

BRO.\D  WORK  OF  THE  NATIONAL  RESEARCH  COIXCIL 

All  of  the  work  of  the  National  Research  Council  that  touches 
upon  Army  and  Navy  problems  is  carried  on  with  the  advice,  co- 
operation or  control,  as  the  case  ma.v  be.  of  the  representatives 
of  the  various  Departments  of  the  Army  or  Navy  under  which 
such  work  comes. 

The  Council  has  cooperated  in  the  establishment  and  organiza- 
tion of  the  submarine  experimental  work  at  Nahant.  Mass..  and 
has  also  established  a  very  active  submarine  station  at  New  Lon- 
don, Conn.,  and  another  at  San  Pedro,  Cal.,  and  has  been  instru- 
mental in  the  organization  of  groups  working  at  New  York,  Chi- 
cago and  Madison,  Wis.  There  has  resulted  a  great  practical  ad- 
vance in  the  art  of  submarine  detection  which  it  is  not  desirable 
to  go  into  fuitiier. 

The  Physics  Committee  of  the  council  has  distributed  to  vari- 
ous groups  twenty  or  more  large  problems  in  physics,  which  are 
being    actively    worked    upon    and    some    of    which    have    already 

Abstract  of  ndtlress  before  the  Southern  Comniprclnl  Congress,  New 
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edness to  Mr.  W.  E.  Bullock,  Associate  Editor  of  The  .Tournal.  for  hlg 
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been  solved.  Among  the  latter  are  the  location  of  aircraft  by 
sound,  the  development  of  fire  control  for  anti-aircraft  guns,  tele- 
phoning between  aeroplanes,  protection  of  balloons  from  ignition 
by  static  charges,  and  development  of  new  and  improved  methods 
of  measuring  muzzle  velocities. 

The  Chief  Officer  of  the  Signal  Corps  of  the  Army  has  asked 
the  National  Research  Council  to  act  as  the  Division  of  Science 
and  Research  of  the  Signal  Corps,  and  in  this  capacity  the  Coun- 
cil has  organized  a  sound-ranging  service  in  the  Signal  Corps,  and 
a  new  meteorological  service  in  the  same  corps,  and  is  now  draw- 
ing specifications  for  scientific  instruments  to  be  used  on  aero- 
planes. It  has  sent  a  dozen  of  the  best  physicists  in  the  coun- 
try to  France  to  aid  the  American  Expeditionary  Forces  with 
their  scientific  knowledge,  and  is  selecting  a  personnel  of  several 
hundred  men  who  are  to  be  engaged  in  the  scientific  services  of 
the  Army  and  Nav.v. 

The  Chemistry  Committee  has  perfected  an  elaborate  organiza- 
tion for  handliug  all  the  chemical  problems  which  arise  in  the 
Army  and  Navy,  and  it  has  distributed  some  150  chemical  prob- 
lems which  are  being  attacked  in  the  chemical  laboratories  of 
the   country. 

The  Engineering  Committee  has  contributed  in  no  small  degree 
to  the  development  of  devices  for  the  protection  of  ships  from 
submarines.  It  has  organized  a  large  group  which  is  now  work- 
ing on  the  development  of  steel  protective  devices  for  use  of  the 
soldiers  at  the  front.  Through  cooperation  with  the  National 
Advisory  Committee  for  Aeronautics  it  has  carried  on  extensive 
and  important  researches  in  the  development  of  aeroplanes  and 
aeroplane  engines. 

The  Nitrate  Committee  has  made  an  elaborate  study  and  re- 
port which  has  been  made  the  basis  for  the  expenditure  by  the 
Government  of  large  sums  of  money  upon  the  erection  of  a  nitrate 
plant  and  upon  kindred  projects. 

The  Gas  Warfare  Committee  has  had  for  six  months  120  chem- 
ists working  on  the  problems  of  gas  warfare,  and  the  results 
already  obtained  have  been  of  the  utmost  importance — so  impor- 
tant that  the  Army  and  Navy  have  placed  large  appropriations  at 
the  disposal  of  this  committee  for  its  researches. 

The  Optical  Glass  Committee,  by  taking  from  research  labora- 
tories like  the  Geophysical  Laboratory  a  dozen  or  more  silicate 
chemists  and  putting  them  directly  in  the  works  of  the 
Bausch  and  I,omb  Company  and  the  Pittsburgh  Plate  Glass  Com- 
pany, has  in  six  months'  time  developed  in  America  the  produc- 
tion of  optical  glass  from  nothing  up  to  20.000  lb.  a  mouth,  and 
in  two  months  more  this  figure  will  have  been  multiplied  two  or 
threefold. 

The  Foreign  Service  Committee,  which  the  Council  sent  abroad 
at  once  upon  the  outbreak  of  the  war,  was  wholly  responsible  for 
the  sending  back  to  this  country  of  French,  English  and  Italian 
Scientific  Missions,  which  brought  with  them  the  contributions 
which  science  had  made  to  the  war,  both  in  the  matter  of  instru- 
ments and  methods,  and  unquestionably  saved  months  of  time  in 
putting  the  United  States  abreast  of  the  European  situation,  as  re- 
gards modern  scientific  methods  in  warfare.  It  is  difficult  to  over- 
estimate the  stimulus  to  American  participation  in  the  war  which 
re.'^ulted  directly  from  the  action  of  the  National  Research  Coun- 
cil in  sending  abroad  at  once  this  Foreign  Service  Committee  com- 
posed of  seven  of  the  best  scientists  in  the  countr.v. 
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THE  ENGINEERING  FOUNDATION  DONATES  ITS   INCOME 

Just  previous  to  the  declaration  of  war  by  the  Uuited  States, 
the  Amerioan  Society  of  Civil  Engineers,  The  American  Society 
of  Mechanical  Engineers,  the  American  Institute  o£  Mining 
Engineers  and  the  American  Institute  of  Electrical  Engineers  were 
developing  coiiperative  relations  with  the  National  Academy  of 
Sciences  through  the  Engineering  Foundation,  this  latter  being 
a  group  of  me!i  representing  the  above  societies  in  the  administra- 
tion of  funds  devoted  to  the  service  of  man  through  the  instru- 
mentality of  the  Engineer.  The  Foundation  promptly  placed  its 
financial  resources  and  staff  at  the  disposal  of  the  National  Re- 
search Council,  and  these  services  have  been  continued  until  re- 
cently, when  subventions  have  been  received  by  the  National 
Research  Council  sufficient  to  enable  it  to  maintain  independently 
the  many  and  heavy  demands  which  were  fast  exceeding  the 
resources  of  the  Foundation. 


THE  NAVAL  CONSULTING  BOARD  EXAMINES  200  INVENTIONS 

A  DAY 

In  the  preceding  fall,  in  October,  1915,  the  Secretary  of  the 
Navy  invited  twelve  engineering  and  technical  societies  to  nominate 
two  men  each  whom  he  might  appoint  on  the  Naval  Consulting 
Board.  The  societies  responding  were  the  four  previously  men- . 
tinned  and  the  American  Chemical  Society,  American  Mathemati- 
cal Society,  American  Aeronautical  Society,  Inventor's  Guild,  So- 
ciety of  Automotive  Engineers,  American  Society  of  Aeronautical 
Engineering,  American  Institute  of  Metals  and  the  American 
Electrochemical  Society. 

You  are  all  familiar  with  the  great  industrial  census  directed 
by  the  Committee  on  Industrial  Preparedness,  a  sub-committee 
of  the  Naval  Consulting  Board,  whereby  all  industries  in  the  United 
States  doing  an  annual  business  in  excess  of  $100,000  were  listed, 
together  with  all  pertinent  information  as  to  their  capacity,  num- 
ber of  workmen,  location  with  respect  to  sources  of  materials, 
transportation,  etc.  These  data  have  all  been  collated  on  cards 
similar  to  those  used  in  the  United  States  Census. 

Committees  in  each  of  the  forty-eight  states,  the  territories,  and 
the  District  of  Columbia  were  formed  by  the  following  five  So- 
cieties :  American  Society  of  Civil  Engineers,  American  Insti- 
tute of  Mining  Engineers,  American  Society  of  Mechanical  En- 
gineers, American  Institute  of  Electrical  Engineers  and  the  Ameri- 
can Chemical  Society,  who  performed  the  work,  assisted,  of  course, 
by  the  companies  themselves.  Much  if  not  all  the  undertaking 
was  without  expense  to  the  Government. 

A  first  essential  to  all  work  to  be  done  by  the  people  generally 
must  be  publicity.  To  explain  and  popularize  this  census  the 
President  of  the  United  States  wrote  a  letter  inviting  the  above 
five  societies  to  undertake  the  work  and  the  Associated  Advertis- 
ing Clubs  of  the  World  raised  donations  approaching  one  million 
dollars  of  advertising  space  throughout  the  press  of  the  United 
States  to  display   the  President's  letter  and   explain   the   census. 

In  the  matter  of  inventions  alone  the  Naval  Consulting  Board  is 
receiving  in  excess  of  two  hundred  propositions  a  day  which  re- 
quire for  disposition  the  continuous  vohiutar.v  services  of  a  large 
number  of  the  members  of  the  technical  societies. 


THE  SOCIETIES'   INFLUENCE  ON  WAR  LEGISLATION 

All  these  voluntary  activities  of  the  people  of  the  nation  were 
consummated  in  the  establishment  of  the  H.  R.  Bill  1G.400,  in 
July  1016,  of  the  Council  of  National  Defense  composed  of  six  mem- 
bers of  the   Cabinet  and  Advisory  Commission   of  seven   civilians. 

The  Advisory  Commission  has  numerous  committees  with  which 
the  public  is  now  familiar.  The  principal  ones,  however,  of  War 
Industries  and  Air  Craft,  are  headed  by  men  originally  designated 
by  the  technical  societies  as  their  representatives  in  some  war  work. 

The  constant  aim  of  all  has  been  to  uphold  and  strengthen  the 
regular  departments  of  the  Government  and  enable  them  to  meet 
the  demands  which  have  taxed  them  to  the  utmost. 

The  four  engineering  societies  already  mentioned  as  taking  the 
industrial  census,  joined  by  the  American  Institute  of  Consulting 
Engineers,  were  active  in  the  movement  which  resulted  in  the  legis- 
lation providing  for  the  Engineer  Officers'  Reserve. 

The  nation  has  by  this  legislation  obtained  and  placed  in  mili- 
tary relation  the  services  of  thousands  of  the  best  men  of  the 
profession  and  augmented  the  staffs  of  every  bureau  of  the  Gov- 
ernment. 


THE  SOCIETIES  AND  MILITARY  EDUCATION 

Very  early  in  the  war,  and  sensitive  to  the  needs  of  the  national 
engineering  societies,  the  Engineers'  Club  of  New  York  formed 
a  military  engineering  commiltee.  The  object  of  this  committee 
was  both  to  arouse  the  people  to  the  necessity  of  preparedness 
and  to  instruct  them  in  military  tactics.  The  engineers  in  New 
York  were  didy  |)rominent  in  the  preparedness  parade,  which  was 
the  forerunner  of  similar  parades  all  over  the  Uui  ed   States. 

A  series  of  military  lectures  was  given  in  the  Engineering  So- 
cieties Building  under  the  auspices  of  the  comnii  tee.  The  lec- 
turers were  mainly  men  loaned  by  the  War  Department,  but  credit 
is  due  them  for  faitlifuUy  giving  this  course  lasting  several  weeks 
when  it  is  understood  that  the  preparation  and  giving  of  the  lec- 
tures was  in  additiou  to  and  outside  of  the  strenuous  work  of  an 
army  officer  preparing  for  war. 

The  same  committee  later  supervised  and  financed  the  recruit- 
ing of  a  division  of  engineers  for  France. 


SPLENDID  WORK  OF  THE   S.A.E. 

No  one  Society  has  had  a  more  prominent  or  important  part  in 
war  work  than  the  Society  of  Automotive  Engineers.  It  has  not 
onl.y  furui,shed  some  of  the  most  valuable  volunteer  men  now  in 
the  departments  of  the  Council  of  National  Defense,  but  as  a 
strictly  technical  work  the  Society  has  undertaken  standardiza- 
tion of  air-craft  production,  maintaining  a  suite  of  offices  and  a 
staff  both  in  New  York  and  in  Washington. 

The  engineers  who  designed  the  wonderful  liiberty  Motor  are 
members  of  the  Society  of  Automotive  Engineers. 

The  Society  is  also  prominently  represented  on  the  Automotive 
Transport  Section  of  the  War  Industries  Board. 

The  American  Railway  Association,  co'iperating  with  the  Chair- 
man of  the  Advisory  Committee  of  the  National  Council  of  De- 
fense, has  a  Committee  on  Transportation  consisting  of  28  rail- 
way executives. 


THE   AMERICAN    MUSEUM   OF   SAFETY'S   CONTRIBUTION 

The  American  Museum  of  Safety  has  been  coiiperating  with 
the  Government  to  conserve  the  lives  and  health  of  workers  in  fed- 
eral industries.  It  undertook  a  safety  survey  of  federal  plants,  the 
director  of  the  Museum  being  placed  in  charge  of  safety  inspec- 
tion work.  As  the  result  of  this  survey  the  Government  placed 
an  experienced  safety  engineer  in  each  navy  yard  and  arsenal,  and 
a  central  safety  committee  has  been  organized  in  Washington  for 
directing  the   Government's  accident-prevention   work. 

The  director  of  the  Museum  has  been  appointed  chief  safety 
expert  of  United  States  Employees'  Compensation  Commission. 
The  trustees  have  released  the  director  of  the  Museum  to  serve 
without  cost  to  the  Government  as  advisory  safety  engineer.  Two 
of  the  thirteen  safety  engineers  appointed  by  U.  S.  Employees' 
Compensation  Commission  were  selected  from  the  staff  of  the 
Museum. 


ACTIVITIES  OF  THE  CHEMISTS 

The  American  Chemical  Society,  in  addition  to  participation  in 
the  Research  Council  and  the  Naval  Consulting  Board,  has  co- 
operated with  the  American  Institute  of  Jliiiing  Engineers  and 
the  U.  S.  Bureau  of  Mines  in  the  preparation  of  a  census  of 
chemists,  metallurgists  and  mining  engineers,  for  which  there  is 
a  great  demand. 

The  society  was  prominent  in  the  movement  to  protect  the 
needs  of  the  Government  for  scientific  and  industrial  work  in 
the  matter  of  platinum  supplies. 

The  society  has  coiiperated  in  the  selective  draft,  in  similar 
manner  to  that  previously  mentioned  in  connection  with  the  So- 
ciety for  the  Promotion  of  Engineering  Education,  and  arranged 
that  drafted  chemists  shall  be  assigned  to  their  special  work,  for 
which  the  Government  is  in  great  need. 


THE  ENGINEERING  COUNCIL  APPOINTS  W.\R  COMMITTEES 

The  Engineering  Council,  representing  the  Civil  Eiigiiieers.  Min- 
ing Engineers.  Mechanical  Engineers  and  Electrical  Engineers,  has 
a  War  Committee  of  Technical  Societies  and  also  the  American 
Engineering  Service  Committee. 
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The  JouRNAb 
Am.Soc.M.E. 


This  latter  has  collected  already  the  classificatiou  data  of  sev- 
eral thousand  professional  engineers,  and  is  continually  extending 
its  lists,  and  eventually  plans  to  have  catalogued  110.000  pro- 
fessional engineers  and  technical  men. 

This  committee  for  months  has  been  supplying  all  departments 
of  the  Government  and  the  industries  generally  with  the  names 
and  abilities  of  specialists  in  all  lines.  The  service  is  entirely 
free  and  any  department  of  the  Government  or  any  industry  need- 
ing professional  engineers  may  apply  at  the  Engineering  Societies 
Building.  29  W.  Thirty-ninth  Street,  New  York,  and  service  will 
be  enthusiastically  rendered. 

THE  SOCIETIES  AND  GOVERNMENT   STANDARDS 

In  addition  to  the  cooperation  in  the  joint  activities  already 
mentioned,  The  American  Society  of  Mechanical  Engineers  has 
committees  cooperating  with  the  Government  in  the  matter  of 
certification  of  gages,  in  an  effort  to  ensure  uniform  production 
throughout  the  United  States.  The  working  out  of  the  idea 
which  is  so  obvious  to  all  will  nevertheless  demand  the  greatest 
cooperation   on   the  part  of  everyone. 

The  American  Engineering  Standards  Committee,  representative 
of  several  of  the  societies  already  mentioned,  is  assisting  in  an 
international  as  well  as  national  service  of  standardization  of 
all  kinds,  both  for  the  period  of  the  war  and  afterwards. 

THE  VARIED  BUT  VITAL   ACTIVITIES  OF  THE    SOCIETIES 

The  American  Railway  Engineers'  Association  has  published 
and  distributed  a  manual  of  recommended  practice  to  all  the  mem- 
bers of  the  railway  regiments  in  Prance. 

The  National  Machine  Tool  Builders'  Association  has  cooper- 
ated with  the  Council  of  National  Defense,  the  Air-Craft  Produc- 
tion Board  and  in  the  production  of  the  new  Liberty  Motor.  A 
comprehensive  list  of  all  the  machine  tools  in  the  United  States 
ready  for  delivery  was  prepared  and  furnished  the  Govern- 
ment. 

The  National  Electric  Light  Association,  The  Association  of 
Edison  Illuminating  Companies.  The  American  Gas  Institute, 
assisted  also  by  the  American  Water  Works  Association,  the 
Illuminating  Engineering  Society  and  the  American  Society  of 
Refrigerating  Engineers  have  for  months  maintained  an  office  and 
staff  in  Washington  and  have  undertaken  a  comprehensive  service 
for  gas  and  electricity  to  the  various  cantonments  regardless  of 
commercial  considerations  on  the  one  hand,  and  on  the  other  have 
been  the  clearing  house  to  assist  municipalities  and  aid  utility 
companies  to  secure  the  coal  necessary  for  their  operation.  They 
have  also  rendered  invaluable  and  timely  engineering  service  to 
various  government  departments  and  the  Council  of  National  De- 
fense. 

The  American  Institute  of  Metals  has  cooperated  with  the  U. 
S.  Bureau  of  Standards  in  the  preparation  and  inspection  of  non- 
ferrous  metals  and  has  furnished  many  men  for  the  Engineer 
Officers'  Reserve  Corps. 

The  American  Institute  of  Architects  is  handling  certain 
emergenc.v  work  for  the  Government  through  its  committees  ap- 
pointed by  the  President  of  the  Institute.  A  war-service  register 
has  been  created,  comprising  over  3000  names,  giving  qualifications 
of  architects  and  draughtsmen.  This  register  has  been  actively 
used  by  various  branches  of  the  Government  service. 

The  Illuminating  Engineering  Society  has  laid  out  the  lighting 
schemes  for  the  aviation  cantonments  for  flying  by  night,  an  abso- 
lutely new  problem.  The  society  has  also  prepared  industrial 
lighting  codes  for  the  Welfare  Section  of  the  Labor  Commission 
of  the  Council  of  Defense.  It  is  also  at  work  on  some  confidential 
matters. 

The  Society  for  the  Promotion  of  Engineering  Education  has 
prepared  in  detail  modifications  of  curricula  for  students  in 
engineering  to  meet  war  conditions,  and  has  worked  out  a  just 
modification  of  the  draft  law  so  that  students  who  have  been 
drafted  may  be  assigned  to  finish  courses  which  will  specifically 
prepare  them  for  government  service. 

Special  information  has  been  furnished  the  departments  of  the 
Government,  including  lists  of  all  books  on  the  application  of 
engineering  to  the  war. 

The  National  Society  for  Promotion  of  Industrial  Education 
has  trained  several  hundred  electricians  for  the  Navy  in  connec- 
tion with  the  Electrical  School  of  the  New  York  Navy  Yard ; 
it  has  also  done  similarly  for  the  Signal  Corps  and  is  now  training 
men  for  Marine  service. 


The  Franklin  Institute  up  to  date  has  recruited  721  men  for 
the  Aviation  Service.  Its  secretary  is  a  major  on  General  Persh- 
ing's staff  and  the  associate  secretary  is  a  lieutenant  in  the 
Signal  Corps.  Investigations  have  also  been  made  by  the  Insti- 
tute for  the  National  Research  Council. 

The  National  Association  of  Master  Steam  and  Hot  Water 
Fitters  has  furnished  engineers  and  draftsmen  to  lay  out  the 
steam  work  for  power  and  heating  to  be  done  in  connection  with 
hospitals,  officers'  quarters,  barracks  and  other  buildings  at  the 
cantonments,  as  well  as  many  other  buildings  already  under 
construction  and  to  be  built  for  several  branches  of  the 
service. 

The  National  Association  of  Engine  and  Boat  Manufacturers 
has  turned  over  to  the  Government  complete  inventories  of  the 
members'  factories  and  equipment  in  order  to  facilitate  the  work 
of  the  Council  of  National  Defense.  Practically  all  of  the  sub- 
marine chasers  ordered  have  been  built  in  the  factories  of  the 
members  of  the  Association.  Recently  an  arrangement  has  been 
effected  with  the  Society  of  Automotive  Engineers  whereby  the 
members  of  the  Association  have  become  represented  in  that  organ- 
ization with  particular  reference  to  the  formation  of  a  new  Com- 
mittee on  Marine  Standards,  whose  work  will  undoubtedly  prove 
of  immeasurable  assistance  to  the  Government. 

The  American  Electric  Railway  Association  has  a  committee 
with  representatives  in  the  several  military  departments  of  the 
Government,  who  in  cooperation  with  the  Council  of  National  De- 
fense are  preparing  a  comprehensive  map  of  all  the  electric  rail- 
ways and  their  availability  for  war. 

In  the  South,  the  Affiliated  Technical  Societies  of  Atlanta  have 
assisted  in  the  industrial  census  already  mentioned  and  in  re- 
cruiting an  engineer  regiment.  So  many  of  their  members  have 
gone  to  the  front  that  they  cannot  hold  meetings. 

The  President  of  the  Engineere'  Club  of  St.  Louis  is  a  major. 
The  club  has  assisted  in  recruiting  some  of  the  railway  regi- 
ments now  in  France,  has  purchased  and  presented  regimental 
colors  and  is  arranging  to  send  every  member  at  the  front  a 
Christmas  gift.  It  has  also  contributed  to  the  American  Red 
Cross. 

The  Engineers'  Society  of  Northeastern  Pennsylvania  has  or- 
ganized a  company  of  engineers  which  has  been  accepted  by  the 
National  Guard  and  is  now  in  federal  service  at  Camp 
Hancock.  The  President  of  the  society  is  commissioned  as  a 
major. 

The  Florida  Engineers'  Society  maintains  a  classification  list  of 
men  available  for  special  sei-vice.  and  over  twenty  per  cent  of 
its  membership  are  at  the  front. 

The  returns  from  more  societies  throughout  the  country  seem 
to  point  to  over  ten  per  cent  on  the  average  as  being  now  with  the 
colors. 

The  Engineering  Society  of  the  South  has  sent  its  secretary, 
treasurer  and  ten  per  cent  of  its  membership  to  the  front.  It 
is  furnishing  technical  data  to  the  Government,  and  like 
other  organizations  has  assisted  in  recruiting  the  railwa.v 
regiments. 

THE  SOCIETIES  AND  WAR  RELIEF 

The  technical  societies  with  their  obvious  professional  work 
have  not  forgotten  war  relief. 

The  Engineers'  Club  of  New  York  has  for  nearly  three  years 
been  giving  six  hundred  dollars  per  month  to  the  suffering  in 
all   countries. 

About  $11,000  was  contributed  by  members  of  all  societies  to 
what  is  known  as  the  British  Professional  Classes  War  Relief. 
inclusive  of  artists  and  others  as  well  as  engineers. 

Obviously  the  technical  societies,  as  organizations  of  professional 
men.  are  not  content,  with  this  war  on  our  country's  hands,  to 
let  anything  rest,  and  at  this  very  moment  the  representatives  of 
the  societies  are  meeting  in  Washington  to  discover  how  they  can 
serve  in  the  tremendously  essential  work  of  the  conservation  of 
coal. 

There  is  shortly  to  be  held  a  conference  of  all  the  technical  com- 
mittees to  see  how  they  may  be  coordinated,  and  a  permanent 
headquarters  and  staff,  all  at  our  expense,  placed  in  Washington 
at  the  disposal  of  the  Government. 

The  technical  societies  are  ready  and  willing  to  consecrate  every 
ability  to  make  the  Stars  and  Stripes  the  symbol  of  that  nation 
whose  citizens  are  cap.nble  of  the  greatest  saci'ifice  and  un.selfish 
service  to  mankind. 


CANDIDATES  FOR  MEMBERSHIP 

TO  BE  VOTED  ON  AFTER  DECEMBER  10,  1917 


Below  is  the  list  of  candidates  who  have  tiled  applications  for 
membership  since  the  date  of  the  last  issue  of  The  Journal. 
These,  are  classified  according  to  the  grades  for  which  their 
ages  qualify  them,  and  not  with  regard  to  professional  qualifi- 
cations, i.e.,  the  ages  of  those  under  the  first  heading  place 
them  under  either  Member,  Associate  or  Associate-Member, 
those  in  the  next  class  under  Associate  or  Associate-Member, 
those  in  the  third  class  under  Associate-Member  or  Junior, 
and  those  in  the  fourth  under  Junior  grade  only.  Applica- 
tions for  change  of  grading  are  also  posted. 


The  Membership  Committee,  and  in  turn  the  Council,  urge 
the  members  to  scrutinize  this  list  with  care  and  advise  the 
Secretary  promptly  of  any  objections  to  the  candidates  posted. 
AH  correspondence  in  this  regard  is  strictly  confidential.  Un- 
less objection  is  made  to  any  of  the  candidates  by  December 
10,  1917,  and  [jroviding  satisfactory  replies  have  been  received 
from  tlie  required  number  of  references,  they  will  be  balloted 
upon  by  the  Council.  Those  elected  will  be  notified  about 
January  1.5,  1918. 


NOTE.     The  Council  desires   to  impress  upon    applicants  for   membership    that   under   the   present 
national  conditions  the  procedure  of  election   of  members  may  be  slower  than  under  normal  conditions. 


NEW  APPLICATIONS 

FOR    ClI.V.SIDEIi.tTlO.X    A.s    JIKMBER,    .\SS0C1.\TE    OR   ASSOrl.lTE-MEMBER 

California 

TEASD.ALE,  George  W.,  Master  Mechanic, 
Potrero  Mining  Co.  of  Mexico, 
Colorado 

MALLORY,   Walter   F.,    Instructor, 
University  of  Colorado, 
Connecticut 

ARKISON,  John  T.,  Superintendent, 

M.  J.  Daly  &  Sons, 
CUDLIPP,  Charles  W.,  Secretary  nnd  Manng.-r, 

The  Rogers  Paper  Mfg.  Co.,  Inc.,  South  Manchester 

SCOTT.  Nellie  M.,  President  and  General  Manager, 

The  Bantam  Ball  Bearing  Co., 
WEBB,  Thomas  M.,  Process  Engineer, 
Remington  Arms  D.  M.  C.  Co., 
Delaware 

ACKART,  Everett  G.,  Supervising  Engineer, 
E.  I.  du  Pont  de  Nemours  &  Co., 
District  of  Columbia 

WOODWARD,  Mark  R.,  Engineering  .\id, 
Bureau  of  Yards  &  Docks,  Navy  Dept., 
Illinois 

BAILEY,  Robert  W.,  .Agent, 

Structural  Steel  and  Machinery, 
Indiana 

BULL,  Eyvind  H.,  Engineer, 
Green  Engineering  Co., 
Louisiana 

ROBERTS,  Thomas  H.,  General  Superintendent, 
Stern  Foundry  &  Machinery  Co., 
Maine 

HARVEY,  Walter  O.,  Mechanical  Engineer, 
-American  Thread  Co., 
Maryland 

HUSS,  Henry,  Second  Vice-President, 

New  Y'ork  &  Hagerstown  Metal  Stamping  Co., 

Massachusetts 

ARNOLD,   Arthur   A.,   Mechanical  Engineer  and 
Development  Manager, 

American  Optical  Co., 
CLARKE,  James  C,  Educator,  Head  of  Cooperative 
Industrial  Course, 

Hyde  Park  High  School,  Boston 

EYRE,  John  J.,  Engineer  on  Rifle  Parts, 

New  England  Westinghouse  Co.,  Springfleld 

PERKINS,  Pekcival  I.,  President, 

P.  I.  Perkins  Co.,  Boston 

SHUTB,  Frank  A., 

Nightingale  &  Childs  Co.,  Boston 

Minnesota 

HAWKINS,  noB?:RT  D..  Superintendent  of  Motive  Power, 

Great  Northern  Railway,  St.    Paul 

New  Jerse.v 

BENNBTTT,  Henbt  G.,  General  Manager, 
International  Arms  &  Fnse  Co., 


Los  Angeles 


Boulder 


Waterbury 


Bantam 
Bridgeport 

Wilmington 

Washington 

Chicago 

East  Chicago 

Now  Orh';ins 

Milo 

Hagerstown 

Southbridge 


DONOVAN,  John  T.  L.,  Superintendent  and  Engineer, 
Equipment  Division,  Edison  Lamp  Works  of 
G.  E.  Co., 

New  York 

BATTIN,  Harold  T.,  Chief  Engineer, 

Horace  .\.   Staples,   Cons.   Engineer, 
CONRAD,  William  L.,  Industrial  Engineer,  with 

H.  L.  Gantt, 
CORLEY,  Ralph  A.,  President, 

Young,  Corley  &  Dolan, 
CORY,  Russell  G.,  Consulting  Engineer, 
EADIE,  John  G.,  Consulting  Engineer, 

Eadie,  Freund  &  Campbell, 
KIBELE,  ECGENE,  General  Mannger, 

Clark  Bros.  Co., 
LEYSON,  David  J.,  Assistant  Production  Engineer, 

Savage  Arms  Corp., 
LLOYD,  RouERT  McAllister,  Consulting  Engineer, 
LUDLUM,  ALBERT  C,  President, 

New  York  Engineering  Co., 
MACDONALD,  Colin  F.,  Boiler  &  Factory  Inspector, 
R.AHILLY,  Thomas  .A.,  Mechanical  Engineer, 

Bureau  of  Sewers, 
STROHMANN,  William,  Chief  Estimator  and  Assistant 
Chief  Clerk  of  Cost  Department, 

R.  Hoe  &  Co., 
SWEETL.AND,  Ernest  J.,  Vice-President  and  Eastern 
Manager, 

United  Filters  Corp., 


Ohio 


NIKONOW,  John  P.,  Member,  Russian  Commission  on 
Inspection  of  Artillery  Orders,  at 

Recording  &  Computing  Machines  Co., 
SPENGLER,  Warren  D.,  Electrical  Engineer, 

Firestone  Tire  &  Rubber  Co., 


Ha 

rrison 

New 

York 

New 

York 

New 

York 

New 

York 

New 

York 

Glean 

Utica 

New 

York 

New 

York 

Rochester 

Brooklyn 

New 

York 

Brooklyn 

Dayton 
Akron 


Bloomfleld 


Pennsylvania 

BATES,      Erastus      N.,      Jr.,      Assistant      Professor 
Mechanical  Engineering, 

Pennsylvania  State  College,  State  College 

CHERRINGTON.  George  H.,  President. 

Brown  &  Zortman  Machinery  Co.,  Pittsburgh 

HAMILTON,  Walter  C,  First  Lieutenant,  Ordnance 
Department  U.  S.  R., 

Franktord  .Arsenal.  Philadelphia 

HBERING,  Ernest  K.,  Designing  Engineer, 

Wm.  Cramp  &  Sons'  Ship  &  Engine  Building  Co.,       Philadelphia 
McKENZIE,  John  C.  S.,  Special  Representative, 

Erie  City  Iron  Works,  Erie 

PRESCOTT,    Pekley    R.,    Operating    Engineer   and 
Engineer  of  Tests, 

Erie  City  Iron  Works,  Erie 

PYLE,  Lewis  M.,  Designing  Engineer, 

Niles-Bement-Pond  Co.,  Philadelphia 

Rhode  Island 

HOUGH,  Edward  B.,  President, 

Wightman  &  Hough  Co.,  Providence 

Washington 

C.AMMACK,  Albert,  Professor  of  Steam  Engin(.-<'ring. 

Washington  State  College,  Pullman 


937 


938 


SOCIETY  AFFAIRS 


The  Journal 
Am.Soc.M.E. 


Australia 

WOOD,  AnrHru.  Locomotive  Designer, 
Commouwealtli  Uailways, 


Melbourne,  Victoria 


SWINBUItNE,  James  G.,  .Ir.,  Salesman  and  Mechanic, 
Brown  &  Sliaipe  Mfg.  Co., 


England 

FRYER,   FuEDERicic   G.,   Chief  Mechanical  Engineer, 

Rowntree  &  Co.,  Ltd.,  York 


FOR    CONSIDERATION    AS     ASSOCIATE    OK    ASSOCIATE-MEMBEE 

California 

FLAM,  August,  MochanicaJ  Engineer  and  Designer,       Los  Angeles 

Connecticut 

ADISIIIAN,  Peter  K.,  Tool  Designer, 

Pratt  &  Whilney  Co.,  Hartford 

NAUIIEIM,  S.  Albert,  Assistant  Superintendent, 

Autotyre  Co.,  Oakville 

Illinois 

COLEMAN,  William  F.,  Assistant  Manager, 

Pyott  Foundry  Co., 
SHEA,  Joii.v  I!.,  Head  of  Production  Methods  Division, 

Western  Electric  Co., 

N«w  York 

ENNES,  .TonN  G.,  Outside  Superintendent, 

Bayles*  Shipyard,  Inc., 
L.VNYI,  Louis,  Chief  Engineer,  Fan  Division, 
Green  Fuel  Economizer  Co., 


Chicago 

Chicago 


Port  Jefferson 
Beacon 


Ohio 

EIFORT,  Harry  E.,  Charge  of  Machinery  and 

Equipment  of  Dept,  Babcock  &  Wilcox  Co.,  Barberton 

Oklaiioma 

CORNELL,   Herman  D.,  Vice-President  and  General 
Manager. 
Higrade  Petroleum  &  Gasoline  Co.,  Tulsa 

Wisconsin 

SHERRETT,  Charles  S.,  Safety  Inspector, 

National  Workmen's  Compensation  Service  Bureau,       Milwaukee 
Cuba 

SOLIS,  Octavio.  Engineer, 

American  Trading  Co.  of  Cuba,  Havana 


FOR     CO.XSIDERATION     AS     ASSOCIATE-MEMBER    OR    JUNIOR 

California 

BARE,  Bert.  Draftsman, 

Skandia  Pacific  Oil  Engine  Co.,  Oakland 

Connecticut 

NASH,  Douglas  E.,  Mechanical  Engineer  and  Treasurer, 

Nash  Engineering  Co.,  South  Norwalk 

Delaware 

GRIER,  Ale.xa.nder  M.,  Sanitary  Engineer, 
E.  1.  duPont  de  Nemours  &  Co., 


Wilmington 

Washington 

Worcester 

Springfield 

Everett 

Orange 
Elizabeth 


District  of  Columljia 

MASSEY,  Mark  F.,  Draftsman, 
Ordnance  Office,  War  Dept., 

Mnitsacbusetts 

HAY',  Delos  R..  Inspector, 

Sanforrt   Riley  Stoker  Co., 
S.^VEDOFF,  Morris  M.,  Mechanical  Engineer, 

New  England  Westinghouse  Co., 
SYMONDS.  Ralph  F.,  Works  Manager, 

New  England  Structural  Co., 
New  Jersey 

CONSTABLE.  John  P.,  Chief  Engineer, 

Edisfui  L.-ibnr.-itor.v, 
WALSH,  Jeremiah  A.,  Engineer, 

E.  H.   Mumtord  Co., 

New  Yorls 

SPATES,  Thomas  G.,  Assistant  Power  Engineer, 

New  i'nrk  &  Queens  Electric  Light  &  Power  Co..  Long  Island  City 

STONE.  Josei-h  L.,  First  Lieutenant,  Ordnance  R.  C, 
U.  S.  A., 
Remington   Arms   Co.,  Ilion 

STRUTIIEKS,  RiivDEN  T..  Chemical  Engineering, 

Borden's  Condensed  Milk  Co.,  New  York 

Oklahoma 

WILKE,  Erwin  L.,  Superintendent, 

Continental  Gas  Compressing  Corp.,  Lenapah 

Fennsylvania 

SCPIUETTE.  RonERT  W.,  Assistant  Chief  Engineer, 
Steam  &  Hydraulic  Dept., 
Mesta  Machine  Co.,  Pittsburgh 


Wasliin^ton 

MOOUE.  Edward  J.,  Moldloftsman, 
J.  F.  Dutbie  Shipbuilding  Co., 

FOR    consideration    AS   JUNIOR 
Alabama 

WELLS,  Eliot  C,  Mechanical  Engineer, 
.\labama  Power  Co., 

Colorado 

ROSE,  Ernest  \.,  Engineer, 
American  Beet  Sugar  Co., 


Phlladelphli 


Seattle 


Blrmingba 


Rocky  Ford 


Connecticut 

N.iSH,  Harold  L.,  Designing  Engineer, 

Nash  Engineering  Co.,  Norwalk 

WRIGHT,  .^BNEK  M.,  in  Manufacturing  Engineers'  Dept., 

Winchester  Repeating  Arms  Co.,  New  Haven 

Delaware 

KRUG,  William  F.,  Jr.,  Junior  Engineer, 
E.  I.  du  Pont  de  Nemours  &  Co., 
District  of  Columbia 

TREUllAFT,   Alexander   A.,    Draftsman,    French 
Warfare  Section,  Gun  Division, 
Ordnance  Department, 


Illinois 

BARRY',  Thomas  J.,  Assistant  Engineer,  Centrifugal 
Pump  Dept., 
Dayton-Dick  Co., 
REYMOND,  Vm\.  L.,  Head  of  Engineering  Dept., 
Federal  Sign  System, 

Michigan 

WILBUR,  Robert  L.,  First  Lieutenant  0.  R.  C,  U.  S.  A., 
Office  of  Inspector  of  Ordnance, 

New  York 

BUNKER,  Arthur  H.,  Refrigerating  Engineer, 

.American  Ice  Co., 
Obio 

FILLMORE.  Hehbert  W.,  Engineer  on  Time  Study, 

Cincinnati  Milling  Machine  Co., 
BUST.   WiLLiA.M.   Draftsman, 

The  J.  II.   Day  Co., 
PERRIS.  NoitRis,  Sales  Engineer, 

The  Baker-Dunbar-Allen  Co., 
WUERTII.  EiiuAitD  A.,  Mechanical  Draftsman, 

The  J.  H.  Day  Co., 

Pennsylvania 

CHRISTIE.  Wallace  T.,  Assistant  to  President, 
The  Pneumatic  Elevator  and  Conveyor  Co., 

Rhode  Island 

FULLER,  .TosEPH  O., 
Engineering, 
Brown  University, 


Instructor  in  Mechanical 


West  Virginia 

BERRY,  Bernard  C.  Master  Mechanic, 
I^otomac  Light  &  Power  Co., 


Wisconsin 

WILKINSON.  John  B., 
Nordberg  Mfg.  Co., 


Draftsman, 


Wilmington 
Washington 

Quincy 
Chicago 

Detroit 

New  York 

Cincinnati 
Cincinnati 
Cleveland 
Cincinnati 

Philadelphia 

Providence 

Martlnsburg 

Milwaukee 


APPLICATION   FOR    CH.iNGE   OF   GRADING 

PROMOTION    FROM    ASSOCIATE 


Pennsylvania 

GREENE.  Harris  R.,  Sales  Engineer, 

Riley  Stoker  Dept.,  B.  F.     Sturtevart  Co., 


PROMOTION   FROM   ASSOCIATE-MEMBER 

Ctinnecticut 

DAVIS,  Edwin  P..  Superintendent, 
Modern  Manufacturing  Co., 

ftlissouri 

DANIEL,  Allan  P..  Designing  and  Consulting 
Medianii-al  Engineer, 
Bitumlnized  Road  Co., 

Fennsylvania 

CAHILL,  Edward  H.,  Mechanical  Engineer, 
Arthur  Brock,  Jr.,  Engineering  Co., 


Philadelphia 


Bridgeport 


Kansas  City 


Philadelphia 


November 
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PEOMOTION    FROM   JUNIOR 

Maryland 

STUART,  Milton  C,  Mechanical  Engineer, 
U.  S.  Naval  Engineering  Experiment  Station, 


Annapolis 


New  York 

DOW,  Benjamin  W.,  Mechanical  Engineer, 

The  Ell)crt  Clarke  Co.,  Itochester 

HAHTFOIfD,  Ci.ALDE,  Engineer,  Contract  Dept, 

New  York   Steam  Co.,  New  York 

QUICK,  Rav  L.,  Instructor,  Experimental  Engineerin.s, 

Sibley  College,  Cornell  University,  Itliacii 


SUMMARY 

New   Applications n2 

Applications  for  change  of  grading: 

rromotion  from  Associate 1 

Promotion  from  Associate-Member 3 

Promotion   from   Junior 4 

Total 100 


NECROLOGY 

EARLE  C.  BACON 

Earle  C.  Bacon  was  born  on  May  29,  1859.  He  served  his 
apprenticeship  with  the  Delamater  Iron  Works  in  New  York. 
While  there,  though  but  twenty-one  years  old,  he  designed  the 
Bacon  trunk-cylinder  hoisting  engine,  which  had  a  patented 
connecting  rod  with  an  inside  rod  for  taking  up  the  wear  on 
brasses.  This  engine  was  the  first  used  in  New  York  for  lift- 
ing brick,  etc.,  in  building  construction.  The  same  engine  is 
still  being  manufactured  for  use  as  a  winze  hoist  and  for  sur- 
face work  around  mines. 

Mr.  Bacon  served  as  consulting  engineer  and  furnished 
machinery  for  a  great  many  mining  companies,  as  he  made  a 
specialty  of  mining  and  quarry  work. 

He  was  at  different  times  consulting  engineer  for  the  Davis 
Sulphur  Ore  Co.,  the  Sulphur  Mining  &  Railroad  Co.,  Vir- 
ginia, the  Nichols  Copper  Co.,  the  Lavonia  Salt  &  Manufac- 
turing Co.,  the  Bristol  Copper  Co.,  and  many  others. 

Mr.  Bacon  was  also  a  pioneer  in  the  asbestos  field  in  Quebec, 
being  employed  as  consulting  engineer  in  that  line,  and  de- 
signing and  equipping  the  first  mill  for  the  reduction  of  as- 
bestos in  that  region. 

He  was  a  member  of  the  Union  League  Club  and  of  the 
Machinery  Club.  He  became  a  member  of  the  Society  in  1885. 
He  died  on  April  9,  1917. 


WILNER  E.  JOHNSON 

Wilner  E.  Johnson  was  born  on  May  16,  1881,  in  Sweden. 
In  1903  he  began  his  apprenticeship  with  the  Brooklyn  Rapid 
Transit  System  as  a  draftsman  in  the  52nd  St.  shop  of  the 
System.  He  held  successively  the  positions  of  chief  drafts- 
man in  1907,  engineer  of  car  equipment  in  1911,  and  engineer 
of  car  construction  for  the  allied  New  York  Municipal  Rail- 
way Corporation  in  1913. 

In  1912  Mr.  Johnson  made  a  country-wide  study  of  car 
designs  in  relation  to  speed  of  passenger  interchange,  the  di- 
rect result  of  which  was  the  development  and  adoption  of  the 
center-entrance  type  of  car,  which  has  since  become  a  model 
for  many  other  roads.  Mr.  Johnson's  most  noteworthy 
achievements  for  his  company  were  the  detailed  working  out 
and  development  of  the  Brooklyn  center-entrance  surface  car 
and  the  New  York  Municipal  Subway  car. 

As  a  member  of  the  committee  on  equipment  of  the  Ameri- 
can Electric  Railway  Association,  he  spared  no  effort  to  make 


the  committee's  researches  and  standards  of  real  value  and  of 
active  interest  to  the  industry  at  large. 

Mr.  Johnson  became  a  member  of  the  Society  in  1914.  He 
died  on  July  27,  1917,  at  his  home  in  Brooklyn. 

ALFRED  EUGENE  KENRICK 

Alfred  E.  Kenrick  was  born  in  Brookline,  Mass.,  on  Feb- 
ruary 15,  1851.  He  was  educated  in  the  public  schools  of  that 
town,  and  started  his  apprenticeship  at  the  age  of  sixteen. 
In  1885,  having  learned  his  trade,  he  entered  into  partnership 
with  his  father  in  the  firm  of  Kenrick  Bros. 

His  most  successful  piece  of  engineering  work  is  consid- 
ered to  be  his  invention  of  the  water-heating  system  for  the 
Brookline  Public  Bath  House. 

Mr.  Kenrick  was  an  active  member  of  a  number  of  societies 
in  connection  with  his  work.  In  January  1907  the  American 
Society  of  Heating  and  Ventilating  Engineers  presented  him 
with  a  silver  loving  cup  in  token  of  his  services  to  that  society. 
He  held  during  his  membership  in  the  Master  Steam  and  Hot 
Water  Fitters'  Association  of  the  United  States  every  office 


Alfred  E.  Kenrick 

within  its  gift,  and  on  the  twenty-fifth  anniversary  of  the 
Association,  in  1913,  he  was  presented  with  a  silver  pitcher 
and  salver  in  appreciation  and  recognition  of  his  fidelity.  He 
was  a  member  also  of  the  Master  Plumbers'  Association  of 
Boston. 

For  over  twenty  years  he  served  the  town  of  Brookline  on 
its  appropriation  committee,  and  for  nearly  thirty  years  he 
was  associated  with  the  Brookline  Savings  Bank,  as  a  member 
of  its  board  of  investment  and  also  as  vice-president. 

He  became  a  member  of  the  Society  in  1896.  He  died  at 
his  home  on  January  17,  1917. 


With  the  assistance  of  leading  professors  in  technical  schools, 
business  men  and  social  workers,  the  Advisory  Committee  for 
Industrial  Service  Movement  of  the  International  Committee 
of  Young  Men's  Christian  Associations,  has  prepared  a  com- 
prehensive outline  of  suggested  college  courses  on  the  Human 
Side  of  Engineering.  The  courses  are  intended  to  be  supple- 
mented by  engineering  trips  to  study  certain  industrial  condi- 
tions and  the  betterment  work  of  selected  companies. 


AMONG  THE  SECTIONS 


IMPORTANT  additions  to  the  By-Laws  of  the  Society  per- 
taining to  the  government  of  the  Sections  were  passed  at 
the  meeting  of  the  Council  on  October  12.  The  Sections  have 
now  been  in  existence  about  ten  years,  and  their  activities  have 
extended  continuously  and  uniformly  until  they  now  constitute 
one  of  the  major  activities  of  the  Society. 

The  Committee  on  Constitution  and  By-Laws  has  been  work- 
ing with  the  Sections  Committee  for  about  two  years  in  draw- 
ing up  suitable  By-Laws  to  cover  all  the  phases  of  the  Sec- 
tions' work  to  be  found  in  different  parts  of  the  country,  to 
afford  the  Sections  every  opportunity  to  carry  on  activities  of 
local  interest,  and  at  the  same  time  ensure  that  their  procedure 
be  conducted  in  uniformity  with  the  Constitution  of  the  So- 
ciety, and  the  report  presented  by  the  former  at  the  October 
Council  meeting  represents  the  consummation  of  these  efforts. 
The  new  By-Laws  which  go  into  effect  immediately  are  printed 
below : 


New  By-Laws  Governing  Sections 

B48     Committee  on  Local  Sections: 

The  Committee  on  Local  Sections  shall  consist  of  five  Mem- 
bers, Associates  or  Associate-Members.  The  term  of  office  of 
one  member  of  the  Committee  shall  expire  at  the  end  of  each 
Annual  Meeting. 

It  shall  be  the  duty  of  the  Committee  to  confer  with  the 
officers  and  members  of  the  Local  Sections,  and  to  consider, 
and  make  recommendations  to  the  Council  upon  all  matters 
affecting  the  welfare  of  the  Local  Sections.  It  shall  confer 
with  the  Finance  Committee  as  to  the  appropriation  for  the 
expenses  of  Local  Sections  in  each  annual  budget  of  the  So- 
ciety, and  shall  determine  the  portion  of  that  appropriation 
which  shall  be  allotted  to  each  Local  Section.  The  Committee 
shall  have  such  other  duties  as  may  be  given  to  it  by  the 
Council. 

B49    Local  Sections: 

(«)    Formation  of  a  Section 

When  a  number  of  the  membership  of  The  American  Society 
of  Mechanical  Engineers  in  any  territory  desire  to  form  a 
Local  Section,  a  preliminary  meeting  shallbe  called  and  notice 
sent  to  the  entire  membership  of  the  Society  residing  in  that 
territory.  At  this  preliminary  meeting  a"  petition  for  the 
formation  of  a  Local  Section,  containing  suggestions  as  to  the 
territory  to  be  included  in  the  Section,  shall  be  presented,  and 
if  adopted  shall  be  sent  to  the  Committee  on  Local  Sections 
for  presentation  to  the  Council  with  its  recommendation.  This 
petition  shall  be  signed  by  such  of  the  membership  of  the 
Society  residing  in  the  territory  as  favor  the  formation  of  such 
Section. 

If  the  formation  of  a  Local  Section  be  approved  by  the 
Council,  a  meeting  of  the  signers  of  the  petition  shall  be  held 
for  organization  and  to  elect  a  Local  Committee  of  at  least  five 
from  among  the  Section  members.  This  Local  Committee  shall 
have  charge  of  and  be  responsible  for  the  proceedings  of  the 
Local  Section. 

(b)     Territory  of  a  Section 

The  territory  of  a  Section  shall  include  the  locality  naturally 
tributary  thereto. 

(c)    Name  of  a  Section 


(d)    Membership  of  a  Section 

All  members  in  every  grade  of  the  Society  residing  in  the 
territory-  of  a  Local  Section  shall  be  Section  Members  of  that 
Local  Section.  A  member  of  the  Society  shall  be  entitled  to 
vote  or  hold  office  in  one  Local  Section  only. 

Any  other  person  interested  in  engineering  may  he  invited 
by  the  Local  Committee  to  join  its  Section  as  a  Local  Member, 
but  he  shall  not  have  the  right  to  vote  or  hold  office.  Such 
Local  Member  shall  pay  dues  to  the  Section  not  to  exceed 
$5.00  per  annum,  which  shall  be  due  and  payable  in  advance 
on  October  1  of  each  year  of  his  enrollment.  Local  Members 
shall  not  be  considered  in  the  allotment  of  expenses  to  the 
Section. 

Members  of  Student  Branches  living  in  the  temtory  of  a 
Local  Section  shall  be  entitled  to  receive  notices  of  and  to 
.  attend  all  meetings  of  that  Section  for  the  period  of  two  years 
after  graduation.  Such  graduates  shall  be  counted  as  mem- 
bers of  a  Local  Section  in  the  consideration  of  the  allotment 
for  expenses  of  that  Section. 

(e)    Activities  of  a  Section 

The  principal  activity  of  a  Local  Section  shall  be  the  hold- 
ing of  meetings  for  the  presentation  and  discussion  of  papers 
relating  to  engineering  and  to  the  allied  arts  and  sciences;  it 
may  also  hold  meetings  for  social  intercourse. 

(/)    Meetings  and  Papers  of  Sections 

The  provisions  of  the  Constitution,  By-Laws,  and  Rules  of 
The  American  Society  of  Mechanical  Engineers,  and  the  prece- 
dents of  the  Societj'  with  respect  to  professional  sessions  for 
the  discussion  of  papers,  shall  govern  the  procedure  of  the 
Local  Sections,  except  that  no  meeting  of  a  Section  shall  be 
considered  a  meeting  of  the  Society  as  a  whole. 

Papers  read  before  a  Local  Section  shall  be  submitted  to 
the  Committee  on  Publication  and  Papers  of  the  Societj'  for 
possible  publication  in  The  Journal.  The  Committee  on 
Meetings  of  the  Society  may  select  from  among  the  papers 
presented  before  the  Local  Sections  any  paper  for  presenta- 
tion before  meetings  of  the  Society.  A  Local  Section  shall 
not  publish  or  permit  to  be  published  under  the  authority  of 
the  Section  any  paper  as  presented  before  that  Section  in 
whole  or  in  part  without  first  obtaining  the  approval  of  the 
Committee  on  Publication  and  Papers. 

ig)   Cooperation  of  Local  Sections 

A  Local  Section  of  the  Society  may  arrange  to  hold  joint 
meetings  with  other  local  engineering  organizations,  and  may 
invite  members  of  such  organizations  to  attend  its  meetings. 

A  Local  Section  may  affiliate  with  existing  local  engineering 
organizations,  or  form  jointly  with  them  new  local  engineer- 
ing organizations,  but  the  plan  of  such  affiliation  or  organiza- 
tion, and  the  obligations  assumed  bj-  the  Local  Section  and 
the  Society  thereby,  shall  first  be  approved  by  the  CouncU. 

A  Section  may  take  action  in  any  undertaking  having  the 
approval  of  the  Council,  and  may  cooperate  in  such  action 
with  any  other  local  organization. 

(h)    Delegates  of  Sections 

Each  Local  Section  shall  have  the  privilege  of  representa- 
tion at  the  Annual  Meeting  of  the  Society  by  one  official  dele- 
gate. Such  delegate,  the  chairman,  if  possible,  may  have  such 
portion  of  his  expenses  for  transportation  to  the  meeting  re- 
funded by  the  Society  as  the  Committee  on  Local  Sections 
may  direct. 

(i)    Management  of  Sections 


All  Local  Sections  shall  be  managed  in  conformity  with  the 
Constitution,  By-Laws,  and  Rules  of  the  Society. 
A  Section  shall  be  known  as  The  (name  of  place)   Section  Each  Local  Section  shall  be  managed  by  a  Local  Committee 

of  The  American  Society  of  Mechanical  Engineers.  of  at  least  five  members,  consisting  of  a  Chairman,  a  Secretary, 
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and  such  other  officers  as  may  be  found  desirable.  Such  officers 
shall  be  elected  by  ballot  from  the  membership  of  The  Ameri- 
can Society  of  Mechanical  Engineers  who  are  members  of  the 
Local  Section.  They  shall  be  elected  before  June  1  of  each 
year,  and  shall  take  office  on  July  1. 

The  Chairman  of  each  Local  Section  shall  receive  notices 
and  have  the  privilege  of  attending  all  meetings  of  the  Com- 
mittee on  Local  Sections. 

The  Secretary  of  each  Local  Section  shall  report  the  Pro- 
ceedings of  that  Section  to  the  Secretary  of  the  Society.  He 
shall  discharge  the  duties  of  Secretary  of  the  Section,  and  shall 
perform  such  other  duties  as  may  be  prescribed  by  the  Local 
Committee. 

(j)    Appropriation  for  Sections 

Appropriation  by  the  Council  for  the  use  of  Local  Sections 
shall  be  used  for  expenses  incurred  in  holding  their  profes- 
sional meetings. 

Expenditures  chargeable  to  the  Society  for  purposes  of  any 
Local  Section  must  be  provided  for  in  the  annual  budget  ap- 
proved by  the  Council.  No  liability  otherwise  incurred  shall 
be  binding  upon  the  Society. 

An  allotment  for  a  Local  Section  may  be  drawn  by  its  Com- 
mittee as  desired,  jjrovided  that  not  more  than  one-half  of  the 
total  yearly  allotment  shall  be  drawn  between  October  1  to 
February  1,  and  that  an  itemized  account  of  its  expenditures 
during  that  period  shall  be  rendered  to  the  Secretary  of  the 
Society  before  the  i-emainiug  amount  of  the  appropriation  can 
be  drawn,  and  provided  also  that  the  remainder  of  the  allot- 
ment shall  be  drawn  only  during  the  remaining  half  of  the 
fiscal  year,  and  that  an  accounting  of  the  second  half  shall  be 
rendered  at  the  end  of  the  fiscal  year. 

(k)    Stationery  for  Sections 

All  Sections  shall  use  only  such  uniform  stationerv  as  shall 
be  supplied  by  the  Secretary  of  the  Society. 

(I)    Disbanding  of  a  Section 

The  Council  of  The  American  Society  of  Mechanical  Engi- 
neers may,  on  sixty  days'  notice,  suspend  or  disband  any 
Local  Section. 

Our  Present  Sections 

The  Society  has  now  a  Connecticut  State  Section,  with 
branches  at  Bridgeport,  Hartford,  Meriden,  New  Haven,  and 
Waterbury.  It  also  has  a  Minnesota  Section,  with  meetings 
held  alternately  at  St.  Paul  and  Minneapolis.  Sections  are 
also  established  in  the  cities  of  Atlanta,  Baltimore,  Birming- 
ham, Boston,  Buffalo,  Chicago,  Cincinnati,  Detroit,  Erie,  In- 
dianapolis, Los  Angeles,  New  Orleans,  New  York,  Philadel- 
phia, St.  Louis,  San  Francisco,  Toronto  (Canada)  and 
Worcester.  The  Providence  Engineering  Society  is  affiliated 
with  our  Society,  and  its  monthly  meetings  are  reported  in 
The  Journal  with  the  Sections'  reports.  The  geographical 
distribution  of  the  Sections  is  strikingly  shown  on  the  accom- 
panying map. 

This  Year's  Work 

Two  events  of  importance  have  started  off  the  Sections' 
work  this  year.  At  the  time  of  going  to  press,  President  Hollis 
is  visiting  the  Sections  at  St.  Louis,  Los  Angeles  and  San 
Francisco,  and  is  also  speaking  on  behalf  of  the  Society  at 
El  Paso,  Seattle  and  Portland.  At  the  same  time  the  Com- 
mittee on  Sections  is  visiting  St.  Louis,  Milwaukee,  Chicago 
and  Detroit,  to  meet  the  Executive  Committees  personally  and 
discuss  ways  and  means  for  Sections'  development.  Accounts 
of  both  these  events  will  be  given  in  the  next  issue  of  The 

JOUR>fAL. 

Below  are  published  some  of  the  plans  of  the  Sections  for 
their  work  for  the  coming  winter.  In  common  with  the  other 
activities  of  the  Society,  the  Sections  have  in  some  cases  expe- 


rienced difficulties  at  this  time  on  account  of  committee  mem- 
bers, speakers,  etc.,  being  called  into  active  service,  in  conse- 
quence of  which  all  have  not  been  able  to  send  in  their  pro- 
grams. However,  those  missing  from  this  issue  we  hope  to 
publish  in  the  December  number.  Reports  of  the  first  meet- 
ings of  some  of  the  Sections  for  the  new  season  are  likewise 
here  included. 

The  Committee  on  Sections  is  alive  to  the  opportunities  and 
possibilities  of  the  Sections,  and  has  under  consideration 
means  for  developing  these  and  making  them  available  to  the 
membership  to  the  fullest  degree.  The  Sections'  organization 
can  be  made  one  of  the  strongest,  if  not  the  strongest,  element 
in  the  life  of  the  Society,  for  through  it  the  benefits  of  the 
Society  can  be  distributed  to  every  individual  member,  wher- 
ever resident.  Prospects  at  the  present  time  for  such  develop- 
ment are  exceedingly  bright;  there  is  work  to  be  done,  and 
the  Sections  Committee  and  the  Executive  Committees  are 
ready  and  eager  to  do  it.  With  the  new  By-Laws  in  force, 
providing  unity  and  organization  for  this  activity,  great  and 
far-reaching  results  may  be  looked  for. 

SECTIONS  REPORTS 

BALTIMORE 

Plans  for  the  coming  year  are  now  in  progress  and  it  is  expected 
to  hold  the  first  meeting  of  the  season  early  in  November,  the  exact 
date  to  be  announced  later. 

A.  G.  Christie, 
Section  Chairman. 


BOSTON 

A  most  successful  meeting  was  held  on  October  11,  at  which  it 
was  expected  Captain  Amann,  who  has  recently  returned  from 
Verdun,  would  speak,  but  he  was  called  away  and  Lieutenant 
Morize  substituted  most  acceptably.  Major  Edwin  T.  Cole,  Com- 
mandant at  Massachusetts  Institute  of  Technology,  was  our  guest 
of  honor. 

Lieutenant  Morize  contrasted  the  differences  between  the  present 
methods  of  warfare  and  those  in  vogue  only  a  few  years  ago. 
He  spoke  for  over  an  hour  to  an  audience  that  listened  breathlessly 
to  his  every  word,  and  at  the  conclusion  of  his  address  answered  a 
number  of  questions.  Major  Cole  followed  with  an  informal  talk 
on  the  same  subject. 

Both  speakers  were  enthusiastically  applauded  and  the  thanks  of 
meeting  voted  them  at  its  conclusion. 

Lieut-Colonel  L.  Rees,  V.C,  M.C.,  of  the  Royal  Flying  Corps, 
who  has  recently  arrived  from  England  to  assist  with  our  aviation 
work,  was  the  speaker  at  a  meeting  on  October  25  which  was  similar 
to  the  one  held  on  the  11th.  A  full  account  of  this  meeting  will 
appear  in  a  following  issue  of  TuE  Journal. 

W.  G.  Starkweather, 

Section  Secretary. 

BUFFALO 

The  sixth  season  of  the  Engineering  Society  of  Buffalo  and 
affiliated  branches  was  opened  at  the  Hotel  Statler,  on  October  10, 
with  125  members  participating.  After  dinner  Mr.  Geo.  W.  Dun- 
ham, Mem.Am.Soc.M.E.,  president  of  the  Society  of  Automotive 
Engineers,  read  an  interesting  aad  timely  paper  on  the  Internal 
Combustion  Engine  and  the  War,  laying  special  empbasis  on  the 
functions  and  work  of  the  automotive  engineer  in  the  great  war. 

David  C.  Howard,  Mem.Am.Soc.M.E.,  chairman  of  the  military- 
affairs  committee  and  vice-president  of  the  Chamber  of  Commerce, 
announced  plans  under  way  for  the  organization  of  engineers  in 
wartime  so  as  to  increase  their  usefulness.  Mr.  Howard  also 
asked  the  members  to  help  the  government  catalogue  the  various 
war  orders  which  have  been  placed  in  Buffalo  and  vicinity,  and  to 
offer  assistance  to  the  manufacturers  filling  these  orders. 

Industrial  Production  was  the  subject  of  a  paper  given  by  Wm. 
M.  Dollar,  Mem.Am.Soc.M.E.,  at  the  meeting  on  October  31.  Mr. 
Dollar  said   that   the  essentials  of  modern   industrial   production. 
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such  as  shop-order  and  cost  systems,  planning  and  routing  systems, 
piece-rate,  premium  and  bonus  systems,  welfare  work,  etc.,  which 
have  been  worked  out  satisfactorily  iu  l.irger  shops  and  factories, 
have  proved  too  cumbersome  and  costly  for  the  small  aud  medium 
shops,  which,  in  the  aggregate  produce  a  very  large  portion  of  the 
total  output  of  the  country.  The  speaker,  who  lias  made  a  lifelong 
Study  of  this  subject,  pointed  out  the  adv.mtage  of  such  systems 
to  these  smaller  shops  aud  the  benefits  to  be  derived  without 
material     addition  to  the  clerical  work  in  shop  or  office. 

I.oLi.s  .1.  Foley, 
Assistant  to  Section  Secretary. 

CHICAGO 

As  The  .Toitrnal  goes  to  press  we  would  mnlce  mention  of  the 
visit  of  the  Committee  on  Sections  to  this  Section  on  October  24. 


Haven,  Meriden  and  Waterbury  are  the  other  Branches  which  com- 
pose the  Sectiou,  aud  members  of  the  Executive  Committee  of  each 
were  present. 

The  officers  elected  are  as  follows:  B.  W.  M.  Hanson,  chairman; 
Hiram  P.  Ma.\im,  i-ice-chairman ;  Sherwood  V.  Jeter,  secretary- 
treasurer:  M.  D.  Church,  chairman  Membership  and  Acquaintance- 
ship Committee,  and  C.  I-.  Grohmaun,  W.  H.  Houiss,  C.  D.  Rice, 
A.  D.  Risteen,  C.  II.  Veedcr,  members  of  the  Executive  Committee. 

Mr.  Jeter  officia  ed  as  temporary  chairman,  and  after  a  brief 
address  introduced  I'rcsident  Hollis.  Dr.  Ilolli-s,  in  his  talk,  im- 
pressed the  necessity  for  coiiperation  and  sustained  interest  for  the 
growth  and  success  of  the  local  branch ;  he  advocated  regular 
meetings  and  fusion  of  mechanical,  civil,  mining  and  electrical 
engineers,  the  ai:iiii  iioiut  being  for  the  members  to  meet  and 
exchange  ideas.  lie  brought  before  the  audience  the  great  part 
being   played   iu    the   war  by   the   engineers  and   poiuted  out  the 
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Therl  will  be  a  luncheon  with  the  Executive  Committee  and  a 
dinner  with  representative  members  present  to  discuss  plans  for 
meetings  aud  coiiperation  for  the  coming  season ;  details  will  be 
given  in   the  next  issue. 

Chicago  has  decided  to  devote  its  meetings  this  year  to  the  dis- 
cussion of  timely  subjects,  giving  predominance  to  topics  likely  to 
bring  out  valuable  information  in  connection  with  the  war.  At 
this  date  the  following  speakers  and  subjects  can  be  announced : 

November  16.  Cantonment  Construction,  by  Major  P.  J.  Jun- 
kersfeld. 

January  18.     Airplane  Engineering,  speaker  to  be  announced. 

March  15.  Engineering  Problems  of  the  New  Union  Terminal, 
by  G.   W.  Hibbard. 

May  n.  Progress  of  the  Shipbuilding  Program  of  the  United 
States,  speaker  to  be  announced. 

A.  D.  BAn.EY, 
Section  Chairman. 


CONNECTICUT    (Hartford  Branch) 

At  a  meeting  attended  by  men  eminent  in  the  profession  and 
prominent  in  work  closely  affiliated  with  the  engineering  world. 
the  Hartford  Branch  of  the  Connecticut  Section  was  organized 
in  the  assembly  hall  of  the  Insurance  Institute  on  September  28. 
The  local  branch  will  be  one  of  five  in  the  state.    Bridgeport,  New 


important  work  there  would  be  for  the  engineer  in  the  work  of 
reconstruction  after  the  war. 

Past-President  Jacobus  followed  with  an  address  on  the  necessity 
of  petitioning  local  representatives  in  Congress  in  order  to  bring 
about  good  results  for  the  engineering  profession.  He  said  there 
was  a  time  when  the  national  body  instructed  its  members  to 
abstain  from  politics,  but  politics  are  conducted  differently  now 
and   the  individual   politician  must  be  reached  and  convinced. 

Secretary  Rice  spoke  of  the  importance  to  a  municipality  of  an 
organization  such  as  this  branch.  As  citizens  its  members  could 
demand  efficient  service.  In  a  number  of  cities,  he  said,  improve- 
ments in  city  streets,  water  supplies  and  other  important  things 
have  been  brought  about  by  such  organizations  as  the  present  one. 
Ernest  Hartford,  secretary  of  the  national  Committee  on  Sections, 
called  attention  to  the  numerous  desirable  opportunities  for  pub- 
licity the  Sections  have  through  the  columns  of  The  Journal 
and  the  medium  of  the  technical  press.  F.  R.  Low,  Mem.Am.Soc. 
M.E.,  editor  of  Power,  told  the  gathering  that  owing  to  new 
discoveries  and  great  achievements  of  the  engineering  profession 
the  world  was  becoming  a  better  place  to  live  in.  P.  B.  Morgan, 
chairman  of  the  Worcester  Section,  told  of  the  work  of  organizing 
that  Section  and  hoped  that  the  Hartford  Branch  would  profit 
by  its  experience  ;  he  also  conveyed  an  idea  of  some  of  the  prob- 
lems that  might  confront  the  newly  organized  branch.  Henry  B. 
Sargent,  of  the  Executive  Committee  of  the  Connecticut  Section, 
described  the  work  already  accomplished  in  the  state  by  the  New 
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Haven   Section  which  now  becomes  a  Branch  of  the  Connecticut 
Section.  H.   15.   S.viuiE.NT, 

Sectioii    Chairman. 


DETROIT 

A  meeting  was  held  by  the  Sectional  Committee  of  this  Section 
earl.v  in  Octolier  and  officers  of  the  Executive  Committee  were 
designated.  The  chairman  was  authorized  to  solicit  papers  for 
future  meetings  and  suitable  for  publication  in  The  Jouu.nal. 

On  October  1.'5  a  Dinner-Smoker  was  held  at  the  I'.oard  of  Com- 
merce, at  which  the  guests  of  the  evening  were  the  national  Com- 
mittee on  Sections.  A  few  select,  brief  papers  were  presented 
on  timely  topics,  including  a  discussion  on  Problems  of  Shop  Mau- 
agenu'ut  by  Jlessrs.  Walter  Kautenstrauch  and  D.  Itobert  Yarnall. 
The  plans  were  formulated  for  a  party  to  attend  the  Annual 
Meeting  in  New  York. 

G.    W.   BiSSELL, 
Section  Chairman. 


LOS  ANGELES 

A  dinner  was  arranged  by  the  Section  with  the  .Toint  Technical 
Socielies  on  October  2.",  on  which  occasion  Presiilent  Ilollis  and 
Dr.  George  K.  H  ile  addressed  the  meeting.  Dr.  Ilollis  addressed 
the  student  branch  at  Throop  Polytechnic  while  in  this  city.  A 
full  account  of  Dr.  HoUis's  visit  will  be  given  later. 

As  for  the  plans  of  the  Section  for  the  year,  the  .loint  Societies 
will  meet  at  luncheon  every  Thursday  noon  and  en.joy  a  short  talk, 
the  speaker  for  the  day  being  furnished  by  the  various  societies  in 
accordance  with  a  pro  rata  list  extending  through  the  yi-ar. 

Francis  G.  Pease. 

Section   Chairman. 


MILWAUKEE 

On  October  3  an  illustrated  lecture  by  Chester  A.  Lucas,  Mem. 
Am.Soc.Jl.E..  on  the  Manufacture  of  a  9.2  High-Explosive  Howitzer 
Shell,  a'trac'ed  the  largest  and  one  of  (he  most  interested  audiences 
we  have  ever  had,  there  being  over  a  thousand  present. 

With  the  aid  of  an  actual  shell  and  of  lantern  slides  showing 
drawings,  Mr.  Lucas  described  very  fully  all  the  parts  of  high- 
explosive  shells  and  also  all  the  machine  operations  necessary  to 
produce  them. 

He  supplemented  this  description  by  motion  pictures  of  the 
comijlete  process  of  shell  making.  The  different  methods  were 
then  shown. 

The  members  of  the  Committee  on  Sections  an-ived  at  Milwaukee 
on  October  li.'!  and  were  met  by  the  local  committee ;  luncheon  was 
served  at  the  Milwaukee  Club  and  a  visit  to  the  AUis-Chalmers 
plant  made  in  the  afternoon.  In  the  evening  a  large  number  of 
interested  local  engineers  were  present  at  a  dinner  and  took  part 
in  a  discussion  of  Society  matters.  A  full  account  of  this  visit 
will  appear  in  the  next  issue  of  The  Journal. 

Fred  H.  Dorner, 
Section  Secretary. 


NEW  ORLEANS 

Notes  on  Shipbuilding  was  the  sub.iect  of  an  interesting  paper 
read  by  F.  J.  French  on  September  7.  The  speaker  ilhistrated 
his  lecture  with  lantern  slides  showing  construe  ion  work  on 
tank  steamers  now  being  built  for  the  Mexican  Petroleum  Com- 
pany, of  which  he  is  engineer.  These  are  the  only  .steel  vessels 
being  built  in  New  Orleans  and  the  paper  was  received  with  much 
interest   and   caused   considerable   discussion. 

The  Section  has  planned  only  two  technical  papers  for  this 
year  and  has  appointed  a  committee  to  arrange  for  monthly  visits 
to  various   industrial   plants. 

n.  L.  Hutson, 
Section   Chairman. 


NEW  YORK 

At  the  opening  meeting  of  the  New  York  Section  on  October  IG. 
Dr.  T.  Kennard  Thomson.  Mem.Am.Soc.M.E..  delivered  an  address 
on  The  Evolution  of  Manhattan  from  an  Indian  Village  to  a  Great 


Metropolis,  contrasting  by  means  of  colored  lantern  slides  the 
early  conditions  on  the  island  with  those  now  existing.  In  connec- 
tion with  his  address  he  spoke  of  the  congested  port  facilities  of 
the  City  of  .New  York  and  described  a  novel  plan  for  relieving  this 
condition,  the  I'sseiitiiils  of  which  included  Mlliiig  in  the  present 
East  Hiver  an<l  replacing  it  by  a  new  channel  through  Long  Island, 
extending  Manhattan  Island  and  constructing  three  new  islands 
in  New  York  Bay. 

A.  D.  Blake, 
Section  Secretary. 

PHILADELPHIA 

The  following  interesting  program  has  been  arringed  for  the 
coming  season   by   the  Philadeliihia   Section: 

October  2.1  The  War's  Effect  on  Merchant  Shipbuilding,  by 
Homer  L.  Ferguson,  President  and  General  Manager  of  the  New- 
port Drydock  and  Shipbuilding  Company.  Joint  meeting  with 
the  Engineers'  Club  in  Witherspoon  Hall. 

November  .iT.  Program  to  be  arranged  and  include  a  visit  by  the 
national  Committee  on   Sections.     Meeting  at   Engineers'  Club. 

December  II.  Offensive  Against  the  Submarine,  by  Jos.  A. 
Steinme^z.      Joint    meeting   with    The    Franklin    Institute. 

January  2.1.  Our  Navy  and  the  War,  by  Prof.  ^\'m.  L.  Cath- 
cart,  U.S.N,  (retired).  Joint  meeting  with  The  Illuminating 
Engineers'   Society   will   probably   be   arranged. 

February  21).  Supplement  to  Taylor's  Art  of  Cutting  Metals, 
by  Carl  G.  Barth.  Mem.Am.Soc.M.E. 

March  20.  Recent  Developments  in  Material  Specifications,  by 
Dr.  S.  W.  Stratlon,  Mem.Am.Soc.M.E.,  Director  of  U.  S.  Bureau 
of  Standards. 

Tentative   program   for  the  following : 

April  2.1  Major  W.  P.  Barba,  Mem.Am.Soc.iM.E..  and  Major 
A.   S.   Cushman. 

May  28.     George  Satterthwaite  and  Professor  Henry  M.  Howe. 

June  25.     Admiral  Taylor  and  Chester  Larner. 


PROVIDENCE 

The  Power  Section  held  an  interesting  meeting  on  October  10, 
at  which  Professor  Dean  A.  Fales,  Mem.Am.Soc.M.E..  gave  a  most 
interesting  talk  on  The  Gasoline  Engine,  with  Particular  Reference 
to  Aeronautics. 

Profes.sor  Fales  is  in  charge  of  the  instruction  work  in  gasoline 
engines  for  both  the  Army  and  Navy  (.round  Schools  of  Aero- 
nautics in  Massachusetts  Institute  of  Technology.  He  described 
the  special  problems  arising  in  the  design  of  the  aeroplane  engine 
and  the  present  practice  in  solving  these  iiroblcnis.  His  descrip- 
tions of  the  best  types  of  engines  used  by  the  British,  French  and 
Germans  were  extri'mely  interesting. 

The  Army  Cantonment  at  Ayer.  Mass..  was  the  subject  of  an 
illustrated  lecture  given  on  October  IG  before  the  Providence  En- 
gineering Society  by  F.  A.  Barbour,  who  was  the  supervising 
engineer  in  charge  of  construction  of  this  work. 

Mr.  Barbour  .gave  a  most  interesting  account  of  the  engineering 
problems  which  had  to  be  met  to  complete  this  camp  within  the 
schedule  time.  The  contract  for  the  camp  included  002  buildings 
to  be  completed  by  September  1  and  actually  ready  several  days 
before  th.-it  linu'.  in  addition  to  124  buildings,  including  a  100-bed 
hospital  unit  costing  $500,000,  refrigerating  plants,  storehouses, 
bakeries  and  miscellaneous  buildings.  The  completion  of  this 
.^(i.OOO.OOO  coti'ract  necessitated  a  force  of  9000  men.  a  weekly 
payroll  of  .flOO.OOO.  the  delivery  of  30.000.000  ft.  of  lundjer,  the 
unloading  of  ">()  carloads  of  material  daily  and  the  building  of  a 
complete  sewerage  system  with  20  miles  of  pipe, 

Ja.mes  a.  Hall, 

Corrcsimndent. 


ST.  LOUIS 

The  first  f  11  meeting  of  the  Section,  held  on  September  21,  was 
attended  by  about  forty  members.  The  early  part  of  the  evening 
was  given  over  to  a  dinner,  after  which  a  great  deal  of  enthusiasm 
was   aroused    by   the  spe  kers  of  the   evening. 

Judge  Thomas  L.  Anderson,  of  St.  Louis,  delivered  a  very  stir- 
ring address  upon  the  .subject  of  patriotism,  and  the  remarks  he 
made  were  very  pertinent  to  the  work  and  requirements  of  the 
mechanical  engineer  in  the  war. 
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K.  L.  Radcliffe,  Mem.Am.Soc.M.E.,  chairman  of  the  Section, 
brought  very  forcibly  before  the  members  the  work  which  is  antici- 
pated by  the  Membership  and  the  National  Sections  Committee 
during  the  coming  year.  A  committee  to  arrange  for  the  prepara- 
tion of  technical  papers  which  could  be  published  in  The  Journal 
and  a  committee  on  research  work  were  appointed.  The  com- 
mittee on  program  reported  the  schedule  of  dinners  and  papers  for 
which  arrangements  have  been  made. 

Topics  of  vital  interest  to  mechanical  engineers  in  St.  Louis 
were  then  discussed  by  Messrs.  J.  Hunter,  Mem.Am.Soc.M.E. ;  L. 
Gustafson,  Mem.Am.Soc.M.E.,  H.  R.  Setz,  Mem.Am.Soc.M.E.,  and 
G.  R.  Wadleigh,  Mem.Am.Soc.M.E.,  all  of  whom  indicated  very 
clearly  to  the  membership  that  there  was  a  large  amount  of  work 
laid  out  for  the  coming  year  and  that  it  was  to  be  carried  forward 
with  great  earnestness.  Indications  are  that  the  Section  is  on  a 
very  strong  footing  and  that  the  work  which  may  be  expected  of 
it  during  the  coming  year  will  be  of  great  value  to  the  Section  as 
well  as  to  the  Society. 

On  October  22  a  meeting  of  the  Section  was  held  at  which  Mr. 
John  Hunter,  Chief  Engineer,  Union  Electric  Light  and  Power 
Co.,  presented  a  very  interesting  paper  on  the  recent  improvements 
at  the  Ashley  Street  power  plant  of  his  company.  The  progress 
of  the  work  was  shown  by  lantern  slides.  The  guests  of  the  even- 
ing were  the  members  of  the  Committee  on  Sections. 

The  Journal  goes  to  press  as  the  meeting  is  being  held  and 
a  complete  report  will  be  given  in  the  December  issue. 

SAN  FRANCISCO 

M.  M.  O'Shaughnessy  spoke  at  the  regular  bi-monthly  meeting 
on  October  16  on  the  subject  of  The  Tunnels  of  San  Francisco. 
The  speaker  described  the  general  features  of  tunnel  construction 
and  the  methods  of  payment  therefor,  illustrating  his  remarks 
with   stereoptieou   views. 

On  October  25  a  joint  meeting  of  mechanical,  civil,  electrical, 
mining  and  chemical  engineers,  was  held  with  Dr.  Ira  N.  HoUis, 
Pres.Am.Soc.M.E.,  as  the  speaker  and  guest  of  honor.  Full  reports 
of  these  meetings  will  appear  in  the  December  issue.  The  following 
day  it  was  expected  that  Dr.  HoUis  would  address  the  student 
members  either  at  the  Lelaud  Stanford  Jr.  University  or  the 
University  of  California,  and  the  next  day  leave  for  Seattle  where 
he  would  address  the  members  of  the  Society  in  that  city  on 
the  29th. 

B.   F.   Rarer, 

Section   Chairman. 

STUDENT  BRANCHES 

The  Society  has  now  affiliated  with  it  forty-five  Student 
Branches,  which  are  independent  organizations  of  students  in 
the  following  educational  institutions: 

Armour  Institute  of  Technology Chicago,  111. 

Bucknell  College Lewisburg,   Pa. 

Carnegie  Institute  of  Technology Pittsburgh,  pa. 

Case  School  of  Applied  Science Cleveland,  Ohio 

Colorado  State  Agrkultur.il  College Fort  Collins,  Colo. 

Columbia  University New  York 

Cornell  University Ithaca,  N.  Y. 

Georgia  School  of  Technology Atlanta,  Ga. 

Johns  Hopkins  University Baltimore,   Md. 

Kansas  State  Agriculture  College Manhattan,   Kan. 

Lehigh  University So,   Bethlehem,    Pa. 

Leland  Stanford,  Jr.,  University ....  Stanford  University,  Cal. 

Louisiana  State  University Baton  Kouge,  La. 

Massachusetts  Institute  of  Technology Cambridge,  Mass. 

Now  York  University New  York,  N.  Y. 

Ohio  State  University Columbus,  Ohio 

Pennsylvania  State  College State  College,  Pa. 

Oregon  Agricultural  College Corvallis,   Ore. 

Polytechnic  Institute  of  Brooklyn Brooklyn.  N.  Y. 

Purdue  University Lafayette,   Ind. 

Rensselaer  Polytechnic  Institute Troy,  N.  Y. 

State   University  of  Iowa Iowa,   la. 

State  University  of  Kentucky Lexington,  Ky. 

Stevens  Institute  of  Technology Hoboken,  N,  J, 

Syracuse  University Syracuse,   N,   Y. 

Throop  College  of  Technology Pasadena,   Cal. 

University  of  Arkansas Fayetteville,   Ark. 

University  of  California Berkeley,   Cal. 

University  of  Cincinnati Cincinnati,  Ohio 

University  of  Colorado Boulder,  Colo. 

University  of  Illinois Urlnina.  111. 


University  of  Kansas Lawrence,  Kan. 

University  of  Maine Orono,  Me. 

University  of  Michigan Ann  Arbor,  Mich. 

University  of  Minnesota Minneapolis,  Minn. 

University  of  Missouri Columbia,  Mo. 

University  of  Nebraska Lincoln,   Neb. 

University  of  Oklahoma Stillwater,  Okla. 

University  of  Pittsburgh Pittsburgh,  Pa. 

University  of  Washington Seattle.   Wash. 

University  of  Wisconsin Madison,  Wis. 

Virginia  Polytechnic  Institute Blacksburg,   Va. 

Washington  University St.   Louis,   Mo. 

Worcester  Polytechnic  Institute Worcester,  Mass. 

Yale  University New  Haven,  Conn, 

Institutions  in  which  the  entrance  requirements  are  equiva- 
lent to  those  established  by  the  Carnegie  Foundation  are 
eligible  for  Student  Branches.  Bodies  of  students  in  the  en- 
gineering departments  of  such  colleges  are  invited  to  apply  to 
the  Secretary  of  the  Society  for  information  regarding  the 
form  of  petition  to  the  CouneO  for  a  Student  Branch. 

The  Student  Branches  are  now  commencing  activities  for 
the  year,  and  accounts  of  their  first  meetings  appear  below. 

This  Month's  Reports 

BUCKNELL    UNIVERSITY 

Octoier  1.  The  season  opened  with  a  well-attended  business 
meeting,  and  was  followed  by  a  lecture  on  The  Standing  of  the 
Engineer,  by  Professor  F.  E.  Burpee,  Mem.Am.Soc.M.E. 

H.  R.  Pars, 

Branch   Secretary. 


UNIVERSITY    OF    NEBRASKA 

October  2.  Several  honorary  and  regular  members  were  elected 
at  the  first  meeting  of  the  Student  Branch  this  season. 

Dean  Stout  told  briefly  of  the  organization  of  The  Americ  n 
Society  of  Mechanical  Engineers  and  the  importance  of  Student 
Branches.  He  was  followed  by  Professor  Seaton,  who  told  of  his 
experience  when  a  student  in  connection  with  the  Society.  E.  C. 
Hurd,  a  consulting  engineer,  of  Lincoln,  Nebraska,  gave  a  short 
and  interesting  talk  on  The  Practical  Side  of  Engineering. 

R.  B.  Saxon, 

Branch  Secretary. 


RENSSELAER    POLYTECHNIC    INSTITUTE 

September  30.  The  first  meeting  of  the  Student  Branch  for  the 
season  took  the  form  of  a  smoker  and  gave  every  indication  that 
the  Branch  will  be  very  active  this  year. 

After  the  regular  business  an  illustrated  lecture  was  read  by 
Professor  Fairfield  on  the  Manufacture  of  the  S.  K.  F.  Ball  Bear- 
ings. The  slides  were  especially  good,  and  the  lecture  that  accom- 
panied them  proved  most  interesting  to  all  present.  Professors 
Greene,  Fairfield,  Anderson  and  DuPriest,  who  were  present,  took 
part  in  the  discussion  which  followed,  answering  many  questions. 

R.  A.  Marriott, 

Branch  Secretary. 


WORCESTER  POLYTECHNIC  INSTITUTE 

October  5.  Alfred  C.  Carhart,  Mem.Am.Soc.M.E.,  works  mana- 
ger of  the  Crosby  Steam  Gage  &  Valve  Co.,  gave  a  most  instructive 
and  interesting  talk  at  the  first  meeting  on  Opportunities  to  Young 
Engineers. 

The  speaker  emphasized  several  points  for  the  students'  consid- 
eration along  the  lines  of  real  efficiency,  management  of  men,  serv- 
ice to  mankind  and  finding  one's  real  place  in  the  engineering  world. 
Each  point  was  sent  home  by  a  pleasing  story,  as  well  as  serious 
comment  on  things  as  one  finds  them. 

It  is  seldom  that  the  students  have  listened  to  so  keen  a  thinker 
along  industrial-management  lines  who  could,  by  his  mingling  of 
the  serious  and  the  humorous,  better  drive  his  points  home  to  the 
mind  and  heart. 

H.  P.  Fairfield. 

Branch  Secretary. 


EMPLOYMENT  BULLETIN 

rHE  SECRETARY  considers  it  a  special  obligation  and  pleasant  duty  to  make  the  office  of  the 
Society  the  medium  for  assisting  members  to  secure  positions,  by  putting  them  in  touch  with 
special  opportunities  for  which  their  training  and  experience  qualify  them,  and  for  helping  any- 
one desiring  engineering  services.     The  Society   acts   only   as   a   clearing   house   in   these    matters. 


TN  loruarding  applications,  stamps  should  be  enclosed  for  trans- 
mittal to  advertisers;   applications  of  non-meinhers  shoidd  be 
accompanied  by  a  letter  of  reference  or  introduction  from  a  mem- 
ber, such  reference  letter  to  be  filed  with  the  Society. 

GOVERNMENT    POSITIONS 

The  Society  has  been  asked  to  ntahc  suggestions  of  men  for  the 
following  positions  with  the  Government.  Non-members  of  the 
Society  having  the  qualifications  may  avail  themselves  of  these 
notices  by  enclosing  with  their  reply  a  personal  introduction  to 
the  Secretary. 


FIFTY  ENGINEERS,  with  building  constructiou  or  superintendent's 
experience  for  immediate  wori^  in  France,  in  construction  d''partnient 
of  tile  Signal  Corps,  U.S.A.,  to  receive  the  rank  of  Fir.st  Lieutenant. 
Age  limit  21  to  40,  but  men  from  25  to  35  years  of  age  are  preferred. 
Technical-school  men  with  military  experience  desired.  Usual  army 
physical  examination  required.      2254. 


etc.,   but   organize   an   excellent   inspection   department, 
from  St.  Louis  vicinity.     2343. 


Prefi  r    man 


MECHANICAL  ENGINEER  of  proven  ability,  with  considerable 
experience  with  electric  auxiliary  machinery  and  bydraulic-ilei  trie 
machinery.  Man  of  very  highest  standing  is  desired.  Salary  not 
considered  commensurate  by  the  Government  to  qualifications  desired. 
It  is  hoped  rather  that  man  of  the  highest  standing  in  his  pmies- 
sion  will  volunteer  his  services  for  this  at  nominal  salary  in  spirit 
of  patriotic  contribution  to  success  of  the  War.  To  act  in  a  more 
or  less  consulting  capacity  in  mechanical  matters  affecting  ship  design. 
2359. 

SUPERINTENDENT,  with  drafting  experience  on  structural  steel. 
College  graduate  preferred.  Age  35.  To  serve  in  civilian  capacity. 
Salary  512000.     Location  near  New  York.     2361. 

DRAFTSMAN  on  building  construction  and  structural  steel,  to 
serve  in  civilian  capacity.  Salary  $1600.  Location  near  New  York. 
2362. 

PL.\NT  ENGINEER  on  per-diem  or  annual  basis  of  pay,  familiar 
with  layout  of  factories,  especially  along  lines  as  similar  as  possible 
to  armor-plant  work.     2363. 


P.VPER  MAKER,  familiar  with  the  operation  of  paper  machines, 
preferably  man  of  experience ;  not  prejudiced  against  man  past  middle 
life.     Salary  depends  upon  man.     Location  New  York.      2262. 

SIXTEEN  ENGINEERS,  to  have  charge  under  commanding  officer 
of  the  engineering  service  in  troop  cantonment  and  to  receive  com- 
missions as  Majors  in  Quartermaster  General's  Department.  Would 
be  called  upon  to  operate  and  maintain  all  electrical  and  mechanical 
equipment,  including  heat,  light,  power,  plumbing,  roads,  sewage  dis- 
posal and  water  service.     2272. 

ORGANIZING  ENGINEER  in  oil-well  machinery,  etc.,  to  handle 
routing  of  work  through   the  shops.     Location  Oklahoma.     22S0. 

SHOP  SUPERINTENDENTS,  ASSISTANTS  AND  FOREMEN  for 
arsenal  assignments.     Location  Massachusetts.     2290. 

ORDNANCE  INSPECTORS.  15  to  20  men,  technically  trained, 
with  ability  and  good  judgment.     2291. 

ENGINEERS  who  may  be  classified  as  secretarial  engineers  or 
business  managers.  Experienced  office  men  who  combine  engineering; 
education  with  intensive  office  experience.  Immediate  problems  have 
to  deal  with  an  increase  of  office  force  and  erection  and  equipment  of 
building  for  office  purposes.     2323. 

MECHANICAL  DRAFTSMAN.  Salary  about  .fluO.  Location  New 
York  office.     2325. ' 

HIGH-GRADE  MECHANICAL  ENGINEER  with  technical  educa- 
tion and  motor-transportation  experience  in  Quartermaster  Mechanical 
Repair  Shop,  for  technical  supervision  of  wagon,  harness,  clothing,  shoe 
and  tentage  repair  shops.  Suitable  men  will  be  commissioned  Captains. 
2329  A. 

GENERAL  PRODUCTION  SUPERINTENDENT  of  equally  high 
grade  for  same  shops.     2329  B. 

FOREMAN,    FIRST  AND   SECOND   LIEUTENANTS.     2329  C. 

SUPERINTENDENTS  for  new  artillery-munition  plant  operating 
for  (iovernment.  Experienced  men  to  be  commissioned  for  duration 
of  War.  Retained  in  civilian  capacity  after  the  War.  (A)  in  gen- 
eral charge  of  plant,  (B)in  charge  of  high  explosives,  (C)  in  charge 
of  shrapnel,  (D)  in  charge  of  manufacture  of  fuses  and  primers, 
(E)  in  charge  of  wood-working  plant  for  boxes  to  ship  and  pack  am- 
munition.    2336. 

ENGINEER  of  pronounced  ability  in  mechanical  lines  for  Govern- 
ment work.  He  must  be  able  to  build  machinery  of  accuracy  and 
precision,  not  only  superintend  the  construction  of  tlie  tools  and  jigs. 


CIVILIAN  POSITIONS 

TOOL  DESIGNER  who  is  resourceful  and  can  follow  work  through 
to  completion.  Technical  man  with  practical  shop  experience.  Loca- 
tion Connecticut.     185. 

S.\LES  ENGINEERS,  between  .25  and  30,  good  appearance,  grad- 
uates of  approved  engineering  college,  preferably  M.E. ;  would  be 
expected  to  undergo  period  of  probation  and  training  in  various  of- 
fices of  company  before  being  given  more  responsible  work.  Apply 
by  letter  in  own  handwriting.  State  age,  education,  previous  busi- 
ness training,  if  any,  salary  desired,  etc.     Location  New  York.     205. 

DRAFTSMEN  AND  DESIGNERS  experienced  on  valves  and  fittings. 
Good  future  with  large  concern.  State  experience  in  full,  salary 
expected  and  references.     Confidential.     Location  New  England.      1002. 

DRAFTSMAN  AND  ESTIMATORS  for  work  of  varied  character 
with  large  concern.  Offers  good  opportunity  for  advancement.  Loca- 
tion New  Jersey.      1104 

GR.VDUATE  MECHANICAL  ENGINEER  with  theoretical  knowledge 
of  centrifugal  machinery,  preferably  fans,  pumps  and  compressors, 
also  thoroughly  familiar  with  design  and  methods  of  testing.  Apply 
by  letter.     Location  New  York.      1140. 


MECH.\NICAL  DRAFTSMAN  on  automatic  machinery, 
to  ?25.     Location  New  Jersey.      1168. 


Salary  $20 


TECHNICAL  GRADUATE  for  drafting  and  engineering  department 
for  structural  work  and  machine  design.  Conveying-machinery  ex- 
perience will  be  of  advantage.  Splendid  future  to  right  man.  State 
fully  education,  experience,  age,  salary  expected,  etc.  Record  and 
applications  confidential.     Location  Missouri.      1185. 

SALESM.\N,  preferably  experienced  on  conveying  machinery. 
Splendid  opening  with  good  future  for  right  man.  Give  full  details 
of  experience,  age,  salary  expected,  etc.  Record  and  applications 
confidential.      Location  Missouri.      1186. 

FACTORY  EXECUTIVE,  technical  graduate,  30  to  35,  for  large 
textile-machinery  manufacturing  plant.  Knowledge  of  up-to-date  shop 
methods  essential,  also  successful  experience  in  handling  of  mechanics. 
.\pplicant  would  be  required  to  spend  from  one  to  two  years  in  shop 
to  become  familiar  with'  various  classes  of  work,  after  which  position 
of  assistant  superintendent  with  further  excellent  opi)ortunities  for 
promotion  will  be  open  to  him.  Salary  to  start  about  $2500.  Location 
Massachusetts.     1191. 

DESIGNER,  experienced  on  jigs  and  fixtures  for  miscellaneous 
machine-shop    production    work,    including    turbines,    reduction    gears. 
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guns    and    gun    carriages.      Attractive    offer    to    man    who    would    be 
capable  of  handling  this  class  of  work.     Location  Maryland.     2006. 

DRAFTSMAN  for  general  design  of  new  machinery  and  improve- 
ment of  existing  machinery  in  large  going  plant.  Position  leads  to 
industrial-management  work.  Give  full  particulars.  Location  Maine. 
2020. 


object ;  will  pay  up  to  $5000  for  right  man. 
Location  Massadiusetts.     2240. 


Immediate  employment. 


DESIGNERS,   thoroughly  experienced  in  turbines. 
?300.     Location  New  York.     2021. 


Salary  ?200  to 


DRAFTSMAN  for  concern  manufacturing  wire-rope  tramways  who 
would  develop  along  lines  of  overseeing,  erecting,  etc.  Salary  $25  to 
$30.     Location  New  York.     2032. 

DRAFTSMAN  familiar  with  water-wheel  equipment.  Technical 
graduate  preferred.  Unusual  future  in  central  Massachusetts  concern. 
2042. 

YOUNG  MECHANICAL  ENGINEER,  industrious  and  capable,  fami- 
liar with  fuel-economy  tests,  power  plant,  and  with  practical  experi- 
ence in  construction  and  testing  of  modern  Westinghouse  steam  tur- 
bines. Possibilities  for  advancement  to  right  man.  Location  New 
Jersey.     2055. 


DRAFTSMAN    on   a-c.    or    d-c.    motor    design. 
Location  New  Jersey.     2058. 


Salary    about    $40. 


DRAFTSMEN  on  mechanical-stoker  work,  men  familiar  with  boiler 
room  layouts,  building  and  construction  or  heavy  machine  design 
acceptable.  Sahiry  up  to  $30  to  start,  depending  upon  ability  and 
experience.      Permanent   position.      Location    Pennsylvania.     2069  A. 

DESIGNING  DRAFTSMEN  experienced  in  auxiliary  marine  ma- 
chinery, hoisting  engines,  and  hoisting-engine  design  in  connection 
with  this  class  of  machines.  Salary  up  to  $30.  Location  Pennsyl- 
vania.    2069  B. 

TECHNICAL  GRADUATE  as  instructor  in  mechanical  engineering, 
tracing,  machine  design,  gas  engines  and  machine  shops,  for  southern 
university.  Give  age,  education,  experience,  references  and  salary 
desired.     2098. 

ESTIMATOR  for  New  York  concern  engaged  as  engineers  and  con- 
tractors  for  power  plant,  ventilation,  steam  and  hot-water  heating. 
2103. 

TECHNICAL  GRADUATES.  Large  growing  paper-manufacturing 
corporation  offers  excellent  opportunity  for  interesting  and  effective 
work  to  two  young  technical  graduates  with  tact,  initiative,  ability 
and  common  sense.  Non-graduates  with  two  or  more  years'  manu- 
facturing experience  considered.  Desire  men  who  can  develop,  and 
have  vision  to  see  and  grasp  opportunity.  Fair  living  salary  offered 
to  start,  with  future  dependent  on  self.  Give  complete  information. 
Location  Canada.     2105. 

EXPERT  TOOL-  AND  FIXTURE-DESIGNING  DRAFTSMAN  for 
line  of  safety  valves,  steam  gages  and  similar  equipment.  Must  have 
sufficient  education  and  experience  to  take  charge  of  drafting  depart- 
ment within  reasonable  time.     Location  New  York.     2115. 

EMPLOYMENT  MANAGER  for  plant  employing  600  men  in  Pitts- 
burgh district.     Exceptional  opportunity  for  experienced  man.     2122. 

COMPETENT  YOUNG  ENGINEER,  with  good  education  and  pre- 
vious experience  with  large  concern  dealing  with  marine  and  power 
specialties.     Location  New  York.     2158. 

PHYSICISTS,  CHEMISTS,  ENGINEERS,  DESIGNERS  AND 
DRAFTSMEN,  for  work  of  research,  development,  and  design  related 
to  problems  of  telephonic,  telegraphic  and  radio  communication,  which 
are  matters  of  public  importance.  Opportunities  for  such  men  In 
both  temporary  and  permanent  positions,  -^pply  by  letter.  Location 
New  York.     21TS. 

PRODUCTION  MANAGER,  25  to  33,  technical  graduate  with  prac- 
tical experience.  Clean  cut,  aggressive  and  of  generous  build.  Work 
Involves  handling  500  men  to  600  men  assembling  1000  to  2000  radia- 
tors daily  of  12  to  20  different  kinds  and  keeping  production  moving. 
Design  of  tools  and  jigs  taken  care  of  separately,  and  position  in- 
volves straight  production  of  assembled  parts.  Salary  approximately 
$3000.     Location  New  York  State.     2233. 

MASTER  MECHANIC,  technically  educated,  experienced  in  main- 
tenance of  electrically  driven  mine  machinery,  air  compressors,  cen- 
trifugal pumps,  etc.  Two-year  contract.  State  salary  and  experi- 
ence.    Location  Peru,   elevation   15.000   ft.     2238. 

DESIGNERS  for  stationary  engines  of  1000  hp.  and  larger.  Must 
have    theoretical    as    well    as    long    designing    experience.      Salary    nn 


CHIEF  ENGINEER,  in  charge  of  designing  railroad  equipment  and 
supplies,  including  motor  cars,  hand,  push  and  velocipede  cars,  and 
locomotive  standpipes.  Technical  graduate  preferred.  Line  is  com- 
petitive, requiring  man  with  business  point  of  view.  Salary  secondary 
consideration  it  right  man  can  be  secured.  Location  Middle  West. 
2247. 

L.\BORATOIiY  ASSISTANT,  capable  of  making  simple  chemical 
tests  of  lubricants,  etc.,  and  investigations  into  qualities  of  steel,  etc. 
Location  Connecticut.     2256. 

MECHANICAL  DRAFTSMAN,  capable  of  cheeking  calculations. 
Location  Connecticut.     2257. 

YOUNG  MECHANICAL  ENGINEER  to  have  charge  of  returned- 
material  department.  Work  to  consist  of  inspecting  all  returned 
material  and  writing  up  reports  on  its  final  disposition.  Location 
Connecticut.      2258. 

S.\FETY  INSPECTORS  capable  of  inspecting  manufacturing  plants, 
contracting  risks,  apartment  houses,  hotels,  stores,  etc.,  and  elevators. 
Prefer  to  employ  men  who  have  had  previous  experience  in  this  kind 
of  work  with  other  insurance  companies,  state  rating  boards,  or  those 
who  have  held  positions  as  safety  Inspectors  in  large  plants ;  but  any 
bright  man  who  has  had  a  mechanical  training  and  is  willing  to  work 
is  in  line  for  a  position  of  this  kind.     2259. 

DRAFTSMEN  for  rolling-mill  work.  Technical  graduates  preferred. 
Steady  employment  and  chances  for  advancement.  Location  Penn- 
sylvania.    2265. 

METER-PRODUCTION  MAN,  preferably  mechanical  engineer  who 
understands  the  making  of  small  meters,  etc.  Considerable  experience 
in  this  line  and  ability  to  get  production  essentials.  Location  Long 
Island.  2267. 

FOREM.VN  in  machine  shop,  capable  of  handling  standard  ma- 
chines, lathes,  boring  mills,  drills,  etc..  for  conveying  machinery 
equipment.     Salary  $35  to  $40.     Location  New  York  State.     2275. 

SHOP  SUPERINTENDENT  for  factory  employing  5000  men  en- 
gaged in  producing  medium-caliber  projectiles  for  Government.  Pre- 
vious ammunition  experience  desired  but  not  essential.  Salary  de- 
pendent upon  ability.     Location  Pennsylvania.     2276. 

DESIGNER  of  elevators,  conveyors  and  mechanical  equipment  for 
industrial  buildings.     Location  Massachusetts.     22S3. 

MAN  OR  WOMAN,  preferably  with  technical  education,  for  en- 
gineering computation  department  and  the  answering  of  engineering 
correspondence.     Location  Massachusetts.     2284. 

YOUNG  ENGINEER,  experienced  in  general  plant-construction 
work.  Good  opportunities  for  advancement.  Prefer  man  exempt 
from  military  duty.     Location  Illinois.     2286. 

ASSISTANT  PROFESSOR  of  machine  design  and  superintendent 
of  shops,  to  teach  machine  design,  mechanical  and  electrical,  give 
lectures  on  shop  organization  and  manufacturing  processes  and  super- 
intend work  in  forge,  foundry,  wood-working  and  machinery  depart- 
ments.    Salary  $1400  for  college  year.     Location  New  England.     2287. 

MASTER  MECHANIC  for  large  southern  cotton  mill  controlled 
by  established  western  corporation  with  many  branches.  Policy  is 
to  build  up  such  a  man  from  an  M.E.  or  E.E.  technical  graduate 
with  two  or  three  years'  general  experience.  Married  man  preferred. 
Salary  to  start  $1800.     Liberal  opportunities  for  promotion.     2293. 

YOUNG  ELECTRICAL  ENGINEER  as  assistant  to  chief  in  re- 
search department.  Require  man  with  experience,  logical  tbinki*, 
and  resourceful  habits.  Salary  $20  to  $25  per  week.  Location  New 
Jersey.     2294. 

COAL-  AND  WATER-GAS  MANUFACTURING  SUPERINTENDEN'I . 
Large  and  progressive  organization  in  the  East  considering  extensions 
and  reorganization,  desires  to  get  into  communication  with  one  or  two 
vigorous,  experienced  executives,  having  technical  knowledge  of  coal 
gas  and  water  gas,  and  ability  to  keep  on  top  of  difficult  labor  c(pn- 
ditions.     2295. 

ASSISTANT  SUPERINTENDENT  OR  MASTER  MECHANIC.  Fine 
opening  for  ambitious,  progressive  man.  Salary  according  to  ahilii.v 
2296. 
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DESIGNING  SUPERINTENDENT  for  general  supervision  and  main- 
tenance worls  in  chemical  plant.  Young  man  to  grow  witli  organi- 
zation.     Salary   to  begin   $1800.     Location   New   York.     22119. 

MECHANICAL  DRAFTSMAN  experienced  in  working  up  design  of 
detail  parts,  and  some  experience  upon  general  design.  Good  oppor- 
tunity witb  recently  incorporated  firm  in  Philadelphia.  State  experi- 
ence, references,  age  and  salary  expected.     23U0. 

SUPERINTENDENT  tor  machine  shop  manufacturing  high-grade 
printing  machinery.  Must  he  good  executive  and  thoroughly  versed 
In  modern  methods  of  interchangeable  manufacture.  Give  age.  na- 
tionality and  complete  experience.  Salary  depends  upon  individual. 
Location  New  York  State.     2301. 

ASSISTANT  in  department  of  mechanical  engineering  of  large  uni- 
versity In  Middle  West  1917  M.E.  graduate.  To  help  in  grading 
class  exercises.     Salary  $850  to  $900.     2308. 

MAN  to  superintend  work  of  laboratory  in  school  of  military 
aeronautics;  also  man  to  operate  aeronautical  engines  under  tbeir 
own  power.  Salary  of  former  $175  to  $200  and  of  latter  $150  to 
$175.     Location  large  university  in  Middle  West.     2309. 

DESIGNING  DRAFTSMAN  for  chemical  apparatus  of  all  kinds. 
Location  New  York.     2311. 

ORIGINAL  DESIGNING  DRAFTSMAN,  capable  of  taking  Initiative 
in  the  design  of  high  tension  electrical-power  transmission  and  sub- 
station work  (32.000  v.).  Confine  statement  of  experience  to  this 
particular  line  and  be  specific.  State  age,  nationality,  married  or 
single.     $100.     Location  Canada.     2312  A. 

ORIGINAL  DESIGNING  DRAFTSMAN,  capable  of  taking  initiative 
in  design  of  metallurgical-mill  construction  and  equipment.  Confine 
statement  of  experience  to  this  particular  line  and  be  specific.  State 
age,  nationality,  married  or  single.  Salary  $190.  Location  Canada. 
2312  B. 

TECHNICAL  GRADUATES.  Opportunity  for  several  young  tech- 
nically trained  men,  preferably  with  some  practical  experience  in 
mechanical  or  electrical  engineering.  Give  age,  training  and  experi- 
ence.     Salary  $90  to  start.     Location  New  Y'ork.     2317. 

MECHANICAL  DRAB'TSMAN,  exempt  or  over  draft  age,  preferably 
about  35  to  37,  good  on  general  design  of  industrial-plant  machinery 
such  as  necessary  in  manufacture  of  ingredients  and  dyestuCEs.  Salary 
$150  to  $175.     Location  New  Jersey.     2319. 

ENGINEER  in  charge  of  maintenance  and  repairs,  capable  of 
handling  200  or  300  men  of  varying  mechanical  trades,  and  take 
charge  of  drafting  room.  To  work  directly  under  vice-president  and 
chief  mechanical  engineer.      Location   New  Jersey.     2320. 

YOUNG  MAN  with  practical  experience  in  shop  production ;  also 
some  knowledge  of  designing,  drawing,  etc.  Salary  $2000  to  start, 
increase  according  to  ability.     Location  New  York  State.     2322. 

MECHANICAL  AND  ELECTRICAL  DRAFTSMAN,  with  some  ex- 
perience in  power-house  design.  Salary  $100.  Location  Arkansas. 
2324. 

CONSULTING  ENGINEER  to  certify  to  plant  and  capacity  of 
small  snap  m.-vnufacturing  plant  in  Massachusetts.  Italian  origin 
preferred.     2326. 

YOUNG  MECHANICAL  OR  ELECTRICAL  ENGINEER  for  office 
of  power  plant.  Technical  graduate  preferred.  Salary  $100.  Loca 
tion  New  York.     2327. 

INSTRUMENT  MAKERS.  Must  be  American  citizens.  Desire  men 
capable  of  doing  bench  work  connected  with  the  assembly  of  exact 
mechanical  and  electrical  devices,  skilled  in  the  final  fitting  for  assem- 
bling, and  capable  of  reading  micrometers  and  blueprints.     2334. 

HIGH-GRADE  DESIGNER  experienced  in  distilling  apparatus,  die- 
products,  etc.     Location  New  York.      2337. 

ASSISTANT  PROFESSOR  of  experimental  engineering  wanted  by 
Pacific  Coast  engineering  school.  Must  have  h.nd  good  technical  train- 
ing in  laborator.v  work,  especially  along  steam,  gas  engine  and  hy- 
draulic linos,  also  practical  experience  preferal)ly  in  operation  and 
installing  of  power  m.ichinery.  Previous  teaching  experience  desir.tble 
but  not  required.  Salary  about  $1000,  depending  on  qualifications. 
Man  20  to  3ii  preferred.  Send  complete  data,  e.xperience  record,  per- 
gonal details,  recent  photo,  recommendations,  etc.,  in  first  letter,  aa 
position  must  be  filled  as  soon  as  possible.     2338. 


TECHNICAL  GRADUATE,  with  three  or  four  years'  practical  experi- 
ence in  eflicient  operation  of  boilers  and  stokers,  wanted  tor  position  of 
traveling  engineer.  Exceptional  opportunity  for  man  with  initiative 
and  ability  to  become  expert  combustion  and  steam  engineer.  Work 
requires  extensive  traveling  in  connection  with  investigation  of  power 
plants  throughout  the  country.     2340. 

DRAFTSMEN  on  Jigs  and  fixtures  in  connection  with  Government 
work.      Salary  $30  to  $40.     Location  Connecticut.      2341. 

EXPERIENCED  DRAFTSMAN,  for  power  plant  and  boiler  work. 
Salary  $125.     Location  New  York.     .2342. 

ENGINEER  AND  DRAFTSMAN.  High-grade  man  as  head  man,  or 
inexperienced  man  as  second  man.     Location  Oklahoma.     2344. 

RECENT  GRADUATES  in  mechanical  engineering  from  schools  of 
recognized  standing  desired  for  testing  work  in  large  steam-operated 
electric-power  plants.  Applicants  with  experience  in  testing  work  and 
now  located  in  and  around  New  York  City  will  be  given  preference. 
State  education,  experience  and  salary  desired.     2345. 

ENGINEER  familiar  with  abrasive  processes  as  engineering  sales 
manager  with  concern  manufacturing  metal  finishing  tools  and  equip- 
ment.    Location  New  York  State.     234G. 

GENERAL  SHOP  SUPERVISOR,  not  less  than  35,  who  would  be 
shop  representative  or  director  of  works.  Must  be  American  citizen, 
who  has  had  considerable  machine-shop  experience  on  parts  relating 
to  electrical-instrument  manufacture.  Should  be  broad-minded,  have 
executive  ability,  and  be  capable  of  intelligently  handling  minor  de- 
tails connected  with  shop  supervision.  Salary  about  $200.  Location 
New  York.     2350. 

EMPLOYMENT  SUPERVISOR,  not  less  than  33.  Must  have  broad 
shop  practice  and  training  to  ask  leading  and  pertinent  questions 
regarding  experience  applicants  have  had.  Should  be  good  judge  of 
human  nature  and  capable  of  handling  miscellaneous  complaints  and 
misunderstandings  in  shop.  Should  be  systematic ;  would  be  required 
to  supervise  employees'  records  and  application  files,  and  attend  to 
references  given  employees  on  leaving.  American.  Location  New 
York.     2331. 

FOREIGN  REPRESENTATIVES  for  iron,  steel  and  metals,  export 
engineering  and  contracting,  to  be  given  five  or  six  months'  training 
in  home  office  and  then  employed  on  staffs  of  the  various  local  firms 
representing  company  in  foreign  countries.  Representative  Americans 
wanted  ;  character,  honesty,  reliability,  loyalty  essential.  Prefer  single 
men  over  30.  Must  have  training  as  mechanical  engineers,  technical 
knowledge  of  steel ;  be  practical  salesmen,  with  commercial  sense  and 
considerable  commercial  experience.  Salary  $150  during  ti'aiuing 
period,  and  as  soon  as  definitely  accepted  as  foreign  representative 
small  commission  on  any  and  all  business  done  in  territory  to  whldi 
assigned.      2352. 

PURCHASING  ENGINEERS  for  machinery  in  the  engineering  de- 
partment of  export  firm.  Immediate  employment.  Training  in  ma- 
chine-shop practice,  internal-combustion  engines,  steam-power  plants, 
and  some  knowledge  of  electricity  as  well  as  of  export  business  desir- 
able but  not  essential.  Salary  to  start  $1800.  Location  New  York. 
2353. 

ASSISTANT  TO  F.\CTORY  MAN.\GER  in  small  rubber-goods  fac- 
tory. Young  mechanical  engineer,  two  or  three  years'  experience, 
who  can  undertake  the  design  and  operation  of  machinery  and  relieve 
factory  manager  of  routine  work.  Experience  in  rubber  business  not 
essential.     Location  New  York.     2360. 

ESTIMATOR,  young  college  graduate,  for  work  in  manufacturing 
and  jobbing  business.     Location  New  Jersey.     2364. 

SALES  ENGINEER.  Man  of  mature  judgment,  sales  ability  and 
some  mechanical  training,  capable  of  meeting  high  class  of  prospects, 
to  act  as  sales  representative  for  a  leading  automobile-parts  manu- 
facturer, with  headquarters  in  Detroit,  Michigan.  State  age,  ex- 
perience and  salary  expected.  2365. 

TWO  MECHANIC.VL  ENGINEERS  familiar  with  building  construc- 
tion, power-plant  design,  installation  of  machinery.  Location  New 
Jersey.     2366. 

EVAPOR.ATOR  EXPERT.  Engineer  experienced  on  design  and  sale 
of  evaporating  apparatus  for  large  concern  desirous  of  extending 
evaporating  business.  Letter  should  contain  detailed  information  as 
to  past  experience,  qualifications  and  salary  expected.  Location  New 
York  State.     2367. 
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CHIEF  DRAFTSMAN  with  executive  ability;  capable  designer, 
competent  to  supervise  ordering  of  materials  and  with  capacity  tor 
details.  Experience  in  general  machine  design,  structural  steel  and 
electrical  machinery.     Salary  $300.     Location  New  York.     2372. 

GENEIiAL  JI.\NAGER  tor  concern  in  the  Middle  West  employing 
250-300  operatives.  Product  is  light  hardware  in  pressed  sheet  brass, 
etc.  Press  and  automatic  screw  machine  work,  small  intricate  ma- 
chines with  dies  and  tools.  Should  be  experienced  in  locating  and 
buying  materials,  cost  accounting,  selling  and  factory  management  in 
metal  lines.  Prefer  man  who  has  a  desire  to  become  a  member  of  the 
firm  and  ability  to  interest  capital  in  expanding  the  business.     23S1. 


MEN   AVAILABLE 

CONSTRUCTION  SUPERINTENDENT.  Japanese,  age  42.  Four- 
teen years'  practical  experience  in  mechanical  and  electrical  installa- 
tion work  as  foreman,  inspector  of  railroad  cars  and  electrical  build- 
ing constructor.  At  present  employed  in  one  of  the  largest  traction 
companies  as  power-plant  and   sub-station  designer.     K-3G8. 

STE.\M  AND  COMBUSTION  ENGINEER.  Technical  graduate, 
age  34,  married.  Nine  years'  practical  experience  with  large  concerns, 
including  executive  experience  and  the  handling  of  men.  Desires 
change   of   location.      K-369. 

MECHANIC.\L  DRAFTSMAN,  age  25,  experienced  in  the  design, 
erection  and  operation  of  power  plants,  wishes  a  permanent  position 
with  a  power  company  or  consulting  engineer.  Not  less  than  $12.5 
per  month  to  start.  Position  in  New  York  City  or  on  Long  Island 
preferred.      At   present  employed.     K-370. 

CHIEF  DRAFTSMAN  OR  ASSISTANT  ENGINEER.  Associate- 
member,  age  26,  American-born  and  single,  desires  change  of  location. 
Now  chief  draftsman  of  a  staCE  of  twelve,  totaling  a  monthly  payroll 
of  over  $2000.  Specialty,  large  industrial  plants,  as  mining  and 
smelting,  covering  all  branches  of  engineering.  Salary  $250  a  month. 
K-371. 

SUPERINTENDENT  OR  M.iSTER  MECHANIC.  Associate-member, 
age  40.  Thoroughly  experienced  in  modern  factory  methods,  organi- 
zing, planning  and  supervising  the  manufacture  of  interchangeable 
products.  A-1  designer  of  tools,  dies,  fixtures  and  labor-saving  devices 
for  rapid  production.  Has  been  employed  for  a  number  of  years  in 
executive  capacities  as  toolroom  foreman,  master  mechanic  and  super- 
intendent. Lately  connected  with  munitions  manufacture  as  assistant 
general  superintendent  of  factory  employing  500  hands.  Immediately 
available.     K-372. 

MECHANICAL  ENGINEER.  Member,  age  37,  married,  with  six- 
teen years'  experience  in  design,  manufacture  and  operation  of  Diesel 
and  hot-bulb  engines  for  stationary  and  marine  work,  will  be  open 
for  engagement  January  next.  At  present  prominently  connected  in 
this  line.  Prepared  to  take  charge  of  and  follow  up  work  already 
started  or  to  design  and  develop  any  size  or  type  of  marine  or 
stationary   oil   engine.     K-373. 

MECHANICAL  ENGINEER,  age  40,  with  broad  experience  in  design, 
estimating,  sales,  and  executive  work.  Especially  qualified  for  power- 
plant  design  and  sales,  including  sugar  factories.  At  present  em- 
ployed as  manager  of  branch  office  of  machinery-export  company. 
Desires  position  of  responsibility  where  commercial  and  technical  sides 
ot  engineering  are  combined.  Speaks  Spanish.  Position  must  be 
permanent  and  offer  a  future.     K-374. 

W.4R-INDUSTRY  MANAGER.  Opportunity  for  active  work  on  war 
necessities,  such  as  ships,  guns  or  ammunition  desired  by  man  of  38, 
experienced  in  Corliss-engine  building,  heavy  machine  work,  and 
steam-power-plant  design  and  construction.  Has  held  machine-shop 
positions  from  apprentice  to  works  manager.  Organized  and  operated 
for  a  year  a  successful  shell  manufacturing  plant.  Rejected  for  active 
military  service  on  account  of  minor  physical  defect.  Present  position 
not  directly  useful  in  conduct  of  war.  No  position  not  directly  neces- 
sary to  United  States  at  war  will  be  considered.     K-375. 

CHIEF  ENGINEER  OR  MASTER  MECHANIC,  with  thorough 
technical  and  practical  experience,  covering  construction,  operation 
and  upkeep  of  steel  plant.  Specialty,  metallurgical  work,  heating  and 
melting  furnaces.     K-376. 

SAFETY  ENGINEER,  with  six  years'  thorough  technical  and  prac- 
tical experience  in  this  capacity  with  large  steel  works  in  Pennsyl- 
vania.    K-377. 

COMBUSTION  ENGINEER.  M.E.  graduate,  age  35.  with  consider- 
able sales  experience,  would  like  to  devote  part  time  to  the  sale  of 
high-grade  boiler-room  specialties  on  a  commission  basis,  in  and 
around  Cincinnati.     K-378. 


ROLLING-MILL  ENGINEER,  technical  graduate,  age  3G,  desires 
responsible  position.  Has  had  fourteen  years'  experience  in  entire 
charge  of  the  design  of  billet,  rod  and  strip  mills,  merchant  mills,  etc. ; 
also  complete  wire-mill  plants.     At  present  employed.     K-379. 

PRODUCTION  MANAGER  OR  SUPERINTENDENT,  member,  age 
35.  Present  connection,  17  years  with  large  metal-working  corpora- 
tion :  last  five  years  as  production  manager.  Experience  covers  de- 
tailed knowledge  of  metal  trades  and  manufacturing.  Versed  in  indus- 
trial engineering.  Location  immaterial.  Salary  to  start,  $4000. 
K-3S0. 

FOUNDRY  SUPERINTENDENT.  Member,  at  present  employed  In 
high-grade  plant,  desires  change.  Practical  molder,  coremakcr  and 
melter  of  gray  iron,  semi-steel  and  non-ferrous  metals.  Technical 
graduate  with  broad  experience  in  modern  shop  methods  and  various 
types  of  molding  machines.  Good  organizer.  Can  furnish  excellent 
references  from  present  and  past  employers.  'Nearly  seven  years  in 
present  position.      Must   be  open   shop.      K-381. 

GRADU.\TE  MECHANICAL  ENGINEER,  age  30,  born  in  Russia, 
and  speaking  Russian.  Five  years'  general  machine-shop  experience  ; 
two  years'  experience  in  the  manufacture  of  small  tools  and  instru- 
ments ;  one  year  in  the  automobile  business.  Wishes  to  connect  with 
concern  presently  doing  business  with  Russia,  or  contemplating  same 
after  the  war.     K-382. 

EXECUTI\T;  MECHANICAL  ENGINEER.  WORKS  ENGINEER, 
CONSTRUCTION  SUPERINTENDENT  OR  DRAFTING-KOOM 
DIRECTOR.  Associate-member,  American,  age  34,  married.  Eight 
years'  general  engineering  experience,  covering  complete  design,  con- 
struction and  maintenance  of  steam-electric  power  stations  and  other 
public-utility  properties.  Easily  adaptable  to  conditions ;  energetic 
and  ambitious.  Has  reached  limit  of  advancement  with  present  em- 
ployers. Prefers  to  connect  with  an  industrial  concern  in  a  position 
offering  possibilities.     Will  be  available  upon  two  w'eeks'  notice.     K-383. 

MECHANICAL  ENGINEER  OR  PLANT  ENGINEER.  M.I.T.  grad- 
uate, age  25,  desires  position  in  engineering  department  with  oppor- 
tunity for  advancement  and  greater  responsibility.  Two  and  a  half 
years  with  large  textile-finishing  concern,  in  charge  of  engineering 
department  and  drafting  office.  Experienced  in  general  mill  engineer- 
ing, plant  maintenance,  machine  design,  power  transmission,  building 
constructicm.  concrete,  factory  reorganization,  installation,  and  equip- 
ment. Can  design,  supervise,  organize  or  install  new  work.  At 
present   employed.      K-3S4. 

MECHANICAL  ENGINEER,  age  33,  with  eleven  years'  estimating, 
designing  and  shop  experience  on  boilers,  superheaters,  stokers  and 
oil  burners  :  also  with  heating,  ventilating  and  air  conditioning,  desires 
position  as  chief  draftsman  or  assistant  to  chief  engineer  or  manager 
of  progressive  concern,  where  conditions  allow  development  of  abilit.v. 
Location.  New  York  or  Brooklyn  preferred.     K-385. 

EXECUTIVE  MECHANICAL  ENGINEER.  Member,  age  41,  .Ameri- 
can, married.  Twenty  years'  practical  experience  as  designer,  chief 
engineer,  general  manager,  and  consulting  engineer.  Thoroughly  con- 
vrsant  with  all  details  of  shipbuilding,  medium-size  steel  and  wooden 
steamers :  machine  and  foundry  business,  manufacture  of  special 
machinery  and  tools  :  steam  engines,  boilers,  hoisting  machinery,  dredg- 
ing and  excavating  machinery,  marine  auxiliaries,  repairs,  estimating, 
cost  accounting,  purchasing,  management,  etc.  Desires  change,  pre- 
ferably with  new  company  on  war  contracts,  ships,  engines,  or  spe- 
cial machinery.     Only  permanent  executive  position  considered.     K-386. 

ASSISTANT  TO  EXECUTIVE.  Graduate  mechanical  engineer, 
trained  in  the  electrical  industry  and  accustomed  to  meeting  and 
handling  men,  desires  position  where  tact,  diplomacy  and  a  keen 
business  sense  arc  required.  At  present  employed  in  position  com- 
bining engineering  with  public  relations  and  commercial  activities. 
K-3S7. 

GRADUATE  ENGINEER  with  tw-elve  years'  manufacturing,  execu- 
tive, sales  and  business  management  experience.  Would  make  good 
assistant  to  executive  officer  or  business  manager.     K-3S8. 

MANUFACTURING  EXECUTIVE  for  interchangeable  parts.  Tech- 
nical graduate,  age  32,  married.  Nine  years'  experience — four  and 
a  half  years  in  last  position,  as  head  of  department  laying  out 
routing  cards,  ordering  and  specifying  tools  for  new-parts  manufac- 
turing: and  as  chief  inspector.     K-3.S9. 

EXECUTIVE  M.A.N.\GER.  Mechanical  engineer  of  marked  ability, 
with  proven  successful  record  and  complete  experience  necessary  to 
conduct  machine  tool,  precision  machinery  or  similar  business.  Has 
directed  organization  of  12,000  men  and  served  with  three  leading 
firms  in  their  respective  fields.  Now  employed  but  open  to  consider- 
ation for  further  oj)portunity.     K-390. 
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American  Institute  of  Electrical  Engineers 

A  MEETING  held  at  Philadelphia  on  October  8,  1917,  was 
devoted  to  the  subject  of  industrial  research. 

Prof.  A.  P.  Keuuedy  presented  a  paper  on  Industrial 
Research  and  the  Colleges,  in  -which  he  advocated  that  a 
proper  relationship  should  exist  in  the  industrial  field  between 
the  pure  science  college,  the  technical  college  and  the  industries 
themselves,  and  made  an  attempt  to  indicate  what  this  rela- 
tionship should  be. 

The  speaker  defined  industrial  research  as  scientific  investi- 
gation directed  economically  toward  improvements  in  pro- 
duction. 

In  the  non-technical  scientific  departments  of  the  colleges 
and  universities  are  included  such  fundamental  subjects  as 
mathematics,  physics  and  chemistry.  The  teaching  and  the 
learning,  the  latter  by  carrying  on  researches  in  the  above- 
named  sciences,  have  to  be  carried  on  interdependently  and 
perpetually.  It  is  probably  undesirable  that  the  pure-science 
departments  of  colleges  and  universities  should  continuously 
undertake  industrial  research,  because  there  is  so  much  other 
important  work  to  be  done  which  calls  exclusively  to  the 
province  of  these  departments.  In  physics,  chemistry,  mathe- 
matics there  is  a  limitless  field  of  undreamed-of  knowledge 
where  the  instructing  staffs  in  the  colleges  have  special  facil- 
ity for  advancement.  Barring  exceptional  conditions,  such  as 
those  due  to  the  present  world  war,  as  a  general  rule,  the  best 
contribution  of  these  departments  to  industry  is  by  restricting 
their  attention  to  pure  science. 

The  position  of  the  engineering  and  technical  schools  is 
somewhat  different.  Their  field  of  activity  is  intellectually 
narrower,  but,  on  the  other  hand,  they  come  into  closer  rela- 
tions with  the  needs  and  problems  of  the  industries.  There 
are  various  ways  in  which  technical  colleges  can  assist  in  in- 
dustrial research,  the  selection  of  which  depends  on  conditions 
of  each  individual  case. 

Younger  industries,  lacking  their  own  research  facilities, 
naturally  turn  to  the  technical  colleges  for  help.  This  is  a 
call  which  the  colleges  would  desire  to  meet  so  far  as  they 
can  do  so  without  disrupting  their  regular  work  of  teaching 
and  learning.  The  stumbling  block  in  the  way,  however,  is 
the  need  for  secrecy,  as  the  whole  atmosphere  of  any  healthy 
college  is  one  of  intellectual  freedom,  with  all  knowledge  placed 
at  the  academic  disposition  of  everybody  around. 

In  the  long  run,  it  seems  most  desirable  that  the  technical 
colleges  should  always  carry  on  general  researches  in  their 
laboratories  of  such  a  nature  as  may  advance  applied  science, 
stimulate  careful  observation  on  the  part  of  students,  con- 
tribute to  the  published  fund  of  available  technical  informa- 
tion and  supply  new  knowledge  to  the  teaching  staffs  and  train 
students  for  entering  industrial  research.  Simultaneously,  a 
limited  amount  of  industrial-research  work  may  also  be 
advantageously  carried  on  in  the  college  laboratories. 

An  ideal  international  system  would  be  one  in  which  the 
pure-science   colleges   should   lay   the   foundations   of   future 


industries  by  enlarging  and  disseminating  the  world's  knowl- 
edge of  the  basic  scientific  principles,  the  technical  colleges 
should  do  the  same  for  applied  science,  while  at  the  same 
time  taking  a  share  in  the  economic  applications  of  science  to 
industry.  The  industries  themselves  should  undertake  their 
own  researches  under  the  guidance  of  qualified  research  spe- 
cialists. Vocational  schools  would  train  industrial  foremen 
in  the  elements  of  the  same  principles  of  science,  art, 
technique,  economy,  thrift  and  hard  work,  as  applied  to  those 
particular  industries  in  which  each  nation  is,  by  its  peculiar 
circumstances,  specially  adapted  to  excel. 

This  paper  was  followed  by  an  address  by  C.  E.  Skinner 
on  industrial  research  and  its  relation  to  university  and  gov- 
ernmental research. 

The  author  divided  research  activities  into  three  principal 
classes :  university,  governmental  and  industrial. 

Of  greatest  interest  is  what  the  author  said  as  to  university 
research.  In  his  opinion,  the  principal  function  of  university 
research  should  be  to  train  research  men.  Men  with  the  broad- 
est and  best  training  possible  are  going  to  be  required  in  ever- 
increasing  numbers  for  every  possible  phase  of  the  work.  The 
fundamental  training  of  these  men  must  be  gotten  in  the  uni- 
versity, and  universities  should  be  equipped  to  tun:  out  re- 
search men  just  as  they  are  now  turning  out  men  with  aca-. 
demic  and  engineering  degrees. 

In  this  connection,  it  is  rather  a  sad  fact  that  the  university 
has  not  been  able  to  make  its  teaching  positions  move  attrac- 
tive by  providing  compensation  more  in  line  with  tliat  obtain- 
able in  other  fields.  While  writing  this  paper  the  author  re- 
ceived letters  of  inquiry  for  several  men  for  teaching  positions, 
with  specifications  which  could  be  met  only  by  men  of  consid- 
erable experience.  The  compensations  named  were  very  much 
less  than  those  which  men  with  the  same  qualifications  could 
command  in  other  lines. 

The  teaching  profession  is  said  to  have  many  compensations, 
such  as  short  hours  and  long  vacations,  but  the  average  salary 
is  certainly  not  one  of  these  special  attractions.  We  ha\-e 
splendid  endowments  for  buildings,  and  sometimes  for  equip- 
ment, but  practically  no  endowment  for  men  of  genius  who 
might  make  notable  progress  in  pure  research  and  at  the  same 
time  serve  as  teachers  and  examples  for  the  training  of  men 
for  the  whole  field.  If  it  takes  a  genius  to  recognize  a  genius 
yet  undeveloped  and  properly  stimulate  and  direct  him,  how 
necessary  it  is  that  we  place  men  of  genius  at  the  head  of  the 
research  departments  of  our  universities. 

Society  of  Automotive  Engineers 

AUTOMOTIVE  engineering  in  the  great  war  fonned  the 
subject  of  an  address  by  Geo.  G.  Dunham  before  a  recent 
meeting  of  this  society.  The  term  "  automotive,"  according 
to  the  speaker,  includes  the  motor-car,  aeronautic,  tractor, 
motor-cycle,  marine-  and  stationary-engine  fields;  in  fact, 
every  type  of  self-propelled  vehicle.  In  time  of  war  these 
problems  become  of  particular  importance,  and  that  is  why 
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the  automotive  engineer  must  enter  the  Government  service, 
as  many  have  already  done,  or  otherwise  discharge  patriotic 
duties  by  the  closest  cooperation  with  those  in  authority. 

It  is  evident  that  this  is  not  only  a  war  of  engineering  com- 
petition, but  that  the  internal-combustion  engine  is  one  of  the 
most  vital  elements  in  every  phase  of  its  conduct,  a  condition 
which  will  explain  the  reason  for  the  extraordinary  activities 
of  the  S.A.E. 

The  automotive  engineers  have  to  take  charge  of  the  prob- 
lems to  be  met  in  keeping  the  fleet  of  army  trucks  in  operation, 
problems  far  more  serious  than  those  encountered  in  normal 
peace  times.  Wretched  conditions  of  roads  and  excessive  loads 
make  the  necessity  of  repairs  and  renewal  of  parts  acute.  It 
has  been  stated  on  good  authority  that  frequently  two-thirds 
of  the  trucks  on  the  Western  front  are  out  of  commission 
awaiting  or  undergoing  repairo.  While  this  would  indicate 
the  imperative  necessity  of  standardization,  the  Allied  govern- 
ments have  not  yet  adopted  a  single  standard  motor-truck 
design.  The  American  government  has  already  done  so  and 
in  this  was  actively  helped  by  the  automotive  engineers. 

As  a  result,  the  Government  has  in  process  of  production  a 
truck  which  is  not  only  rugged  and  finished  as  a  design,  but  is 
capable  of  rapid  production  and  above  all  simple  and  easy 
repair,  the  parts  being  made  with  the  view  to  easy  renewal 
and  absolute  interchangeability.  There  is  also  a  smaller  num- 
ber of  parts  and,  in  many  cases,  the  same  parts  have  been 
used  in  both  of  the  two  sizes  thus  far  designed. 

These  trucks  were  designed  primarily  by  and  for  the  Quar- 
termaster's Department,  but  will  probably  be  largely  used  by 
other  departments  requiring  fairly  heavy  equipment.  On  the 
other  hand,  the  Signal  Corps  will  require  relatively  light  high- 
speed trucks  to  act  as  aeroplane  tenders.  These  trucks  will 
be  mounted  on  pneumatic  tires  and  be  capable  of  a  speed  of 
abount  50  miles  per  hour.  In  t!.u  Medical  Corps  a  somewhat 
similar  chassis  is  to  be  used  for  ambulances.  In  tiie  Ordnance 
Department  a  quite  different  set  of  conditions  must  be  faced. 
The  increase  in  scarcity  of  horses,  the  necessity  for  greater 
speed  and  greater  tractive  effort  have  made  it  necessary  for  the 
Ordnance  Department  to  undertake  extensive  motorization  of 
its  equipment.  Accordingly,  a  group  of  automotive  engineers, 
men,  for  the  most  part,  with  experience  in  the  design  of  trac- 
tors, are  now  working  on  this  problem.  In  addition  to  the 
tractors  used  by  the  Ordnance  Department  a  large  number  of 
4-wheel-drive  trucks  will  be  provided  for  the  handling  of  am- 
munition and  other  similar  purposes. 

There  is  another  branch  of  automotive  engineering  about 
which  much  less  has  been  written,  but  in  which  work  of  great 
importance  is  being  done — the  development  of  small  station- 
ary or  semi-portable  units  for  the  operation  of  wireless  sets, 
searchlights,  pumps,  isolated  electric  lighting  plants  and  ma- 
chinery in  portable  repair  shops. 

Perhaps,  a  si  ill  more  important  work  done  by  automotive 
engineers  is  concerned  with  the  development  and  production  of 
the  farm  tractor.  This  type  of  agricultural  machinery  is  play- 
ing a  tremendous  part  in  the  production  of  food,  which,  after 
all,  may  be  tlie  determining  factor  in  winning  tlie  war. 

The  speaker  also  discussed  in  some  detail  tlie  part  played  by 
automotive  engineers  in  the  development  of  standardization  of 
motor  cycles  and  aeroplane  engines. 

American  Foundrymen's  Association 

During  the  past  few  months  several  organizations  have 
chosen  Boston  as  the  meeting  place  for  their  convention,  and 
the  latest  of  these,  that  of  the  American  Foundrymen's  Asso- 


ciation, took  place  in  that  cit^  during  the  week  of  Septem- 
ber 24. 

Each  morning  during  that  week  was  given  over  to  business 
sessions  and  discussions  of  foundry  subjects  covering  gray 
cast  iron,  malleable  cast  iron,  and  steel;  while  the  afternoons 
were  devoted  to  pleasure  trips  and  sightseeing. 

During  the  week  the  exhibit  of  foundry  equipment,  sup- 
plies, etc.,  attracted  many  foundrsonen  to  Mechanics'  Budding, 
where  spaces  were  taken  up  by  about  160  different  exhibitors. 
The  exhibit  opened  on  Monday,  at  9.30  a.  m.,  with  a  simple 
but  patriotic  program  particularly  fitting  at  this  time,  and 
this  was  repeated  each  succeeding  day  of  the  convention  at 
the  same  hour  in  the  morning  and  at  2.30  in  the  afternoon. 
It  consisted  of  the  formal  raising  of  the  American,  British 
and  French  flags,  on  the  stage  in  Grand  Hall,  at  the  call  of 
the  bugle. 

This  exhibit  being  a  little  different  from  most  of  those  seen 
at  Mechanics'  Building,  in  that  the  materials  exhibited  were 
not  particularly  interesting  to  the  general  public,  was,  never- 
theless, an  extremely  interesting  and  instructive  one  to  the 
foundryman,  and  it  was  estimated  that  thousands  of  dollars 
in  contracts  were  placed  during  that  week. 

In  the  different  exhibits,  the  condition  of  the  times  seemed 
to  be  taken  into  account,  in  that  the  efforts  of  the  exhibitors 
were  along  the  lines  of  maximum  speed  and  quantity  with  less 
labor  and  materials. 

The  labor  question  being  as  it  is  at  the  present  time,  it  is 
very  evident  that  every  effort  should  be  made  toward  getting 
out  work  with  as  few  men  as  possible,  at  the  same  time  keep- 
ing the  quality  and  output  at  the  highest  point. 

This  was  seen  in  the  various  types  of  molding  machines 
exhibited  where  hand  ramming  was  done  away  with  and  all 
the  movements  controlled  by  the  turning  of  valves. 

The  show  taken  as  a  whole  was  a  very  attractive  one,  and 
several  exhibits  were  especially  artistic.  One  in  particular 
received  a  considerable  amount  of  attention :  that  of  the  New 
England  Coal  and  Coke  Company.  It  consisted  of  a  repro- 
duction of  Bunker  Hill  monument  built  up  of  coke  by  that 
concern.  The  monument  itself  reached  nearly  to  the  ceiling  of 
Grand  HaU  and  was  surrounded  at  the  base  by  four  large 
statues  of  typical  Puritans. 

The  exhibit  was  indeed  an  attractive  one,  and  drew  the  at- 
tention of  over  two  thousand  visitors  from  different  parts  of 
the  country. 

F.  H.  Cole. 

National  Welding  Council 

On  Tuesday,  September  25,  at  a  meeting  held  at  the  Engi- 
neering Societies  Building,  New  York  City,  representatives  of 
the  various  societies  and  manufacturers  interested  in  welding 
organized  what  is  to  be  known  as  the  National  Welding  Coun- 
cil. This  council  is  intended  to  be  somewhat  of  a  permanent 
organization,  at  least  until  this  work  shall  have  been  com- 
pleted. Its  object  is  to  thoroughly  investigate  autogenous 
welding  both  as  to  theory  and  practice,  particularly  as  ap- 
plied to  pressure  vessels,  utilizing  the  knowledge  and  data  at 
present  available,  and  going  into  further  research  work  if  it 
is  found  necessary,  and  all  of  this  with  a  view  of  ultimately 
formulating  a  code  which  shall  be  used  to  regulate  the  practice 
of  welding  after  the  manner  of  the  present  Boiler  Code. 

Meetings  are  to  be  held  monthly,  the  third  Wednesday  being 
the  day  now  set,  and  the  outlook  now  seems  to  be  very  good 
for  definite  results. 

F.  L.  Fairbanks. 


U.   S.   BUREAU  OF  STANDARDS 


THE  following  abstracts,  with  the  exception  of  the  last 
one,  have  been  composed  from  material  courteously  sup- 
plied to  The  Journal,  in  response  to  its  request,  by  the  Di- 
rector of  the  Bureau  of  Standards. 

The  last  abstract,  describing  a  feature  of  the  activities  of 
the  Bureau  most  intimately  connected  with  the  present  war, 
was  taken  from  The  Auto7nohile  and  Automotive  Industries. 

Particular  attention  is  here  called  to  the  intensely  practical 
nature  of  the  subjects  investigated  by  the  Bureau  of  Stand- 
ards. To  cite  but  one  instance:  properties  of  glue.  Hitherto 
there  were  but  few  concerns  which  used  glue  on  a  large  scale 
in  high-grade  products,  and  which  had  more  ov  k>ss  adequate 
means  of  testing  this  capricious  material.  Not  e  /en  all  glue 
factories  could  tell,  and  prove,  what  kind  of  proihiet  they  were 
making. 

The  growing  application  of  glue,  especially  for  aeroplane 
propellers,  necessitates  a  clearer  understanding  of  the  behavior 
and  properties  of  this  material,  and  the  investigation  by  the 
Bureau  of  Standards  is  therefore  a  timely  one.  That  it  will 
cover  the  subject  in  a  scientific  as  well  as  exhaustive  manner 
will  not  be  questioned  by  any  one  who  is  at  all  familiar  with 
the  usual  type  of  work  by  our  national  laboratory. 

Sole-Leather  Testing  Machine 

The  Bureau  of  Standards  is  using  its  new  type  of  leather- 
testing  machine  in  investigating  the  durability  of  the  shoes 
of  postmen  in  the  District  of  Columbia.  About  20  different 
brands  of  sole  leather  are  represented.  The  relative  behavior 
of  these  leathers  in  service  will  be  compared  with  the  results 
of  the  laboratory  tests,  as  a  basis  for  developing  a  standard 
method  of  testing  sole  leather. 

The  Properties  op  Glue 

The  Bureau  is  conducting  an  investigation  to  correlate  the 
physical  and  chemical  properties  of  glues,  with  a  view  to  the 
formulation  of  rational  standards  of  quality. 

Optical-Glass  Production 

The  Bureau  of  Standards  has  produced  on  a  manufacturing 
scale  all  kinds  of  optical  glass  required  for  military  purposes. 
The  Bureau  is  now  cooperating  with  the  manufacturers  of 
glass  in  the  actual  production  of  optical  glass  in  the  quantities 
and  kinds  required.  One  critical  problem  solved  was  the  pro- 
duction of  suitable  pots  in  which  to  melt  the  glass.  The 
Bureau  was  obliged  to  make  pots  for  this  purpose  which  would 
not  discolor  the  glass  and  which  would  not  be  eaten  through 
during  the  melt.  As  yet  the  pots  commercially  available  are 
unsuited  to  the  purpose. 

Graphite  Crucibles 

The  production  of  graphite  crucibles  has  been  perfected. 
Eighteen  mixtures  were  made  which  showed  satisfactory 
service  tests. 

Researches  on  Metals 

Progress  is  being  made  in  the  metallographic  and  chemical 
survey  of  ingots  and  blooms,  much  of  the  work  being  done  on 


night  shifts.  The  investigation  of  the  effect  of  casting  and 
molding  methods  upon  the  strength  of  test  bars  for  copper 
is  being  continued.  Many  castings  have  been  made  for  in- 
vestigational purposes.  Experimental  heat  treatment  of  the 
steel  rings  used  for  ball-bearing  races  was  made  as  a  basis 
for  the  magnetic  tests  for  mechanical  properties. 

Testing  op  Columns  Under  Fire  and  Load  Conditions 

In  the  comprehensive  program  for  testing  the  fire-resistive 
properties  of  materials,  the  Bureau  has  just  tested  three  col- 
umns of  gravel  concrete  under  conditions  of  load  and  fire 
and  three  of  limestone-concrete  columns  under  load  without 
fire.  The  gravel  concrete  columns  showed  failure  in  the  outer 
shell  early  in  the  test.  This  is  attributed  to  the  expansion  of 
the  outer  shell  or  layer  of  concrete.  The  limestone  columns 
thus  far  tested  show  no  such  tendency,  the  heat  penetrations 
being  correspondingly  less. 

Electrical  CoNDUcmviTy  of  Porcelain 

About  one  hundred  determinations  of  electrical  conductivity 
of  porcelain  have  been  made  up  to  temperatures  of  1000 
deg. 

Military  Research 

The  Bureau  is  engaged  on  researches  and  investigations 
having  direct  military  application,  and  involving  physics, 
chemistry,  and  engineering.  These  researches  are,  for  the  most 
part,  confidential.  A  very  interesting  line  of  work  of  this 
kind  has  to  do  with  the  system  of  standardizing  gages  for 
munitions  plants  and  arsenals. 

Apparatus  for  Studying  Stresses  in  Eabrics 

Special  apparatus  has  been  prepared  in  the  Bureau  of 
Standards  for  studying  the  distribution  of  stresses  in  fabrics 
when  subjected  to  a  uniformly  distributed  pressure.  The  pur- 
pose is  to  aid  in  the  economical  design  of  certain  structural 
fabrics  and  to  obtain  a  clearer  understanding  of  the  control 
of  the  variables  in  textile  manufacturing.  The  testing  ap- 
paratus for  textile  research  is  placed  in  a  room  in  which  the 
humidity  is  maintained  at  a  standard  constant  value  by  means 
of  humidifying  apparatus  and  control  designed  and  con- 
structed at  the  Bureau. 

Liberty  Motor  Testing  Plant 

Description  of  the  aeroplane-motor-testing  plant  at  the 
Bureau  of  Standards  grounds,  in  which  is  a  vacuum  chamber 
for  the  testing  of  aeroplane  engines  at  atmospheric  conditions 
ranging  from  that  found  at  sea  level  to  that  found  at  an  alti- 
tude of  20,000  or  more  feet.  In  this  chamber  tlie  engine  can 
be  started  at  sea  level  and  "  fly  "  as  high  as  need  be  for  observa- 
tion purposes,  and  it  can  "  land  "  as  quickly  or  as  slowly  as 
desired. 

The  chamber  is  6  by  6V^  by  15  ft.,  with  walls  12  in.  thick, 
made  of  concrete  and  reinforced  with  steel,  and  not  only  is 
the  reduction  of  pressure  arranged  for,  but  provision  made 
to  care  for  the  exhaust  of  the  engine.  Provision  also  has  been 
made  for  the  heat  produced  by  the  engine  which,  in  the  open 
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upper  sky,  would  be  dissipated.  There  is  a  mounting  similar 
to  that  for  an  aeroplane,  and  the  air  left  in  the  chamber  is 
kept  in  rapid  r^otion  when  tests  are  on. 

One  end  of  the  chamber  has  big  refrigerating  coils,  filled 
with  ammonia,  and  five  big  fans  provide  the  circulation. 
Openings  in  the  side  were  made  necessary  for  passage  Uirough 
them  of  water,  ammonia,  thermometers,  pressure,  gages,  and 
other  devices.  A  shaft  runs  through  a  stuffing  bos  to  the 
outside  to  connect  with  an  electric  dynamometer,  to  observe  the 
power  up  to  450  hp.  The  compartment  is  lined  with  cork, 
and  the  air  that  supplies  the  chamber  must  be  brought  in  at 
a  temperature  to  correspond  with  0  deg.  fahr.,  which  aviators 
find  20,00.0,.ft.  above  the  ground. 

Surrounding  the  chamber  is  a  stucco  structure,  24  by  50  ft., 
containing  the  ammonia  refrigerating  plant,  an  exhaust 
blower  with  a  capacity  of  1500  cu.  ft.  per  min.,  weighing 
devices,  measuring  arrangements  for  estimating  water  and 
heat,  including  the  heat  which  escapes  in  the  water,  the  heat 
which  escapes  in  exhaust  gages,  and  also  the  heat  that  leaves 
the  engine  in  the  circulating  air  around  it;  also,  for  gaging 
the  temperatures  of  air  and  water,  for  indicating  the  pressure 
of  the  air  in  the  vacuum  chamber,  the  volume  of  air  used  to 
supply  the  engine,  the  power  and  speed  generated,  and 
various  other  factors. 

Doors  leading  into  the  chamber  weigh  500  lb.  each,  -and 
they  are  made  so  the  covering  will  fall  off  in  case  of  an  ex- 
plosion, that  the  chamber  may  not  be  wrecked.  For  observ- 
ing the  test,  port  holes,  covered  with  glass  an  inch  thick,  are 
provided.  (The  Automobile  and  Automotive  Industries,  vol. 
37,  no.  14,  October  4,  1917,  d) 

Eye  Accidents  in  the  Industries 

The  outbreak  of  the  European  war  brought  such  a  shock 
to  labor  conditions  that  a  period  of  unemploj-ment  followed. 
By  the  end  of  the  first  year,  however,  the  equilibrium  was 
again  established,  and  with  the  decrease  of  workers  in  Europe 
came  the  demand  for  greater  manufacturing  in  the  United 
States  than  ever  before.  As  a  result  of  the  necessity,  for 
increased  output,  the  demand  for  labor  became  so  great  that 
workers  unacquainted  with  industrial  hazards  entered  muni- 
tion and  other  factories.  That  the  Committee  might  know 
exactly  how  these  new  difficulties  were  being  met,  the  national 
organization  undertook  an  intensive  study  of  factory  condi- 
tions in  Buffalo,  New  York.  The  work  of  investigation  is 
now  completed,  and  it  is  expected  that  a  full  report  wOl  ap- 
pear in  1917.  (Eighth  Annual  Report  of  the  New  York  State 
Committee  for  the  Prevention  of  Blindness,  Nov.  1,  1915  to 
Nov.  1,  1916) 


How  to  Aid  Workers  Hurt  in  War 

Every  country  that  has  sent  men  to  the  front  must  face 
the  possibility  of  having  some  returned  crippled  and  disabled. 
What  to  do  with  these  men  and  how  to  do  it  will  be  the 
gigantic  problems  that  must  be  faced,  and  our  ability  to  solve 
them  successfully  will  depend  to  a  great  extent  upon  the 
amount  of  previous  planning  and  preparation.  It  is  not  a 
pleasant  subject  for  thought;  one  would  readily  shut  his  eyes 
to  it  until  we  find  ourselves  with  our  quota  of  crippled 
workers,  for  whom  there  seem  little  means  of  providing  a 
livelihood. 

Almost  a  thousand  members  of  the  National  Association  of 
Manufacturers,  representing  great  industries  in  every  section' 
of  the  coimtry,  have  sent  written  expressions  of  their  desire 


to  participate  in  a  practical  way  in  the  economic  rehabilitation 
of  men  injured  in  the  war. 

That  disabled  soldiers  and  sailors  have  an  inalienable  right 
to  maintain  their  positions  in  their  communities  with  self- 
respect  and  independence  is  unquestioned,  and  any  suggestion 
that  the  situation  be  handled  through  charitable  organizations 
shows  a  shocking  disregard  of  the  rights  and  feelings  of  those 
who  iave  made  supreme  sacrifices  for  their  country ;  to  force 
them  to  become  public  charges  is  obviously  as  unfair  to  them 
as  it  is  to  the  community. 

The  consensus  of  opinion  among  manufacturers  so  far  ques- 
tioned seems  to  be  that  the  fairest  way  of  helping  wounded 
men  is  by  helping  them  to  help  themselves,  and  they  unani- 
mously pledge  their  cooperation. 

So  far  as  the  employment  of  disabled  men  is  concerned,  a 
safe  generalization  is  that  occupations  needing  strength  and 
endurance  rather  than  skill  are  for  the  most  part  closed  to 
such  workers.  The  various  lines  of  the  iron  and  steel  industry 
come  under  this  category,  and  as  a  Pennsylvania  iron  and 
steel  company  writes :  "  Our  operations  would  afford  a  poor 
place  for  the  employment  of  men  crippled  in  the  present  war, 
as  the  work  is  dangerous,  and  unless  a  man  is  able  to  take  care 
of  himself,  he  is  at  a  serious  disadvantage."  (Journal  of 
Commerce,  September  18,  1917,  p.  5) 

River  Barges  Moved  by  Artificial  Wave 

With  the  Ohio  River  at  summer  stage,  thousands  of  tons 
of  coal  were  brought  to  Cincinnati  harbor  from  the  upper 
river  districts  recently  on  the  crest  of  an  artificial  "  flood 
wave."  The  experiment  was  made  under  the  direction  of 
Colonel  Beach  of  the  United  States  engineers  of  that  district. 

By  allowing  the  pool  waters  in  tributary  streams  to  be 
released,  through  lowering  the  dams.  Colonel  Beach  created 
an  unnatural  "  wave,"  which,  entering  the  Ohio,  gave  a  stage 
high  enough  to  float  down  the  loaded  barges.  The  opening 
of  the  dams  was  carefully  timed,  and  as  each  new  supply  of 
water  swept  into  the  parent  river,  the  stage  was  maintained 
and  the  barges  reached  Cincinnati  safely. 

So  successful  was  the  trial  that  a  conference  of  coal  ship- 
pers was  called  at  once  at  Marietta,  Ohio,  and  arrangements 
were  made  to  use  the  "  artificial  flood  "  at  regular  intervals 
during  the  low  river  stages.  Colonel  Beach  explains  that  this 
new  method  wiU  release  thousands  of  coal  cars  and  help  to 
no  small  degree  in  lessening  the  demands  on  the  railroads. 
(Christian  Science  Monitor,  September  11,  1917,  p.  5) 

Possible  Use  for  Waste  Timber 

By  using  timber  heretofore  used  only  for  firewood  and  con- 
sidered worthless  for  any  other  purpose,  a  new  industry  is 
being  started  in  Mississippi,  and  its  rapid  growth  gives  prom- 
ise of  its  attaining  considerable  magnitude  and  influence  in 
the  state. 

Refuse  wood  is  being  cut  into  blocks  2%  ft.  long  and  from 
six  inches  to  more  than  two  feet  in  width  and  thickness. 
White  oak  and  hiekoi^y  blocks  are  then  shipped  to  factories 
for  making  wagon  and  buggy  spokes,  while  red-oak  and  water- 
oak  blocks  go  to  furniture  factories  to  make  small  articles 
of  furniture. 

Several  cars  already  shipped  North  have  found  ready 
markets,  and  this,  with  the  fact  that  the  waste,  wood  supply 
is  unlimited  in  this  section  of  the  state,  has  made  investors 
believe  that  the  industry  will  be  a  permanent  one.  (Christian 
Science  Monitor,  September  11,  1917,  p.  7) 
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Research  Progress  in  Britain 

The  report  of  the  Advisory  Council  of  the  Privy  Council 
Committee  on  Scientific  and  Industrial  Research  for  1916-17 
has  recently  been  published.  The  report  is  prefaced  by  a  re- 
port of  the  Privy  Council  Committee,  in  which  is  a  recom- 
mendation that  the  sum  of  £1,0U0,000,  handed  over  by  the  gov- 
ernment to  the  imperial  trust  for  the  encouragement  of 
scientific  and  industrial  research,  should  be  spent  in  the  form 
of  grants  in  aid  to  firms  in  an  industry  undertaking  research, 
and  who  may  combine  to  conduct  such  research  on  a  coopera- 
tive basis. 

The  report  of  the  Advisoi-y  Council  is  divided  into  two 
parts.  Part  I  describes  the  steps  taken  to  deal  with  the 
problem  of  industrial  research  where  practicable  on  the 
cooperative  basis,  and  by  the  department  itself  where  inde- 
pendent state  action  is  required.  Substantial  progress,  the 
report  states,  has  been  made  towards  establishing  a  national 
research  association  in  connection  with  the  great  staple  indus- 
try in  cotton,  and  a  scheme  of  procedure  has  been  worked  out 
in  considerable  detail.  Woolen  and  worsted  manufacturers  in 
Great  Britain  are  following  suit,  and  a  provisional  committee 
has  been  appointed  to  draft  the  constitution  for  a  research 
association.  Irish  flax  spinners  and  weavers,  it  is  stated,  have 
also  decided  to  take  the  same  step. 

"  There  are  also  a  number  of  industries,"  the  report  con- 
tinues, "  which  are  so  circumstanced  that  their  firms  are  un- 
able to  combine  in  this  way.  In  some  cases  the  leading  firms 
fully  realize  the  value  of  science  and  of  combined  attack,  but 
they  cannot  as  yet  carry  the  industry  with  them.  For  ex- 
ample, the  papermakers  are  urging  the  council  to  establish  a 
state  laboratory,  to  the  initial  and  maintenance  cost  of  which 
they  are  anxious  to  contribute. 

"  The  Council  note  that  there  are  important  fields  which 
research  associations  cannot  expect  to  cover,  one  of  these  being 
research  into  fuel.  Here  they  consider  it  simpler  and  more 
just  that  all  should  contribute  through  the  taxes  to  the  cost 
of  the  research.  A  fuel-research  board  has,  therefore,  been 
formed  by  the  Council.  This  board  has  presented  its  first  re- 
port, in  which  are  outlined  its  proposals  for  taking  stock  of 
the  coal  resources  of  each  district  and  for  classifying,  accord- 
ing to  their  qualities,  the  seams  which  are  being  worked  or 
which  might,  in  certain  circumstances,  be  worked,  and  ascer- 
taining broadly  the  industrial  uses  to  which  the  different  kinds 
of  coal  are  being  put."  (Christian  Science  Monitor,  October 
5,  1917,  p.  3) 


Six-Hour  Day  for  British  Labor 

That  the  study  of  labor  conditions,  as  developed  by  the  war, 
had  demonstrated  the  advisability  of  a  six-hour  working  day 
was  the  statement  of  Lord  Leverhulme,  president  of  the  Welsh 
National  Eisteddfod,  made  in  an  address  at  the  annual  meet- 
ing of  that  body.  Lord  Leverhulme  is  chairman  of  Lever 
Bros.,  Ltd.,  the  soap  manufacturers.  In  his  address  he  also 
discussed  the  financial  conditions  growing  out  of  the  war.  In 
part,  he  said : 

"  We  have  learned  much  the  last  three  years  on  the  subject 
of  fatigue,  overwork,  and  excessively  long  working  hours. 
We  have  proved  conclusively  that  prolonged  hours  of  toil, 
with  resulting  excessive  fatigue,  produce  after  a  certain  point 
actually  reduced  results  in  quantity,  quality,  and  value  than 
can  be  produced  in  fewer  hours  when  there  is  an  entire  ab- 
sence of  overstrain  or  fatigue.  Fortunately,  however,  this 
logical  effect  of  overlong  hours  of  continuous  work  does  not 


apply,  except  to  a  very  limited  extent,  in  the  case  of  machin- 
ery and  mechanical  utilities. 

"  Therefore,  we  shall  require  an  enormous  increased  output 
of  goods  to  replenish  stocks  that  have  been  allowed  to  run 
down  Ijoth  for  our  home  and  expo;t  trade,  and  as  we  have  the 
machinery  available,  and  which  hitherto  in  most  industries  has 
only  been  run  48  hours  per  week,  a  solution  of  this  one  of 
our  difficulties  can  be  best  and  most  readily  found  by  working 
our  machinery  for  more  hours  and  our  men  and  women  for 
fewer  hours.  We  must  have  a  six-hour  working  day  for  men 
and  women,  and  by  means  of  six-hour  shifts  for  men  and 
women  we  must  work  our  machinery  12,  18,  or  24  hours  per 
day. 

"  In  considering  the  six-hour  working  day  and  its  advan- 
tages for  increased  output  with  lessened  overstrain  and  avoid- 
ance of  overfatigue,  we  must  not  overlook  the  great  assistance 
it  will  be  in  solving  the  problem  of  education.  Our  men  and 
women  working  in  factories  and  mines  and  allied  occupations, 
including  clerical  work — in  fact,  any  form  of  work  that  is 
from  its  very  nature  mechanical,  arduous,  or  monotonous — 
have  been  employed  during  such  hours  each  day  that  from 
mere  lack  of  time  and  opportunity  they  can  never  receive 
proper  education,  and  are  consequently  undereducated.  If  to 
these  conditions  of  hours  occupied  in  daUy  labor  you  also  take 
into  consideration,  as  unhappily  must  often  be  the  case,  to 
arrive  at  its  true  bearings  on  the  problem  of  education,  that 
our  workers  are  often  also  underfed,  underhoused  and  over- 
crowded in  insanity  kill- joy  homes,  how  can  we  wonder  at 
what  is  called  '  labor  unrest '  ?  "  (Journal  of  Commerce,  Oc- 
tober 2,  1917,  p.  5) 

A  German  Appreciation  of  Enemy  Aircraft 

A  number  of  French  and  British  aeroplanes  which  have 
fallen  into  German  hands  have  been  exhibited  at  the 
Berlin  Zoological  Gardens.  The  exhibition  contained  31  ma- 
chines, most  of  them  complete,  but  a  few  with  the  motors  re- 
moved. Of  these  15  were  British,  15  French,  and  one  Russian. 
There  were  also  exhibited  a  number  of  engines,  some  more  or 
less  damaged.     Three  of  the  machines  were  hydroaeroplanes. 

Nine  of  the  machines  were  single-seaters  and  22  double. 
Five  were  monoplanes  and  26  biplanes.  Nine  had  stationary 
motors  and  13  revolving  ones,  while  two  had  two  motors  each. 
In  seven  machines  the  engine  was  behind  the  pilot,  and  in  22 
in  front,  while  in  two  it  was  at  the  side.  Among  the  makers 
represented  were  the  Franco-British  Aviation  Company  (1 
machine);  Deperdussin  (1);  Nieuport  (5);  Morane-Saulnier 
(3);  Farmau  Bros.  (1);  Caudron  (2);  Voisin  (1);  Bleriot 
(1) ;  Ferner  Vickers  (2)  ;  Martinsyde  (1) ;  Sopwith  (1) ;  and 
Avro  (1),  with  six  of  the  British  Experimental  Co.  and  four 
of  the  Fighting  Experimental  Co. 

The  general  comment  made  on  these  machines  in  an  article 
in  the  Zeitschrift  des  Vereines  deutscher  Ingenieure  is  that 
they  are  not  nearly  so  well  finished  as  the  German  machines, 
nor  so  comfortable  for  the  pilot,  and  the  arrangement  of  the 
levers  and  instruments  is  criticized  as  unpractical.  It  is 
admitted  that  the  short  life  of  the  machines  may  be  a  justifi- 
cation for  not  spending  too  much  time  on  their  finish;  on  the 
other  hand,  it  is  argued  that  the  pennission  for  poor  finish 
may  be  an  inducement  to  pay  insufficient  attention  to  the 
vital  parts  of  the  machine.  Surprise  is  expressed  that  the 
Allies  are  still  building  machines  with  the  engine  behind  the 
jnlot,  although  the  utility  of  such  machines  is  admitted  as 
giving  a  free  field  for  vision  for  navigation  as  well  as  for  the 
use  of  the  machine  gun. 
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The  machines  are  divided  by  the  enemy  critics  as  being 
built  on  two  different  principles.  In  one  class  it  is  said  that 
lightness  is  aimed  at  with  the  sacrifice  of  non-resistance  to 
the  air,  and  it  is  remarked  that  if  such  machines  are  to  be 
serviceable  they  must  have  a  comparatively  small  jjressui-e  on 
the  planes— that  is,  they  must  have  a  great  plane  area  for  a 
given  weight.  They  are  considered  to  have  powerful  engines 
in  proportion  to  their  weight,  but  as  the  engine  power  is 
practically  only  of  importance  in  its  relation  to  the  load  to  be 
carried,  the  machines  are  none  the  less  regarded  as  eflflcient. 
Into  this  category  are  put  the  machines  of  Voisin,  Farman, 
Caudron,  Fighting  Experimental,  and  Vickers,*all  with  motors 
behind  or  with  two  motors.  In  the  other  class  the  principal 
endeavor  is  said  to  have  been  to  reduce  the  air  resistance  to  the 
minimum  possible;  the  machines  are  therefore  heavier,  but 
permit  of  a  greater  load  per  square  foot  of  plane  surface. 

The  Voisin  machine,  with  its  tangle  of  wire  stays,  is  picked 
out  as  the  extreme  of  the  first  type,  and  as  a  contrast  the 
British  Experimental  is  named  as  the  best  representative  of 
the  second  type.  In  the  latter  machine  the  air  resistance  has 
been  reduced  to  a  minimum,  the  body  of  the  machine  being  so 
narrow  that  openings  have  to  be  cut  into  the  side  to  give  the 
pilot  elbow  room.  It  is  also  mentioned  that  even  the  wire 
stays  are  of  a  lentil-shaped  cross-section  to  reduce  the  resist- 
ance to  the  air.  Other  criticism  and  comparison  are  withheld, 
except  for  the  remark  that  for  German  machines  the  second 
type  has  always  been  followed.  Similar  requirements  are 
believed  to  be  fulfilled  by  the  first  class,  but  the  means  by 
which  they  are  arrived  at  are  criticized  as  primitive. 

In  conclusion,  it  is  pointed  out  that  the  exliibition  must  in 
no  wise  be  considered  as  representing  the  present  state  of  the 
art  of  building  aircraft  among  the  Allies,  the  latest  machines 
not  being  exhibited.  {Times  Engineering,  Supplement, 
August  31,  1917.) 

Chemistry  and  Finance 

At  a  meeting  of  the  New  York  section  of  the  American 
Chemical  Society  on  September  28,  1917,  the  subject  of 
Chemistry  and  Finance  was  taken  up,  with  particular  refer- 
ence to  the  true  relation  of  banking  to  chemistry.  The  subject 
is  an  interesting  one  and  suggestive  of  the  connection  between 
engineering  developments  and  finance.  It  is  well  known  how 
in  Germany  the  close  cooi)eration  between  the  engineer,  in 
particular,  the  inventor,  and  the  banker,  has  helped  the 
progress  of  industi-y  in  that  country. 

The  two  addresses  made  at  the  meeting,  one  by  Dr.  A.  D. 
Little,  Mem. Am.Soc.M.E.,  of  Boston,  Mass.,  representing  the 
chemist's  side  of  the  question,  and  the  other,  by  Mr.  G.  A. 
O'ReUly  of  the  Irving  National  Bank  of  New  York,  showing 
the  banker's  point  of  view,  comprehensively  presented  the 
situation  as  it  is  in  this  country. 

The  basic  idea  in  Dr.  Little's  address  was  that  the  time  has 
come  for  chemists  and  bankers  to  find  a  common  language  and 
establish  a  mutual  understanding.  Some  bankers  are  finding 
it  worth  while  to  study  Spanish,  because  it  leads  them  into  a 
new  financial  world.  It  is  in  the  power  of  chemistry  to  open 
up  a  new  universe  of  finance. 

The  speaker  pointed  out,  however,  that  the  chemist  has  not 
learned  the  proper  formula  for  presentation  of  his  projects, 
especially  large  ones,  to  bankers.  In  the  case  of  a  chemical 
plant,  especially  where  new  processes  are  involved,  a  generous 
allowance  must  be  made  for  unforeseen  expenditures. 
Chemical  investments  in  their  various  stages  are  undoubtedly 
speculative,  and  often  highly  so  in  character. 


The  banker's  viewpoint  was  expressed  by  G.  A.  O'Reilly, 
who  stated  that  the  point  of  contact  of  the  theories  of 
banking  and  the  practice  of  chemistry  is  a  subject  which,  it  is 
feared,  has  not  claimed  the  attention  of  banking  circles  in  the 
past  to  the  extent  to  which  its  merits  would  appear  to  entitle 
it.  However,  these  are  not  normal  conditions  in  the  least, 
and  questions  are  handled  in  a  way  different  from  that  of 
pre-war  days. 

The  true  relation  of  banking  to  chemistry  is  to  found  only 
in  the  very  simple  and  easily  understood  theory  of  practical 
business.  The  situation  is  not  difficult  unless  we  are  unrea- 
sonably disposed  to  make  it  so. 

For  a  complete  text  of  both  addresses  the  reader  is  referred 
to  Metallurgical  and  Chemical  Engineering  for  October  15, 
1917. 


This  Month's  Abstracts 

An  interesting  discussion  on  the  fatigue  of  brasses,  espe- 
cially under  alternating  stresses,  is  presented  in  an  abstract 
of  a  paper  by  Dr.  R.  Archer  Haigh  before  the  Institute  of 
Metals.  One  of  the  interesting  conclusions  to  which  the 
author  comes  is  that  the  nature  of  elongation  produced  in 
copper  is  the  same,  no  matter  whether  produced  by  a  pulsating 
or  steady  stress.  It  also  appears  that  the  value  of  the  ratio 
between  the  limiting  maximum  stress  for  1,000,000  cycles  and 
the  ultimate  tensile  stress  of  the  metal  is  highest  for  those 
metals  which  show  considerable  reduction  of  area  at  fracture 
in  the  tensile  strength  test. 

In  the  section  Fuel  are  presented,  in  the  form  of  a  table, 
some  of.  the  data  of  tests  of  a  powdered-coal-fuel  installation 
for  steam  generation  on  a  AVestern  railroad,  showing  that  it 
is  fully  possible  to  bum  powdered  fuel  commerciaUy. 

Fred  B.  Seely,  in  a  Bulletin  of  the  Engineering  Experiment 
Station  of  the  University  of  Illinois,  presents  data  of  a  very 
interesting  investigation  on  the  effect  of  mouthpieces  on  the 
flow  of  water  through  a  submerged  short  pipe. 

That  a  short  stroke  is  conducive  to  an  increased  life  of  a 
die  is  the  claim  made  by  E.  F.  Creager,  who  supports  it  by 
data  of  his  particular  experience.  He  also  gives  some  valuable 
pointers  on  the  design  of  presses  and  describes  the  little- 
known  devices  for  oiling  the  steel  strip  before  punching. 

In  the  section  Mechanics  attention  is  called  to  the  abstract 
of  an  article  by  W.  M.  Wallace  on  the  critical  speeds  of 
loaded  shafts,  in  which  is  discussed  the  case  of  a  shaft  carrying 
two  sjTnmetrically  disposed  similar  cast-iron  disk  loads. 

From  data  given  out  by  the  Society  of  Automotive  Engi- 
neers are  reproduced  a  brief  description  and  illustration  of 
the  United  States  military  truck,  commonly  known  as  the 
Liberty  truck.  The  history  of  this  engineering  aeiiievement 
was  fully  told  in  the  daily  press.  Data  contained  in  the 
present  abstract  will  give  an  idea  of  the  simplicity  and 
expediency  of  the  general  features  of  its  design. 

In  the  section  Pumps  are  given  two  abstracts  dealing  with 
air  pumps.  We  have  reference  to  tests  carried  out  at  the 
Carnegie  Institute  of  Technology  on  a  small  Roots  pump, 
with  the  view  of  determining  the  quantity  of  air  which  such  a 
pump  can  handle.  The  second  article  gives  some  data  of  tests 
of  a  Breguet  condenser  pump  previously  described  in  the 
Engineering  Survey. 

The  stresses  in  digester  shells  have  been  investigated  by 
H.  0.  Keay,  Mem. Am.Soc.M.E.  These  stresses  are  of  interest 
because,  in  the  case  of  a  digester  in  addition  to  the  pure  steam 
stresses,  the  effect  of  the  heavy  masonry  present  has  also  to 
be  considered. 
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Engineering  Materials 

Structure  of  Cast  Iron  in  Metal  Molds,  Edwin  F.  Cone 

A  discussion  of  the  structure  of  cast  iron  in  metal  molds 
as  compared  with  that  in  sand  molds. 

That  there  must  be  a  decided  difference  between  the  micro- 
structure  of  cast  iron  cast  in  sand  molds  and  cast  in  a  metal 
mold,  especially  a  rapidly  revolving  one,  is  evident.  This 
matter  becomes  of  particular  importance  as  it  has  been  demon- 
strated that  it  is  possible  to  make  cast-iron  pipe  in  rapidly 
revolving  molds. 

Metal-mold  pipe  is  manufactured  by  pouring  hot  metal 
into  a  rapidly  revolving  mold  and  removing  the  casting  as 
soon  as  it  has  become  solid.  Under  these  conditions  the 
crystal  formation  proceeds  in  .a  different  manner  from  that 
in  sand-cast  pipe  where  the  crystals  are  given  time  to  de- 
velop slowly. 

An  examination  of  samples  of  the  two  types  of  pipe  have 
shown  that  in  the  case  of  the  chilled  pipe  the  sample  does 
not  represent  the  chill,  but  only  the  average  of  nearly  the 
entire  metal  section.  Comparing  the  machine-cast  with  the 
sand-cast  pipe  samples,  it  is  noticeable  that  the  combined  car- 
bon is  less,  due  to  the  amount  of  pearlite  present  caused  by 
the  conditions  of  cooling. 

A  comparison  of  the  photomicrographs  of  the  two  types 
of  metal  given  in  the  original  article  tends  to  indicate  the 
superiority  of  machine-cast  metal  from  the  point  of  view  of 
crystalline  structure.  The  crystals  are  smaller  and  more  closely 
knitted  together,  while  the  graphite  is  in  smaller  flakes  and 
not  in  long  plates.  {The  Iron  Age,  vol.  100,  no.  12,  Septem- 
ber 20,  1917,  pp.  656-658,  18  figs.,  ec) 

Experiments  on  the  Fatigue  of  Brasses,  Dr.  R. 
Archer  Haigh 

Description  of  an  extensive  series  of  experiments  the  pur- 
pose of  which  was  to  ascertain  the  effects  of  annealing,  using 
stresses  alternating  between  equal  intensities  of  direct  pull  and 
push;  to  ascertain  the  relation  between  the  limiting  range  of 
stress  required  to  produce  fatigue  and  tlie  ratio  between  the 
maximum  and  minimum  stresses;  to  study  tlie  pliennmena  of 
elongation  under  stresses  greater  than  the  fatigue  limit  but  less 
than  the  ultimate  tensile  strength  of  tlie  material;  and, 
finally,  to  study  the  influence  upon  the  endurance  of  the  metal 
under  the  alternating  stresses  of  eon'osive  reagents  in  contact 
■with  the  metal. 

The  paper  describes  the  method  of  testing  and  the  machine 


used.  The  brasses  used  in  these  experiments  were  obtained 
from  commercial  supplies  and  not  specially  manufactured  for 
the  purpose. 

The  data  are  given  in  the  form  of  tables  and  curves.  The 
most  interesting  part  of  the  investigation  refers  to  the 
alternating-stress  tests. 

It  was  found  that  under  alternating  stresses  varying  between 


Fig.  1    Diagram  of  Stresses  in  a  Specimen  Tested  in  an 
Alternating  Stress-Testing  Machine 

equal  intensities  of  pull  and  push  with  a  frequency  of  2000 
per  min.,  the  behavior  of  these  brasses  was  very  similar  to 
that  of  mild  steel  tested  in  the  same  manner.  The  limiting 
fatigue  stresses  were,  however,  somewhat  lower  and  the  results, 
in  general,  somewhat  more  consistent  between  different  speci- 
mens of  the  same  sample;  likewise,  the  fractures  were,  as  a 
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rule,  somewhat  more  regular  in  profile.  One  of  the  interesting 
features  observed  in  considerLng  the  microstrueture  of  brasses 
was  that  the  cracks  produced  in  brasses  of  sound  structure 
showed  the  "  branches "  that  are  commonly  observed  in  mild 
steel.  Further,  it  was  found  that  under  test  conditions  the 
growth  of  the  crack  was  exceedingly  rapid.  That  this  is  not 
so  in  practice  may  be  due  to  the  variability  of  the  stresses  at 
work. 

Among  other  things  it  has  been  found  that  there  is  no  direct 
proportionality  between  the  limiting  fatigue  and  the  primary 
elastic  range  in  tension  and  compression.  On  the  whole,  the 
most  regular  ratio  of  comparison  appears  to  be  the  ratio  be- 
tween the  limiting  fatigue  stress  and  the  ultimate  strength  of 
the  metal.  Further,  the  use  of  this  ratio  has  the  advantage 
of  conveying  useful  information  without  implying  the  ex- 
istence of  any  definite  physical  relation  between  the  two 
quantities. 

The  experiments  are  claimed  to  illustrate,  although  they 
cannot  prove,  a  simple  working  rule  which  seems  to  have  few 
exceptions,  namely,  that  the  value  of  the  ratio  between  the 
limiting  maximum  stress  for  1,000,000  cycles  and  the  ultimate 
tensile  strength  of  the  metal  is  highest  for  those  metals  which 
show  considerable  reduction  of  area  at  fracture  in  the  tensile- 
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Fig.  3    Ductile  Elongation  of  Brass  Wire  Under  Alter- 
nating Stresses 

strength  test.  It  is  not  intended  to  imply,  however,  that  a 
physical  connection  exists  between  the  two,  except  in  so  far 
as  both  may  be  dependent  on  the  same  characteristics  of  the 
micro-  and  submicro-structure. 

A  series  of  tests  was  made  to  ascertain  the  relation  between 
the  limiting  fatigue  range  and  the  ratio  between  the  unequal 
maximum  intensities  of  direct  pull  and  push.  The  curves 
obtained,  as,  for  example,  in  Fig.  2,  were  found  to  be 
asymptotic  to  values  which  may  be  regarded  as  nearly  equal 
to  the  fatigue  limits  below  which  fatigue  would  not  occur 
after  an  infinite  number  of  repetitions  of  stress.  In  Fig.  2 
the  abscissas  give  the  mean  stress,  and  the  ordinates  for  graph 
R  the  limiting  fatigue  ranges,  and  for  graphs  M  and  M'  the 
maximum  intensities  of  pull  and  push.  It  appears  that  plotted 
in  this  manner  the  stresses  obey  the  linear  law  which  may  be 
expressed  as 

R  =  R^  —  kS 
M  OT  M'  =  (S  ±  Vi  R)  =  S  ±  1/2  (B„—  k  S) 

The  graphs  M  and  M'  represent  here  the  limiting  conditions 
of  stress  above  which  fatigue  occurs  by  the  production  of  a 
brittle  fracture,  but  when  the  range  of  stress  is  greater  than 
that  represented  and  is  combined  with  considerable  steady 
pull  or  push,  failure  may  also  occur  by  the  gradual  elongation 
or  compression  of  specimen.  The  same  material  was  tested 
under  pulsating  stresses  with  frequencies  of  5700  cycles  and 


3600  cycles  per  min.  Here  again  the  yield  point  was  observed 
to  be  somewhat  indefinite,  but  above  the  yield  point  elonga- 
tion was  produced  at  definite  stresses  lying  within  limits  of 
measurement. 

In  Fig.  3  the  maximum  and  minimum  intensities  M  and  M' 
are  plotted  on  the  base  of  elongation  used  for  the  tensile  tests, 
Fig.  1.  Comparing  the  curves,  it  seems  at  fii'st  sight  that  the 
change  in  frequency  has  produced  considerable  effect,  but  the 
difference  between  the  maxima  for  the  two  frequencies  may  be 
attributed  to  the  differences  betwen  the  two  minima  employed. 
By  varying  the  minimum  while  the  test  was  in  progress,  it  was 
found  that  any  given  increment  to  M'  required  a  correspond- 
ing but  similar  increment  to  M  to  produce  elongation.  Care- 
ful measurements  showed  that  increment  to  M  was  from  one- 
half  to  one-third  of  that  to  M'.  Assuming  either  of  these 
values,  one  may  deduce  from  M  and  J/'  the  value  of  an 
"  equivalent "  pulsating  stress  which  with  zero  as  the  mini- 
mum of  its  cycle  would  produce  the  same  elongation.  The 
approximate  locus  of  this  "  equivalent "  pulsating  stress  is 
represented  in  the  diagram  by  the  curve  P,  somewhat  below 
M.  The  ordinates  of  P  are  nearly  alike  for  tests  with  the 
different  frequencies  and  are  approximately  two-thirds  of 
those  of  the  curves  representing  the  tensile  tests. 

Similar  tests  have  been  carried  out  on  soft  copper  wire. 
It  was  found  that  although  the  yield  point  under  pulsating 
stress  is  nearly  equal  to  that  under  steady  tension,  further 
elongation  is  produced  with  considerably  less  increase  of  load 
than  in  an  ordinary  tensile  test;  also  that  the  ultimate  elonga- 
tion produced  in  copper  is  considerably  greater  under  pulsat- 
ing stress  (46  per  cent)  than  under  steady  stress  on  the  same 
material  (34  per  cent). 

Further  experiments  have  shown  that  the  nature  of  the 
elongations  is  the  same  no  matter  whether  produced  by  a 
pulsating  or  steady  stress.  Another  interesting  fact  which 
has  been  brought  out  by  the  tests  is  that  although  some  500,000 
cycles  of  stress  were  imposed  on  individual  specimens  in  the 
course  of  the  elongation  tests,  no  examples  of  brittle  fatigue 
were  found,  except  in  rare  instances  at  the  end  attachments. 
It  may  be  inferred  that  if  the  range  of  stress  is  less  than 
the  maximum  tension  (80  to  90  per  cent)  the  fatigue  limit 
lies  above  the  yield  point  for  pulsating  stress.  In  practice 
the  actual  range  at  particular  points  in  a  complex  structure 
may,  however,  be  greater  than  the  mean  range  is  generally 
estimated,  so  that  fatigue  may  occur  although  the  estimated 
range  is  well  below  the  maximum  tension. 

An  interesting  series  of  tests  was  carried  out  for  the  pur- 
pose of  ascertaining  whether  fatigue  was  accelerated  by  the 
presence  of  different  corrosive  fluids  in  contact  with  the 
metal  during  the  test.  On  the  whole,  it  was  found  that  no 
appreciable  acceleration  of  fatigue  had  been  produced  by 
any  of  the  corrosive  reagents  employed.  On  the  other  hand, 
it  is  believed  that  fatigue  may  vary  readily  in  parts  that  have 
suffered  appreciable  corrosion  prior  to  the  application  of  the 
stresses  that  effect  the  failure.  The  phenomena  occuiTing  in 
specimens  tested  under  alternating  stresses  may  differ,  how- 
ever, from  those  of  normal  corrosion,  in  that  they  occur  only 
locally  and  with  much  greater  rapidity.  Chemical  action  is 
certainly  accelerated  by  strain  in  the  crystals  even  below  the 
elastic  limit ;  and  the  elongation  of  stress  facilitates  the  for- 
mation of  crevices  and  progressive  corrosion  throughout  the 
mass.  It  appears  also  that  the  atmosphere  as  well  as  fluid 
reagents  may  act  chemically  upon  the  metal.  (Paper  read 
before  the  Institute  of  Metals,  September  19,  1917,  abstracted 
from  a  reprint  in  The  Engineer,  vol.  104,  no.  2699,  September 
21,  1917,  pp.  315-319,  23  figs.  eA) 
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Pulverized   Fuel   in   a   Power  Plant   on    the    Missouri, 

Kansas   &   Texas   Railway,   R.   H.    Collins   and 

Joseph  Harrington,  Mem.Am.Soc.M.E. 

Description  of  a  plant  burning  pulverized  coal  under  boilers 
and  of  tests  thereon,  the  latter  including  data  on  the  method 
used  in  weighing  coal  wliieh  are  of  interest. 

The  data  of  the  tests  are  given  in  the  form  of  tables.  Of 
particular  interest  is  the  heat  balance.  The  boilers  were  found 
to  be  quite  effleient  under  the  conditions  of  the  test,  and  the 
furnace  and  grate  extremely  so  (Table  1),  no  loss  being 
sho-wi  as  due  to  combustible  in  the  ash.  The  ashpit  in  this 
case  had  a  sloping  bottom  and  was  visible  throughout  its 
extent  from  the  door  in  the  basement.  The  ash  mostly  fused 
and  ran  down  the  bottom  in  molten  streams.  Practically  no 
dust  in  the  ashpit  was  encountered,  while  under  the  ordinary 
operating  conditions  in  this  plant  with  the  same  fuel  and 
operating  at  times  at  low  ratings  there  is  produced  a  mixture 
of  fine  sandy-looking  ash  and  melted  slag. 

TABLE    1         DATA     OF     TESTS     OF     A     POWDERED-COAL-FUEL 
INSTALLATION  FOR  STEAM  GENERATION  ON  THE  M.  K.  &  T.  RR, 

Furnace   .iNo   Grate   Losses 


Per 

cent 


B.  t.  u. 


Per 

cent 


B.t.  u. 


Per 
cent 


Heat  Io83  due  to  combustible  in  ash . 
Heat  absorbed  by  excess  air  up   to 

temp,  steam 

Heat  loss  due  to  production  of  CO 

Heat  available  for  boiler 

Furnace  and  grate  efiiciencj- 


0 

0.00 

0 

0  00 

0 

50 

0  57 

100 

0  83 

67 

75 

0,86 

44 

0,37 

0 

7707 

87,0.' 
98  4C 

10821 

89,68 
98.69 

11548 

0,00 

0.53 

0,00 

91.75 

99,44 


Boiler   Losses 


Heat  loss  due  to  theo.  gas,  moist,  and 

H.  above  temp,  steam 

Heat  loss  due  to  air  leakage  through 

setting 

Heat  loss  due  to  radiation  and  xinac- 

countcd  for 

Boiler  efficiency 

Combined  efficiency 

Ratio:     Comb.  effy.  to  highest  theo. 

efficiency 


465 

120 

2049 


5  25 

1.36 

24  27 
65.82 
57.32 

64.80 


438 

29 

3362 


3  64 

0.24 

27.89 
64.61 
58.00 

63 .  90 


675 

52 

2056 


5.36 

0.41 

16.33 
75.90 
69.64 

75.49 


During  the  tests  there  was  a  light  gray  haze  apparent  at  the 
top  of  the  slag.  A  sample  of  tliis  dust  was  obtained  from 
the  breeching.  Analysis  showed  that  there  was  2  per  cent  of 
combustible  matter  in  the  fine  dust,  which  showed  that  the 
loss  in  this  item  was  exceedingly  small. 

Another  matter  worthy  of  attention  is  the  item  of  heat  ab- 
sorbed by  excess  air.  The  C'0„  content  in  the  flue  gases  could 
without  the  slightest  difficulty  be  carried  up  to  16  per  cent, 
readings  frequently  going  to  17  per  cent  and  but  -few  read- 
ings being  less  than  15  per  cent.  It  was  found  that  the  CO  loss 
was  in  direct  proportion  to  the  length  of  the  flame,  which  indi- 
cates some  relation  between  the  proportion  of  volatile  matter 
in  the  fuel  and  the  CO  loss. 

The  furnace  conditions  in  this  ease  were  as  nearly  ideal  as 
one  could  imagine.  The  unaccounted-for  loss  in  this  test  is 
also  the  least  and  the  furnace  efficiency  the  greatest. 

The  question  of  control  of  the  furnace  temperature  and 
consequent  fusing  of  the  brick  walls  has  been  hitherto  a 
mooted  point  in   connection   with   the  burning  of  powdered 


coal  under  steam  boilers.  In  this  instance  careful  measure- 
ments checked  in  several  ways  have  shown  that  the  tempera- 
ture of  the  furnace  was  between  2300  and  2400  deg.  fahr., 
under  which  conditions  brickwork  may  be  maintained  in- 
definitely, and  which  is  above  the  fusing  point  of  the  ash 
from  a  great  many  coals.  Actually,  there  was  no  apparent 
fusing  of  the  brickwork,  which  might  occur  if  the  ash  had 
a  fluxing  effect  thereon.  The  furnace  has  been  in  constant 
service  for  nine  or  ten  months  and  the  interior  seems  to  be 
in  perfectly  good  shape. 

On  the  whole,  the  writer  believes  that  these  tests  give  prom- 
ise of  a  future  for  powdered  coal  in  steam  generation  which 
is  indeed  bright.  It  is  possible  to  burn  in  this  way  qualities 
of  coal  which  are  not  ordinarily  classed  as  of  commercial 
value.  Moreover,  it  is  entirely  possible  to  provide  space  ade- 
quate for  the  complete  combustion  of  fuel  in  this  form  and 
control  the  temperature  of  the  furnace  properly.  {General 
Electric  Beview,  vol.  20,  no.  10,  October  1917,  pp.  768-777, 
3  flgs.,  de) 

Hydraulics 

The    Effect    of   Mouthpieces    on    the    Flow    of    Water 
Through  a  Submerged  Short  Pipe,  Fred  B.  Seely 

Data  of  experiments  on  the  flow  of  water  through  a  sub- 
merged short  pipe  with  and  without  entrance  and  discharge 
mouthpieces  of  a  variety  of  angles  and  lengths.  This  investi- 
gation treats  of  the  loss  of  head  which  occurs  when  a  stream 
contracts  or  expands  under  differing  conditions  of  flow  and 
emphasizes  the  marked  effect  that  turbulence  of  flow  may 
have  upon  the  amount  of  head  lost.  The  discussions  have 
a  direct  bearing  upon  various  problems  in  hydraulic  practice 
which  involve  the  contraction  and  expansion  of  stream  in 
flowing  through  passages. 

Comparatively  little  experimental  work  has  been  done  to 
determine  the  value  of  conical  mouthpieces  of  various  angles 
and  lengths  in  reducing  the  lost  head  at  the  entrance  to 
and  discharge  from  a  submerged  pipe,  particularly  for  mouth- 
pieces of  the  sizes  and  proportions  comparable  with  those  met 
in  engineering  practice. 

The  loss  of  head  due  to  the  contraction  and  expansion  of 
a  stream  may  be  of  considerable  importance  in  a  variety  of 
hydraulic  problems;  for  example,  the  passages  through  a 
large  valve,  the  passages  through  locomotive  water  columns, 
the  draft  tube  to  a  turbine,  the  connection  from  a  centrifugal 
pump  to  a  main,  the  venturi  meter,  the  suction  and  discharge 
pipes  of  dredges  and  the  guide  vanes  and  runner  of  a 
turbine. 

Losses  due  to  this  cause  are  difHcult  to  estimate  and  easy 
to  overlook.  Even  where  such  losses  are,  in  themselves,  of 
little  consequence  as  compared  with  other  quantities  involved, 
they  may  have  a  considerable  influence  upon  .subsequent  losses 
on  account  of  the  turbulent  motion  started  by  the  contraction 
or  expansion,  and  the  writer  cites  several  instances  where  this 
apparently  takes  place. 

In  the  present  investigation  the  values  of  the  coefficients 
of  discharge  for  the  short  pipe  with  inward-projecting  en- 
trance (no  mouthpiece  attached)  were  determined  with  special 
care  since  the  effect  of  attaching  the  mouthpiece  could  not 
otherwise  be  found.  The  values  found  for  c  are  slightly 
larger  than  those  generally  given  in  textbooks,  while  the  values 
for  m  are  considerably  smaller.  Tliis  may,  however,  depend 
on  various  concomitant  factors. 

To  illustrate  the  method  of  handling  the  various  important 
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problems  in  this  investigation  an  abstract  will  be  given  of 
the  part  relating  to  entrance  mouthpieces.  From  Fig.  4  it 
will  be  seen  that  entrance  mouthpieces  having  angles  of  from 
10  deg.  to  30  deg.  (20  deg.  to  60  deg.  total  angle  of  con- 
vergence) give  practically  the  same  discharge,  while  all  the 
entrance  mouthpieces  having  angles  of  from  5  deg.  to  60  deg. 
give  only  about  5  per  cent  range  in  the  rate  of  discharge.  In 
other  words,  the  lost  head  at  the  entrance  to  an  inward-pro- 
jecting short  pipe  may  be  reduced  from  0.62  of  the  velocity 
head  in  the  pipe  to  0.18  of  the  velocity  head  by  a  conical 
mouthpiece  having  an  angle  ranging  from  10  to  30  deg. 

It  has  also  been  found  that  no  advantage  results  from  in- 
creasing the  length  of  the  entrance  mouthpiece  beyond  that 
corresponding  to   an   area  ratio   of  from   1   to   2.     The  lost 
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head  at  the  entrance  to  a  mouthpiece  is  sometimes  considered 
the  same  as  would  occur  at  the  entrance  to  an  inward-pro- 
jecting pipe  of  the  same  area  as  that  of  the  mouthpiece,  that 
is,  the  lost  head  is  found  by  multiplying  the  velocity  head  at 
entrance  to  the  mouthpiece  by  the  coeflScient  for  an  inward- 
projecting  pipe.  The  writer  does  not  approve  of  such  a 
method,  since  the  entrance  mouthpiece  having  an  area  ratio 
of  1  to  3  gives  almost  the  same  lost  head  as  one  with  an  area 
ratio  of  1  to  2,  while  the  velocity  head  at  entrance  to  the 
former  mouthpiece  would,  of  course,  be  only  one-ninth  of  that 
of  the  latter.  It  is  not  clear  just  what  effect  straight  throat 
or  pipe  has  when  added  to  an  entrance  mouthpiece. 

Owing  to  lack  of  space  only  the  most  important  conclu- 
sions of  the  present  investigation  can  be  reproduced  here. 

a  As  applying  to  conditions  likely  to  be  met  in  engineer- 
ing practice,  the  value  for  the  head  lost  at  the  entrance  to 
an  inward-projecting  pipe  (i.  e.,  without  entrance  mouth- 
piece and  not  flush  with  wall  of  the  reservoir)  is  0.62  of  the 
velocity  head  in  the  pipe  (0.62Dy2^)  instead  of  0.93uy2(/, 
as  usually  assumed.  To  put  it  in  another  form,  the  coefficient 
of  discharge  for  a  submerged  short  pipe  with  an  inward- 
projecting  entrance  is  0.785  instead  of  0.72,  as  given  in  nearly 
all  books  on  hydraulics.  Further,  the  lost  head  at  the  en- 
trance to  a  pipe  having  a  flush  or  square  entrance  is  0.56 
of  the  velocity  head  in  the  pipe  (0.56i;'/2p)  instead  of 
0A9v'/2g,  as  usually  assumed.  In  other  words,  the  coeffi- 
cient of  discharge  for  a  submerged  short  pipe  with  a  flush 
entrance  is  0.80  instead  of  0.82  as  given  by  nearly  all  au- 
thorities. 

6  The  loss  of  head  resulting  from  the  flow  of  water  through 
a   submerged   short   pipe  when  a  conical  mouthpiece  is  at- 


tached to  the  entrance  end  may  be  as  low  as  0.165  of  the 
velocity  head  in  the  pipe  (0.1651)^2^)  if  the  mouthpiece  has 
a  total  angle  of  convergence  between  30  to  60  deg.  and  an 
area  of  ratio  of  end  sections  between  1  to  2  and  1  to  4  or 
somewhat  greater.  In  other  words,  the  coefiieient  of  dis- 
charge for  a  submerged  short  pipe  with  an  entrance  mouth- 
piece as  specified  above  is  0.915. 

c  The  loss  of  head  which  occurs  when  water  flows  through 
a  submerged  short  pipe  having  an  entrance  mouthpiece  varies 
but  little  with  the  angle  of  the  mouthpiece  if  the  total  angle 
of  convergence  is  between  20  and  90  deg.  and  if  the  area 
ratio  is  between  1  to  2  and  1  to  4  or  somewhat  more.  The 
loss  of  head  for  any  mouthpiece  within  this  range  would  be 
approximately  0.20  of  the  velocity  head  in  the  pipe 
{0.20v'/2g) .  There  is,  therefore,  little  advantage  to  be  gained 
by  making  an  entrance  mouthpiece  longer  than  that  corre- 
sponding to  an  area  ratio  of  1  to  2.  Thus,  an  extranee 
mouthpiece  with  a  total  angle  of  convergence  of  90  deg.  and 
the  length  of  which  is  only  0.2  of  the  diameter  of  the  pipe 
gives  approximately  0.20v'/2g  for  the  loss  of  head. 

d  The  amount  of  velocity  head  recovered  by  a  conical 
mouthpiece  when  attached  to  the  discharge  end  of  a  submerged 
short  pipe  depends  largely  upon  the  angle  of  divergence  of 
the  mouthpiece,  but  comparatively  little  upon  the  length  of 
the  mouthpiece.  This  is  true  for  lengths  greater  than  that 
corresponding  to  an  area  ratio  of  1  to  2  and  for  total  angles 
of  divergence  of  10  deg.  or  more.  The  amount  of  velocity 
head  recovered  decreases  rather  rapidly  as  the  angle  of  di- 
vergence increases  from  a  total  angle  of  10  to  40  deg.  At 
or  near  40  deg.  the  amount  of  velocity  head  recovered  rather 
abruptly  falls  to  approximately  zero. 

e  A  conical  discharge  mouthpiece  having  a  total  angle 
of  divergence  of  10  deg.  and  an  area  ratio  of  1  to  2,  when 
attached  to  a  submerged  short  pipe,  will  recover  0.435  of 
the  velocity  head  in  the  pipe,  which  is  58  per  cent  of  the 
theoretical  amount  possible  of  recovery. 

/  The  amount  of  velocity  head  recovered  by  a  diverg- 
ing or  discharge  mouthpiece  when  attached  to  a  submerged 
short  pipe  is  considerably  more  when  a  converging  or  entrance 
mouthpiece  is  also  attached  than  it  is  when  the  entrance 
end  of  the  short  pipe  is  simply  inward-projecting  (no  mouth- 
piece attached).  This  excess  in  the  velocity  head  recovered 
diminishes  rather  rapidly  as  the  angle  of  discharge  mouthpiece 
increases,  and  it  becomes  zero  for  a  discharge  moutlipiece 
having  a  total  angle  of  divergence  of  approximately  40  deg. 
This  increase  in  the  velocity  head  recovered  is  probably  due 
to  the  effect  of  smooth  flow  in  the  pipe  as  the  water  approaches 
the  discharge  mouthpiece.  The  smooth  flow  allows  the  mouth- 
piece to  recover  more  of  the  velocity  head  in  the  pipe  than 
when  a  more  turbulent  flow  exists;  this  increase  amounts  to  as 
much  as  33  per  cent  in  the  ease  of  the  discharge  mouthpiece 
having  a  total  angle  of  divergence  of  10  deg.  and  an  area  ratio 
of  1  to  2.  (University  of  Illinois  Bulletin,  vol.  14,  no.  35, 
April  30,  1917,  48  pp.,  14  figs.,  eA) 

Internal-Combustion  Engineering 

ViCKERs  System:  op  Solid  Injection  for  Diesel  Engines 
It  has  been  mentioned  in  the  engineering  papers  that  Vickers, 
Ltd.,  of  Barrow,  have  been  using  solid  injection  of  fuel  with 
their  four-cycle  type  submarine  Diesel  engines.  This  system 
enables  them  to  dispense  with  high-pressure  injection  air,  but 
has  the  disadvantage  of  giving  a  higher  fuel  consumption, 
sometimes  as  high  as  10  per  cent  in  excess  of  that  required 
with  good  air-injection  systems. 
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In  view  of  the  secrecy  hitherto  maintained  about  this  sys- 
tem, the  following  data  taken  from  a  British  patent  are  of 
interest : 

The  fuel  is  delivered  by  a  pump  31  (Fig.  5)  giving  constant 
fuel  pressure,  and  the  power  of  the  engine  is  controlled  by 
varying  the  period  of  opening  of  the  injection  valve  G  by 
an  adjustable  lever  J  operated  by  a  cam  //,  the  shape  of 
which  is  so  related  to  path  given  to  the  end  of  the  lever  by 
the  adjustment  that  for  all  adjustments  and  consequent  varia- 
tions in  engine  power  the  valve  is  timed  to  open  at  the  correct 
point  at  which  injection  should  take  place.  Independent  tim- 
ing means  are  therefore  dispensed  with,  the  cam  being  formed 
to  give  the  proper  timing  for  the  operation  of  the  valve  for 
all  variations  in  the  period  of  opening. 

The  pump  is  of  a  larger  capacity  than  is  required  by  the 
engine,  and  surplus  fuel  is  discharged  through  the  adjustable 
relief  valve.  The  control  of  the  suction  of  the  pump,  however, 
allows  the  output  of  the  pump  to  be  regulated  as  the  power  of 
the  engine  is  varied.  E.xcess  fuel  is  always  delivered  by  the 
pump,  so  that  the  pressure  to  which  the  relief  valve  is  ad- 
justed is  maintained.  But  the  excess  over  that  required  by 
the  engine  is  kept  ajiproximately  constant,  thus  assisting  the 


Fig.  5    Vickers  Method  of  Solid  Injection  of  Fuel  for 
Diesel  Engines 

relief  valve  to  maintain  a  steady  pressure.  This  connection  to 
the  fuel  pump  is  particularly  desirable  for  constant-speed  en- 
gines; for  example,  those  driving  dynamos,  in  which  the 
surplus  to  be  passed  by  the  relief  valve  would  otherwise  be 
greatly  increased  while  runnuig  at  light  loads.  {Motorship, 
vol.  2,  no.  10,  October  10,  1917,  p.  13,  1  fig.,  d) 

Machine  Shop 

Relation    op    Press    Stroke    to    the    Life    op    a    Die, 
E.  F.  Creager 

The  writer  attempts  to  answer  the  question  as  to  whether 
a  short  stroke  that  is  less  than  standard  increases  the  life 
of  punch  and  die.  He  made  some  experiments  and  found 
that  decreasing  the  stroke  of  the  press  increases  the  life  of 
punch  and  die. 


The  work  the  writer  was  engaged  in  was  that  of  punching 
armature  laminations.  With  a  "  solid  "  type  of  pmich  and  die 
made  from  the  best  steel  available,  the  production  between 
grinds  was  on  an  average  of  from  12,000  to  15,000  blanks, 
both  figures  with  the  standard  21/2-  and  3-in.  strokes.  Next 
the  same  punch  and  die  set  was  transferred  to  a  press  with 
a  iy2-in.  stroke  and  immediately  it  gave  40,000  blanks  before 
the  fui  was  as  bad  as  it  was  in  the  longer-stroke  press  at 
12,000  to  15,000  pieces.  At  the  same  time  it  was  found  pos- 
sible to  double  the  output  from  the  same  set  of  dies  while 
maintaining  a  higher  standard  of  product. 

This  is  a  very  important  saving,  considering  the  fact  that 
it  takes  from  67  to  76  hours  to  make  the  punch,  while  the 
completed  die  mounted  for  the  press  takes  270  hours.  There 
are  also  other  savings  from  the  longer  life  of  the  punch  and 
die  besides  those  mentioned  above. 

The  article  also  discusses  some  of  the  details  of  press  con- 


FiG.  6     Steel-Strip  Oiling  Device 

struction.  For  example,  the  fact  is  mentioned  that  it  would 
not  cost  much  to  secure  the  key  in  the  brake  wheel,  and 
still  the  writer  has  seen  at  least  two  accidents  caused  by  the 
key  dropping  out  and  allowing  the  release  to  strike  the  stop 
pin  hard  enough  to  break  it  off  and  permit  the  press  to  re- 
peat. The  proper  way  is  to  drill  and  tap  the  brake  wheel  over 
the  key  and  countersink  the  key  slightly,  then  use  two  head- 
less set  screws,  one  acting  as  a  lock. 

The  writer  also  thinks  that  the  many  unnecessary  bends 
on  the  pedal  rod  in  some  presses  and  its  general  flimsiness 
in  others  are  the  wrong  way  to  economize.  All  presses  should 
be  supplied  with  the  non-repeat  trip  that  can  be  used  or  not, 
as  desired,  and  all  presses  should  be  guarded  at  the  crank- 
shaft where  it  approaches  the  cam. 

Fig.  6  shows  a  simple,  little-known  device  for  oiling  the 
strip  before  punching.  Formerly  three  men  with  brushes 
did  this  work.  Now  one  operator  does  it  with  no  decrease 
of  speed,  no  increase  of  cost,  and  a  saving  of  approximately 
60  per  cent  of  oil. 

The  writer  also  recommends  a  motor-driven  shear  roll 
grinder  to  grind  the  cutters  in  position. 

It  will  greatly  reduce  the  twist  in  the  sheet  and  facilitate 
handling  in  the  press,  if  care  is  used  in  setting  the  cutters 
for  depth  so  that  they  will  shear  instead  of  tear.  Cutters 
ground  in  position  will  last  five  times  as  long  between  grinds 
and  the  total  life  wall  be  at  least  as  much  longer.  (American 
Machinist,  vol.  47,  no.  12,  September  20,  1917,  pp.  485-487, 
7  figs.,  dp) 
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Mechanics 

On  the  Critical  Speeds  of  Loaded  Shafts,  W.  M.  Wallace 

Data  of  experiments  arranged  for  the  purpose  of  examining 
(1)  the  accuracy  of  various  simple  methods  of  determining 
the  whirling  speed  of  a  shaft  of  variable  sections,  and  (2)  the 
effect  of  radial  clearance  at  the  bearings  on  the  whirling  speed. 

A  previous  article  {The  Engineer,  June  16  and  23,  1916, 
compare  The  Journal,,  August  1916,  p.  673)  indicated  a 
graphic  method  of  estimating  the  whirling  speed  of  a  sym- 
metrical shaft  loaded  at  the  middle  with  a  single  disk  load. 
In  that  simple  case  there  was,  of  course,  no  appreciable  gyro- 
scopic action  on  the  shaft.  In  the  present  case  the  test  was 
made  with  two  simOar  cast-iron  disk  loads,  fixed  symmetrically 
on  the  shaft  in  the  positions  shown  in  Fig.  7.  The  shaft  was 
supported  at  the  sections  A,  A  by  simple  cast-iron  bearings,  so 
arranged  that  the  surface  of  contact  of  shaft  and  bearing  was 
limited  to  a  ring  of  %-in.  breadth,  and,  as  the  shaft  was  a 
nice  turning  fit  in  this  ring,  the  positions  of  the  nodes  were 
known  almost  to  one-eighth  of  an  inch. 

In  Fig.  7  the  bending-moment  diagram  for  the  loaded  shaft 
is  shown  hy  a  b  c  d,  and  the  diagram  reduced  to  suit  the  sim- 
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Fig.  7     Bending-Moment  and  Deflection  Diagrams  of  a 

Symmetrical  Shaft  of  Variable  Section,  Freely 

Supported  on  Ring  Bearings  and  Loaded 

■WITH  Two  Cast-Iron  Disks  B  B 

Uar  section  of  the  shaft  in  a  e  f  g  h  I  m  n  r  d;  the  deflection 
diagram  (only  half  of  which  is  shown)  is  j]  e  t. 

The  writer  makes  the  calculation  in  detail,  and  shows  that 
wlien  working  with  four-figure  logarithmic  tables  no  appre- 
ciable difference  is  seen  in  the  results,  as  far  as  gyroscopic 
action  is  concerned. 

When  this  shaft  was  actually  running,  it  commenced  to  whirl 
at  663.6  r.p.m.,  and  continued  until  a  speed  of  680  r.p.m.  was 
reached;  the  maximum  whirl  appears  to  have  occurred  at  a 
speed  of  677  r.p.m.  The  calculations  carried  through  by  the 
author  indicate  that  the  whirling  speed,  vtdth  gyroscopic  action 
neglected,  should  have  occurred  at  687.5  r.p.m.,  or  about  1.5 
per  cent  above  the  speed  actuallj'  found  by  experiment.  This 
difference  may  be  due  to  experimental  error,  or,  more  prob- 
ably, to  the  slight  difference  in  diameter  of  shaft  and  bear- 
ing, a  difference  which  must  alwaj's  occur  where  a  shaft  turns 
freely  in  its  bearing. 

The  writer  checks  these  figures  by  a  rapid  approximate 
method,  using  the  deflection  tables  for  a  uniform  shaft,  pre- 
viously described  in  The  Engineer,  and  finds  a  value  for  the 
whirling  speed  for  the  shaft  of  variable  section  shown  above 
of  695  r.p.m.     Since,  liowever,  this  method  is  known  to  tend 


to  give  results  on  the  high  side,  it  appears  that  the  correct 
theoretical  whirling  speed  is  about  what  the  graphical  method 
indicates,  or  688  r.p.m. 

An  interesting  feature  of  these  exijeriments,  both  with  and 
without  bearing  clearance,  was  the  difficulty  experienced  in 
obtaining  a  true  whirl  of  the  shaft.  Under  the  action  of 
hammer  blows  along  the  line  X-X,  Fig.  8,  the  cast-iron  stands 
which  are  fixed  at  the  base  to  a  massive  iron  bed  yield  slightly, 
with  the  result  that  on  speeding  up  the  shaft  horizontally, 
vibrations  first  made  their  appearance,  which  died  down  as  the 
speed  was  increased,  to  be  succeeded  by  vertical  vibrations. 
This  experience  suggests  the  possibility  that  as  soon  as  it  is 
unlikely  that  the  clearance  and  yield  of  bearings  is  rarely  the 
same  in  these  two  directions,  the  shafts  of  most  machines  do 
not  whirl  at  any  speed,  especially  if  the  noise  produced  is 
considerable. 

A  series  of  tests  was  also  carried  out  in  order  to  determine 
the  effect  of  radial  clearance  by  the  bearings  on  the  whirling 
speed.  To  do  this  the  shaft  was  dismounted  and  the  ends 
turned  down  at  the  sections  of  support  A,  as  shown  in  Fig.  9, 
so  as  to  form  a  diametral  clearance  of  0.044  in. 

A  simple  theory  offered  in  The  Engineer,  September  1,  1916, 
anticipated  that  the  clearance  would  lower  the  whirling  speed 
and  increase  the  range  of  speeds  over  which  whirling  would 
occur. 

Figs.  10  and  11  may  be  used  to  explain  the  leading  lines  of 
this  theory.  Here  the  exceptionally  thin  shaft  is  shown  whirl- 
ing with  the  radial  clearance  p  at  the  bearings.  The  deflection 
of  the  shaft  at  any  given  point  being  y,  the  potential  or  strain 
energy  stored  in  the  shaft  is  proportional  to  y,  but  the  radius 
of  the  circle  of  whirl  described  by  the  shaft  at  this  point  being 


Fig.  8    Bearing  for  Shaft  Shown  in  Fig.  7  ■ 

y  -\-  ji,  it  follows  that  the  kinetic  energy  of  motion  is  propor- 
tional to  (</  +  /3)°;  that  is,  instead  of  using  the  summation 
of  Wy'  in  the  denominator  of  the  experiment  for  N,  it  is 
necessary  to  use  the  summation  of  11^(2/ +  i8)°.  This,  of 
course,  results  in  a  lower  value  of  the  whirling  speed  being 
obtained. 

The  writer  points  out  that  not  only  are  the  magnitudes  of 
the  out-of-balauce  force  on  the  shaft  important  in  affecting 
the  speeds  and  the  amplitudes  of  vibrations  or  whirl,  but  that 
their  disposition  on  the  shaft  is  also  of  importance.  In  most 
cases  in  practice,  it  is  a  single  force  situated  near  the  middle 
of  the  shaft,  a  case  for  which  the  simple  theory  indicated 
above  is  applicable;  still,  it  is  easy  to  conceive  a  case  in  which 
the  clearance  effect  would  only  be  realized  upon  end  of  the 
bearing. 

The  writer  further  claims  that  the  more  one  studies  the 
actual  behavior  of  shafts,  the  more  one  realizes  how  inade- 
quate, even  misleading,  is  the  usual  mathematical  treatment 
of  the  problem. 
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The  calculation  given  by  the  writer  indicates  that  disturb- 
ances should  begin  at  531.1  r.p.m.  On  actually  running  the 
shaft,  horizontal  disturbances  commenced  at  about  500  r.p.m 
There  is  reason  to  believe  that  this  very  low  speed  was  duu 
to  the  yield  of  the  bearings  in  a  horizontal  direction.  The 
hammer  blows  along  the  line  X-X,  Fig.  8,  liave  a  considerable 
leverage  over  the  bases  of  the  supports;  whereas,  the  forces 
along  the  line  1-1'  have  no  such  leverage. 

The  vibrations  in  a  vertical  direction  commenced  and  fin- 
ished at  speeds  which  depended  upon  whether  the  speed  of 
rotation  was  being  increased  or  decreased.  On  being  increased 
they  commenced  at  650  r.p.m.  and  ceased  at  680  r.p.m.  On 
coming  down  they  commenced  at  650  r.p.m.  and  ceased  at  570 
r.p.m.  From  this  data  it  appears  that  570  r.p.m.  is  the  lowest 
speed  at  which  the  vertical  forces  can  maintain  (not  originate) 
a  rhythmic  lifting  of  the  shaft  through  the  clearance  distance; 
that  when  a  disturbance  has  once  been  set  up  it  is  continued 
to  speeds  far  beyond  those  which  can  be  established  when  the 
speed  variation  is  in  the  opposite  direction.  There  is  no  true 
whirl,  because  the  maximum  vertical  disturbance  does  not 
occur  with  the  maximum  horizontal  disturbance. 

The  writer  emphasizes  the  fact  that  there  is  what  one  might 
call  a  certain  difference  in  conception  between  the  mathemat- 
ical view  of  critical  speeds  and  what  is  found  in  actual  prac- 
tice. The  usual  mathematical  solution  gives  one  the  impression 
that  there  are  certain  speeds  at  which  the  shaft  is  in  a  state 
of  instability  so  highly  sensitive  that  any  slight  lateral  disturb- 
ance would  cause  a  catastrophe.  This  hypersensitive  state 
exists  only  in  the  minds  of  the  mathematicians.  Actually, 
there  is  a  certain  range  of  speed  over  which  the  shaft  is  most 
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Fig.  9    Exd  of  Shaft  of  Fig.  7  Turned  Down  at  the  Sec- 
tions OP  Support  A  A  to  Test  the  Effect  of 
Bearing  Clearance 
Fig.  10    Illustration  of  Influence  of  the  Radial  Clear- 
ance (3  ON  the  Radius  of  Whirl 
Fig.  11     End  View  of  Shaft,  Showing  Clearance  p 

sensitive  to  out-of-balance  force,  but  by  reducing  the  out-of- 
balance  force  sufficiently  it  is  possible  to  run  a  shaft  quite 
safely  at  any  speed.  (The  Engineer,  vol.  124,  no.  3221,  pp. 
246-247,  7  figs.,  et) 

Disk-Wheel  Stress  Determination,  S.  H.  Weaver,  Mem. 
Am.Soc.M.E. 

Reproduction  of  the  paper  presented  by  the  writer  at  the 
Spring  Meeting  of  The  American  Society  of  Mechanical  En- 
gineers in  May  1917. 

In  addition  to  the  data  presented  in  the  paper  before  this 
Society  are  given  several  charts  for  facilitating  the  derivation 
of  tangential  stresses  as  given  in  Equations  5a  and  5b  in  the 
paper.  (General  Electric  Review,  vol.  20,  no.  10,  pp.  791-799, 
illustrated.    The  charts  are  on  pp.  794-798.  tA) 


Motor  Trucks 


The  Building  op  the  U.  S.  Military  Truck 

An  announcement  was  made  October  8  to  the  effect  that  the 
first  Liberty  motor  truck  for  the  U.  S.  Army  had  been  com- 
pleted at  Lima,  Ohio. 

The  Liberty  motor  truck  was  built  in  great  secrecy.  A  build- 
ing without  windows  and  lighted  only  by  skylights  housed  the 
truck  during  the  three  weeks  of  its  construction.  The  plant 
was  closely  guarded  by  armed  men  night  and  day. 

The  parts  were  manufactured  elsewhere  and  as  each  part 
was  completed  it  was  dispatched  to  Lima  in  charge  of  an 
army  representative,  who  kept  factory  officials  informed  of 
his  progress  by  telegraph.  No  one  company  knows  the  com- 
plete design,  or  what  other  companies  in  various  parts  of  the 
country  made  other  parts. 

In  view  of  this  statement  officially  given  out  to  the  daily 
press,  the  following  data  published  by  the  Society  of  Auto- 
motive Engineers  become  of  interest. 

The  standardized  military  truck  for  the  U.  S.  Army  was 


Fig.  12    Liberty  Truck  Engine 

built  under  the  supervision  of  the  Quartermaster  Department, 
Col.  Chauncey  B.  Baker  and  other  officers,  with  the  collabora- 
tion of  engineers  of  the  various  companies. 

As  regards  the  engine,  it  was  at  first  intended  to  have  two 
tyjjes  of  engines,  class  A  and  class  B,  but  it  was  found  that 
a  consistent  design  of  the  latter  would  only  be  120  lb.  heavier 
than  the  design  suggested  for  the  former.  It  was  therefore 
decided  to  standardize  one  model  for  use  on  both  sizes  of  mili- 
tary truck,  the  only  difference  in  the  two  engines  being  in 
the  bore.  It  will  thus  be  possible  to  decrease  greatly  the 
number  of  repair  parts  needed  for  the  two  engines. 

The  fuel  tank  will  be  located  on  the  dash,  with  provision  for 
a  surplus  under  the  seat. 

As  regards  the  lubrication  system,  it  was  found  that  the 
amount  of  oil  passing  per  unit  of  time  is  the  determining 
factor  and  that  this  is  practically  equal  in  a  number  of  sys- 
tems operating  at  widely  different  pressures.  It  has  been  de- 
cided to  adopt  the  full-pressure  feed  with  the  relief  valve  at 
the  end  of  the  system.  In  order  to  always  have  the  oil  in  the 
best  possible  condition,  a  method  of  cleaning  it  has  been 
developed  consisting  of  passing  the  oil  through  a  large  screen 
and  in  having  three  settling  chambers. 

The  intake  and  exhaust  manifolds  of  the  engine  are  designed 
so  that  heavy  gasoline  will  be  thoroughly  vaporized.    In  fact, 
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it  is  said  that  the  engine  could  be  operated  on  kerosene  with 
only  minor  changes  in  manifold  design. 

The  transmission  is  of  the  four-speed  horizontal  type  and 
located  amidships.  Four  universal  joints  will  be  used  in  the 
drive,  two  between  the  clutch  and  transmission  and  two  be- 
tween the  transmission  and  rear  axle.  In  the  design  of  trans- 
mission special  care  has  been  taken  to  secure  maximum 
accessibility  and  ease  of  replacement.  For  instance,  only 
%-in.  plugs  are  used  for  fastening  the  covers  and  bearing 
retainers.  On  the  right-hand  side  a  handhole  has  been  sup- 
plied for  inspection  purposes. 

The  truck  will  have  two  independent  ignition  systems  for 
two  separate  sets  of  spark  plugs.  The  ignition  will  be  con- 
trolled by  one  switch,  so  that  both  ignition  systems  are  either 
in  the  "  on  "  or  "  off "  position.  A  special  switch  has  been 
designed  which  carries  the  lighting  and  ignition  switches  and 
also  tlie  ammeter  and  cowl  lamp.  The  circuit  breaker  is  to  be 
mounted  on  the  back  of  this  switch.  The  generator  is  of  the 
third-brush  type,  normally  giving  eight  amperes  at  750  r.p.m. 
It  is  driven  by  an  Oldham  coupling. 

As  regards  the  rear  axle  on  class  B  truck,  it  will  be  of  the 
worm-gear  type  on  account  of  the  great  manufacturing 
capacity  available  for  producing  the  sizes  of  axle  necessary 
for  the  hea\-j'  service.  The  class  A  truck  will  be  equipped 
with  an  internal-gear  axle.  The  worm-gear  axle  has  been  re- 
fined and  simplified.  For  instance,  only  two  sizes  of  roller 
beai'Uigs  will  be  used  instead  of  the  fi\'e  ordinarily  required 
for  the  fulI-;'oating  type  of  axle.  The  dry  plate  at  the  end 
of  the  axle  is  held  by  bolts  instead  of  studs,  as  is  the  usual 
practice. 

As  regards  production,  it  is  understood  that  no  employee 
will  be  engaged  without  the  fuU  approval  of  the  Quarter- 
master General's  Department  after  consideration  of  state- 
ments as  to  nationality  and  former  connections.  The  men  who 
will  handle  the  production  work  are  really  drafted  for  the 
national  service  just  as  much  as  those  who  have  joined  the 
National  Army.  But  they  will  carry  the  work  on  in  the  same 
manner  and  by  the  same  methods  which  made  them  successful 
in  private  business. 

In  working  out  the  design  of  the  Liberty  motor  truck  the 
Quartermaster  Department  bad  the  great  advantage  of  the 
most  hearty  cooperation  on  the  part  of  private  companies  and 
the  Society  of  Automotive  Engineers. 

Two  experimental  units  have  been  completed,  and  since 
formally  delivered  to  the  Secretary  of  War  in  Washington. 

For  further  details  so  far  published  in  connection  with  the 
design  of  the  Liberty  motor  truck,  the  readers  are  referred 
to  the  Journal  of  the  Society  of  Automotive  Engineers,  vol.  1. 
no.  3,  September,  1917,  pp.  173-177. 
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Tests  or  a  Rotary  Air  Pump 


Data  of  tests  carried  out  by  Professor  Trinks  of  the  Carne- 
gie Institute  of  Technology  on  a  small  Roots  pump. 

The  purpose  of  the  tests  was  to  determine  how  much  air 
the  pump  could  handle.  The  air  admitted  to  the  pump  was 
caused  to  pass,  previous  to  entering  it,  through  two  tanks, 
which  makes  a  somewhat  cumbersome  but  necessary  arrange- 
ment. The  reason  for  this  procedure  is  as  follows:  If  the  air 
going  through  the  pump  had  been  admitted  directly  through 
the  nozzle  at  the  pump  inlet,  the  pulsation  at  the  pump  would 
have  caused  the  nozzle  to  show  a  greater  quantity  of  air  flow- 
ing  than   actually   did   flow.      The   tanks   themselves   and   the 


thin  rubber  diaphragm  provided  in  one  of  them  entirely 
eliminated  these  vibrations. 

In  order  to  duplicate  as  far  as  possible  the  conditions  ex- 
isting in  heating  service,  the  pump  in  the  test  was  supplied 
with  a  small  amount  of  water  for  sealing  purposes.  At  first 
the  action  of  the  pump  was  found  to  be  very  erratic  as  it 
would  ultimately  hold  and  lose  the  vacuum,  but  it  was  later 
found  that  the  trouble  lay  in  the  surging  back  and  forth  of 
the  sealing  water.  A  cheek  valve  was  placed  in  the  suction 
line  near  the  pump  and  the  trouble  immediately  disappeared. 
This  surging  never  occurs  in  practice,  because  a  check  valve 
is  usually  present. 

The  more  water  was  admitted  the  higher  was  the  vacuum 
which  could  be  maintained  by  the  pump. 

Fig.  13  indicates  the  quantity  of  air  determined  by  the 
vacuum  which  can  be  maintained  by  the  pump.    It  expresses 
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Fig.  13     Quantity  of  Air  Handled  by  Small  Roots  Pump 
Determined  by  the  Vacuum  on  the  Pump 
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Fig.  14    Power  Consumption  of  a  Small  Roots  Pump 
under  Varying  Conditions 

the  volumetric  efficiency  of  the  pump  as  a  function  of  the 
vacuum  {hence  of  the  quantity  of  sealing  water).  By  volu- 
metric efficiency  is  meant  the  ratio  in  per  cent  of  the  quantity 
of  air  actually  delivered  to  the  quantity  which  would  be  de- 
livered under  ideal  conditions. 

Fig.  14  shows  the  power  consumption  of  the  pump  under 
different  conditions,  again  as  a  function  of  the  vacuum.  It 
appears  that  the  power  varies  in  a  straight  line  with  the 
vacuum.  An  operator  can  considerably  increase  the  power 
consumption  by  tightening  the  stuffing  boxes.  {American  Gas 
Engineering  Journal,  vol.  107,  no.  14/3109,  October  6,  1917, 
pp.  301-302,  3  figs,  e) 
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Recent  Developments  in  Air-Pump  Design,  E.  Jones 

Discussion  of  the  merits  of  some  of  the  more  recent  develop- 
ments in  design  of  air  pumps  used  as  auxiliaries  to  steam 
machinery- 

The  writer  discusses  the  comparative  merits  of  the  five 
standard  types  of  condensers,  namely,  evaporative,  ejector, 
barometric,  jet  and  surface,  with  particular  reference  to  the 
latter  two.  In  this  connection  he  gives  a  table  (Table  2) 
showing  the  relative  costs  and  requirements  of  barometric,  jet 
and  surface  condensers.  The  conditions  which  have  been  as- 
sumed are  the  same  for  each  ease,  namely,  steam  quantity, 
40,000  lb.  per  hour;  vacuum  with  barometer  at  30  in.,  28% 
in.;  cooling  water  at  60  deg.  fahr. ;  and  for  prime  mover  a 
high-pressure  steam  turbine.  Under  the  present  abnonnal 
conditions  surface  condensers  are  in  a  particularly  unfortu- 
nate position,  owing  to  the  cost  of  the  materials  used  for  tubes 
and  tube  plates,  which  is  approximately  271/2  per  cent  of  the 
value  of  the  whole  equipment. 

Of  the  particular  designs  discussed  by  the  writer,  the 
Breguet  condenser  is  of  special  interest.     It  was  introduced 

Curve  J  sfioyyS'  Vacuunisobfoined  with  Watizr  at  91  ^  Deq.  Fahr. 
"     2      »>     Yolume  of  Air  dealt  nifh  in  Cu.Ff  psrHr 
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AuxXondS  Cooling  Wafer  at  64--4.De^  Fahr 
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Fig.  15    Breguet  Ejectaie  Theoretical  Vacuum   at  91.4 
Deg.  Fahr. 

just  before  the  war,  and  is  now  said  to  be  e.xtensively  applied 
in  the  French  navy.  A  description  of  it  was  given  in  The 
Journal,  1914,  p.  0183.  These  "  ejectairs,"  as  they  are  called, 
are  designed  for  working  with  steam  pressures  at  55  lb.  per 
sq.  in.  or  above,  and  with  the  special  arrangements  of  nozzles 
lower  pressures  can  be  used  in  the  primary  ejector. 

The  curves,  Fig  15,  show  the  performance  of  an  ejectair. 
Steam  to  the  ejectors  had  an  absolute  pressure  of  125  lb.  per 
sq.  in.,  and  the  steam  consumption  is  given  at  194  lb.  per  hour, 
of  which  129  lb.  are  recoverable.  The  apparatus  worked  in 
conjunction  with  a  small  jet  condenser,  dealing  with  94  gal. 
of  injection  water  per  min.  Curve  1  gives  the  vacuums  ob- 
tained with  water  leaving  the  condenser  at  a  temperature  of 
91.4  deg.  fahr.  (33  deg.  cent.),  and  the  auxiliary  condenser 
out  of  action;  curve  2  the  voiume  of  air  dealt  with  in  cubic 
feet  per  hour;  curve  3  the  vacuums  obtained  with  given  air 
leaks,  and  the  water  leaving  the  main  condenser  as  for  cooling 
water  at  66.2  deg.  fahr.   (18  deg.  cent.)  ;  and  curve  4  the  vol- 


TABLE  2    RELATIVE  COST  AND  REQUIREMENTS  OF  BAROMETRIC, 
low-level  jet  and  SURFACE  CONDENSERS 
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Condenser,  rotary  air  pump,  extraction 
pump  and  circulating  pump  mounted  on 
common  bedplate  with  driving  motor  and 
switchgear.  Necessarj'  interconnecting 
pipes,  main  exhaust^steam  sluice  valve, 
expansion  piece,  automatic  atmospheric 
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umes  of  air  dealt  with  under  the  same  conditions.  It  was  cal- 
culated that  the  air  coming  in  with  the  injection  water  and  at 
leaky  joints  amounted  to  1.102  lb.  per  hour,  or  0.5  kg.  (Engi- 
neering, vol.  104,  no.  2697,  September  7,  1917,  pp.  263-265, 
9  figs.,  first  installment  of  a  serial,  d) 

Railroad  Engineering 

The  Shrinkage  Allowance  for  Locomotive  Tires,  E.  L, 

Ahrons 

The  writer  compares  the  methods  of  determining  shrink- 
age allowance  on  a  large  English  main  line  with  that  adopted 
by  the  American  Master  Mechanics'  As.soeiation  and  the  one 
adopted  by  the  Lancashire  &  Yorkshire  Railway  in  England. 

In  the  diagram,  Fig.  16,  the  graphs  give  the  immediate 
shrinkages  for  wheel  centers  of  different  diameters;  A  A 
being  the  curve  for  the  large  English  railway,  B  B  the  Ameri- 
can Master  Mechanics'  Association  standard  and  C  C  that  of 
the  Lancashire  &  Yorkshire  Railway. 

The  standard  practice  of  the  Great  Northern  was  to  allow 
a  shrinkage  of  1  in  800.  Stress-strain  diagrams  made  from 
tests  of  class  (.' — British  standard — tire  steel  of  50  to  55  tons 
ultimate  tensile  strength,  showed  that  the  elastic  limit  was 
reached  with  an  extension  of  about  0.2  per  cent,  at  26.5  tons 
per  sq.  in.  Therefore,  an  extension  of  0.1  per  cent,  or  1  in 
1000,  results  in  a  stress  on  the  material  of  the  tire  of  13.25. 
tons  per  sq.  in.  The  modulus  of  elasticity  of  this  tire  steel 
will  therefore  be  13,250. 

The  diameter  of  the  wheel  center  was  74  in.,  and  that  of  the 
tread  of  the  tire,  after  shrinkage,  where  the  measurement  was 
taken,  was  80  in.,  the  tire  being  3  in.  thick.  It  was  found 
that  the  outside  perimeter  had  extended  0.232  in.  after  shrink- 
age on,  with  an  allowance  of  1  in  800  on  the  inside,  i.  e.,  on 
the  diameter  of  the  wheel  center.  The  outer  circumference, 
after  shrinking,  being  251.33  in.,  the  original  length  of  the 
circumference  was  therefore  251.098  in.,  and  the  strain 
e  =  0.232/251.098.  The  stress  in  the  outer  fiber  of  the 
tire  =  13,250  e  =  12.242  tons  per  sq.  in. 

Treating  the  tire  as  a  ring  of  rectangular  section,  and  using 
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Lame's  metlioJ  of  calenlating  the  stresses  in  thick  cylinders, 
and  if 

p„  =  hoop  stress  on  the  outer  fiber  (=  12.242) 
Pj  =  hoop  stress  on  the  inner  fiber 
Q,  =  radial  compressive  stress  on  the  outer  fiber 
Q^  =  radial  compressive  stress  on  the  inner  fiber  of  the  tire 
at  the  surface  of  junction  between  tire  and  wheel  center, 
the  relation  between  the  hoop  tension  P  and  the  radial  stress 
Q   at  all  points  within  the  tire  is  P, —  Q„  =  P^  —  §,  =  con- 
stant, and  since  there  is  no  radial  pressure  on  the  outside  of 
the  tire,  Q,  =  0,  and  therefore  P^—Q^  =  P,  =  12.242  tons  per 
sq.  in. 

On  the  inner   fiber  of  the  tire   the   usual   form   of  Lame's 
expression  gives 

a:  +  R'  ri  1 

^'  =  «'^^7^iv :;---^'^ 

in  which  B„  and  R^  are  the  outer  and  the  inner  radii  of  the 
tire  and  P^  is  the  apparent  hoop  tension,  neglecting  the  effect 
of  lateral   contraction  (Poisson's  ratio). 
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Pig.  16     Comparison  op  Three  Standards  of  Shrinkage  of 
Locomotive  Tires 

Taking  the  effect  of  lateral  construction  into  account,  the 
stress  equivalent  to  the  greater  sti-aiu  is 

--«.4±t^+^ '=' 

in  which  m  may  be  taken  as  3.5.  an  average  value  for  steel. 

The  thickness  of  the  tire  is  nominally  3  in.,  but  as  the  out- 
side tread  is  turned  to  80  in.  diameter  (if,  =  40),  the  actual 
thickness  is  very  slightly  greater,  since  i?,  is  slightly  less  than 
37  in.  after  shrinkage  by  an  amount  depending  upon  the  con- 
traction of  the  wheel  center. 

Neglecting  for  the  moment  the  contraction  of  the  wheel 
center,  the  value  of  Pj,  the  stress  on  tlie  inner  fiber  of  the 
tire,  becomes  from  Equation  [2]  13.138  §,,  and  since  from 
[1]  Q^  =  12.242  —  P,,  the  value  of  P,  becomes  13."25  tons  per 
sq.  in. 

The  strain  on  the  inside  layer  of  the  tire,  or  the  stress 
(13.25  tons)  divided  by  the  modulus  of  elasticity  (13,250), 
is  .001,  i.e.,  the  actual  or  terminal  shrinkage  is  1  in  1000. 

If  the  wheel  center  be  supposed  to  have  contracted  0.02  in. 
in  the  diameter,  Equation  [2]  gives  P,  =  13.094  Q^,  from 
which  Pj  =  13.255  tons  per  sq.  in.  The  effect  of  the  contrac- 
tion on  the  stress  in  the  tire  may,  for  ordinary  east-steel  wheel 
centei-s,  be  neglected. 

The  difference  between  the  effective  or  real  shrinkage 
allowance  of  the  tire  and  nominal  allowance  is  of  interest.  In 
the  case  cited  by  the  writer  tliis  difference  amounted  to  0.0185 
in.,  which  may  be  taken  as  the  actual  contraction  of  the  74-in. 
wheel. 


It  may  be  of  interest  to  investigate  experimentally  the  ques- 
tion of  the  amounts  of  contraction  of  wheel  centers  for  dif- 
ferent diameters.  While  from  the  above  figures  it  appears  that 
the  ma.ximmu  stress  on  the  inner  fiber  of  the  tire  is  13.25  tons 
per  sq.  in.,  it  is  half  the  elastic  limit  of  the  steel.  It  may 
happen  that  an  occasional  tire  is  gaged  too  tightly,  in  which 
case  the  nominal  shrinkage  will  be  considerably  higher.  The 
above  stress  in  the  tire  is  static  and  it  is  probable  that  addi- 
tional alternating  dynamic  loads  may,  in  time,  produce  the 
results  of  repeated  stresses  and  ultimately  cause  fracture  of 
apparently  sound  tire  which  has  been  shrunk  on  under  the 
maximum  hoop  tension  considerably  less  than  the  ordinary 
elastic  limit  of  the  material,  which  would  explain  certain  cases 
of  fracture.  ( The  Engineer,  vol.  124,  no.  3222,  September  28, 
1917,  p.  263,  2  %s.,  cp) 

Steam  Engineering 

Investigation  of  Stresses  in  Digester  Shells,  H.  0.  Keay, 
Mem.Am.Soc.M.E. 

In  the  design  of  sulphite-digester  shells  it  has  long  been 
the  practice  to  calculate  the  stresses  by  means  of  conventional 
formulie  for  cylindrical  pressure  vessels,  without  any  apparent 
consideration  whatever  of  the  possible  action  of  the  masonry 
lining.  Where  such  a  lining  reaches  a  thickness  of  7  in.  or 
more,  however,  there  is  present  a  circular  arch  of  considerable 
strength.  This  investigation  was  undei-taken  with  the  view 
to  demonstrating  that  under  certain  circumstances  such  linings 
impose  a  heavy  tensile  stress  upon  the  shells  of  digesters. 

To  settle  the  question  of  influence  of  temperature  of  the 
lining  upon  shell  stresses,  Prof.  A.  P.  Mills  and  the  author  of 
the  present  article  were  requested  two  years  ago  by  the 
Laurentide  Co.,  Ltd.,  of  Grand'  Mere,  P.  Q.,  Canada,  and 
the  International  Paper  Company,  to  conduct  a  joint  investi- 
gation of  the  behavior  of  the  shell  of  a  digester  under  work- 
ing conditions. 

The  paper  gives  a  detailed  account  of  the  methods  of  in- 
vestigation used  in  the  present  case  and  presents  the  data  in 
the  form  of  curves. 

Had  no  extraneous  stresses  been  encountered,  calculation 
shows  that  the  magnitude  of  the  value  of  the  circumferential 
stresses  (upper  curve.  Fig.  17)  would  have  been  approximately 
double  those  of  the  longitudinal  stress  (lower  curve) ;  but 
actually  such  is  not  the  case,  nor  do  the  curves  return  to  the 
base  line  of  zero  stress  even  when  the  digester  has  been  cooled 
down  to  room  temperature.  Further,  the  difference  between 
the  maximum  and  minimum  of  neither  the  circumferential- 
nor  the  longitudinal-stress  curve  is  as  great  as  the  calculated 
values  corresponding  with  the  known  maximum  internal 
pressure. 

This  can  be  accounted  for  in  only  one  way,  namely,  that 
subsequent  to  the  lining  of  the  digester,  compression  had  ac- 
cumulated in  this  lining,  reacting  as  a  residual  tensile  stress  in 
the  plate.  The  effect  of  internal  pressure  and  the  elastic  ex- 
tension of  the  steel  shell  tend  to  relieve  the  compression  in  the 
linmg  and  its  consequent  reaction  on  the  shell.  So,  at  the 
point  of  maximum  internal  pressure  the  resultant  stress  is 
necessarily  less  than  the  sum  of  the  residual  stress  and  that 
which  would  have  been  produced  by  hydrostatic  pressure  alone. 

The  residual  circumferential  stress  is  shown  to  be  about 
5000  lb.  per  sq.  in.  of  the  solid  plate,  and  the  maximum  cir- 
cumferential stress  in  the  final  cook  reaches  a  value  of  13,000 
lb.  per  sq.  in.  with  a  corresponding  longitudinal  stress  of 
10.400  lb.  per  sq.  in.     Since  the  strength  of  the  longitudinal 
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seam  exiiressed  in  terms  of  the  strength  of  the  gross  section 
of  the  uncut  plate  is  85.42  per  cent,  and  that  of  the  girth  seam 
67.19  per  cent,  the  corresponding  maximum  circumferential 
stress  becomes  13,000/0.8542  =  15,220  lb.  per  sq.  in.  and  the 
maximum  longitudinal  stress  10,400/0.6719  =  15,480  lb.  per 
sq.  in.  The  higher  stresses  encountered  in  making  the  first  cook 
after  tlie  digester  had  been  cooled  down  emphasize  the  neces- 
sity for  extreme  care  in  bringing  the  digester  up  to  working 
temperature  and  pressure  in  similar  circumstances. 

A  series  of  tests  was  also  run  on  new  digesters  selected  at 
the  Laurentide  Company's  sulphite  plant  for  the  pui-pose  of 
determining  the  strength  of  the  longitudinal  seams.  These 
tests  gave  results  fairly  consistent  with  the  results  of  the  tests 
referred  to  above.  The  behavior  of  the  digester  shells  was 
quite  similar,  although  in  the  former  instance  the  lining  cement 
was  gaged  with  the  sodium  silicate  at  5  deg.  B.,  while  in  the 
latter  case  the  cement  was  gaged  with  a  similar  solution  at 
approximately  36  deg.  B.,  a  circumstance  which  appears  to 
indicate  that  if  the  silicate  has  an  influence  in  producing  per- 
manent expansion  of  the  lining,  an  excess  over  a  certain 
amount  has  little  or  no  effect.  {Paper,  vol.  21,  no.  4,  October 
3,  1917,  pp.  14,  16,  18,  20,  22,  24  and  26,  10  figs.,  e) 

New  Boilers  for  Ashley  Street  Station 

Data  of  an  additional  boiler  installation  for  driving  the 
new  25,000-kva.  turbines  now  being  installed  in  the  Ashley 
Street  Station  of  the  Union  Electric  Light  and  Power  Com- 
pany, St.  Louis,  Missouri,  and  to  increase  the  general  steam 
capacity  by  about  60,000  kw.  to  take  care  of  the  growing 
business  of  the  plant. 

To  do  this  the  28  Scotch  marine  and  small  water-tube 
boilers  located  on  the  first  floor  of  a  double-deck  boiler  plant 
will  be  replaced  by  24  of  the  new  tjqse  of  Edge  Moor 
boilers. 


The  Scotch  marine  boilers  with  internally  fired  furnaces 
did  not  prove  successful,  owing  to  their  being  ill-suited  to 
the  burning  of  low-grade  Western  coals  which  must  be  used 
in  the  St.  Louis  district. 

The  new  boilers  are  equipped  with  underfed  stokers.  The 
installation  of  such  stokers  in  a  power  station  which  must 
rely  on  low-grade  Illinois  coal  was  a  new  and  somewhat  radi- 
cal departure,  but  after  six  months  of  operation  the  success  of 
the  venture  was  proved  beyond  a  doubt.  Boiler  ratings  up 
to  200  per  cent  are  being  carried  continuously  with  an  over- 
all boiler  and  furnace  efliciency  of  70.5  per  cent. 

Precision  "  Three-in-One  "  air  gages  are  used  for  indicat- 
ing draft  pressures  in  the  blowers,  furnaces,  and  uptakes. 
The  average  draft  in  the  uptake  is  1%  in.  of  water,  with 
that  in  the  furnace  slightly  below  atmospheric  pressure,  while 
the  available  force  of  the  air  blast  is  4  in.  With  this  equip- 
ment it  is  impossible  to  obtain  ratings  in  excess  of  300  per 
cent  for  periods  of  one  hour  or  slightly  longer.  On  the 
economizers  are  "  Tycos  "  double-pen  recording  thermometers 
for  incoming  and  outgoing  water  temperatures.  Each  boiler 
is  also  equipped  with  a  General  Electric  indicating  flow  meter 
calibrated  to  read  directly  in  hundreds  of  boiler  hp. 

Edge  Moor  boilers  are  used.  They  are  built  up  with  the 
side-wall  construction  shown  in  Fig.  18.  These  walls,  which 
have  the  usual  fii-ebrick  lining  9  in.  thick  opposite  the  fur- 
nace proper,  are  backed  up  with  hollow  building  tile  8  in. 
tliick  bonded  in  with  common  red  brick.  On  the  outside  of 
the  tile  is  placed  2  in.  of  air-cell  covering  securely  fastened 
and  cemented  in  place,  then  covered  with  canvas.  On  the 
outside  of  the  building  tile  and  beneath  the  2-in.  covering 
is  placed  a  coating  of  "  boiler  seal,"  the  object  of  this  being  to 
stop  up  cracks  and  prevent  air  leakage  through  the  setting. 
Six  months'  operation  of  the  boilers  has  proved  '  that  these 
settings  are  entirely  satisfactory.  {Power,  vol.  40,  no.  15, 
October  9,  1917,  pp.  480-484,  10  figs.,  d) 
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Fig  17    Data  of  Tests  op  a  Digester  Shell  for  Circumferential  and  Longitudinal  Stresses 


966 


ENGINEERING  SURVEY 


The  Journal 

Am.Soc.M.E. 


Varia 

Female  Labor's  Place  in  the  Automotive  Industry, 
Allen  Sinsheimer 

Discussion  of  the  probability  of  increase  of  female  labor  in 
industrj',  based  on  the  experience  of  England.  The  author 
lays  great  emphasis  on  the  fact  that  if  female  labor  is  em- 
ployed, proper  conditions  should  be  provided,  espeelEdly  with 
respect  to  food. 

By  comparing  the  increase  in  the  number  of  women  em- 
ployed in  gainful  occupations  in  the  United  Kingdom  with 


Fig.  18    Wall  Construction  op  Boiler  Setting 

that  now  employed  in  America,  the  writer  comes  to  the  con- 
clusion that  one  may  expect  an  access  of  more  than  2,000,000 
into  the  industry.  This  condition  will  create  many  problems 
peculiar  to  female  labor  and  involving  such  things  as  illiteracy 
and  lack  of  knowledge  of  English;  hours  of  labor;  rates  of 
wages  and  earnings;  efflcieney  of  female  labor;  labor  condi- 
tions affecting  health;  housing  and  safety;  industrial  can- 
teens; restrooms  and  matrons;  state  legislation  affecting  fe- 
male labor;  feminine  temperament;  employment  of  mothers; 
time  keeping  and  labor  turnover;  physical  capacity. 

As  regards  the  knowledge  of  English,  the  writer  tells  of  the 
so-called  Sicher  plan,  which  includes  a  school  incorporated 
with  daily  work  where  three-quarters  of  a  hour  of  daily  in- 
struction is  given  without  inteiTuption  in  factory  work.  The 
schoolroom  is  set  aside  in  a  quiet  out-of-the-way  comer  of  the 
factory.  The  school  has  the  cooperation  of  the  Board  of  Edu- 
cation. The  total  cost  of  35  weeks'  instruction  per  girl  is 
$16.80  for  the  fii-m  and  $14.80  for  the  city.  It  was  found 
■that  for  32  weeks  preceding  the  opening  of  the  school  the  wages 
•  of  the  girls  who  later  became  pupils  averaged  19.5  cents  per 
ihour,  while  that  which  the  literate  girls  received  was  23.2  per 
Jiour. 

As  regards  the  hours  of  labor,  experiments  in  tins  country 


with  female  labor  confirmed  the  experience  in  England, 
namely,  that  short-hour  shifts  are  preferable  to  long-hour 
shifts.  The  Miller  Rubber  Company,  of  Akron,  Ohio,  experi- 
menting by  reducing  the  hours  of  labor  from  ten  to  eight,  dis- 
covered that  female  labor  earnings  of  16.4  cents  per  hour  in- 
creased to  21.5  per  hour  in  six  months,  that  production  in- 
creased from  82  per  cent  to  107  per  cent  and  attendance  by 
10  per  cent  in  the  same  period. 

As  regards  efficiency,  inquiry  among  manufacturers  in  this 
country  shows  that  female  labor  applied  to  certain  light  ma- 
chine work  and  to  work  where  deftness  of  hand  is  required 
is  more  productive  than  male  labor.  The  Link-Belt  Company 
of  Indianapolis  finds  women  more  efficient  and  productive 
than  men  when  assembling  small  links  into  chains  and  handling 
packing  for  heat-treating  purposes.  The  same  experience  is 
reported  by  several  other  large  concerns,  among  them  the 
International  Harvester  Company  and  the  WestLnghouse 
Electric  Company. 

On  the  other  hand,  some  manufacturers  find  that  women  at 
machine  work  require  more  supervision  than  men,  because 
when  a  machine  breaks  down  they  are  unable  to  repair  it,  or 
because  the  women  are  unable  to  handle  the  large  and  heavy 
output  resulting  from  their  productive  effort. 

Conditions  of  labor  affecting  health  are  of  particular  im- 
portance where  female  workers  are  employed.  Sanitary  wash- 
rooms and  cloakrooms  are  essential.  Chaire  should  be  pro- 
vided wherever  possible.  Provision  for  meals  should  allow 
three-quarters  of  an  hour  to  one  hour,  and  the  interval  be- 
tween meals  should  not  exceed  four  hours.  The  housing  prob- 
lem also  becomes  very  important. 

The  temperament  of  female  labor  affects  production. 
Women  are  less  inclined  to  become  labor  machines  than  men. 
Female  supervisors  are  moie  efficient  than  men  when  handling 
female  labor,  because  of  their  ability  to  sain  the  workers'  con- 
fidence, to  learn  their  grievances,  to  determine  home  troubles, 
or  discover  any  factors  which  prevent  them  from  attaining  a 
normal  productive  output.  On  the  other  hand,  the  general 
impression  is  that  women  are  less  inclined  to  change  their 
positions  than  men. 

The  physical  capacity  of  women  differs  from  that  of  men 
and  they  are  particularly  liable  to  injury  through  lifting 
weights  or  by  long  standing.  Chief  among  the  slight  ailments 
to  which  the  employers  will  do  well  to  direct  their  attention 
are  disturbances  of  digestion  due  to  unsuitable  food,  irregular 
and  hurried  meals,  fatigue,  anemia,  headache,  nervous  ex- 
haustion, muscular  pain,  and  weakness  and  derangement  of 
special  physiological  functions.  English  manufacturers  have 
found  if  profitable  to  employ  women  doctors  to  examine  appli- 
cants for  work.  It  was  found  that  prolonged  standing  may 
be  the  cause  of  permanent  and  serious  injury  to  women,  and 
where  standing  is  unavoidable  they  make  the  hours  and  spells 
of  employment  short  and  provide  seats  for  frequent  inter- 
vals of  rest. 

Experiments  in  the  motor  plants  of  the  United  States  show 
that  as  test  drivers  women  are  more  careful  than  men  and  that 
they  drive  more  responsibly  through  city  streets.  A  number 
of  concerns  have  found  that  on  assembling,  inspection  and 
light  machine  work  women  may  be  employed  with  excellent 
results.  The  Dayton  Engineering  Company,  employing  sev- 
eral hundred  women  workers,  has  installed  a  factory  school 
for  the  girls  where  they  are  taught  light  machine  work,  receiv- 
ing the  guaranteed  day  rate  while  studying. 

The  writer  proceeds  to  quote  the  views  of  Samuel  Gompers, 
President  of  the  American  Federation  of  Labor,  on  female 
labor.     An  interesting  part  of  this  is  the  quotation  from  the 
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report  of  an  inquiry  carried  out  by  tlie  Federation  of  Metal 
Workers  of  Germany  in  war  times. 

From  this  report  it  appears  that  women  are  often  engaged 
in  work  which  is  entirely  too  strenuous  for  them  and  some- 
times suifer  from  the  consequences.  Thus,  the  women  com- 
plain very  much  of  abdominal  pains  caused  by  frequently  hav- 
ing to  lift,  without  any  tackle,  sheets  weighing  52  lb.  In  the 
foundry  they  have,  for  instance,  to  push  the  casting  pans 
about,  work  that  overtaxes  their  strength.  One  woman  sus- 
tained a  rupture  of  the  groin  through  performing  this  work. 
At  steam  hammers  women  have  to  draw  bomb  castings  (weigh- 
ing about  88  lb.)  in  a  state  of  incandescence  from  the  fur- 
nace to  the  hammer.  It  appears  that  a  continuous  effort  is 
made  in  Germany  to  employ  women  at  the  hardest  and  most 
dangerous  jobs;  at  steam  hammers,  shaping  machines,  core 
making,  pneumatic-  lifts,  transporting  heavy  cores,  casting 
with  pans  and  with  hand  ladles.  One  result  of  the  hard  work 
in  one  establishment  is  that  out  of  42  women  nearly  one-third 
have  been  disabled  by  disease. 

Of  the  women  employed  in  the  metal  trades  79  per  cent  work 
from  11  to  13  hours  per  day,  with  much  overtime  and  Sun- 
day work. 

As  regards  wages,  the  treatment  does  not  appear  to  be  fair. 
Thus,  in  one  establishment  it  is  the  custom  that  piece-work 
wages  must  not  exceed  the  average  time  wages  by  more  than 
75  per  cent.  Should  a  woman  through  diligence  and  skill 
■earn  a  larger  sum,  the  piece-work  rate  was  reduced  in  her  case. 
The  inquiries  showed  that  only  9  per  cent  of  the  women  were 
paid  at  rates  corresponding  to  those  paid  to  men  for  identical 
work.  (The  Antomobile  and  Automotive  Industries,  Nos.  13 
and  14,  September  27  and  October  4,  1917,  pp.  525-531  and 
592-593,  illustrated.) 

The  Growth  of  Mining  and   Metal  Industries 
in  France 

BEFORE  the  war,  France  was  already  considered  by  ex- 
perts as  the  richest  country  of  the  world  in  iron  ore, 
after  the  United  States.  Besides  the  basins  of  Lorraine,  which 
produce  three  billion  tons  of  ore,  she  possesses  the  basin  of 
Normandy,  which,  in  an  area  of  40,000  square  kilometers, 
contains,  according  to  a  recent  estimate,  nearly  a  billion  tons 
of  a  superior  quality  of  ore  yielding  50  per  cent  of  iron.  In 
1914,  21  grants  in  mining  districts,  producing  1,152,000  tons 
-a  year,  already  existed  in  the  departments  of  the  Orne,  Manche 
and  Calvados,  which  yielded  648,000  tons  with  six  grants  only 
under  exploitation.  About  the  middle  of  1916,  a  large  society, 
entirely  French,  the  Societe  Normande  de  Metallurgie,  was 
founded,  with  a  capital  of  40  million  francs,  by  Messrs. 
Schneider  and  Co.,  the  great  Creusot  manufacturers,  the 
Societe  des  Acieries  de  la  Marine  et  Homecourt,  and  several 
shareholders  belonging  to  the  metallurgie  world.  This  new 
society  leased  the  foundries  and  iittings  previously  organized, 
or  provided  for,  by  the  Societe  des  Hauts-Foumeaux  de  Caen, 
foi-med  in  1892,  and  in  July  1916  started  the  works  afresh. 
They  are  situated  at  Mondeville-Colombelle  near  Caen,  and 
stand  over  400  hectares  (about  2%  acres),  200  of  which  are 
on  the  plateau  and  200  in  the  valley  of  the  Orne.  About 
thirty  kilometers  distant  is  the  Soumont  mine,  capable  of 
yielding  even  now  4000  tons  of  iron  ore  a  month,  and  which, 
in  the  near  future,  will  have  a  far  larger  output. 

The  establishments  of  the  Societe  Normande  de  Metallurgie 
comprise  gas  and  coke  furnaces,  large  steel  works,  a  fattening 
mill,  smelting  works  and  blast  furnaces.  Three  stations,  and 
a  railway  line  33  km.   long,  facilitate  the  transport  service. 


The  line  was  made  by  a  branch  society  and  runs  between  the 
above  foundries  and  the  Soumont  mines.  At  present  there  are 
4  batteries  of  42  furnaces  each,,  producing  1000  tons  of  coke 
a  day.  In  January  1918  two  other  batteries,  now  under  con- 
struction, will  be  in  working  order  and  will  bring  the  output 
up  to  1500  tons  a  day,  or  500,000  tons  a  year.  The  coke,  col- 
lected by  an  ingenious  system  of  inclined  planes  and  chains, 
after  being  sorted  out,  is  sent  in  trucks  to  Government  metal 
works.  Gas  undergoes  a  series  of  processes  for  the  purpose 
of  extracting  the  secondary  products  obtained  by  the  distilla- 
tion of  coal  such  as  tar,  phenol,  benzine,  toluol,  naphthalin, 
sulphate  of  ammonia,  used  in  the  manufacture  of  explosives 
and  for  dyeing  purposes,  and  which,  prior  to  the  war,  were 
almost  exclusively  produced  by  Germany. 

The  blast  furnaces,  the  first  of  which  has  been  recently  in- 
augurated, are  in  themselves  29  meters  high,  but  with  their 
basements  tower  45  meters  above  the  foundi-y  ground  plot. 
They  can  produce  400  tons  a  day,  which  is  the  largest  output 
obtained  in  Europe  up  till  the  present  day.  To  each  is  afBxed 
a  battery  of  5  metal  cylinders,  or  "  Cowpers,"  7  meters  in  di- 
ameter, for  heating  the  air  for  the  combustion  of  coke,  and 
the  reaction  of  carbon  on  the  oxides  of  the  ore,  which  is  the 
source  of  production  for  east  iron.  Three  of  these  gigantic 
blast  furnaces  wiU  be  ready  in  the  autumn  of  1918,  and  the 
whole  installation,  when  completed,  will  allow  of  an  output  of 
450,000  tons  of  cast  iron  a  year.  The  steel  works,  properly 
so-called,  contain  4  converters  of  30  tons,  and  5  Martin  fur- 
naces of  30  tons,  allowing  of  an  output  of  275,000  tons  of 
Thomas  steel  and  125,000  tons  of  Martin  steel  every  year. 
The  flattening  mill  can  pass  500,000  tons  of  ingots  a  year,  and 
is  supplied  with  several  reversible  trains  for  the  production 
of  all  small  samples.  The  Societe  already  possesses  stocks  of 
iron  ore  sufficient  to  insure  the  supplies  for  its  factories  with- 
out any  difficulty.  It  has  had  a  large  water  tower,  66  meters 
in  height,  buQt  in  the  neighborhood,  with  two  reservoirs  and  a 
canal  to  the  Orne,  so  that  10,000  cubic  meters  of  water  could 
be  supplied  hourly.  A  vast  hall  200  meters  long  contains  the 
electric  machinery  for  distributing  motive  force,  two  turbo 
alternating  generators  of  3000  kilowatts,  one  of  5000,  six  gas 
alternating  generators  of  6000  hp.,  and  three  of  3000  hp.  A 
private  harbor  has  been  built  on  the  Orne  canal,  and  it  is 
now  ready  for  vessels  of  2000  tons,  and  will  soon  be  open  to 
boats  of  8000  tons'  burden. 

The  preceding  facts  show  how  the  Societe  Normande  has 
been  able  to  create  in  the  midst  of  war  one  of  the  most  impor- 
tant metallurgie  centers  in  the  whole  of  France.  The  mining 
industry  of  the  entire  region  has  followed  its  example.  At 
present  30  fresh  grants  have  been  made  for  exploiting  of  the 
layers  of  iron  in  Noianandy,  Brittany  and  Anjou.  On  the 
other  hand,  the  French  Government  is  preparing  to  work  the 
Littry  coal  fields,  situated  between  Saint-L6  and  Bayeux. 
Lastly,  owing  to  many  recent  improvements,  trade  vrith  Caen 
harbor  is  increasing  every  day.  From  890,000  tons  in  1910, 
it  rose  to  1,126,000  in  1913. — Paris  Chamber  of  Commerce 
Bulletin,  September  1917. 

CLASSIFICATION  OF  ARTICLES 
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Rules,  a.  F.  Menzies.  International  Marine  Engineering,  vol.  22, 
no.   10,  October,  1917,  p.   440. 

Physics  of  the  Air,  W.  J.  Humphreys.  Journal  of  tlie  Franklin  In- 
stitute, vol.  184,  no.  4,  October,  1917,  Chapter  7,  pp.  527-551, 
figs.  25-28    (to  be  continued). 

An  Approximate  Simplipled  Method  op  Finding  the  "  Constants  " 
OP  AN  Airscrew  in  Design  Work,  M.  A.  S.  Riach.  Aeronautics, 
vol.  13,  no.  202  (New  Series),  August  29,  1917,  pp.  173-174,  3 
figs. 

Aviation  Applied  to  the  Navy,  George  D.  Murray.  Journal  of 
the  Boston  Society  of  Civil  Engineers,  vol.  4,  no.  S,  October  1917. 
pp.  293-310. 

Aircraft  Indhstrial  Research  Association.  Aeronautics,  vol.  13. 
no.  206   (New  Series),   September  26,   1917,  p.  231. 
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1   fig.,   3   tables. 
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The  260-hp.  Mercedes  Engine.  The  Automobile  and  Automotive  In- 
dustries, vol.  37,  no.  14.  October  4,  1917  (part  3),  pp.  585-586,  3 
figs. 

Development  and  Progress  in  Aviation  Engines,  Henry  Souther. 
Journal  of  the  Franklin  Institute,  vol.  184,  no.  4,  October  1917, 
pp.   509-526,   16  figs. 

CONVENTIONS 

The  Institute  op  Metals.  Engineering,  vol.  104,  no.  2,699,  Septem- 
ber 21,  1917,  pp.  310-312,  2  figs. 

The  Iron  and  Steel  Institute.  Engineering,  vol.  104,  no.  2,700,  Sep- 
tember 28,  1917,  pp.  322-326    (to  be  continued). 

The  Institute  of  Metals.  Engineering,  vol.  104,  no.  2,700,  Sep- 
tember 28,    1917,   pp.   338-340. 

St.  Louis  Meeting  of  the'  American  Institute  of  Mining  Engi- 
neers. Metallurgical  and  Chemical  Engineering,  vol.  17,  no.  8, 
October   15,   1917,   pp.   455-457. 

Spirit  op  Service  Pervades  Foundry  Meeting.  The  Foundry,  vol. 
45,  no.  10,  whole  no,  302,  October  1917,   pp.  411-420,   illustrated. 

ENGINEERING    MATERIALS 

The  Formation  of  Tri-Calcic  Aluminate.  Edward  D,  Campbell. 
The  Journal  of  Industrial  and  Engineering  Chemistry,  vol.  9,  no. 

10,  October  1,  1917,  pp.  943-946.  2  figs. 

Reinforced  Concrete  in  Sea  Water  Fails  from  Corroded  Steel, 
Rudolph  J.  Wig  and  Lewis  R.  Ferguson.  Engineering  NewsRe"- 
ord,  vol.  79,  no.  15,  October  11,  1917,  pp.  689-092,  4  figs. 

Binary  Alloys  with  Aluminum.     The  Metal  Industry,   vol.   11.   no. 

11,  September  14,  1917,  pp.  201-203,  10  tables. 

Piiysico-Chemical  Properties  of  Chrome-Nickel  Steels.  Herbert  J. 
French.  Metallurgical  and  Chemical  Engineering,  vol.  17,  no.  8, 
October  15,  1917,  pp.  473-476,  10  figs.,  5  tables. 

The  Effects  of  Seasoning  on  Gray  Iron  Castings,  L.  M.  Sherwin. 
The  Foundry,  vol.  45,  no.  10,  whole  no.  302,  October  1917,  pp. 
435-438,  18  figs. 

The  Metallurgy  of  Titanium,  Robert  J.  Anderson.  Journal  of  the 
Franklin  Institute,  vol.  184,  no.  4,  Oetobei"  1917,  pp.  469-508,  8 
figs. 

Acid-resisting  Alloys,  W.  C.  Carnell.  The  Chemical  News  and 
Journal  of  Physical  Science,  vol.  116,  no.  3,013,  August  24,  1917, 
pp.   92-94. 


On  the  Temperature  Varlition  of  the  Electrical  Conductivity 
OF  Mica,  H.  H.  Poole.  London.  Edinburgh  and  Dublin  Philosoph- 
ical Magazine  and  Journal  of  Science,  vol.  34,  no.  201,  September 
1917,   pp.    195-204,   3   figs. 

♦Structure  op  Cast  Iron  in  Metal  Molds,  Edwin  F.  Cone.  The 
Iron  Age,  vol.  100,  no.  12,  September  20,  1917,  pp.  656-658, 
illustrated. 

What  is  the  Trouble  with  Concrete  in  Sea  Water?  Rudolph  J. 
Wig  and  Lewis  R.  Ferguson.  Engineering  News-Record,  vol.  79, 
no.   12,   September  20,   1917,  pp.  532-535. 

The  Corrosion  of  Metals  by  Acids,  Oliver  P.  Watts  and  Newton  D. 
Whipple  (abstract).  Paper  to  be  presented  at  the  32nd  General 
Meeting  of  the  American  Electrochemical  Society,  to  be  held  in 
Pittsburgh,  October  3-0,  1917. 


FUEL 

Storage  Weathering  and  Spontaneous  Combustion  of  Coal.  Metal- 
lurgical and  Chemical  Engineering,  vol.  17,  no.  8,  October  15,  1917, 
pp.  481-484. 

Methods  for  More  Efficiently  Utilizing  Our  Fuel  Resources. 
Part  IV.  Pulverized  Fuel  in  a  Power  Plant  on  the  Missouri, 
Kansas  &  Texas  Railway,  by  H.  R.  Collins,  General  Electric 
Review,  vol.  20,  no.  10,  October  1917,  pp.   768-777. 


HOISTING   AND   CONVEYING 

Devices  to  Unload  Coal  from  Cars,  Horace  Goldstein.  Industrial 
Management,  vol.  54,  no.  1,  October  1917,  pp.  68-74,  9  figs. 

New  Air-Carried  Powdered  Coal  Plant.  The  Iron  Age,  vol.  100,  no. 
13,   September  27,   1917,  pp.  742-743,   3  figs. 

The  Handling  and  Transportation  of  Liquids  on  an  Industrial 
Scale.  The  Journal  of  Industrial  and  Engineering  Chemistry,  vol. 
9.   no.  10,  October  1,   1917,  pp.  978-982. 

The  Plunger  Elevator,  H.  Eisert.  Monthly  Journal  of  the  Engineers' 
Club  of  Baltimore,  vol.  7,  no.  2,  August  1917,  pp.  21-31,  1  fig. 


HYDRAULICS 

Surge  Tanks.  Bngineering,  vol.  104,  no.  2698,  September  14,  1917, 
pp.   269-270,   1   flg. 

Statistics  on  Undeveloped  Water  Power  in  New  York  State. 
Electrical  Review,  vol.  71,  no.  15,  October  13,  1917,  pp.  637-638, 
2  tables. 

•The  Effect  of  Mouthpieces  on  the  Flow  of  Water  Through  a 
Submerged  Short  Pipe,  Fred  B.  Seely.  University  of  Illinois 
Bulletin,  vol.  14,  no.  35,  April  30,  1917,  49  pp.,  14  figs. 


INTERNAL-COMBUSTION    ENGINEERING 

Smith-Zulver  System  of  Oil-Burning.  Steamship,  vol.  29,  no.  339, 
September  1917,  pp.  51-54,  3  figs. 

The  25-kw.  Gasoline-Deiven  Generating  Set  Used  in  Coast  De- 
fenses OF  the  United  States.  Lorimer  D.  Miller.  Journal  of 
the  United  States  Artillery,  vol.  48,  no.  1,  July-August  1917.  pp. 
54-79,   19   figs. 

Burning  Kerosene  in  Tractor  Engines,  W.  G.  Clark.  Automotive 
Engineering,  vol.  2,  no.   9,   September,   1917,   pp.   272-276. 

Two-Cycle  Engine  Analysis,  E.  H.  Sherbondy.  The  Automobile  and 
Automotive  Industries,  part  2,  vol.  37,  no.  15,  October  11.  1917, 
pp.    629-632,    figs.    5-16. 


•Solid  Injection  for  Diesel  Engines. 
October  1917,  pp.  13-14,  1  fig. 


Motorship.    vol.    2,    no.    10. 


•Abstracted   in  the  Engineering  Survey  in  this  issue. 


SPARK-PLUGS  for  High-Speed  Engines.  .Albert  Champion.  The  Journal 
of  the  Society  of  Automotive  Engineers,  vol.  1,  no.  3,  September 
1917,  pp.   185-187. 
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MACHINE   SHOP 

Location  op  Cam  Followers,  Artbur  B.  Babbitt.  Amei-io:in  Machinist, 
part   1,   vol.  4T,   no.    12,    September  20,    1917,   pp.   504-50G,   9  flgs. 

Screw  Thread  Cutting  with  Dies,  Franklin  D.  Jones.  Machinery, 
vol.  24,  no.  2,  October  1917,  pp.  97-115,  44  flgs.,  3  tables. 

Screw  Machine  Tool  Equipment,  Donglas  T.  Hamilton.  Machinery, 
vol.  24,  no.  2,  October  1917,  pp.  118-123,  15  flgs.,  2  tables. 

C0Lr>-HEADiNG  OF  WiBE,  Roy  H.  Smith.  Machinery,  vol.  24,  no.  2, 
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Performing  Complex  L.^the  Work  hi  Turret  Lathe  Methods. 
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34S,  9  flgs. 

Elements  of  Gagemaking,  C.  A.  Macready.  American  Machinist, 
part  2,  vol.  47,  no.  16,  October  IS,  1917,  pp.  661-664,  figs.  19-39. 

Design  of  Heavy  Helical  Springs,  G.  S.  Chiles  and  R.  G.  Kelley. 
Railway  Mechanical  Engineer,  part  2,  vol.  91,  no.  10,  October 
1917,  pp.  539-541,  figs.  9-10. 

The  Practical  Saw  Worker's  Manual.  Aeronautics,  vol.  13,  no. 
206   (New  Series),  September  26,  1917,  pp.  238-241,  illustrated. 


MECHANICS 

Diagrams  for  Continuous  Beams  of  Unequal  Spans,  Frank  S. 
Bailey.  Journal  of  the  Boston  Society  of  Civil  Engineers,  vol.  4, 
no.  8,  October  1917,  pp.  311-324,  8  flgs. 

*On  the  Critical  Speeds  of  Loaded  Shafts,  W.  M.  Wallace.  The 
Engineer,  vol.  124,  no.  3,221,  September  21,  1917,  pp.  246-248, 
fig.  8. 

*Disk-Wheel  Stress  Determination,  S.  H.  Weaver.  General  Elec- 
tric Review,  vol.  20,  no.  10,  October  1917,  pp.  791-799. 

Turning-Gears  for  Marine  Geared-Tukbine  Machinery.  Mechanical 
World,  vol.   C2,  no.   1,605,   October  5,   1917,   pp.   191-192. 


MUNITIONS 

The  German  Goerz  Bombing  Sight,  Jean-Abel  Lefrance.  Flight,  no. 
455   (no.  37,  vol.  9),  September  13,  1917,  pp.  939-941,  9  flgs. 

The  Panoramic  Sight,  W.  L.  Olmstead.  American  Machinist,  part  4, 
vol.  47,  no.  13,   September  27,  1917,  pp.  543-547,  flgs.  37-50. 

Nickel-Chrome  Forcings  for  U.  S.  Weapons,  A.  W.  Peterson  and 
H.  E.  Parkison.  The  American  Drop  Forger,  vol.  3,  no.  9,  Sep- 
tember 1917,  pp.  311-315,  10  figs. 

Heat  Developed  in  Military  Rifles  by  Firing.  Arms  and  Explo- 
sives, vol.  25,  no.  300,  September  1,  1917,  pp.  118-120,  4  flgs. 

The  Modified  Enfield  Rifle,  Model  1917.  American  Machinist,  vol. 
47,  no.  13,   September  27,  1917,  pp.  529-530. 


PRESSES 

Relation  of  Press  Stroke  to  the  Life  of  a  Die,  E.  F.  Creager. 
American  Machinist,  vol.  47,  no.  12,  September  20,  1917,  pp.  485- 
487,  7  figs. 


PUMPS 

Multiple  Effect  Compressor  Devices,  Harry  T.  Whyte  and  Gardner 
T.  Voorhees.  Ice  and  Refrigeration,  vol.  53,  no.  3,  September  1, 
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A  Two-Stage  Mercury  Vapor  Pump,  H.  P.  Stimson.  Journal  of  the 
Washington  Academy  of  Sciences,  vol.  7,  no.  15,  September  19, 
1917,   pp.    477-482.   1   flg. 

•Recent  Developments  in  Air  Pump  Design,  E.  Jones.  Engineering 
vol.  104,  no.  2697,  September  7,  1917,  pp.  263-205  (to  be  con- 
tinued). 


RAILROAD  ENGINEERING 

The  Self-contained  Railway  Motor  Car,  Raymond  S.  Zeitler.  Rail- 
way Review,  vol.  61,  no.  15,  October  13,  1017,  pp.  447-450,  4  figs. 

Split  Head  and  Internal  Stresses  in  Rails.  Railway  Review,  vol. 
61,  no.  15,  October  13,  1917,  pp.  439-444,  19  flgs. 

•The  Shrinkage  Allowance  for  Locomotive  Tires,  E.  L.  Ahrons. 
The  Engineer,  vol.  124,  no.  3,222,  September  28,  1917,  p.  263, 
2  flgs. 


STEAM   ENGINEERING 

Sodium  Hydroxide  and  Boiler  Steel.  Power  Plant  Engineering,  vol. 
21,   no.    20,   October  15,   1917,   pp.    817-818,   1   fig. 

Power  Plant  Calumet  Terminal  Elevator.  Thomas  Wilson.  Power, 
vol.   46,   no.   16,  October  16,   1917,   pp.  512-516,   8  figs. 

The  Steam  Motor.  Power,  vol.  46,  no.  16,  October  16,  1917,  pp. 
529-530,  1  fig. 

The  Failure  of  Boiler  Plates  in  Service,  E.  B.  Wolff.  Engineering, 
vol.  104,  no.  2700,  September  28,  1917,  pp.  326-330,  26  figs. 

•An  Investigation  of  Stresses  in  Digester  Shells,  H.  O.  Keay. 
Paper,  vol.  21,  no.  4,  October  3,  1917,  pp.  14-26,  10  flgs. 

•New  Boilers  for  Ashley  Street  Station,  John  Hunter.  Power, 
vol.  46,  no.  15,  October  9,  1917,  pp.  480-484,  10  flgs. 

Hot-Water  Heating  Under  Forced  Circulation,  Charles  D.  Allan. 
Power,  part  1,  vol.  46,  no.  15,  October  9,  1917,  pp.  491-492,  2  figs. 

A  Note  on  Boiler  Corrosion,  Basil  G.  McLellan.  Journal  of  the 
Society  of  Chemical  Industry,  vol.  36,  no.  15,  August  15,  1917, 
pp.    853-856. 

Circulating  Water  for  Ashley  Street  Station,  John  Hunter. 
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Ten  Tears  of  Boiler  Standardization,  John  A.  Stevens.  Power,  vol. 
46,  no.  13,    September  25,   1917,   pp.   413-415. 


THERMODYNAMICS 

Thermodynamic  Cycles  with  Variable  Specific  Heat  op  Working 
Substance,  Wm.  J.  Walker.  London,  Edinburgh  and  Dublin 
Philosophical  Magazine  and  Journal  of  Science,  vol.  34,  no.  201, 
September  1917,  pp.  168-174,  3  flgs. 

On  the  Kinetic  Theory  of  a  Gas  ;  Part  2 — A  Composite  Monatomic 
Gas:  Diffusion.  Viscosity  and  Thermal  Conduction,  S.  Chapman. 
Philosophical  Transactions  of  the  Royal  Society  of  London,  Series 
A,    vol.    217,    pp.    115-197,    6   tables. 
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Investigation  Of  an  Acid  Open-Hearth  Heat.  T.  D.  Morgan  and 
F.  Rogers.  The  Iron  Age,  vol.  100,  no.  16,  October  18,  1917,  pp. 
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The  Engineering  Council,  Ira  N.  Hollis.  Journal  of  Electricity,  vol. 
39,  no.   7,   October  1,   1917,   pp.   297-298. 

Research  Work  in  the  Iron  Industry.  The  Iron  Trade  Review,  vol. 
61,  no.   7,  August  16,   1917,   pp.  349-350. 


CHARTS 

Chart  for  Quickly  Determining  the  Sizes  for  Pulleys,  Henry  J. 
Fuller.  American  Machinist,  vol.  47,  no.  13,  September  27,  1917, 
p.   559. 

Strut  Charts,  H.  M.  Buckwald.  Aviation,  vol.  3,  no.  .">.  October  1, 
1917,   p.    305. 

Diagrams  of  the  Bending  Moments  of  Reinforced  Concrete  Beams. 
F.  P.  Watson  and  G.  L.  Wingfleld.  Engineering,  vol.  104,  no. 
2,697,   September  7.   1917,  p.  243. 


LIBRARY  NOTES 


From  the  Libraries  of  the   Four   Founder   Societies  and   the   United    Engineering   Society,   in 

the  Engineering  Societies  Building,  New  York  City 


Diderot's  Encyclopedia 

THE  United  Engineering  Society  Librai-y  has  been 
fortunate  in  securing  a  well-preserved  copy  of  the 
famous  French  "  Encyclopedie "  edited  by  Denis  Diderot 
(Encyclopedie,  ou  Dictionnaire  Raisonne  des  Sciences,  des 
Arts  et  des  Metiers,  par  une  societe  de  gens  de  Lettres.  Mis 
en  Ordre  &  publie  par  M.  Diderot;  &  quant  a  la  Partie  Mathe- 
matique,  par  M.  d'Alembert  .  .  .  3rd  ed.  Geneve,  Pellet,  1777- 
1779.  36v.,  fronts,  ports,  tables.  With  3v.  of  copper  plates.  1 
The  Encyclopedia  Britannica  characterizes  this  work  as  one 
of  "  greatest  and  most  remarkable  enterprises  of  the  18th 
centurj'."  The  germ  of  the  "  Dictionnaire  "  originated  in  a 
plan  to  translate  from  English  into  French,  Ephraim  Cham- 
bers' "  Cyclopaedia,"  or  an  Universal  Dictionary  of  Art  and 
Sciences,  containing  an  Explication  of  the  Terms  and  an 
Account  of  the  Things  Signified  thereby  in  the  Several  Arts, 


How  They  Made  Munitions  ix  Diderot's  Time 

The  old  encyclopedia  contains  many  such  illustrations  of 
interest 


and  the  several  Sciences,  Human  and  Divine."  (London, 
1728.     2v.) 

After  much  quarreling  between  the  publisher  and  those 
who  had  undertaken  the  translation,  it  was  abandoned.  An 
original  French  work  was  then  planned  and  Diderot  engaged 
as  editor.  "  Instead  of  a  mere  reproduction  of  Chambers, 
he  persuaded  the  bookseller  to  enter  upon  a  new  work,  which 
should  collect  under  one  roof  all  the  active  writers,  all  the 
new  ideas,  all  the  new  knowledge,  that  were  then  moving  the 
cultivated  class  to  its  depths." 

No  other  encyclopedia,  it  is  safe  to  say,  ever  had  so  stormy, 
so  romantic,  and  eventful  a  career.  The  work  was  by  no 
means  a  piece  of  closet  scholarship.  Into  it  was  poured  the 
spirit  of  the  democratic  and  scientific  movement  just  pre- 
ceding the  French  Revolution.  The  encyclopedia  burns  with 
the  desire  of  the  men  of  that  time  to  conquer  nature.  It  is 
aflame  with  the  passion  for  experiment  and  exploration. 
Needless  to  say,  it  met  with  the  violent  opposition  of  the 
powerful  ecclesiastics  and  the  despotic  French  court,  who 
instinctively  felt  tliis  work  to  be  a  menace  to  blind  faith  in 
the   traditional   explanations   of   natural    phenomena    and    a 


challenge  of  the  unthinking  worship  of  autocratic  authority. 
Rousseau  wrote  the  articles  on  music.  Montesquieu,  Turgot, 
and  Voltaire  were  among  the  more  than  twenty  contributors. 
Such  a  galaxy  of  free  spirits  did  not  inspire  the  trust  of  the 
then  tottering  French  feudalism.  In  1749  Diderot  was  im- 
prisoned at  Vineennes  in  close  confinement  for  twenty-eight 
days,  and  cooped  up  in  the  castle  an  additional  three  months 
and  ten  days.  The  first  two  volumes  of  the  encyclopedia 
were  suppressed  ''  as  being  dangerous  to  the  king's  authority 
and  religion."  The  plates  were  ordered  seized  but  could  not 
be  found.  After  work  had  been  resumed,  the  Parliament  of 
Paris,  in  1759,  stopped  the  sale  of  the  Encyclopedie  and 
ordered  all  copies  to  be  burned.  In  1766  Lebreton,  the  pub- 
lisher, was  forced  to  show  his  subscription  list  and  was  put 
in  the  Bastille  for  eight  days.  The  famous  beauty,  Madame 
de  Pompadour,  who  had  befriended  the  undertaking  from  the 
first,  pleaded  for  the  lifting  of  the  ban  upon  it,  saying  to 
the  king  that  she  could  "  know  no  longer  how  her  rouge  and 
silk  stockings  were  made.  The  due  de  la  Valliere  regretted 
that  the  king  had  confiscated  their  encyclopedias,  which  could 
decide  everything.  The  king  said  he  had  been  told  that  the 
work  was  dangerous,  but  as  he  wished  to  judge  for  himself, 
he  sent  for  a  copy.  Three  servants  with  difficulty  brought  in 
the  21  volumes.  The  company  found  everything  they  looked 
for,  and  the  king  allowed  the  confiscated  copies  to  be  re- 
turned." Lebreton,  the  publisher,  set  up  the  copy  exactly  as 
it  came  from  the  editor,  but  after  final  revision  secretly 
removed  all  parts  he  felt  too  bold.  It  was  thus  that  this  great 
scientific  work  fared. 

Diderot  was  the  contributor  of  articles  on  philosophy,  the 
arts  and  trades.  "  He  passed  whole  days  in  workshops,  and 
began  by  examining  a  machine  carefully,  then  he  had  it  taken 
apart  and  put  together  again,  then  he  watched  it  at  work, 
and  lastly  worked  it  himself.  He  thus  learned  to  use  such 
complicated  machines  as  the  stocking-  and  cut-velvet  looms.'' 
The  copper  plates  of  this  set  are  most  excellent.  They  are 
valuable  as  records  of  the  early  history  of  the  machinery 
from  which  the  factory  system  of  today  has  been  developed. 
The  whole  work  illumines  the  dawn  of  the  modern  world,  the 
age  of  engineering. 

Engineers  of  today  are  so  busy  making  history,  that  they 
have  httle  time  to  write  it.  But  there  are  those  who  take  a 
deep  interest  in  tracing  the  development  of  their  various 
professions.  The  United  Engineering  Society  Library  exists 
primarily  as  a  working  tool  for  the  man  in  active  practice. 
However,  through  the  generosity  of  its  friends,  its  has  received 
some  rare  collections  of  books,  such  as  the  Wheeler  and 
Raymond  gifts,  and  is  yearly  becoming  stronger  in  source 
material  on  engineering  history.  The  "  Encyclopedie "  of 
Diderot  is  regarded  as  a  noteworthy  addition. 

F.  V.  A. 

For  all  fuller  account  see  the  Encyclopaedia  Britannica 
under  "Encyclopedia"  and  "Diderot,  Denis,"  from  which 
articles  the  above  account  was  compiled. 


The  addition  to  the  Engineering  Societies  Building  is  now 
completed  and  the  Library  restored  to  its  normal  condition. 
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Wiley  &  Sons,  Inc.,  New  York,  1917.  Cloth.  6  .\  9  in.,  237  pp.,  98 
flgs.     $2.50.     Gift  of  the  publisher. 
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American  Society  of  Agricultural  Engineers.  Transactions,  vol.  10, 
nos.  1-2.  Ames,  1917.  Gift  of  American  Society  of  Agricultural 
Engineers. 

The  Application  of  Efficiency  Principles.  By  George  H.  Shepard 
The  Engineering  Magazine  Co.  New  York,  1917.  Cloth,  6x9  in., 
368  pp.,  7  flgs.      $3.     Gift  of   the  publisher. 

Bangor  (Me.)  Mayor's  Address.  The  Annual  Reports  of  the  Several 
Departments  and  the  Receipts  and  Expenditures  for  1916-17. 
Gift  of  City  Clerk,  Bangor,  Me. 

Bibliography  op  Fishes.  Vol  II,  Author's  Titles  L-Z.  American 
Museum  of  Natural  History.     Netc   York,  1917.     Purchase. 

Business  Law  for  Engineers.  By  C.  Frank  Allen.  Part  I,  Elements 
of  Law  for  Engineers;  Part  II,  Contract  Letting.  McGraw-Hill 
Book  Co.,  Inc.,  New  York,  1917.  Cloth,  6x9  in.,  431  pp.  $3. 
Gift  of  the  publisher. 

Business  Statistics.  Edited  by  Melvin  T.  Copeland.  Harvard  Univer- 
sity Press,  Cambridge,  1917.  Cloth,  6x9  in.,  696  pp.,  3  flgs.  $3.70. 
Gift   of   the   Publisher. 

Chemical  Abstracts,  Decennial  Index,  1907-1916.  Authors,  \-K. 
Easton,  1917.     Purchase. 


Coal  Mine   Fatalities   in   the   United   States, 
19/7.     Purchase. 


1916.      Washington, 


Coal  Resources  of  District  II,  Jackson,  County,  III.  (Illinois 
State  Geological  Survey.  Cooperative  Coal  Mining  Series.  Bul- 
letin 16).     Urbana,  1917.     Purchase. 


Federal  Valuation  of  the  Railroads  in  the  United  States.  State- 
ment prepared  by  II.  C.  Phillips,  General  Secretary  of  the  de- 
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Special  Researches.  By  L.  A.  Bauer  with  the  collaboration  of 
W.  J.  Peters,  J.  A.  Fleming,  J.  P.  Ault,  and  W.  F.  G.  Swann. 
Carnegie  Institution  of  Washington,  Washington,  1917.  Paper, 
9  X  11  in.,  447  pp.     $10.     Gift  of  Carnegie  Institution. 

Results  of  Magnetic  Observations  Made  by  the  United  States 
Coast  and  Geodetic  Survey  in  1916.  (U.  S.  Coast  and  Geodetic 
Survey.     Special  publication  No.  42).    Washington,  1917.   Purchase. 

Shape  Book  ;  Containing  Profiles,  Tables  and  Data  Appertaining  to 
the  Shapes,  Plates,  Bars,  Rails  and  Track  Accessories  Manufac- 
tured by  the  Carnegie  Steel  Company.  The  Carnegie  Steel  Co., 
Pittsburgh  (copyright  1917).  Leather,  5x8  in.,  352  pp.,  270  figs. 
$1.     Gift  of  the  Carnegie  Steel  Co. 

Standard  Table  of  Electrochemical  Equivalents  and  Their  De- 
rivatives, with  Explanatory  Text  on  Electrochemical  Calculations, 
Solutions  of  Typical  Practical  Examples  and  Introductory  Notes 
on  Electrochemistry.  By  Carl  Hering  and  Frederick  H.  Getman. 
D.  Van  Nostrand  Co.,  New  York,  1917.  Leather,  4x7  in.,  130  pp., 
8  figs.     $2.     Gift  of  the  publisher. 

Soci^Tfi  Technique  de  l'Industrie  du  Gaz  en  France.  Compte-Rendu 
du  Trente-Neuvi6me  Congress,  June  1912.     Paris,  1912. 


Compte  Rendu  de  I'AssemblSe  Gtoerale  du  June  9, 

1916.  Rapport  de  Gestiou  du  Comltfe  pour  I'exercice  1915.  Rap- 
port des  Travaux  du  ComitS  du  1  Juillet  au  31  Mai  1916. 
Paris,  1916.     Gift  of  George  G.   Rnmsdell. 


Spokane  Public  Library.     Annual  Report,  1916. 
of  Spokane  Public  Library. 


Spokane,  1916.     Gift 


Text-Book  op  the  Materials 
Moore.  McGraw-Hill  Book 
6x9  in.,  204  pp.,  70  flgs.     $ 


op  Engineering.  By  Herbert  F. 
Co.,  Inc.,  New  York,  1917.  Cloth, 
!.     Gift  of  the  publisher. 


Gift  of  the  Chilean  Nitrate  Commission 

Foods  for  Plants.  Ed.  11.  New  York,  n.  d. 
Nitrate  Industry.  By  Seiior  Enrique  Cuevas. 
Views  op  the  Chilean  Nitrate  Works  and  Ports. 


A.  S.  M.  E.  Accessions 

Carnegie  Endowment  for  International  Peace.  Year  Book  1917. 
Washington,  1917.     Gift  of  S.  N.  D.  North. 

Cincinnati,  Ohio,  Water  Works  Department.  Annual  Report  1916. 
Cincinnati,  1917.    Gift  of  Water  Works  Department. 

Engineers'  Society  of  Milwaukee.  Final  Report  on  Milwaukee  River 
Investigation.     -\ug.  1,  1917. 

Laboratory  Course  of  Practical  Electricity.  By  M.  J.  Archbold. 
Macmillan  Co.,  New  York,  1916. 

Measurement  of  the  Husian  Factor  in  Industry.  By  Frank  B. 
and  Lillian  M.  Gilbreth.  Presented  at  the  National  Conference 
of  the  Western  Efficiency  Society.  May  22-25,  1917. 

Ni:w  Jersey.  Board  of  Public  Utility  Commissioners.  Statistics 
of  Public  Utilities.  1915.  Union  Hill,  N.  J.,  1917.  Gift  of  New 
Jersey  Board  of  Public  Utilities. 

Theoretical  Depreciation.  A  discussion  of  the  subject  with  an 
analysis  of  a  paper  by  Dr.  Weber,  Statistician  of  the  Public 
Service  Commission  for  the  First  District,  State  of  New  York, 
entitled  "  Accounting  for  Depreciation,"  presented  for  the  con- 
sideration of  the  Public  Service  Commission  by  the  Consolidated 
Gas  Co.,  of  New  York,  St.  Louis,  N.  d.     Gift  of  James  E.  Allison. 

"  The  Times,"  What  the  Course  of.  Shall  Be.  Letter  of  Gen.  Otis 
to  Mr.  and  Mrs.  Chandler — their  statement. 


TRADE   CATALOGUES 

Link  Belt  Company,  Chicigo,  111. 
BOOK  No.  246.     Electric  Hoists. 

Book  No.  342.     Casings  and  Lubrication  for  Link  Belt  silent  chain 
drives. 

The  Francke  Company,  New  Brunswick,  N.  J. 
Bulletin  No.  23,     Flexible  Couplings.     Jan.  1917. 

Union  Iron  Works,  Erie,  Pa. 

Water  Tube  Boilers.     Descriptive  pamphlet. 

McEwen  Brothers.  Wellsville,  N.  Y. 

Bulletin  on  High-Compression  Oil  Engines,  16  pp. 


PERSONALS 

/N  these  columns  are  inserted  items  concerning  members  of  the  Society  and  their  professional 
activities.  Members  are  always  interested  in  the  doings  of  their  fellow-members,  and  the 
Society  welcomes  notes  from  members  and  concerning  members  for  insertion  in  this  section.  All 
communications  of  personal  notes  should  be  addressed  to  the  Secretary,  and  items  should  be  re- 
ceived by  November  10  in  order  to  appear  in  the  December  issue. 


CHANGES   OF  POSITION 

B.  Denver  Cottage  lias  resigned  as  chief  engineer  of  The  Puse.v 
and  Jones  Compuny,  Wilmington,  Del.,  and  is  now  experimental 
engineer  on  the  staff  of  E.  I.  du  Pont  de  Nemours  and  Company,  o£ 
the  same  city. 

Chenowetii  HmsUM  has  left  the  employ  of  the  AUis-Chaimers 
Manufacturing  Company,  Milwaukee,  Wis.,  to  enter  the  Government 
service  on  certain  special  development  work. 

Joaquin  R.  Masferrek  has  resigned  his  position  with  the  South 
Porto  Rico  Sugar  Company,  as  assistant  steam  engineer  of  their 
electric  plant  at  the  Guanica  Centrale,  and  has  accepted  the  position 
of  assistant  mechanical  engineer  with  the  Haytian  American  Sugar 
Corporation,  of  Port-au-Prince,  Hayti. 

Raymond  T.  Bell,  formerly  engineer  of  tools  and  methods,  Wahl 
Adding  Machine  Company,  Chicago,  111.,  has  become  identified  with  the 
Teetor  Adding  Machine  Company,  Des  Moines,  Iowa. 

Harold  A.  Richmond,  president  of  the  American  Emery  Wheel 
Works,  Providence,  R.  I.,  has  become  associated  with  the  General 
Abrasive  Company,   Inc.,   Niagara   Falls,   N.  Y. 

Padl  D.  Hawkins  has  become  affiliated  with  Lybrand  Ross  Brothers 
and  Montgomery,  New  York.  He  was,  until  recently,  connected  with 
the  Newton  Gas  and  Electric  Company,  Newton,  N.  J. 

JULins  G.  Beegek,  industrial  power  engineer.  Public  Service  Corpora- 
tion, Trenton.  N.  J.,  has  assumed  the  duties  of  chief  engineer  of  the 
William   Gordon  Corporation,   Philadelphia,   Pa. 

Jacob  Ginsbdrg,  formerly  associated  with  the  Westinghouse  Electric 
and  Manufacturing  Company,  East  Pittsburgh,  Pa.,  has  accepted  the 
position  of  mechanical  engineer  with  the  Lehigh  Portland  Cement 
Company,   lola,   Kan. 

Clayton    A.    Hoover,    formerly    accountant  and    auditor    with    the 

Southwark    Foundry    and    Machine    Company,  Philadelphia,    Pa.,    has 

entered   the  employ   of  the  Vim  Motor  Truck  Company,   of  the  same 
city,  in  the  capacity  of  treasurer. 

Daniel  T.  MacLeod,  president  of  the  Hamilton  By-Products  Com- 
pany, New  York,  has  assumed  the  position  of  vice-president  of  the 
Elkhorn  Piney   Coal  Mining  Company,  Milwaukee,    Wis. 

Arthur  F.  Cary  has  accepted  the  position  of  mi?chanical  engineer 
with  the  Stanley  Motor  Carriage  Company,  Newton,  Mass.  He  was, 
until  recently,  superintendent  of  trade  school  of  the  Massachusetts 
Reformatory,   Watertown,  Mass. 

Benjamin  G.  Denlinger,  formerly  mechanical  foreman  of  the  As- 
toria Light,  Heat  and  Power  Company,  Long  Island  City,  N.  Y.,  has 
entered  the  service  of  the  Keller  Mechanical  Engraving  Company, 
Brooklyn,  N.  Y. 

Frederick  R.  Shanley,  efficiency  engineer  with  L.  V.  Bstes,  Inc., 
Chicago,  III.,  has  become  identified  with  the  Northwestern  Knitting 
Company,  Minneapolis,  Minn. 

Frederick  J.  Brengel,  assistant  superintendent,  manufacturing  de- 
partment of  the  Safety  Car  Heating  and  Lighting  Company,  Jersey 
City,  N.  J.,  has  assumed  the  position  of  superintendent  of  the  Bailey 
Meter  Company,   Boston,   Mass. 

A.  F.  Van  Deinse,  until  recently  associated  with  the  Springfield 
Gas  and  Electric  Company,  Springfield.  Mo.,  in  the  capacity  of  general 
manager,  has  become  affiliated  with  the  Federal  Tugbt  and  Tractit^n 
Company,  New  York. 

Herbert  L.  Whittemore  has  resigned  from  tlie  associate  professor- 
ship of  mechanics  at  the  LTniversity  of  Oklahoma.  Norman,  Okla.,  and 
accepted  a  position  with  the  Bureau  of  Standards,  Washington,  D.  C. 

P.  J.  Bell  has  resigned  his  position  as  manager  of  the  San  Carlos 


Milling  Company,   Ltd.,  effective  July  31,  and  has  accepted  a  position 
with  Welch,  Fairchild  and  Company,  Inc.,  of  Manila,  P.  I. 

John   R.    DuPriest,   formerly   head   of   the   mechanical  engineering 

department   of  the  University   of   Idaho,   Moscow,   Idaho,  has   become 

professor  of  steam   and  gas  engine  design   at   Rensselaer  Polytechnic 
Institute,  Troy,  N,  Y. 

Charlb.*!  G.  ROBIN.SON,  formerly  engineer  with  the  Wheeling  Steel 
Casting  Company,  Wheeling,  W.  Va.,  has  assumed  the  duties  of 
president  of  The  Ohio  Mold  and  Foundry  Company,  Cincinnati,  Ohio. 

Ira  Dye,  until  recently  erecting  engineer  with  Henry  R.  Worthing- 
ton,  Harrison,  N.  J.,  has  been  appointed  night  superintendent  of  the 
Weir  Frog  Company's  plant  at  East  Norwood.  Ohio. 

J.  E.  Gibson  has  accepted  the  position  of  manager  of  the  water 
department  under  the  Commissioners  of  Public  Works,  Charleston, 
S.  C.  He  was  formerly  connected  with  the  American  Pipe  and 
Construction  Company,  Philadelphia,  Pa.,  in  the  capacity  of  principal 
assistant  engineer. 

Donald  B.  Prentice,  instructor  of  mechanical  engineering,  Sheffield 
Scientific  School,  Yale  University,  New  Haven,  Conn.,  has  accepted 
the  position  of  assistant  professor  of  mechanical  engineering  at 
Lafayette  College,   Easton,   Pa. 

Charles  A.  Haynes  has  resigned  his  po.sition  as  superintendent  of 
Unger  Brothers,  of  Newark,  N.  J.,  to  accept  a  similar  position  with 
the  Mohegan  Tube  Works,  Brooklyn,  N.  Y. 

William  N.  Stevens,  formerly  identified  with  the  Cincinnati  Milling 
Company,  has  entered  the  service  of  the  Gisholt  Machiue  Company, 
Madison,   Wis. 

Arthur  II.  Aagaaed,  formerly  instructor  of  steam  and  gas  engineer- 
ing. College  of  Mechanics  and  Engineering,  University  of  Wisconsin, 
Madison,  Wis.,  has  accepted  a  position  at  Rice  Institute,  Houston,  Tex. 

Robert  M.  Matthew,  until  recently  connected  with  the  Ohio  Tool 
Company,  Charleston,  W.  Va.,  in  the  capacity  of  machine-shop  fore- 
man, has  assumed  the  position  of  assistant  superintendent  of  the 
Whitaker  Manufacturing  Company,   of  Chicago,   HI. 

Charles  Maak,  until  recently  in  the  employ  of  the  Metals  Produc- 
tion Equipment  Company,  Springfield,  Mass.,  as  assistant  chief  engi- 
neer, has  become  affiliated  with  the  Quigley  Furnace  Specialties  Com- 
pany,  New  York. 

Aubrey  I.  Brown  has  accepted  the  position  of  assistant  professor 
of  mechanical  engineering,  Pennsylvania  State  College,  State  College, 
Pa.  He  was  formerly  on  the  faculty  of  Ohio  State  University,  Colum- 
bus.,  Ohio,   as   instructor   of   mechanical   engineering. 

Mark  A.  Eicheneerg,  formerly  head  of  the  purchasing  inspection 
with  the  Bosch  Magneto  Company,  Plainfleld,  N.  J.,  is  now  connected 
with  the  United  States  Signal  Corps,  as  inspector  of  aeroplanes  and 
■aeroplane  engines. 

Henry  L.  Underhill,  engineer  of  the  purchasing  department.  Con- 
solidated Gas  Company,  of  New  York,  has  become  associated  with  the 
Bartlctt   Ilayward   Company,    Baltimore,   Md. 

Frank  J.  Baumis,  formerly  sales  engineer  with  Manning,  Maxwell 
and  Moore.  New  York,  has  been  appointed  assistant  works  manager 
of  the   Putnam    Machine   Company.    Fitehburg,    Mass. 

A.  C.  Townsend,  who  has  been  connected  with  the  Green  Fuel 
Economizer  Company  in  various  capacities  for  the  past  twelve  yeiirs, 
has  resigned  his  position  as  assistant  to  general  manager  and  is  now 
associated  with  H.  R.  Geiger,  sales  agent  for  power-plant  equipment 
and  the  Moore  Steam  Turbine  Corporation. 

Frank  A.  Browne,  formerly  manager  of  the  Iroquois  Works  of  the 
Barber    Asphalt    Paving   Company,    Bntfalo,    N.    Y.,    is    now    connected 
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with    the   United    States    Shipping    Board,    Washington.    D.    C,    in    the 
capacity   of  general   purchasing   officer. 

Louis  J.  Pelissier,  formerly  connected  with  De  Camp  and  Sloan 
Manufacturing  Company,  Newark,  N.  J.,  has  accepted  a  position  in  the 
engineering  department  of  the  Hopkins  and  Allen  Arms  Company, 
Norwich.   Conn. 

Earl  L.  Consolivee,  formerly  in  the  employ  of  the  American  Auto- 
mobile College,  Omaha,  Neb.,  has  accepted  the  position  of  instructor 
in  mechanical  drawing  and  machine  design  in  the  Extension  Division 
of  the  University  of  Wisconsin,  Madison,   Wis. 

Clifford  P.  Staudinger,  formerly  assistant  designer  for  the  A.  S. 
Heinrich  Corporation,  has  taken  a  position  in  the  experimental  depart- 
ment of  the  Curtiss  Engineering  Corporation. 

Arthue  S.  Lewis  has  resigned  his  position  as  travelling  mechanical 
engineer  and  eastern  representative  with  the  Chicago-Cleveland  Car 
Roofing  Company,  New  York,  to  join  the  sales  force  of  Flint  and 
Chester,  Inc.,  New  York.  As  assistant  to  the  president,  Mr.  Lewis 
will  have  charge  of  sales  to  railroads  and  other  large  corporations. 

Clyde  H.  McClintock  has  severed  his  connections  with  the  Den- 
ver Tramway  Company,  Denver,  Colo.,  and  is  now  associated  with 
the  Trinidad  Electric  Transportation  Railway  .md  Gas  Company. 
Trinidad.  Col.,  as  construction  engineer. 

R.  F.  Peters,  until  recently  senior  mechanical  engineer,  valua- 
tion division  of  the  Interstate  Commerce  Commission,  Kansas  City, 
Mo.,  has  become  identified  with  the  St.  Louis-San  Francisco  Railway 
Company,   Springfield.   Mo.,  as  mechanical  engineer. 


ANNOUNCEMENTS 

Major  Francis  B.  Lo.xcley  has  been  detailed  as  engineer  officer  in 
charge  of  the  engineering  department  of  the  Signal  Corps  Aviation 
School,  San  Diego,  Cal. 

Porter  H.  Adams,  recently  chief  engineer  of  the  Basle-Adams  Engi- 
neering Company,  Boston,  Mass.,  is  now  in  the  naval  service  of  the 
United  States,  stationed  at  Rockland,  Me. 

Robert  P.  Lay,  formerly  assistant  inspection  engineer  with  the 
Curtiss  Aeroplane  and  Motor  Corporation,  Buffalo,  N.  Y.,  is  now 
assistant  engineer  in  the  motor  experimental  division  of  the  same 
company,  located  at  the  Churchill  Street  plant.  Buffalo,  in  charge 
of  the  design  of  all  new  motors  developed  by  the  company. 

James  Brakes,  Jr.,  has  accepted  a  position  as  testing  engineer 
for  the   Kimberly-Clark   Company,   Neeenah,   Wis. 

C.  W.  E.  Clarke  has  gone  to  France  on  Governmental  work  in 
<!onnection  with  the  war. 

R.  Sanfoed  Riley,  president  of  the  Riley  Stoker  Company,  Ltd.. 
has  been  elected  president  of  the  Murphy  Iron  Works,  and  in  order 
to  take  care  of  the  increased  volume  of  business  in  the  Riley  under- 
feed stokers,  additional  manufacturing  facilities  have  been  arranged 
at  the  Detroit  plant  of  the  latter  company.  There  will  be  no 
change   in   its   management   or   policy. 

Sami'el  S.  Williams  has  enlisted  in  the  Signal  Service  of  the 
United   States  Army  and  is  stationed  at  Atlanta,  Ga. 

James  Allentuch  announces  that  his  name  has  been  legally  changed 
to  James  Allen-Tuch. 

Commander  H.  I.  Cone,  U.  S.  N.,  marine  superintendent,  Panama 
Canal,  has  been  detached  from  the  Panama  service  and  is  now 
stationed  at  Washington,  D.  C,  in  the  Navy  Department. 

Harey  T.  Anderson  has  become  identified  with  the  Dusenberg 
Motors  Corporation.  Elizabeth,  N.  J. 

Major  W.  B.  Gregory,  of  New  Orleans,  La.,  Engineers  Officers' 
Reserve  Corps,  is  now  with  the  American  Expeditionary  Forces  in 
France,  reporting  direct  to  General  Pershing. 

Lee  E.  Walker  has  been  commissioned  First  Lieutenant,  Ordnance 
Officers'  Reserve  Corps,  and  has  been  assigned  to  active  duty  in  the 
carriage  division. 

Victor  Schleyee  has  become  affiliated  with  the  Lea  Courtenay 
Company,   Newark,  N.  J.,   in  the  capacity   of  chief  engineer. 

Melbert  W.  Taber  h.is  been  transferred  from  the  position  of  Detroit 


district  manager  of  the  Asbestos  Protected  Metal  Company,  to  that  of 
factory  manager  of  the  company's  plant  at  Ambridge,  Pa. 

Francis  M.  Bond  was  commissioned  a  Captain  in  the  Ordnance 
Officers'  Reserve  Corps  on  June  26,  1917,  spending  about  two  months 
at  the  Frankford  Arsenal  and  about  one  month  at  the  Rock  Island 
Arsenal  training  for  inspection  of  ordnance  materials.  At  present, 
Captain  Bond  is  detailed  to  the  plant  of  the  Wagner  Electric  Manufac- 
turing Company,  of  St.  Louis,  Mo.,  as  inspector  of  ordnance  in  charge 
of  the  inspection  and  acceptance  of  materials  on  contract  for  the 
War  Department. 

Thomas  J.  Love,  assistant  mechanical  engineer  with  the  Dodge 
Sales  and  Engineering  Company,  New  York,  has  become  resident 
representative  of  the  same  company,  at  Indianapolis,  Ind. 

G.  G.  Schmidt  announces  the  opening  of  the  fifth  annual  season 
of  The  New  York  School  of  Heating  and  Ventilating,  World  Building, 
New  Y'ork,  of  which  he  is  secretary. 

Paul  M.  Chamberlain  has  received  a  commission  as  Major,  Ord- 
nance  Section,   Officers'   Reserve  Corps. 

D.  P.  Gaillard  has  been  commissioned  as  First  Lieutenant,  Ordnance 
Officers'  Reserve  Corps,  and  is  at  present  assigned  to  Division  T 
(Nitrate  Division),  office  of  the  Chief  of  Ordnance,  Washington,  D.  C. 

Lyman  H.  Miller,  assistant  superintendent  of  the  American  Steel 
and  Wire  Company,  New  Haven.  Conn.,  has  recently  been  elected 
president  of  the.  New  Haven  Safety  Local  Council  of  the  National 
Safety   Council,   for  the  year  1917-191S. 

Dean  E.  Foster,  associate  professor  of  mechanical  engineering. 
University  of  Missouri.  Columbia,  Mo.,  is  at  present  on  leave  of 
absence  and  is  employed  by  Cosden  and  Company,  refiners,  as  mechan- 
ical engineer  on  the  design  and  construction  of  their  Tulsa,  Okla., 
44-mlllion-dollar  refinery. 

Albert  H.  Gfrorer  has  been  commissioned  as  First  Lieutenant, 
Officers'  Reserve  Corps,  Ordnance  Division,  War  Department,  Wash- 
ington, D.   C. 

John  M.  Toppin  has  resigned  his  position  of  general  manager  with 
the   Rhodes  Manufacturing   Company,   Hartford,   Conn. 

Majoe-General  George  W.  Goethals  has  been  elected  president  of 
the  Wright-Martin  .Aircraft  Corporation,  whose  main  plant  is  located 
at  New  Brunswick,   N.   J. 

Philip  F.  Miller  has  entered  upon  duty  as  First  Lieutenant,  U.S.R., 
in  the  Field  Artillery  Section  of  the  Carriage  Division  of  the  Ordnance 
Department,   Washington,  D.  C. 

W.    Dean    Burton   has   resigned    as   mechanical  engineer   with    the 

McKeen    Motor    Car    Company,    Omaha,    Neb.,    to  become    associated 

with  the  U.  S.   Signal  Service,   Fort  Omaha,  Neb.,  in  the  capacity  of 
aeronautical  mechanical  engineer. 

.\.  B.  Christex  has  been  commissioned  as  First  Lieutenant,  Signal 
Corps,  and  will  leave  shortl.v  for  France. 

Eugene  L.  Brown,  Jr.,  has  resigned  his  position  with  the  Illinois 
Stoker  Conipan.v,  Alton,  111.,  to  accept  a  commission  as  First  Lieu- 
tenant in   the   Engineer   Officers'    Reserve   Corps. 

Feed  W.  Brown  has  been  commissioned  as  Captain  in  the  Ordnance 
Section   of   the   Officers'    Reserve   Corps. 

Frank  B.  Gilbeeth.  consulting  management  engineer,  of  Provi- 
dence, R.  I.,  has  been  commissioned  a  Major  in  the  Ordnance  Depart- 
ment of  the  United  States  Army  and  is  to  have  charge  of  some 
features  of  construction  work  of  the  railroad  which  the  United  States 
is  to  build  in  France. 

Henry  L.  Doherty.  president  of  the  Doherty  Operating  Company, 
New  York,  is  the  subject  of  a  biographical  sketch  in  the  October 
number  of  the  American  Magazine. 


APPOINTMENTS 

-Arthur  A.  Misch,  of  Cleveland,  O.,  has  been  appointed  First 
Lieutenant  in  the  Ordnance  Department  of  the  Officers'  Reserve  Corps. 

Robert  E.  Jackson,  formerly  assistant  superintendent  of  the  Edison 
Laboratories,  Orange,  N.  J.,  has  been  appointed  superintendent  of  the 
laboratories,  effective  October  1. 

George  H.  Sbenberger  has  been  appointed  works  and  -safety  engi- 
neer for  the  Goulds  Manufacturing  Company.  Seneca  Falls,   N.  Y. 
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Christian  Girl,  president  of  the  Standard  Parts  Company,  Cleve- 
land, O.,  has  been  appointed  by  the  Government  to  supervise  the 
construction  of  the  40,000  Liberty  trucks  that  are  to  be  built  for  the 
War  Department.  He  will  remain  at  the  head  of  the  Standard  Parts 
Company,  but  has  been  given  a  leave  of  absence  in  order  to  devote 
his  time  to  Government  service. 

William  A.  Blackbitkn  has  been  appointed  manager  of  manufac- 
turing at  the  Cadillac  Motor  Car  Company,  of  Detroit,  Mich.,  super- 
seding George  H.  Layng,  who  has  recently  become  associated  with  the 
Lineon  Manufacturing  Company,  of  Detroit,  Mich.  Mr.  Blackburn  was 
formerly  connected  with  the  Cadillac  Motor  Car  Company  in  the 
capacity  of  general  foreman. 

Walter  D.  Fuller  has  been  appointed  secretary  of  The  Curtis 
Publishing  Company,  Philadelphia,  Pa.  He  was  formerly  comptroller 
of  the  same  company. 

George  E.  Pelli.ssier,.  consulting  engineer  of  Springfield,  Mass., 
has  been  appointed  assistant  general  manager  of  the  Holyoke,  Mas.s., 
Street   Railway. 


AUTHORS 

Allen  F.  Brewer  is  the  author  of  an  article  bearing  on  Overhead 
Charges  as  Applied  to  Appraisal  Reports,  published  in  Industrial 
Management  for   September,   1917. 

H.  L.  Gantt  presented  a  paper  on  the  Economic  Position  of  the 
Engineer  before  the  October  22  meeting  of  the  Engineers'  Club  of 
Trenton. 


John  T.  Faig  addressed  the  Engineers'  Club  of  Dayton,  October  2, 

on  The  Economical  Use  of  Coal  by  Communities. 

C.  E.  Knoeppel,  of  New  York,  addressed  the  October  10  meeting  of 
the  New  England  Foundrymen's  Association,  Boston,  Mass.,  on  The 
Importance  of  Foundry  Costs. 

C.  B.  Ai'EL  has  contributed  an  article  on  the  Utilization  of  Factory 
Wastes  to  the  October  issue  of  Industrial  Management. 

Richard  H.  Rice  is  the  author  of  The  Large  Turbo-Generator 
which  appears  in  the  October  number  of  the  General  Electric  Review. 

Dexter  S.  Kimball  has  contributed  an  article  entitled  Labor- 
Maintenance  Service  as  a  Factor  in  Management,  to  the  October 
issue  of  Industrial  Management. 

J.  W.  Ledoux  has  contributed  an  article  on  Purposes  Which  Should 
Govern  Water-Works  Valuations  to  the  October  4  Issue  of  Engineering 
News-Record. 

John  Hunter  is  the  author  of  an  article  on  New  Boilers  for  Ashley 
Street  Station  which  is  published  in  the  October  9  issue  of  Power. 

C.  B.  Lord  is  the  author  of  Athletics  for  the  Working  Force,  which 
appears  in   the  October  issue  of  Industrial  Management. 

Roy  H.  Smith  has  contributed  an  article  on  the  Cold-Heading  of 
Wire  to  the  October  number  of  Machinery. 

HOLDEN  A.  Evans  has  contributed  an  article  on  Eliminating  Un- 
productive Time  to  the  October  issue  of  Industrial  Management. 


THE   NEW  BOOKS 

A  LL  books  received  by  The  Journal  will  be  listed  under  this  heading,  generally  accompanied  by 
■^'-  brief  descriptive  notes.  Works  of  special  importance  to  mechanical  engineers  will  be  com- 
mented on  at  length  by  members  and  others  peculiarly  qualified  by  reason  of  their  experience  and 
training. 


Steam  Turbines 

steam  Turbines.  By  Wm.  J.  Goudie,  M.I.M.E.,  M.I.E.S.,  Scotland, 
Reader  in  Tiioory  and  Practice  of  Heat  Engines,  University  of 
London.  Longmans,  Green  &  Co.,  New  York,  1917.  Cloth,  6x9  in., 
x-l-519  pp.,  230   illustrations.      $4. 

As  stated  in  the  author's  jsreface,  the  book  is  primarily 
designed  for  the  use  of  engineering  students,  but  from  the 
extensive  analyses  and  the  quantity  of  advanced  data  and 
methods  of  calculation  it  contains,  it  will  be  of  considerable 
use  to  designing  engineers.  It  will  also  be  very  suitaljle  for 
students  and  from  this  point  of  .view  is  much  better  for 
classroom  use  than  Stodola,  which  is  altogether  too  heavy  for 
anybody  but  experienced  designers,  very  cumbersome  in  the 
classroom  and  without  examples,  although  it  has  been  con- 
sidered the  standard  reference  work  for  many  years.  Com- 
pared with  other  books  now  on  the  market,  it  will  fill  a  much 
needed  place,  in  that  it  is  less  infoi'mal  and  somewhat  more 
convenient  in  its  treatment  than  Martin's  book  and  much 
more  thorough  in  detail  than  Roe's  or  Thomas's  works  on  the 
subject.  These  latter  two  books,  however,  were  only  intended 
for  classroom  use,  the  former  for  short  courses,  such,  for 
instance,  as  two  hours'  lecture  work  a  week  for  a  class  of 
senior  students  covering  the  course  in  one  term. 

The  arrangement  of  the  chapters  is  somewhat  unusual. 
Immediately  after  the  first  chapter.  Classification  of  Steam 
Turbines,  follows  the  description  of  commercial  types.  The 
u=ual  arrangement  is  to  discuss  the  design  of  the  turbine,  as 
given  in  Chapters  7  to  15,  and  then  consider  the  commercial 
types  as  examples  of  the  procedure.  It  seems  as  if  the  usual 
practice  were  more  desirable ;  what  was  probably  in  the 
author's  mind  was  to  teach  the  student  what  the  commercial 


types  were,  using  his  memory  faculty  first,  following  it  with 
the  analyses  of  the  commercial  types,  and  using  his  reasoning 
faculty  after  he  had  become  familiar  with  what  the  turbine  is. 
However,  the  writer  has  found  it  better,  in  general,  to  exercise 
the  memory  faculty  of  the  second-  or  third-year  student  by 
general  descriptive  courses  of  power  machinery,  and  to  handle 
the  design  of  steam  turbines  only  with  fourth-year  students, 
which  would  render  the  usual  arrangement  of  design  material 
first  and  descriptive  material  afterwards  a  better  one. 

In  Chapter  7  the  material  on  supersaturated  steam  is  the 
first  that  the  reviewer  has  seen  which  properly  elaborates  this 
subject.  Information  on  this  peculiar  phenomenon  has  been 
very  scarce.  Chapter  10  on  mechanical  losses  and  their 
prevention  is  also  very  well  worked  out  and  gives  some  inter- 
esting diagrams  in  connection  with  the  formulae.  Chajiters 
13,  14  and  15,  on  the  provisional  determination  of  general 
proportions,  help  to  emphasize  the  important  point  in  turbine 
design,  namely,  that  the  complete  design  is  practically  never 
worked  out  at  the  first  trial.  Each  adjustment  of  any  single 
dimension  in  the  nozzles  and  blading  affects  so  many  other 
variables,  which  in  turn  react  upon  the  first,  that  the  compu- 
tations must  be  completely  revamped  in  order  to  make  the 
necessary  and  complete  corrections.  With  the  exception  of 
Martin's  book,  practically  no  other  text  has  called  sufficient 
attention  to  this  feature. 

The  description  of  the  Ljungstrom  turbine  in  Chapter  3^ 
and  the  design  in  Chapter  15  are  the  first  published  material 
that  the  writer  has  seen  fully  covering  this  interesting  and 
novel  type  of  machine.  It  is  to  be  remembered  in  working 
out  turbine  designs  that  the  number  of  examples  is  usually 
less  than  in  textbooks  generally,  on  account  of  the  length  of 


976 


THE  NEW  BOOICS 


The  JouBNAi, 
Am.Soc.M.E. 


the  calculations.  For  instance,  in  a  class  of  fourth-year 
students  taking  a  course  lasting  one  year,  tlixee  hours'  lecture 
work  and  one  afternoon  a  week  on  calculations,  it  was  found 
that  the  complete  proportioning  of  the  impulse  or  reaction 
turbine  took  about  three  months.  Most  of  the  examples  in  this 
work  cover  the  full  design  of  nozzles,  buckets,  or  complete 
groups  rather  than  individual  fonnuhe  only.  This  is  very 
desirable  from  a  practical  point  of  view. 

Naturally,  a  good  deal  of  the  material  is  worked  up  from 
earlier  books  upon  the  subject,  but  there  is  quite  a  little  new 
matter,  particularly  in  the  sections  on  provisional  design. 
Jude's  book  is  the  one  which  it  resembles  the  most,  but  it 
carries  the  design  more  logically  to  its  conclusion.  It  covers 
the  field  about  as  completely  as  any  turbine  book  which  has 
been  published  up  to  the  present  time,  and  should  be  a  very 
valuable  addition  to  any  engineer's  library. 

R.  J.  S.  PiGOTT. 


Mechanical  Equipment  of  Buildings.  Vol.  II,  Power  Plants  and  Re- 
frigeration. By  Louis  Allen  Harding,  B.S.,  M.E.,  and  Arthur  Cutts 
Wlllard,  .S.B.  John  Wiley  &  Sons,  Inc.,  New  York,  1917.  First 
Edition.  Flexible  binding,  7x9i,4  in.,  766  pp.,  profusely  Illustrated. 
$5  net. 

An  almost  ideal  book  for  the  mechanical  engineer  for  use 
as  reference  is  the  work  under  consideration.  It  cannot  be 
considered  an  entirely  original  book,  but  it  is  made  up  of  a 
collection  of  valuable  data  that  are  badly  needed  and  ordi- 
narily hard  to  find.  The  information  contained  is  also  well 
assembled  and  indexed. 

To  the  designing  engineer  the  book  is  almost  indispensable. 
To  the  power-plant  engineer  it  is  also  of  great  value,  and  the 
refrigei'ating  engineer,  even  if  the  refrigeration  section  is 
somewhat  limited,  will  find  that  the  remainder  of  the  contents 
on  steam-power  plant  proper  is  well  adapted  to  his  uses. 

The  first  chapter  is  devoted  to  physical  units  and  heat,  and 
is  valuable  especially  to  the  student.  This  is  followed  by  a 
section  on  water,  steam  and  air,  dealing  with  formulae  for 
measurement,  designing  of  piping,  and  with  the  fundamental 
laws  of  hydraulics,  thermodynamics  and  pneumatics. 

Chapter  III  takes  up  fuels  and  combustion,  giving  valuable 
information  in  small  space  and  including  tables  of  analyses 
and  heating  values  of  various  fuels,  and  also  an  analysis  of 
fuels  and  flue  gases.  The  rather  complete  chapter  on  boilers 
and  lilies  for  construction  which  follows  contains  a  number 
of  valuable  tables  of  detail  dimensions  of  various  standard 
boilers,  in  addition  to  construction  formulae,  and  is  well  sup- 
plemented with  illustrations  and  explanations.  Following  this 
is  a  short  chapter  dealing  with  mechanical  stokers  that  could 
well  be  somewhat  more  complete. 

The  next  chapter  is  on  superheaters  and  economizers,  giving 
also  manufacturers'  tables  of  tests  on  performance  under  vari- 
ous conditions.  The  part  devoted  to  superheaters  is  very  short, 
thus  throwing  the  book  somewhat  out  of  balance. 

The  section  devoted  to  the  theory,  design  and  construction 
of  chimneys  for  power  boilers  is  interesting  and  complete  in 
outline.  It  not  only  includes  the  methods  of  determining  the 
proper  dimensions  of  breechings  and  stacks,  but  also  construc- 
tion data  of  steel,  brick  and  concrete  chimneys,  and  a  complete 
set  of  specifications.  It  is  followed  by  a  number  of  pages  on 
mechanical  draft,  including  tables  and  curves  of  forced-draft 
fan  performance,  and  a  chapter  on  feedwater  heaters  and 
purifiers,  also  a  collection  of  data  on  feedwater  treatment. 

The  space  devoted  to  steam  engines  and  steam  turbines  is 
almost  a  book  by  itself,  well  filled  with  data  in  a  concentrated 
form.  The  chapter  on  pumps  is  also  an  extensive  one,  and 
contains  some  novel  information. 


The  next  eighty  pages  cover  quite  well  the  steam  condenser 
and  cooling  ponds  and  towers,  giving  results  of  tests  under 
various  conditions.  These  data  are  entirely  conservative,  and 
most  of  them,  as  throughout  the  book,  have  been  obtained  from 
resjjonsible  manufacturers.  A  psychrometric  chart  and  tables 
are  also  included. 

The  chapters  on  pipe  fittings,  valves,  coverings  and  ac- 
cessories and  power-plant  piping  are  well  filled  with  selected 
data,  and  embody  specifications  for  piping  under  various 
steam  pressures. 

The  section  on  the  arrangement  of  steam-power  plants  is 
well  illustrated  with  plan  and  cross-sectional  views  of  repre- 
sentative power  plants,  and  is  followed  by  data  on  coal-  and 
ash-handling  machinery  well  adapted  for  medium-  and  large- 
size  plants. 

The  cost  of  steam-  and  gas-power  equipment  is  treated  in 
a  separate  chapter  containing  complete  lists  of  power-plant 
equipment  adapted  for  small  and  large  plants,  together  with 
equations  for  determining  the  costs  of  various  sizes. 

The  information  on  isolated  plants  is  very  valuable  to  the 
operating  engineers  of  hotels  and  other  large  buildings,  also 
to  the  electric  or  heating-plant  central-station  engineering  de- 
partments. 

The  remainder  of  the  book  is  devoted  to  refrigeration,  but 
the  information  given,  while  very  valuable,  is  not  entirely  of 
a  novel  nature.  Illustrations  on  the  construction  of  cold- 
storage  walls  are  shown,  followed  by  considerable  matter  on 
the  heat  transmission  of  piping,  Goodenough's  tables  on  satu- 
rated and  superheated  ammonia,  and  a  number  of  well- 
arranged  Images  on  the  ammonia  condenser. 

Very  interesting  and  practical  material  is  included  in  the 
chapter  on  the  absolution  machine,  and  the  subject  is  treated 
in  an  entirely  new  way.  The  valuable  tables  of  the  York  Mfg. 
Co.  and  a  number  of  other  ice-machinery  manufacturers  are 
included. 

The  book,  as  a  whole,  presents  well-assembled  and  properly 
condensed  information  in  a  readily  accessible  form.  The  ex- 
amples found  in  the  various  chapters  are  also  of  value  in 
helping  the  engineer  to  follow  easily  the  calculations  of  various 
problems. 

Victor  J.  Azbe. 


Military  Preparedness  and  the  Kngineer.  A  Handbook  for  the  Civilian 
Engineer.  By  Ernest  F.  Robinson.  Assoc.  M.  Am.Soc.C.E.,  Captain, 
New  York  Corps  of  Engineers,  National  Guard.  Clark  Book  Co., 
New  York.  1917.  Second  Edition.  Cloth,  iV^  x  61/2  in.,  361  pp., 
132  illustrations.     S2  net. 

This  book  has  been  written  for  the  information  of  civilian 
engineers  desirous  of  serving  their  countrj'  in  the  field  in  time 
of  war,  and  the  author  has  aimed  to  present  to  such  men  as 
accurate  an  idea  as  possible  of  the  salient  points  of  military 
engineering.  The  publication  is  based  on  a  series  of  lectures 
delivered  before  prominent  engineering  societies  during  the 
past  two  years,  and  in  the  present  edition  has  been  brought 
down  to  date  by  the  inclusion  of  new  material  from  many  dif- 
ferent sources.  Much  relating  to  field  fortifications  has  been 
obtained  directly  from  participants  in  the  European  struggle, 
and  is  descriptive  of  types  now  in  actual  use.  Contents:  How 
to  Obtain  a  Military  Training;  The  National  Guard;  Military 
Organization;  Military  Administration;  Engineer  Troops  in 
the  Field ;  Fire  Action ;  Field  Fortifications ;  Obstacles ;  Siege 
Works ;  Demolitions ;  Militaiy  Bridges ;  Topographical  Sketch- 
ing; Wire  Entanglements;  Organization  of  Captured  Posi- 
tions; Engineers  in  Field  Seniee;  Sanitation;  Equipment 
Data. 


The  Thirty-Eighth  Annual  Meeting  of  The  American  Society  of  Mechanical  Engineers  will  be  held  in 
the  Engineering  Societies  Building,  Neiv  York,  December  4  to  7.  The  program  of  the  meeting,  giving 
details  of  professional  sessions,  committee  meetings,  sections  conferences,  titles  of  addresses,  titles  and 
authors  of  papers,  etc.,  is  given  on  pages  1004  and  1005. 

Publication  of  the  papers  was  commenced  in  the  October  issue  and  has  been  continued  in  the  successive 
issues;  publication  in  The  Journal  is  in  comprehensive  abstract  form  and  simultaneously  the  papers  are 
being  printed  in  extenso  in  pamphlet  form  and  copies  may  be  obtained  gratis  by  members  on  request. 
Contributed  discussion  of  the  Annual  Meeting  papers  is  solicited  and  will  be  presented  at  the  meeting  and 
subsequently  published  in  The  Journal.  A  full  account  of  the  Annual  Meeting  will  be  presented  in  the 
January  Issue. 


THE  COOLING  OF  WATER  FOR   POWER-PLANT  PURPOSES 

By  C.  C.  THOMAS,  BALTIMORE,  MD. 
Member  of  the  Society 


THE  purpose  of  the  work  here  described  was  to  ascertain 
the  conditions  governing  the  cooling  of  water  by  means 
of  spray  ponds.  This  involved  determining  the  efficiency  of 
the  cooling  process  under  varying  conditions  of  pressure  at 
the  spray  nozzles,  the  temperature  of  water  to  be  cooled,  the 
power  applied  to  the  pumps,  the  height  of  sprays  above  the 
pond,  etc.  The  work  has  resulted  in  a  large  collection  of  data, 
part  of  which  is  presented  here,  and  also  in  the  development 
of  the  new  form  of  spraying  device  described. 


Discharge ■' 

Fig.  1    Cooling  System  Used  in  the  Experiments 

experiment.^^l  work 

The  experiments  were  made  on  the  pond  shown  in  Fig.  1, 
which  is  part  of  the  power  plant  and  laboratory  equipment 
of  The  Johns  Hopkins  University,  Department  of  Engineer- 
ing. The  pond  is  35  ft.  in  diameter  and  4  ft.  deep  and  was 
designed  with  special  reference  to  experimental  work,  as  well 
as  to  cool  the  condensing  water  for  a  50-kw.  Buekeyemobile 
fitted  with  a  surface  condenser.  The  water  is  ordinarily 
sprayed  through  one  spray  head,  or  nozzle,  of  the  new  type 
described  in  this  paper,  but  some  of  the  tests  were  made  with 
nozzles  of  other  types.  A  motor-driven  centrifugal  pump  with 
4-in.  suction  and  discharge  sends  the  water  through  the  con- 
denser tubes  and  to  the  spray  head,  as  shown  in  Fig.  1. 

The  pressure  at  the  spray  head  or  other  type  of  nozzle  was 
in  all  cases  measured  by  a  mercury  column  connected  to  the 
entrance  of  the  spraying  device,  and  the  recorded  pressures 
are  for  that  point.  Wind  velocity  was  measured  by  a  standard 
anemometer,  and  the  humidity  by  a  wet-and-dry-bulb  sling 
psychrometer.  The  amount  of  water  circulated  was  measured 
by  a  10-in.  weir  fitted  with  a  micrometer  hook  gage. 


About  six  hundred  tests  have  been  made,  mostly  with  the 
new  type  of  spray  head  shown  in  Figs.  2,  3,  and  4,  but  tests 
Nos.  11  to  18,  86  to  91,  and  many  others  not  reported  here, 
were  made  with  three  sizes  (3-in.,  2-in.,  and  1-in.)  of  nozzle 
having  spiral  cores,  as  shown  in  Fig.  5.  Data  representative 
of  the  tests  are  given  in  an  appendix. 

It  was  desired  to  ascertain,  among  other  things,  the  effect 


Fig.  2    Thomas  Adjustable  Spray  Head,  Closed  and  Open 

of  placing  a  wii'e  fly-screen  cylinder  about  the  spray  head,  and 
many  of  the  tests  were  so  made,  as  shown  in  the  appendix. 

THE    AUTHOR'S    ADJUSTABLE    SPRAY    HEAD 

The  adjustable  spray  head  is  shown  in  Figs.  2  and  3.  It 
consists  of  a  cast-iron  supporting  base  containing  the  water- 
entry  opening  and  eari-ying  a  3i/4-in.  outside-diameter  bronze 
tube  in  which  is  cut  a  spiral  opening  of  coarse  pitch.  This 
opening  is  cut  with  a  tool  placed  at  an  angle  of  about  60  deg. 
with  the  axis  of  the  tube,  so  that  the  water  is  thrown  upward 
at  this  angle.     The  spiral  tube  is  held  between  the  base  and 


For  presentation  at  the  Annual  Meeting,  December,  1917,  of  The  Ameeican  Society  of  Mechanical  Engineers,  29  West  39tli  Street. 
New  York.  The  paper  is  here  printed  in  abstract  form,  and  advance  copies  of  tlie  complete  paper  ma.T  be  obtained  gratis  upon  application. 
All  papers  are  subject  to  revision. 

977 


978 


COOLING  OF  WATER,  C.  C.  THOMAS 


The  Journal 
Am.Soc.M.E. 


a  cap  which  fits  the  top  by  means  of  a  central  bronze  stem 
which  passes  down  through  a  close-clearance  bushing  in  the 
base.  This  stem  is  movable  and  is  operated  by  a  bell  crank 
having  an  extended  vertical  arm  giving  accurate  control  of 
the  position  of  the  stem.  The  result  of  the  motion  is  either  to 
increase  or  decrease  the  fineness  of  the  film  of  water  as  it 
leaves  the  spray  head.  When  the  head  is  in  operation  the 
water  is  discharged  in  a  continuous  sheet  in  a  direction  which 
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Fig.  3 


Section  and  Elevation  op  Thomas  Adjustable 
Sprat  Head 


is  incUned  upward,  due  to  the  angle  of  the  spiral  opening. 
As  the  water  film  spreads  it  becomes  thinner,  on  account  of 
its  increasing  diameter,  until  a  point  is  reached  where  the  sur- 
face tension  is  overcome  and  the  sheet  of  water  breaks  into 
either  a  uniformly  fine  spray,  a  mist,  or  a  large  number  of 
small  drops,  depending  upon  the  size  of  opening  to  which  the 
spray  head  has  been  adjusted.  This  principle  of  spraying  a 
liquid  as  the  result  of  the  spreading  of  a  film  of  water  until 
it  breaks  into  mist,  or  spray,  or  fine  drops,  is  particularly 
applicable  to  low-pressure  work,  and  it  will  be  noticed  that 
the  pressures  used  in  the  experiments  described  are  relatively 
low,  being  in  general  from  5  to  8  in.  of  mercury.  A  pressure 
of  10  in.  gives  an  exceedingly  fine  spray,  and  in  general  8  in. 
at  the  spray  head  is  ample.  Of  course,  the  higher  the  pressure, 
the  more  extensive  is  the  cooling,  and  this  is  true  with  all 
forms  of  nozzle. 

EFFICIENCY   OF   COOLING   PONDS   AND   TOWERS 

The  efficiency  E  ot  a.  cooling  pond  or  tower  may  be  ex- 
pressed as  the  ratio  between  the  cooling  actually  produced, 
T^  —  T„  and  that  which  would  have  resulted  from  cooling  the 
water  down  to  the  dewpoint  or  wet-bulb  temperature  r„. 
Thus, 

T,  —  T, 

E  =  — '- 

T^  and  Tj  being  the  temperatures  of  the  water  before  and  after 
cooling,  respectively.  A  perfect  atomizing  device  would  be 
one  capable  of  subdividing  the  water  so  that  evaporation  would 
take  place  at  Tui,  and  to  an  extent  such  as  to  lower  the  tem- 
perature of  the  remaining  liquid  spray  to  that  temperature. 

The  curves  in  Figs.  6  and  7  show  variation  of  efficiency  of 
the  adjustable  spray  head  with  variation  of  pressure  and  with 
variation  of  capacity,  respectively,  for  three  initial  tempera- 
tures, namely,  for  T,  =  98,  105  and  125  deg.  fahr.  These  re- 
sults were  obtained  by  adjusting  the  spray  head  to  suit  the 
weather  conditions  existing  at  the  time.     From  these  curves 


the  cross  curves  on  Fig.  8  were  drawn,  for  use  in  predicting 
the  cooling  range  to  be  expected  from  a  given  set  of  conditions. 
This  may  be  done  as  follows : 

From  these  curves  the  efficiency  to  be  expected  for  any  given 
initial  temperature  T^  and  for  any  given  pressure  at  the 
nozzle,  may  be  found.  If  an  initial  temperature  of  water,  T„ 
and  an  average  air  temperature,  Ta,  and  humidity  be  assumed 
for  the  locality  of  the  cooling  pond,  the  expected  cooling  range 
may  be  worked  out.  For  example,  if  T,  =  115  deg.  and 
Ta  =  70  deg.  and  if  humidity  =  0.55,  then,  from  a  humidity 
table,  Ta—Tu,  =  10  deg.  or  T„  =  70  — 10  =  60  deg.,  and 

T,  —  r„  =  115  —  60  =  55  deg. 
Let  the  pressure  at  the  nozzle  be  10  in.  mercury.     From  the 
curves,  the  efficiency  to  be  expected  in  cooling  water  from  115 


deg.   by   spraying 
nozzle  is 


it    with    10    in.    mercury    pressure    at    the 


T.  —  T. 


=  0.70 


The  eooUng  range  will  then  be 

T^—T,  =  0.70  {T^—T^)=  0.70  X  55  =  38.5  deg. 


Fig.  4    Thomas  Adjustable  Spray  Head  in  Operation 


Fig.  5    Non-adjustable  Nozzle  vs^th  Spiral  Core 

It  is  of  interest  to  obser\'e  the  wide  variation  of  efficiency 
shown  in  Fig.  9  which  takes  place  during  a  long  period  of 
operation  when  no  attempt  is  made  to  adjust  the  spray  head 
so  as  to  obtain  uniformly  good  results.  The  tests  yielding 
these  points  cover  about  a  year.  The  heavy  black  cii'cles  indi- 
cate results  from  the  non-adjustable  nozzles,  while  the  others 
refer  to  the  adjustable  spray  head  when  operated  under  widely 
varjing  weather  conditions,  pressures,  and  temperatures  of 
water,  without  any  attempt  to  obtain  high  efficiency.  It  wUl 
be  noticed  that  with  the  non-adjustable  nozzles,  such  as  shown 
in  Fig.  5,  the  pressures  used  are  high  and  capacities  very  low 
as  compared  with  those  for  the  adjustable  spray  head. 

Fig.  10  shows  for  a  few  related  tests  the  variation  of  cool- 
ing range,  T,  —  T^,  with  pressure  at  the  spray  head. 

A  curve  was  obtained  showing  better  efficiencies  with  the 
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water  falling  upon  the  bare  cement  bottom  as  compared  with 
those  resulting  when  the  pond  contained  its  normal  amount  of 
water.  These  results  are  rather  surprising,  and  it  is  hoped 
that  further  tests  may  be  made  to  confirm  or  to  controvert 
them.  If  a  bare  pond  would  serve  as  well  as  one  containing 
water,  the  construction  of  the  pond  could  be  cheapened,  since 
less  weight  would  come  upon  the  foundation  and  less  material 
would  be  required  for  the  pond  as  a  whole. 

FACTORS  INVOLVED  IN  THE  PROBLEM  OF  COOLING   WATER 

The  loss  due  to  evaporation  during  a  period  of  eight  days  is 
shown  in  Table  1.  These  data  are  not  yet  complete,  but  the 
average  evaporation  may  probably  be  taken  as  about  2.25  per 
cent.  This  will,  of  course,  vary  with  weather  conditions, 
initial  temperature  of  water,  pressure  at  the  nozzle,  and  with 
humidity.     A  large  number  of  tests  made  with  water  at  high 
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Fig.  6  V.\riation  op  Efficiency  op  Adjustable  Sprat  Head. 
vriTH  Variation  op  Water  Pressure 
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Fig.  7  Variation  op  Eppicienct  op  Ajdjustable  Sprat  Head 
WITH  Variation  op  Capacitt 

and  low  initial  temperatures  indicate  that  2  to  2.5  per  cent 
per  hour  represents  fairly  well  the  average  loss  of  water,  but 
that  it  may  be  as  low  as  0.30  per  cent,  and  in  windy  weather 
as  high  as  10  or  15  per  cent  with  non-adjustable  nozzles. 

Extended  observations  on  a  pond  at  Sparrow's  Point,  Md., 
for  cooling  gas-engine- jacket  water  show  the  average  loss 
in  24  hours  to  be  6  in.  depth  of  water.     The  pond  is  60  ft. 


s  40  ft.  and  the  water  circulated  amounts  to  2000  g.p.m. 
The  loss  is  therefore  about  0.31  per  cent  per  hour. 

The  upper  left  hand  point  in  Fig.  11  was  obtained  from 
tests  on  this  pond. 

The  power  required  to  circulate  the  water  is  shown  in  Fig. 
12,  as  watts  per  gallon  per  minute  per  degree  of  cooling,  from 
varying  initial  temperatures.  In  order  to  test  the  accuracy 
of  this  curve,  experiments  were  made  on  the  pond  at  Spar- 
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efficiency,  percent  efficiency,  percent. 

Fig.  8    Curves  por  Predicting  Cooling  Range  to  be 
Expected  prom  a  Given  Set  of  Conditions 
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Fig.  9     Curves  Showing  Wide  Variation  op  Efpicienot 
WHEN  Proper  Adjustment  op  Spray  Head  is  Neglected 

(Black  circles  indicate  results  from  non-controlled  nozzles) 

row's  Point,  which  is  equipped  with  two  sets  of  nozzles,  either 
of  which  may  be  used.  One  set  consists  of  42  non-adjustable, 
spiral-core  nozzles,  and  the  other  set  of  12  of  the  adjustable 
spray  heads  described  in  this  paper.  The  power  required  with 
the  adjustable  spray  heads  at  Span-ow's  Point  is  shown  by  the 
point  so  marked  in  Fig.  11,  the  other  points  being  from  the 
Johns  Hopkins  pond.  From  this  curve  the  power  required 
to  circulate  the  water  in  a  given  case  can  be  estimated,  to 
cover  specified  temperature  and  capacity.  The  power  appears 
to  be  practically  independent  of  the  type  of  spraying  device 
used.  The  average  power  required  to  drive  the  pump  may  be 
calculated  from  the  following  equation  representing  the  curve 
drawn  through  the  experimentally  determined  points  in  Fig. 
11: 
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■where  P  =  power  of  the  pump  motor  in  watts  per  gallon  per 
minute  per  degree  fahrenheit  of  cooling,  and  T^  =  initial  tem- 
perature of  the  water  to  be  cooled,  deg.  fahr.  (not  absolute 
temperature).  The  cooling  seems  to  be  principally  dependent 
upon  the  energy  put  into  forcing  the  water  through  some  suit- 
able sprajing  device,  and  given  the  requisite  energy  a  great 
variety  of  fonns  of  nozzle  would  yield  about  equally  good 
results.  The  operating  advantages  of  the  adjustable  spray 
head  and  its  large  capacity  greatly  facilitate  keeping  the  heads 
clean  without  shutting  down  to  ctean  them.     It  also  pennits 


TABLE  1  TESTS  WITH  ADJUSTABLE  SPRAY  HEAD,  AT  LOW  PRES- 
SURE AND  AT  LOW  INITIAL  TEMPERATURES,  TO  ASCERTAIN 
LOSS  OF  WATER  DUE  TO  EVAPORATION 
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Fig.  10    Variation  op  Cooling  Range,  T,  —  T,,  with  Vari- 
ation OP  Pressure  at  the  Spray  Head 
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POWER  IN  WATTS  PER6AL1.0N-PER-KINUTE  PER  DEGREE  COOLINS 

Fig.  11    Power  Required  to  Cibcul.\te  Water  in  Cooling 
System  prom  Various  Initial  Temperatures 

regulation  of  the  spray  to  suit  weather  conditions  and  to  mini- 
mize loss  of  water  and  inconvenience  to  the  nearby  buildings 
due  to  driftage  in  windy  weather.  The  amount  and  cost  of 
piping  are  comparatively  small  for  the  adjustable  spray  head, 
since  each  one  will  handle  from  150  to  250  gal.  per  min.  In 
general,  each  adjustable  sjjray  head  wiU  handle  the  condensing 
water  for  a  50-  to  75-kw.  plant. 

Curves  are  also  shown  in  the  complete  paper  of  the  effect 
of  wind  velocity  upon  the  cooling  range,  the  effect  of  sprajdng 
upon  a  series  of  superposed  inclined  cement  plates,  and  of 
the  cooling  range  as  affected  by  the  amount  of  water  sprayed 
by  a  given  adjustable  spraj'  head.  The  factor  of  height  of 
spray  nozzles  above  the  surface  of  the  pond  is  also  considered. 

It  has  been  found  to  be  verj'  difficult  to  take  account  of  all 
the  variables  involved  in  the  problem  of  cooling  water,  and 
perhaps  no  one  formula  wUl  cover  the  matter  completely.  It 
is  hoped  that  further  investigation  will  serve  to  define  the 
effect  of  humidity  and  wind  velocity  and  some  of  the  other 
variables,  and  that  this  paper  may  perhaps  stimulate  others 
to  do  more  complete  work  than  the  writer  has  been  able  to 
accomplish. 

conclusion 
[In  his  conclusion,  the  author  considers  other  methods  of 


Test  number. .  .  . 


1 


Date.  1917 9-27      9-28 

Duration  of  test,  hours    6H        6K 

Hook-gage  lero,  ft 1 .  422    1 .  422 

Hook  gage,  first  read- 
ing, ft 1.593    1.592 

Hook  gage,  last  read- 

ft 1.565    1.570 

Loss  on  hook  gage,  ft. .     0.028    0.022 
Pressure  at  nozzle,  in. 

mercury 4.27      G.  10 

Temperature  at  inlet. 

Ti,  deg.  fahr 86.0      83.5 

Temperature      from 

pond,  7";,  deg.  fahr. .  SO. 4      77.8 
Cooling  range,    Ti-T-, 

deg.  fahr 5.6        5.7 

Dry-bulb  temperature. 

To.  deg.  fahr 75.8      75.7 

Wet^bulb  temperature, 

Tw,  deg.  fahr 66. 6      38,2 

Depression,        T„-T.,: 

deg.  fahr 9.2        7.5 

Humidity,  per  cent 62  70 

Loss    of    water,'     per 
cent  per  hour 


2.49      1.99 


9-29 

4H 

1.422 

1.592 

1.582 
0.010 

3  OO 
S4.0 
78  0 

6.0 

76,0 

36  0 

10  0 
50 

1.30 


10-3 
8 
1.422 

1.577 

1.571 
0.006 

5.24 
73.9 
70.6 

3  3 

39.6 

57.1 

12.5 
46 

0.483 


10-4 
8 
1  422 

1.571 

1.552 
0  019 

6  74 
79.6 
73.6 

6.0 

75.2 

32.0 

13.2 
17 

1.59 


10-5 
8 
1.422 

1.597 

1.584 
0.013 

6  23 
SI.  6 
74.3 

7  3 
'3  1 

31.9 

11.2 
53 

0  934 


10-6 
6 
1.411 

1.598 

1.545 
0.053 

6  59 
70.3 
54.6 

5.7 

59.4 

30.1 

9  3 
53 

4.99 


8 


10-8 
8 
1  411 

1.511 

1.481 
0.030 

5.10 
SO.O 
70.2 

9.8 
63.5 
56.5 

7.0 

65 

4.11 


*  Average  loss  of  water  (8  days),  per  cent  per  hour,  2.23. 

The  average  efficiency  for  the  8  days  covered  by  the  above  tests  is  32H  per 
cent,  and  this  will  be  seen  to  correspond  with  the  6-in.  pressure  curve  (extended) 
in  the  Ti  and  efficiency  curves  on  Fig.  8.  With  such  low  initial  temperatures  and 
pressures  this  represents  the  efficiency  and  cooling  range  to  be  expected. 

cooling  water,  and  compares  the  results  with  those  obtained 
from  spray  ponds. 

Fig.  12  shows  a  cooling  pond  equipped  with  adjustable 
spray  heads  for  2500  kw.  capacity  of  turbines.] 

The  experimental  pond  shown  in  Fig.  1  was  built  in  1914 


Fig.  12     Lj,;.-;:.;..  I'uxd  with  Adju.stauli;  yrr.AY  Heads  for 
Station  op  2500  kw.  Capacity 

for  the  dual  purpose  of  serving  the  University  power  plant 
and  pennitting  investigation  of  the  problems  discussed  in  this 
paper.  The  writer  has  had  much  assistance  from  others,  and 
is  particularly  indebted  to  Mr.  W.  J.  Dana,  Instructor  in 
Mechanical  Engineering,  Jolms  Hopkins  University,  to  Mr. 
John  P.  Powell,  Superintendent  of  Gas  Engines,  Bethlehem 
Steel  Company,  Span-ow's  Point,  Md.,  and  to  the  C.  H. 
Wheeler  Manufacturing  Company,  Philadelphia. 


A  COMMERCIAL  ANALYSIS  OF  THE  SMALL-TURBINE  SITUATION 


By  W.  J.  A.  LONDON,  SPRINGFIELD,  MASS. 


Member  of  the  Society 


EIGHT  years  ago  the  Society  was  presented  with  a  very- 
valuable  aud  complete  paper,'  by  Mr.  George  A.  Orrok, 
Mem.Am.Soc.M.E.,  on  the  small-turbine  situation  at  that  time. 
A  great  deal  of  further  development  has  naturally  taken  place 
since  then,  changed  operating  conditions  calling  for  consider- 
able modifications  in  design.  Increased  competition,  and  a 
broader  conception  of  the  pos- 
sibilities    and     limitations     of 

various  types,  have  resulted  in 


a  gradual  elimination  of  cer- 
tain principles  of  operation 
and  a  general  trend  toward  the 
adoption  of  one  common  type. 

We  have  seen  during  the  last 
six  or  seven  years  a  very 
marked  tendency  toward  stand- 
ardization of  type  in  the  larger 
machines.  Practically  every 
builder  has  resorted  to  the  com- 
posite type,  i.e.,  multi-velocity 
staging  in  the  high-pressure 
element,  and  pressure  staging 
at  the  low-pressure  end.  Even 
such  a  zealous  advocate  of  the 
pure  type  as  Parsons  himself 
has  now  been  converted  to  the 
advantages  of  this  type,  and  is 
building  the  composite  machine. 

The  same  condition  exists  in 
the  field  of  small  machines,  and 
it  is  interesting  to  review  the 
various  designs  as  mentioned 
by  Mr.  Orrok  in  1909,'  and  to 
see  which  have  survived  the 
test  of  time  and  experience; 
and  among  the  ones  that  have 
survived  to  note  the  modifica- 
tions that  have  been  made  to 
suit  present  practice. 

In  the  order  given  we  find : 
(1)  Be  Laval,  (2)  Terry,  (3) 
Sturtevant,  (4)  Bliss,  (5)  Bake, 
(6)     Curtis,     (7)     Kerr,     (8) 

Wilkinson.  These  may  be  conveniently  classed  in  general 
types  as  follows:  (a)  f)e  Laval;  (h)  Terry,  Sturtevant  and 
Bliss;  (c)  Bake;  (d)  Curtis;  [e)  Kerr;  (/)  Wilkinson. 

The  Bliss,  Dake  and  Wilkinson  are  either  no  longer  on  the 
market  or  are  not  seriously  competitive;  Sturtevant  and  Kerr 
still  manufacture  their  original  types  only,  with  minor  modi- 
fications; but  De  Laval  and  Terry  have  both  recently  devel- 
oped machines  on  the  Curtis  principle.  As  these  latter  firms 
are  two  of  the  largest  manufacturers  of  small  turbines  to- 


This  paper  is  devoted  to  a  commercial  analysis 
of  the  four  types  of  small  steam  turbines  now 
on  the  market  and  used  for  the  driving  of  auxil- 
iary machinery,  dealing  principally  with  non- 
condensing  units. 

In  these,  high  thermal  efficiency  is  in  many 
cases  unnecessary  on  account  of  economic  utili- 
zation of  the  exhaust  steam,  and  as  economy 
bears  a  definite  relation  to  first  cost,  a  highly 
efficient  machine  is  often  a  mistaken  investment. 
Moreover,  operating  conditions  are  generally 
such  that  the  designer  must  sacrifice  considera- 
tions of  efficiency  if  they  interfere  in  any  meas- 
ure with  simplicity  and  durability. 

The  theoretical  design,  according  to  the  au- 
thor, presents  no  difficulties,  but  the  mechanical 
design  is  what  determines  success  or  absolute 
failure;  and  some  of  the  problems  involved  and 
the  methods  that  have  been  employed  in  solving 
them  successfully  are  indicated. 

The  average  specification  calls  for  very  rigid 
guarantee  as  to  steam  consumption,  speed  regu- 
lation and  load  requirements  that,  in  the  opin- 
ion of  the  author,  are  in  most  cases  unneces- 
sarily severe  and  merely  tend  to  increase  the 
cost  of  installation.  After  an  extended  survey 
of  the  situation,  he  has  been  led  to  formulate 
a  Code  of  Practice,  given  in  an  appendix  to  the 
paper.  The  adoption  of  this  code  would,  he  be- 
lieves, bring  about  a  reduction  in  selling  prices, 
eliminate  many  of  the  unpleasant  experiences 
which  now  often  arise  between  manufacturers 
and  customers,  and  thereby  increase  the  popu- 
larity of  the  turbine-driven  unit. 


'  Small   Steam  Turbines,  George  A. 
;^t    (1909),  p.  263. 


Orrok,   Trans.   Am.Soc.M.E.,   vol. 


day,  it  would  appear  that  there  are  sound  reasons  why  they 
should  depart  from  their  original  designs,  and  this  fact  is 
indicative  of  the  general  trend  toward  standardization  men- 
tioned above. 

Since  Mr.  Orrok's  paper,  five  new  machines  have  appeared 
on    the    market.      They    are    the    Westinghouse ;    the    Allis, 

Chalmers  &  Wait,  reviving  the 
Wilkinson  principle  as  de- 
scribed by  Mr.  Orrok;  the  Lee, 
manufactured  by  the  Witton 
Co.  of  New  London,  Conn., 
which  is  a  modified  Terry  ma- 
chine; the  Alberger,  an  unmod- 
ified Curtis — in  fact,  manufac- 
tured under  license  from  the 
General  Electric  Co.,  and 
hardly  to  be  considered  as  a 
separate  machine ;  the  "  Steam 
Motor,"  also  a  Curtis  type,  and 
the  Moore,  a  modification  of 
the  Ken-  machine.  We  have, 
therefore,  at  the  present  time 
the  following  types  to  consider: 
(1)  The  Terry,  which  includes 
the  Sturtevant  and  Lee  ma- 
chines; (2)  the  Westinghouse, 
which  includes  the  Allis,  Chal- 
mers and  Wait  machines;  (3) 
the  Curtis,  which  includes  the 
machines  manufactured  by  the 
G.  E.  Co.,  Terry,  De  Laval,  Al- 
berger, The  Steam  Motors  Co., 
and  Moore,  and  (4)  the  Kerr 
type,  manufactured  by  the  Kerr 
Turbine  Co.  and  the  Moore  Co. 
The  machines  in  the  first 
three  groups  emplov  velocity 
staging,  and  in  small  machines 
are,  for  the  most  part,  single- 
stage,  and  will  be  considered  as 
such  for  comparative  purposes. 
Some  of  the  designs  are,  of 
course,  arranged  for  "  staging,"" 
to  improve  the  economy,  but  as  this  does  not  effect  our  con- 
siderations when  comparing  the  relative  merits  of  the  general 
types,  all  machines  in  this  class  will  be  assumed  to  be  of  the 
single-stage  type.  The  Kerr  machine,  primarily  based  on  the 
pressure-staging  principle,  must  be  considered  separately  as 
a  multi-stage  machine. 

As  the  title  indicates,  this  paper  is  devoted  to  a  purely  com- 
mercial analysis  of  the  various  desig-ns  and  the  situation  in 
general,  and  will  deal  particularly  with  non-condensing  units. 
The  thermodynamic  features  will  be  barely  touched  upon,  ex- 
cept in  cases  where  they  have  a  direct  bearing  on  the  com- 
mercial aspect. 


For  presentation  at  the  .\unuai  Meeting  of  The  .American  Society  of  Mechanical  Engineers,  New  York,  December  4  to  7,  1917.  Tbe  paper 
is  here  printed  in  abstract  form,  and  advance  copies  of  the  complete  paper  may  be  obtained  gr.itis  upon  application.  .\II  papers  are  subject 
to  revision. 

981 


982 


SMALI^TURBINE  SITUATION,  W.  J.  A.  LONDON 


The  Journal 
Am.Soc.M.E. 


THREE   ASPECTS    OF    THE    SITUATION 


There  are  three  distinct  aspects  to  this  situation,  namely: 

(1)  The  type  to  be  employed  that  will  give  the  necessary 
competitive  efficiency,  with  the  lowest  shop  cost  to  the  manu- 
facturer; together  with  a  design  that  will  give  satisfaction  to 
the  customer  after  installation. 

(2)  The  aspect  from  the  salesman's  and  customer's  point 
of  view.  This  governs  the  rating  or  maximum  output  of  the 
machine,  standardization  of  specifications,  etc.,  as  well  as  the 
proper  appreciation  of  efficiency,  with  its  relation  to  first  cost. 
This  latter  phase  is,  perhaps,  better  explained  by  stating  that 
in  many  instances  water-rate  efficiency  can  be  economically 
sacrificed  in  favor  of  first  cost,  and  vice  versa. 

(3)  The  policy  of  the  manufacturer  who  builds  one  part 
of  the  apparatus  (such  as  the  turbine)  toward  the  manufac- 
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Fig.  1    Terry  Type  Turbine 
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Fig.  2    Westinghouse  Turbine 

turer  of  the  other  (such  as  the  pump),  and  their  united  policy 
toward  the  customer. 

[The  paper  here  enters  into  a  detailed  consideration  of  the 
three  aspects.  The  introduction  to  the  author's  discussion  of 
type  for  efficiency,  being  necessarily  of  a  mathematical  nature, 
is  not  abstracted  here,  but  only  his  conclusions  given.  His 
treatment  of  the  second  and  third  aspects  is  here  given  prac- 
tically in  full.] 

CONSIDERATION  OF  TYPE  FOR  EFFICIENCY 

It  is  now  generally  acknowledged  that  from  a  design  stand- 
point the  small  machine  must  be  laid  down  on  a  totally  differ- 
ent basis  to  the  larger  machines.  The  principal  reasons  for 
this  are: 

a    High   thermal   efficiency   is   in   a  great  many   cases  un 
necessary  on  account  of  the  economical  utilization  of  exhaust 


steam;  and  as  economy  bears  a  definite  relation  to  first  cost, 
a  highly  efficient  machine  is  often  a  mistaken  investment. 

b  The  class  of  labor  employed  in  the  average  station  to 
look  after  auxiliaries  is  very  inferior  to  that  employed  on  the 
main  engine-room  floor.  These  machines,  which  are  called 
upon  for  continuous  operation,  are  often  located  in  places 
where  no  other  well-finished  piece  of  machinery  would  be 
expected  to  run.'  The  designer  must  therefore  consider  sim- 
plicity and  durability  first,  with  as  high  an  efficiency  as  pos- 
sible; but  he  must  sacrifice  efficiency  if  in  any  measure  it  will 
interfere  with  the  first  essentials  mentioned. 

While  the  small-turbine  auxiliary  has  all  the  appearance 
of  a  very  elementary  and  simple  engineering  proposition,  this 
is  by  no  means  the  case,  as  any  manufacturer  knows;  and 
problems  equally  complex  with  those  confronting  the  designer 
of  large  machines  have  had  to  be  solved,  and  a  great  many 
are  by  no  means  solved  yet.  We  have  only  to  consider  the 
comparatively  few  firms  that  are  competing  in  this  Une  to- 
day with  the  number  that  have  entered  it,  evidently  tempted 
by  the  apparent  simplicity  and  big  profits,  and  finding  out 
too  late  that  it  is  a  more  difficult  proposition  than  appears 
on  the  surface.  The  theoretical  design,  that  is,  the  propor- 
tions of  nozzles,  blades,  wheels,  etc.,  presents  no  difficulties, 
but  the  mechanical  design  of  such  parts  as  the  bearings, 
glands,  governor,  etc.,  is  what  determines  success  or  absolute 
failure. 

It  is  not  within  the  province  of  this  paper  to  go  into  these 
details  any  further  than  to  point  out  in  a  general  way  some 
of  the  problems  that  have  had  to  be  solved.  Among  the  more 
important  of  these  are  lubrication,  jiacking  and  regulation. 

Forced  lubrication  being  impracticable  in  small  machines 
for  general-auxiliary  purposes,  the  ring-oiled  type  has  been 
called  upon  to  operate  with  duties  previously  considered  im- 
possible, and  to  operate  continuously  with  a  bearing-box  tem- 
perature in  the  neighborhood  of  250  deg.  fahr. 

Glands  or  stuffing  boxes  are  sometimes  called  upon  to  pack 
against  a  back  pressure  of  120  lb.,  while  20  and  30  lb.  are 
common.  It  must  be  borne  in  mind  that  the  soft-jiacking 
stuffing  box  as  used  in  reciprocating  machines  is  impracticable 
in  turbine  work  on  account  of  the  high  rubbing  speeds. 

The  design  of  a  satisfactory  governor,  the  essential  feature 
of  which  is  simplicity,  but,  having  a  characteristic  approach- 
ing the  more  elaborate  types,  has  presented  many  difficulties; 
so  has  the  governor  valve,  which  must  be  as  small  as  possible 
to  minimize  cutting  at  light  loads,  but  must  not  crowd  or 
stick  when  it  is  passing  the  maximum  amount  of  steam 
required. 

The  above  constitute  the  essential  components  governing 
details  of  the  performance  of  the  turbine  itself,  but  there  is 
One  other  and  a  vital  factor  to  be  considered,  and  one  that 
comes  directly  within  the  present  subject  matter— the  satis- 
factory performance  of  the  whole  unit»  As  in  all  other  classes 
of  machinery,  certain  mechanical  troubles  will  always  arise 
from  time  to  time,  but  it  is  safe  to  say  that  today  the  general 
behavior  of  a  turbine  unit  will  compare  very  favorably  with 
that  of  any  other  piece  of  apparatus  in  a  power  house.  But  to 
return  to  the  more  general  considerations  of  the  unit  as  a 
whole,  there  are  some  very  important  factors  to  be  taken  into 
account  that  are  peculiar  to  this  class  of  apparatus,  and 
which  have  a  direct  bearing  on  the  general  design. 

The  most  important  of  these  is,  of  course,  the  necessity  for 
true  alignment.  Where  the  unit  is  built  in  one  shop  the  de- 
signer has  a  distinct  advantage,  inasmuch  as  he  can  so  design 


'  Several  cases  are  on  record  where  machines  have  actually  run  for 
considerable  periods  under  water  without  damage. 
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both  euds  of  the  apparatus  as  to  make  cue  rigid  unit;  but 
where  the  two  ends  of  the  unit  are  built  by  different  parties 
it  is  a  different  proposition. 

The  average  so-called  flexible  coupling  will  not  satisfac- 
torily take  care  of  mis-alignment,  the  bed])hite  cannot  be  com- 
mercially designed  that  will  stay  true  from  test  tloor  to 
foundations,  so  that  no  matter  what  care  has  been  taken  in 
the  shops,  a  realignment  after  erection  becomes  an  unfortunate 
necessity  in  even  the  smallest  units.  There  is  an  extensive 
field  for  improvement  in  general  design  to  eliminate  this. 
Various  schemes  have  been  advanced  recently  resulting  in  a 
marked  improvement  in  this  direction,  such  as  the  3-point 
support,  and  the  .^-bearing  unit  with  the  elimination  of  the 
flexible  coupling.  Tlie  latter  is  practicable  where  one  Ann 
builds  the  whole  unit,  but  otherwise  up  to  the  present  it  has 
not  worked  out  very  satisfactorily.  The  main  reason  for  this 
is  best  explained  in  the  case  of  electric-generator  units.  If 
the  turbine  maker  takes  away  one  of  the  generator  bearings, 
in  other  words,  disturbs  the  assembly  of  the  complete  genera- 
tor as  shipped  from  the  manufacturer,  he  disclaims  respon- 
sibility for  anything  that  may  happen  to  that  part  of  the 
apparatus  on  the  road. 

In  blower  work  the  proposition  is  more  practicable,  but 
only  when  the  unit  is  lined  up  by  the  turbine  maker  or  one 
equally  appreciative  of  the  necessity  of  accurate  workman- 
ship. 

To  overcome  this  trouble,  the  Steam  Motors  Co.  have  re- 
cently placed  on  the  market  a  design  of  machine  as  shown  in 
Fig.  5.  This  machine  is  supplied  with  only  one  bearing  and 
solid  coupling  for  connecting  to  the  driven  apparatus.  By 
taking  a  standard  pump  or  blower  and  removing  one  bearing 
and  fitting  a  solid  coupling  to  the  shaft,  the  combination  of 
steam  motor  and  pump  becomes  a  2-bearing  unit,  with  a  very 
much  shorter  bedplate  and  the  elimination  of  any  mis-align- 
ment troubles. 

In  larger  machines,  one  of  the  most  pleasing  in  effect  and 
at  the  same  time  most  radical  departures  made  in  recent  years 
to  overcome  the  difficulties  of  mis-alignment,  was  the  intro- 
duction by  Mr.  R.  H.  Rice,  Mem.Am.Soc.M.E.,  of  the  General 
Electric  Co.,  of  the  so-called  rigid-frame  design.  From  Fig.  C 
it  will  be  seen  that  the  bedplate  has  been  entirely  eliminated, 
and  the  whole  structure  so  designed  that  both  ends  are  bound 
to  stay  in  line  irrespective  of  foundation  conditions,  so  reduc- 
ing the  personal  equation  in  erection  to  a  minimum.  In  erect- 
ing this  machine  only  one  end  is  anchored,  as  shown  in  Fig.  6. 
The  generator  end  is  mounted  on  a  sliding  key,  allowing  free 
movement  endwise,  and  on  a  narrow  transverse  foundation 
plate  on  which  the  generator  can  rock  to  compensate  for  any 
vertical  movement  of  the  turbine  due  to  varying  temperature. 
In  effect,  the  machine  rests  on  its  foundations,  as  shown  dia- 
gramatically  in  the  figure. 


fore  the  machine  can  be  satisfactorily  manufactured  to  be 
sold  from  stock.  At  first  sight  it  might  appear  that  this  in 
almost  out  of  the  question,  especially  when  we  see  such  a 
diversity  of  specifications  as  accompany  the  average  contracts 
for  small  turbines  today,  but  when  the  number  of  these  ma- 
chines that  are  now  being  turned  out  at  the  present  time  and 
the  fact  that  the  market  is  increasing  rapidly  are  considered,  it 
is  surely  only  a  matter  of  time  when  some  form  of  standardiza- 
tion will  be  absolutely  necessary.  In  the  electrical  industry 
we  have  seen  the  wonderful  advantages,  both  to  the  manufac- 
turer and  customer,  of  the  rules  laid  down  by  standardization 
committees,  and  we  wondered  why  we  had  not  adopted  them 
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Fig.  3    Curtis  Turbine 
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Fig.  4    Kerr  Built-Up  Whe 


THE  S.\LESM.\N'S  AND  CUSTOMER'S  ASPECT 

What  might  be  called  the  truly  commercial  aspect  of  this 
situation,  i.e.,  those  phases  of  vital  interest  to  the  salesman 
and  customer,  presents  many  interesting  problems.  To  begin 
with,  we  must  forget  that  we  are  dealing  with  steam  turbines 
in  the  sense  that  we  have  been  accustomed  to,  when  we  have 
only  been  considering  prime  movers.  For  auxiliary  purposes 
the  small  turbine  is  becoming  the  standard  method  of  drive. 
That  means  that  it  is  getting  into  the  class  of  the  electric 
motor.  It  has  already  passed  the  stage  of  being  "  built,"  and  is 
now  being  successfully  manufactured  in  quantity. 

There  is,  however,  still  a  great  deal  to  be  accomplished  be- 


sooner.  Perhaps  not  to  the  same  degi-ee  of  perfection,  but 
certainly  to  some  extent  a  standardization  of  small-turbine 
specifications  is  not  only  possible  but  quite  practicable.  As 
long  as  the  customer  calls  for  something  special  and  every- 
body is  willing  to  build  it,  not  only  does  this  customer  have 
to  pay  for  it,  but  the  standard  machine  will  cost  more  on 
account  of  the  interruption  to  the  manufacturer  in  putting 
through  lots. 

Let  us  then  consider  where  the  possibilities  lie  in  this  direc- 
tion, analyzing  the  various  requirements  of  the  average  specifi- 
cation which  call  for  rigid  guarantees  under  the  headings: 
(a)  steam-consumption  guarantees  at  certain  loads  with  fixed 
or  various  steam  conditions;   (h)  speed-regulation  guarantees. 
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and  when  connected  to  electric  generators  voltage-regulation 
guarantees  in  addition,  and  (c)  various  load  requirements 
with  varj'iag  steam-  and  back-pressure  conditions.  In  addi- 
tion there  is  a  diversity  of  requirements  as  to  fittings,  such  as 
water-pressure  regulator,  emergency  governor,  straLuer,  etc. 

Regarding  (a),  this  is  a  much-debated  point  when  discussing 
small  turbines.  Granted  there  was  a  time  when  the  small  tur- 
bine was  very  wasteful  of  steam,  that  time  has  nevertheless 
passed,  and  the  builder  of  small  turbines  today  meets  any  guar- 
antee he  makes ;  and  at  the  very  worst  it  is  questionable  whether 
a  small  turbine  was  ever  built  that  consumed  steam  at  a  rate 
comparable  with  some  direct-acting  pumps.  But  there  was 
never  any  serious  criticism  raised  with  such  pumps  on  that 
score,  nor  was  the  manufacturer  even  asked  for  a  guarantee. 
The  consulting  engineer  or  purchaser  feels  that  he  cannot 
possibly  buy  a  steam  turbine,  no  matter  how  small,  unless  he 
imposes  numerous  stringent  guarantees  as  regards  steam  con- 
sumption.    The  fact  that  an  auxiliary  rarely  operates  under 


Fig.  5     Pviip  and  Overhung  Turbine 


Fig.  6    Rigid-Frame  Design  Turbine  and  Pdmp 

the  steam  conditions  as  specified,  and  therefore  the  guarantees 
as  made  bear  but  little  relation  to  the  actual  performance,  does 
not  enter  into  his  consideration  at  all. 

When  a  manufacturer  advances  any  argument  relative  to 
the  unimportance  of  steam  consumption,  he  is  generally  mis- 
understood. The  customer  feels  he  is  trying  to  evade  any 
responsibility  along  these  lines  and  sell  an  inferior  piece  of 
machinerj'.  Let  us  look  at  that  from  another  standpoint. 
The  manufacturer  today  builds  one  line  of  machines.  There 
are  so  many  cases  where  eiSeiency  is  of  prime  importance 
that  the  machine  as  built  must  be  capable  of  meeting  the 
guarantees  as  demanded  by  the  market.  Furthermore,  any 
machine  with  a  witness-test  clause  added  on  cannot  be  put 
through  the  shops  independently,  but  must  necessarily  be  one 
of  a  lot  of  identical  machines.  If  this  machine  meets  its 
guarantee  on  test,  it  is  only  fair  to  assume  that  the  others 
cannot  be  far  off  the  mark.  In  this  connection,  a  concern 
regularly  manufactures  machines  for  the  U.  S.  Government 
under  specifications  that  are  most  rigid  as  regards  perform- 
ances on  test,  yet,  with  the  possible  exception  of  material  in- 


spection in  some  cases,  these  machines  are  standard  in  all 
respects. 

Witness  tests  are  costly.  The  manufacturer  naturally  can- 
not notify  the  customer  exactly  when  a  machine  will  be  ready 
for  the  shop  tests,  and  would  not  want  him  present  then  if 
he  did,  so  that  any  delay  in  a  busy  shop  awaiting  the  custom- 
er's convenience  and  a  duplication  of  the  tests  must  eventually 
be  paid  for  directly  or  indirectly  by  the  purchaser. 

One  more  word  on  the  absurd  multiplicity  of  guarantees 
sometimes  called  for.  It  is  no  exception  to  find  in  some 
propositions,  particularly  from  pump  companies,  a  request 
for  15  or  20  guarantees  under  different  conditions  for  a  non- 
condensing  machine  where  the  exhaust  is  to  be  used  in  the 
feedwater  heater. 

Clause  (6),  speed-regulation  guarantee,  is  necessarily  of 
vital  importance  in  such  work  as  generator  drive,  but  it  surely 
is  of  no  importance  whatever  when  the  speed  of  the  turbine 
is  primarily  governed  by  a  pressure  regulator  as  in  the  case 
of  a  boiler-feed  pump  or  forced-draft  set  controlled  in  a  simi- 
lar manner,  yet  the  manufacturer  has  to  religiously  put  in  his 
2  per  cent  clause. 

Even  with  ger.erator  drive,  the  average  clauses  are  too  ex- 
acting for  the  good  of  the  customers.  Why  need  we  specify 
a  close  speed  variation  when  we  already  specify  a  certain 
variation  in  voltage?  The  compensated-wound  generator  can 
give  flat  compounding  with  a  big  speed  variation,  and  a  rea- 
sonably large  speed  variation  means  stable  governing,  where- 
as a  sensitive  governor  means  instability  and  a  tendency  to 
hunt.  We  have  only  to  look  at  the  average  a-c.  machine  to 
realize  how  essential  a  reasonably  wide  speed  variation  is  for 
satisfactory  parallel  operation. 

Again,  to  obtain  close  speed  variation  on  test  means  very 
delicate  fitting  and  adjustment  of  the  governor  valve.  The 
valve  must  shut  absolutely  tight,  and  any  valve  built  this  way 
is  subject  to  cutting  in  service;  whereas,  if  a  wider  speed  vari- 
ation had  been  permissible  in  the  first  instance,  a  more  dura- 
ble valve  could  have  been  installed. 

Regarding  (c)  load  requirements,  there  is  a  strong  tendency 
to  introduce  the  maximum  rated  standard  into  the  small-tur- 
bine field,  and  common  sense  tells  us  that  it  is  the  only  proper 
competitive  basis;  but  is  the  adoption  of  this  standard  com- 
mercially practicable  under  existing  conditions?  As  far  as 
the  turbine  itself  is  concerned  there  is  no  argument,  the  output 
can  be  accurately  estimated;  but  does  the  same  degree  of  cei'- 
tainty  exist  among  the  pump  and  blower  makers? 

With  the  repeated  changes  in  design,  the  limited  testing 
facilities  in  the  average  pump-maker's  plant  and  the  almost 
impossible  proposition  of  making  accurate  blower  tests  on 
a  eommertial  basis,  is  it  feasible  at  the  present  time  to  order 
a  turbine  without  an  overload  margin  to  take  care  of  errors 
that  are  not  only  excusable  but  are  to  be  reasonably  expected? 
Experience  tells  us  that  a  certain  leeway  is  necessary.  The 
turbine  maker  knows  this,  and  often  finds  that  the  addition 
of  another  jet,  over  and  above  that  necessary  to  meet  the 
contract,  is  a  good  investment.  This  principle  is  not  right 
if  we  are  to  have  fair  competition  among  turbine  makers ;  it 
is  only  natural  that  the  pump  maker  will  favor  the  type  of 
machine  that  he  knows  wUl  give  him  a  good  big  overload. 
The  worst  feature  of  this  situation  is  the  fact  that  in  some 
cases  in  a  cut-price  job  the  pump  maker  has  relied  on  the 
overload  capacity  of  the  turbine  to  give  full  load  at  the 
pump.' 


'  A  representative  of  a  pump  manufacturer  was  once  frank  enough 
to  admit  that  a  certain  turbine  firm  always  got  the  preference  because 
it  was  more  liberal  with  Its  overload  capacities. 
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The  adoption  of  the  maximum-rating  standard  by  all  tur- 
bine makers  and  their  rigid  adherence  to  it  would,  in  a  great 
measure,  solve  this  whole  problem.  Granted  that  allowances 
are  necessary,  they  should  all  be  made  by  the  pump  or  blower 
maker,  who  should  be  the  best  judge  as  to  the  leeway  advisa- 
ble, and  he  should  order  his  tiu'bine  accordingly. 

The  question  as  to  whether  the  maximum  rating  will  be 
satisfactory  to  the  customer  is  another  matter  to  be  consid- 
ered. With  the  customer  educated  to  the  limitations  of  the 
turbine  there  should  be  no  difficulty;  but  as  long  as  he  thinks 
it  can  be  loaded  up  to  breaking-down  point  like  a  motor, 
there  will  be  dissatisfaction  if  the  machine  fails  to  carry  full 
load  when  the  steam  pressure  drops.  All  that  is  necessary  in 
this  case  is  a  clear  understanding  between  the  contractor  and 
purchaser  as  to  the  conditions  necessary  to  obtain  full  load. 

It  might  be  well  to  bring  out  here  an  important  point  in 
connection  with  non-condensing  auxiliaries  that  run  at  full 
load  continuously.  With  a  condensing  machine  considerable 
variations  in  initial  steam  pressure  can  take  place  without 
materially  affecting  the  output,  but  in  a  non-condensing  ma- 
chine a  multiplicity  of  small  deviations  from  the  contract  con- 
ditions, each  insignificant  in  itself,  can  have  a  very  marked 
effect  on  the  output,  as  will  be  seen  from  the  following  table, 
which  compares  the  conditions,  as  they  would  be  specified  in 
an  average  contract,  with  conditions  that  could  reasonably  be 
expected  in  service : ' 

Steam  press.,  lb.    Quality.  Back  press.,  lb.     Hp. 

Specified  conditions 150  100%  0  100 

Operating    conditions 140  98%  2  83 

With  a  view  to  setting  forth  how  the  theories  mentioned 
above  can  be  worked  out  in  practice,  a  suggested  Code  of 
Practice  is  given  in  an  Appendix. 

The  question  of  steam  consumption,  with  its  true  relation 
to  the  overall  efficiency  of  the  plant,  has  lately  been  receiving 
much  more  attention  than  formerly.  In  stations  and  indus- 
trial plants  where  all  the  exhaust  can  be  utilized,  the  thermal 
efficiency  of  the  auxiliaries  can  vary  very  considerably  with- 
out an  appreciable  effect  on  the  coal  pile.  Fig.  3  shows  what 
a  relatively  small  effect  a  very  large  range  in  water  rate  has 
on  the  heating  value  of  the  exhaust  steam. 

However,  in  stations  where  there  are  times  when  all  the 
exhaust  cannot  be  economicaUy  utilized,  the  question  of  the 
auxiliary  efficiencies  becomes  of  serious  importance.  To  meet 
this  condition  a  great  many  radical  changes  have  been  made 
in  the  general  layout  of  this  part  of  the  apparatus,  particu- 
larly in  the  introduction  of  gear-driven  pumps,  etc.,  in  place 
of  the  low-speed,  direct-connected  type.  Any  innovation  of 
value  here  naturally  means  complications,  in  the  same  manner 
that  any  marked  improvement  in  the  steam  consumption  of 
the  turbine  itself  must  necessarily  be  made  at  a  sacrifice  of 
simplicity.  Can  we  afford  to  do  this?  Will  the  little  saving 
that  at  best  can  be  made  commercially  in  any  design  of  small 
turbine  give  the  net  result  required?  Is  it  not  better  to  accept 
the  best  efficiency  conducive  to  maximum  simplicity  and  relia- 
bility, and  be  content  with  that;  then,  when  the  point  is 
reached  where  more  exhaust  than  that  supplied  by  a  certain 
number  of  auxiliaries  is  required,  to  switch  over  to  electrically 
driven  apparatus?  The  combination  steam-  and  electrically- 
driven  unit  meets  this  situation  admirably. 


*  In  this  connection  it  might  be  well  to  enlarge  on  one  point  often 
overlooked  by  the  manufacturer  and  customer  alike,  the  necessity  for 
very  liberal  allowances  in  machines  operating  at  very  low  pressures. 
Operating  with  atmospheric  exhaust  an  initial  drop  in  steam  pres- 
sure of  10  lb.  from  150  lb.  means  a  reduction  of  available  B.t.u.  at 
the  turbine  of  3  per  cent,  whereas  the  same  drop  at  60  lb.  (common 
In  sugar  refinery  work)  means  over  10  per  cent.  Therefore  velocities 
permissible  under  the  higher  pressure  must  be  considerably  cut  down 
when  it  is  desired  to  maintain  full  load  at  around  60  or  70  lb. 


The  ideal  way  to  distribute  the  units  would  be  to  begin  with 
the  turbine  units  in  all  places  that  receive  the  least  attention, 
and  such  places  as  boiler-feed  pumps,  that  must  not  be  shut 
down  in  case  of  any  electrical  disturbance,  and  keep  the  elec- 
trically driven  units  on  the  main  engine-room  floor  as  far  as 
possible. 

TH.E  MANUFACTURER'S  POLICY 

Regarding  the  question  of  policy  between  the  manufacturer 
of  the  respective  parts  of  a  complete  piece  of  apparatus  and 
the  combined  policy  of  manufacturers  toward  the  customer, 
the  first  question  that  arises  is  why  should  there  be  any  differ- 
ence here  from  the  policy  adopted  in  other  branches  of  the 
trade.  Theoretically,  of  course,  there  should  be  no  difference, 
but  many  conditions,  unfortunately,  exist,  peculiar  to  this 
business,  that  make  this  question  of  policy  a  very  vital  one 
and  worthy  of  serious  consideration  in  any  attempt  to  solve 
the  commercial  problem  under  consideration.  When  an  en- 
gine-driven or  motor-driven  set  is  sold,  the  correspondence 
between  the  respective  manufacturers  consists  of  an  inter- 
change of  formal  orders ;  but  we  have  a  long  way  to  go  bef oie 
we  arrive  at  the  same  businesslike  procedure  in  connection 
with  turbine  units. 

These  arguments,  of  course,  do  not  concern  the  builder  of 
the  combined  unit,  who  in  this  respect  will  always  have  a  dis- 
tinct advantage  over  the  other  manufacturers. 

Any  standardization  along  the  Hues  suggested  above  will 
do  more  than  anything  else  toward  clearing  the  atmosphere 
of  such  questions  as  the  limitations  of  apparatus  furnished, 
the  long  interchange  of  correspondence  relative  to  unimpor- 
tant partial-load  performances,  and  the  responsibility  for 
imperfect  erection  at  the  customer's  plant. 

Our  one  idea  in  all  these  considerations  is  the  ultimate  re- 
duction of  factory  costs.  Selling  costs  do  not  enter  into  this 
argument.  Factory  costs  consist  of  two  essential  items — manu- 
facturing expenses  and  overhead.  Standardization  and  tiie 
elimination  of  special  machines  will  help  our  shop  costs  or 
manufacturing  expenses.  The  next  question  is,  What  can  be 
done  to  reduce  overhead  expenses?  To  the  layman  it  would 
appear  that  the  latter  should  consist  of  the  merest  clerical 
work  in  such  a  simple  apparatus  as  a  small  turbine,  but  there 
is  today,  in  addition,  a  very  heavy  expenditure  that  must  be 
borne  by  all  manufacturers  alike,  and  that  is  the  maintenance 
of  a  trouble  force  in  the  engineering  department  at  the  works 
as  well  as  outside,  out  of  all  proportion  to  the  legitimate  re- 
quirements of  the  situation.  It  is  here  where  the  question  of 
policy  comes  in,  and  it  is  here  where  we  can  look  for  one  of 
the  biggest  economies. 

There  is  a  deplorable  lack  of  cooperation  existing  at  the 
present  time  between  the  average  turbine  builder  and  many 
of  the  pump  and  blower  builders.  If  a  unit  is  reported  un- 
satisfactory for  any  reason  after  erection,  and  the  report  goes 
to  the  pump  builder,  he  will  almost  invariably  assume  the 
said  trouble  is  entirely  the  fault  of  the  turbine,  and  call  upon 
the  turbine  maker  to  send  a  man  to  remedy  it  before  he  makes 
any  investigation  as  to  the  performance  of  his  own  apparatus, 
and  vice  versa,  if  the  original  report  goes  to  the  other  party. 
Even  at  the  station  it  is  common  practice  for  the  representa- 
tive of  one  end  of  the  apparatus  to  go  out  of  his  way  to  ex- 
plain to  the  customer  in  detail  how  the  trouble  is  entirely  up 
to  the  other  end,  and  tliis  state  of  affairs  is  by  no  means  con- 
fined to  the  erecting  staff,  who  cannot  always  be  blamed  for 
taking  this  attitude,  but  to  the  higher  officials  of  the  company, 
who  ought  to  know  better.    This  state  of  affairs  does  not  help 
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the  customer,  but  it  goes  a  long  way  toward  making  him  buy 
his  next  machine  from  a  firm  manufacturing  the  whole  unit. 
This  condition  may,  to  a  certain  degree,  be  expected,  but 
surely  it  is  possible  to  formulate  some  definite  line  of  pro- 
cedure that  will,  in  a  great  measure,  relieve  this  present  un- 
healthy situation. 

One  of  the  prominent  obstacles  to  the  application  of  any 
hard  and  fast  rule  is  the  fact  that  firms  cater  to  the  larger 
corporations,  and  feel  that  it  behooves  them  to  go  to  unjustifi- 
able expense  in  case  of  trouble  to  keep  in  their  good  graces  for 
future  business.  A  sound  and  uniform  policy  on  the  part  of 
all  manufacturers  would  put  each  one  in  a  much  stronger 
position. 

A  few  suggestions  as  given  below  present  themselves  at  this 
time,  each  one  of  which,  if  adopted  by  one  or  two  individual 
firms,  would  probably  result  in  serious  disaster,  but  if  con- 
scientiously adopted  by  all  firms  would  undoubtedly  have  a 
mutually  beneficial  result. 

If  a  turbine  is  bought  by  a  pump  or  blower  maker,  said 
purchaser  must  accept  the  machine  on  leaving  the  maker's 
works  as  having  met  all  its  guarantees  (as  in  the  case  of  re- 
ciprocating engines  and  motors).  If,  however,  subsequent 
performance  warrants  a  test  to  determine  the  performance  of 
the  turbine,  said  test  must  be  arranged  for  and  carried  out 
at  the  expense  of  the  purchaser.  The  expenses  of  a  repre- 
sentative of  the  turhine  maker,  who  must  be  present,  to  be 
included.  If  the  tests  show  conclusively  that  the  turbine  has 
failed,  then  all  the  expenses  are  automatically  transferred  to 
the  turbine  maker,  and  he  is  to  be  allowed,  say,  two  montlis 
to  remedy  the  faults  of  hisapparatus  before  rejection. 

If  a  test  on  sight  is  impossible,  the  maker  can  demand  that 
the  machine  be  returned  to  the  works,  where  a  witness  test 
can  be  made  in  the  presence  of  the  purchaser's  representa- 
tive, the  purchaser  paying  all  expenses,  including  freight,  it' 
the  machine  on  test  is  not  at  fault,  and  vice  versa,  as  above. 

Neglecting  the  few  instances  where  both  ends  of  the  ma- 
chine fail,  there  should  be  no  such  thing  as  dividing  the 
expenses.  The  machine  is  right  or  wrong,  and  the  responsible 
party  should  pay  all.  Cases  are  on  record  where  a  hard  and 
fast  rule  of  this  kind  would  have  eliminated  years  (not 
months)  of  controversy  over  the  equitable  division  of  expenses. 
If  the  respective  parties  cannot  come  to  terms,  then  they 
should  agree  to  take  the  decision  of  an  arbitrator  mutually 
agreed  upon.  As  soon  as  any  controversy  arises  his  services 
should  be  sought  immediately,  and  not  as  at  present  (when 
this  course  lias  been  adopted)  after  months  of  expensive  hag- 
gling, with  the  resulting  hard  feeling  that  this  invariably 
creates. 

If  the  customer  disputes  the  performance  of  the  whole  out- 
fit, it  rests  with  him  to  conduct  the  necessary  tests  at  his  own 
expense,  with  the  same  adjustment  of  costs  as  above,  the 
makers'  engineers  to  be  invited  to  all  such  tests. 

In  all  cases  of  trouble,  the  customer  must  first  of  all  see 
to  it  that  he  notifies  the  right  party,  i.e.,  the  master  contractor. 
If  the  turbine  breaks  down,  and  the  unit  is  bought  from  a 
pump  maker,  it  is  primarily  the  duty  of  the  pump  maker  to 
apply  the  remedy.  All  dealings  with  the  customer  must  be 
tlu'ough  him.  Again,  if  a  machine  is  bought  F.O.B.  factory 
from  a  reputable  concern,  and  trouble  is  experienced  after 
erection  and  the  services  of  an  expert  are  requested,  the  request 
should  be  sent  by  a  responsible  member  of  the  purchaser's 
firm,  and  be  considered  in  the  light  of  a  formal  order  covering 
said  expert's  expenses.  If  the  trouble  is  due  to  defects  in 
the  apparatus,  the  manufacturer  cannot  send  in  a  bill  and 
expect  any  repeat  orders. 


One  of  the  hardest  propositions  the  manufacturer  is  con- 
fronted with  today  is  to  collect  for  expenses  when  the  trouble 
has  been  entirely  due  to  the  engineer's  absolute  neglect  of  the 
instruction  book  furnished  with  the  machine,  or  other  cause 
for  which  the  manufacturer  should  in  no  way  be  held  responsi- 
ble. If  all  makers  could  see  their  way  to  adopt  a  policy  of 
this  kind,  requests  for  men  by  irresponsible  under-engineers 
would  rapidly  decrease.  The  fact  is  that  if  the  engineer  knows 
at  the  outset  that  if  the  trouble  is  caused  by  his  own  negli- 
gence and  the  expense  is  going  to  be  charged  against  him.  he 
is  naturally  going  to  make  sure  of  his  ground  before  he  risks 
the  displeasure  of  his  superiors  by  showing  his  incompetence 
to  adjust  the  machine,  or  runs  up  unnecessary  bills  in  his  de- 
partment. 

In  like  manner  the  subcontractor  must  expect  a  formal 
order  from  the  master  contractor  for  any  expert  sendees. 

In  conclusion,  this  is  not  a  matter  that  concerns  only  the 
manufacturer  from  a  financial  standpoint.  It  concerns  the 
purchaser,  inasmuch  as  the  selling  price  of  the  apparatus  will 
be  reduced.  It  also  concerns  the  manufacturer  from  the  stand- 
jioint  that  any  advance  along  the  lines  suggested  cannot  have 
any  other  effect  than  to  eliminate  unpleasant  experiences  with 
the  customer  and  thereby  increase  the  popularity  of  the  tur- 
bine-driven unit. 


The  Second  Industrial  Safety  Congress  of  New  York  State 
will  be  held  at  Syracuse,  N.  Y.,  from  December  3  to  6,  under 
the  auspices  of  the  State  Industrial  Commission.  Some  of 
the  topics  to  be  considered  are  Safety  from  an  Economic 
Standpoint  as  WeU  as  a  Humanitarian  Proposition,  What 
Part  Does  Labor  Play  in  the  Safety  Movement?  Disciplining 
Careless  Workmen — How  the  Employer  Feels  About  It  and 
How  the  Employee  Feels,  and  Safety  Committees,  Their  Scope 
iiud  Benefit.  The  headquarters  of  the  congress  will  be  at  the 
Hotel  Onondaga. 


Suggestions  addressed  to  owners  and  managers  of  power 
plants  for  the  economical  use  of  coal  have  been  prepared  by 
the  Committee  on  Coal  Conservation  of  the  Chamber  of  Com- 
merce of  the  United  States,  which  is  working  in  conjunction 
with  the  Council  of  National  Defense.  The  cost  of  coal  for 
the  generation  of  power,  the  committee  points  out,  has  in 
many  instances  not  had  the  same  consideration  as  other  costs 
because  coal  has  been  cheap  and  abundant,  so  that  cheap  coal 
and  cheap  labor  sometimes  made  it  apparently  economical  in 
dollars  and  cents  to  install  and  operate  an  inefficient  plant. 
Coal  and  labor  are  now  expensive  and  conditions  make  it  im- 
perative for  every  owner  or  manager  of  a  power  plant  to 
examine  into  the  cost  of  the  power  his  establishment  uses,  the 
economy  with  which  it  is  generated  and  applied  and  the  in- 
crease in  efficiency  that  is  possible. 

Most  users  of  coal  can  join  in  promoting  efficiency  of  coal. 
Railways  have  made  real  progress  in  firing  locomotives;  they 
can  often  go  farther.  Gas  workers  can  generally  effect  fur- 
ther saving  by  using  careful  technical  direction.  ^Manufactur- 
ing  plants  of  every  degree  can  show  great  results  in  the 
aggregate. 

The  Bureau  of  Mines,  on  behalf  of  the  Federal  Government, 
has  gathered  a  great  deal  of  information  about  the  use  of  coal 
and  has  expert  advice  to  give  regarding  means  of  economy. 
Several  publications,  in  -which  the  Bureau  of  Mines  has  em- 
bodied the  results  of  its  experiments  and  made  practcal  sug- 
gestions based  upon  expert  observations  and  conclusions  of  its 
staff  and  other  engineers,  are  now  available  and  a  list  can  be 
obtained  by  application  to  Director  Van  H.  Manning. 


RECENT  DEVELOPMENTS  IN  BALANCING  APPARATUS 


By  N.  W.  AKIMOFr,  PHILADELPHIA,  PA. 
Member  of  the  Society 


SINCE  my  paper  was  presented  on  the  subject  of  Dynamic 
Balance,'  certain  improvements  have  been  made  in  the 
machine  there  described ;  and  an  entirely  new  machine  based 
on  new  methods  of  balancing  has  been  developed. 

The  principle  of  the  original  machine  is  indicated  in  Fig.  1, 
vphich  shows  a  lathe  bed  which  takes  the  form  of  a  beam 
hinged  at  one  end  and  supported  by  a  spring  at  the  other. 
The  body  to  be  tested  must  first  be  brought  into  static  balance, 
after  which  it  is  rotated  in  bearings  supported  by  the  beam. 
If  the  body  is  dynamically  un- 
balanced its  rotation  will  cause 
the  beam  to  vibrate  in  a  ver- 
tical plane  with  a  period  of 
oscillation  equal  to  the  period 
of  rotation  of  the  body. 

Suspended  from  the  beam  is 
a  second  body  in  the  form  of 
a  so-called  sc(uirrel  cage  con- 
sisting of  two  circular  disks 
carrying  an  even  number  of 
rods  so  arranged  as  to  slide  in 
holes  in  the  disks.  The  cage 
rotates  in  unison  with  the  body 
to  be  tested  and  a  state  of  un- 
balance in  this  body  introduces 
a  centrifugal  couple  which  is 
neutralized  by  displacing  the 
rods  in  the  cage  until  an  equal 
compensating  couple  has  been 
introduced.  The  distances  that 
the  rods  are  displaced  serve  as 
a  measurement  of  the  amount 

of  unbalance  to  be  provided  for  and  counterbalanced  in  the 
piece  under  test. 

The  improvements  upon  this  original  machine,  referred  to 
above,  are  as  follows: 

a  The  substitution  for  the  cage  of  a  two-point  element  con- 
sisting of  two  disks,  A  and  B,  each  with  a  pin  projecting 
from  its  face,  as  shown  in  Fig.  2.  The  disk  A  is  fixed  to 
its  shaft  and  the  disk  B  is  arranged  to  slide  on  the  shaft 
through  the  use  of  a  feather  key  /.  It  is  clear  that  when 
the  two  disks  are  in  contact  they  will  balance  each  other; 
but  when  separated  they  will  introduce  a  certain  centri- 
fugal couple  according  to  the  weight  of  the  pins  and  the 
distance  between  the  disks,  which  latter  can  be  varied 
while  the  apparatus  is  in  motion. 

b  A  planetary  arrangement  by  which  the  relative  angular 
position  of  the  body  and  the  disks  (or  cage)  can  be  varied 
while  the  machine  is  in  operation. 

c  The  application  of  a  principle  whereby  the  disks  (or  cage) 
may  be  arranged  to  answer  the  problem  of  static  balance 
as  well  as  dynamic  balance. 
The  new  methods  which  have  been  developed  and  applied  in 

'  New  Orleans  meeting,  1916 :  Transactions  Am.Soc.M.E.,  vol.  38, 
p,  367. 

For  presentation  at  the  Annual  Meeting,  December  1917.  of  The 
American  Society  of  Mechanical  Engineers,  29  West  39th  Street, 
New  York.     All  papers  are  subject  to  revision. 


Improvements  have,  been  made  by  the  author 
upon  the  balancing  machine  described  by  him 
in  a  paper  presented  before  the  Society  in  1916. 
They  are  based  mainly  on  a  revision  of  his 
former  method  for  securing  static  balance  in  a 
body  used  as  a  step  in  the  process  of  determin- 
ing its  dynamic  balance.  Two  formulae  are 
given  to  show  mathematically  the  lack  of  pre- 
cision  in  ordinary  methods  for  obtaining  such 
static  balance. 

The  author  uses  a  clamp  attached  to  the  body 
to  be  balanced,  whereby  a  centrifugal  force  is 
introduced  when  the  body  is  rotated,  for  the 
purpose  of  neutralizing  the  static  or  dynamic 
unbalance  of  the  body.  By  suitably  constrain- 
ing the  motion  of  the  rotating  body,  either  the 
static  or  dynamic  unbalance,  or  the  combina- 
tion of  both,  may  he  accurately  measured 
through  the  adjustment  of  the  clamp. 


a  new  type  of  machine  for  combination   static  and  dynamic 
balancing  will  be  referred  to  later. 

STATIC   BALANCE 

As  a  result  of  a  great  deal  of  study  of  the  problem  of  static 
balance,  I  have  been  forced  to  admit,  in  common  with  many 
other  engineers,  that  too  much  has  been  taken  for  granted 
in  relation  to  this  subject.  Static  balance  is  not  a  trifling 
problem  to  be  solved  easily  by  placing  a  rotating  body  on 

jiarallel  ways  or  rollers,  as 
^1  lias  commonly  been  supposed. 
While  it  is  true  that  static  bal- 
ance can  be  found  without 
much  trouble  in  the  case  of 
bodies  of  light  weight  or  where 
the  operating  speeds  are  com- 
paratively slow,  there  are  other 
cases  which  are  much  more  dif- 
ficult. For  example,  consider 
a  gyroscope  wheel  whose  weight 
is  about  50  lb.  or  so,  running 
at,  say,  10,000  r.p.m. ;  or  a 
turbo-rotor  whose  weight  is  10,- 
000  lb.  and  whose  speed  is  3600 
r.p.m.  Neither  of  these  extreme 
cases  can  possibly  be  handled 
with  any  degree  of  success  by 
placing  the  bodies  on  ways; 
and  yet,  unless  static  balance 
is  perfect,  no  dynamic  balanc- 
ing machine  can  be  expected  to 
give  reliable  results. 

STATIC  BALANCE  BY  MEANS  OF  PARALLEL  WAYS 

It  may  be  well  to  point  out  that  in  balancing  by  the  aid 
of  parallel  ways  there  is  a  limit  to  the  load  which  can  be 
safely  borne  by  the  journals  in  contact  with  the  ways.  A 
safe  load  for  each  journal  appears  to  be  750  lb.  per  inch  of 
width,  per  inch  diameter  of  journal.'  For  instance,  if  the 
ways  are  iVa  in.  wide  and  the  journal  diameter  is  10  in.,  then 
each  side  will  carry  almost  12,000  lb.  without  any  danger  of 
forming  permanent  flat  spots. 

It  would  be  of  interest  if  one  could  estimate  the  sluggish- 
ness of  action  of  a  body  on  the  ways  under  different  condi- 
tions. The  older  theories  of  rolling  friction,  as  proposed  by 
Coulomb,  Morin  and  Dupuit,  do  not  seem  to  lead  to  very 
reliable  results.  Resal's  formula'  is  probably  much  more 
reliable  and  is  here  reproduced  in  simplified  form  (steel  on 
steel)  : 


/  =  0.056  V  1/(1  +  79  7)) 

where  /  is  the  length  of  the  flat  contact  of  shaft  with  the  way 
and  D  is  the  diameter  of  shaft,  both  in  inches.    It  appears  that 


'  According  to  the  writer's  remembrance,  this  figure  was  first  given 
him  by  the  engineers  of  the  Standard  Roller  Bearing  Co.  many  years 
ago,  and  has  since  been  revised  bv  him  In  connection  with  other  prac- 
tical data  which  he  was  able  to  gather  from  different  sources. 

=  R«sal,  Traits  de  M«i-anlque  G«n^rale,  T.  11,  p.  6. 
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the  weight  does  not  enter  into  the  fonnula,  and  in  general 
its  results  should  not  be  considered  as  extending  to  extremes, 
but  only  as  characterizing  the  average  run  of  things  as  they 
are  met  with  in  practice. 

The  diagram  in  Fig.  3  has  been  roughly  plotted  to  illustrate 
the  probable  sluggishness  or  residual  unbalance  which  may 
remain  in  a  body  that  has  been  brought  into  apparent  balance 
by  testing  on  ways.  The  chart  is  based  on  Resal's  formula, 
and,  as  it  is  intended  simply  to  illustrate  the  meaning  of 
the  formula,  values  have  been  exaggerated  by  plotting  shafts 
of  small  diameter  against  weights  altogether  inconsistent  there- 


USE  OF  CENTRIFUGAL  FORCE   IN  BALANCING 

As  previously  stated,  my  earlier  maehine  for  dynamic 
balancing  was  based  on  the  introduction  of  centrifugal  couples, 
created  by  the  operator  to  offset  the  effect  of  the  disturbing 
centrifugal  couple,  constituting  unbalance  in  the  rotating 
body.  Likewise,  a  maehine  for  static  balancing  can  be  based 
on  the  same  principle,  but  long  study  of  the  subject  has  led 
me  to  the  conclusion  that  the  whole  problem  of  balance,  static 
and  dynamic,  can  be  reduced  to  the  principle  of  a  single 
centrifugal  force  acting  on  a  properly  constrained  body.  Such 
centrifugal  force  can  be  created  by  the  operator,  within  a 
rotating  body,  by  such  means  as,  for  instance,  the  clamps 
of  which  two  designs  are  here  shown  (Figs.  4  and  5).  A^ 
will  be  explained,  such  clamps  may  be  used  to  offset  the 
effect  of  static  or  dynamic  unbalance  in  a  rotating  body,  as 
the  case  may  be,  and  to  record  the  extent  of  such  unbalance. 
They  should  be  carefully  made  and  so  calibrated  that  the 
centrifugal  force  may  be  given  as  a  function  of  some  linear 
dimension,  read  directly  or  measured  by  an  accurate  scale. 
The  first  clamp  is  easier  to  make  and  check  for  accuracy; 
while  the  second  design  is  much  handier  for  quick  adjustment 
on  the  shaft  of  a  rotating  body. 


Fig.  1  Squirrel-Cage  Type  op  Dynamic  Balancing  Machine 
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Fig.   2     Two-Point  Balancing   Element 

with.  The  chart  is  easily  read :  for  instance,  if  a  rotor  weighs 
4000  lb.  and  diameter  of  its  shaft  is  6  in.,  then  the  residual 
unbalance  may  be  as  great  as  480  ounce-inches,  or  say,  2%  lb. 
on  a  12-in.  radius.  It  is  useless  to  put  a  body  statically  un- 
balanced to  such  an  extent  (or  even  to  50  per  cent  of  this) 
on  any  dynamic  balancing  machine.  Satisfactory  results 
cannot  possibly  be  derived  from  such  tests.  An  actual  case 
of  residual  unbalance,  typical  of  many  others,  is  of  a  shaft 
having  a  diameter  of  2;^^  in.,  a  weight  of  66  lb.  and  a 
residual  unbalance  of  0.844  ounce-inches.  The  width  of  the 
balancing  ways  was  tk  in.  (cast  iron  chilled  and  ground). 

Considering  the  phenomenon  of  rolling  friction  from  the 
standpoint  of  higher  theories  of  elasticity  (Hertz),  the  fol- 
lowing tentative  formula  was  derived  for  residual  unbalance: 

M  =  0.0004648  P  \/  PD 

where  M  is  the  residual  moment  in  ounce-inches,  P  the  weight 
per  unit  of  contact  length  (that  is,  per  inch  of  combined 
width  of  ways),  and  D  the  diameter  of  shaft  in  inches  (steel 
on  steel).  The  constant  may  be  considered  to  be  rather 
tentative,  but  with  the  advent  of  a  machine  capable  of  estab- 
lishing perfect  static  balance  it  will  not  take  long  to  find 
more  reliable  values  for  it. 

According  to  this  formula,  if  an  armature  weighed  12,000  lb. 
and  had  a  shaft  diameter  of  8  in.,  the  sluggishness  or  residual 
balance  when  placed  on  ways  1  in.  wide,  would  be: 

M  =  0.0004648  X  6000  V  6000  X  8  =  614  oz-in. 
or  over  3  lb.  on  a  12-in.  radius.     At  3600  r.p.m.  the  centri- 
fugal force  due  to  such  residual  unbalance  would  be  more 
than  14,000  lb. 


means  for  securing  static  balance 

In  order  to  register  the  effect  of  static  unbalance  of  a 
body,  or  the  correction  introduced  by  means  of  such  a  clamp 
as  described,  the  body  must  be  placed  in  such  a  condition 
that  its  oscillations  are  emphasized  or  magnified  to  an  extent 
that  will  be  visible  to  the  eye;  otherwise  its  unbalance,  even 
if  considerable,  will  not  be  noticeable  and  will  only  result  in 
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Fig.  3    Probable  Residual  Unbalance  of  Bodies  Balanced 
ON  Testing  Wats 

increased  pressure  on  the  bearings.  Thus,  in  a  badly  unbal- 
anced automobile  engine,  it  is  most  often  possible  to  pick  out 
a  range  of  speeds  where  the  engine  wiU  appear  to  work 
smoothly;  and  many  an  electric  motor  with  badly  unbalanced 
rotor  will  apparently  run  weU,  simply  because  its  speed  may 
be  far  away  from  that  which  would  insure  synchronism  of 
the  rotation  with  the  oscillation  of  bearing  supports. 

Now,  suppose  we  have  a  frame,  suspended  as  shown  in 
Fig.  9,  and  capable  of  a  certain  period  of  swinging  oscilla- 
tion. If  the  body,  statically  unbalanced,  is  operated  at  a 
speed  corresponding  to  the  period  of  oscillation,  the  oscilla- 
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tions  of  the  frame  will  become  violent,  and  can  be  readily 
registered  by  any  suitable  dial-gage  indicator.  Here  the  body 
is  imposing  its  own  period  on  the  frame,  which  thus  per- 
forms what  are  known  as  forced  vibrations  of  the  same  period. 
Our  task  is  then  to  adjust  the  speed  of  the  body  so  that  the 
period  of  such  forced  oscillation  wiU  be  equal  to  that  of  the 
natural  oscillation  of  the  frame  and  body   (at  rest). 


enough  to  see  that  a  clamp  k  can  always  be  so  adjusted,  both 
angularly  and  as  regards  its  off-center  position,  so  as  to 
nullify  the  oscillations  of  the  frame,  thereby  solving  the 
problem  of  static  balance.  No  matter  how  heavy  the  body, 
it  is  always  possible  to  place  it  into  most  minute  balance  by 
this  method,  where  ordinary  parallels  would  be  altogether 
inoperative. 
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Fig.  5 


Fig.  7 


Fig.  8 


Figs.  4  and  5,  Clamps  Used  in  Securing  Static  and  Dynamic  Balance;  Fig.  6,  Unbalanced  Body  with  Center  of 
Gravity  Lying  in  its  Axis;  Fig.  7,  One  Bearing  Pivoted  and  One  Floating;  Fig.  8,  Centrifugal  Couple  Balanced 
BY  A  Centrifugal  Force. 


In  Lord  Eayleigh's  remarkable  book'  a  most  lucid  explana- 
tion is  given  of  this  phenomenon  of  "  step  "  or  synchronism. 
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Fig.  9.    Body  Supported  in  Swinging  Frame  for  Securing 
Static  Balance 


Fig.  10    Body  with  One  Floating  Bearing,  Supported  in 
Rigid  Frame  for   Securing  Dynamic   Balance 

Lord   Kelvin's   well-known    device    called   a   "  vibrometer "    is 
likewise  based  on  this  very  principle.     Of  course,  it  is  easy 


dynamic  balance 

As  regards  dynamic  balance,  due,  in  a  statically  balanced 
body,  only  to  the  presence  of  a  centrifugal  couple,  the  fol- 
lowing remarks  can  be  made:  In  the  first  place  the  "theory" 
that  this  centrifugal  couple  is  due  to  the  fact  that  the  centers 
of  gravity  of  both  halves  of  the  body,  cut  through  its  center 
of  gTavity,  do  not  lie  on  the  axis  of  rotation,  is  radically 
wrong.  Take  for  instance  a  skeleton  body  shown  in  Fig.  6. 
Its  center  of  gravity  is  exactly  on  the  axis  of  rotation,  as 
also  are  the  individual  centers  of  gravity  of  each  half,  to 
the  right  and  to  the  left  from  A  to  B.  Yet  such  a  body 
would  be  manifestly  out  of  balance  (dynamically).  Inversely, 
a  body  would  readOy  be  imagined  to  be  both  in  static  and 
dynamic  balance,  although  each  of  its  halves  were  statically 
out  of  balance.  The  only  correct  way  to  characterize  dynamic 
balance  is  to  say  that  the  products  of  inertia,  containing  the 
axis  of  rotation,  vanish';  or,  to  put  it  practically,  that  there 
is  no  centrifugal  couple  in  any  axial  plane. 

In  the  next  place,  if  we  constrain  (pivot)  one  end  of  a 
rotating  body  (statically  balanced  but  dynamically  out  of 
balance)  while  the  other  end  is  arranged  to  float  in  a  bearing 
supported  by  springs  so  that  it  may  move,  say,  in  a  horizontal 
plane,  Fig.  7,  then  the  oscillations  of  the  body  will  be  angular, 
as  from  A  to  B.  Under  these  conditions  the  observer  will  be 
unable  to  teU  whether  the  vibrations  are  due  to  a  force 
(centrifugal)  acting  somewhere  on  the  body  or  to  a  centrifugal 
couple,  unless  he  knows  beforehand  that  the  body  is  in  perfect 
static  balance,  under  which  conditions  the  vibratory  effect  can 
be  due  only  to  dynamic  unbalance.     This  being  the  case,  in 


'  Theory  of  Sound. 

^  Slocum,  Theory  and  Practice  of  Mechanics,  p. 
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view  of  the  reaetion  of  the  constrained  end,  it  is  perfectly  pos- 
sible to  balance  the  effect  of  a  centrifugal  couple  by  means  of 
a  centrifugal  force.  Thus,  in  Fig.  8,  if  it  is  assumed  that  the 
dynamic  unbalance  is  due  to  the  couple  a-h,  it  will  always 
be  possible  to  select  a  centrifugal  force  c,  such  that  it  will 
quiet  the  vibrating-  body,  and  because  of  its  known  distance 
from  the  bearing  B,  establish  the  exact  value,  sign  and  angular 
position  of  the  disturbing  centrifugal  couple  a-h. 

It  is  thus  clearly  seen  that  it  is  possible  to  utilize  a  centrif- 
ugal force  to  good  advantage  in  finding  both  static  and 
dynamic  unbalance  of  bodies;  and  combining  the  principles 
illustrated  in  Figs.  7  and  9,  we  have  a  combination  static  and 
dynamic  balancing  machine,  of  which  the  scheme  is  as  follows : 

DESCRIPTION    OF    IMPROVED    BALANCING    MACHINE 

A  frame  F,  Fig  10,  supports  the  bearings  B  and  C,  which 
carry  the  body.  The  frame  has  a  swinging  period  of  its  own. 
The  bearing  C  may  either  be  locked,  so  that  it  acts  exactly 
like  the  rigid  bearing  B ;  or  else  it  may  be  allowed  to  float  in 


Fig.  11   Combined  Static  and  DYNAiric  Balancing  Machine 

a  vertical  plane,  bringing  into  play  certain  resistances 
(springs)  opposing  its  deflection  from  the  neutral  (vertical) 
position.     The  correcting  centrifugal  force  is  indicated  by  k. 

Such  a  system  is  known  in  djaiamics  as  a  system  with  two 
degrees  of  freedom,  in  general  being  capable  of  two  kinds  of 
motion :  swinging  of  the  frame,  the  bearing  C  being  main- 
tained rigid;  and  swinging  of  the  bearing  C,  the  frame  F 
being  maintained  rigid  by  such  means  as  brackets  S ;  while 
the  most  general  motion  consists  of  a  combination  of  these 
two  motions. 

The  operation  of  such  a  combination  machine  is  very  clear. 
In  order  to  secure  static  balance  we  lock  the  bearing  C  and 
unlock  the  frame  supports  S.  Then,  by  properly  adjusting 
the  magnitude  and  direction  of  k  we  can  reduce  to  zero  the 
bodily  oscillations  of  the  frame  F,  thus  establishing  the  exact 
value  and  sign  of  static  unbalance  in  ounce-inch  units.  As 
soon  as  this  has  been  corrected,  we  lock  the  frame  F  and 
unlock   the   bearings   C,  when   the   same   centrifugal   force   k, 


created  by  a  suitable  adjustment  of  the  clamp  as  explained 
above,  can  be  made  to  correct  the  body  for  dynamic  unbalance, 
as  Ulustrated  in  Fig.  7.  The  advantage  of  basing  the  results 
on  the  centrifugal  force  instead  of  on  a  centrifugal  couple 
is  manifest,  the  former  being  a  fundamental,  and  the  latter 
a  derived,  unit,  so  that  the  former  is  capable  of  much  greater 
accuracy  in  adjustment  and  of  more  direct  application  than 
the  latter. 

Fig.  11  illustrates  a  balancing  machine  built  in  accordance 
with  the  scheme  of  Fig.  10.  The  yielding  support,  clearly 
shown  on  the  right,  has  means  for  easy  adjustment  of  its 
period,  as  likewise  has  the  frame  itself.  The  motor  is  of 
%  hp.  capacity  and  operates  the  body,  through  a  counter- 
shaft, by  a  rubber  belt.  The  balancing  clamp  is  seen  on  the 
extreme  right  of  the  crankshaft.  The  oscillations  are  read  by 
means  of  ordinary  Starrett  dial  gages,  graduated  in  thou- 
sandths of  an  inch.  The  precision  which  can  be  secured  on 
such  a  machine  is  almost  uncanny;  it  enables  one  to  see  the 
sluggishness  of  the  method  of  balancing  on  ways  and  there- 
fore the  absolute  lack  of  precision  of  dynamic  balance  that 
might  be  based  on  such  results.  A  well-designed  clamp  is 
very  easily  handled  and  its  correct  position  can  be  established 
in  a  few  minutes.  Its  indications  are  capable  of  tabular 
interpretation,  so  that  the  operator  has  merely  to  carry  out 
the  simple  instructions,  worked  out  beforehand.  Of  course, 
it  is  clear  that  such  a  machine  can  be  buUt  for  any  size  of 
body,  or  for  anv  speed  that  mav  be  desired. 


Two  minerals  not  heretofore  known  to  science  have  been 
discovered  at  Crestmore,  Cal.,  according  to  a  bulletin  issued 
yesterday  by  Prof.  Arthur  Eakle,  department  of  geology,  Uni- 
versity of  California.  Professor  Eakle  has  christened  the 
discoveries  respectively  "  crestmoreite "  and  "  riversideite." 
The  first  is  described  as  a  new  hydrous  basic  orthosOicate, 
containing  small  amounts  of  other  oxides  in  place  of  silica. 
The  latter  is  a  hydrous  lime  sulphate. — Minneapolis  Morn- 
ing Tribune,  October  31,  1917,  p.  1. 


A  report  on  the  deterioration  in  the  heating  value  of  coal 
during  storage,  covering  a  five-year  period,  has  just  been  issued 
by  the  Bureau  of  Mines,  Department  of  the  Interior,  as  Bul- 
letin 136.  The  tests  show  that  the  amount  of  deterioration 
has  commonly  been  overestimated.  Except  for  the  subbitu- 
minous  Wyoming  coal,  no  loss  was  observed  in  outdoor 
weathering  greater  than  1.2  per  cent  in  the  first  year,  or  2.1 
per  cent  in  two  years.  The  bulletin,  of  which  the  authors  are 
Horace  C.  Porter  and  F.  K.  Ovitz,  may  be  obtained  free  of 
charge  by  addressing  the  director  of  the  Bureau  of  Mines, 
Washington. 


Roughly,  two  pounds  of  seasoned  wood  have  a  fuel  value 
equal  to  one  pound  of  coal,  according  to  experts  of  the  United 
States  Forest  Service.  Different  kinds  of  wood  have  different 
fuel  values,  and  in  general  the  greater  the  dry  weight  of  a 
nonresinous  wood  the  more  heat  it  will  give  out  when  burned. 
For  such  species  as  hickory,  oak,  beech,  birch,  hard  maple, 
ash,  locust,  longleaf  pine  or  cherry,  which  have  comparatively 
high  fuel  values,  one  cord,  weighing  about  4000  lb.,  is  required 
to  equal  one  ton  of  coal;  it  takes  a  cord  and  a  half  (a  total 
weight  of  4500  lb.)  of  shortleaf  pine,  hemlock,  rrti  gum, 
Douglas  fir,  sycamore  or  soft  maple,  which  weighs  about  3000 
lb.  a  cord,  to  equal  a  ton  of  coal;  while  of  cedar,  redwood, 
poplar,  catalpa,  Norway  pine,  cypress,  basswood,  spruce  and 
white  pine,  two  cords,  weighing  about  2000  lb.  each,  or 
4000  lb.,  are  required. — Power,  November  13,  1917,.  -p.  657. 


EXPENSES  AND  COSTS 

By  H.  L.  GANTT,  NEW  YORK,  N.  Y. 
Member  of  the  Society 


IN  determining  the  cost  of  a  manufactured  article,  should 
we  include  all  the  expense  incurred  while  that  article  is 
being  manufactured,  or  should  we  include  only  those  expenses 
which  contribute  to  its  production? 

It  does  not  require  any  knowledge  of  cost  accounting,  book- 
keeping, or  other  office  art  to  enable  the  practical  man  to  say 
that  costs  should  include  only  those  expenses  needed  to  pro- 
duce the  article  in  question,  and  that  those  people  who  insist 
on  including  in  their  costs  expenses  which  do  not  contribute 
to  the  production  of  the  article  are  simply  trying  to  recover 
from  the  public  through  a  higher  selling  price  the  expenses 
which  they  incur  through  inefficiency  and  waste. 

All  cost  figures  may  be  divided  into  three  parts: 

a     Expense  for  material 

b     Expense  for  labor 

c     Overhead  expense,  or  "  burden." 

There  is  no  great  difficulty  about  getting  the  expense  for 
material  and  the  expense  for  labor,  and  most  concerns  get 
these  elements  quite  accurately,  but  there  is  a  great  variety 
of  opinion  as  to  what  the  "  burden  "  charge  on  any  particular 
work  should  be.  This  overhead  or  "  burden  "  may  be  divided 
into  two  parts: 

o     That  which  is  incurred  through  simjDle  ownership  or  rental 

of  the  plant  and  keeping  it  ready  for  operation 
b     That  which  is  incurred  by  operating  the  plant,  exclusive 
of  direct  labor  and  material. 

Analyzing  further  the  meaning  of  the  term  "  burden,"  we 
see  that  the  first  part  is  made  up  of  ownership  or  rental  of 
a  number  of  machines  or  work  benches,  properly  housed.  The 
second  part  consists  of  the  expense  of  operating  the  various 
machines,  which  consists  of  such  items  as  power,  oil,  waste, 
repairs,  etc. 

Inasmuch  as  the  rental  which  we  should  pay  for  the  plant 
is  made  up  of  the  rental  of  the  individual  machines  and  work 
spaces,  we  must  be  able  to  deteiinine  the  proper  rental  for 
each  of  these  in  order  to  form  an  intelligent  idea  of  the  proper 
rental  for  the  whole  plant.  In  the  same  way  we  can  determine 
the  amount  of  supervision,  power,  oil,  and  waste  needed  to 
run  these  machines  individually. 

Working  along  these  lines,  we  are  able  to  determine  for 
each  machine  in  the  factory  both  an  idle-  and  an  operating- 
expense  rate. 

Any  article  manufactured  on  a  machine  should  undoubtedly 
bear  the  operating-expense  rate  for  the  time  during  which  the 
machine  was  operated  on  it. 

The  expense  of  maintaining  the  machine  in  idleness  during 
the  time  it  was  not  operated  cannot  legitimately  be  charged 
to  the  work  done  while  .it  was  operated,  and  should  be  put  into 
another  account. 

We  thus  see  that  in  every  plant  there  are  to  be  considered 
two  kinds  of  burden : 
a     That  which  produces  goods  and  which  can  legitimately  be 

charged  to  the  cost  of  those  goods,  and 
b     That  which  produces  nothing,  and  must  be  put  into  some 
other  account. 
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In  the  past  it  has  been  too  much  the  fashion  to  put  these 
two  kinds  into  one  account  and  make  the  product  bear  both. 
This  has  led  to  so  much  confusion,  and  is  so  evidently  wrong, 
that  it  is  not  worth  discussion. 

On  the  other  hand,  a  careful  consideration  of  the  expense 
incurred  while  the  plant  is  idle  leads  to  vevy  fruitful  results: 
first,  through  an  attempt  to  find  out  why  the  plant  is  idle,  and 
then  through  an  attempt  to  eliminate  the  causes  of  idleness, 
which  are  lack  of  work,  lack  of  help,  lack  of  material,  repairs, 
etc. 

Without  going  into  the  details  of  those  subjects,  it  may  be 
readily  appreciated  what  advantages  will  be  derived  from  a 
careful  study  of  each  of  these  causes. 

This  general  view  of  the  cost  question  leads  to  a  further 
simplification  of  the  problem  which  is  worthy  of  careful  con- 
sideration. 

First,  the  expense  of  owning  and  maintaining '  a  certain 
machine  in  idleness  properly  equipped  for  efficient  operation 
should  be  substantially  the  same  in  any  part  of  the  country 
where  the  machine  could  be  bought  at  substantially  the  same 
price. 

Second,  the  amount  of  power,  oil,  waste,  and  rejsairs,  and 
even  supervision,  of  a  certain  machine  should  be  substantially 
the  same  in  any  part  of  the  country,  if  it  were  engaged  upon 
substantially  the  same  kind  of  work. 

Following  these  lines  of  thought,  we  readily  see  that  a  stand- 
ardization of  cost  methods  and  of  costs  is  possible,  which  was 
unsuspected  a  few  years  ago. 

,  While  the  writer  and  those  with  whom  he  has  been  associated 
have  done  quite  a  good  deal  of  work  on  these  lines,  and  while 
the  results  have  been  satisfactory  to  a  degree  that  was  entirely 
unanticipated,  he  does  not  yet  feel  that  the  matter  has  been, 
developed  to  such  a  degree  as  to  warrant  detailed  publication. 
The  fact,  however,  that  the  Federal  Government  has  placed 
so  many  contracts  on  a  "  cost  plus  "  basis,  leads  him  to  set 
forth  these  ideas,  which  are  the  only  ones  which  seem  to  him 
to  give  promise  of  avoiding  an  almost  intolerable  situation 
resulting  from  a  complication  of  interests  which  is  bound  to 
arise  in  the  near  future. 

It  seems  to  the  writer  that  much  of  the  confusion  on  the 
subject  of  costs  in  the  past  has  been  due  to  a  misconception 
of  the  subject.  The  intimate  relation  between  production  and 
costs  has  not  been  sufficiently  recognized,  for  the  accountant 
has  looked  upon  costs  as  a  bookkeeping  proposition,  whereas, 
in  truth,  costs  are  much  more  closely  connected  with  engineer- 
ing and  production  than  with  the  subjects  of  bookkeeping  and 
accounting. 

If  the  engineer  will  recognize  this  fact  and  insist  that  money 
spent  without  any  corresponding  production  must  be  kept 
separate  from  that  which  was  productive,  either  directly  or 
indirectly,  many  of  the  apparent  contradictions  with  which  we 
are  so  frequently  faced  wOl  be  eliminated. 

As  soon  as  we  establish  these  methods,  the  following  ques- 
tion is  immediately  put  to  us  by  the  accountant  and  financier, 
"What  are  we  going  to  do  with  this  expense  of  idleness?" 
they  having  never  before  realized  that  it  cost  something  to  be 
idle. 

My  frank  answer  to  that  is  that  I  do  not  know.  Moreover, 
I  don't  care,  provided  they  do  not  charge  it  to  me  in  the  prod- 
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ucts  which  I  buy  from  them.  My  recommendation,  however, 
would  be  that  they  see  how  they  can  eliminate  such  expense 
by  proper  managerial  methods. 

I  am  perfectly  aware  that  it  is  extremely  difficult  to  elim- 
inate all  of  such  expense,  but  I  am  also  aware  of  the  fact  that 


it  is  extremely  easy  to  eliminate  a  large  proportion  of  it.  The 
solution  of  this  problem  is  one  of  the  economic  questions  which 
the  war  will  shortly  force  to  our  attention,  and  I  insist  that  it 
is  primarily  a  question  to  be  solved  by  engineers  rather  than 
by  financiers. 


APPARATUS  FOR  COOLING,  DRYING  AND  PURIFYING  AIR 


By  W.  J.  BALDWIN,  NEW  YORK,  N.  Y. 
Member  of  the  Society 


THE  necessity  for  removing  dust  and  other  impurities 
from  the  air  needs  no  amplification  from  me,  as  we  all 
recognize  the  advantages  of  pure  air  and  nearly  all  strive  in 
every  way  to  obtain  it. 

The  ordinary  meaning  of  the  term  pure  air,  however,  should 
be  amplified,  and  when  it  appears  in  a  contract  it  should  mean 
more  than  that  the  air  should  not  be  fouled  by  the  human 
breath  and  by  exhalations  from  the  human  body.  The  engineer 
must  not  be  content  when  making  an  examination  within  an 
enclosed  structure  simply  to  report  that  the  air  is  maintained 
at  some  common  standard  of  purity  of  contamination,  ex- 
pressed by  the  number  of  times 
the  CO,  within  the  room  is  in 
excess  of  the  staiidai'd.  good  or 
bad,  found  to  exist  outside  the 
enclosure.  Such  a  standard 
gives  only  an  approximate  idea 
of  the  condition  of  the  air  with- 
in the  enclosed  space,  and  it  is 
the  roughest  approximation  un- 
der the  common  acceptance  of 
the  tenn. 

Presumably  there  is  no  pure 
air  near  the  surface  of  the 
ground,  nor  in  the  atmosphere 
of  cities.  The  best  we  have  ex- 
ists at  the  tops  of  mountains, 
or  on  the  ocean,  but  even  this 
we  are  unable  to  standardize. 
Air  with  about  two  parts  of 
CO.  in  10,000  is  considered 
good,  no  matter  where  we  find 


This  paper  describes  an  apparatus  for  purify- 
ing air  and  regulating  its  temperature  and  hu- 
midity by  mechanical  means.  In  principle  it 
consists  of  the  use  of  a  cold  spray  for  the  puri- 
Jication  process,  after  which  the  excess  moisture, 
together  with  particles  of  dust,  excess  CO.,,  etc., 
are  separated  from  the  air  by  centrifugal  action, 
m  one  of  its  original  forms  the  device  was  ap- 
plied to  the  porthole  of  a  ship  for  the  purpose 
of  drawing  into  the  cabin  large  quantities  of  air 
out  excluding  rain  or  spray.  It  has  also  been 
used  to  remove  C0„  from  vitiated  air,  as  in  the 
compartments  of  a  submarine,  and  for  removing 
particles  of  dust  from  the  gases  of  combustion 
m  a  chimney. 


it;   but   in   cities   where   much 

coal  is  burned  the  proportion  is  higher,  and  may  rise  to  as 
high  as  10  parts  of  CO.  in  10,000.  An  increase  from  2  to  4 
parts  in  10,000  for  enclosed  spaces  above  the  outside  condi- 
tions has  been  considered  good,  even  for  schools  and  hospitals, 
and  very  good  for  workshops. 

These  conditions,  however,  do  not  comprise  the  whole 
problem.  Further  effort  should  be  directed  toward  drying  air 
by  some  simple  mechanical  process.  In  attempting  to  free  air 
from  an  excess  of  humidity,  which  is  often  as  much  of  an 
impurity  as  are  the  other  forms  of  contamination,  I  have  the 
following  data  to  offer: 

About  two  years  ago  I  worked  to  perfect  an  apparatus'  that 
could  be  put  in  the  porthole  or  the  dead  light  of  a  ship  and 
would  exclude  the  rain  or  spray,  'while  freely  admitting  large 

^  An  account  of  this  apparatus,  with  illustrations,  appeared  in  the 
Proceedings  of  the  American  Society  of  Heating  and  Ventilating  En- 
gineers. January  1917. 

For  presentation  at  the  -Annual  Meeting,  December,  1917,  of  The 
American  Society  op  Mechanical  Engineers,  29  West  39th  Street, 
New  York.     All  papers  are  subject  to  revision. 


quantities  of  air  to  the  cabin  of  the  ship,  without  admitting  the 
water.    This  led  to  freeing  the  air  of  an  excess  of  humidity. 

The  experiments  conducted  with  the  preliminai-y  apparatus 
for  excluding  rain  or  spray  while  freely  admitting  the  air  as 
in  the  case  of  a  ship  rolling  heavily  at  sea,  suggested  the 
possibility  of  removing  the  excess  of  humidity  in  the  air, 
particularly  with  a  view  to  admitting  air  to  the  radio  room 
of  a  ship,  and  not  only  exclude  the  rain  and  the  spray  but 
also  regulating  the  humidity,  so  as  to  keep  the  air  at  some 
common  standard  of  saturation  as  far  as  humidity  was  con- 
cerned.    The  purpose  was  to  overcome  a  difficulty  with  the 

attuning  apparatus  of  the  re- 
ceiving and  sending  instru- 
ments, either  at  sea  or  m  the 
higher  atmosphere. 

This  led  to  the  design  of  an 
apparatus  for  a  radio  room  on 
the  lines  already  set  forth,  that 
would  admit  air  not  only  sep- 
arated from  rain,  salt  spray 
and  spume,  but  that  would  also 
condition  or  regulate  the  hu- 
midity within  the  room  by 
keeping  it  at  a  common  stand- 
ard of  humidity,  regardless  of 
the  outside  changes. 

Cold  water  in  the  spray  form 
will  do  this  provided  the  spray 
can  be  gotten  rid  of  after  it  has 
combined  with  the  excess  of  hu- 
midity (steam  in  the  air)  and 
then  separated  from  the  air  by 
some  practicable  form  of  ap- 
paratus that  is  simple,  and  that  occupies  small  space. 

While  a  shower  of  rain  will  clear  the  atmosphere,  the 
elements  of  nature  have  all  outdoors  in  which  to  set  up  the 
apparatus  for  such  a  result.  The  cabin  of  a  ship  or  a  radio 
cabinet  is  infinitely  small  in  comparison  with  all  outdoors, 
yet  a  similar  result  can  be  achieved  in  a  space  as  small  as  a 
cabin  or  radio  cabinet. 

To  accomplish  this  I  used  a  cold-water  spray  apparatus 
similar  to  one  I  had  designed  two  years  earlier  for  the  purpose 
of  precipitating  the  CO,  when  found .  in  great  excess  in  a 
confined  space,  as  in  the  hold  of  a  submarine,  when  forced  to 
stay  a  long  time  under  water. 

In  this  machine  a  spray  of  potash  water  was  used  in  connec- 
tion with  a  mechanical  dust  precipitator  for  the  purpose  of 
seizing  on  the  carbonic  acid  in  the  air  and  throwing  it  down 
so  as  to  eliminate  the  CO,  at  the  dust  and  water  discharge  of 
the  apparatus. 

It  was  proposed  to  put  the  apparatus  in  a  bulkhead ;  the 
discharge  side  of  the  apparatus  coming  into  the  air  of  the 
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living  quarters,  the  air  freed  of  its  C0„  being  forced  backward 
again  into  the  chamber  of  greatest  vitiation,  thus  forming  a 
cycle. 

In  the  general  experiments  it  was  found  that  a  prepared 
spray  of  chemical  liquid  or  even  cold  water  not  only  seized  on 
the  dust  but  on  other  gases  in  the  air,  with  which  the  chemical 
in  the  spray  would  combine,  and  that  a  pure-water  spray 
turned  into  the  apparatus  would  keep  the  humidity  of  the  air 
constant  by  suitable  regulation  of  the  temperature  of  the  water 
spray.  In  a  room  at  90  deg.  fahr.  and  a  humidity  of  almost 
90  per  cent  we  could  drop  the  humidity  to  45  per  cent  by 
reducing  the  temperature  of  the  spray  to  70  deg.  fahr. 

A  simple  form  of  the  apparatus  arranged  for  cooling  a 
room  is  shown  in  Fig.  1.     The  apparatus  from  the  inlet  to  the 
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FiG.  1    Appabatus  for  Purifying  and  Cooling  the  Air  op 

A  Room  and  Illustrating  Also  the  Principle  Used 

IN  Vabious  Other  Forms  op  the  Device 


they  strike  on  the  solid  part  of  the  hoop,  they  are  rubbed 
through  the  nearest  holes  by  the  forward  movement  of  the  air. 
They  then  pass  into  the  quiet  space  C,  drop  down  within  it, 
and  escape  by  the  pipe  or  pipes  P  into  the  tank. 

The  air  does  not  escape  with  the  heavy  particles,  as  might 
appear  at  first,  for  the  lower  ends  of  the  pipe  legs  are  sealed 
by  the  water  in  the  tank.  The  tank  may  be  of  any  shape,  or 
there  may  be  no  tank,  the  separated  particles  going  to  a  waste 
pipe. 

The  greater  the  velocity  of  the  rotor  R  the  more  efficient  is 
the  apparatus.  A  speed  of  5000  ft.  per  min.  is  very  prac- 
ticable, but  10,000  is  not  excessive,  either  from  the  point  of 
bursting  or  for  any  other  reason. 

The  fan  gives  the  same  static  pressure  as  any  other 
centrifugal  blower  of  equal  diameter  and  speed  and  requires 
only  equal  power  for  equal  work,  and  the  power  required  for 
separation  and  friction  is  considerably  under  25  per  cent  of 
the  blower  power  required  to  move  the  air. 

The  device  as  described  above  illustrates  the  principle  of 
the  various  types  of  apparatus,  whether  used  for  taking  the 
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Fig.  3    Application  op  Apparatus  to  Base  of   Chimney 

for  Removing  Particles  of  Dust  from 

Gases  of  Combustion 


lalet  End 


Outlsf  End 


Fig.   2    Apparatus   Attached   to   Porthole   op    Ship   foe 
Admitting  Air  and  Excluding  Rain  or  Spray 

line  X-Y  is  an  ordinary  fan  or  blower  F,  and  the  downward 
extensions  of  the  fan  blades  or  wings  TT  are  necessary  to 
accelerate  the  rotary  motion  of  the  air. 

The  rotor  ij  is  a  rotating  hoop  of  permeable  metal,  against 
the  inner  side  of  which  the  air  is  thrown  with  all  its  imjiurities. 
If  the  heavy  particles  in  the  air,  such  as  dust,  mud  or  particles 
of  water,  strike  into  the  perforations  of  the  hoop,  they  pass 
through  into  a  quiet  space  formed  by  the  outer  case  C.    Or,  if 


dust  from  the  air,  the  CO^  from  a  chimney  or  an  enclosed 
space,  the  excess  of  humidity  from  the  air,  throwing  down  fog, 
cooling  and  moving  air,  etc.  It  will  be  noted  that  the  ice  in  the 
upper  tank  serves  both  as  a  cooling  medium  and  for  the 
supply  of  cold  water,  broken  into  spray  by  the  rapid  motion 
of  the  fan,  for  the  purification  of  the  air. 

In  Fig.  2  is  shown  a  type  of  the  apparatus  as  developed  for 
use  in  the  porthole  of  a  ship,  and  in  Fig.  3  a  horizontal  design 
for  the  removal  of  dust  particles  from  the  gases  of  combustion 
in  a  chimney. 


France  and  England  freely  acknowledge  that  they  greatly 
decreased  their  efficiency  by  sending  their  scientific  men  to 
the  trenches.  Although  they  have  since  withdrawn  most  of 
those  still  alive  and  are  now  using  them  in  special  service, 
the  dearth  of  technically  trained  men  has  been  and  is  severely 
felt. 


The  American  Association  for  the  Advancement  of  Science 
and  many  national  scientific  societies  aflSliated  with  it  will 
hold  its  seventietli  meeting  in  Pittsburgh,  Penn.,  from  Decem- 
ber 28,  1917,  to  January  2,  1918,  under  the  auspices  of  the 
University  of  Pittsburgh,  the  Carnegie  Institute,  the  Carnegie 
Technical  Schools  and  other  institutions. 


REVISION  OF  BOILER  CODE 


THE  Council  of  the  Society  directed  that  a  hearing  be 
conducted  in  accordance  with  the  recommendation  in  the 
Boiler  Code  that  a  meeting  at  which  all  interested  parties 
may  be  heard  be  held  at  least  once  in  two  years  to  make  such 
revisions  as  may  be  found  desirable  in  the  Code  and  to  modify 
the  Code  as  the  state  of  the  art  advances.  The  first  of  these 
meetings  was  held  at  the  Society's  headquarters  in  New  York, 
December  8  and  9,  1916. 

The  CoimcU  also  directed  that  the  proposed  revisions  in 
the  Boiler  Code  be  published  in  The  Journal  with  the  re- 
quest that  they  be  fully  and  freely  discussed,  so  as  to  make 
it  possible  for  any  one  to  suggest  changes  before  the  Rules 
are  brought  to  the  final  form  and  presented  to  the  Council 
for  approval.  Discussions  should  be  mailed  to  Mr.  C.  W. 
Obert,  Secretary  of  the  Boiler  Code  Committee,  29  West  39th 
Street,  New  York,  N.  Y.,  and  they  will  be  presented  and 
acted  on  by  the  Boiler  Code  Committee. 

Revisions  formulated  by  the  Committee  earlier  in  the  year 
were  published  in  the  June  1917  issue  of  The  Journal,  pages 
517  to  522,  and  in  the  August  1917  issue,  page  705.  The  re- 
visions which  follow  are  divided  into  two  parts,  namely: 
Part  I,  Modifications  of  the  Proposed  Revisions  published  in 
the  June  and  August  issues  (the  modifications  being  made 
to  conform  with  recommendations  submitted  to  the  Com- 
mittee by  those  discussing  the  proposed  revisions),  and  Part 
II,  Aditional  Revisions  projDOsed  by  the  Boiler  Code  Com- 
mittee. 


PART  I 

Modifications  of  the  Proposed  Revisions 

Published  in  the  June  and  August 

Issues  of  The  Journal 

PAGE  50 

Pah.  200.     Change  Par.  200  to  make  it  read  as  follows: 

200  Staybolts.  The  ends  of  screwed  staybolts  shall 
be  riveted  over  or  upset  by  equivalent  process.  Stay- 
bolts  must  be  hollow  or  the  outside  ends  of  solid  stay- 
bolts,  8  in.  and  less  in  length,  shall  be  drilled  with  a 
hole  at  least  3-16  in.  diameter  to  a  depth  extending  at 
least  1/2  in.  beyond  the  inside  of  the  plates,  except  on 
boilers  having  a  grate  area  not  exceeding  15  sq.  ft.,  or 
the  equivalent  in  gas  or  oU  fired  boilers,  where  the  drilling 
of  staybolts  is  optional.  Solid  staybolts  over  8  in.  long, 
and  flexible  staybolts  of  either  the  jointed  or  ball  and 
socket  tyj>e  need  not  be  drilled. 

Par.  201.    Add  to  Par.  201  the  following: 

If  the  outstanding  legs  of  the  two  members  are  fastened 
together  so  that  they  act  as  one  member  in  resisting  the 
bending  action  produced  by  the  load  on  the  rivets  attach- 
ing the  members  to  the  head  of  the  boiler,  and  provided 
that  the  spacing  of  these  rivets  attaching  the  members  to 
the  head  is  approximately  uniform,  the  members  may  be 
computed  as  a  single  beam  uniformly  loaded  and  supported 
at  the  points  where  the  through  braces  are  attached. 

Par.  214.     Change  Par.  214  to  make  it  read  as  follows: 

214  Areas  of  Segments  of  Heads  to  be  stayed.  The 
area  of  a  segment  of  a  head  to  be  stayed  shall  be  the 
area  enclosed  by  lines  drawn  2  in.  from  the  tubes  and  a 
distance  d  from  the  shell  as  shown  in  Figs.  13  and  14. 
The  value  of  d  used  shall  be  the  larger  of  the  following 
values  but  not  less  than  3  in. 


(1)  d  =  the  outer  radius  of  the  flange,  not  exceed- 
ing  8   times   the   thickness   of  the   head 

(2)  d   =5Xt 

VP  . 

Where     d  =  unstayed  distance  from  shell  in  inches 

t  =  thickness  of  head  in  sixteenths  of  an  inch 
P  =  maximum    allowable    working    pressure    in 
lb.  per  sq.  in. 

Par.  215.     Change  Par.  215  to  make  it  read  as  follows: 

215  When  the  heads  of  drums  of  water  tube  boilers 
are  30  in.  or  less  in  diameter  and  the  tube  plate  is  stif- 
fened by  flanged  ribs  or  gussets,  no  stays  need  be  used 
if  a  hydrostatic  test  to  destruction  of  a  boiler  or  unit 
section  built  in  accordance  with  the  constraction,  shows 
that  the  factor  of  safetv  is  at  least  five. 
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Table  4.     Several  revisions  have  been  made  in  Table  4 

AND  IT  will  now  READ  AS  FOLLOWS: 


table  4    MAXIMUM  ALLOWABLE  STRESSES  FOR  STAYS  AND 
STAYBOLTS 


Stresses,  lb.  per  sq.  in. 

Description  of  Staji^ 

For  lengths 

between 
supports  not 

exceeding 
120  diameters 

For  lengths 

between 

supports 

exceeding 

120  diameters 

0     Unwelded  or  flexible  stays  less  than  twentj^  diam- 
eters  long  screwed   through   plates   with   ends 

7,500 

9,500 

10,400 

6.000 

6     Unwelded  stays  and  unwelded  portions  of  welded 
stays,  except  as  specified  in  Une  a  and  line  c .  .  .  . 

c     Steel  through  stays  exceeding  1'^  in.  diameter. . . 

d     Welded  portions  of  stays 

8.500 
9.000 
6.000 
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Par.  231.     Change  Par.  231  to  make  it  read  as  follows: 

231  Maximum  Allowable  Working  Pressure  on 
Truncated  Cones,  a.  Upper  combustion  chambers  of 
vertical  submerged  tubular  boilers  made  in  the  shape  of  a 
frustum  of  a  cone,  when  not  over  38  in.  diameter  at  the 
large  end,  may  be  used  without  stays  if  computed  by  the 
rule  for  plain  cylindrical  furnaces  (Par.  239)  making  D 
in  the  formula  equal  to  the  diameter  at  the  large  end,  and 
provided  that  the  longitudinal  joint  conforms  to  the  re- 
quirements of  Par.  239. 

b.  When  over  38  in.  in  diameter  at  the  large  end,  that 
portion  which  is  over  30  in.  in  diameter  shall  be  fully  sup- 
ported by  staybolts  or  gussets  to  conform  to  the  provisions 
for  staying  flat  surfaces.  In  this  case  the  top  row  of  stay- 
bolts  shall  be  at  a  point  where  the  cone  top  is  30  in.  or 
less  in  diameter. 

In  calculating  the  pressure  permissible  on  the  unstayed 
jiortion  of  the  cone,  the  vertical  distance  between  the  hori- 
zontal planes  passing  through  the  centers  of  the  rivets  at 
the  cone  top,  and  through  the  center  of  the  top  row  of 
staybolts  shall  be  used  as  i  in  Par.  239,  and  D  in  that 
paragraph  shall  be  the  inside  diameter  at  the  center  of  the 
top  row  of  staybolts. 
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Par.  239.     Insert  after  the  formula  and  just  preceding 

THE     EXAMPLE     IN     Par.     239,     ELIMINATING     THE     PRESENT 
SENTENCE : 

Where  the  furnace  has  a  riveted  longitudinal  joint,  it 
may  be  of  the  lap  type  for  inside  diameters  not  exceeding 
36  in.  for  furnaces  36  in.  or  less  in  height  or  length,  and  for 
inside  diameters  not  exceeding  30  in.,  irrespective  of  the  height 
or  length.  Otherwise  butt  and  strap  construction  shall  be 
used.     The  efficiency  of  the  joint  shall  be  greater  than : 

PXD 


1250  X  T 
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Par.  253.     Change  Par.  253  to  make  it  bead  as  follows: 

253  Drilling  of  Holes.  All  rivet  holes  and  staybolt 
holes  and  holes  in  braces  and  lugs  shall  be  drilled  full  size 
or  they  may  be  punched  not  to  exceed  I/4  in.  less  then  full 
diameter  for  material  over  5-16  in.  in  thickness,  and  %  in- 
less  than  full  diameter  for  material  not  exceeding  5-16  in. 
in  thickness,  and  then  drilled  or  reamed  to  full  diameter 
with  plates,  butt  straps,  braces,  heads  and  lugs  bolted  in 
position.   Tack  bolts  for  seams  shall  be  not  over  12  in.  apart. 

Par.    255.     The    illustration    showing    forms    of    rivet 
heads  that  will  be  acceptable  is  Fig.  17a. 
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Par.  246.    As  .stated  in  the  June  issue  op  The  Journal 
it  had  been  decided  to  change  Par.  246,  to  Par.  246a, 


h- 

-1.10- 

■1 

/~ 

k 

T\ 

/J 

* 

jX 

straight  Base 
Button  Head 


Cone  Head 


■US- 
-  ro- 


Pan  Head 


Button  Mead 


Doubl?  Radius  ButtonHead 


Steeple  Head 


Countersunk  Head 


Flat  Mead 


Proportions  may  be  larger  or  1/10  smaller  than  tbose  sbown. 
Fillet  under  beads  may  be  used  but  are  not  required. 

Fig.  17a    Acceptable  Forms  of  Rivet  Heads 


AND   TO    ADD   PaR.    247,    CALLING    IT    Par.    246b.       SiNCE   THE 

publication  op  the  June  issue  of  The  Journal  it  has 

BEEN    PROPOSED    TO    REVISE    THIS    NEW    PaR.    2466     (FORMERLY 

Par.  247)  to  read  as  follows: 

h  A  cast-iron  header  when  tested  to  destruction,  shall 
withstand  a  hydrostatic  pressure  of  at  least  1200  lb.  per 
sq.  in.  and  a  malleable-iron  header,  1500  lb.  A  hydrostatic 
test  at  400  lb.  per  sq.  in.  for  cast  iron  and  500  lb.  per  sq. 
in.  for  malleable  iron  shall  be  made  on  all  new  headers 
with  tubes  attached. 
This  has  been  referred  to  a  Sub-Committee  of  the  Boiler  Code 
Committee  on  Malleable  Iron  for  consideration. 

Par.  247.  As  it  was  decided  to  change  Par.  247  to  Par. 
2466,  A  NEW  Par.  247  was  proposed  and  published  in 
THE  June  issue  op  the  Journal.  The  new  paragraph 
contained  TWO  parts,  a  AND  h.    It  has  been  decided  to 

OMIT  THE  first  PART,  a,  ENTIRELY,  AND  TO  REVISE  THE  RE- 
MAINING PORTION  SLIGHTLY,  SO  THAT  PaR.  247  WILL  READ 
AS   FOLLOWS: 

247  Where  it  is  impossible  to  calculate  with  a  reason- 
able degree  of  safety  the  strength  of  a  boiler  structure  or 
any  part  thereof,  a  full  sized  sample  shall  be  built  by  the 
manufacturer  and  tested  to  destniction  in  the  presence  of 
the  Boiler  Code  Committee  or  one  or  more  representatives 
of  the  Boiler  Code  Committee  appointed  to  witness  such 
test. 
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Par.  268.     Change  Par.  268  to  make  it  read  as  follows: 
268     Threaded    Openings.     A    threaded    pipe    connec- 
tion 1  in.  in  diameter  or  over  shall  have  not 
less    than    the    number   of   threads   given   in 
Table  7. 

TABLE 

If  the  thickness  of  the  material  in  the  boiler 
is  not  sufficient  to  give  such  number  of 
threads,  the  opening  shall  be  reinforced  by  a 
pressed  steel,  cast  steel,  or  bronze  composition 
flange,  or  plate,  so  as  to  provide  the  required 
number  of  threads  as  shown  in  Fig.  18a. 

When  the  maximum  allowable  working 
pressure  exceeds  100  lb.  per  sq.  in.,  a  flanged 
nozzle  shall  be  used  for  all  threaded  pipe 
openings  over  3  in.  pipe  size. 

Par.  269.    Change  Par.  269  to  make  it  read  as 

FOLLOWS  : 

269  Safety  Valve  Requirements.  Each 
boiler  shall  have  two  or  more  safety  valves, 
except  a  boiler  for  which  one  safety  valve 
having  a  relieving  area  of  %  sq.  in.  or  less  is 
required  by  the  rules. 


Par.  273. 

FOLLOWS 
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Change  Par.  273  to  make  it  read  as 


273  Each  safety  valve  shall  be  plainly  marked  by  the 
manufacturer.  The  markings  may  be  stamped  on  the 
body,  east  on  the  body,  or  stamped,  etched,  or  cast  on  a 
plate  or  plates  riveted  to  the  body,  and  shall  contain  the 
following : 

a     The   name   or   identifying   trademark   of   the   manu- 
facturer 

b     The  nominal  diameter  with  the  words  "  Bevel  Seat  " 

or  "  Flat  Seat " 
c     The  steam  pressure  at  which  it  is  set  to  blow 

d     The  lift   in  inches  of  the  valve  disc  from  its  seat, 

measured  at  a  pressure  3  per  cent  higher  than  that 

at  which  the  valve  is  set  to  blow 
e     The  weight  of  steam  discharged  in  pounds  per  hour 

at  a  pressure  3  per  cent  higher  than  that  for  which 

the  valve  is  set  to  blow 
/    A.S.M.E.    Standard. 
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Par.  282.     Change  Par.  282  to  make  it  bead  as  follows: 

282     For  the  purposes  of  inspection  and  to  insure  the 

valve  being  free,  each  safety  vah'c  shall  have  a  substantial 

lifting  device  by  which  the  valve  may  be  raised  from  its 

seat  at  least  1-16  in.  when  there  is  no  pressure  on  the 

boiler. 
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Par.  283.     Add  to  Par.  283  the  following  : 

The  seats  and  discs  of  safety  valves  shall  be  non-feri'ous 
material.  The  seat  of  a  safety  valve  shall  be  fastened 
to  the  body  of  the  valve  in  such  a  way  that  there  is  no 
possibility  of  the  seat   lifting. 

Tar.  284.     Add  to  Par.  284  the  pollowinii: 

284  Springs  used  in  safety  valves  shall  not  show  a 
permanent  set  exceeding  1-32  in.  ten  minutes  after  being 
released  from  a  cold  compression  test  closing  the  spring 
solid.  The  spring  shall  be  so  constructed  that  the  valve 
can  lift  from  its  seat  1-10  the  diameter  of  the  seat  be- 
fore the  coils  are  closed  or  before  there  is  other  inter- 
ference. 

Par.  286.     Change  Par.  286  to  make  it  read  as  follows  : 

286  All  flange  dimensions  shall  conform  to  the  Ameri- 
can Standard  given  in  Tables  15  and  16  of  the  Appendix 
for  the  pressures  therein  specified  except  that  the  face 
of  the  safety  valve  flange  and  the  nozzle  to  which  it  is 
attached    raav   be    flat    and    without    the   raised    face   for 


WROUftMT     IR0« 


Fig.  18a     Types  of  Boiler  Flanges  and  Bushings 


pressures  up  to  and  including  250  lb.   per  sq.  in.     For 
higher  pressures,  the  raised  face  shall  be  used. 
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Pah.  291.     Add  to  Par.  291  the  following: 

The  lowest  permissible  water  level  for  various  classes 
of  boilers  shall  be  the  location  of  the  fusible  plug  as 
given  in  Par.  430  of  the  Appendix. 

Par.  292.  A  revision  of  this  paragraph  was  published  in 
the  June  issue  op  The  Journal  but  it  has  been  finally 
decided  to  cancel  this  proposed  revision  and  to  lea\'^ 
Par.  292  as  it  stands  in  the  1914  Edition  ob  the 
Code.  This  hatter  has  been  referred  to  a  special 
Sub-Committee  of  the  Boiler  Code  Committee. 
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Par.  299.     Change  Par.  299  to  make  it  read  as  follows: 

299  Nozzles  and  Fittings.  Flanged  cast  iron  pipe 
fittings  used  for  boiler  parts,  for  pressures  up  to  and 
including  100  lb.  per  sq.  in.,  shall  conform  to  the  Ameri- 
can Standard  given  in  Tables  15  and  16  of  the  Appendix. 
except  that  the  face  of  the  flange  of  a  safety  valve  as 
well  as  that  of  a  safety  valve  nozzle,  may  be  flat  and 
witliout  the  raised  face.  For  pressures  above  160  lb.  per 
sq.  in.,  steel  cast  or  wrought  steel  fittings  shall  be  used 
for  boiler  parts  with  exceptions  specified  in  Pars.  9  and 
12.      An    allowable   variation    of   20    per   cent    from   the 


!  ange  thickness  required  by  Tables  15  and  16  may  be 
made  for  steel  cast  and  forged  steel  fittings,  leaving  the 
drilling  of  bolt  holes  unchanged.  For  pressures  above 
250  lb.  per  sq.  in.,  the  flange  thickness  and  the  thickness 
of  the  bodies  shall  be  increased  to  keep  within  the  same 
deflection  limits  and  to  give  at  least  the  same  factor  of 
safety  as  the  fittings  specified  in  Tables  15  and  16.  The 
flange  of  a  safety  valve  may  have  a  flat  face  for  pressures 
up  to  and  including  250  lb.  per  sq.  in.,  and  shall  have  a 
raised  face  at  higher  pressures;  a  safety  valve  nozzle 
may  have  a  flat  face  for  pressures  up  to  and  including 
250  lb.  per  sq.  in.  and  shall  have  a  raised  face  at  higher 
pressures.  Tables  15  and  16  do  not  apply  to  flanges  on 
the  boiler  side  of  steam  nozzles  or  to  flanges  left  by  the 
manufacturer  as  part  of  the  boiler,  and  do  not  apply  to 
fittings  designed  as  part  of  the  boiler. 

Par.  307.     Change  Par.  307  to  make  it  read  as  follows: 

307     Blow-off  Piping.     A  surface  blow-off  shall  not  ex- 
ceed 11/2  in.  pipe  size  and  the  internal  and  external  pipes 
shall  foi-m  a  continuous  passage,  but  with  clearance  be- 
tween  their   ends   and    arranged    so    that 
V,  the  removal  of  either  will  not  disturb  the 

other.  A  properly  designed  brass  or  steel 
bushing  as  shown  in  Fig.  18a  or  flanged 
connection,  shall  be  used. 
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Par.  311.    Change  Par.  311  to  make  it  read 
AS  follows  : 

311     a.     On    all    boilers    except    those 

used  for  traction  and  portable  purposes, 

when    the    maximum    allowable    working 

pressure  exceeds  125  lb.  per  sq.  in.,  each 

bottom    blow-oft'    pipe    shall    have     two 

valves,  or  a  valve  and  a  cock,  and  such 

valves,  or  valve  and  cock,  shall  be  extra 

heavy,    except    that    on    a   boUer    having 

multiple  blow-off  pipes,   a  single  master 

valve    may    be    placed    on    the    common 

blow-off  pipe  from  the  boiler,  in  which 

case   only   one   valve   on   each   individual 

Ijlow-off  is  required. 

6.     All   traction    and    portable   boilers   shall    have   one 

bottom    blow-off    valve;    when    the    maximum    allowable 

working  pressure  exceeds  125  lb.  per  sq.  in.,  the  blow-off 

valve  shall  be  extra  heavy. 

Par.  315.    Allow  the  revision  to  stand  as  it  appears  in 
the  June  Journal  and  add  to  it  the  following: 

In  Fig.  18a  is  illustrated  a  standard  form  of  flange  to 
use  on  boiler  shells  for  passing  through  piping  such  as 
feed,  surface,  blow-off  connections,  etc.,  and  which  per- 
mits of  the  pipes  being  screwed  in  solid  from  both  sides 
in  addition  to  the  reinforcing  of  the  opening  in  the 
shells. 
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Par.  325.    Allow  the  revision  to  stand  as  it  appears  in 
the  June  Journal  and  add  to  it  the  following: 

studs    with 


For    traction    or    portable    boilers, 
threads  mav  be  used. 


pipe 


Par.  328.     Change  Par.  328  to  make  it  read  as  follows: 

328  A  water-tube  boiler  shall  have  the  firing  door  or 
clinker  doors  of  the  inward  opening  type  unless  such 
doors  are  pvoviled  with  substantial  and  effective  latch- 
ing or  fastening  devices  to  prevent  them  from  being 
lilown  open  by  pressure  on  the  furnace  side. 
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Par.  343.     Allow  the  revision  to  stand  as  it  appears  in 
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THE  June  issue  except  that  it  is  now  made  one  para- 
graph AS  FOLLOWS: 

343  In  a  hot-water  boiler  to  be  usetl  exclusively  for 
heating  buildings  or  hot-water  supply,  when  the  diameter 
does  not  exceed  00  in.  and  the  grate  area  does  not  exceed 
iO  sq.  ft.,  or  equivalent  as  defined  in  Pars.  359  and  300, 
longitudinal  lap  joints  will  be  allowed.  When  the  grate 
area  exceed.';  10  sq.  It.,  or  euivalent  as  defined  in  Pars. 
359  and  360,  and  the  diameter  of  the  boiler  does  not  ex- 
ceed 60  in.,  longitudinal  lap  joints  will  be  allowed  pro- 
vided the  maximum  allowable  working  pressure  does  not 
exceed  50  lb.  per  sq.  in. 
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Par.  430.     A  revision  op  the  first  line  op  Par.  430  was 

PUBLISHED    IN    THE   JUNE    ISSUE   OF    The   JOURNAL.       It   HAS 

now  been  decided  to  cancel  this  revision  and  let  the 
first  line  stand  as  it  appears  in  the  1914  edition  of  the 
Code.  In  the  June  Journal  a  proposed  addition  to 
Par.  430   was   published,  and  it   has   been  decided  to 

■       4LL0W    THIS    addition    TO    REMAIN    AS    IT    APPEARS    IN    ThE 

Journal,  so  that  the  final  form  of  Par.  430  is  the 

SAME  AS  IN  THE  1914  EDITION  OF  THE  CODE  WITH  THE  ADDI- 
TION OP  CLAUSE    (•   AS   FOLLOWS  : 

V  Fire  Engine  Boilers  are  not  usually  supplied  with 
fusible  plugs.  Unless  special  provision  is  made  to  keep 
tlie  water  above  the  firebox  crown  sheet  other  than  by 
the  natural  water  level,  the  lowest  permissible  water  level 
shall  be  at  least  3  in.  above  the  top  of  the  firebox  crown 
sheet. 


PART  II 

Additional    Revisions    Proposed    by  the  Boiler 
Code  Committee 

PAGE  1 

Title  Page 

Change  line  at  bottom  of  p.  1  which  reads  as  follows: 
Edition  of  1914  with  Index 
to  read  as  follows: 

Edition  of  1918 
(New  edition  of  Boiler  Code  to  be  copyrighted  under  date 
of  1918). 
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Letter  to  the  Council 

Change  letter  to  the  Council  to  read  as  follows: 

To  the  Council  of  The  American  Society  of  Mechani- 
cal Engineers. 

Gentlemen  :  Your  Committee  respectfully  submits 
the  following  revised  report  on  Rules  for  the  construc- 
tion of,  and  allowable  working  pressures  on  stationary 
boilers,  this  report  forming  a  part  of  the  task  that  has 
been  assigned  to  it.  Stationaiw  boilers  as  here  considered 
are  land  boilers  and  include  portable  and  traction  boilers. 
The  Rules  do  not  apply  to  boilers  which  are  subject  to 
federal  inspection  and  control,  such  as  marine  boilers, 
boilers  of  steam  locomotives  and  other  self-propelled 
railroad    apparatus. 

The  primary  object  of  the  Rules  is  to  secure  safe  boil- 
ers. The  interests  of  boiler  users  and  manufacturers 
have  been  carefully  considered  and  the  requirements 
made  such  that  they  will  not  entail  undue  hardship  by 
departing  too  widely  from  present  practice. 

The  Code  applies  only  in  part  to  certain  special  forms 
of  boilers  such  as  those  of  the  forced  circulation  or  flash 


type.  New  matter  has  been  added  to  state  that  the  ma- 
terial for  boilers  of  this  class  shall  conform  to  the  re- 
quirements of  the  Code,  and  that  other  requirements 
shall  also  be  met  e.xcept  where  they  relate  to  special  fea- 
tures of  construction  made  necessary  in  boilers  of  this 
type,  and  to  accessories  that  are  manifestly  not  needed 
or  used  in  connection  with  such  boilers,  such  as  water 
gages,  water  columns,  and  gage  cocks. 

In  those  states  and  municipalities  which  have  adopted 
the  Boiler  Code,  your  Committee  recommends  that  all 
requests  for  interpretations  of  the  Boiler  Code  be  re- 
ferred to  the  state  authorities  having  jurisdiction  over 
such  matters.  In  order  to  maintain  uniformity  of  prac- 
tice it  is  also  suggested  that  the  authorities  having  juris- 
diction be  requested  to  submit  all  inquiries  where  there 
is  any  question  of  doubt  to  the  Boiler  Code  Committee. 
Where  there  is  a  question  respecting  the  interpretation 
of  the  Code,  or  where  constructions  apparently  are  not 
covered  by  the  Code,  it  will  be  most  desirable  to  have 
the  matter  referred  to  the  Boiler  Code  Committee.  Unless 
this  procedure  is  followed,  the  aim  to  obtain  uniformity 
in  the  application  of  the  Code  will  be  defeated.  The 
Boiler  Code  Committee  desires  to  cooperate  to  the  limit 
of  its  ability  in  assisting  in  the  application  of  the  Code, 
and  will  take  pleasure  in  considering  all  matters  where 
there  is  any  question  of  doubt  that  may  be  brought  be- 
fore it  by  the  various  states  and  municipalities  that  adopt. 
the  Code. 

The  Committee  does  not  pass  on  questions  concerning' 
specific  designs  of  boilers  or  appurtenances  thereto. 

Your  Committee  recommends  that  a  hearing  be  held 
l)y  the  Boiler  Code  Committee  at  least  once  in  four  years- 
at  which  all  interested  parties  may  be  heard,  in  order  that 
such  revisions  may  be  made  as  are  found  to  be  desirable, 
as  the  state  of  the  art  advances. 
Yours  truly, 
John  A.  Stevens,  Chadrman. 

Wm.  H.  Boehm,  Boiler  Insurance 

RoUa  C.  Carpenter,  Engineering  Research 

Frank  H.  Clark,  Railroad  Sub-Committee,  The  Ameri- 
can Society  of  Mechanical  Engineers 

Francis  W.  Dean,   Consulting  Engineers 

Thomas  E.  Durban,  Chairman,  The  American  Uniform 
Boiler  Law  Society.     All  types  of  boilers 

Elbert  C.  Fisher,  Scotch  marine  and  other  types  of 
boilers 

Charles  E.  Gorton,  Steel  heating  boilers 

Arthur  M.   Greene,  Jr.,  Engineering  Education 

Richard  Hammond,  Scotch  marine  and  other  types  of 
boilers 

A.  L.  Humphrey,  Railroad  Sub-Committee,  The  Ameri- 
can Society  op  Mechanical  Engineers 

Charles  L.  Huston,  Boiler  plate  manufacturer 

D.  S.  Jacobus,  Water-tube  boilers 

S.   F.  Jeter,  Boiler  Insurance 

Wm.  F.  Kiesel,  Jr..  Railroad  Sub-Committee,  The 
American  Society  op  Mechanical  Engineers 

W.  F.  MacGregor,  National  Association  of  Tractor  and 
Thresher   Manufacturers 

Edward   F.   Miller,   Engineering   Research 

M.  F.  Moore,  Steel  heating  boilers 

I.  E.  Moultrop,  Boiler  users 

Richard  D.  Reed,  Cast  iron  heating  boilers 

H.  H.  Vaughan,  Railroad  Sub-Committee,  The  Ameri- 
can Society  of  Mechanical  Engineers 

C.  W.  Obert,  Secretary  to  Committee. 
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Heading 

Insert  above  heading  of  p.  5  the  following: 
A.S.M.E.  Boiler  Code 

PAGE  7 
Heading 

Insert  above  heading  of  p.  7  the  following:: 
A.S.M.E.  Boiler  Code 
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PAGE  8 

Pab.  9.  It  has  been  proposed  to  add  a  sentence  to  Par. 
9,  as  follows: 

Malleable  iron  may  be  used  when  the  maximum  allow- 
able working  pressure  does  not  exceed  200  lb.  per  sq. 
in.,  and  the  maximum  inside  diameter  or  diagonal  dimen- 
sion does  not  exceed  7  in. 
This  has  been  referred  to  a  Sub-Committee  of  the  Boiler 
Code  Committee  on  Malleable  Iron  for  consideration. 

Par.  14.  Insert  the  following  at  the  beginning  of  Par. 
14: 

In  determining  the  maximum  allowable  working 
pressure, 

PAGE  10 

Par.  21.    Add  to  Par.  21  the  following: 

Specifications  and  maximum  allowable  working  pres- 
sures for  various  gages  for  super-heater  tubes  shall  be 
the  same  as  for  water  tubes. 

PAGE  12 
Par.  29b.     Strike  out  the  words  "  or  under  "  from  the 

FIRST   LINE 

PAGE  44 

Par.  182.  Modification  op  this  paragraph  is  in  the  hands 
of  a  special  Sub-Committee  op  the  Boiler  Code  Com- 
mittee OF  Back  Pitch 


PAGE  46 

Par.  192.     Add  new  section  to  Par.  192  as  follows: 

c  The  strength  of  those  ligaments  between  the  tube 
holes  which  are  subjected  to  a  longitudinal  stress  shall 
be  at  least  one-half  the  required  strength  of  those  liga- 
ments which  come  between  the  tube  holes  which  are  sub- 
jected to  a  circumferential  stress. 

PAGES  55-56 
Pab.  221.    Replace  Fig.  15  by  revised  cut 


D  =  least   horizontal   distance   between   tube   centers   on 
a  horizontal  row,  in. 

Immediately  below  the  derivation  op  letters  insert: 

Where   tubes   are  staggered   the   vertical   distance  be- 
tween the  center  line  of  tubes  in  adjacent  rows  must  be 
not  less  than  1/2  V    (2dD  +  4'  ). 
The  above  formula  has  been  referred  to  a  special  Sub-Com- 
mittee of  the  Boiler  Code  Committee. 


PAGE  64 
Par.  245.    It  has  been  proposed  to  change  Par.  245  to 

READ    AS    follows: 

245  Cast-iron  and  Malleable  Iron  Headers.  The  pres- 
sure allowed  on  a  water-tube  boiler  shall  not  exceed  160 
lb.  per  sq.  in.  when  the  tubes  ai'e  secured  to  cast-iron 
headers,  nor  200  lb.  when  the  tubes  are  secured  to  mal- 
leable iron  headers.  The  form  and  size  of  the  internal 
cross  section  perpendicular  to  the  longer  axis  of  a  cast- 
iron  or  malleable  iron  header  at  any  point  shall  be  such 
that  it  will  fall  within  a  7  in.  by  7  in.  rectangle. 

This  has  been  referred  to  a  Sub-Committee  of  the  Boiler 
Code  Committee  on  Malleable  Iron  for  consideration. 

Par.  251.     Change  Par.  251  to  read  as  follows: 

251  The  ends  of  all  tubes,  suspension  tubes  and  nip- 
ples shall  be  flared  not  less  than  Vs  in-  over  the  diameter 
of  the  tube  hole  on  all  water-tube  boilers  and  super- 
heaters, or  they  may  be  llared  not  less  than  %  in.,  rolled 
and  beaded,  or  flared,  rolled  and  welded. 


PAGE  65 

Par.  254.     Change  Par.  254  to  read  as  follows: 

254  After  diilling  or  reaming  rivet  holes  the  plates 
and  butt  straps  shall  be  separated,  the  buiTS  and  chips 
removed,  the  plates  and  butt  straps  reassembled  metal  to 
metal  with  barrel  pins  fitting  the  holes,  and  with  tack 
bolts. 

Par.  256.     Change  Par.  256  to  read  as  follows: 

256  Rivets  shall  be  machine  driven  wherever  possible 
with  sufhcient  pressure  to  fill  the  rivet  holes,  and  shall 
be  allowed  to  cool  and  shrink  under  pressure.  Barrel 
pins  fitting  the  holes  and  tack  bolts  shall  be  used.  The 
tack  bolts  shall  be  not  over  12  in.  apart,  and  a  rivet 
shall  be  driven  each  side  of  each  tack  bolt  before  remov- 
ing the  tack  bolt. 


PAGE  47 

Par.  193.  Modification  op  this  paragraph  is  in  the 
HANDS  op  a  special  Sub-Committee  op  the  Boiler  Code 
Committee  on  Diagonal  Ligaments 


PAGE  49 

Par.  198.     Change  Par.  198  to  read  as  follows: 

198  A  manhole  opening  in  a  dished  head  shall  be 
flanged  to  a  depth  of  not  less  than  three  times  the  re- 
quired thickness  of  the  head  measured  from  the  outside. 

Par.  199.    Add  the  following  at  the  end  op  Par.  199: 

Acceptable  proportions  for  the  ends  of  through  stays  are 
indicated  in  Fig.  12a. 


PAGES  65-66 


Pars.  260-261 


The  Executive  Committee  of  the  Boiler  Code  Commit- 
tee will  report  later  respecting  openings  that  need  not 
be  reinforced  and  on  methods  of  reinforcing  openings  that 
need  not  come  under  the  same  rules  as  for  manholes. 


PAGE  67 

Par.  261.     Change  the  two  lines  op  Par.  261  at  the  top 
op  p.  67  to  read: 

I  =  length  of  center  line  of  opening  in  shell  in  direc- 
tion paraUel  to  axis  of  shell  plus  the  sum  of  the  diameters 
of  the  rivet  holes  that  come  in  or  adjacent  to  the  center 
line  of  the  opening,  in. 


PAGE  59 

Par.  234.    Under  "  where  "  change  derivation  op  D  to 
read: 


PAGE  69 

Par.  272.     Change  Par.  272  to  read  as  follows: 

272     Safety  valves  shall  be  of  the  direct  spring  loaded 
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pop  type  with  seat  and  bearing;  surface  of  the  disc  in- 
clined at  any  angle  between  45  deg.  and  90  deg.  to 
the  center  line  of  the  spindle.  The  valve  shall  be  rated 
at  a  pressure  3  per  cent  in  excess  of  that  at  which  the 
valve  is  set  to  blow. 

Safety  valves  may  be  used  which  are  constructed  with 
pilot  valves  or  assistant  cylinders.  Such  valves  may  give 
any  opening  up  to  the  full  discharge  capacity  of  the  area 
of  the  opening  at  the  base  of  the  valve,  provided  the 
opening  of  the  valve  is  gradual  so  as  not  to  induce  lift- 
ing of  the  water  in  the  boiler. 

All  safety  valves  shall  be  so  constructed  that  shocks, 
detrimental  to  the  valve  or  boiler,  are  not  produced. 
The  question  of  the  blow-down  limit  has  been  referred  back 
to  the  Executive  Committee. 

Pah.  274.     Change  Par.  274  to  read  as  follows: 

274  The  minimum  allowable  relieving  capacity  of  the 
safety  valve  or  valves  required  on  a  boiler  shall  be  de- 
termined on  the  basis  of  C  lb.  of  steam  per  hour  per  sq. 
ft.  of  boiler  heating  surface  for  water  tube  boilers.  For 
all  other  types  of  power  boilers  with  pressure  above 
100  lb.  the  minimum  allowable  relieving  capacity  shall 
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PAGE  77 
Par.  314    Omit  the  last  sentence  so  that  Par.  314  reads 

AS  FOLLOVyS: 

314    Feed  Piping.     The  feed  pipe  of  a  boiler  shall  have 
an  open  end  or  ends  inside  of  the  boiler. 

Par.  317     Add  to  Par.  317  the  following: 

Wherever  globe  valves  are  used   on  feed  piping,  the 
inlet  shall  be  under  the  disc  of  the  valve. 


PAGE  79 

Par.  332.     Change  Par.  332  to  read  as  follows: 

332  After  obtaining  the  stamp  to  be  used  when  boilers 
are  to  be  constructed  to  conform  with  the  A.S.M.E.  Boiler 
Code,  it  is  understood  that  a  state  inspector,  municipal 
inspector,  or  an  inspector  employed  regularly  by  an  in- 
surance company  wliieh  is  authorized  to  do  a  boiler  insur- 
ance business  in  the  state  in  which  the  boiler  is  built  and  in 
the  state  in  which  it  is  to  be  used,  is  to  be  notified  that  an 
inspection  is  to  be  made  and  sliall  inspect  such  boilers 
during  construction  and  after  completion.  At  least  two 
inspections  shall  be  made,  one  before  reaming  rivet  holes 
and  one  at  the  hydrostatic  test.  In  stamping  the  boiler 
after  completion,  if  built  in  compliance  with  the  Code,  the 
builder  shall  stamp  the  boiler  in  the  presence  of  the  in- 
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IPiG.  12a    Acceptable  Proportions 
JFOR  Ends  op  Through  Stays 


Pig.    15    Measurements    for    Determining    Stresses    in 
Diagonal  Stays 


"be  determined  on  the  basis  of  5  lb.  of  steam  per  hour 
per  sq.  ft.  of  boiler  heating  surface  and  on  the  basis  of 
3  lb.  with  pressures  at  or  below  100  lb.  per  sq.  in.  The 
heating  surface  shall  be  computed  for  that  side  of  the 
boiler  surface  exposed  to  the  products  of  combustion, 
exclusive  of  the  superheating  surface.  In  computing  the 
heating  surface  for  this  purpose  only  the  tubes,  fireboxes, 
shells,  tube  sheets  and  the  projected  area  of  headers  need 
be  considered.  The  minimum  number  of  safety  valves 
required  shall  be  determined  on  the  basis  of  the  minimum 
allowable  relieving  capacity  and  the  relieving  capacity 
marked  on  the  valves  by  the  manufacturer. 


PAGE  74 

Par.  287.     Change  Par.  287  to  read  as  follows  : 

287  When  the  valve  body  is  marked  with  the  letters 
A.S.M.E.  Std.  a.s  required  by  Par.  273,  this  shall  be  a 
guarantee  by  the  manufacturer  that  the  valve  conforms 
with  the  details  of  construction  herein  specified. 

Par.  288.     Change  Par.  288  to  read  as  follows  : 

288  Every  superheater  shall  have  one  or  more  safety 
valves  near  the  outlet.  The  discharge  capacity  of  the 
safety  valve  or  valves  on  an  attached  superheater  may  be 
included  in  determining  the  number  and  size  of  safety 
valves  for  the  boiler  provided  there  are  no  intervening 
valves  between  the  superheater  safety  valve  and  the  boiler, 
and  provided  the  discharge  capacity  of  the  safety  valve 
or  valves  on  the  boiler  as  distinct  from  the  superheater  is 
at  least  75  per  cent,  of  the  total  valv«  capacity  required. 


spector,  after  the  hydrostatic  test,  with  the  A.S.M.E.  Code 
stamp,  the  builder's  name  and  the  serial  number  of  the 
manufacturer.  A  data  sheet  shall  be  filled  out  and  signed 
by  the  manufacturer  and  the  inspector.  This  data  sheet 
together  with  the  stamp  on  the  boiler  shall  denote  that  it 
was  constructed  in  accordance  with  the  A.S.M.E.  Boiler 
Code. 

The  name  of  the  state  in  which  the  boiler  is  built  shall 
be  stamped  under  and  about  one-half  inch  below  the  sym- 
bol. The  name  or  initials  of  the  manufacturer  shall  be 
stamped  below  the  name  of  the  state,  together  with  the 
serial  number  of  the  boiler,  and  not  over  one-half  inch 
therefrom.  (Samples  of  data  sheets  appear  in  the  Ap- 
pendix, p ) 

Stamps  for  the  official  symbol  shown  in  Fig.  19  are  ob- 
tainable from  The  American  Society  of  Mechanical  En- 
gineers. 

PAGE  80 

Fig.  20,  Par.  33a. 

A  revision  of  Fig.  20  was  published  in  the  June  issue  of 
The  Journal,  but  it  has  been  decided  to  revise  it  again 
as  follows : 

(Name  of  State) 

STD 

(Manufacturer's  number  of  boiler) 

1 

(Name  and  location  of  builder) 
(Installation  No.)     (Name  of  State) 

1 

(Tear  put  into  service) 
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PAGE  81 

Heading.    Make  heading  op  p.  81  read  as  tollows  : 
A.S.M.E.  Boiler  Code 

PART  I— SECTION  II 

BOILERS  USED  EXCLUSIVELY   FOR  LOW  PRESSURE  STEAM  AND  HOT 

WATER  HEATING  AND  BOILERS  FOR  HOT 

WATER  supply' 

Par.  345.     Change  Par.  345  to  read  as  follows: 

345  A  boiler  used  for  low  pressure  steam  heating  or 
for  hot  water  supply  shall  be  provided  with  washout  holes 
for  the  removal  of  any  sediment  that  may  accumulate 
therein.  Steel  shell  boilers  of  the  locomotive  or  vertical 
fire-tube  type  shall  conform  to  the  requirements  of  Pars. 
265  and  266  for  ■washout  holes. 

Par.  354.     Change  Par.  354  to  read  as  follows  : 

354a.  No  shut-off  of  any  description  shall  be  placed 
between  the  safety  or  water  relief  valves  and  boilers,  nor 


b  or  e  of  Par.  391  is  employed,  the  safety  valve  capacities 
shall  be  those  given  in  Table  10. 

PAGE  95— APPENDIX 
Heading.    Insert  above  heading  of  Page  95  the  following  : 
A.S.M.E.  Boiler  Code 


PAGE   103 


Par.  417 


Change  first  sentence  of  Par.  417  to  read  as  follows  : 

417  Figs.  28  and  29  illustrate  other  joints  that  may  be 
used  in  which  eccentric  stresses  are  avoided. 

Also  in  Appendix  insert  the  following: 

Where  repairs  are  necessary  which  in  any  way  affect 
the  working  pressure  or  safety  of  a  boiler,  a  state  in- 
spector, municipal  inspector,  or  an  inspector  employed 
regularly  by  an  insurance  company  which  is  authorized  to 
do  a  boiler  insurance  business  in  the  state  in  which  the 
boiler  is  used,  shall  be  called  for  consultation  and  advice 


This  Djmension    p 
Oeferm>ned  bu  t     _- 

Pamgraphl99   "*  CU 


Opejjing .. 
f^ragraph  705 
C'lJZorlZO 


fhrxTqraph 


'h205 


C'llZorlW 


—  A- 


■B- 


Plait  bei-rveen  siay  bolfs  calcuJofec/  as  a  beam 
fixed  a/  each  end  and  uniformly  loaded 

f^ragraph  Tol 


fhnografih  205 

P'C  xil 

C-ll2orl20        P 


Parogrvpih  199 

P^ 
C  •  Il20rl20 


—  E' 


-^ 


"¥ 


fbragraph  "!05  -^  -J. 

P-Cxil 

C-  117  or. '20 


^ 


R 


—  C  — 


-D- 


For  reinforcing  p/afi  urrcfer  do/rye 
See  Ftircigraph  26/ 


Where  "o  "/5  same  a* 
gjven  'in  Table  3 

—  &  — 


p.asaer 

l>6ragraph  139 
Using  C' no 


Cas«  not  Covered  by  Rulas 

Fig.  31     Details  Showing  Apflicvtion  of  Pars.  205,  206  and  207  to  the  Staying  op  Wet-Bottom  Boilers 


on   discharge   pipes   between   them   and   the   atmosphere. 
h.     No  boiler  for  hot  water  supply  shall  be  connected  to 
a  water  supply  pipe  fitted  with  a  check  valve  or  pressure 
reducing  valve. 


PAGE  86 
Par.  363.     Add  to  Par.  363  the  following: 

Temperature  Begulator.  A  temperature  regulator  shall 
be  applied  to  hot  water  supply  boilers  which  will  prevent 
the  temperature  from  rising  above  200  deg.  fahr. 

PAGE  89 
Heading.    Insert  above  heading  of  p.  89  the  following  : 
A.S.M.E.  Boiler  Code 

PAGE  91 

Par.  392.     Change  Par.  392  to  read  as  follows  : 

392     In  case  either  of  the  methods  outlined  in  sections 


^  Doniostic  kitchen  range  boilers  and  their  water  backs,  furnace 
heating  coils  and  their  appurtenances  and  domestic  coil  or  pipe,  gas  or 
oil  heaters,   are  not  included  under  this  Section. 


as  to  the  best  method  of  making  such  repairs;  after  such 
repairs  are  made  they  shall  be  subject  to  the  approval  of 
a  state  inspector,  municipal  inspector,  or  an  inspector 
regularly  employed  by  an  insurance  company  which  is 
authorized  to  do  a  boiler  insurance  business  in  the  state 
in  which  the  boiler  is  used. 

Uu.ler  Table  3  reference  is  made  to  Fig.  31  showing  appli- 
cation of  Pars.  205,  206  and  207. 


.JOINT  MEETING  OF  THE  SPECIAL  SUB-COMMITTEE 
ON    MATERIAL    SPECIFICATIONS 

A  joint  meeting  of  the  special  Sub-Committee  of  the  Com- 
mittee A-1  on  Steel  of  the  American  Society  for  Testing  Ma- 
terials and  the  special  Sub-Committee  of  The  American  So- 
ciety of  Mechanical  Engineer's  Boiler  Code  Committee,  ap- 
pointed to  confer  on  the  subject  of  material  specifications, 
was  held  in  the  Engineering  Societies  Building,  New  York, 
on  October  26,  1917. 
Specifications  for  Boiler-Plate  Steel 

It  was  agreed  that  8000-lb.  range  for  tension  tests  of  fire- 
box steel  is  too  small  to  allow  for  check  tests  and  that  in 
order  to  make  check  tests  the  range  should  be  10,000  lb.     It 


MANUFACTURERS'   DATA   REPORT  OF   BOILER 

As  Required  by  the  Provisions  of  the  A.S.M.E.  Rules 

1.  Boiler    manufactured    by at 

2.  Boiler    manufactured     for of 

3.  Tvpe  of  boiler    LOCOMOTIVE    and  other  Internally-Fired   Boilers,  STATIONARY 

BOTTOM  Serial    No 

(State  if  wot  bottom  or  open  bottom.) 
(Alternate)     HORIZONTAL     RETURN     TUBULAR  and  other  Externally-Fired  and  Water  Tube  Boilers. 

i.     Shell  i>lates  and  butt  straps  made  by 

fl.      (((.)   Mill   test  report   on  shell  plates: Yield    point 

(Tensile  strength.     Lb.  per  sq.  In.)  (Lb.  per  sq.  in.) 

(6.)   Elongation %.      Phos....O %.     Sul....O %.     Man....O to  0 % 

(In  8  inches.) 

6.  Mill  test  report  on  butt  straps Thickness in. 

(Brand  and  tensile  strength.) 

7.  Stamps  on  shell  plates Thickness in. 

(Brand  and  tensile  strength.) 

8.  Furnace  sheets  made  by Stamped Thickness in. 

1  Brand  and  tensile  strength.) 

9.  Heads    made    by Stamped Thickness in. 

(Brand  and  tensile  strength.) 

10.  Rivets    made    by Material 

11.  Stays   made   by Material 

12.  Channel  or  angle  irons  on  heads Upper  tubes  to  shell in. 

(No.  and  size  on  each  head.) 

13.  ((I.)   Stays    above   tubes 

[No.  each  head,  and  type   (through,  head  to  head,  or  diagonal,  welded  or  weldless)   and  net   cross- 
sectional  area  of  each  size  of  each  type.] 

( ''. )    Area  to  be  stayed sq.  in. 

(Eeach  head  above  tubes,  i 

(c.)   Stays    below    tubes l 

I  No.  each  head,  and  type   (through,  head  to  head,  or  diagonal,   welded  or  weldless)   and  net  cross- 
sectional  area  of  each  size  of  each  type.] 

(d-)    Area  to  be  stayed sq.  in. 

(Each  head  below  tubes.) 

14.  (n.)   Stay  bolts:— Made  by Material Size sq.   in. 

(Area  at  bottom  of  thread  i 

(0.)   Maxnnum    pitch    ot in.X in. 

fCircuinferentlal   ( or  Horizontal)   X  Vertical.] 

15.  Shell : — Diam in.     Length  over   all ft in.     No.   of  courses 

(Inside  of  outside  course.) 

16.  (a.)   Longitudinal  joints: — Type  of Riveting 

(Double,  triple,  quad.,  etc.) 

Diam.  rivet  holes in.     Pitch  of  rivets "X "X "     Efficiency  of  joint % 

(Minimum  pitch  on  each  row.) 

(6.)  Circumferential   joints: — Type   of Riveting 

Diam.  rivet  holes in.     Pitch  of  rivets "X "X "     Efficiency  of  joint % 

(Minimum  pitch  on  each  row.) 

17.  Tubes — No Gage Diam in.     Length ft in. 

18.  Steam  outlets : — No Material  of  nozzle  or  r einforcement Sizes in. 

(Cast  steel  or  cast-iron,  pressed  steel  or  steel  plate.) 

19.  Grate  area sq.  ft. 

20.  Size   of   feed   connection in.    Size   of   bottom  blow-off  connection in. 

21.  Constructed   for   a  pressure   of lb.   per  sq.  in.     Tested  to lb.  per  sq.  in. 

(Ilyrostatic  pressure.) 

22.  If   boiler   has   a   dome,   send   working   drawing   of   dome,    also    showing    connection    to    boiler    and    openings    in 
shell  under  dome. 

REMARKS:— 

We  certify  the  above  data  to  be  correct  and  that  all  details  of  MATERIAL,  CONSTRUCTION  a)id  WORK- 
MANSHIP (in  this  boiler  conform  to  the  A.S.M.E.  Rules. 

(Signed ) 

I  Manufacturer. ) 
19  by....: 


Received 19  Checked 19  by 

Authorized  State  or  Insurance  hispectoi- 
Rules  allow  a  max.  pressure  of lb.,  this  being  based  on 


Fig.  32    Front  Side  of  Data  Sheet  Form 


CERTIFICATE   OF   BOILER   SHOP  INSPECTION 


Insurance  Company's  Serial  Number 

BOILER   WORKS  OF '. at [ 

I,   the   undersig-ned,  holding  a  certificate  of  competency  as  an  inspector  of  steam  boilers  in  THE  STATE 

OF ,  and  employed  by  the 

of inspected  internally  and  externally,  the  boiler  specified  in  this  report,  on 

19     ,   and   certify   that   the  statements  made  on  this  report  are  correct,  corresponding  with  the 

mill  test  reports  of  material  as  furnished  liy  the  builders,   and  me;isurements  made  of  the  lioiler  when  completed;  and 
tliat  this  boiler  is  constructed  in  accordance  with  the  A.S.M.E.  Rules. 

Inspector  of  Boilers  for  State  or  Boiler  Insurance  Compauy. 


Fig.  33       Rear  Side  of  Data  Sheet  Form 
1001 
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REVISION  OF  BOILER  CODE 


The  Journal 

Am.Soc.M.E. 


was  then  pointed  out  by  those  representing  the  Boiler  Code 
Committee  that  should  the  range  be  made  10.000  lb.,  the 
physical  requirements  for  firebox  and  flange  steel  would  be 
identical,  with  the  single  exception  that  a  homogeneity  test 
is  required  for  firebox  and  not  for  flange  steel.  Those  rep- 
resenting the  Boiler  Code  Committee  were  most  earnest  in 
the  belief  that  should  the  tensile  requirements  be  made  the 
same,  something  should  be  introduced  into  the  speciflcations 
to  further  differentiate  between  the  physical  qualities  of  the 
two  grades. 

It  was  proposed  that  as  one  of  the  essential  differences  be- 
tween firebox  and  flange  steel  is  in  the  amount  of  discard, 
a  test  of  material  taken  from  the  top  of  the  plate  might  be 
employed  to  show  the  difference  between  the  firebox  and 
flange  grades.  The  samples  for  the  bending  test  in  the  pro- 
posed revision  are  specified  to  be  taken  transversely  from  the 
middle  of  the  top  of  the  finished  rolled  material,  and  it  would 
seem  that  the  requirements  for  these  cross-bending  tests  could 
be  made  more  exacting  for  firebox  steel  than  for  flange  steel. 
After  considerable  discussion  it  was  unanimously  agreed  that 
the  sub-committees  recommend  to  their  respective  associations 


Sub-Committee  of  the  American  Society  for  Testing  Materials 
the  advisability  of  making  homogeneity  tests  for  firebox  steel 
on  the  samples  used  for  the  bending  tests,  which  in  the  pro- 
jjosed  revision  are  specified  to  be  taken  transversely  from  the 
middle  of  the  top  of  the  finished  rolled  material. 


In  a  report  upon  accidents  and  accident  prevention  in  ma- 
chine building,  which  has  just  been  completed  by  the  Bureau 
of  Labor  Statistics,  an  innovation  in  the  preparation  of  sta- 
tistics of  this  character  is  introduced  to  show  the  seriousness 
of  accidents  as  well  as  their  frequency.  For  this  purpose,  new 
data  are  introduced  under  the  title  of  "  severity  rates."  The 
result  is  a  collection  of  illuminating  figures  which  show  not 
only  the  number  of  accidents  occurring  in  plant  or  industry 
or  per  thousand  of  employees,  but  also  the  extent  to  which  the 
working  forces  employed  have  been  actually  incapacitated  by 
injuries  incident  to  their  occupations. 


A  shaft  seldom  breaks  all  at  once.  The  conditions  that 
cause  the  break  ha\  e  been  in  existence  and  started  the  trouble 
a   long  time   before   the   final   complete   rupture   comes.     The 


TABLE  10     DISCHARGE  CAPACITIES  FOR  DIRECT  SPRING-LOADED  POP  SAFETY  VALVES,  WITH  45  DEG.  BEVEL  SEATS 


Diameter  of  A"alve 

In. 

Gage  Press., 

Lb.  per 

Sq.  In. 

1 

ly* 

m 

2 

2>2 

3 

33^ 

4 

4' 2 

15 

Lb.hr. 

163 

203 

293 

456 

651 

977 

1254 

1564 

1906 

25 

Lb.hr. 

218 

272 

392 

610 

871 

1307 

1676 

2090 

2547 

SO 

Lb.hr. 

354 

444 

639 

994 

1419 

2129 

2732 

3406 

4151 

75 

Lb.hr. 

492 

615 

886 

1377 

1968 

2951 

3788 

4722 

6756 

100 

Lb.hr. 

629 

786 

1133 

1761 

2516 

3774 

4843 

6038 

7358 

125 

Lb.hr. 

767 

957 

1379 

2145 

3064 

4596 

5899 

7354 

8963 

150 

Lb.hr. 

904 

1129 

1625 

2529 

3613 

5419 

6954 

8670 

10566 

175 

Lb.hr. 

1040 

1301 

1872 

2913 

4161 

6242 

8010 

99&i 

12173 

200 

Lb.hr. 

1178 

1472 

2119 

3296 

4709 

7064 

9068 

11305 

13773 

225 

Lb.hp. 

1315 

1643 

2366 

3680 

5258 

7890 

10120 

12616 

15383 

250 

Lb.hr. 

1451 

1814 

2613 

4064 

5807 

8708 

11175 

13938 

16980 

275 

Lb.hr. 

1589 

1986 

2860 

4448 

6354 

9533 

12233 

15248 

18585 

300 

Lb.hr. 

1746 

2157 

3107 

4832 

6903 

10358 

13290 

16568 

20195 

The  discharge  capacity  of  a  flat  seat  valve  of  a  given  diameter  with  a  given  Uft,  may  be  obtained  by  multipljang  the  discharge  capacity  given  in  the  Table 
for  a  45  deg.  bevel  seat  valve  of  same  diameter  and  same  lift,  by  1.4. 


that  the  tensile  range  for  firebox  steel  be  made  10,000  lb. 
(55,000  to  65,000  lb.)  and  that  the  requirement  for  the  bend- 
ing tests  for  firebox  steel  be  made  more  exacting  than  for 
flange  steel. 

It  was  further  agreed  that  a  recommendation  be  made  that 
the  diameter  of  the  mandrel  about  which  a  specimen  is  bent 
in  the  bending  tests  should  depend  on  the  square  of  the  thick- 
ness of  the  plate. 
Specifications  for  Steel  Castings 

After  consideration  of  the  question  of  the  sulphur  require- 
ment, it  was  •  the  sense  of  the  meeting  that  it  would  be  in- 
expedient at  the  present  time  to  make  any  change  in  the 
sulphur  requirements   for   Class  B   steel   castings. 


ACTION"    OF    BOILER    CODE    COMMITTEE 

The  minutes  of  the  above  meeting,  which  included  a  tenta- 
tive rule  for  the  diameter  of  mandrels  to  be  used  in  the  bend- 
ing tests  and  a  table  of  values  for  various  thicknesses  of  plate, 
were  approved  as  to  form  by  the  Boiler  Code  Committee  at 
the  meeting  of  Nov.  9.  At  this  same  meeting  the  Boiler  Code 
Committee  directed  its  Sub-Committee  to  take  up  with  the 


unintentional  and  undue  strain  on  the  shaft  every  time  it 
jumps  in  the  boxes  and  the  continual  heavy  strain  at 
regular  intervals  soon  cause  a  crystallized  condition  in  that 
part  of  the  shaft  where  the  greatest  strain  occurs.  The 
crystallization  usually  begins  at  a  point  on  the  outer  cir- 
cumference of  the  shaft  and  travels  toward  the  center.  It 
does  not  necessarily — and  in  fact  seldom  does — affect  the 
entire  circumference.  At  this  fragile  point,  then,  a  crack  is 
started  and  as  the  crystallization  grows  the  crack  grows 
deeper  until  finally  the  good  metal  remaining,  no  longer  able 
to  witlistand  the  strain,  breaks.  When  the  broken  ends  are 
examined,  the  fresh  break  shows  only  as  far  as  the  good  metal 
held  on.  The  original  crack  may  have  been  started  months 
before,  and  the  constant  motion  caused  the  broken  parts  to 
rub  together  until  they  appear  as  if  they  had  never  been 
united.  Many  times  the  owner  of  the  machine  uses  the  expres- 
sion, "  That  was  never  welded  properly,"  or  "  The  shaft  was 
only  partly  welded."  The  common  opinion  or  supposition 
that  crankshafts  are  welded  together  is  ill-founded.  Cranks 
are  generally  either  drop-forgings  or  steel  castings  or  made 
by  cutting  them  out  of  solid  steel  billets,  and  no  welding 
process  whatever  enters  into  their  formation. — Power. 


SOCIETY  AFFAIRS 

A  Record  of  the  Current  Activities  of  the  Society,  Its  Members,  Council,  Committees, 

Sections  and  Student  Branches;  and  an  Account  of  Professional 

Affairs  of  Interest  to  the  Membership 


THE  ofTices  of  the  Society  are  particularly  busy  at  this  time 
and  all  the  departments  are  carrying  an  overload.  About 
20  per  cent  of  the  membership  are  directly  or  indirectly  en- 
gaged in  war  activities.  This  means  that  the  Society  is  with- 
out the  services  of  nearly  2000  members,  and,  as  might  be 
expected,  it  is  always  the  most  active  ones — not  only  in  this 
Society  but  in  other  organizations  generally — who  are  the 
first  to  offer  themselves  for  the  service  of  their  country.  The 
result  has  been  that  many  adjustments  in  personnel  of  com- 
mittees and  provisions  for  taking  care  of  committee  and  sec- 
tion work,  have  had  to  be  made. 

The  Committee  on  Meetings  has  lost  the  opportunity  for 
consultation  with  Major  John  H.  Barr,  who  is  now  in  Wash- 
ington in  the  trench-warfare  division  of  the  War  Department 
in  charge  of  bombing  devices. 

The  Publication  Committee  has  lost  Prof.  J.  W.  Roe,  who 
i.s  working  for  the  Government  on  specifications  and  rules  for 
instruction  for  aviation  work.  The  Chairman  of  the  Com- 
mittee, Mr.  Fred  R.  Low,  reports  that  he  is  greatly  handi- 
capped by  a  depletion  in  his  staff. 

The  Committee  on  Sections  has  lost  Mr.  Whitlock  who  is 
a  Major  in  the  Engineer  Officers'  Reserve  Corps.  The  per- 
sonnel of  the  Executive  Committees  of  several  of  the  Sec- 
tions has  been  depleted  by  war  activities. 

The  New  York  Section  Committee  which,  in  addition  to 
its  regular  meetings  work,  is  in  charge  of  the  entertainment 
at  the  forthcoming  Annual  Meeting,  has  had  to  get  along 
without  Messrs.  Swan,  Prindle  and  Blake.  Mr.  Swan  has  a 
commission  in  the  Engineer  Ofiicers'  Reserve  Corps,  and  Mr. 
Blake  is  in  Washington  working  in  the  Ordnance  Depart- 
ment. 

Prof.  W.  B.  Gregory,  another  member  of  the  Council  and 
a  member  of  the  New  Orleans  Section  Committee,  is  now  in 
France  reporting  directly  to  General  Pershing.  Mr.  John 
Hunter,  of  the  St.  Louis  Section  Committee  and  Vice- 
President-elect,  is  on  the  Emergency  Shipping  Board.  The 
Worcester  Section  Committee  has  lost  two  members  in  the 
persons  of  Messrs.  Richard  G.  Williams  and  E.  Howard 
Reed.  The  Erie  Section  has  lost  its  chaii-man,  Mr.  J.  F. 
Wadsworth. 

Mr.  George  M.  Brill,  member  of  the  Committee  on  Student 
Branches,  is  a  Major  in  the  Engineer  Officers'  Reserve  Corps 
and  Prof.  W.  D.  Ennis,  chaii-man  of  the  Brooklyn  Poly- 
technic Institute  Branch,  has  a  similar  commission. 

Mr.  Park  A.  Dallis,  chaiiman  of  the  Atlanta  sub-committee 
on  Increase  of  Membership,  is  a  Captain  in  the  Engineer 
Section  of  the  Officers'  Reserve  Corps. 

Many  of  the  special  committees  of  the  Society  are  de- 
pleted for  this  same  reason  of  war  activities.  Mr.  Ralph  D. 
Mershon,  member  of  the  Research  Committee,  is  a  Major  in 
the  Engineer  Officers'  Resei-ve  Corps.  Prof.  Lionel  S.  Marks, 
chairman  of  the  Sub-Committee  on  Clinkering  of  Coal  of 
the  Research  Committee,  has  been  in  Washington  for  some 
time  as  internal-combustion-engine  expert  for  the  Govern- 
ment. 

Prof.  Carl  C.  Thomas,  member  of  the  Research  Committee 
and  chairman   of  the   Sub-Committee  on   Air  Machinery  of 


the  Committee  on  Meetings,  is  now  manager  of  machinery 
fabrication  for  the  American  International  Shipbuilding 
Corporation. 

Mr.  Charles  Day,  member  of  the  Sub-Committee  on  In- 
dustrial Buildings,  is  a  member  of  the  Production  Committee 
of  the  Emergency  Fleet  Corporation  and  is  now  in  England. 

Mr.  W.  S.  Gifford,  member  of  the  Joint  Committee  of 
Standards  for  Graphic  Presentation,  is  Director  of  the  Coun- 
cil of  National  Defense. 

Mr.  Edwin  B.  Katte,  member  of  the  Sub-Committee  of 
Railroads,  is  a  Major  in  the  Engineer  Officers'  Reserve  Corps. 

These  changes  in  committees  have,  of  course,  produced 
additional  loads  on  the  members  left  behind,  but  in  all  cases 
handicaps  have  been  satisfactorily  met. 

Of  the  departments  in  the  office,  the  Year  Book  Depart- 
ment has  been  rather  severely  taxed  by  the  unusually  large 
number  of  changes  in  addresses  caused  by  members  going 
into  active  service,  coupled  with  the  normal  increase  in  mem- 
bership in  the  Society,  which  has  been  sustained  and  has, 
so  far,  suffered  no  change  on  account  of  the  war.  The  Pub- 
lication Committee  hopes  to  have  the  Year  Book  out  on  time 
and  in  good  shape. 

The  Secretary's  office  has  been  unusually  active  in  connec- 
tion with  the  Annual  Meeting  which,  as  was  anticipated,  has 
been  a  very  difficult  one  to  prepare  for.  The  Committee  on 
Meetings  is  desirous  of  making  the  forthcoming  convention 
a  memorable  one  in  the  annals  of  the  Society  and  at  the 
same  time  bring  out  the  service  which  the  engineer  can  render 
the  public  at  this  critical  time.  Details  of  the  program  this 
year  have  been  very  difficult  to  consummate  on  account  of 
the  inability  of  prominent  men  to  make  promises  in  advance. 

The  Sections  Department  has  also  been  particularly  busy 
in  maintaining  this  activity  in  the  face  of  war  conditions  which 
have  precluded  many  of  the  active  Section  members  from 
contributing  their  normal  work. 

The  number  of  callers  at  the  office  has  been  exceptionally 
heavy  during  the  month,  practically  two-thirds  of  those  com- 
ing in  requesting  information  regarding  service  to  our 
country. 

The  increased  activity  in  the  Employment  Department, 
which  commenced  about  three  months  ago,  has  been  main- 
tained and  this  department  is  taking  care  of  at  least  twice 
the  amount  of  its  normal  work.  This  department  is  cooperat- 
ing with  the  Committee  on  Engineering  Resources,  in  supply- 
ing the  Government  with  large  numbers  of  trained  specialists. 

Calvin  W.  Rice, 

Secretary. 


The  New  York  Alumni  Associations  of  various  colleges 
where  technical  courses  are  given  will  again  hold  reunions 
during  the  Annual  Meeting.  The  following  colleges  are 
among  those  which  have  planned  reunions  for  "  College  Re- 
union night,"  this  year  on  December  7 :  Massachusetts  Insti- 
tute of  Technology,  Pennsylvania  State  College,  Purdue  Uni- 
versity, Worcester,  Polytechnic  Institute.  Other  colleges  will 
also  hold  these  "  get-together "  functions,  and  complete  an- 
nouncement will  be  made  in  the  final  program. 
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ANNUAL  MEETING  PROGRAM 

New  York,  December  4  to  7,  1917 

Tuesday,  December  4 

1 2:00  m.  Opening  of  Registration  Bureau  in  Engineering  Societies  Building 

12:30  p.m.  Conference  Luncheon,  Council  and  Sections  Delegates 

2:00  p.m.  Council  Meeting 

2:00  p.m.  Meeting  of  Gage  Committee 

2:00  p.m.  Sections  Conference 

8:30  p.m.     Report  of  Tellers  of  Election  and  Introduction  of  the  President-elect 

Conferring  of  Honorary  Membership  upon  Major-General  George  W.  Goethals,  followed 

by  an  address  by  Hon.  William  H.  Taft 
Reception  by  the  President  and  the  President-elect 

Wednesday,  December  5 

9:45  a.m.  Business  Meeting:  Amendments  to  the  Constitution  and  By-Laws;  Reports  of  Stand- 
ing Committees;  Address  on  the  Activities  of  the  Society  for  1917,  by  President 
Hollis;  Presentation  to  the  Society  of  a  Bust  of  Admiral  B.  F.  Isherwood;  Reports  by 
Sub-Committees  of  the  Research  Committee 

The  consent  of  the  meeting  will  be  asked  to  adjourn  the  business  meeting 
to  Thursday  morning  in  order  to  allow  time  for  the  addresses  of  the 
Keynote  Session. 

10:00  a.m.     Keynote  Session  on  The  Service  of  the  Engineer  to  the  Public  in  Times  of  Crises 

Universal  Public  Service  in  Peace  and  War,  Dr.  Ira  N.  Hollis,  President  of  the  Society. 
Other  addresses  will  be  given  by  distinguished  men  of  national  reputation  on  the  following 
subjects  relating  to  problems  incident  to  the  war:  Cooperation  ot  Engineers;  The  Agricul- 
tural Problem;  The  Fuel  Problem;  Engineering  Research;  Special  Education  in  War  Time; 
Building  a  Alerchant  Marine;  Rail  Transportation;  Motor  Transportation;  The  Aircraft 
Problem;  Cantonments.    This  will  be  an  all-day  session. 

12:30  p.m.     Buffet  Luncheon 

2:00  p.m.     Continuation  of  Keynote  Session  on  The  Service  of  the  Engineer  to  the  Public  in  Times 
of  Crises 

2:30  p.m.     Simultaneous  Sessions 


POWER-PLANT    SESSION 

Preventable  Waste  of  Coal  in  the 
United  States,  David  Moffat  Myers 

A  COMMERCL^L  ANALYSIS  OF  THE    SmALL 

Turbine  Situation,  W.  J.  A.  London 

Bagasse  as  a  Source  of  Fuel,  E.  C. 
Freeland 

The  Cooling  of  Water  for  Power- 
Plant  Purposes,  C.  C.  Thomas 

The    Steam    Motor    in    the    Auto- 
motive Field,  E.  T.  Adams 


GENERAL    SESSION 

The  Transfer  of  Heat  Between  a 
Flowing  Gas  and  a  Containing 
Flue,  Laivford  H.  Fry 

A  Study  of  Surface  Resistance  with 
Glass  as  the  Transmission  Me- 
dium, H.  R.  Hammond  and  C.  W. 
Holmberg 

Apparatus  for  Cooling,  Dry'ing  and 
Purifying  Air,  W.  J.  Baldwin 

Recent  Developments  in  Balancing 
Apparatus,  N.  W.  Akimoff. 

Plotting  Blower-Test  Curves,  A. 
H.  Anderson     (By  title  only.) 

Cross-Current     Predetermin.^tions 
FROM    Crank-Effort    Diagrams, 
Louis  Illmer     (By  title  only.) 


INDUSTRIAL-SAFETY    SESSION 

Two  codes  will  be  presented  for  dis- 
cussion by  the  Sub-Committee  on 
Protection  of  Industrial  Workers, 
on  Safety  Standards  for  Elevators 
and  Woodworking  Machinery 


3:00  p.m.     Meeting  of  Committees  on  Increase  of  Membership 
3:00  p.m.     Ladies'  Reception  and  Tea 

{Continued  on  Next  Page) 
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Wednesday,  December  5   (Continued) 

4:30  p.m.     Student  Branch  Conference 
8:15  p.m.     Smoker 

Get-together  meeting  for  members.  Mr.  John  R.  Freeman,  Past-President  Am.Soc.M.E.,  will 
give  an  illustrated  talk  upon  his  trip  to  the  Orient  taken  last  winter  with  Dr.  John  A.  Brashear 
and  Mr.  Ambrose  Swasey,  Past-Presidents  Am.Soc.A'I.E.  Music  by  Glee  Club.  Refresh- 
ments 

Thursday,  December  6 


9:45   a.m.      Business  Meeting  continued,  followed  by  General  Sessions 


LOCAL-SECTIONS    SESSION 
This  session  will  be  held  under  the  direction  of  the  Sections 
Committee,  for  a  discussion  of  the  work  of  the  Sections  and  of 
Society  Affairs,  by  representatives  of  the  24  Sections  of  the 
Society 


GENERAL    SESSION 

An  Account  of  the  Engineering  Work  of  E.  D.  Leavitt, 
F.  W.  Dean 

An  Exact  Volume  Regulator  for  Blast  Furnace  En" 
GiNES,  L.  C.  Loewenstein 

Expenses  and  Costs,  H.  L.  Gantt 

The  following  'papers  contributed  by  Local  Sections  will  be  presented  by 
title: 

By-Product  Coke  and  Coking  Operations,  C.  J.  Ramsburg 

and  F.  W.  Sperr,  Jr. 
The  Submarine,  C.  H.  Bedell 
Combined  Stresses,  A.  L.  Jenkins 
The  Trumble  Refining  Process,  N.  W.  Thompson 


io:oo  a.m.     Joint  Meeting  of  A.S.M.E.  and  S.A.E.  Committees  on  Steel  Roller  Chains 

12:30  p.m.     Luncheon,  at  which  there  will  be  an  address  on  The  Relation  of  Industrial- Manage- 
ment TO  Engineering,  by  Prof.  Dexter  S.  Kimball 


2:30  p.m.     Simultaneous  Sessions 

MACHINE-SHOP    SESSION 
Under  the  auspices  0/  the  Sub-Committee  on  Machine  Shop  Practice 

Topical  Discussion  on  the  subject  of  Inspection  with  the  fol- 
lowing introductory  discussions: 
The  Logic  of  Inspection,  A.  L.  DeLeeuw 
The  Relation  of  Inspection  to  Product,  F.  A.  Waldron 
General    Principles    of    Government    Inspection    and 
Relations  Between  Inspectors  and  Manufacturers, 
Col.  B.  W.  Dunn 


TEXTILE    SESSION 
Under  the  auspices  of  the  Sub-Committee  on  Textiles 

Labor-Turnover  Records  and  the  Labor  Problem,  Rich- 
ard B.  Gregg 

Accident  Prevention  in  the  Textile  Industry,  David  S. 
Beyer 

The  Moisture  Content  of  Textiles  and  Some  of  its 
Effects,  WilHam  D.  Hartshorne 


8:30  p.m.     Lecture  and  Annual  Reunion 

The  Beautiful  in  Commonplace  Things,  Dr.  John  A.  Brashear.  Following  the  lecture  there 
will  be  a  reunion  and  dance,  with  refreshments,  on  the  fifth  floor  of  the  Engineering  Societies 
Building 


Friday,  December  7 


io:oo  a.m.     Simultaneous  Sessions 


management  session 

Topical  discussion  on  the  Employment  of  Women  in  the 
Skilled  Industries,  with  particular  reference  to  war  condi- 
tions. To  be  introduced  by  Mr.  John  W.  Upp,  General 
Electric  Co.,  and  Mr.  C.  B.  Lord,  Wagner  Electric  Manu- 
facturing Co. 

The  Engineer,  the  Cripple  and  the  New  Education,  by 
Major  Frank   B.  Gilbreth 

2:00  p.m.     Council  Meeting 

8:00  p.m.     College  Reunions 


power-test  hearing 

A  public  hearing  by  the  Power  Test  Committee,  preliminary 
to  a  proposed  revision  of  the  Power  Test  Code  of  the 
Society,  comprising  rules  for  conducting  tests  on  prime 
movers  of  different  types,  and  auxiliary  apparatus 
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THE  ANNUAL  MEETING 


TilE  Annual  Meeting  this  year  will  be  dififerent  from  any 
convention  ever  held  by  the  Society.  Upwards  of  one 
thousand  members  of  the  Society  will  come  together  at  their 
headquarters  where  a  remarkable  program  will  be  carried  out, 
but  the  atmosphere  which  will  prevade  the  meeting  rooms,  the 
foyer,  the  lobbies — everywhere  the  members  group  together — 
will  be  that  of  the  war.  The  discussions  at  the  meetings,  and 
particularly  at  the  Keynote  Session,  the  Machine  Shop  Ses- 
sion and  the  Sections  Session  will  center  on  this  same  topic. 
It  will  be  uppermost  in  the  minds  of  those  attending  com- 
mittee meetings — for  the  regular  committees  have  been  seriously 
depleted  by  tlie  absence  of  members  in  active  service  and  new 
committees  have  been  appointed  expressly  for  service  to  the 
Government  at  this  critical  time.  The  New  York  Section  is 
not  giving  out  the  secret  as  yet,  but  even  the  social  events  of 
the  meeting  will  be  interepersed  with  patriotic  exercises. 

Everyone  who  comes  to  the  convention  will  go  away  with 
impressions,  not  on  the  theory  and  practice  of  machines,  nor 
with  a  better  knowledge  of  power  plants,  nor  of  the  latest 
developments  in  technical  research  as  such,  but  on  the  practice 
of  war — engineering  war.  All  other  questions  are  in  abeyance 
at  this  time  and  the  one  justification  for  calling  busy  members 
of  any  large  organization  into  convention  at  such  a  time  as 
this  is  to  have  them  bring  up,  discuss,  settle  and  go  away  to 
act  upon  their  war  problems. 

And  what  an  opportunity  for  both  gathering  and  disseminat- 
ing information  on  war  problems  this  occasion  offers !  Over  a 
thousand  engineers  and  specialists,  most  of  whom  are  engaged 


in  the  vital  work  of  the  prosecution  of  the  war  will  take  the  time 
to  get  together,  not  for  their  mutual  good,  but  for  the  good 
of  the  country  they  have  the  honor  to  serve!  Who  can  pre- 
scribe the  limits  to  the  benefits  of  this  meeting?  One  question 
solved  at  this  convention  may  effectualize  the  work  of  hundreds 
of  war  helpers. 

Many  jjersons  have  doubted  the  wisdom  of  calling  large 
meetings  at  this  time  and  the  Government  has  expressed  its 
general  disapproval  of  such  meetings  when  not  essential  to  the 
public  good.  But  the  Spring  Meeting  of  our  Society  in  Cincin- 
nati demonstrated  strikingly  that  considerable  benefits  could  ac-. 
erue  and  no  disadvantages  follow  from  continuing  the  General 
Meetings  of  the  Society  and  so  there  has  been  no  question  as 
yet  of  discontinuing  them.  We  must  have  cooperation  at  this 
time.  More  than  that  we  must  have  cohesion  which  means 
something  much  more  intense,  and  which  can  only  result  from 
the  most  intimate  contact  of  engineering  elements.  The  engi- 
neers, heads  of  large  plants  putting  out  great  quantities  of 
munitions,  supervisors  of  enormous  tasks  of  jjroviding  agri- 
cultural machinery,  means  of  transportation,  aeroplanes,  ships 
and  more  ships,  are  the  elements  in  this  case,  and  they  must  all 
cohere.  This  convention  offers  the  opportunity  and  every 
member  of  the  Society  owes  it  not  alone  to  himself,  to  his 
fellow  member,  nor  to  his  Society,  to  attend  the  Annual  Meet- 
ing; but  he  owes  it  to  his  country  aild  to  democracy. 

The  program  of  the  meeting  appears  on  the  two  preceding 
pages.  Publication  of  the  papers  began  in  the  October  issue  of 
The  Journal  and  has  been  continued  in  the  succeeding  issues. 


Authors  of  the  Papers 


EDWARD  T.  ADAMS  has  had  a  long  experience  In  the  design 
of  large  steam  units  and  great  gas-engine  plants.  More  recently 
he  has  been  chief  designer  for  companies  manufacturing  modern 
tractors.  At  present  his  time  is  devoted  to  investigations  of  the  use 
of  steam,  heavy  oil  and  gasoline  engines  in  the  automobile  and 
other  fields. 

NICHOLAS  W.  AKIMOPP  has  specialized  in  various  appli- 
cations of  dynamics  to  mechanical  engineering.  His  first  paper  on 
Dynamic  Balance  was  presented  to  the  Society  at  the  Spring 
Meeting.  1916.  His  recent  book  on  Lagrange's  Equations  was  re- 
viewed in  The  Joubnal. 

A.  M.  ANDERSON,  during  his  thirteen  years'  connection  with 
the  Armour  Institute  of  Technology,  has  been  instrumental  in  the 
development  of  a  new  form  of  pitot  tube  for  air  and  gases.  His 
other  engineering  activities  have  been  principally  in  pneumatics 
and  hydraulics,  covering  determinations  of  velocities  in  ventilation 
ducts,  compressed-air  pipes,  gas  pipes,  and  water  meters,  current 
meters,  and  anemometers. 

WILLIAM  J.  BALDWIN  was  a  member  of  the  Society's  Com- 
mittee which  first  formulated  the  American  Standard  Pipe  Thread, 
the  Briggs  formula,  and  it  was  he  who  was  responsible  for  bring- 
ing the  Briggs  system  to  the  attention  of  the  committee.  He  has 
been  engaged  in  consultiug-steam-engineering  practice  in  New 
York  City  for  many  years,  and  the  apparatus  for  mechanically  dry- 
ing air  described  in  his  paper  is  the  result  of  his  experiments  to 
overcome  and  abate  the  smoke  and  dust  nuisance  in  Manhattan. 

C.  H.  BEDELL  was  for  twenty  years  head  of  the  electric  labora- 
tory of  the  Electro  Dynamic  Company,  during  which  time  the 
inter-pole  adjustable-speed  motor  was  developed.  For  the  last 
nine  years  he  has  served  as  electrical  engineer  for  the  Electric 
Boat   Co. 

DAVID  S.  BEYER  was  for  eleven  years  in  charge  of  technical 
survey   of   plants   and    fire   insurance,    and   later   chief   safety   in- 


spector of  the  American  Steel  &  Wire  Co.  He  is  the  author  of  a 
number  of  papers  on  accident  prevention.  He  presented  a  paper 
on  Recent  Application  of  Safety  Devices  for  Textile  Machinery 
at  the  annual  congress  of  the  National  Safety  Council  in  New 
York  this  year. 

ADOLPH  L.  DeLEEUW  writes  from  a  very  extended  experi- 
ence, having  been  designing  engineer  with  the  Niles  Tool  Works 
Co.,  mechanical  engineer  with  the  Cincinnati  Milling  Machinery 
Co.,  and  at  present  is  mechanical  engineer  with  the  Singer  Manu- 
facturing Co.  He  has  written  quite  a  number  of  papers  on  the 
important  subject  of  metal  cutting  and  metal  cutters. 

F.  W.  DEAN,  who  writes  on  the  work  of  Mr.  E.  D.  Leavitt, 
was  associated  with  Mr.  Leavitt  for  several  years.  Since  that 
time  he  has  been  practising  mill  engineering  and  architecture  In 
Boston,  dealing  with  mill  construction,  steam  plants,  water  power, 
and  general  consulting  and  expert  engineering.  Since  the  date 
of  his  joining  the  Society  in  188.3  Mr.  Dean  has  contributed  volu- 
minously  to   its   proceedings. 

I 

LAWPORD  H.  FRY  is  now  general  inspector  of  the  Standard 
Steel  Works  Co.  In  1908  he  contributed  to  the  Institution  of 
Mechanical  Engineers  a  paper  on  Combustion  and  Heat  Balances 
in  Locomotives,  which  was  one  of  the  first  analyses  made  of  the 
experiments  on  the  Pennsylvania  Railroad  locomotive-testing  plant. 
Since  then  he  has  contributed  a  number  of  papers  to  technical 
societies  and  to  technical  journals  dealing  with  various  aspects 
of  locomotive  operation,  paying  particular  attention  to  the  action 
of  the  boiler.  His  later  work  has  been  largely  connected  with  the 
heat-treatment  of  steel. 

HENRY  L.  GANTT.  consulting  enigneer.  was  associated  with 
the  late  Frederick  W.  Taylor  in  the  initial  stages  of  development 
of  the  latter's  system  of  industrial  management,  and  for  more 
than  the  past  ten  years  has  given  his  professional  attention  to  ad- 
ministration, management,  and  other  subjects  which  confront  the 
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industrial  engineer.  He  has  presented  many  valuable  papers  on 
management  and  kindred  topics  before  the  Society,  and  has  other- 
wise embodied  his  ideas  in  published  works  that  have  become  a 
part  of  the  authoritative  literature  on  the  subject. 

FRANK  B.  GIIvBRETH,  now  a  Major  in  the  Engineer  Officers' 
Reserve  Corps,  has  been  particularly  active  of  late  in  connection 
with  the  problem  of  taking  care  of  soldiers  crippled  in  the  war, 
and  using  them  in  the  industries.  Mr.  Gilbreth  was  recently 
successful  in  securing  official  recognition  of  this  work,  and  is  now 
devoting  his  whole  time  to  this  problem. 

RICHARD  B.  GREGG  was  during  the  summer  of  1916  in 
direct  charge  of  an  investigation  into  the  hours,  wages  and  work- 
ing conditions  of  some  500  shops  in  the  dress  and  waist  industry 
of  Now  York  City.  In  addition  to  consulting  and  organizing 
work,  he  has  thoroughly  studied  for  the  employers  the  labor  situ- 
ation in  a  number  of  textile  mills  and  establishments  in  other 
industries. 

WILLIAM  D.  HARTSHORNE  can  claim  a  thirty-four  years' 
experience  with  textile-mill  conditions.  For  twenty  j'ears  of  this 
period  he  was  employed  in  the  respective  capacities  of  chemist, 
manager  of  dyeing  and  finishing  department,  and  as  general  super- 
intendent of  the  worsted  department  of  the  Arlington  Mills  at 
Lawrence,  Mass.  For  the  last  fourteen  years  of  this  service  he 
was  resident  agent  of  the  Textet  Corporation,  covering  both 
worsted  and  cotton  departments.  He  has  contributed  a  number 
of  papers  concerning  textile-manufacturing  problems  and  mill 
conditions  to  the  proceedings  of  several  societies. 

LOUIS  ILIjMER,  who  has  specialized  as  gas  and  oil-engine 
expert  for  the  past  fifteen  years,  is  now  engaged  in  high-speed 
development  work  for  Mr.  Simon  Lake,  the  submarine  expert  at 
Milford,  Conn.  Prior  to  this  work,  he  developed  the  Illmer  gas- 
engine  and  complete  producer-plant  equipment  for  the  Reading 
Iron  Co.,  Reading,  Pa.  The  results  of  .some  of  his  rather  extensive 
research  studies  into  the  fine  points  of  engine  design  are  embodied 
in  a  number  of  papers. 

A.  LEWIS  JENKINS,  of  the  University  of  Cincinnati,  has 
made  a  number  of  contributions  on  the  strength  of  punch  and 
riveter  frames,  and  stresses  due  to  bending  and  twisting,  and  has 
done  considerable  work  on  the  stress  relations  in  pressed  fits.  He 
was  the  first  to  publish  the  present  accepted  formulae  for  the  design 
of  pressed  fits.  He  has  written  several  articles  on  hydraulic 
presses,  inteusifiers,  accumulators  and  pumps. 

LOUIS  C.  LOEWENSTEIN  has  had  a  varied  experience  in 
designing  machinery  for  marine  use  with  several  large  shipbuild- 
ing and  other  concerns.  He  was  for  six  years  in  charge  of  in- 
struction of  machine  de.sign  and  .steam-engineering  subjects  at 
Lehigh  University.  Since  1907  he  has  been  engaged  in  design 
and  theoretical  engineering  of  steam  turbines  and  centrifugal 
compressors  with  the  General  Electric  Co..  at  Lynn,  Mass. 

W.  ,T.  A.  LONDON  served  his  apprenticeship  with  Sir  Charles 
A.  Parsons  on  turbine  work  and  was  later  connected  with  the 
Brown-Boveri  Co.,  in  Switzerland  doing  the  pioneer  work  of  in- 
troducing steam  turbines  on  the  continent.  He  was  at  one  time 
special  research  engineer  on  turbine  work  for  Mr.  George  West- 
inghou.se.  and  was  for  seven  years  chief  engineer  of  the  Terry 
Steam  Turbine  Co.  He  is  at  present  engaged  in  developing  a  new 
design  of  steam  turbine  known  as  the  steam  motor. 

CHESTER  B.  LORD,  general  superintendent  of  the  Wagner 
Electric  Co..  has  had  a  long  connection  with  the  con.struction, 
layout  and  equipment  of  new  plants.  He  was  for  six  years  gen- 
eral foreman  in  charge  of  tools,  dies  and  special  machines  of  the 
General  Electric  Co. 

DAVID  MOFFAT  MYERS  is  a  member  of  the  firm  of  Gregg  & 
Myers.  Consulting  Engineers  of  New  York  City.  He  has  devoted 
m\ich  attention  to  the  use  of  special  fuels,  such  as  tan-bark,  chest- 
nut-chips and  bagasse,  especially  in  the  plants  of  the  United  States 
Leather  Co. 

CHARLES  J.  RAMSBURG  was  connected  for  seventeen  years 
with  the  United  Gas  Improvement  Co.,.  of  Philadelphia,  in  various 


capacities,  and  for  nine  years  as  assistant  engineer  of  works  in 
charge  of  daily  operation  of  Philadelphia  gas  works.  He  has 
presented  numerous  papers  before  the  American  Gas  Institute  on 
general  technical  subjects  connected  with  the  gas  industry,  and 
was  awarded  the  Beal  Medal  by  the  Institute  in  1910  for  his 
paper  on  Gas  Purification.  He  became  associated  with  H.  Kop- 
pers  Co.,  in  1913  in  the  capacity  of  vice-president,  and  since  that 
time  has  contributed  a  number  of  jiapers  on  by-product  coke-oven 
subjects. 

FREDERICK  W.  SPERR,  JR..  now  chief  chemist  of  the  H. 
Koppers  Co.,  started  in  the  by-product  coke-oven  business  in  1910 
as  a  chemist  for  the  first  plant  of  Koppers  ovens  in  America. — the 
plant  of  the  United  States  Steel  Corporation  at  Joliet,  111.  He  has 
subsequently  been  chief  chemist  of  the  Fairfield  plant  of  the 
Tennessee  Coal,  Iron  &  Railroad  Company  and  of  the  blast  furnace 
and  coke  department  of  the  Inland  Steel  Company,  both  of  these 
companies  operating  Koppers  plants. 

CARL  C.  THOMAS  was  for  a  number  of  years  on  the  Atlantic 
Coast  in  charge  of  marine-machinery  design  at  the  Maryland 
Steel  Co.,  Sparrows  Point,  and  connected  with  building  of  mer- 
chant and  navai  vessels.  He  was  called  to  Cornell  University 
as  professor  of  marine  engineering  in  1901;,  to  the  University  of 
Wisconsin  as  professor  of  steam  engineering  in  190.8,  and  to 
Johns  Hopkins  University  in  1913  as  head  of  the  Department 
of  Mechanical  Engineering,  from  which  institution  he  is  now 
on  leave  of  absence.  He  is  the  inventor  of  the  Thomas  meter, 
which  has  been  described  in  the  Transactions  of  the  Society. 

JOHN  W.  UPP  has  been  connected  with  the  General  Electric 
Co.,  at  Schenectady,  for  seventeen  years.  He  began  in  the  engineer- 
ing department  and  was  later  placed  in  charge  of  the  drafting 
department ;  he  is  now  manager  of  the  switchboard  department. 
He  is  a  member  of  the  Society's  special  committee  on  Standard 
Cross-Sections  and   Symbols. 

FREDERICK  A.  WALDRON  has  had  experience  with  the 
Brown  &  Sharpe  Manufacturing  Co.,  Beaman  &  Smith  and  the 
Yale  &  Towne  Manufacturing  Co.  With  the  last  mentioned 
company  he  worked  his  way  up  to  the  position  of  superintendent. 
He  has  been  practising  as  an  industrial  engineer  for  some  years, 
and  is  chairman  of  the  sub-committee  on  Industrial  Buildings  of 
the  Society. 


Power  Test  Hearing 

On  Friday  mornint;',  December  7,  of  the  Annual  Meeting 
there  will  be  one  of  the  most  important  sessions  in  respect 
to  standardization  that  this  Society  has  ever  held.  This 
will  be  a  public  hearing  by  the  Power  Test  Committee,  held 
in  pursuance  of  a  requirement  of  the  Council  that  this  Com- 
mittee sliould  hold  meetings  from  time  to  time  at  which 
interested  parties  may  have  an  opportunity  to  present  sug- 
gestions for  purposes  of  revision. 

The  Power  Test  Codes  were  formulated  by  the  Power  Test 
Committee  in  1915  and  were  published  in  Volume  37  of  the 
Transactions.  They  comprise  rules  for  conducting  perform- 
ance tests  on  boilers,  engines,  turbines,  pumps,  compressors, 
blowers,  complete  steam  plants,  locomotives,  gas-power  ap- 
paratus and  water  wheels. 

The  Power  Test  Committee  will  welcome  a  thorough  dis- 
cussion of  the  Rules  in  the  hope  that  they  may  be  made  of  the 
gi-eatest  value  to  manufacturers  and  users  of  power-plant 
apparatus  and  to  the  profession  generally. 

The  different  sections  of  the  Codes  will  be  taken  up  in 
detail  to  facilitate  suggestions  which  later  will  be  considered 
by  the  Committee  as  material  for  the  revision  of  the  Codes. 

Invitations  have  been  extended  to  over  fifty  societies  to  send 
delegates,  and  colleges,  railroads,  manufacturing  firms,  and 
testing  laboratories  have  also  been  asked  to  send  representa- 
tives. 


REPORTS  OF  STANDING  COMMITTEES 


THE  reports  of  Standing  Committees  of  The  American 
Society  of  Mechanical  Engineers  will  be  presented  at  the 
forthcoming  Annual  Meeting  as  an  appendix  to  the  Annual 
Report  of  the  President  of  the  Society's  activities  for  the 
year.     The  Standing  Committee  reports  are  published  below: 

Reports  of  Finance  Committee 

The  Finance  Committee  reports  that  the  income  of  the 
Society  for  the  year  ending  September  30,  1917,  was  $207,- 
046.98.  The  total  expenditures  chargeable  to  income  were 
$186,547.57,  leaving  an  excess  of  income  over  expenditures  of 
$20,499.41,  this  being  a  net  balance  after  reserving  $14,000  for 
obligations  undertaken  but  not  yet  completed. 

The  expenditures  of  the  Society  per  member  for  the  fiscal 
year  just  closed  are  as  follows : 

General   Salaries $  2.06 

Headquarters,  Library,  Supplies,  etc 1.84 

Committees   on   Membership   and   Increase   of 

Membership  1.27 

Sections 98 

Council    contingencies,    mileage    and    employ- 
ment   77 

House   Committee 40 

Meetings,  Annual  and  Spring 1.18 

Year  Book 63 

Journal  and  Condensed  Catalogues 8.47 

Transactions  2.42 

Other  activities 2.73 


Making  a  total  of $22.75 

The  recommended  Budget  Appropriation  for  the  year  1917- 
1918  is  as  follows: 

Finance  Committee 

Administrations    $  22,700 

Occupancy  of  Building  and  Engi- 
neering Council 8,800 

Library    4,000 

$  35,500 

Membership  Committee 2,900 

Council 

Contingencies   3,000 

Committees    not    otherwise    pro- 
vided for 6,700 

Mileage    2,200 

Employment  Bulletin 2,400 

14,300 

Sections    Committee 10,750 

Increase  of  Membership  Committee 8,300 

House  Committee 4,335 

Meetings  Committee 10,265 

Publication  Committee 104,405 

Research  Committee 500 

Students'  Committee 1,000 

Junior  Prizes  Committee 75 

Sales   Expenditures 11,000 

John  Fritz  Medal  Board  of  Award 75 

Engineering  Resources  Committee 1,500 

Cooperation  and  Organization  Committee. .  100 

Public  Relations  Committee 500 

Total  $205,505 


The  estimated  income  for  the  year  1918  is  $228,500. 
Apjiended   will   be   found    reports   of   the   accounts   of   the 
Society   as   shown   in   the   books   for   the   fiscal   year  ending 
September  30,  1917. 
Respectfully  submitted, 

R.  M.  Dixon,  Chairman, 
a.  e.  forstall, 
Geo.  M.  Forrest, 
W.  D.  Stmons, 

Finance  Committee. 

REPORT  OF  ACCOUNTS 

Mr.  R.  M.  Dixon, 

Chairman,  Finance  Committee. 
Dear  Sir  : 

In  accordance  with  your  instructions,  we  have  examined  the 

books  and  accounts  of  The  American  Society  of  Mechanical 

Engineei-s  for  the  twelve  months  ended  September  30,  1917. 

The  results  of  this  examination  are  set  forth  in  the  three 

exhibits  attached  hereto,  as  follows: 

Exhibit  A     Balance  Sheet,  September  30,  1917. 
Exhibit  B     Income    and    Expenses,    for    the    twelve 

months  ended  September  30,  1917. 
Exhibit  C     Receipts     and     Disbursements     for     the 
twelve  months  ended  September  30,  1917. 
We  hereby  certify  that  the  accompanying  Balance  Sheet  is 
a  true  exhibit  of  its  financial  conditions  as  of  September  30, 
1917,  and  that  the  attached  statements  of  Income  and  Ex- 
penses, and  Receipts  and  Disbursements,  are  correct. 
Respectfully  submitted, 

(Signed)     Wm.  J.  Struss  &  Co., 

Certified  Public  Accountants. 

EXHIBIT  A 

Balance  Sheet,  September  30,  1917 
resources 

Equity  in  Society's  Building   (No. 

25  to  33  West  39th  Street) . .  .$365,846.62 

Equity  in  one-third  of  Cost  of 
Land  (No.  25  to  33  West  39th 
Street)    180,000.00 


Library  Books 13,000.00 

Furniture  and  Fixtures 5,000.00 


Stores,  including  plates  and  finished 

publications   

Trust  Funds  Investment 

New   York    City   SVa's   1954    (par 

$45,000)    39,696.81 

St.  Louis,  Peoria  &  N.  W.  1st  5's 

1948    (par  $10,000) 10,613.89 

United  New  Jersey  Canal  Co.  (par 

$1,000)    970.00 

Cash  in  Banks  representing  Trust 

Funds  4,510.51 


-$545,846.62 

18,000.00 
25,809.91 


City  of  East  Orange,  Loan  Certifi- 
cate    


55,791.21 
21,371.95 


lOOS 


December 
1917 

■     Liberty  Bonds,   Investment 10,000.00 

Liberty  Bonds,  Accounts 1,599.00 

Accounts  Receivable 

Membership   Dues 14,015.73 

Initiation   P^ees 6,430.00 

Sales  of  Publications,  Advertising, 

etc 34,840.52 

Advance  payments 

Cash :   In   Banks  for  general   pur- 
poses         31,890.64 

Petty  Cash,  on  hand 500.00 
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11,599.00 


55,286.25 
2,734.06 


32,390.64 


$768,829.64 

LIABILITIES 

Trust  Funds 

Life   Membership   Fund $45,59.5.15 

Library   Development    Fund 4,902.71 

AVeek's  Legacy  Fund 1,957.00 

Melville   Fund 1,127.36 

Hunt  Memorial  Fund 208.99 

Junior  and  Student  Prize  Funds.  .        2,000.00 

Total  $  55,791.21 

Dues  paid  in  advance 2,167.07 

Initiation  Fees  uncollected 6,430.00 

Replacement   Fund 1,336.70 

Internal  Revenue 1.40 

Accounts  Payable 2,917.26 

Annual  Meeting  Social 9.11 

68,652.75 
Unexpended  Appropriation  1915-1916.  267.35 

Unexpended  Api^ropriation  1916-1917.     16,684.79 
Unappropriated  Revenue 17,814.62 

Capital   Investment 551,346.62 

Surplus   and   Reserve 114,063.51 


34,766.76 
665,410.13 


$768,829.64 

EXHIBIT  B 

Income   and   Expen.se.s   for  the    Twelve   Months   Ended 
September  30,  1917 

INCOME 

Membership  Dues $110,493.65 

Sales — Gross  Receipts 14,437.89 

Advertising    63,927.96 

Interest  and  Discount 4,707.48 

Initiation  Fees 13,480.00 

Total    $207,046.98 

EXPENSES 

Finance  Committee 

Office    Administration .  . .  $21,614.53 

Occupancy  Building 6,432.36 

Library 4,016.67 

$  32,063.56 

Membership  Committee 3,062.11 


Council 

Contingencies   2,673.02 

Mileage    1,564.38 

Employment    Bulletin...  2,063.61 

Increase  of  Membership  Com- 
mittee    

House   Committee 

Meetings  Committee 

Sections  Committee 

Publication  Committee 

Advertising    35,665.93 

Journal  Text 33,766.63 

Revises   433.72 

Transactions 19,710.00 

Year   Book 5,148.89 

Sales 

General 8,093.70 

Boiler  Code 2,942.77 

Power  Test  Code 550.79 

Research  Committee 261.43 

Students'   Connuittee 1,199.47 

Junior  and  Student  Prizes. .  70.38 

John  Fritz  Medal 77.04 

Coiijjeration  and  Organization  83.75 

Engineering   Resources 1,4.32.50 

Alterations  on  Building 7,379.50 

'Total    

Excess    of    Income    over 
Expenses  


6,301.01 

7,328.76 
3,244.28 
9,672.70 
8,058.65 


94,725.17 


11,587.26 


10,504.07 


186,547.57 


$20,499.41 


EXHIBIT  C 

Receipts    and   Disbursements    for   the    Twelve    Months 
Ended  September  30,  1917 

receipts 

Membership  Dues $107,359.87 

Initiation   Fees 26,925.00 

Membership  Dues  paid  in  advance. . . .  2,789.69 
Sales  of  Publications,  Badges,  Adver- 
tising, etc 72,962.59 

Interest   5,431.02 

Liberty  Bonds 851.00 


$216,319.17 
Cash  on  hand  and  in  Banks 

General  and  Trust  Funds,  Septem- 
ber 30,  1916 51,352.14 

disbursements 
Disbursements  for  General  Purposes.  .$184,448.21 

Building   Improvement 12,500.00 

City  of  East  Orange  Loan 21,371.95 

Liberty  Bonds 12,450.00 


$267,671.31 


$230,770.16 
Cash  on  hand  and  in  Banks 

General  and  Trust  Funds,  Septem- 
ber 30,  1917 36,901.15 


-$267,671.31 


"  Note  :  Tbe  Item  of  total  expenses  includes  $14,000  not  yet  paid  to 
completi-  wm-U  already  in  progress  and  chargeable  to  this  year's  activi- 
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Report  of  Committee  on  Meetings 

Professional  Sessions 

Although  it  has  been  the  aim  of  the  Meetings  Committee 
to  maintain  a  high  standard  for  papers  presented  and  dis- 
cussed at  the  professional  sessions  of  general  meetings,  the 
Committee  has  realized  that  many  members  of  the  Society  re- 
gard of  equal  importance  the  opportunities  afforded  for  per- 
sonal conferences,  for  special  committee  meetings,  for  dis- 
cussion of  problems  of  peculiar  interest  to  a  limited  number 
only,  and  for  bringing  about  a  personal  contact  among  the 
members  of  the  Society  that  is  becoming  truly  national.  With 
these  points  in  view  the  Committee  has  ever  before  it  the  idea 
of  so  balancing  the  programs  at  the  meetings  that  they  shall 
not  be  overburdened  with  detailed  technical  papers,  and  would 
emphasize  as  a  guiding  principle  for  the  future  the  wisdom  of 
somewhat  limited,  carefully  chosen  programs  stimulating  gen- 
eral discussion,  in  preference  to  sessions  overburdened  with 
an  unduly  large  number  of  papers. 

Keynote  Session 

Besides  a  number  of  professional  sessions  devoted  to  the 
interests  of  various  specialties  of  the  members,  it  has  been 
the  aim  of  the  Committee  for  the  past  few  years  to  have  dur- 
ing each  Annual  and  Spring  meeting  a  so-called  "  keynote  " 
session  which  should  offer  an  opportunity  for  the  presenta- 
tion of  the  broad  but  timely  problems  of  general  interest. 
With  these  points  in  mind.  Industrial  Valuation  was  chosen 
as  the  general  theme  for  the  keynote  session  of  the  Annual 
Meeting,  December  1916. 

As  the  Spring  Meeting  of  1917  came  shortly  after  the  dec- 
laration of  war,  the  Committee  felt  that  perhaps  the  most 
timeh'  subject  was  the  manufacture  of  munitions.  The  large 
attendance  at  the  Cincinnati  meeting  is  in  part  attributed  to 
the  announcement  of  this  important  subject  and  partly  to  the 
exceptional  opportunity  afforded  the  members  of  the  Society 
to  cooperate  with  the  members  of  the  National  Machine  Tool 
Builders'  Association,  with  whom  a  joint  session  was  arranged. 

So  important  has  become  the  relation  of  the  engineer  to  the 
problems  resulting  from  the  war  that  the  Committee  has  chosen 
for  the  keynote  session  of  the  coming  Annual  Meeting,  De- 
cember 4  to  7,  1917,  Service  of  the  Engineer  to  the  Public  in 
Times  of  National  Crises. 

Special  Exercises 

In  connection  with  the  Annual  Meeting,  December  1916, 
opecial  memorial  exercises  were  held  in  honor  of  John  E. 
Sweet,  the  beloved  founder  of  the  Society. 

At  the  coming  Annual  Meeting,  December  1917,  there  will 
be  special  exercises  in  connection  with  the  conferring  of  hon- 
orary membership  upon  Major-General  George  W.  Goethals, 
upon  which  occasion  the  address  of  the  evening  will  be  deliv- 
ered by  William  H.  Taft,  ex-President  of  the  United  States. 


prompted  the  Committee  to  aiTange  for  the  repetition  of  this 
part  of  the  program  for  the  Annual  Meeting  of  1917,  with 
such  modifications  as  past  experience  has  shown  would  be 
desirable. 

The  delightful  functions  provided  in  connection  with  the 
Spring  Meeting  at  Cincinnati  were  all  in  accord  with  the  aims 
of  the  Committee  on  Meetings  to  promote  the  most  cordial 
democratic  spirit  among  the  members. 

Inspection  Trips 

It  is  the  belief  of  the  Committee  that  inspection  trips  to 
\  urious  points  of  engineering  interest  should  be  continued  in 
connection  with  both  the  Annual  and  the  Spring  Meetings. 
It  is  the  feeling  of  the  Committee,  however,  that  a  small  num- 
ber of  such  trips  thoroughly  organized  is  distinctly  more  bene- 
ficial and  pleasanter  for  the  membership  than  a  large  number 
of  informal  trips,  offering  too  large  a  variety  of  opportunities. 

Attendance  at  Meetings 

Evidences  of  the  broader  field  of  activity  of  the  Society 
are  apparent  in  the  attendance  at  the  Annual  and  Spring 
Meetings.  The  total  registration  at  the  Annual  Meeting,  De- 
cember 1916,  was  1868,  the  largest  in  the  history  of  the  So- 
ciety. Of  this  number  953  were  members  and  915  were  guests. 
The  number  of  members  present  represented  12.5  per  cent,  of 
the  total  membership,  and  exceeded  that  of  the  Annual  Meet- 
ing of  1915  by  431. 

It  is  somewhat  more  difficult  to  compare  the  figures  of  at- 
tendance at  the  Spring  Meetings,  owing  to  the  fact  that  the 
geographical  location  of  the  meeting  has  a  distinct  bearing 
upon  attendance,  but  it  is  interesting  to  note  that  the  attend- 
ance at  Cincinnati  in  1917  broke  all  previous  spring-meeting 
records,  the  total  registration  being  868,  of  which  410  were 
members  and  458  guests. 

Sub-Committees  op  the  Meetings  Committee 

The  work  of  the  sub-committees  of  the  Committee  on  Meet- 
ings has  for  the  most  part  been  exceedingly  satisfactory.  It 
stimulates  a  wide  interest  in  the  work  of  the  Society  and  re- 
sults in  the  presentation  of  excellent  papers  and  discussions. 
The  Committee  feels  that  it  is  wise  to  continue  those  sub- 
committees that  keep  alive  and  awake  to  their  opportunities, 
but  it  also  believes  it  unwise  to  appoint  too  many  such  com- 
mittees on  account  of  the  danger  of  overspecialization  and 
the  possibilities  of  unwieldly  programs. 
Respectfully  submitted, 

Robert  H.  Fernald,   Chairman, 

L.  P.  Alford, 

John  H.  Barr, 

Dexter  S.  Kimball, 

A.  L.  De  Leeuw. 

Meetings  Committee. 


Social  Functions 

At  the  Annual  Meeting  of  1916  all  social  events  were  held 
in  the  Engineering  Societies  Building.  Owing  to  this  fact  the 
democratic  spirit  of  the  Society  was  more  keenly  developed, 
as  more  freedom  was  felt  on  the  part  of  the  members  and 
guests  in  attending  these  various  functions.  The  spirit  of  good 
fellowship  thus  promoted  is  a  distinct  asset  to  the   Society. 

The   success   of   the   smokers   held   the  last   two   years   has 


Report  of  Publication  Committee 

During  the  year  The  Journal  has  been  developed  by  ex- 
tending the  Engineering  Survey  to  include  engineering  activi- 
ties outside  of  those  of  our  own  or  other  societies,  especially 
in  the  way  of  engineering  research.  The  Review  of  Engineer- 
ing Periodicals  has  been  broadened  to  include  publications  in 
English  as  well  as  in  the  foreign  languages.  Reviews,  written 
by  specialists  in  their  several  fields,  have  been  published  of 
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notable  additions  to  the  literature  of  our  subject.  Mr.  C.  M. 
Sames  has  been  added  to  the  editorial  staff.  The  makeup  and 
distribution  of  The  Journal  for  the  first  seven  months  of 
1917  were  as  follows : 

Makeup  of  The  Journal,  1917 

Technical    Section 48  per  cent 

Society  Affairs 19  per  cent 

Engineering  Survey 33  per  cent 

100  per  cent 
Distribution  of  The  Journal,  1917 

To  Members 8250  copies  per  month 

Exchanges   250  copies  per  month 

Subscriptions 450  copies  per  month 

Advertisers 300  copies  per  month 

Students 500  copies  per  month 


9750  copies  per  month 

The  cost  of  publishing  The  Journal  for  the  fiscal  year 
ending  October  31,  1917,  was  about  $53,428,  and  its  income 
from  advertising  about  $34,928,  leaving  a  deficit  of  abou: 
$18,500.  No  credit  is  given  to  The  Journal  for  copies  sold  to 
subscribers  and  furnished,  in  partial  return  for  their  dues, 
to  the  membership  and  student  branches.  These,  furnished 
at  present  to  the  number  of  over  9000,  at  $3.00  per  year  to 
subscribers  and  $2.00  to  the  membership,  would  more  than 
cover  the  apparent  deficit  and  show  The  Journal  to  be  pay- 
ing its  own  expenses. 

It  is  the  purpose  of  the  Committee  to  make  The  Journal 
an  epitome  of  current  information  in  the  field  of  mechanical 
engineering,  and  to  devote  to  this  service  whatever  revenue 
the  paper  may  produce. 

The  last  issue  of  Condensed  Catalogues  cost  about  $15,500 
and  brought  in  a  revenue  of  about  $29,000,  making  a  profit 
of  about  $13,500.  It  has  been  improved  by  the  addition  of 
an  index  of  manufacturers  of  mechanical  equipment. 

In  1913  the  Committee  was  allowed  an  appropriation  of 
$750  for  indexing  the  Transactions.  To  this  has  been  added 
$350,  making  $1100  in  all.  It  was  pointed  out  when  these 
appropriations  were  asked  for  that  they  would  meet  the  ex- 
penses only  of  preparation,  but  not  of  publishing.  We  are 
now  able  to  report  the  complete  indexing  of  Transactions 
from  Volume  I  to  date  in  card  form.  To  publish  this  in  book 
form  will  cost  about  $2000  plus  90  cents  per  copy,  thus : 

Estimated  Cost  op  Transactions  Index 

For  2000  copies $2000 

2000  X  90  cents 1800 

$3800 

For  10,000  copies $2000 

10,000  X  90  cents 9000 


$11,000 

These  ought  to  be  furnished  free  to  the  membership  as  they 
have  been  in  the  past,  and  we  recommend  that  the  Commit- 
tee be  authorized  to  expend  not  to  exceed  $2000  in  printing 
it  with  a  view  to  its  distribution  when  the  necessary  funds 
become  available. 

It  has  been  the  practice  of  the  Society  to  preserve  all  un- 
distributed copies  of  Transactions  and  of  the  separate  papers. 
The  accumulation  is  becoming  burdensome,  and  the  Commit- 


tee has  decided  to  retain  not  over  25  copies  of  each  volume 
of  the  Transactions  up  to  and  including  Vol.  XXV  and  100 
copies  each  of  Vols.  XXVI  to  XXXIII  inclusive.  Several  of 
the  earlier  volumes  are  completely  exhausted  and  the  Society 
is  seeking  them  at  a  premium.  No  more  than  the  reserved 
number  of  any  volume  are  on  hand  in  the  bound  form.  The 
surplus  will  be  sold  to  those  desiring  them  at  $2.50  per  volume 
in  paper  covers,  or  at  $2.00  gathered  and  stitched  ready  for 
binding. 

With  the  increased  appropriation  at  the  disposal  of  the 
Committee  for  the  coming  year,  we  hope  to  make  the  publi- 
cations of  the  Society,  especially  The  Journal,  of  still  greater 
benefit  to  the  membership. 

Respectfully  submitted, 

Fred.  R.  Low,  Chairman, 

C.  I.   Earll, 
George  J.  Foran, 
Fred.  J.  Miller, 
Joseph  W.  Roe. 

Publication  Committee. 

Report  of  Standardization  Committee 

The  Standardization  Committee  is  charged  with  a  general 
oversight  of  the  standardizing  activities  of  the  various  com- 
mittees within  the  Society.  That  means  that  it  does  not  con- 
cern itself  with  any  of  the  details  of  the  actual  work  of  stand- 
ardizing, but  rather  with  the  work  being  carried  on  by  other 
committees  according  to  a  general  routine  and  principles 
adopted  by  the  Society.  It  concerns  itself  further  with  the 
promotion  of  interrelation  of  the  activities  of  the  various 
committees  where  that  seems  advisable. 

In  carrying  out  its  duties  this  Committee  has  interpreted  its 
mandate  to  exercise  the  least  possible  authority  so  far  as  com- 
mittees were  concerned  that  were  appointed  before  its  crea- 
tion. 

With  regard  to  committees  appointed  after  the  creation  of 
this  Standing  Committee,  the  latter  has  confined  itself  strictly 
to  suggestions  made  directly  to  the  Council  as  to  the  personnel 
and  general  routine  activities  of  the  various  special  commit- 
tees. 

The  most  important  activity  of  the  Standardization  Commit- 
tee has  been  its  work  in  connection  with  the  creation  of  an 
American  Engineering  Standards  Committee.  Active  in  this 
work  were  jointly  the  American  Society  of  Civil  Engineers,  the 
American  Institute  of  Mining  Engineers,  The  American  So- 
ciety of  Mechanical  Engineers,  the  American  Institute  of  Elec- 
trical Engineers,  and  the  American  Society  for  Testing  Mate- 
rials. Delegates  from  these  societies  created  an  Executive 
Committee  consisting  of  one  member  from  each  and  this 
committee  reported  a  Constitution  and  By-Laws  to  the  main 
Joint  Committee,  which  latter  accepted  the  report  and  caused 
it  to  be  sent  to  the  founder  societies  for  their  action. 

Approval  was  given  to  this  by  all  excejjt  the  American  So- 
ciety for  Testing  Materials,  and  that  approval  is  expected  as 
soon  as  its  governing  body  meets  this  fall.  A  copy  of  the 
American  Engineering  Standards  Committee's  Constitution 
and  By-Laws  is  appended.  A  careful  study  of  this  Constitu- 
tion is  recommended,  as  it  is  probably  the  beginning  of  what 
is  hoped  will  eventually  fill  a  very  important  national  and  in- 
ternational need.  It  is  expected  that  with  time  every  techni- 
cal association  or  society,  whether  of  an  engineering  or  other 
nature,  not  only  in  the  United  States,  but  abroad,  wUl  par- 
ticipate in  the  work  of  this  committee.  A  beginning  in  this 
direction  has  already  been  made  in  that  the  British  Engineer- 
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ing  Standards  Committee  has  invited  this  American  Engi- 
neering Standards  Committee  to  send  delegates  to  London  to 
consider  a  change  in  the  British  standard  Whitworth  thread 
to  the  sim])ler  cross-section  of  the  United  States  screw  thread, 
and  to  consider  also  the  question  of  metric  threads. 

It  is  gratifying  to  note  that  the  suggestions  made  by  the 
predecessor  of  our  own  Committee  while  that  was  a  special 
committee  on  standardization,  formed  the  basis  in  the  formu- 
lation of  the  Constitution  of  this  American  Engineering 
Standards  Committee  and  have  to  a  considerable  extent  b^en 
adopted  by  it. 
Respectfully  submitted, 

Henry   Hess,    Chairman. 

H.  L.  Gantt, 

W.    F.    KlESEL, 

Carl  Schwartz. 

Standardization  Committee. 

Report  of  Library  Committee 

Your  Library  Committee  has  the  honor  to  present  the  fol- 
lowing report  for  the  year  ending  September  30,  1917. 

As  the  library  of  the  Society  has  been  incorporated  in  the 
United  Engineering  Society  Library,  the  duty  of  the  Com- 
mittee has  been  to  represent  the  Society  on  the  Library  Board 
of  that  organization,  and  this  report  summarizes  briefly  the 
work  of  the  United  Engineering  Society  Library  during  the 
year. 

The  Library  contained  49,702  volumes  and  pamphlets  on 
October  1,  1916,  and  132,070  on  September  30,  1917.  The 
extraordinary  increase  is  due  to  the  absorption  of  the  library 
of  the  American  Society  of  Civil  Engineers  which  occurred 
in  February  1917,  and  which  added  67,242  volumes  and 
pamphlets  to  the  collection.  Of  the  current  accessions,  206 
were  presented  through  The  American  Society  op  Mechani- 
cal Engineers. 

In  March,  Mr.  W.  P.  Cutter  presented  his  resignation  as 
Librarian,  which  was  accepted.  Mr.  H.  W.  Craver,  Librarian 
of  the  Carnegie  Library  of  Pittsburgh,  was  elected  to  fill  the 
vacancy,  and  assumed  the  duties  of  the  position  on  April  1. 
The  title  of  the  position  was  changed  to  Director  of  the 
Library  at  this  time.  ' 

The  number  of  readers  during  the  year  was  12,710. 

In  addition,  the  Library  Service  Bureau  has  met  the  needs 
of  inquirers  by  preparing  bibliographies  and  translations, 
and  by  copying  articles.  This  branch  of  the  work  shows  a 
steady  gain  in  volume  as  engineers  become  more  familiar 
with  its  advantages. 

Respectfully  submitted, 

John  W.  Lieb,   Chairman, 
Jesse  M.  Smith, 
Walter  M.  McFarland, 
A.  M.  Hunt, 
Calvin   W.   Rice. 

Report  of  Membership  Committee 

The  Membership  Committee  held  nine  meetings  during  the 
year  1916-1917. 

The  number  of  applications  considered  in  the  transaction 
of  its  work  and  a  summary  showing  the  action  taken,  follows : 

Applications  pending  October  1,  1916 700 

Applications  received  during  the  fiscal  year 1695 

Total    2395 


The  following  action  was  taken  on  these  applications: 

Recommended  for  membership 1494 

Recommended  for  membership  (special  cases) 15 

Deferred  indefinitely 7 

Deferred   11 

Denied  promotion 5 

In  regular  course  of  procedure 863 

Total   2395 

Reinstatements  and  reconsiderations  pending 18 

Those  recommended  for  membership  were  divided  into  the 
following  grades: 

Members   412 

Promotion    to   Jleniber 75 

Associates   115 

Promotion  to  Associate 2 

Associate-Members   342 

Promotion  to  Associate-Member 43 

Juniors    505 

Total    1494 

The  reinstatement  of  thirteen  members  was  recommended 
to  the  Council. 

Under  B  16,  it  was  recommended  to  the  Council  that  the 
dues  of  seven  members  be  permanently  remitted. 
Respectfully  submitted, 

HosBA  Webster,  Chairman, 
James  W.  Nelson, 
S.  D.  Collett, 
W.  C.  Morris, 
Nicholas  S.  Hill,  Jr. 

Membership  Committee. 

Report  of  House  Committee 

The  report  of  the  House  Committee  for  last  j'ear  referred 
(o  certain  building  additions  and  alterations,  which  made  it 
necessary  to  hold  the  Annual  President's  Reception  on  the 
fifth  floor  of  the  Engineering  Societies  Building  instead  of  in 
the  Society's  rooms.  This  function  was  vezy  satisfactorily 
carried  out,  judging  from  the  comments  of  members  and  guests 
who  attended  the  reception,  and  no  doubt  future  receptions 
can  be  held  in  the  same  manner  and  place,  with  equally  good 
i-esults. 

The  changes  in  the  Board  Room  referred  to  in  last  year's 
report  have  been  made,  but  it  has  been  considered  advisable  to 
withhold  redecorating  this  room  and  hall,  or  lobby,  untU  the 
contractors  for  building  changes  have  completed  this  work, 
on  account  of  the  dust  which  accumulates  through  the  build- 
ing. It  is  hoped  that  this  work  can  be  eomjjleted  before-  the 
Annual  Meeting  in  December  1917. 

It  has  been  found  necessary  to  make  certain  extensive  al- 
terations in  the  working  offices  of  the  Society's  quarters,  with 
a  view  to  providing  more  room  and  far  better  facilities  for 
lighting,  arrangement  of  desks  for  employees,  intercommuni- 
cation and  acoustic  properties.  These  changes  are  well  under 
way  and  should  be  completed  by  October  1,  1917.  The  ex- 
pense involved  is  about  $6600,  but  no  doubt  will  prove  to  be 
one  of  the  best  investments  the  Society  ever  made. 

During  the  year  the  Society  received  as  a  gift  from  Hiss 
Hoadley  a  most  excellent  oil  portrait  of  Past-President  J.  C. 
Hoadley.  This  has  been  hung  ou  the  wall  of  one  of  the  So- 
ciety's rooms. 

Of  Past-Presidents'  photos,  that  of  Dr.  D.  S.  Jacobus  has 
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been  received  and  added  to  the  Society's  most  excellent  col- 
lection. 

Respectfully  submitted, 

Fredk.   a.   Schepfler,   Chairman, 
James  W.  Nelson, 
Orrie  p.  Cummings, 
H.  O.  Pond, 
Maxwell  W.  Upson. 

House  Committee. 

Report  of  the  Committee  on  Constitution 
and  By-Laws 

The  Committee  on  Constitution  and  By-Laws,  at  meetings 
held  January  19,  March  26,  and  April  16,  1917,  discussed 
various  proposed  amendments  and  additions  to  the  Constitu- 
tion and  By-Laws  of  the  Society,  and  subsequently  recom- 
mended changes  to  the  Council.  These  amendments  were  ap- 
proved by  the  Council  on  April  20,  and  were  presented  at 
the  Spring  Meeting  in  Cincinnati  in  May. 

In  accordance  with  C57,  the  amendments  to  the  Constitu- 
tion were  published  in  the  October  issue  of  The  Journal. 
They  %\'ill  be  presented  for  discussion  and  final  amendment 
at  the  forthcoming  Annual  Meeting  and  will  subsequently  be 
sent  to  all  members  entitled  to  vote,  and  the  final  vote  of 
adoption  will  be  closed  on  March  4,  1918. 

Some  of  the  changes  in  the  Constitution  necessitated 
changes  in  the  By-Laws  which  have  also  been  recommended 
to  the  Council  and  were  approved  on  October  12,  as  well 
as  new  By-Laws  for  Professional  Sections,  Local  Sections,  etc. 

The  By-Laws  governing  Local  Sections  are  the  combined 
effort  of  about  two  years'  work  on  the  jiart  of  the  Committee 
on  Constitution  and  By-Laws  and  the  Committee  on  Sec- 
tions, and  were  framed  to  conform  with  all  phases  of  the 
Local  Sections'  work  to  be  found  in  different  parts  of  the 
country,  to  afford  the  Sections  every  opportunity  to  carry  on 
activities  of  local  interest  and  at  the  same  time  to  have  their 
procedure  in  conformity  with  the  Constitution  and  the  By- 
Laws  of  the  Society.  These  anieii(hnents  are  appended  to  this 
report.' 

The  changes  in  the  By-Laws  made  necessary  by  the  amend- 
ments to  the  Constitution  and  the  new  By-Laws,  including 
those  governing  the  Professional  Sections,  are  also  ajjpended. 

The  Committee  has  also  under  consideration  modifications 
to  the  By-Laws  to  jsrovide  for  the  decision  of  the  Council 
to  susjaend  the  dues  of  members  in  active  service  for  the 
period  of  the  war  and  for  six  months  after  peace  is  declared, 
and  also  to  exempt  from  dues  a  member  reaching  the  age  of 
seventy  years,  and  who  has  paid  dues  for  thirty-five  years. 

Respectfully  submitted, 

r.  R.  HuTTON,  Chairman, 
Ira  H.  Woolson,  Secretary, 
James  E.  Sague, 
George  M.  Basford, 
Jesse  M.  Smith. 


APPENDIX 

Changes  in  the   By-L.\-ws  Necessitated  By   Changes   in 
the  Constitution 

The  Committee  on   Constitution  and  By-Laws  recommends 
that    the    By-Laws    governing    the    Library    Committee,    the 
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House  Committee  and  the  Research  Committee  be  amended, 
and  that  new  By-Laws  governing  the  Public  Relations  Com- 
mittee, the  Standardization  Committee  and  the  Constitution 
and  By-Laws  Committee  be  provided,  as  follows: 

Committee  on  Library 

B  24  There  shall  be  a  Standing  Committee  on  Library  to 
consist  of  four  Members  and  the  Secretary  of  the  Society. 
One  of  the  four  Members  shall  be  appointed  by  the  President 
before  the  first  day  of  each  calendar  year  to  serve  for  four 
years. 

It  shall  be  the  duty  of  the  Committee  to  rejiresent  the  So- 
ciety on  the  Library  IJoard  of  the  United  Engineering  Society. 

The  Committee  shall  deliver  to  the  Secretary  before  October 
15  of  each  year  a  detailed  report  of  its  work  for  the  pre- 
ceding twelve  months  and  also  of  the  work  which  it  recom- 
'  mends  for  the  next  fiscal  year,  with  an  estimate  of  the  cost 
thereof. 

House    Committee 

B  25  There  shall  be  a  Stiuiding  House  Committee  to  con- 
sist of  Ave  persons  who  shall  be  Jlembers,  Associates,  Asso- 
ciate-Members or  .Juniors.  The  term  of  office  of  one  Mem- 
ber of  the  Committee  shall  expire  at  the  end  of  each  Annual 
Meeting.  It  shall  be  the  duty  of  the  House  Committee  to 
have  the  care,  management  and  maintenance  of  the  rooms  of 
the  Society  and  furnishings,  the  historical  relics,  the  paint- 
ings, and  objects  of  art,  and  to  recommend  to  the  Council 
suitable  regulations  for  their  care  and  use.  At  the  end  of 
each  fiscal  year  the  Committee  shall  deliver  to  the  Secretary 
a  detailed  report  of  its  work. 

Research  Committee 

B  43  There  shall  he  a  Standing  Research  Committee  to 
consist  of  five  Members,  Associates,  Associate-Members  or 
Juniors.  The  term  of  office  of  one  member  of  the  Com- 
mittee shall  expire  at  the  end  of  each  Annual  Meeting. 

(a)  This  Committee  shall  have  supervision  of  such  re- 
search or  investigations  as  may  be  directed  or  approved  by 
the  Council ;  shall  correspond  and  collaborate  with  com- 
mittees of  kindred  technical,  scientific  or  other  societies;  shall 
keep  in  touch  with  researches  conducted  in  other  countries, 
which  are  of  value  to  the  engineer,  and  shall  report  the  same 
quarterly  to  the  Council. 

(&)  The  Committee  will  be  expected  to  maintain  a  sys- 
tem of  announcement  of  results  of  research  and  the  trend  of 
investigations  in  any  field  which  will  be  of  value  to  the 
engineering  profession. 

(c)  Gifts  or  bequests  to  the  Society  for  the  conduct  of 
research  or  investigation  shall  be  expended  under  the  direc- 
tion of  the  Council,  and  shall  be  kept  separate  from  other 
Society  funds. 

Public  Relations  Committee 

B  ?  There  shall  be  a  Standing  Public  Relations  Commit- 
tee to  consist  of  five  persons  who  may  be  members  in  any 
grade.  The  term  of  office  of  one  member  of  the  Committee 
shall  expire  at  the  end  of  each  Annual  Meeting. 

It  shall  be  the  duty  of  the  Committee  to  consider  and  re- 
port to  the  Council  its  recommendations  covering  any  mat- 
ters which  may  be  referred  to  it  bearing  upon  the  relations 
of  the  engineer  as  a  man  of  science  to  the  community  in 
which  he  lives. 


Committee  on  Standardization 

B  ?  There  shall  lie  a  Standing  Standardization  Committee 
to  consist  of  five  Members  of  the  Society.  The  term  of  office 
of  one  member  of  the  Committee  shall  expire  at  the  end  of 
each  Annual  Meeting.  It  shall  be  the  duty  of  this  Com- 
mittee : 

(a)     To    formulate    and    revise    standards    of    principle, 
method  or  procedure,  in  engineering  practice. 
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(6)  To  cooperate  with  like  committees  of  bodies  of 
kindred  aim,  or  with  members  of  the  Society,  in  the  formula- 
tion and  revision  of  standards;  or  to  appoint  under  approval 
of  the  Council  committees  of  experts  in  specialized  subjects 
to  cooperate  with  them.  The  Chairman  may  represent  the 
Committee  on  Standardization  in  any  conferences. 

(c)  To  report  to  the  Council  with  its  recommendation 
any  formulated  standards  for  its  approval,  and  when  ap- 
proved to  present  and  recommend  such  standards  to  the 
meetings  of  the  Society,  and  secure  this  publication  in  The 
Journal  and  Transactions  of  the  Society- 


Committee  on  Constitution  and  By-Laws 

B  1  The  Committee  on  Constitution  and  By-Laws  shall 
consist  of  five  persons  who  shall  be  Members  of  the  Society. 
The  term  of  office  of  one  member  of  the  Committee  shall 
expire  at  the  end  of  each  Annual  Meeting. 

It  shall  be  the  duty  of  the  Committee  to  consider  and  re- 
port on  all  matters  relating  to  the  Constitution,  By-Laws  and 
Rules  of  the  Society  which  shall  be  referred  to  it. 


New  By-Laws 

It  was  recommended  that  the  existing  Rules  17  to  24  in- 
clusive, defining  the  functions  of  Professional  Sections  and 
Geographical  Groups,  be  changed  to  a  By-Law,  and  that  they 
be  amended  to  read  as  follows: 


Professional  Sections 

B  ?  (o)  A  professional  Section  of  the  Society  shall  con- 
sist of  Honorary  Members,  Members,  Associates,  Associate- 
Members  and  Juniors  of  The  American  Society  op  Me- 
chanical Engineers  and  of  other  persons  to  be  designated 
Affiliates  as  hereinafter  described. 

(6)  A  Professional  Section  of  The  American  Society 
OF  Mechanical  Engineers  may,  with  the  approval  of  the 
Council,  be  organized  for  the  consideration  of  any  engineer- 
ing, scientific,  or  professional  topic,  provided  that  a  number 
satisfactory  to  the  Council,  of  Members  of  The  American 
Society  op  Mechanical  Engineers,  unite  in  making  written 
request  for  such  an  organization.  Such  a  section  shall  be 
designated  as  .  .  .  Section  of  The  American  Society 
OP  Mechanical  Engineers — the  blank  being  filled  by  the 
topic  specialized. 

(c)  The  provisions  of  the  Constitution,  By-Laws  and 
Rules  of  The  American  Society  op  Mechanical  Engineers, 
and  the  precedents  of  the  Society  with  respect  to  professional 
sessions  for  the  discussion  of  papers,  shall  cover  the  procedure 
of  the  Professional  Sections  except  that  no  meeting  of  a  sec- 
tion shall  be  considered  a  meeting  of  the  Society  as  a  whole. 


(d)  For  the  convenient  conduct  of  its  professional  affairs 
the  section  shall  organize  an  Executive  Committee  of  five 
members  of  the  Society,  under  the  general  direction  of  the 
Council.  Such  officers  as  the  section  shall  require  must  be 
selected  from  the  membership  of  the  Society.  Other  com- 
mittees of  the  section  shall  be  appointed  by  its  Executive 
Committee. 

(e)  The  Executive  Committee  of  the  section,  subject  to 
the  approval  of  the  Secretary  of  the  Society,  shall  designate 
a  Secretary  of  the  section  whose  duties  shall  be  those  usually 
attaching  to  the  Secretaiy  of  a  professional  section,  and 
who  shall  also  see  that  the  discussions  of  papers  are  satis- 
factorily reported  and  transmitted  to  the  Secretary  of  the 
Society. 

(/)  Expenditures  for  the  purpose  of  a  section  chargeable 
to  the  Society  must  be  authorized  by  the  Secretary  of  the 
Society  before  they  are  incurred,  and  must  be  provided  for 
in  the  budget  approved  by  the  Council.  No  liability  other- 
wise incurred  shall  be  binding  on  the  Society.  Any  expendi- 
ture not  so  provided  must  be  met  by  the  section  itself. 

(g)  Engineers  and  others  not  members  of  The  American 
Society  op  Mechanical  Engineers,  but  desiring  to  partici- 
pate in  the  meetings  of  the  section  may  enroll  themselves  as 
Affiliates  as  heretofore  pro\dded,  with  the  approval  of  the 
Executive  Committee  of  the  section.  Such  Affiliates  shall 
have  the  privilege  of  presenting  papers  and  taking  part  in 
the  discussions.  They  shall  pay  $5  per  annum,  which  shall 
be  due  and  payable  in  advance  on  October  1  of  each  year  of 
their  enrollment,  and  shall  thereby  be  entitled  to  receive  the 
regular  issues  of  The  Journal  for  a  period  covered  by  such 
subscription. 

(h)  The  Council  of  The  American  Society  op  Mechani- 
cal Engineers  may,  at  sixty  days'  notice,  suspend  or  dis- 
band any  section. 

Quorum  at  Council  Meetings 

B  ?  The  number  of  pei-sons  constituting  a  quorum  of  the 
Council  shall  be  one-third  of  the  number  of  members  of  the 
Council  then  in  office. 


Committee  on  the   Washington  Award 

B  ?  The  Committee  on  the  Washington  Award  shall  con- 
sist of  two  members  appointed  by  the  Council  to  serve  for  a 
term  of  two  years.  The  term  of  office  of  one  member  of  the 
Committee  sliall  expire  at  the  close  of  the  Annual  Meeting 
of  the  Society  in  each  year.  The  appointment  to  fill  a 
vacancy  shall  be  made  before  Januarj'  1  in  each  year. 

This  Committee  shall  cooperate  with  the  Western  Society 
of  Engineers  in  selecting  the  recipient  of  the  Washington 
Award  which  is  to  be  presented  annually  to  an  engineer  who 
has  contributed  preeminent  service  in  promoting  the  public 
good. 


ROLL  OF  HONOR 


AT  the  October  12  meeting  of  the  Council  it  was  voted 
that  a  list  of  all  the  members  of  the  Society  now  in 
active  service  be  published  and  distributed  at  the  Annual 
Meeting.  This  list  will  be  prepared  from  the  Honor  Rolls 
published  in  The  Journal  from  May  to  December  inclusive, 
with  such  other  names  as  may  be  sent  in  in  time.  The  Publi- 
cation Committee  requests  information  regarding  any  mem- 
bers who  have  joined  the  armed  forces  of  the  countr,y  but 
whose  names  have  not  been  listed  as  yet  in  the  Roll  of  Honor. 
Such  information  if  forwarded  to  the  Secretary  by  Novem- 
ber 30  will  be  included  in  the  Annual  Meeting  pamphlet. 

We  have  published  in  The  Journal  notices  of  601  mem- 
bers from  all  parts  of  the  Union  who  have  notified  us  of  theii 
enlistment.  A  large  proportion  of  members  listed  are  com- 
missioned in  the  Engineer  Officers'  Reserve  Corps  or  in  the 
Ordnance  Department,  Officers'  Reserve  Corps.    The  Aviation 


Section  of  the  Signal  C'orps,  and  the  Naval  Reserve,  are  also 
well  represented. 

The  following  Roll  of  Honor  supplements  those  already  pub- 
lished, and  also  includes  the  Providence  Engineering  Society. 

Alden,  John  L..  Second  Lieutenant,  Ordnance  Department,  N.  A. 
Allen,    Walter    C,    Major,    Signal    Corps,    American    Expedltionar.v 
Forces,  France. 

Aemstrong,  Henry  C,  Captain,  Ordnance  Department,  United  States 
Reserve. 

BOARDMAN,  Albert  J.,  Captain,  Division  American  Ordnance  Base  De- 
pot In  France,  Wasbinglon. 
Boyd,  F.  F.,  Lieutenant,  United  States  Naval  Reserve  Force. 

Clark,  W-  Chas.  M.,  Lieutenant,   Naval   Service,  United  States  Navy 

Yard,  Philadelphia. 
Crawford,  C.  U-,  Captain,  302ud  Engineers,  Camp  Upton,  Yaphank- 

DiEMER,  Major,  Ordnance  Department.  United  States  Reserve. 
Doi-L.  William  E.,  35th  En^'ineer.';,  Camp  Grant,  Roclcford.  111. 


December 
1917 


SOCIETY  AFFAIRS 


1015 


Fdll,  Shelby  G'..  First  Lieutenant,  Sanitary  Ccirps,   Port  of  Embarkn- 

tion,  Newport  News,  Va. 
Fox,    Rudolph    H.,    First    Lieutenant,    Ordnance    l^opartnieut,    Otficers' 

Reserve  Corps. 

Glsby,  F.  M.,  Major,  Quariermaster's  Corps,  United  States  Reserve. 

Harris,   Geouoe   K.,   Reserve   Officers'   Training   Camp,    Fort   Niagara, 

N.  Y. 
Hartwell,  Arthur  E.,   First    Lieutenant,   Engineer   Sub-Depot,    Camp 

Wlteeler,  Ua. 

Kelly,  William,  Reserve  Officers'  Training  Camp,  Fortress  Monroe, 
Va. 

Kessleh,  a.  G.,  I/ieiitenant,  N.  N.  V.,  Navy  Department,  Bureau  of 
Ordnance. 

Kessler,  Hereeut  J.,  First  Lieutenant,  Ordnance  Department,  Offi- 
cers' Reserve  Corps. 

Kneass,  Strickland,  Jr.,  Sergeant.  3:-:2nd  Infantry,  Camp  Sherman, 
Chillicothe,  Ohio. 

Laney,  Thomas  G.,  Second  Lieutenant,  Battalion  E.,  341st   Field  Ar- 
tillery, Camp  Funston,  Kan. 
Lea,  Edward  S.,  Major,  Frankford  .\rsenal. 

McGlone,  R.  G'.,  Captain,  23rd  Engineers,  Camp  Meade,  Md. 
Marshall,  William  C,  Captain,  Ordnance  Department.  V.  S.  R, 
MiscH,   Arthur  A.,   Lieutenant,   Ord)iance  Department,    I'nited    States 
Reserve. 

Ogden,  Nelson,  Gun  Division,  Ordnance  Department,  Washington,  D.  C. 

Parish,  William  F.,  Signal  Corps,  Equipment  Division.   Specification 

Department,  Washington,  D.  C. 
Parks,  Burritt  A.,  Captain,  Enginoei-  Officers'  Reserve  Corps. 
Patton,  Thomas  A.,   First  Lieutenant,   Ordnance  Department,   United 

States  Reserve. 

Robinson,  Parker  M.,  Mrst  Lieutenant.  Ordnance  Department,  I'"rank- 
ford  Arsenal. 

Rogers.  John  D..  Capt.nin,   Railway  Engineers. 

Rogers,  Theo.  B.,  Second  Lieutenant.  Engineer  Officers'  Reserve  Corps, 
1 14th  Engineers,  Camp  Beauregard.  Alexandria,  La. 

Root,  Virgil  A.,  Captain,  Ordnance  Department,  United  States  Re- 
serve. 

Swift,  Harley  L.,  First  Ijieutenant,  Engineer  Officers'  Reserve  Corps, 
16th  Engineers  (Railway),  American  E-xpeditionary  Forces, 
France. 

Weber.  John,  Lieutenant,  General  Engineer  Depot,  U.  S.  .\. 
Welling,  Lindsay  JL,  Ordnance  Detachment,  Rock  Island  Arsenal,  III. 

Yodek,  Thomas  M.,  Captain,  Ordnance  Department,  N.  A.,  Watervliet 
Arsenal,  N.  Y. 

Providence  Engineering  Society 

The  following  members  of  the  Providence  Engineerina: 
Society,  affiliated  with  our  Society,  are  engaged  in  active  mili- 
tary or  naval  service: 

Major  Franklin  E.  Eugecomb,  United   States  Coast  Artillery  Corps. 

Ma.tor  John  T.  Keenan,  United  States  Reserve  Engineers'  Corps. 

AIajor  Frank  B.  Gilbreth,  United  States  Reserve  Engineers'  Corps. 

Major  Cyril  L.  D.  Wells,  United  States  Coast  Artillery  Corps. 

Lieut.  Lucian  Minor,  United  States  Navy. 

Liedt.  Edwin  C.  Bliss,  United  States  Naval  Reserve  Force. 

Capt.  Norman  D.  MacLeod,  1033  Regiment  Field  Artillery. 

Capt.   Leighton  T.  Bohl,   United   States  Reserve,   National   Army. 

Capt.  N.  V.  S.  Mdmford,  United  States  Reserve.  Ordnance  Department. 

First  Lieut.  Frederick  E.  Cooper,  Reserve  Officer,  Ordnance  Dept. 

Second  Liedt.  Valentine  G.  Libby,  Reserve  Oflicer,  Engineers'  Corps. 

Serot.  Wallace  Burton,   103d  Regiment  Field  Artillery. 

Sergt.  C.  K.  Appleby,  Coast  Artillery  Corps. 

Sergt.  Earl  W.  Taylor,  Coast  Artillery  Corps. 

Ralph  S.  Mohr,  103d  Regiment  Field  Artillery. 

Wu.  McSwekney,  Engineer  Corps. 

Anthony  Caputi,  Naval  Reserve. 

Lester  W.  Preston,  Naval  Reserve. 

Ernest  S.  Fitz,  School  of  Military  Aeronautics. 

Bicknell  Hall,  Jr..  School  of  Military  Aeronautics. 

Robert  N.  Foots,  School  of  Military  Aeronautics. 

Hugh  Bain,  Reserve  Officers'  Training  Camp. 

Howard  H.  Quinham,  Reserve  Officers'  Training  Camp. 

Frederick   E.   Stockwell,   Reserve   Officers'   Training  Camp, 

John  V.  Keily,  National  Army. 

Ralph  Now,  National  Army. 


Fuel  Conservation 

To  THE  Editoi!  : 

The  following  letter  was  received  from  Mr.  H.  A.  Garfield 
of  the  Euel  Administration  in  Washington: 
Df.ar  President  Hollis  : 

I  wish  you  to  know  how  much  I  appreciate  the  offer 
of  assistance  of  the  Engineering  Societies  in  connec- 
tion with  the  campaign  for  the  conservation  of  fuel. 

As  explained  to  you  in  conversation.  President 
Wilson  has  charged  Mr,  Hoover  and  me  with  prose- 
cuting a  campaign  looking  to  the  conservation  of  food 
and  fuel.  We,  in  turn,  are  looking  to  the  experts  in 
their  several  fields  for  assistance.  Already  I  have 
conferred  with  the  officers  of  the  Bureau  of  Mines 
and  representatives  of  the  Council  of  National  De- 
fense. 

I  venture  to  suggest  that  an  effective  co-operating 
body  be  organized,  so  constituted  as  to  furnish  to  this 
Administration  e.xpert  advice  and  suggestions. 

Very  truly  yours, 

{Signed]   H.  A.  Garfield,  Fuel  Administrator. 

This  letter  refers  to  the  national  campaign  for  the  conserva- 
tion and  use  of  fuel  during  the  war.  It  has  great  possibilities 
for  the  future,  after  the  war  is  over,  when  we  may  make  a 
more  permanent  organization  for  the  saving  of  waste,  not  only 
in  fuel,  but  in  everything.  The  engineers  are  naturally  the 
experts  on  all  subjects  relating  to  fuel  and  to  the  industries, 
so  that  they  must  be  prepared  to  take  their  share  under  any 
Government  organization. 

All  members  of  our  Society  are  urged  to  assist  in  the  nation- 
wide campaign  for  conservation  of  fuel.  They  can  do  this  in 
the  power  stations  over  which  they  have  control  by  teaching 
the  employes  better  methods,  and  by  careful  study  of  possi- 
bilities of  saving. 

Part  of  the  success  is  a  campaign  of  publicity.  We  have 
not  yet  waked  up  to  the  fact  that  only  by  sacrifice  and  saving 
can  we  serve  our  country  best.  Every  engineer  of  our  Society, 
and  of  other  Societies  as  well,  should  be  prepared  to  speak  on 
saving,  and  they  should  offer  themselves  wherever  the  oppor- 
tunity arrives.  This  is  one  form  of  service  that  may  be  ex- 
tremely useful. 

The  members  of  The  American  Society  of  Mechanical  Engi- 
neers aiff  well  fitted  by  technical  knowledge  to  speak  on  coal 
conservation,  and  they  ought  to  be  ready  to  speak  in  such  a 
way  that  the  general  public  can  understand.  In  the  campaign 
of  publicity,  the  fuel  administration  will  consult  the  Bureau 
of  Mines,  and  will  strive  to  make  all  leaflets  and  posters  sent 
out  technically  correct.  Any  member  of  our  Society  who  is 
not  drawn  into  the  Army,  and  who  desires  to  assist  in  fuel 
conservation,  would  do  well  to  write  Prof.  0.  P.  Hood,  of  the 
Bureau  of  Mines,  Washington,  volunteering  to  serve  in  some 
way  at  home,  especially  in  teaching  how  to  use  coal  and  wood 
with  economy. 

It  may  be  that  in  some  parts  of  the  country  their  services 
will  not  be  needed;  at  the  same  time  we  all  ought  to  be  ready 
to  do  our  part  wherever  we  are.  Doubtless  some  method  will 
be  found  for  organizing  a  speaking  campaign,  whether  under 
the  Bureau  of  Mines,  through  the  Chambers  of  Commerce,  or 
directly  by  the  Fuel  Administratioon.  Professor  Hood  will 
be  able  to  supply  information  on  the  subject,  and  will  let  our 
members  who  volunteer  for  speaking  know  definitely  where 
to  apply.  This  war  calls  for  sacrifice  on  every  one's  part,  and 
for  the  present  we  must  all  be  prepared  to  volunteer  our  serv- 
ices without  pay;  later,  methods  may  be  found  to  pay  engi- 
neers who  give  all  of  their  time  to  the  home  campaign  for 
saving. 

Yours  very  truly, 

Ira  N.  Hollis,  President. 


CANDIDATES  FOR  MEMBERSHIP 

TO  BE  VOTED  ON  AFTER  JANUARY  10,  1918 


BELOW  is  the  list  of  eandidates  who  have  filed  applications 
for  membershij)  since  the  date  of  the  last  issue  of  The 
Journal.  These  are  classified  according  to  the  grades  for 
which  their  ages  qualify  them,  and  not  with  regard  to  profes- 
sional qualifications,  i.e.,  the  ages  of  those  under  the  first  head- 
ing place  them  iinder  either  Member,  Associate  or  Associate- 
Member,  those  in  the  next  class  under  Associate  or  Associate- 
Member,  those  in  the  third  class  under  Associate-Member  or 
Junior,  and  those  in  the  fourth  under  Junior  grade  only.  Ap- 
plications for  change  of  grading  are  also  jiosted. 


The  Membersliip  Committee,  and  in  turn  the  Council,  urge 
the  members  to  scrutinize  this  list  with  care  and  advise  the 
Secretary  promptly  of  any  objections  to  the  candidates  posted. 
All  correspondence  in  this  regard  is  strictly  confidential.  Un- 
less objection  is  made  to  any  of  the  candidates  by  January 
10,  1918,  and  providing  satisfactory  replies  have  been  received 
from  the  required  number  of  references,  they  will  be  balloted 
upon  by  the  Council.  Those  elected  will  be  notified  about 
February  15,  1918. 

The  total  of  new  ajiplications  since  January  1  is  1633. 


NOTE.     The  Council  desires  to  impress  upon    applicants   for  membership    that   under   the  present 
national  conditions  the  procedure  of  election  of  me  mbers  may  be  slower  than  under  normal  conditions. 


NEW   APPLICATIONS 

FOB   CON.SIDERATION    .\S    MEMBER,   ASSOOI.ATE    OR   ASf^OCI.\TE-MEMFEU 


Colorado 

KIENK.S,   George   W..  Assistant  Cbief   Engineer. 
Great  Western  Sugar  Co.. 


Denver 


Connecttcut 

RYAN.  E.  F.,  Factory  Superintendent. 

Remington  Arms  U.  M.  C.  Co..  Bridgeport 

TOMLINSON,  William  R.,  2nd  Vice-President  and  Factory  Man- 
ager, Billings  &  Spencer  Co.,  Hartford 

TRU.iX,  WiLLi.iii    II..   Employment   Manager. 

The  Yale  &  Towne  Mfg.  Co.,  Stamford 

W.VRDWELL,  Geouge  W.,  Chief  Draftsman. 

Norwalk  Iron  Works  Co.,  South   Norwalk 

District  of  Columbia 

KLONOWER.  Arthur  A.,  Mechanical  Engineer. 

Bureau  Yards  &  Docks.  Washington 

Florida 

GREENE,  Henry  F.,  Assistant  Manager, 

Coronet  Phosphate  Co.,  Plant  CltT 

Illinois 

BACHMAN,  Chakles  L.,  1st  Lieutenant. 

U.  S.  Engineers  Reserve  Corps,  Chicago 

MOWRY',   Harry   W.,  Standardization  Engineer, 

Western  Electric  Co.  Inc..  Chicago 

PEEBLES.  .r.vME.s  C,  Assistant  Professor. 

.\rniour  Institute  of  Technology.  Chicago 

SCHOLES.  D.   R.,  Vice-President  and  General    Superintendent, 

Ilinois   Malleable  Iron   Co..  Chicago 

WESTERBERG,  Alfred  E.,  Field  Manager,  Appraisal  Work, 

Coates  &  Burchard  Co..  Chicago 

Kansas 

JOHX.SON.  Charles  E.,  Engineer. 

The  Diamond,  Osage  &  Ajax  Gasoline  Cos.,  Kansas  City 

Maine 

JACKSON,   Lawrence  B.,  Mechanical   Engineer. 

The  Texas   Steamship   Co..  Bath 

Massac  tinsetts 

BREKENFELD,  Jacob  C,  Assistant  Superintendent  Shops, 

N.  v..  X.  II.  &  II.  R.   K..  Keadville 

HINCKLEY,  Frank  C,  State  Inspector  of  Boilers  and  Examiner 

of  Engines.  The  Commonwealth  of  Mass..  Spriugliekl 
TOWNE.   Joseph    M.,   Vice-President, 

National  Blank  Book  Co.,  Holyoke 
WATERHOUSE.  Ezra  P.,  Envelope  Manufacturer. 

Worcester  Envelope  Co.,  Worcester 

Michigan 

STEERE.  FRAXK  W.,  Vice-President  and  General  Manager, 

Steere  Engineering  Co..  Detroit 


New   York 

ACHESON.    Edward    G.,    President. 
Acheson  Cori).. 


New  York 


iii;.\Y.  James  H..  Metallurgical  Engineer.  New  Y'ork. 

KEMBLE.  Thomas   S.,   Assistant  Engineer, 

Jlotor  Division.  Curtiss  Aeroplane  »&  Motor  Corp.,  Buffalo 

LUKE,  JiiHX  D..  Chief  Draftsman  and  Tool  Designer. 

Remington  Typewriter  Works,  Ilion 

MILLER,  Samuel  W..  Proprietor, 

Rochester  Welding  Works,  Rochester 

R.VCHALS,   Walter,   Assistant    Chief  Engineer, 

United  States  Steel  Corp..  New  Y'ork 

SCHEIN.  Alexander,  Assistant  Chief  Engineer. 

Tlie  Sperry  Gyroscope  Co..  Brtioklyn 

WEMYSS.  Duncan,  Superintendent  Steel  Factory, 

LDirary   Bureau,  Ilion 

Z.VMBONI,    Lawrence,    Consulting   Mechanical    Engineer, 

New  Y'ork 
Ohio 

CARROLL,   Emil    J.,    Electrical    Engineer, 

American  Laundry  Machinery  Co.,  Norwood 

NORMAN,  Carl  A.,  Professor  Machine  Design, 

Ohio  State  University,  Columbus 

Pennsylvania 

BENNETT,  William  B.,  Production  Engineer, 

Union  Steel  Casting  Co.,  Pittsburgh 

CANBY,  W.  p.,  Engineer  of  Tests, 

Parkersl)urg  Iron  Co..  Parkersburg 

DONLEY.  William  (i..  Engineer, 

The  Barrett  Co.,  Franktord,  Philadelphia 

-MORGAN.  James   L..   Resident  Engineer. 

Bayer  Steam  Soot  Blower  Co.  of  St.  Louis.  Philadelphia 

PATTERSON.   Thom    s    S..   .\ssistant   Professor  Mechanics, 

Pennsylvania   State  College,  State  College 


Tennessee 

W.VTERMAN.  J.   S.,  General   Manager, 
William  J.  Oliver  Mfg.  Co., 


Knoxville 


Australia 

FORD,  .\RTUHR  S.,  Chief  Designer,  Commonwealth  Small 

Arms  Factory,  Lithgow,  New  South  Wale; 


Canada 

BERLINER.  Edgar  M..  Director, 
Berliner  Gramophone  Co.,  Ltd., 

England 

POYNOR.  Frederick  W..  Chief  Engineer. 
R.  Martens  &  Co.  Ltd.. 


Montreal 


London.  E.  C. 


FOR    consideration    AS     ASSOCIATE    OR     ASSOCIATE-MEMBER 

Delan-are 

QUERISPEL.   FRED  J..  Chief  Draftsman. 

Electric  Furnace  Corp..  Philadelphia 

New  York 

BISHOP.  Ernest  W.,  Engineer. 

Manual  Apparatus  Div..  Western  Electric  Co.  Inc..         New  York 


Ohio 


RICHARDSON,  Thomas  B.,  Turbine  Construction  Foreman, 

General  Electric  Co.,  Cincinnati 
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FOK    CONSIDERATION    AS    ASSOCIATE-MEMBER    OR    JINIOB 

Calif  omlA 

DE  FKEMEIiV,  IIOXALD.  Structural  Steol  luspeitnr, 

California  &  Hawaiian  Sugar  Refining  Co.,  San  Francisco 


PROMOTION    FROM    JfNIOR 


Illtnola 


BIGELOW.  Carle  M.,  Chief  Engineer, 
Cooley  &  Marvin  Co., 


Chicago 


Colorado 

SELINDH,  Herbert  S.,  Mechanical   Engineer, 
Holly   Sugar  Corp., 

'Georgia 

PLEMINO,  William  P.,  Jr.,  .Assistant  Engineer, 
J.  S.  Scbofleld's  Sons  Co., 

Illinois 

KROEI'LIN,  William  A.,   Secretary, 
Sheet  Metal  &  Conveyor  Co.. 

Ohio 


Swink 


Macon 


Chicago 


BECK,  Charles  E.,  District  Sales  Manager, 

De  La  Vergne  Machine  Co.,  Kansas  City 


DAWSON,  Maynard  S.,  Draftsman,  The  Woodard  Machine  Co., 

Wooster 

for    consideration    as    JUNIOR 

Connecticut 

CARTMELL,  Nathaniel  M.,  Industrial  Engineer's  Staff, 

Winchester  Repeating  Arms  Co.,  New  Haven 

LAZARUS,  George  H.,  Department  Engineer. 

Remington  .\rniory,  Bridgeport 

PALATINE,   Renard  L.,   Instructor, 

Continuation    School,  Waterbury 

PORTER,  Raymond  E.,  Designer  and  Draftsman, 

The  Lake  Torpedo  Boat  Co.,  Bridgeport 

Illinois 

MINKEMA,  William   H.,  Assistant  to  Production  Manager, 

The  Whitman  &  Barnes  Mfg.   Co.,  Chicago 

Xoulsiana 

GIACOMINO,  Joseph  L.,  Production  Engineer, 

Fylton  Bag  &  Cotton  Mills,  New  Orleans 

JUaryland 

SPICER.   George  W.,   Designing  Draftsman, 
Bethlehem  Steel  Co., 


Jlassachusetts 

FLEWELLING.  Milton   F.,  Jr.,  Chief  Draftsman. 

Ashton   Valve  Co., 
GOULD,  Harold  I.,  Draftsman, 

Morgan  Construction  Co., 


Sparrows  Point 

Cambridge 
Worcester 


2few    York 

BROWNELL.   Frederick   J.,   Engineer, 

Western  Electric  Co.,  Nejv  York 

HENNINGSON,   Louis   A.,   Designer  and   Estimator,   Maintenance 

Department,  American  Locomotive  Co.,  Schenectady 

ISEXBERG,   Martens  H.,  Erecting  Engineer, 

Coml>ustion   Engineering  Corp.,  New   York 

MORSE,  Everett  R.,  1st  Lieutenant  Ordnance  Department. 

_U.   S.  A.,  Ithaca 

REBER,  James  B.,  Superintendent, 

Columbian   Rope   Co.,  Auburn 

RIXMANN,   Christie,   Installation   Div., 

De  La  Vergne  Machine  Co.,  New  York 

SCHENKER,  Abraham  W.,  Designer, 

L:i\\'rance  Aero  Engine  Corp.,  New   York 

YOUNGBLUTII,  R.  O.,  Managing  Engineer, 

Architectural  Dept.,  American   Radiator  Co.,  New   York 

Ohio 

•MILKEY,  Lester  E.,  Field  Engineer  and  Assistant  Sales  Manager, 
The  Sandusky  Foundry  &  Machine  Co.,  Sandusky 

JPenns^lvanla 

CROWLEY,  Henry  L„  Production  Engineer,  No.  4  Shop, 

Bethlehem  Steel  Co.,  South  Bethlehem 

WIK.\N,  Cornel,  Designer, 

Pittsburgh  Steel  Products  Co.,  Monessen 

APPLICATIONS  FOE  CHANGE  OF  GRADING 

PROMOTION    FROM    ASSOCIATE    MEMBER 

JIIas6achu8ettH 

COE,  Harry  L.,  Vice-President, 

Harpham,  Barnes,  Stevenson  &  Coe,  Boston 


New  Jersey 

SCHMIDT,   Francis   W.,   Assistant   Engineer, 
.\mprican  Agricultural  Chemical  Co., 


Carteret 


New  York 

TOWNSEND,  .\LBERT  C,  Associate  with  II.  R.  Geiger,       New  York 

Ohio 

RODGERS,   Horace   P.,   District    Sales   Manager, 

Steam  Equipment  Mfg.  Co.,  Cleveland 

Rhode  Island 

HALL,  James  A.,  Assistant  Professor  of  Mechanical 

Engineering,  Brown  University,  ProTldence 

REINSTATEMENT    AND    PROMOTION     FROM     JUNIOR 

New  York 

NOLDE,   Fred,  Chief  Engineer  and  Manager, 

Ice  Machine  Dept.,  De  La  .Vergne  Machine  Co.,  New  York 


NECROLOGY 

GEORGE  SMITH  RIDER 

George  S.  Rider  was  born  in  Providence,  R.  I.,  on  May  4, 
1858.  Upon  leaving  college  he  served  an  apprenticeship  with 
the  Brown  &  ShaqDe  Manufacturing  Co.  in  Providence,  and 
then  spent  a  number  of  years  in  their  shops.  Later  he  trav- 
eled abroad  extensively,  and  upon  his  return  he  became  con- 
nected with  the  Warner  &  Swasey  Co.  at  the  time  of  the  con- 
struction of  the  Lick  telescope. 

Mr.  Rider's  next  position  was  with  the  Cummer  Engine 
Co.,  from  which  he  resigned  to  become  an  instructor  in  draw- 
ing and  machine  work  in  the  University  School  of  Cleveland, 
where  he  remained  for  about  twelve  years. 

During  these  years  at  the  University  School  Mr.  Rider  also 
carried  on  a  private  business  as  a  consulting  engineer,  which 
in  later  years  developed  into  the  firm  of  George  S.  Rider  & 
Co.,  consulting  and  designing  engineers,  of  Cleveland,  Ohio. 
He  was  the  senior  member  of  this  firm  up  to  the  time  of  his 
death — a  period  of  about  fifteen  years,  during  which  time  he 
designed  many  large  and  imjTortant  power  and  industrial 
plants  in  that  part  of  the  country. 

He  was  a  member  of  The  Franklin  Institute  of  Philadelphia, 
the  Cleveland  Engineering  Society,  and  the  Cleveland  Cham- 
ber of  Commerce. 

Mr.  Rider  became  a  member  of  the  Society  in  1900.  He 
died  on  September  11,  1917. 


WILLIAM  THOMPSON  ILER,  JR. 

William  T.  Her,  Jr.,  was  born  in  New  York  on  June  23, 
1892.  He  was  educated  in  the  public  schools  of  the  city  and 
was  graduated  from  the  Stuyvesant  High  School.  In  June 
1915  he  received  his  degree  in  mechanical  engineering  from 
New  York  University. 

During  the  summer  of  1913  he  worked  under  the  Heights 
of  Buildings  Commission  in  New  York  as  engineering  drafts- 
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man,  and  in  the  following  summer  served  as  rodman  and  as- 
sistant topographical  draftsman  in  the  Department  of  Public 
Works  in  New  York.  He  obtained  his  shop  experience  in  the 
shops  of  H.  W.  Johns-Manville  &  Co.,  Bound  Brook,  N.  J. 


William  T.  Iler,  Jr. 


Later  he  became  assistant  juinor  engineer  with  Gunn,  Richards 
&  Co.  in  Utica,  N.  Y.  At  the  time  of  his  death  he  was  holding 
the  position  of  assistant  manager  of  the  Sloeum,  Avram  & 
Slocum  Laboratories,  N.  Y. 

He  became  a  Junior  of  the  Society  in  1916.     He  died  on 
October  18,  1917. 


GEORGE  E.  SCARFE 

George  E.  Scarfe  was  bom  in  London,  England,  in  Novem- 
ber, 1886.  He  received  his  education  in  the  London  grammar 
schools,  and  when  still  very  young  started  to  learn  his  trade 
by  becoming  a  machinist's  helper. 

His  bent  was  toward  electrical  science,  and  in  1890  he  ac- 
cepted a  position  as  engineer  with  an  electric  lighting  com- 
pany in  New  York.  He  resigned  in  1892  to  become  associated 
with  the  Western  Electric  Co.,  in  whose  employ  he  was  sent 
to  San  Miguel,  San  Salvador,  Central  America,  as  assistant 
engineer  of  construction  on  an  electric-light  plant  there.  Sub- 
sequently Mr.  Scarfe  held  the  positions  of  chief  engineer  of 
the  Towanda  Electric  Lighting  Co.,  and  construction  engineer 
of  the  Warren  Manufacturing  Co.,  Sandusky,  Ohio. 

In  1900  he  became  associated  with  the  Pacific  Gas  and  Elec- 
tric Co.  in  its  Nevada  division  in  charge  of  the  power  plant, 
and  in  1904  became  manager  of  the  South  Yuba  Water  Co. 
Mr.  Scarfe's  ability  was  evidenced  not  only  in  the  immediate 
work  of  the  company,  but  as  a  consulting  engineer  for  the 
large  gold-mining  companies  of  that  region. 

After  several  years'  connection  with  the  Pacific  Gas  and 
Electric  Co.,  Mr.  Scarfe  was  appointed  to  the  ofHee  of  district 
superintendent,  which  position  he  held  till  April,  1916,  resign- 
ing to  enter  the  private  practice  of  electric  and  mechanical 
engineering,  when   he  acted   as  consulting   engineer  for  the 


Pacific  Gas  and  Electric  Co.,  Empire  Mines  Co.,  Pittsburgh 
Mines,  South  Eureka  Mines,  and  a  number  of  others. 

He  was  an  associate  member  of  the  American  Institute  of 
Electrical  Engineers.  He  became  a  member  of  the  Society  in 
1916.  He  died  at  his  home  in  Nevada  City  on  August  24,. 
1917. 

SVERRE  TRUMPY 

Sverre  Trumpy  was  born  in  Bergen,  Norway,  in  January 
1882.  He  was  educated  in  a  Gennan  pieparatory  school  and 
received  the  degree  of  B.M.E.  in  1903  from  the  Royal  Tech- 
nical University,  Berlin. 

During  his  coUege  course,  from  1899  to  1903,  he  served  his 
apprenticeship  with  the  Accumulatoren  Fabrik  Aktiengesell- 
schaft,  Hagen,  Westphalia.  Upon  graduation  he  accepted  the 
position  of  assistant  superintendent  of  the  municipal  electrie 
plant,  Bergen,  Norway.  His  next  position  was  with  the  Fort 
Wayne  Electric  Works  of  the  General  Electric  Co.,  Madison, 
Wis.,  as  machinist.  In  1904  he  became  associated  with  the 
Gisholt  Machine  Co.  in  Madison  as  draftsman,  and  in  1906 
was  made  chief  draftsman  of  the  vertical  boring-mill  depart- 
ment. In  1911  he  was  placed  in  charge  of  the  engineering 
department  and  the  drafting  room. 

Mr.  Trumpy  became  a  member  of  the  Society  in  1913.  He 
died  at  his  home  in  Madison,  October  17,  1917. 

THOMAS  C.  WALKER 

Thomas  C.  Walker  was  bom  in  England  in  1859.  He  waa 
educated  in  the  public  schools  there,  and  it  was  there  also 
that  he  served  his  apprenticeship  in  machine  work  and  tool 
making.  He  gained  his  shop  experience  with  the  Birmingham 
Small  Arms  Co. 

For  four  years  he  was  in  charge  of  the  machinery  for  the- 


George  E.  Scarfe 

Carbon  Mill  in  Colorado.  He  was  also  associated  for  about 
four  years  with  the  Denver  &  Rio  Grande  Railroad  Co.  At 
the  time  of  his  death  he  was  president  of  the  Walker  Manu- 
facturing Co.,  Denver,  Col. 

He  became  a  member  of  the  Society  in  1891.     He  died  on 
February  13,  1917. 


AMONG  THE   SECTIONS 


FOUR  signal  events  this  year  will  go  down  in  the  history 
of  the  Sections  as  marked  developments  in  this  activity. 
The  first  is  the  new  By-Laws  which  w-ere  approved  at  the 
Council  meeting  in  October  and  published  in  the  November 
issue  of  The  Journal.  The  second  is  the  Sections  Session 
to  be  held  at  the  forthcoming  Annual  Meeting.  The  third 
is  the  development  of  the  first  State  Section — Connecticut — 
with  five  Branches,  at  Bridgeport,  Hartford,  Meriden,  New 
Haven  and  Waterbury.  The  fourth  innovation  is  the  hold- 
ing of  meetings  of  the  Committee  on  Sections  in  the  various 
cities  where  Sections  are  established;  such  meetings  have  re- 
cently been  held  with  marked  success  at  St.  Louis,  Milwaukee, 
Chicago  and  Detroit. 

The  Sections  Session,  which  'Vidll  be  held  on  Thursday  morn- 
ing of  the  convention,  represents  the  first  time  that  the  Ses- 
sion of  a  general  meeting  has  been  given  over  to  the  dis- 
cussion of  Sections'  matters.  This  Session  will  be  in  charge 
of  the  Committee  on  Sections  and  Mr.  D.  Robert  Yarnall  will 
preside.  Three-minute  talks  will  be  given  by  delegates  from 
each  of  the  Sections,  followed  by  general  discussion. 

The  Committee  on  Meetings  and  the  Committee  on  Sections 
decided  to  hold  this  Session  to  discuss  ways  and  means  of 
increasing  the  cooperation  and  cohesion  of  the  Section  ele- 
ments at  this  period  of  the  Sections'  development.  There  are 
many  vital  topics  to  be  considered  and  it  is  hoped  that  the 
discussion  will  be  fruitful  and  will  guide  this  activity  of  the 
Society  into  the  way  of  accomplishing  big  things,  not  only 
for  the  engineering  profession  but  for  the  public  at  large. 


The  phases  of  the  Sections'  work  are  manifold.  In  each 
center  in  which  Sections  are  established,  opportunities  for 
service  arise  at  every  turn.  The  new  Sections'  By-Laws 
govern  the  activities  of  each  Section  only  to  the  extent  of 
ensuring  that  its  procedure  is  in  conformity  with  the  Con- 
stitution of  the  Society;  they  leave  the  Section  free  to  carry 
out  the  details  of  its  cooperative  work  with  other  societies' 
sections  and  with  the  local  organizations  and  the  public. 

In  addition  to  the  talks  they  will  give  at  the  Sections' 
Session,  the  delegates  will  come  into  personal  contact  with 
the  Council  and  with  the  management  of  the  Society  at  the 
convention,  and  will  thus  have  opportunity  for  familiariz- 
ing themselves  particularly  with  the  parent  Society's  attitude 
towards  its  branch  organizations.  This  is  an  important 
essential,  for  the  individual  Section  members  should  under- 
stand clearly  in  just  what  relation  they  stand  to  the  parent 
Society,  and  by  such  understanding  they  will  be  able  to 
derive  the  greatest  benefit  for  themselves  and  to  perform  the 
most  good  for  their  fellow  Section  members  and  for  the 
membership  of  the  Society  at  large. 

Other  Section  activities  at  the  Annual  Meeting  will  include 
"  experience  meetings  "  held  by  delegates,  in  which  each  dele- 
gate will  outline  what  his  Section  has  accomplished  during 
the  year;  the  Sections'  Luncheon,  which  will  be  held  this  year 
at  the  Engineers'  Club,  32  West  40th  Street,  New  York,  on 
Tuesday,  December  4,  at  12 :30  p.m.,  and  the  usual  in- 
formal meetings  of  Sections'  delegates  with  the  Committee  on 
Sections. 


THE   PRESIDENT'S  TRIP 


IN  the  following  letter  to  Mr.  Rice,  Dr.  Hollis  conveys 
the  impressions  of  his  recent  trip  to  the  Pacific  Coast  Sec- 
tions. The  President  was  very  much  struck  by  the  spirit  of 
self-sacrifice  he  found  everywhere  among  the  engineers — 
everyone  wanting  to  serve  his  country. 

Mt  Dear  Mr.  Rice  : 

I  left  Washington  on  the  evening  of  October  15  and  had  dinner 
in  St.  Louis  on  the  following  evening  with  the  Executive  Committee 
of  our  society  in  that  center. 

Then  I  went  to  El  Paso,  arriving  on  the  afternoon  of  October  18, 
and  made  an  address  to  the  Southwestern  Society  of  Engineers  dur- 
ing the  evening,  on  the  subject  of  The  Engineer  and  the  War.  There 
were  present  all  of  the  members  who  could  get  to  EI  Paso,  and  a 
general  audience  of  citizens.  On  the  nineteenth  the  entire  mem- 
bership made  an  Inspection  of  the  engineers'  camp  on  the  Rio 
Grande,  not  far  from  El  Paso,  and  in  the  evening  there  was  a 
dinner. 

I  arrived  in  Los  Angeles  in  the  very  early  morning  of  the  twenty- 
first  and  there  made  two  addresses.  The  first  was  before  the  en- 
gineers of  Southern  California,  and  about  250  were  present,  repre- 
senting all  of  the  engineering  societies ;  the  subject  was  again  The 
Engineer  and  the  War.  At  Throop  Institute  I  addressed  the  entire 
body  of  students.  This  institute  is  In  Pasadena  and  will  become  the 
same  kind  of  institution  that  the  Rensselaer  Polytechnic  Institute 
at  Troy  is. 

I  reached  San  Francisco  on  the  evening  of  the  twenty-fourth  and 
met  the  engineers  representing  all  societies  at  dinner  on  the  follow- 
ing evening.  About  250  were  present,  and  the  subject  was  The 
Moral  Influence  of  Engineering  Efficiency.  On  the  twenty-sixth  I 
vLsited  the  University  of  California,  but  did  not  meet  the  students 
as  I  went  there  to  see  the  instruction  in  aviation.     On  the  twenty- 


eighth  I  met  a  number  of  the  members  of  our  society  in  Portland, 
Ore.,  and  had  dinner  with  them. 

On  the  evening  of  the  twenty-ninth  I  had  dinner  in  Seattle  with 
all  of  the  societies  represented  in  that  city.  There  were  something 
under  100  present. 

On  the  thirty-first  I  left  for  home  on  the  Canadian  Pacific  and 
arrived  on   Monday,   November  5. 

The  strong  impression  I  received  from  this  trip  was  the  spirit  of 
self-sacrifice  amongst  the  engineers,  every  one  of  whom  wants  to 
.serve  the  country  in  some  capacity.  In  Southern  California  and 
Arizona  alone  250  engineers  have  already  gone  into  the  Engineer 
Corps  of  the  Army,  and  there  was  not  a  single  discordant  note  in 
connection  with  the  requests  for  opportunities  to  serve. 

The  only  symptom  that  was  at  all  disturbing  to  an  American 
citizen  was  the  evident  lack  of  information  on  the  meaning  of  this 
war.  While  all  were  willing  to  serve,  a  great  many  seemed  slow  to 
understand  the  sacrifice  that  this  great  struggle  is  going  to  demand 
of  all  of  us. 

Another  thing  that  impressed  me  was  the  value  to  the  engineer- 
ing societies  of  more  frequent  communication  with  the  West.  I  be- 
lieve the  four  engineering  societies  ought  to  unite  to  provide  just 
such  visits  as  this  every  year  to  ensure  the  Coast  being  kept  in  com- 
plete touch  with  what  we  all  want  to  do. 

(Signed)      Ira  N.  Hollis. 

On  his  way  out  to  the  Coast  Dr.  Hollis  attended  a  con- 
ference at  the  U.  S.  Chamber  of  Commerce,  at  Washington, 
on  the  coal  question,  and  offered  (he  services  of  the  Engineer- 
ing Council  in  connection  with  the  campaign  for  the  conserva- 
tion of  fuel.  During  this  conference  he.  Professor  Brecken- 
ridge  and  Mr.  Lieb  were  added  to  the  Chamber  of  Commerce 
Committee  on  Fuel. 


1019 


SECTIONS'   COMMITTEE   VISIT 

Committee  on  Sections  at  St.  Louis,  Milwaukee,  Chicago  and    Detroit,  October  22  to  25 


THE  members  of  the  Committee  on  Sections  feel  that  a 
great  deal  was  aceomijlished  by  their  recent  trip  to  four  of 
the  Sections  located  in  the  Middle  West,  and  the  opinions 
which  have  been  expressed  by  the  officers  of  the  respective 
Sections  visited  are  indicative  of  their  appreciation  of  the 
recognition  shown  them. 

The  following  members  of  the  Sections  Committee  made 
the  trip :  D.  Robert  Yarnall,  Chairman,  L.  C.  Marburg, 
Prof.  Walter  Rautenstrauch,  Dean  Charles  Russ  Richards. 
Ernest  Hartford,  Secretary  to  the  Sections  Committee,  ac- 
companied the  party.  The  only  member  of  the  Committee 
unable  to  be  present  wa.s  Major  E.  H.  Whitlock,  whose  woik 
for  the  Government  made  it  impossible  for  him  to  obtain  a 
leave  of  absence. 

The  party  arrived  at  St.  Louis  on  October  22  and  was 
met  at  the  station  by  the  Executive  Committee  of  the  St. 
Louis  Section.  A  visit  was  made  to  the  Ashley  Street  Power 
Station  of  the  Union  Electric  Light  and  Power  Co.,  where 
the  operations  involving  the  change  from  the  old  reciprocat- 
ing units  to  the  new  20,000  kw.  turbines  were  demonstrated 
to  the  party. 

The  St.  Louis  members  turned  out  to  the  number  of  over 
sixty  to  the  supper  which  was  followed  by  a  paper  on  the 
developments  at  the  Ashley  Street  Power  Station,  presented 
by  Mr.  John  Hunter,  Vice-President-elect.  Then  the  visitors 
each  spoke  outlining  their  work  in  the  interest  of  the  Sec- 
tions, the  manner  in  which  Sections  may  cooperate  in  making 
The  Journal  the  leading  publication  of  its  kind  and  sugges- 
tions for  cooperation  between  Sections  and  the  vital  work 
of  the  Research  Committee. 

On   the   following   day   the    Committee   reached   Milwaukee, 


visited  the  [dant  of  the  Allis-Chalmers  Company,  and  later 
had  supper  and  discussed  section  matters  with  members  of 
the  Milwaukee  Section.  At  this  meeting  a  movement  was 
started  to  develop  the  membership  and  scope  of  the  Mil- 
waukee Engineering  Society  with  which  the  A.S.M.E.  Sec- 
tion is  atfiliated. 

The  Chicago  Section  was  next  visited  and  a  supper  meet- 
ing held  at  the  Hotel  La  Salle,  at  which  were  present  about 
twenty-five  of  the  active  members  of  the  Chicago  Section. 
At  this  meeting  plans  were  laid  in  the  direction  of  securing 
close  cooperation  of  the  A.S.M.E.  Section  with  the  West- 
em  Society  of  Engineers,  the  Chicago  Engineers'  Club  and 
the  other  engineering  organizations  of  the  city. 

On  the  fourth  successive  day  the  Committee  were  guests 
of  a  Section,  this  time  the  A.S.M.E.  organization  in  Detroit. 
The  local  committee  met  the  visitors  at  the  train  and  con- 
ducted them  during  the  day  to  a  number  of  plants  where 
a  more  intimate  acquaintance  was  obtained  with  the  local 
conditions  and  the  individual  leaders  in  the  engineering  pro- 
fession in  Detroit.  In  the  evening  a  dinner  was  held  at  the 
Chamber  of  Commerce,  about  sixty  being  present.  Professor 
Rautenstrauch  presented  a  paper  on  the  Relation  of  the 
Engineer  to  Finance,  and  Dean  Richards  told  of  the  research 
work  being  carried  on  at  the  Experiment  Station  of  the 
University  of  Illinois.  The  meeting  voted  unanimously  to 
invite  the  Society  to  hold  its  1919  Spring  Meeting  at  Detroit. 
All  the  week's  activities  were  productive  of  much  that  should 
materially  enhance  the  value  of  membership  to  those  located 
not  only  in  the  four  Sections  visited,  b\it  to  the  entire  Society. 

D.  Robert  Yarnall, 
Chairman,  Committee  on  Sections. 


CONNECTICUT  SECTION  INITIAL  MEETING 


THE  lirst  meeting  held  under  the  auspices  of  the  new  Con- 
necticut Section  was  held  at  New  Haven  on  November  14. 
There  were  two  sessions,  both  devoted  to  the  subject  of  fuel 
conservation.  The  first  began  at  2.30  p.  m.  at  Lampson 
Lyceum,  Yale  University,  with  Mr.  Henry  B.  Sargent  in  the 
chair.     Over  150  were  in  attendance. 

At  the  outset  of  the  meeting,  Mr.  Sargent  outlined  the 
devch^pment  which  led  to  the  formation  of  the  Connecticut 
Section  with  its  five  branches  at  Bridgeport,  Hartford,  Meri- 
ilen,  New  Haven  and  Waterbury. 

Prof.  L.  P.  Breekenridge  presented  the  first  paper  on 
The  Problem  of  Coal  Conservation.  He  outlined  the  necessity 
of  coal  for  heat,  light  and  power,  and  by  means  of  a  series 
of  lantern  sUdes  ga\e  some  very  interesting  data  relative  to 
the  production  of  ^oal  throughout  the  world,  and  also,  in 
more  detail,  the  production  in  the  several  states  of  this  coun- 
try. The  distribution  of  coal  by  rail  and  water  were  shown 
generally  to  be  the  determining  factors  in  the  choice  of  coal 
used.  Charts  showed  the  percentage  of  coal  used  (a)  by 
states:  (b)  by  industries,  commerce,  in  homes  and  for  makins; 
steam;  (c)  pei*  capita  for  several  states,  and  (d)  in  relation 
to  manufactured  products. 

The  latest  available  data  on  coal  production  and  consump- 
tion is  for  the  years  1914  and  1915.    In  1914  of  the  1,800,000,- 


000  tons  produced  throughout  the  world,  about  600,000,000 
came  from  the  United  States.  Great  Britain  ranked  second 
and  Germany  third.  About  one-sixth  of  the  coal  produced 
in  the  United  States  is  anthracite,  but  the  statistics  show 
that  since  1880  the  production  of  hard  coal  has  never  reached 
100,000,000  tons.  During  the  same  period  the  production 
of  bituminous  coal  has  advanced  from  50,000,000  to  probably 
over  600,000,000  tons  this  year.  The  conclusion  drawn  by  the 
speaker  was  that  we  would  have  to  learn  to  burn  bituminous 
coal  in  our  homes. 

The  total  production  of  coal  in  the  United  States  from 
1906  to  1915  was  4,918,717,285  tons.  Of  this,  Pennsylvania, 
produced  all  of  the  antliracite  and  a  large  portion  of  the 
bituminous.  West  Virginia,  Illinois,  Ohio,  Kentucky  and 
Indiana  ranked  next  in  the  order  given  in  the  production 
of  bituminous  coal.  In  1915,  Pennsylvania  used  more  anthra- 
cite than  any  other  state,  New  York  ranking  next,  tlie  New 
England  States  third.     Three  million  tons  were  exported. 

The  railroads  used  122,000,000  tons  of  bituminous  coal 
in  1915,  and  the  use  by  states  was,  Pennsylvania  most, 
anil,  in  their  order,  Illinois,  Ohio,  the  New  England  States, 
and  New  York.  New  York  is  the  only  state  which  used 
more  anthracite  than  bituminous. 

The  use  of  coal  per  capita  in  the  Pacific  States  is  0.35  tons ; 
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in  New  York,  New  Jersey  and  Pennsylvania,  6.52  tons; 
in  Ohio,  Indiana,  Illinois  and  Michigan,  5.31  tons;  and  in 
the  New  England  States,  4.85  tons. 

Professor  Breekenridge's  paper  was  discussed  by  Professors 
Seward,  Perry,  and  Barker,  Messrs.  R.  J.  S.  Pigott  and  A.  J. 
German.  Mr.  T.  W.  Russell,  fuel  administrator  for  Connecti- 
cut, also  participated. 

The  following  suggestion  to  save  fuel  in  Connecticut  was 
made  by  Professor  Breckenridge  and  adopted  by  vote  of 
the  meeting: 

Voted,  That  the  Connecticut  Section  of  the  A.S.M.E.  in- 
struct the  chairmen  of  its  several  branches  to  name  a  committee 
on  fuel  saving  for  their  respective  localities. 

After  a  series  of  motion  pictures,  dinner  was  served  at 
the  Yale  Dining  Club,  at  six  o'clock. 

EVENING   SESSION 

The  evening  session  was  held  at  Mason  Laboratory,  Shef- 
field Scientific  School,  with  Mr.  J.  Arnold  Norcross  in  the 
chair. 

Mr.  0.  P.  Hood,  mechanical  engineer  of  the  Bureau  of 
Mines,  Washington,  D.  C,  described  briefly  the  scope  of 
the  Bureau's  work,  but  his  paper  generally  covered  the  sub- 
ject of  Fuel  Conservation  by  the  Bureau  of  Mines. 

Mr.  Hood  said  that  under  normal  conditions  the  Govern- 
ment buys  over  $8,000,000  worth  of  coal  annually.  The 
Bureau  has  been  making  war  on  waste  for  years  and  has 
tried  to  get  people  to  believe  what  they  knew  to  be  so.  Tlie 
Bureau  has  believed  that  educational  methods  were,  in  the  long 
run,  the  sane  methods  by  wliich  to  accomplish  fuel  conserva- 
tion, but  under  the  present  conditions  it  is  necessary  that 
power  also  be  used  to  compel  saving — and  at  the  same  time 
the  educational  campaign  must  be  speeded  up  and  carried 
on  on  a  magnitude  never  before  attempted.  In  view  of  the 
fact  that  only  about  20  per  cent  of  the  coal  mined  is  used 
for  domestic  purposes,  whereas  63  per  cent  is  used  in  the 
production  of  power,  it  is  through  those  persons  engaged  in 
the  latter  occupation  that  the  greatest  saving  can  be  most 
easily  secured. 

The  20  per  cent  used  for  domestic  purposes  is  han- 
dled by  about  20,000,000  persons  and  the  possible  saving- 
would  be  about  10  per  cent,  so  that  it  would  be  an  expensive 
proposition  to  attempt  to  reach  this  enormous  group  to  effect 
a  net  saving  of  2  per  cent  of  the  coal  mined.  On  the  other 
hand,  the  63  per  cent  used  for  power  purposes  passes  over 
the  shovels  of  not  over  a  quarter  of  a  million  firemen,  so  that 
it  is  in  this  direction  the  first  drive  for  conservation  should 
be  made.  Fuel  economy  is  an  art  and  must  be  taught  to  the 
man  at  the  furnace. 

The  coal  recently  mined  has  shown  by  analysis  from  14 
to  15  per  cent  ash,  as  against  about  8  per  cent  normally, 
showing  that  the  increased  production  of  coal  is  really  an 
increase  in  ash.  One  of  the  prominent  central-station  opera- 
tors recently  stated  that  this  additional  ash  has  cost  his  plant 
an  additional  20  T)er  cent  to  secure  the  same  production. 
This  faulty  condition  likewise  increases  the  number  of  coal 
<-ars  that  are  required  to  transport  this  additional  ash. 

In  its  experiments  the  Bureau  has  developed  that  it  is 
feasible  to  burn  soft  coal  for  heating  purposes  and  ob- 
tain practically  the  same  results  as  are  secured  by  the  use 
of  hard  coal. 

Mr.  Hood  pointed  out  that  investigation  in  the  conserva- 
tion of  fuel  soon  unearths  the  many  fallacies  that  are  in  cir- 
culation.    The  engineers  have  the  correct  technical  data  at 


hand  to  further  consistent  conservation  of  fuel,  and  the 
Bureau  of  Mines  is  cooperating  with  the  engineering  socie- 
ties and  other  organizations  in  order  to  give  such  organiza- 
tions the  benefit  of  its  service  in  having  facts  correctly  stated 
before  they  are  disseminated. 

Mr.  Hood  suggested  that  considerable  data  of  value  were 
contained  in  the  Bureau  of  Mines  technical  papers  Nos.  80,  97, 
137.  He  also  called  attention  to  a  pamphlet  about  to  be  issued 
of  interest  to  designers  of  boilers.  This  is  being  prepared 
by  Henry  Kreisinger,  Mem.Am.Soc.M.E. 

The  paper  was  discussed  by  Prof.  E.  H.  Lockwood,  Mr. 
Bromley,  associate  editor  of  Power;  Mr.  F.  0.  Wells,  and 
Professor  Breckenridge. 

The  meeting  closed  with  a  very  inspiring  address  by  Presi- 
dent Ira  N.  Hollis  on  the  part  the  engineer  is  destined  to 
play  in  the  service  to  mankind  in  the  twentieth  centui'y.  The 
audience  was  much  impressed  by  the  stirring  words  of  Dr. 
Hollis. 

SECTIONS  REPORTS 

BALTIMORE 

November  7.  The  first  meeting  of  the  season  was  held  at  the 
Engineers'  Club  and  the  following  discussions  were  presented : 
Evaporators,  by  William  L.  DeBaufre,  Mem.Am.Soc.M.E.,  me- 
chanical engineer,  U.  S.  Naval  Engineering  Experiment  Station, 
and  Considerations  in  Municipal  Ownership,  by  Prof.  A.  G. 
Christie,  Mem.Am.Soc.M.E.,  Johns  Hopkins  University. 

With  the  aid  of  lantern  slides,  Mr.  DeBaufre  first  described 
simple  evaporators  and  multiple-effect  evaporators.  He  said  that 
experiments  at  the  Naval  Experiment  Station  had  demonstrated 
that  increased  efficiency  could  be  secured  'by  reducing  the  amount 
of  tube  surface  in  former  standard  types  of  evaporators,  and 
that  the  rate  of  heat  transfer  had  been  thereby  increased  from 
250  B.t.u.  per  sq.  ft.  per  degree  difference  in  temperature  per 
hour  to  a  new  rate  of  900  to  1000  B.t.u.  Methods  of  handling 
had  also  been  developed  which  obviated  the  necessity  of  frequent 
cleaning  to  remove  scale. 

Mr.  DeBaufre  next  showed  a  new  form  of  evaporator  he  had 
developed  and  with  which  the  efficiency  of  a  triple  effect  could 
be  obtained  in  a  single  effect.  In  this  new  evaporator  a  por- 
tion of  the  vapor  leaving  the  evaporator  at  low  pressure  is  carried 
to  a  nozzle-type  ejector  which  receives  live  steam  through  a 
nozzle.  The  low-pressure  vapor  is  caught  up  by  the  high-velocity 
steam  from  the  nozzle  and  forced  into  a  diffuser  tube  in  which 
it  is  compressed  to  the  higher  pressure,  then  led  back  into  the 
evaporator  jackets  where  its  latent  heat  is  available  for  further 
evaporation.  Tests  were  presented  by  the  speaker  showing  the 
efficiency  of  the  apparatus,  and  diagrams  were  also  shown  which 
iOustrated  graphically  where  the  gains  occurred. 

In  the  discussion  that  followed,  one  of  the  speakers  pointed 
out  that  this  system  with  its  high  efficiency  should  prove  of 
value  to  power-plant  engineers  in  view  of  the  increasing  ten- 
dency toward  using  distilled  water  for  boiler  feed. 

Professor  Christie  compared  experiences  in  municipal  owner- 
ship of  public  utilities  of  cities  in  Canada  and  in  the  United 
States  and  outlined  the  conditions  that  have  tended  to  make 
the  Canadian  experiences  successful  and  the  American  ventures 
generally  failures.  Emphasis  was  laid  on  the  need  of  absolute 
separation  of  the  utility  from  politics  and  of  placing  its  con- 
trol under  a  single  trained  executive,  preferably  an  engineer. 
The  financial  problems  of  municipal  ownership  were  outlined  and 
discussed.  The  final  conclusion  was  that  political  conditions 
at  present  existing  in  the  United  States  did  not  appear  to  be 
favorable  to  the  adoption  of  municipal  control  of  utilities.  Private 
ownership  under  close  supervision  of  public  utility  commissions 
seemed  to  be  the  best  solution  of  the  problem. 

A.  G.  Christie, 

Section  Secretnry. 


BUFFALO 

Octoier  11.  Scientific  Research  was  the  subject  of  a  discussion 
by  Dr.  C.  E.  K.  Mees,  director  of  the  research  laboratory  of  the 
Eastman  Kodak  Co.,  at  a  meeting  of  the  society. 
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Dr.  Mees  said  that  the  Germans  who  have  accomplished  so 
much  in  the  way  of  scientific  research  are  not  geniuses  but 
simply  hard-working  men  who  accomplish  much  because  they 
are  numerically  large  and  have  fine  laboratory  organizations.  He 
considered  that  great  scientific  discoveries  are  simply  a  matter 
of  ability,  hard  work  and  luck,  and  that  it  is  just  as  possible 
to  speed  up  research  work  as  other  kinds.  The  more  men  at 
work  and  the  better  the  organization  of  the  laboratory,  the  more 
work  will  be  accomplished.  Today  is  the  day  of  standards, 
classifications,  grades,  brands  and  comparative  analytical  tests, 
he  said,  and  tomorrow  will  bring,  with  its  still  higher  standards 
and  more  exacting  tests,  synonyms  for  tremendously  accelerated 
competition. 

Dr.  Mees  illustrated  his  talk  with  stereoptican  views  of  modem 
laboratory  methods  and  equipment. 

The  Automotive  Section  of  the  Engineering  Society  of  Buffalo 
held  a  very  interesting  meeting  on  October  24,  at  which  Mr.  Otto 
M.  Burkhardt,  mathematical  research  engineer  of  the  Pierce- 
Arrow  Motor  Car  Co.,  read  a  paper  on  Crankshaft  Design.  Dis- 
cussion followed,  in  which  David  Fergusson  and  Ernest  Harris,  of 
the  Pierce  Company,  and  Forest  E.  Cardullo  and  Charles  M. 
Manley  of  the  Curtiss  Company  took  part.  In  the  course  of  his 
discussion  Mr.  Burkhardt  drew  the  following  striking  parallel : 

"  Three  groups  of  scientists  are  remarkably  interested  in  one 
and  the  same  problem,  i.e.,  the  problem  of  balancing. 

The  economist  is  seeking — The  balance  of  trade. 

The  statesman  is  eagerly  watching — The  balance  of  power. 

And  last  but  not  least,  the  engineer  is  developing  balanced  crank- 
shafts. 

(1)  If  balance  weights  are  attached  to  a  3  or  4-bearing  6-throw 
crankshaft,  its  running  at  high  speed  should  improve  remarkably 
because  considerable  centrifugal  forces  and  subsequent  transverse 
deflections  are  eliminated 

(2)  It  is  an  easy  matter  to  attach  weights  to  a  7-bearing 
6-throw  crankshaft.  This  will  not  improve  its  running  because 
there  is  practically  no  transverse  deflection  that  could  be  elimi- 
nated, and  the  main  bearings  are  less  favorably  loaded 

(3)  A  3  or  4-bearing  6-throw  crankshaft  if  properly  balanced 
will  not  be  much  lighter  (if  at  all)   than  a  7-bearing  shaft 

(4)  In  the  case  of  a  3  and  a  4-bearing  crankshaft,  an  intense 
torque  occurs  in  the  crankpin,  a  phenomenon  which  does  not  per- 
tain to  the  7-bearing  type  of  crankshaft 

The  subject  proved  very  timely  and  interesting  and  the  meeting 
was  well  attended. 

Louis  J.  Foley, 
Assistant  to  Section  Secretary. 


CONNECTICUT 

November  J). — The  first  meeting  held  under  the  auspices  of  the 
new  Connecticut  Section  was  held  in  New  Haven  on  November 
14.     A  full,  account  of  this  meeting  appears  on  page  1022. 

Henkt  B.  Saegent, 
State  Section  Chairman. 


CINCINNATI 

October  18.  The  Research  Laboratory  Applied  to  Industry 
was  the  subject  of  an  address  by  F.  O.  Clements  at  an  interesting 
meeting  of  the  Section.  The  speaker  described  how  for  some 
years  a  group  of  manufacturers  of  Dayton  have  been  looking 
forward  to  the  building  of  a  number  of  factories  surrounding 
a  research  laboratory  that  would  be  common  to  all  of  these  fac- 
tories. While  some  of  the  factories  were  being  erected,  war  was 
declared  and  the  purposes  for  which  these  factories  were  to  be 
used  were  changed.  One  of  the  factories  was  turned  over  to  the 
Dayton-Wright  Airplane  Co.,  although  it  had  originally  been 
intended  for  another  purpose.  The  research  laboratory  had  been 
intended  for  the  study  of  problems  connected  with  industry, 
and  its  purposes  were  somewhat  modified  by  the  declaration  of 
war.  However,  its  general  organization  had  been  pretty  care- 
fully thought  out,  and  a  laboratory  was  organized  about  six 
months  ago.  It  contains  a  group  of  enthusiastic  young  chemists 
and  engineers,  carefully  selected.  The  speaker  mentioned  some 
of  the  problems  that  had  come  up  for  solution  and  the  progress 
made  toward  their  solution.  Naturally,  many  of  the  problems 
that   are   being   studied    are   of   a   secret   nature,   and    cannot   be 


mentioned,  but  the  possibilities  of  such  a  research  laboratory 
were  discussed  at  some  length.  The  speaker  paid  a  tribute  to 
the  general  spirit  of  cooperation  which  prevails  in  the  city  of 
Dayton  and  which  made  such  a  research  laboratory  possible. 

John  T.  Faig, 

Section  Secretary. 

ERIE 

Noi^ember  13.  The  Engineers  Society  of  Northwestern  Penn- 
sylvania and  the  Local  Section  of  the  Society  held  a  joint  meeting 
at  the  Erie  Public  Library,  under  the  auspices  of  the  Local  Sec- 
tion of  the  Am.Soc.M.E.  An  illustrated  lecture  w.-.s  delivered 
by  H.  G.  Barnhurst,  chief  engineer  of  the  Fuller  Engineer- 
ing Co.,  Allentown,  Pa.,  on  Pulverized  Coal  and  Its  Future. 
The  subject  proved  to  be  of  considerable  interest,  as  the  present 
high  cost  of  petroleum  has  boosted  the  price  of  fuel  oil  to  a 
point  that  makes  discussion  of  available  substitutes  of  interest 
to  all  engineers.  Mr.  Barnhurst  is  unusually  qualified  to  speak 
on  this  subject,  as  he  has  been  closely  following  the  matter  for 
some  years,  and  has  supervised  the  installation  of  a  number 
of  large  plants. 

M.  W.  Sherwood, 

Section  Vice-Chairman. 

NEW     YORK 

November  IS.  The  November  meeting  of  the  Section  was  pre- 
ceded by  a  buffet  luncheon  at  which  over  80  were  present.  The 
Acquaintanceship  Committee  took  special  pains  to  welcome  new 
members  and  the  occasion  was  made  very  enjoyable  for  all  present. 

Mr.  Maxwell  W.  Upson  presented  the  paper  of  the  evening  on 
"  Concrete  Piling."  Mr.  Upson  spoke  at  the  outset  on  some  of  the 
problems  involved  in  overcoming  the  difficulties  met  with  in  supply- 
ing special  equipment  of  this  character.  He  then  gave  a  detailed, 
illustrated  description  of  the  Raymond  concrete  pile,  a  new  devel- 
opment which  has  never  been  used  to  any  commercial  extent  before. 
This  pile  is  a  compcsite  pile,  the  lower  part  being  of  wood  and  the 
upper  of  concrete.  The  special  advantage  of  this  pile  construction 
is  that  it  overcomes  two  of  the  problems  always  inherent  to  the 
composite  pile.  The  first  is  to  secure  a  satisfactory  joint  between 
the  concrete  and  the  wood,  and  the  other  is  to  maintain  alignment 
between  the  two  parts. 

The  speaker  also  touched  on  the  advantage  of  this  kind  of  pile 
due  to  the  ease  of  transportation  of  the  wooden  part.  At  this  time 
it  is  impossible  to  transport  long  wooden  piles  from  one  section  of 
the  country  to  another.  Herman  Gbeitl, 

Section  Committee  Member. 


PHILADELPHIA 

October  16.  A  most  important  and  successful  meeting  was  held 
by  the  Philadelphia  Section  in  conjunction  with  the  Engineers' 
Club  at  Withcrspoon  Hall.  Homer  L.  Ferguson,  president  and 
manager  of  The  Newport  News  Shipbuilding  &  Dry  Dock  Co., 
presented  the  timely  and  interesting  subject  of  The  War's  Effect 
on  Merchant  Shipbuilding.  Mr.  Ferguson  outlined  the  effect 
of  the  submarine  menace,  and  called  attention  to  the  necessity 
for  action  on  the  part  of  the  United  States  Government.  He 
pointed  out  the  difiiculties  involved  in  building  ships  due  to  the 
scarcity  of  labor,  and  particularly  to  the  scarcity  of  that  kind 
necessary  in  the  shipbuilding  trades.  The  war  would  be  won, 
he  said,  if  America  would  only  provide  sufficient  shipping  facili- 
ties to  properly  transport  and  sunply  our  armies  on  the  other 
side.  A  number  of  new  shipbuilding  concerns  have  sprung  up 
to  meet  the  great  demand  and  he  expressed  it  as  his  belief  that 
many  of  the  leaders  in  these  enterprises  do  not  appreciate  the 
tremendous  difiiculties  involved  in  this  line  of  work.  The  high- 
handed action  of  some  of  the  labor  unions  in  limiting  the  num- 
ber of  apprentices  and  production  at  this  time  he  considered 
greatly   to   be    regretted. 

Jon.N   P.  MUDD, 

Section  Secretary. 


PROVIDENCE 

November  9.     Several   meetings   of  note   have   been   held   during 
the   past   month,   among   which   might  be   mentioned   that   of   the 
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Efficiency  Section  at  whicli  Chester  T.  Morey,  assistant  super- 
intendent of  the  Rhode  Island  Tool  Company,  read  a  paper  on  the 
Handling  and  Moving  of  Material.  He  discussed  the  question  of 
incoming  and  outgoing  material  and  its  arrangement,  control  and 
transportation  within  the  shop. 

On  Tuesday  evening,  November  13,  a  paper  was  read  on  Some 
Steels  used  in  Machine  Construction,  by  Chester  B.  Sadler,  of 
the  Rhode  Island  Tool  Company.  Mr.  Sadler  touched  on  the 
composition,  physical  properties,  heat  treatment  and  metallog- 
raphy of  these  steels. 

The  regular  November  meeting  of  the  Providence  Engineering 
Society  was  held  on  Tuesday  evening,  November  20,  Chester  T. 
Lucas,  associate  editor  of  Machinery,  being  the  speaker  of  the 
evening.  Mr.  Lucas  showed  a  moving  picture  film  of  the 
Machining  of  a  9.2-in.  High-Explosive  Shell  furnished  by 
Marhinery  and  gave  a  talk  on  the  manufacture  of  artillery  am- 
munition. 

James  A.  Hall, 

Correspondent. 


SAN     FRANCISCO 

October  25.  The  activities  of  this  Section  so  far  have  been  con- 
fined to  the  dinner  tendered  to  President  Hollis  on  the  occasion  of 
his  recent  visit  to  the  Coast.  This  meeting  took  the  form  of  a  joint 
meeting  of  the  local  branches  of  the  national  engineering  societies, 
each  of  the  societies  being  represented  by  a  speaker. 

Prof.  Harris  J.  Ryan,  of  Leiand  Stanford  Jr.  University,  spoke 
on  behalf  of  the  American  Institute  of  Electrical  Engineers.  Prof. 
C.  D.  Marks,  of  Stanford  University,  represented  the  American  So- 
ciety of  Civil  Engineers.  Prof.  Andrew  C.  Lawson,  of  the  Uni- 
versity of  California,  spoke  for  the  American  Institute  of  Mining 
Engineers,  and  Dr.  L.  H.  Duschak,  of  the  U.  S.  Bureau  of  Mines, 
represented  the  American  Chemical  Society.  Prof.  B.  F.  Raber, 
chairman  of  the  San  Francisco  Section,  presided  at  the  meeting, 
and  the  guest  of  honor  was  introduced  by  Geo.  W.  Dickie,  Vice- 
Pres.Am.Soc.M.E.,  with  whom  Dr.  Hollis  had  been  associated  at 
the  time  he  was  naval  inspector  at  the  Union  Iron  Works,  San 
Francisco. 

The  general  subject  discussed  during  the  evening  was  the  rela- 
tion of  engineering  to  the  war,  each  speaker  taking  up  the  particular 
branch  of  engineering  represented  by  his  society. 

The  event  of  the  evening  was  a  stirring  address  by  President 


Hollis  on  the  subject  of  The  Moral  Influence  of  Engineering  and 
Efficiency.  C.  H.  Delany, 

Section  Secretary. 

ST.  LOUIS 

October  16.  The  visit  of  Dr.  Ira  N.  Hollis,  president  Am.Soc. 
M.  E.,  was  made  the  occasion  of  a  dinner  reception  at  the  Missouri 
Athletic  Club.  Owing  to  the  fact  that  the  president's  stay  in 
St.  Louis  was  limited  to  a  few  hours,  it  was  impossible  to  ar- 
range a  meeting  of  the  Section,  but  the  time  was  spent  in  talking 
over  the  affairs  of  the  Society  with  the  executive  committee. 

The  members  of  the  executive  committee  were  greatly  impressed 
with  the  fact  that  Dr.  Hollis's  policy  throughout  the  year  has 
been  first  and  foremost  one  of  sei-vice  to  the  engineering  pro- 
fession. Surely  there  could  be  no  more  effective  results  obtained 
by  the  president  of  such  an  organization  as  ours  than  the  adherence 
to  the  idea  that  everyone  in  the  organization  is  to  do  his  part 
toward  being  of  some  real  service  to  his  fellow  engineers. 

October  22.  On  this  evening,  at  the  American  Hotel  Annex, 
the  St.  Louis  Section  held  a  joint  meeting  with  the  National  Com- 
mittee on  Sections.  The  meeting  was  preceded  by  a  dinner,  at 
which  were  seated  seventy-five  members  of  the  Section  and  guests. 
Mr.  R.  L.  Radcliffe,  chairman  of  the  Local  Section,  introduced 
Mr.  D.  Robert  Yarnall,  chairman  of  the  National  Committee  on 
Sections,  asking  him  to  preside  during  the  meeting.  Very  in- 
teresting and  helpful  talks  were  made  by  the  different  members 
of  the  visiting  committee,  whose  ideas  with  reference  to  the 
management  and  activities  of  the  Local  Section  were  received 
with  a  great  deal  of  in'erest  and  will  prove  of  great  value. 

Mr.  John  Hunter,  Mem.Am.Soc.M.E.,  chief  engineer  of  power 
plants  of  the  Union  Electric  &  Power  Co.,  delivered  an  illus- 
trated lecture  upon  the  subject  The  Development  and  Opera- 
tion of  a  Large  Power  Station.  Mr.  Hunter  took  the  Ashley 
Street  Plant  of  his  company  as  illustrative  of  his  lecture,  and 
showed  during  the  course  of  the  evening  seventy  stereopticon 
views  of  the  growth  and  development  of  this  great  station.  The 
audience  of  technical  men  was  deeply  interested  in  what  Mr. 
Hunter  had  to  say,  and  the  explicit  manner  in  which  he  demon- 
strated his  subject. 

The  chairman  of  the  Committee  on  Sections  congratulated  the 
Local  Section  on  the  nomination  of  Mr.  Hunter  to  vice-presidency 
in  the  Society. 

E.  H.  Tenney, 

Section  Secretary. 


STUDENT  BRANCHES 


Student  Branch  Conference 

As  has  been  the  custom  for  the  past  few  years  there  will 
be  a  Conference  of  Student  Branch  representatives  held  dur- 
ing the  Annual  Meeting.  Each  of  the  forty-five  Branches 
is  invited  to  send  a  delegate  to  attend  this  Conference,  which 
will  take  place  on  the  afternoon  of  Wednesday,  December 
5,  at  four-thirty  o'clock. 

This  Month's  Reports 

BUCKNELL    UNIVERSITY 

November  5.  L.  W.  Sipley  gave  an  interesting  talk  on  Steam 
Turbines.  Prof.  Frank  E.  Burpee,  Mem.Am.Soc.M.E.,  expressed 
his  regret  that  the  usual  custom  of  the  University's  tours  of 
inspection  of  the  different  plants  would  probably  not  be  carried 
out  this  year  as  many  of  the  plants  have  been  closed  to  visitors. 

H.  R.  Pars. 

Branch  Secretary. 

CARNEGIE  INSTITUTE  OF  TECHNOLOGY 

November  7.  There  was  a  large  attendance  at  this  regular 
meeting,  at  which  it  was  announced  that  practically  every  junior 
and  senior  student  in  mechanical  engineering  had  joined  the 
Society  this  j-ear.     Following  the  regular  business  session  a  talk 


on  central-power-station  operation  was  given  by  Mr.  J.  C.  Hobbs, 
Mem.Am.Soc.M.E. 

Mr.  Hobbs  first  spoke  on  modern  automatic  stoking  and  de- 
scribed in  detail  the  very  efficient  devices  at  the  Detroit  Edison 
Co.  for  burning  all  the  combustible  material  in  the  refuse.  These 
devices  consist  of  grinders  which  carry  out  the  refuse  and  prevent 
clinkers  from  being  formed.  He  laid  special  stress  on  the  con- 
struction of  firebrick  walls  to  take  care  of  unequal  expansion  on 
opposite  sides. 

Mr.  Hobbs  gave  a  brief  description  of  turbines,  stating  that 
the  best  practice  in  starting  turbines,  also  in  opening  steam 
valves  into  large  pipes,  is  to  open  with  a  shock,  then  cut  off  again 
almost  immediately  and  come  on  gradually.  This  is  to  prevent 
the  steam  from  floating  in  on  top  in  a  cloud,  and  causing  unequal 
expansion  to  the  top  and  bottom  of  the  turbine  casing  and  the 
pipes. 

The  speaker  did  not  think  that  dry  pipes  on  boilers  were  prac- 
tical ;  in  fact  he  said  he  had  obtained  better  results  by  removing 
the  dry  pipe.s  from  the  boilers.  He  also  gave  some  ideas  on  de- 
termining the  most  efficient  piping. 

The  talk  was  followed  by  a  general  discussion,  and  after  a  short 
social  ses.siou.  during  which  smokes  and  refreshments  were  served, 
the  meeting  adjourned. 

G.  R.  Bbandin, 
Branch  Secretary. 

UNIVERSITY  OF  MISSOURI 

The  officers  elected  at  the  November  8  meeting  of  the  Branch 
were :     Honorary  Chairman,  H.  Wade  Hibbard,  Chairman,  L.  N. 
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Thompson,  Corresponding  Secretary,  J.  W.  Baldwin,  Secretary- 
Treasurer,  K.  K.  King.  Governing  Committee :  H.  Wade  Hib- 
bard,  L.  N.  Thompson,  J.  R.  Wharton,  William  Copper,  M.  M. 
Slaughter. 

The  meeting  was  addressed  by  the  Honorary  Chairman  on  the 
subject  of  the  National  Society  and  the  relations  to  it  and  the 
advantages  of  membership  in  a  student  branch ;  also  by  Prof. 
J.  R.  Wharton,  Mem.Am.Soe.M.E.,  upon  his  summer  work  in 
the  valuation  of  a  motor-engine  factory  about  to  be  taken  over 
by  the  Government.  At  a  later  meeting  the  Honorary  Chairman 
is  to  give  an  address  upon  his  work  this  summer  for  the  War 
Department  in  Washington,  D.  C,  as  an  organization,  manage- 
ment and  production  engineer,  in  the  laying  out  of  organization 
and  efficiency  plans  for  expanding  departments  expending 
$274,000,000,  according  to  present  appropriations. 

The  School  of  Engineering  is  engaged  in  a  thoroughly  patriotic 
service  in  infusing  into  the  students  an  intensity  of  purpose  in 
preparing  for  their  later  engineering  work  in  the  Army  or  muni- 
tions plants ;  to  this  the  students  are  heartily  responding.  The 
Honorary  Chairman  never  knew  of  such  enthusiastic  and  intense 
study  as  is  now  being  given  to  the  various  courses.  The  men 
almost  feel  that  they  are  in  uniforms  and  serving  their  country. 
Forty-seven  members  of  the  University  faculty  are  in  uniform 
and  drilling  three  times  a  week  under  Captain  Craigie  of  the 
U.  S.  Army,  a  course  specifically  authorized  by  Act  of  Congress 
in  a  university  where  the  Government  has  authorized  a  Reserve 
Officers  Training  Corps.  Six  hundred  students  are  in  the  Corps 
also.  The  Faculty  Company  will  shortly  be  in  target  practice  on 
the  rifle  range,  will  be  taken  out  among  the  hills  for  map  plotting, 
and  next  summer  will  go  into  camp  in  the  Ozark  Mountains,  under 
Captain  Craigie.  The  quota  of  the  University  in  Columbia  and 
Boone  County  was  made  for  the  Liberty  Loan,  the  faculty  alone 
subscribing  about  $50,000.  The  faculty  and  students  are  giving 
$10,000  for  the  Army  Y.  M.  C.  A.  in  the  $35,000,000  campaign. 

H.  Wade  Hibbard, 

Honorary  Chairman. 

NEW  YORK  UNIVERSITY 

November  4-  Ernest  Hartford,  Secretary  to  the  Committee  on 
Student  Branches,  addressed  the  members  at  the  first  meeting  of 
the  Branch  for  the  season.  He  explained  the  privileges  of  the 
student-members,  the  benefits  to  be  derived  from  the  Society  and 


also  announced  the  meetings  that  the  Am.Soc.M.E.  is  to  hold  and 
the  topics  to  be  discussed.  Professor  Houghton  made  a  few  sug- 
gestions concerning  the  organization  of  this  Branch. 

It  was  decided  to  hold  one  big  meeting  each  month  on  the  third 
Friday  of  the  month,  at  the  Engineering  Societies  Building  at 
8 :00  p.  m.  Prominent  men  in  the  engineering  world  will  head  the 
program  of  each  meeting,  with  addresses  and  illustrated  lectures. 
It  was  announced  that  the  first  meeting  would  be  held  Novem- 
ber 2.3,  and  everybody  would  be  welcome. 

Fbederick  Gboepleb, 

Branch  Secretary. 

POLYTECHNIC    INSTITUTE    OF   BROOKLYN 

Novemler  6.  The  first  meeting  of  the  Branch  for  the  season  re- 
sulted in  the  election  of  Charles  L.  Schweizer  as  chairman,  to 
replace  Frederick  Bromm,  who  has  been  called  into  service,  and 
William  Sumner  as  vice-chairman.  The  regular  business  was  fol- 
lowed by  a  lecture  on  Atoms,  Electrons  and  the  Constitution  of 
Matter,  delivered  by  Dr.  A.  A.  Adler,  Mem.Am.Soe.M.E.  Inter- 
esting topics  of  Dr.  Adler's  talk  were  the  size  of  the  electron,  the 
composition  of  X-rays  and  the  heat  waves  of  the  sun. 

Nathan  N.  Wolpobt, 

Branch  Secretary. 

RENNSELAER  POLYTECHNIC  INSTITUTE 

November  7.  The  third  regular  meeting  of  the  Branch  was 
held  on  this  date  at  7  :45  p.  m. 

Mr.  J.  M.  Dewey  spoke  upon  the  present  plans  for  equipping 
the  army  with  field  laundry  machinery.  He  thoroughly  explained 
the  problems  met  with  in  designing  this  machinery  for  motor- 
truck units,  train  units,  and  base  units,  and  the  methods  pursued 
in  overcoming  each  of  these  problems. 

Mr.  G.  H.  Carragan  described  the  manufacture  of  paper.  His 
talk  was  in  the  nature  of  a  supplement  to  the  recent  trip  the 
Branch  made  through  the  plant  of  the  West  Virginia  Pulp  and 
Paper  Co.,  at  Mechanicville,-  N.  Y.  He  gave  the  history  of  the 
development  of  the  industry,  a  summation  of  the  various  kinds 
of  fibers  used  in  paper  making  and  a  review  of  the  different  grades 
of  paper  and  the  processes  followed  in  making  each  grade. 

R.  A.  Mabbiott, 

Branch  Secretary. 


EMPLOYMENT  BULLETIN 

rHE  SECRETARY  considers  it  a  special  obligation  and  pleasant  duty  to  make  the  office  of  the 
Society  the  medium  for  assisting  members  to  secure  positions,  by  putting  them  in  touch  with 
special  opportunities  for  which  their  training  and  experience  qualify  them,  and  for  helping  any- 
one desiring  engineering  services.     The  Society  acts  only  as  a  clearing  house  in   these   matters. 


TN  forwarding  applications,  stamps  should  be  enclosed  for  trans- 
mittal to  advertisers;  applications  of  non-members  should  be 
accompanied  by  a  letter  of  reference  or  introduction  from  a  mem- 
ber, such  reference  letter  to  be  filed  with  the  Society. 

GOVERNMENT  POSITIONS 

The  Society  has  been  asked  to  make  suggestions  of  men  for  the 
following  positions  with  the  Government.  Non-members  possessing 
the  necessary  qualifications  may  avail  themselves  of  these  notices 
by  enclositig  with  their  reply  a  personal  introduction  to  the 
Secretary. 

SEVERAL  ENGINEERS  who  bave  had  considerable  experience  in 
the  design  of  machines  and  machine  tools,  which  would  enable  them 
to  comprehend  quiokly  questions  Involved  in  the  designs  of  field- 
artillery  material.     2426. 

THE  MOTOR  SECTION  of  the  Ordnance  Department  is  charged 
with  the  procurement  of  tractors  and  trucks  for  hauling  artillery  and 
ammunition,  including  maintenance.  Inspection  and  training  of  drivers, 
also  similar  work  in  connection  with  armored  cars  and  armored  tanks. 


The  principal  duties  of  this  section,  however,  will  be  the  maintenance 
and  upkeep  of  these  vehicles  in  the  field.     2427. 

A  NUMBER  OF  MEN  with  milling,  mechanical  or  electrical  engi- 
neering training  and  experience,  at  salaries  ranging  from  $1440  to 
11800  per  annum,  tor  investigating  grain-dust  explosions  and  hros  in 
grain  mills  and  elevators  throughout  the  various  parts  of  the  United 
States.     Traveling  expenses  and  sustenance  will  be  provided.     2428. 

CIVILIAN    POSITIONS 

SEVERAL  INSTRUCTORS  in  mechanical  engineering  are  needed  by 
one  of  the  large  state  universities  in  Middle  West ;  men  having  special- 
ized training  and  experience  in  machine  design,  gas-power  engineer- 
ing and  general  laboratory  work.  Give  complete  statement  of  training, 
experience,  minimum  salary  expected,  and  recent  photograph.     1045. 

DRAFTSM.AN  with  at  least  five  years'  experience  in  the  detail  of 
machine  parts.  Permanent  position.  State  age,  experience,  salary  ex- 
pected, and  references.     Location  near  New  York  City.     2012. 

YOUNG  M.\N  not  over  35  and  not  subject  to  military  draft.  Must 
possess  some  technical  training  or  experience  in  mechanical  lines  in- 
cluding drafting.  Energetic  man  with  executive  ability  required. 
Salary  to  start,  $1300  to  $1300.     Location  New  York.     2166. 
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PHYSICISTS,  ENGINEERS,  DESIGNERS  AND  DRAFTSMEN  for 
work  of  research  development  and  design  related  to  problems  of  tele- 
phonic, telegraphic  and  radio  communication,  which  are  matters  of 
public  importance.  Opportunities  for  such  men  in  both  temporary 
and  permanent  positions.  Apply  by  letter.  Location :  New  York. 
2178. 


tract, 
tions. 


Salary  about  $150  to  $200  per  month,  according  to  qualiUca- 
Location  Illinois.     2399. 


DESIGNERS,  DETAILBRS  and  TRACERS  for  chemical  plant, 
cation  Philadelphia.     2370. 


Lo- 


MEN  with  mechanical  engineering  training,  in  connection  with  the 
varrious  operating  and  test  problems  in  operation  of  a  large  power 
plant.  (a)  Two  junior  engineers  who  have  bad  experience  in  test 
work  on  various  types  of  power  apparatus  to  start  at  ^'100  per  month. 
(6)  For  the  .'ihifl -operating  jobs  three  vacancies,  starting  with  salary  of 
$150  per  month.  Numerous  opportunities  for  promotion ;  men  who 
make  good  always  considered  for  transfers  to  various  other  plants. 
Location  \irginia.     2371. 

ENGINEERS  to  train  and  develop  iu  the  fundamentals  of  a  New 
York  firm  primarily  engaged  in  the  distillation  of  coal  tar  with  the 
resultant  principal  production  of  bituminous  road  and  roofing  mate- 
rials, with  the  ultimate  object  of  filling  operating  positions  in  various 
plants  as  foreman,  head  chemist,  assistant  superintendents,  or  super- 
intendents. Preferably,  but  not  essentially,  men  of  chemical-engineer- 
ing training.  As  contemplated  work  will  eventually  be  of  an  execu- 
tive nature  ;  ability  to  handle  men  is  a  desirable  asset.     2374. 

DESIGN  DRAFTSMEN  on  plant  layout.  Not  necessarily  technical 
graduate.     Salary  $30  to  $35.     Location  New  York.     2383. 

THREE  TECHNICAL  GRADUATES  for  steam  engineering  and 
general  testing.  Work  covers  steel  mills  in  Pennsylvania,  Ohio,  West 
Virginia  and  Indiana.     2384. 

YOUNG  MAN  with  experience  as  engineer  or  draftsman  to  assist 
In  sales  department.  Apply,  stating  salary  expected.  Location  Penn- 
sylvania.    2386. 

HIGH-GRADE  DESIGNING  DRAFTSMEN  on  jigs,  fixtures  and 
gages,  preferably  men  experienced  in  this  line.  Apply  by  letter  stating 
experience  and  salary  expected.     Location  New  York.     2388. 

PRACTICAL  STEAM  AND  FUEL  ENGINEER  who  also  has  a  tech- 
nical education.     2389. 

ASSISTANT  ENGINEER  to  take  general  charge  of  engineering  work. 
Including  bearing  application  and  shop  engineering.  Send  full  par- 
ticulars in  reference  to  past  experience,  age,  and  salary  expected. 
Location  Ohio.     2390. 

PRODUCTION  MANAGER,  experienced  in  factory  management,  to 
take  charge  of  factory.  Prefer  graduate  mechanical  engineer,  and 
if  possible  a  designer  of  automatic  machinery.  Man  with  executive 
ability  and  organizing  ability,  training  In  modern  efficiency  methods 
and  factory  management  who  is  systematic,  thorough  and  able  to  plan 
methods  for  getting  work  through  the  factory  and  has  demonstrated 
ability  to  Increase  production.  Factory  makes  small  articles  requir- 
ing precision  machinery  and  employs  500  to  600  people.  Location  New 
York  State.     2391. 

MAN  capable  of  taking  charge  of  department  employing  about  100 
men.  Must  thoroughly  understand  the  bleaching,  dyeing,  sizing  and 
calendering  of  cotton  goods,  a  good  handler  of  men  ;  should  command 
respect  and  obedience.  Position  would  pay  about  $35  per  week  to 
start  and  more  after  the  man  was  able  to  demonstrate  his  ability. 
Location  Staten  Island.     2394. 


FACTORY  MANAGER  to  assume  complete  charge  of  large  firebrick 
plant.  Must  be  between  28  and  36  years  of  age,  forceful,  possessed 
of  techuical  as  well  as  practical  knowledge  and  able  to  prove  former 
success  in  large  undertakings.     Location  Missouri.     2402. 

DRAFTSMAN  acquainted  with  smelting  work  for  position  In  El 
Paso,  Tex.     2404. 

VALUATION  ENGINEER  for  important  eastern  railroad,  to  take 
charge  of  rolling-equipment  valuation  work.  Should  have  special  ex- 
perience in  valuation,  cost  and  depreciation  of  car  and  locomotive 
equipment.    Salary  $3600  or  more,  dependent  upon  qualifications.    2406. 

DRAFTSMEN  of  general  mechanical  experience.  Men  of  Integrity, 
reliability  and  industry  wanted,  with  experience  In  general  drafting, 
design  and  layout  work.  State  age,  details  of  experience,  salary  ex- 
pected and  references.     Location  Delaware.     2407. 

DRAFTSMAN  with  sufficient  experience  to  enable  him  to  lay  out 
machinery  in  new  plants,  including  the  making  of  drawings  covering 
electric-light  and  power  systems.  Permanent  position  In  engineering 
department.  Prefer  man  with  chemical-plant  experience,  or  who  has 
done  drafting  for  consulting  engineer.  State  fully  qualifications  and 
past  experience.  Applicant  must  be  in  possession  of  technical  training. 
Salary  $1300  to  start.     Location  southern  Ohio.     2409. 

PRESS-ROOM  FOREMEN.  A  Connecticut  firm  .over  a  century  old 
needs  young  blood  in  positions  of  responsibility.  Must  have  knowledge 
of  and  be  iu  sympathy  with  scientific-management  methods.  Fair 
salary  and  a  bonus  to  start.  State  age,  experience  in  detail,  salary 
expected  and  present  position,  also  when  you  could  report  for  duty, 
2410. 

ASSISTANT  SUPERINTENDENT  to  become  superintending  mechan- 
ical engineer  for  electric  and  finishing  plant ;  should  have  shop  ex- 
perience and  be  accustomed  to  handling  men.  Some  knowledge  of 
chemistry  and  heat  processes  preferred.  Salary  to  start  $200  a  month. 
Location  Niagara  Falls.     2412. 

BOILER  MAN  fully  conversant  with  every  detail  of  design  and  con- 
struction of  steam  boilers,  particularly  water-tube  boilers.  Must  be 
willing  to  make  an  investment  in  a  progressive  boiler  shop.  Location 
New  Jersey.     2413. 

NEW  YORK  CONCERN  desiring  to  extend  sales  force  for  tool  steels, 
want  men  of  good  address  and  shop  training  to  educate  for  the  work 
of  salesmen  and  steel  experts.  Men  between  the  ages  of  25  and  35. 
Salary  depends  upon  man.     2414. 

MECHANICAL  DRALTSMAN  for  position  in  Omaha.  Car  and 
locomotive  work.  Application  can  be  made  through  New  York  office. 
2415. 

POWER-PLANT  MEN  experienced  in  industrial  lines,  design  and 
construction  of  steel  and  power  plants.    Location  New  York  City.   2418. 

POWER  SUPERINTENDENT  to  take  charge  of  a  power  plant  near 
New  York  City,  consisting  of  2600  b.hp.  of  stoker-fired  B.  &  W.  boilers 
burning  anthracite,  2500  b.hp.  of  B.  &  W.  wasteheat  boilers,  and  15 
prime  movers — steam  turbines  and  Corliss  engines — up  to  1000  I.hp. 
driving  d.c.  generators  and  air  compressors.     2420. 


SALESMAN  familiar  with  time-  and  cost-keeping  methods, 
and  commission  basis.     Headquarters  New  York.     2421. 


Salary 


EXPERIENCED  MAN  capable  of  aiding  in  organizing  and  follow- 
ing up  the  introduction  of  a  production  department  along  modern 
lines,  at  a  large  factory  located  in  tlie  fiast.  Must  possess  initiative 
and  originality  and  be  able  to  handle  successfully  shop  problems.  Man 
who  has  had  experience  in  hardware  or  small  tool  lines  preferred. 
State  experience,  age,  reference  and  approximate  salary  required.    2395. 

PLANNING  DEPARTMENT  AND  TIME-STUDY  MEN.  A  well- 
established  firm  can  offer  exceptional  opportunities  for  effective  and 
interesting  work  to  engineering  graduates  who  have  had  substantial 
experience  with  modern  industrial  methods,  with  special  reference  to 
time  study,  the  determination  of  standard  tasks,  and  planning  and 
scheduling  production.  In  reply  state  age,  education,  experience, 
present  and  expected  salary.     Location  Massachusetts.     2396. 

MACHINE-DESIGNING  DRAFTSMAN.  Technical  graduate  with 
some  years'  practical  experience  in  a  shop  and  at  least  4  or  5  years  In 
drawing  room  designing  as  well  as  making  drawings.  Desire  man  who 
can  follow  up  work  In  shop  and  Inspect  machinery,  a  special  line  of 
stapling  machinery  for  use  in  box  making  being  manufactured  to  con- 


DRAFTSMBN  AND  FIELD  MAN.  Young  man  with  knowledge  ot 
anthracite-colliery  practice.     Location  Pennsylvania.     2422. 

YOUNG  MEN  with  technical  training  in  M.  E.  course  to  enter  em- 
ploy of  company  manufacturing  flow  meters.  Rapid  advancement  to 
engineering  work  In  power  plants  or  sales.  Location  Massachusetts. 
2423. 

SAFETY  INSPECTOR.  Man  with  mechanical  training,  capable  of 
making  intelligent  suggestions  to  engineering  department  for  the  pro- 
vision of  all  necessary  safeguards  to  comply  with  the  requirements  of 
the  law  and  to  make  a  plant  as  nearly  mechanically  safe  as  possible. 
Should  be  well  qualified  with  educational  methods  to  be  employed  In 
accident-reduction  work.  Position  will  pay  $2000  a  year.  Location 
New  England.     2424. 

SALESMAN  wanted  for  an  old  established  firm.  Must  be  cleancut, 
energetic  salesman,  not  an  order  taker.  Must  have  thorough  knowl- 
edge and  acquaintance  with  the  automobile  trade.  While  a  certain 
amount  of  mechanical  knowledge  Is  not  absolutely  essential,  such  will 
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receive  first  cousideratlon.  This  "  ad  "  is  to  attract  tlie  attention  of 
high-grade  men  only,  who  are  capable  of  conducting  a  branch  office. 
Answer  fully,  giving  past  experience,  salary  expected  and  state  when 
can  report  for  duty.     Location  Middle  West.     242S. 

TWO  FIRST-CLASS  ELECTRICAL  DRAFTSMEN,  preferably  with 
powerhouse  experience.     Location  New  York.     2429. 

MECHANICAL  ENGINEER  with  wide  experience  in  all  kinds  of 
handling  and  conveying  equipment  and  solution  of  labor-saving  prob- 
lems, to  supervise  such  work  for  a  company  having  a  number  of  large 
manufacturing  plants  in  different  parts  of  the  country.  Good  oppor- 
tunity for  the  right  man.  State  age,  education,  experience  and  salary 
desired.     Location  Middle  West.     2430-A. 

MECHANICAL  ENGINEER  having  practical  experience,  particu- 
larly in  handling  and  conveying  equipment,  to  study  labor-saving 
problems  in  a  large  industrial  plant  and  make  recommendations. 
Good  opportunity  for  the  right  man.  State  age,  qualifications  and 
salary  desired.     Location  Middle  West.     2430-B. 

SALES  ENGINEERS  for  hand  stoker.  Will  pay  liberal  commission 
on  the  gross  sales  price,  advance  a  drawing  account  of  $l.")i)  per 
month.  Man  should  have  a  technical  foundation  and  be  familiar  with 
combustion  problems.  Would  expect  a  man  to  spend  two  weeks  with 
organization  to  gather  selling  data,  facts  and  operation  of  the  stoker, 
thoroughly  equipping  him  for  work.     Location  New  England.     2431. 

TOOL  DESIGNERS  AND  DRAFTSMAN,  particularly  those  who 
have  had  experience  on  small  interchangeable  parts.  Paying  the 
highest  wages  obtainable  in  return  for  flrst-class  men  of  engineering 
ability,  also  paying  a  121.4  per  cent  bonus  quarterly,  or  at  the  end  of 
full  bonus  periods,  to  all  employees  based  on  wages  earned  and  for 
faithful  and  continuous  service.     Location  New  England.     2432. 

METALLURGIST.  RESEARCH  AND  EXPERIMENTAL  ENGINEER 
in  a  New  England  factory  machining  and  grinding  small  parts  from 
alloy  steel.     Man  with  technical  training  preferred.     2436. 

MAN  TO  TAKE  CHARGE  OF  SPECIAL  CL.\SS  in  steam  engine 
practice.  The  course  will  consist  of  one  hour  a  week  in  the  class 
room  and  one  night  of  two  hours  in  the  engine  laboratory.  Class 
will  not  deal  with  the  students  of  the  regular  engineering  course, 
but  with  the  men  who  are  connected  in  some  way  with  steam  engine 
work,  and  who  wish  to  obtain  a  knowledge  of  the  practical  and 
scientific  principles  underlying  the  operation  of  different  types  of 
steam  engines.     Location :  New  York.     2437. 

YOUNG  ENGINEER  to  take  up  safety  work  in  connection  with 
plant  and  to  take  general  charge  of  the  building  inspection.  Loca- 
tion :    New  England.     243SA. 

CHIEF  CHEMIST  in  connection  with  investigation  work  involved 
in  the  manufacture  of  product.     243SB. 

ASSISTANT  MECHANICAL  ENGINEER  in  large  manufacturing 
plant.  Young  man  with  experience  on  pumping  machinery  preferred. 
Location   New  Jersey.      2439. 


MEN  AVAILABLE 

MECHANICAL  ENGINEER,  EXECUTIVE.  Technical  education. 
Two  years'  commercial  experience.  Six  years  as  designer  on  steam 
turbines  and  power  plants.  Five  years  as  works  manager  of  metal- 
working  plant.  Desires  position  as  works  engineer  or  assistant  to 
executive  in  manufacturing  or  engineering  firm.  Excellent  health  and 
habits.     Thirty-one  years  old,  with  family.     L-392. 

FACTORY  EXECUTIVE,  MASTER  MECHANIC  OR  I'LANT 
SUPERINTENDENT.  Age  39,  18  years'  experience  as  production 
superintendent  in  the  manufacture  of  engines,  condensers,  high-vacuum 
air  pumps,  centrifugal  pumps,  etc.  General  engineering  work,  both 
medium  and  heavy.  Has  traveled  extensively  in  connection  with  field 
work.  Good  executive,  of  pleasing  personality,  alert  and  resourceful, 
exercising  well-balanced  judgment  in  all  dealings  and  retainiiit;  con 
fidence  of  organization.     L-393. 

BUILDING-EQUIPMENT  ENGINEER  seek.?  connection  with  a 
manufacturing  or  construction  concern  requiring  the  services  of  an 
executive  with  broad  experience  in  the  design,  purchase,  construction 
and  maintenance  of  power  plants,  heating,  ventilating,  lighting,  refrig- 
erating, kitchen  and  laundry  systems.  Has  also  been  very  successful 
in  the  planning  of  floors,  offices,  departments,  etc.  Services  available 
after  December  1.     L-394. 

MECHANICAL  ENGINEER.  Technical  graduate,  age  25,  with 
steam-engineering  and  anti-friction-hearing  experience,  desires  position 


in  engineering  or  engineering  sales.      Salary  $1500  per  anum.      L-395. 

MECHANICAL  ENGINEER.  Techical  graduate,  age  38,  with  14 
years'  experience  in  industrial  work  as  draftsman  and  engineer,  in  the 
manufacture  of  soap  and  illuminating  gas,  and  in  coal  mining  and 
plant  construction.  At  present  chief  draftsman  for  a  chemical  plant. 
Desires  position  as  chief  draftsman  or  mechanical  engineer.  Salary 
$2500   to  $3000.     Location  preferred,  East.     L-3U6. 

MECHANICAL  SUPERINTENDENT.  Age  40,  broad  experience  in 
design,  construction,  maintenance  and  operation  of  machinery,  power 
and  industrial  plants.     Salary  $4800.     L-397. 

EXECUTIVE.  M.  E.  education,  age  39,  married.  Several  years'  ex- 
perience in  handling  men  in  field,  shop  and  office.  Experienced  in  con- 
struction and  operation  of  large  lumber-manufacturing  plants.  De- 
partment and  territorial  manager  for  large  corporation  manufacturing 
and  selling  mechanical  lines.  Executive  with  company  contracting  for, 
designing  and  installing  coal-preparation  plants.  Will  consider  oppor- 
tunity in  foreign  or  domestic  field.    L-39S. 

CHIEF  DRAFTSMAN  OR  ASSISTANT  CHIEF  ENGI.NEER. 
Mechanically  trained,  age  29,  married.  Over  four  years'  practical  ex- 
perience in  design  and  manufacture  of  jigs,  fixtures,  gages  and  tools. 
Capable  of  handling  men.  .\t  present  in  charge  of  a  vital  department 
of  large  munition-manufacturing  concern.  Foreign  positions  considered. 
L-399. 

GTIADUATE  MECIIANIC.^^L  ENGINEER  of  leading  technical  school 
desires  position  of  executive  nature  in  connection  with  building  heavy 
machinery  or  plant-construction  work.  Six  years'  practical  experience 
covering  shop  work,  designing  and  business.  At  present  engaged  In 
specialty  of  engine  design.     L-400. 

COMBUSTION  AND  STEAM  ENGINEER.  Associate-member,  ag* 
29,  married.  Technical  graduate,  over  six  years'  experience  along  llnei 
of  power-plant  tests  and  efficiency  work.  Extended  experience  with 
competitive,  acceptance  and  efficiency  tests  of  power-plant  equipment, 
turbines,  engines,  condensers  and  auxiliaries,  stokers,  soot  blowers, 
brick,  feedwater  regulators,  gages,  meters,  etc.  At  present  employed, 
.location  New  York  City  or  vicinity  preferred.      Salary  $2250.     L-401. 

PLANT  ENGINEER.  Graduate  mechanical  engineer  with  13  years' 
experience  in  the  design,  erection  and  operation  of  power  plants  and 
manufacturing  machinery.  Specialist  in  the  operation  of  power  plants 
and  the  repairs  and  maintenance  of  machinery.  Well  trained  In  the 
use  of  electricity  as  applied  to  machinery.  Most  familiar  with  the 
equipment  found  at  coal-mining  properties.     L-402. 

MECHANICAL  AND  ELECTRICAL  ENGINEER.  Technical  grad- 
uate, age  35.  married.  Good  executive,  with  11  years'  experience. 
Engaged  in  public-utHity  work  embracing  construction,  operation  and 
maintenance.  Specialist  in  power  generation  and  distribution.  Salary 
$3600.     L-403. 

MECHANICAL  AND  ELECTRICAL  ENGINEER.  Technical  grad- 
uate, age  28,  with  manufacturing  experience  on  gas  producers,  internal- 
combustion  engines,  pumps,  compressors,  electrical  motors,  generators, 
and  measuring  instruments.  General  knowledge  of  power  plants, 
storage  batteries,  and  electrical  distribution.  At  present  chief  of 
bureau  of  gas  and  electricity  in  large  cit.v.     L-404. 

PURCHASING  ENGINEER  of  greatest  varied  experience  will  change 
for  responsible  connection,  in  charge  of  active  and  large  organization 
paying  commensurate  salary.     L-40o. 

EXECUTIVE  MANAGER.  An  executive  of  ability  and  aggressive- 
ness, a  mechanical,  technical  graduate,  at  present  employed,  desires  to 
connect  with  a  manufacturer  whose  business  may  need  systematizing 
and  building  up  as  to  organization  and  production.  Has  had  a  varied 
experience  in  different  branches  of  manufacturing,  operating  industrial 
plants  along  lines  of  scientific  management,  and  is  fully  conversant 
with  modern  methoJs  of  manufacturing  and  marketing  product.  Only 
inteersted  in  a  permanent  position  offering  good  possibilities  for  im- 
provement.    L-406. 


At  the  Massachusetts  Institute  of  Technology  the  faculty 
changes  have  introduced  some  new  problems  since  there  has 
been  so  much  demand  by  the  U.  S.  Government  and  by 
industrial  corporations  related  to  the  -war  for  men  of  technical 
skill.  So  great  has  been  this  draft  that  in  the  department  of 
electrical  engineering  one-third  of  the  staff  has  been  called 
away,  in  ■  mechanical  engineering  a  dozen  men  have  gone 
into  war  work  while  civil  engineering,  chemistry,  naval  archi- 
tecture and  the  other  departments  have  sustained  serious 
losses. 
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A  Review  of  Engineering  Progress  and  Attainment   in   Mechanical   Engineering   and    Related 
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British  Railways  and  the  War 

A  PAMPHLET  published  in  London  by  F.  A.  MeKenzie 
tells  of  the  part  played  by  British  railways  in  the  war. 

Before  the  war  the  British  and  German  railway  organiza- 
tions presented  a  striking  contrast.  The  German  railways  were 
almost  wholly  state-owned,  and  many  of  them  built  primarily 
for  purposes  not  of  commerce  but  of  strategy.  Railway  ad- 
ministration was  most  closely  allied  to  that  of  the  German 
Great  General  Staff.  Even  the  cars  were  built  to  a  size  that 
could  be  employed  for  transporting  the  maximum  number  of 
men,  or,  in  the  case  of  freight  ears,  gun  carriages  and  war 
materials. 

The  British  railways,  on  the  other  hand,  were  privately 
owned  and  built  solely  for  commercial  purposes.  It  was  the 
business  of  the  railways  to  provide  for  the  needs  of  the  com- 
munities they  served  and  obtain  a  fair  return  for  their  share- 
holders and  nothing  else. 

There  was  only  one  thing  done  in  the  way  of  militarization 
of  transports.  In  1871,  after  the  Franco-Prussian  war,  the 
British  government  was  empowered  by  act  of  Parliament  to 
acquire  by  royal  proclamation  any  or  all  of  the  railways  of 
the  United  Kingdom  in  time  of  war.  There  were  in  existence 
two  organizations  to  deal  with  this  situation.  One,  a  committee 
of  railway  managers,  first  known  as  the  War  Railway  Council 
and  afterward  as  the  Railway  Executive  Committee,  was  to 
act  as  a  central  organization  and  to  coordinate  the  activities 
of  the  different  railways  in  war  time.  Working  in  cooperation 
with  it  was  the  Engineer  and  Railway  Staff  Corps,  a  volunteer 
organization  of  railway  workers,  whose  purpose  was  to  develop 
schemes,  methods,  and  personnel  for  the  war  railway  service. 
It  was  composed  of  general  managers  of  leading  railways, 
prominent  contractors,  engineers  and  other  railroad  men. 

Both  of  these  organizations  worked  in  conjunction  with  the 
Director-General  of  Military  Transports,  and  by  1912  com- 
plete plans  of  operation  were  worked  out.  In  fact,  every 
railroad  manager  had  in  his  safe  a  confidential,  sealed,  un- 
opened document  detailing  a  scheme  of  mobilization.  In  it  he 
was  told  exactly  what  to  do;  the  trains  to  be  moved;  their 
starting  points  and  destinations,  and  the  entire  schedule  of 
running  if  war  came. 

On  August  4,  1914,  the  day  that  war  was  declared,  the  rail- 
ways of  England,  Wales  and  Scotland,  but  not  Ireland,  were 
taken  over  by  the  government.  The  terms  of  compensation  to 
the  railroads  were  not  announced  at  that  time,  and  the  lines 
remained  the  property  of  the  companies. 

At  first  the  sole  purpose  was  to  facilitate  the  movements  of 
troops  as  the  war  developed,  but  as  economy  became  more  and 
more  essential  the  scope  of  the  Railway  Executive  Committee 
became  extended  untU  now  it  is  in  supreme  command. 

A  feat  of  which  British  railroad  men  are  quite  proud  was 
the  transportation  of  the  expeditionary  force,  numbering 
120,000  men,  with  a  vast  amount  of  material  of  war  to  South- 
ampton for  embarkation  for  France,  simultaneously  with  the 
mobilization  of  the  territorials  and  without  essentially  disturb- 
ing the  usual  traffic. 

Altogether,  at  Southampton,  for  example,  for  practically 


every  day  of  the  first  three  weeks  of  war  the  London  and 
Southwestern  Railway  handled  during  a  period  of  14  hours 
no  fewer  than  73  military  trains,  including  the  running  of 
them  to  the  boat  side  and  the  unloading  of  the  full  equipment 
and  ammunition  and  horses.  The  trains  arrived  at  intervals, 
averaging  12  minutes,  and  practically  every  train,  without 
exception,  came  in  on  schedule  time. 

To  American  railroad  men  it  will  be  of  interest  to  hear  that 
this  rapid  transportation  of  the  troops  to  Southampton  is 
recognized  by  the  British  railroad  men  themselves  as  having 
been  possible  only  because  the  docks  there  had  been  care- 
fully planned  by  the  railway  company  for  the  handling  of 
large  masses  of  men  and  quantities  of  material.  The  trains 
conveying  the  troops  and  freight  were  run  right  down  to 
one  of  the  berthing  stations;  they  were  emptied  there  with 
the  greatest  expedition  and  were  then  sent  back.  Each  train 
had  a  prominently  placed  index  number  on  it  by  which  it 
was  known  throughout  its  trip;  its  exact  time  and  departure 
at  each  place  was  scheduled  and  the  schedule  had  to  be  kept. 

One  of  the  noteworthy  features  of  this  rapid  concentration 
of  troops  was  that  the  ordinary  traffic  of  the  railways  was 
maintained  with  comparatively  little  alteration.  Here  and 
there  a  section  of  the  line  was  closed  for  a  few  hours,  particu- 
larly sections  of  some  of  the  junction  lines  across  London, 
but  the  general  public  scarcely  realized  what  was  happening. 

The  conclusion  of  the  final  agreement  between  the  govern- 
ment and  the  companies  automatically  brought  about  a  great 
economy  in  some  departments,  especially  the  accounting  de- 
partment and  the  departments  dealing  with  solicitation  of 
business. 

One  of  the  problems  which  confronted  the  railroads  at 
the  beginning  of  the  war  was  the  demand  for  higher  wages 
by  the  men.  After  the  government  took  over  the  railroads 
several  agreements  were  made,  culminating  in  the  terms  of 
settlement  of  November  13,  1915,  by  which  the  National 
Union  of  Railway  Men  and  the  Associated  Society  of  Loco- 
motive Engineers  and  Firemen  undertook  not  to  present  to 
the  railway  companies  any  fresh  demands  for  increased 
bonuses  or  wages. 

The  rise  of  the  cost  of  living  proved,  however,  a  stronger 
factor  than  formal  agreements  and  several  additional  war 
bonuses  have  since  been  granted  to  the  men.  In  justification 
of  these  increases  in  wages  it  was  pointed  out  that  the  wages 
in  other  industries  increased  in  the  meantime.  The  railway 
men  under  the  war  labor  regulations  could  not  leave  their 
employment  for  other  work  and  it  was  felt  that  they  could 
not  reasonably  be  expected  to  continue  work  under  far  lower 
wages  than  other  men  in  allied  industries  in  the  same  districts. 

One  of  the  outstanding  features  of  war  operation  of  British 
railroads  is  the  extensive  emplojTnent  of  female  labor.  Up 
to  the  beginning  of  the  war  British  railway's  had  been  very 
reluctant  to  employ  women  even  for  office  positions,  but  the 
shortage  of  men  and  the  desire  to  release  as  many  as  possible 
for  service  with  the  colors  caused  the  introduction  of  women 
workers  early  in  1915. 

The  pooling  system  introduced  by  the  government  led  to 
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numerous  and  extensive  economies,  such  as,  for  example,  the 
establislmient  of  the  common  use  of  open  freight  cars,  called 
common-user  arrangement.  A  minor  economy  was  an  agree- 
ment by  the  railways  to  accept  each  other's  "  paid  "  and  "  to 
pay"  stamps  and  labels  on  parcel  traffic.  This  saved  much 
labor  and  led  to  a  further  development  in  January  1917, 
when  the  Railway  Executive  Committee  announced  that  from 
a  given  date  the  cartage  charges  for  all  descriptions  of  traffic 
must  be  paid  by  the  sender  at  the  forwarding  station.  The 
whole  sj'stem  of  bills  and  accounts  for  passenger-goods  traffic 
was  thus  swept  away. 

The  saving  in  printing  was  so  extensive  that  at  least  one 
large  company  was  able  to  sell  many  tons  of  paper  which 
had  been  stored  for  office  use  and  put  this  on  the  market 
at  a  time  when  paper  was  scarcest. 

On  July  4,  1917,  the  ControUer  of  Coal  Mines  published 
a  system  for  the  purpose  of  reorganising  the  transporting 
of  coal  by  railways  for  inland  consumption.  Under  this 
system  England,  Wales  and  Scotland  were  divided  into  twenty 
areas  and  each  area  had  to  take  its  supplies  from  certain  fixed 
districts  of  production.  It  was  estimated  that  the  plan  would 
effect  a  saving  in  railway  transport  of  not  less  than  700 
million  ton-miles  annually.  The  scheme  was  based  on  four 
main  issues: 

1  That  consumption  of  coal  should  take  place  as  near  the 

producing  point  as  possible 

2  That  in  view  of  the  superior  facilities  offered  by  the  main 

traffic  lines  the  movement  of  traffic  should  follow  these 
routes  wherever  possible 

3  That  the  movement  of  coal  should,  as  far  as  possible,  be 

in  well-defined  directions — north  to  south,  north  to  south- 
east, north  to  southwest,  and  east  to  west 

4  That  an  area  producing  less  coal  than  sufficed  for  its  own 

need  should  not  send  any  portion  of  its  output  to  other 
areas.  That  an  area  producing  more  coal  than  it  re- 
quired for  consumption  within  the  area  itself  should 
only  distribute  to  adjacent  or  convenient  areas 

This  scheme  did  not  affect  water-borne  coal,  anthracite, 
or  coke  of  any  description,  but  was  the  precursor  of  other 
schemes  which  were  to  reduce  unnecessary  traffic  in  goods 
to  the  minimum 

No  description  of  the  work  of  the  British  railways  in  the 
war  would  be  complete  without  some  reference  to  the  service 
in  handling  the  wounded  to  which  exceptional  attention  has 
been  paid  and  for  which  special  trains  have  been  built.  In 
fact,  all  the  great  English  railway  works  devoted  their  utmost 
skill  and  care  to  the  ambulance  trains,  endeavoring  to  pro- 
vide the  best  accommodations  for  the  transportation  of  the 
woimded. 

The  change  in  the  system  of  management  of  the  British 
railways,  while  effected  primarily  to  meet  the  extraordinary 
war  conditions,  was  so  far-reaching  and  profound  that  re- 
sponsible British  railroad  men  recognize  already  that  the 
problems  in  railway  management  and  control  raised  by  the 
war  will  not  entirely  come  to  an  end  with  the  conclusion  of 
peace.  A  new  era  has  begun  in  railway  management  and 
it  will  be  impossible  to  go  back  completely  to  pre-war  condi- 
tions. But  even  if  it  were  possible,  it  would  be  undesirable. 
The  British  raUroad  operators  have  learned  a  good  deal. 
Cooperation  has  proved  to  be  better  than  cut-throat  competi- 
tion. 

There  are  other  problems  such  as  the  wages  of  the  men 
after  the  war  and  the  future  of  women's  labor  on  the  rail- 


ways, but  it  is  expected  that  changed  conditions  after  the 
war  may  provide  in  themselves  a  solution  for  all  these  pos- 
sible problems.  British  railroads  hope  that  having  solved 
the  problems  of  war  traffic  and  employment  in  unequal 
fashion  they  wiU  master  the  lesser  problems  of  the  coming 
peace. 


Notes   from  the   Engineering   Colleges 
Throop  College  of  Technology 

According  to  information  received  from  Walter  H.  Adams 
of  the  Department  of  Mechanical  Engineering,  comparatively 
little  research  work  is  carried  on  in  mechanical  engineering 
due  to  lack  of  time  on  the  part  of  the  instructors.  There  is 
being  carried  out,  however,  the  installation  of  a  wind  tunnel 
housed  in  a  new  building  to  carry  on  aeronautical  research 
work.  This  research  work  will  be  in  charge  of  Dr.  Harry 
Bateman,  who  will  devote  his  time  mainly  to  research  and  will 
do  very  little  teaching. 

With  regard  to  the  general  laboratory  equipment  a  new 
building  was  added  last  summer,  which  has  doubled  the 
laboratory'  sisaee  available  for  mechanical-engineering  labora- 
tory purposes.  A  motor-car  engine,  a  25-hp.  air  compressor 
and  a  25-hp.  heavy-oil  engine  are  in  this  laboratory,  and,  in 
addition  to  other  minor  equipment,  go  to  make  a  very  well- 
equipped  laboratory  for  mechanical-engineering  work.  Fur- 
ther, the  equipment  available  includes  a  small  engine  and  a 
small  turbine  direct-connected  to  an  electrical  generator,  with 
the  necessary  boiler  equipment,  condensers,  etc. 

In  the  testing  laboratory  there  is  a  150,000-lb.  Olsen  testing 
machine  which  was  on  exhibition  at  the  Panama-Pacific 
International  Exposition.  In  addition,  there  is  a  30,000-lb. 
Riehle  tension  and  compression  machine,  cement-testing  and 
briquetting   equipment,   torsion   machines,    etc. 

In  the  hydraulic  laboratory  they  have  a  Pelton  water  wheel, 
water  turbine,  single-  and  multi-stage  centrifugal  pumps, 
piston  pumps  and  minor  equipment. 

The  following  statement  is  quoted  from  Mr.  Adams's  letter: 

"  Our  laboratory  is  willing  to  undertake  any  preparedness 
work  which  it  is  possible  to  do  with  the  staff  and  apparatus 
available.  Over  one-third  of  the  students  who  have  entered 
the  Army  and  Navy  have  come  from  the  mechanical-engi- 
neering course  in  spite  of  the  fact  that  we  are  offering  six 
courses  at  the  College.  Last  year  Throop  College  was  desig- 
nated as  one  of  the  branches  of  the  Reserve  Officers'  Training 
Corps,  thus  initiating  work  in  military  training  at  the  College. 
So  far,  Throop  College  of  Technology  is  the  only  Engineer 
Unit  of  the  Reserve  Officers'  Training  Corps  in  the  country. 
This  year  our  professor  of  military  science  and  tactics  will  be 
Captain  Charles  T.  Leeds,  Corps  of  Engineers,  U.  S.  Army, 
Retired.  Captain  Leeds  is  a  graduate  of  West  Point  and  the 
Massachusetts  Institute  of  Technology,  so  that  it  is  expected 
to  develop  a  strong  course  in  military  engineering  here  at  the 
College.  We  have  formed  no  special  units  such  as  ambulance 
or  aviation  corps,  as  our  men  have  gone  into  all  branches  of 
the  service." 


The  fii-st  locomotive  for  American  war-service  railroads  in 
France  was  completed  in  20  working  days,  and  engines  of  this 
type  are  now  being  turned  out  at  the  rate  of  about  30  per  day. 
About  680  of  these  locomotives  and  over  9000  standard-gage 
freight  cars  are  on  order.  The  locomotive  weighs  about 
166,400  lb.,  with  the  tender  about  275,000  lb.— Official  Bulletin. 


U.    S.   BUREAU  OF  STANDARDS 


THE  Bureau  of  Standards,  as  shown  by  the  following 
report  of  its  activities,  is  continuing  its  active  work  both 
on  war  problems  and  problems  of  what  may  be  called  peace 
activities.  A  significant  feature  of  these  activities  is  the  close 
and  growing  collaboration  between  the  Bureau  and  the  indus- 
tries. Thus,  as  seen  from  the  present  report,  the  Bureau  is 
preparing  material  for  the  use  of  manufacturers  of  glass  pots, 
and  even  making  pots  in  its  own  plant  which  will  enable 
American  manufacturers  to  produce  the  more  difficult  tjfpes 
of  glass. 

Graphite  crucibles  experimentally  made  by  the  Bureau  have 
been  shipped  to  various  foundries  for  purposes  of  tests  under 
actual  shop  conditions. 

At  the  same  time  work  of  great  practical  interest  is  being 
carried  on  in  lines  requiring  a  high  degree  of  preliminary 
scientific  training  for  its  prosecution.  Thus,  the  Bureau's 
study  of  dicyanin  stained  glass  has  yielded  unexpectedly  sat- 
isfactory results,  and  long  infra-red  radiations  have  been  suc- 
cessfully photographed.  In  fact,  an  invisible  spectral  region 
as  large  as  the  entire  visible  spectrum  has  been  thus  made  ac- 
cessible to  photographic  methods  in  ultra-red.  Ten  or  twenty 
years  ago  this  would  have  been  justly  spoken  of  as  an  epoch- 
making  achievement  in  experimental  research,  but  in  the  last 
decade  the  world  has  grown  so  accustomed  to  great  achieve- 
ment that  it  is  difficult  to  attract  more  than  its  passing  atten- 
tion. This  does  not,  however,  detract  from  the  value  of  work 
done. 

Safety  Belts  for  Aviators 

The  Bureau  of  Standards  has  prepared  specifications  for 
leather  to  be  used  in  the  construction  of  safety  belts  for 
aviators. 


LtTBEICANTS 

The  Bureau  has  been  engaged  on  the  development  of  specifi- 
cations for  airplane-motor  oil  in  cooperation  with  those  inter- 
ested in  this  problem,  including  representatives  of  refining 
companies.  The  Bureau  has  an  aero-mechanical  engineer  en- 
gaged in  developing  and  describing  an  oil  suitable  for  airplane 
motors.  This  expert  is  also  working  with  the  sub-committee 
on  lubricants  of  the  International  Aircraft  Standardization 
Board. 


boro-siUcate  glass  have  been  successfully  completed  by  mem- 
bers of  the  staff  of  the  Bureau. 


Graphite-Crucible  Development 

Twenty-six  finished  experimental  crucibles  have  been  com- 
pleted for  service  testing  in  actual  practice.  These  have  been 
shipped  to  various  foundries  for  this  purpose.  They  are  made 
in  sizes  used  in  industrial  practice. 

Stucco  and  Plaster 

In  the  investigation  of  the  durability  of  stucco  and  plasters, 
two  small  test  buildings  just  erected  on  the  Bureau  of  Stand- 
ards' grounds  have  been  coated  with  special  stucco  in  order 
to  study  the  weathering  effects  on  this  type  of  stucco,  and 
with  the  special  type  of  construction  used.  These  form  a  valu- 
able addition  to  the  test  structures  already  erected  for  this 
purpose. 

Building  Stones  of  the  United  States 

In  the  investigation  of  building  stones  available  in  this 
country  for  structural  purposes,  30  different  specimens  were 
submitted  to  laboratory  test  and  examination.  These  included 
the  determination  of  specific  gravity,  or  absorption,  "and  of 
the  compression  and  transverse  strength.  A  freezing  and 
thawing  machine  is  being  erected  for  this  work.  This  will 
simulate  actual  weathering  conditions,  and  will  be  used  to  de- 
termine the  life  of  various  types  of  stones  under  various 
weather  conditions. 


Ultra- VioiiET  Radiation  prom  Quartz  Mercury- Vapor 
Lamps 

The  increasing  importance  of  quartz  mercury-vapor  lamps 
makes  it  very  important  that  the  methods  for  measuring  total 
radiation  and  ultra-violet  radiation  be  carefully  studied.  The 
Bureau  is  reducing  these  measurements  of  routine  operations. 
lu  the  final  standardization  of  such  lamps,  the  Bureau  will 
be  in  a  position  to  specify  the  intensity  of  the  invisible  ultra- 
violet radiation  in  absolute  units.  Such  certification  will  be 
analogous  to  the  rating  of  ordinary  electric  lamps  in  terms  of 
candlepower. 


Optical  Glass 

The  work  on  special  clay  pots  for  making  optical  glass  is 
progressing  rapidly.  Pots  as  large  as  28  in.  in  diameter  have 
been  made  from  porcelain  mixtures.  Lining  of  very  good 
mixtures  have  also  been  applied  to  clay  pots.  In  this  connec- 
tion the  Bureau  is  preparing  material  for  the  use  of  manufac- 
turers, as  porcelain  lining  for  the  glass  pots  now  being  made 
commercially.  A  large  plaster  mold  has  been  completed  at  the 
Bureau  to  be  used  in  "  casting  "  pots,  and  sufficient  material 
has  been  prepared  for  "  casting "  a  28-in.  pot  in  the  near 
future.  The  use  of  pots  purchased  in  the  open  market  seems 
to  preclude  the  possibility  of  making  the  more  difficult  glasses. 
The  Bureau,  therefore,  is  making  pots  in  its  own  plant,  and 
the  work  is  progressing  very  rapidly.  It  is  believed  that  when 
these  are  ready,  satisfactory  glass  of  all  kinds  can  be  made. 
During  the  past  month  two  melts  of  light  flint  glass,  one  of 
a  dense  flint  glass,  three  of  a  light  crown  glass,  and  three  of 


Inpra-Rbd  Photography 

The  Bureau's  study  of  dicyanin  stained  plates  has  yielded 
unexpectedly  satisfactory  results.  Infra-red  radiation  of 
waves  longer  than  11,000  Angstron  units  (1.1  microns)  have 
been  successfully  photographed,  using  the  iron  arc  and  cobalt 
as  light  sources  for  this  purpose.  An  invisible  spectral  region 
as  large  as  the  entire  visible  spectrum  is  thus  made  accessible 
to  photographic  methods  in  infra-red.  The  work  was  deemed 
of  such  importance  that  maps  of  the  solar  spectrum  were  pre- 
pared, covering  the  region  from  6800  Angstron  to  9600 
Angstron  units.  The  work  has  been  in  active  operation  dur- 
ing the  past  month. 

Exposure  Tests  of  Steel  Sheets 

A  visit  was  made  to  Pittsburgh  and  Annapolis  to  inspect 
the  steel  sheets  exposed  by  the  American  Society  for  Testing 
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Materials.  At  Pittsburgh  there  is  undoubted  evidence  that  the 
coppered  sheets  are  resisting  corrosion  better  than  the  uncop- 
pered  material.  The  less  severe  conditions  at  Annapolis  have 
not  brought  out  this  point.  It  is  learned  that  at  Ft.  Sheridan 
the  test  has  not  advanced  far  enough  to  justify  drawing  any 
eonelusion. 


News  of  Other  Societies 
Southwestern  Society  of  Engineers 

The  annual  convention  of  the  Southwestern  Society  of  Engi- 
neers was  held  at  El  Paso,  Texas,  October  18  to  20  inclusive. 

The  guest  and  speaker  of  the  Convention  was  Dr.  Ira  N. 
Hollis,  President  of  The  American  Society  of  Mechanical  En- 
gineers and  of  the  Worcester  Polytechnic  Institute.  His  prin- 
cipal address.  The  Engineer  in  the  Present  War,  emphasized 
that  men,  not  inventions,  wiU  win  the  war,  the  kej-note  being 
struck  in  his  words :  "  The  blood  of  our  children,  the  youth 
of  America,  only  will  solve  this  war.  After  all,  it  is  not  an 
engineer's  war — it's  a  war  of  industrial  organization." 

Dr.  Hollis  again  addressed  the  convention  at  the  luncheon 
at  the  Ninth  Engineers'  Camp,  Major  O'Connor  commanding. 
At  this  time  he  lauded  the  work  of  the  United  States  destroy- 
ers in  the  war  zone,  stating  they  were  far  superior  to  an}^hing 
in  the  British  or  German  Navies.  He  again  spoke  to  the 
society  at  the  annual  dinner  that  closed  the  formal  session,  the 
keynote  of  this  address  being  that  "  America  is  a  country  of 
united  people,"  quoting,  "  We  have  something  now  in  the 
country  the  world  has  never  seen  before — three  thousand  miles 
of  people  with  the  same  thoughts  and  the  same  ideals." 

The  opening  address,  "  The  Engineering  School  and  the 
War,"  by  President  Barnes,  emphasized  the  lack  of  research 
and  executive  type  of  engineers,  and  the  belief  that  the  war 
will  teach  the  schools  the  need  of  developing  their  courses  to 
train  men  along  these  lines. 

The  most  enjoyable  morning  was  spent  with  the  Ninth 
Engineers'  Camp,  Major  O'Connor  commanding,  and  the 
Eighth  Engineers'  Camp,  Major  Peterson  commanding,  at 
which  sessions  Pontoon  Bridge  Building,  Field  Survejong, 
Fortification  Work,  and  Trench  Building  were  thoroughly 
demonstrated.  These  sessions,  bringing  the  membership  in 
close  touch  with  Army  Engineering,  were  especially  enjoy- 
able and  beneficial.  The  stories  of  the  troubles  of  canton- 
ment construction  as  were  found  at  Camp  Codie,  Deming, 
N.  M.,  was  carefully  explained  by  C.  A.  Tilton,  an  auditor 
of  contractor,  and  Major  C.  H.  Miller,  Engineer-in-Charge. 
The  success  of  the  construction  of  this  cantonment  against 
possibly  the  greatest  odds  at  any  of  the  camps  speaks  well 
for  American  engineering  abUity,  and  proves  that  the  Ameri- 
can engineer  can  construct  successfully  even  if  the  resources 
at  hand  are  meager. 

The  address  of  Dean  G.  M.  Butler,  of  the  University  of 
Arizona,  upon  Some  Effects  of  the  Draft  Law  on  the  Arizona 
Mining  Industry,  very  clearly  brought  out  the  problems  that 
the  Arizona  mining  companies  have  been  facing  during  this 
great  period  of  stress. 

Nominations  of  officers  for  the  coming  year  were  made  as 
follows:  President,  Dean  G.  M.  Butler,  University  of 
Arizona;  First  Vice-President,  Dean  S.  H.  Worrell,  Texas 
State  School  of  Mines;  Secretary,  C.  E.  Barglebaugh; 
Treasurer,  R.  W.  Goddard.  For  Directors  to  serve  three 
years,  Messrs.  W.  E.  Robertson  and  Gerald  Sherman,  the 
following  officers  holding  over  as  Directors :  Messrs.  Barnes, 
GOlis,  Gladding  and  Andros. 


At  the  present  time  the  membership  of  the  Society  is  119, 
and  it  is  interesting  to  know  that  practically  20  per  cent  of 
the  membership  is  now  in  war  service.  This,  and  industrial 
conditions  in  Arizona,  brought  about  a  smaller  attendance 
than  usual,  but  the  enthusiasm  and  interest  in  the  meetings 
made  up  in  a  large  measure  for  the  shortage. 

Gas  as  Gasoline  Substitute 

The  advantages  and  disadvantages  of  gas  as  a  substitute 
for  gasoline  in  motor  traction  are  discussed  in  a  report  just 
issued  in  England  by  the  executive  committee  of  the  British 
Commercial  Gas  Association,  which  says,  in  part: 

"  When  gas  is  used  on  a  mobile  vehicle  several  limiting 
conditions  present  themselves,  inasmuch  as  the  gas  for  driv- 
ing the  engine  must  be  carried  by  the  vehicle  itself.  The 
question  of  storage,  therefore,  arises  first. 

"  From  information  that  has  appeared  in  the  technical 
press,  the  use  of  gas  for  motor  traction  has  been  successfully 
worked  out  by  Messrs.  Barton  Bros.,  of  Beeston.  Their 
arrangement  consists  of  a  flexible  balloon-like  holder  carried 
on  the  roof  of  the  vehicle.  The  holders  are  made  of  woven 
fabric  treated  so  as  to  be  impervious  to  gas  and  to  withstand 
the  effects  of  weather.  They  are  made  in  various  sizes  from 
150  to  500  cu.  ft.  capacity.  The  gas  is  therefore  stored  under 
a  very  slight  pressure,  probably  only  a  few  tenths  of  an  inch 
head  (water  gage)  above  atmosphere,  and  this  pressure  is 
steadily  maintained  as  the  holder  exhausts  itself  in  feeding 
the  engine.  So  far  as  the  engine  is  concerned  the  low  pres- 
sure of  the  gas  in  the  flexible  holder  is  of  no  consequence. 
The  gas  flows  into  the  engine  just  as  the  air  does;  that  is 
by  the  inductive  power  due  to  the  operation  of  the  engine 
itself." 

The  results  of  an  experimental  test  made  by  the  committee 
are  thus  described: 

'■  A  car  having  been  equipped  with  gas  reservoirs,  it  was 
driven  round  a  district  with  about  the  average  kind  of  road 
and  variations  of  level,  and  the  observations  made  indicate 
a  radius  of  action  25  miles  per  1000  cu.  ft.  The  average 
speed  was  nine  miles  per  hour,  including  the  stopping  and 
slowing  down  which  was  several  times  necessary  at  crossings, 
etc..  but  which  is,  of  course,  consistent  with  everyday  con- 
ditions. 

"  Results  obtained  at  Coventry  show  that  the  brake  power 
developed  by  a  petrol  motor  when  driven  by  gas  is  about  85 
per  cent  of  the  power  developed  by  petrol,  and  that  this  pro- 
portion is  fairly  constant  over  a  wide  range  of  speeds;  also 
for  equal  brake  power  on  test  bench  one  gallon  of  petrol 
appears  to  be  equivalent  to  250  cu.  ft.  of  gas. 

"  Our  own  observations  derived  from  general  running  of  a 
vehicle  on  petrol  and  gas  point  to  a  ratio  less  favorable  to 
gas,  namely,  that  one  gallon  of  petrol  is  equivalent  to  300 
cu.  ft.  of  gas. 

"  Much,  however,  of  course,  depends  upon  the  quality  of 
the  gas  and  the  kind  of  petrol  used,  there  being  several 
qualities  of  both  procurable  at  the  present  time. 

"  Regarding  the  equivalents  of  gas  and  petrol,  the  gas  sup- 
plies in  different  parts  of  the  countrj'  are,  like  electric  sup- 
plies, not  standardized  either  as  to  price  or  quality,  and  it 
wiU  be  found  that  the  gas  obtained  at  some  places  will  give 
a  better  mileage  than  gas  obtained  in  another  place.  The 
gas  equivalent  is,  however,  unlikely  ever  to  be  higher  than 
300  cu.  ft.  per  gallon  of  petrol  but  may  be  as  low  as  and 
even  lower  than  250  cu.  ft.  These  figures,  together  with  local 
prices   for  gas   and   petrol,   will   enable   those   interested  to 
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calculate  the  relative  costs  of  running." 
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Industrial  Reconstruction 

An  important  manifesto  on  industrial  reconstruction  which 
has  just  been  issued  bears  the  signatures  of  more  than  forty 
well-known  business  men  and  university  professors,  and  of 
a  still  larger  number  of  officers  of  trade  associations.  The 
manifesto  has  also  the  support  of  the  editors  of  some  seventy 
trade  and  technical  journals.  The  scheme  outlined  in  the 
manifesto  is  put  forward  as  the  practical  outcome  of  all  the 
authoritative  suggestions  that  have  been  made  during  the 
last  three  years  for  the  organization  of  British  industries 
and  the  development  of  trade  and  commerce. 

Concerning  the  needs  of  industrial  reconstruction  the  signa- 
tories say  that  to  meet  the  urgent  needs  of  the  times  it  will 
be  necessary  to  increase  considerably  our  efforts  to  develop 
British  industries  on  the  following  lines : 

1  The  mobilization  of  each  industry  for  common  action 

2  A  greater  degree  of  cooperation  between  manufacturers 

3  Cooperation  between  labor  and  capital  and  the  avoidance 

of  industrial  strife 

4  A  more  complete  association  between  scientific  institutions 

and  traders 

5  Education  better  adapted  to  our  commercial  needs 

6  Each  industry  to  be  studied  as  a  whole,  and  freed  from 

unnecessary  internal  competition 

7  Every  trade  to  present  a  united  front  to  foreign  competi- 

tion 

8  Output  regarded  as  a  duty  by  both  capital  and  labor 

9  Encouragement  by   the   Government   of   the   activities  of 

traders,  with  a  minimum  of  interference. 

It  is  contended  that  the  matter  cannot  be  left  to  chance, 
and  that  some  national  scheme  is  necessary  which  shall  in- 
sure the  securing  of  these  objects. 

Finally  the  manifesto  puts  forward  under  six  headings  a 
scheme  for  industrial  reconstruction.  It  is  suggested  that 
the  basis  of  the  scheme  should  be  a  vocational  franchise, 
which  would  make  possible  the  organization  of  each  trade 
separately  under  a  trade  council  composed  of  capital  and 
labor,  and  the  decentralization  of  a  large  proportion  of. 
national  work  now  attempted  by  Government  departments. 
The  Government,  it  is  proposed,  should  establish  a  depart- 
ment to  promote  or  encourage  trade,  and  the  first  func- 
tion of  this  department  should  be  to  create  representative 
trade  councils  in  every  trade.  It  should  be  assisted  by  an 
advisory  council,  consisting  of  the  chairman  of  all  the  trade 
councils,  and  should  comprise  special  departments  for  ex- 
port and  tariffs,  industrial  and  scientific  research,  commercial 
education,  statistics  and  finance,  welfare  and  exhibitions  and 
advertising. 

Generally,  the  scheme  involves  the  establishment  of  a  com- 
plete new  system  of  trade  government  comparable  to  our 
existing  system  of  local  government,  with  a  ministry  at  the 
head  with  powers  similar  to  those  of  the  local  govei'innent 
board,  controlling  numerous  trade  councils,  with  powers  com- 
parable to  those  of  existing  county  councils.  It  recognizes 
the  essential  principle  that  industrial  interests  should  be 
grouped  by  trades  and  not  by  localities. 

The  manifesto,  signed  as  it  is  largely  by  manufacturers 
and  officers  of  employers'  associations,  is  described  definitely 
as  an  olive  branch  to  labor.  It  invites  the  workers  cordially 
to  join  with  the  management  in  the  self-government  of  in- 
dustry, and  offers  them  an  equal  status  and  responsibility  on 


International  Aircraft  Standards 

The  following  list  of  specifications  for  aircraft  has  been 
adopted  to  date  by  the  International  Aircraft  Standards 
Board  of  the  Council  of  National  Defense,  F.  G.  DiflSn, 
Chairman. 

ILl.  List  of  specifications 

IGl.  General  specifications  for  the  testing  and  inspection 

of  metallic  materials 
lAl.  Methods  of  chemical  analysis 
2S1.  Chemical  compositions  of  steels 
2N1.  Ingot  aluminum 
2N2.  Ingot  copper 
2N3.  Spelter 

351.  Carbon  steel  for  case-hardening 

352.  Medium-carbon  steel  bars  and  billets 

353.  Alloy-steel   bars   and  billets,   100,000   lb.   per  sq.   in. 
tensile  strength 

354.  Alloy-steel   bars  and  billets,   125,000   lb.   per  sq.   in. 
tensile  strength 

355.  Alloy-steel  bars   and  billets,   150,000   lb.   per  sq.   in. 
tensile  strength 

356.  Alloy-steel  bars   and   billets,   175,000   lb.   per  sq.   in. 
tensile  strength 

357.  Alloy-steel  bars   and   billets,   200,000   lb.   per  sq.   in. 
tensile  strength 

358.  Alloy-steel   bars   and   billets,   225,000   lb.   per  sq.   in. 
tensile  strength 

359.  Alloy-steel  bars  and  bUlets  for  case-hardening,  170,- 
000  lb.  per  sq.  in.  tensOe  strength 

3510.  Alloy-steel  bars  and  billets  for  case-hardening,  190,- 
000  lb.  per  sq.  in.  tensile  strength 

3511.  Tolerance  on  steel  bars 

3512.  High-strength  steel  wire 

3513.  19  non-flexible  steel-wire  cable 

3514.  7  by  7  non-flexible  steel-wire  cable 

3515.  7  by  19  extra-flexible  steel-wire  cable 

3516.  Wire  for  acetylene  welding 

3517.  Wire  for  electric  welding 
3N1.  Gun-metal  eastings 

3N2.  Manganese-bronze  castings 

3N3.  Phosphor-bronze  castings 

3N4.  Naval  brass  or  equivalent  alloy  bars 

3N5.  Naval  brass  or  equivalent  alloy  sheet 

3N6.  Sheet  brass 

3N7.  Brass  tubes 

3N8.  Sheet  copper 

3N9.  Phosphor-bronze  strip 

3N10.  Babbitt  metal 

3N11.  Aluminum-alloy  castings 

3N12.  Sheet  aluminum 

4P1.  Turnbuckles 

4P2.  Ferrules  and  thimbles. 

Wood  for  Aeroplanes 

The  Forest  Service,  Department  of  Agriculture,  authorizes 
the  following: 

When  the  United  States  entered  the  war  the  need  for  wood 
to  build  airplanes  quickly  created  a  difficult  problem.  Most 
of  the  air-seasoned  wood  available  had  been  bought  for  air- 
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planes  for  the  allied  nations  abroad.  Thorough  air  seasoning 
of  such  stock  requires  from  one  to  three  years,  according 
to  the  size  and  kind  of  wood.  Kiln-dried  stock  under  the 
methods  ordinarily  used  has  frequently  proved  unsatisfactory 
and  for  that  reason  airplane  manufacturers  have  been  re- 
luctant to  use  it.  If  the  needs  of  the  fighting  forces  were  to 
be  met  adequately  and  without  prolonged  delay,  it  was  essen- 
tial that  methods  of  conditioning  should  be  available  in  which 
fuU  confidence  could  be  placed. 

Long  before  this  situation  developed  the  forest  products 
laboratory  of  the  Forest  Service,  at  Madison,  Wis.,  had  been 
making  a  scientific  study  of  the  drying  of  wood,  and  had 
developed  a  method  of  drying  which  has  been  very  success- 
ful with  aU  the  woods  tried.  Several  kilns  have  been  built 
at  the  laboratory  for  experimental  purposes  and  a  number  of 
demonstrations  made  in  commercial  kilns.  Ash  and  spruce 
are  the  woods  most  in  demand  for  airplane  construction,  and 
anticipating  the  present  situation  the  Forest  Service  secured 
a  shipment  of  partially  air-seasoned  ash  and  spruce  plank 
for  preliminary  tests. 

This  material  was  kiln-dried  without  injury.  Later 
thoroughly  green  Sitka  spruce,  white  ash  (northern  and 
southern),  white  oak,  Douglas  fir,  western  white  pine,  and 
mahogany  were  secured  in  the  log  for  testing.  The  spruce 
and  ash  logs  were  cut  up  and  the  green  material  from  each 
species  divided  into  three  matched  groups.  One  group  of 
each  species  was  tested  green,  another  had  been  set  aside  to 
be  tested  when  it  has  air-dried,  and  the  third  group  was  kUn- 
dried,  trying  several  methods,  and  then  tested. 

Only  the  results  of  tests  on  the  spruce  have  so  far  been 
analyzed.  Comparison  with  standard  tests  which  had  already 
been  made  shows  that  Sitka  spruce  can  be  kiln-dried  from 
the  green  condition  with  no  more,  perhaps  less,  injury  to 
its  mechanical  properties  than  by  air  seasoning.  Definite 
specifications  have  been  prepared  for  kiln-drying  spruce 
green  from  the  saw  for  airplane  construction,  and  if  rigidly 
enforced,  they  wiU  insure  kUn-dried  stock  of  this  species 
equal  to  air-dried  stock. 

A  preliminary  study  of  propeller  construction  has  shown 
the  need  of  such  information  on  propeller  woods.  The  test- 
ing of  the  ash  and  other  species  now  on  hand,  which  include 
several  propeller  woods,  is  being  pushed  as  rapidly  as  pos- 
sible, and  there  seems  reason  to  expect  as  favorable  results 
as  for  the  spruce.     (Official  Bulletin,  October  18,  1917,  p.  5) 

Smoking  Rules  for  Factories  Adopted 

Announcement  is  made  by  the  New  York  State  Industrial 
Commission  that  it  has  adopted  the  new  "  smoking  rules " 
as  Rule  15  of  the  Industrial  Code,  to  take  effect  immediately. 
This  gives  the  new  rules  force  and  effect  of  law. 

According  to  the  rule,  smoking  may  now  be  permitted  in 
a  factory  only  upon  written  appHeation  by  an  employer, 
approved  by  the  State  Industrial  Commission  after  inspec- 
tion by  its  staff  and  under  certain  conditions  to  be  prescribed. 
The  permit  shall  state  the  conditions  under  which  each 
individual  permit  is  issued. 

As  a  general  proposition,  aside  from  those  conditions  here- 
inbefore specified,  smoking  may  be  permitted  where  condi- 
tions are  substantially  as  follows:  (1)  In  buildings  where 
the  contents  are  either  non-inflammable  or  incombustible. 
(2)  In  buildings  of  mill  construction  where  the  contents  are 
incombustible.  (3)  In  factory  buUdings,  in  separate  rooms 
set  apart  for  the  purpose  as  mentioned  before.  (4)  In 
foundries  and  forge  shops. 


No  permit  will  be  issued  for  smoking  in  any  factory  where 
explosives  are  manufactured,  used  6r  stored.  Where  smok- 
ing is  permitted  fireproof  receptacles  must  be  provided  in 
which  to  deposit  all  waste  or  other  inflammable  material. 
Wherever  smoking  is  permitted,  the  use  of  celluloid  eye- 
shades,  cuff  jjrotectors,  or  other  similar  devices  is  prohibited. 
Portions  of  any  factory  where  smoking  is  permitted  must 
be  posted.     (Journal  of  Commerce,  October  29,  1917,  p.  17) 

Weights  of  Mercedes  Motor  Parts 

The  following  interesting  table  is  a  recapitulation  of  the 

weights  of  the  parts  of  the  Mercedes  motor: 

Crankshaft   complete    34.8     kg. 

Lower  half  of  crank  case 39.97  kg. 

Upper  half  of  crank  case 31.       kg. 

Six   cylinders   complete 61.24  kg. 

Six  connecting  rods  complete 13.86  kg. 

Six  pistons  complete   18.7     kg. 

Camshaft  complete   21.1     kg. 

Carburetor    6.6     kg. 

Water  pump  with  shaft  and  housing 6.6     kg. 

Oil  pump  with  shaft   5.85   kg. 

Two  operating  magnetos   13.       kg. 

One  starting  magneto 4.       kg. 

Inlet  pipe  and  ignition  wire  casing 11.       kg. 

Miscellaneous    parts    5.5     kg. 

Total    273.22  kg. 

Exhaust  pipe  complete 7.5     kg. 

Radiator  empty    26.        kg. 

Total    306.72  kg. 

This  Month's  Abstracts 

New  ways  to  bum  crude  oil  or  gas  attract  an  increasing 
amount  of  attention  in  these  days  of  fuel  stringency.  In  the 
present  issue  abstracts  will  be  found  of  descriptions  of  two 
such  ways;  one  by  W.  A.  Janssen  and  the  other  by  A.  C. 
lonides. 

In  the  section  Air  Pumps  is  described  the  Globe-Johnston 
rotary  vacuum  air  pump,  said  to  produce  a  high  vacuum. 

The  section  Engineering  Materials  is  particularly  rich  in 
good  articles  this  month. 

An  abstract  from  a  paper  before  the  Ceramic  Society  of 
Glasgow  presents  an  explanation  why  silica  brick  is  so  much 
more  resistant  in  high-temperature  firing  than  ordinary  brick. 

GuUlery  gives  new  data  and  methods  for  obtaining  more 
reliable  results  with  the  BrineU  hardness  test. 

Prof.  W.  M.  Thornton,  by  repeating  tests  formerly  carried 
out  at  the  National  Physical  Laboratory,  determines  the 
factors  affecting  the  heat-insulating  value  of  a  roofing  material 
and  presents  data  on  the  behavior  of  such  materials. 

Grain-size  inheritance  in  iron  and  carbon  steel  forms  the 
subject  of  a  paper  before  the  American  Institute  of  Mining 
Engineers,  while  Herbert  J.  French  gives  data  obtained  in  an 
experimental  investigation  of  the  physical-chemical  properties 
of  chrome-nickel  steels.  Finally,  several  abstracts  taken  in- 
directly from  German  periodicals  are  reproduced  in  the  same 
section. 

In  the  section  Internal-Combustion  Engineering  attention  is 
called  to  an  abstract  of  a  French  official  report  on  the  use  of 
alcohol  for  fuel  purposes  in  internal-combustion  engines  and 
some  details  of  the  new  Evinrude-Hvid  oil  engine. 

Tables  and  data  are  reproduced  from  a  British  periodical  on 
the  design  of  coil  springs. 

In  the  section  ThermodjTiamics  particular  attention  is  called 
to  an  abstract  of  paper  by  W.  C.  Stuart,  Mem.Am.Soc.M.E., 
on  the  performance  and  design  of  surface  feedwater  heaters. 
Lack  of  space  prevented  giving  a  more  detailed  abstract  of 
this  interesting  paper. 
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SUBJECTS  OF  THIS  MONTH'S  ABSTRACTS 
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Carbon   Steel. 
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Size. 
Phisico-Chemical  Properties  of 

Chrome-Nickel  Steel. 
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Coal  and  Fbedwateb  Handling  at  St. 
Joseph,   Mo.,   Plant. 

Alcohol  as  Fuel. 

Hvid-Evinbude  Oil  Engine. 

Design  of  Coil  Springs. 

Corrosion  of  Brine  Pipes. 

Santa  Fe  Locomotive  for  U.  P. 

Automatic  Straight  Air-Brakb  System 

New  Air-Brake  Triple  Valve. 

Surface   Feedwater  Heaters. 

Curve  of  Temperature  Rise  in  Feed- 
water  Heaters. 

Mean  Temperature  Difference  and 
Heat-Tbansfbb  Coefficient. 


Aeronautics 

The   Metallurgy  op   Cast-Iron   Aeroplane-Engine 
Cylinders,  F.  W.  Adams 

An  article  giving  data  on  the  mixtures  and  processes  used 
in  the  casting  of  cast-iron  aeroplane-engine  cylinders. 

The  tests  used  are  chemical  analysis,  water-pressure  test 
for  porosity,  and  size-limit  test. 

The  chemical  constitution  of  the  iron  is  specified  and  usually 
allows  of  but  little  variation,  the  mixture  aimed  at  being 
such  as  will  make  a  cylinder  sufficiently  hard  to  insure  a 
reasonable  life,  but,  at  the  same  time,  machinable  and  not 
porous. 

Owing  to  the  thinness  of  the  casting,  phosphorus  must  be 
relatively  high  in  order  to  promote  fluidity  and  enable  the 
metal  to  take  the  finest  parts  of  the  mold.  As  phosphorus, 
however,  produces  brittleness  in  the  iron  under  shock,  its 
excess  must  be  carefully  avoided.  Fluidity  can  also  be  pro- 
duced by  a  high  melting  temperature,  but  this  has  several  dis- 
advantages. In  the  first  place  more  carbon  is  absorbed  by  the 
molten  metal,  and  next,  on  easting,  rapid  cooling  takes  place 
at  critical  temperatures,  resulting  in  brittleness  and  hard 
patches  in  the  finished  casting  which  cause  considerable  trouble 
in  machining. 

The  water  test  is  of  great  importance.  The  machined 
cylinders  are  tested  up  to  a  water  pressure  of  500  lb.  per  sq. 
in.  and  at  this  pressure  must  not  show  the  slightest  trace  of 
leakage  or  even  dampness  on  the  outside  surface.  Failure 
in  this  case  may  be  due  either  to  excessive  graphitic  carbon 
or  blowholes.  In  the  first  case  a  slight  leakage  usually  occurs 
in  the  thinner  portions  of  the  cylinder  and  .is  apparently  due 
to  lack  of  cohesion  between  the  graphite  plates  and  the  metal 
itself. 

The  original  is  illustrated  by  photomicrographs  showing  the 
structure  of  various  types  of  cylinder  cast  iron.  {Aerial  Age 
Weekly,  vol.  6,  no.  7,  October  29,  1917,  pp.  286-287,  6  figs.,  p) 

Air  Pumps 

Globe-Johnston  Rotary  Vacuum  Air  Pump 

Description  of  a  rotary  valveless  air  pump  designed  to  pro- 
duce a  high  vacuum. 

It  consists  of  two  main  parts,  the  rotor  and  the  drum, 
rotating  on  ball  bearings  in  a  specially  designed  casing.  By 
a  small  modification  the  vacuum  pump  may  be  converted  into 
an  air  compressor. 

The  rotor.  Fig.  1,  as  applied  for  the  vacuum  pump,  is  a 


hollow  member  on  the  outer  circumference  of  which  deep 
double-thread  screws  are  formed.  A  passage  C  runs  between 
twin-screw  threads  A  and  B  into  the  interior  of  the  rotor. 
When  the  machine  is  producing  a  vacuum  this  passage  acts 
as  the  inlet  to  the  screw  threads,  but  when  air  is  being  com- 
pressed, it  is  the  outlet.  Similarly  the  pipe  F  running  from 
the  interior  of  the  rotor  to  the  exterior  of  the  machine  is  the 
inlet  pipe  in  the  vacuum  pump  and  the  outlet  pipe  in  the  com- 
pressor. The  screw  threads  are  joined  by  a  large  number  of 
narrow  partitions  or  blades  D  which  are  equally  spaced  around 


The  Scoop 
Hsgulafor 

The  Scoop.-" 


Air  and  Wafer 
Discharge.      G 


Fig.  1     Globe-Johnston  Rotary  Vacuum  Pump  in  Section 

the  periphery  of  the  rotor.  The  outer  and  imier  edges  of 
these  blades  are  respectively  fiush  with  the  top  of  the  screw 
threads  and  half  way  down  the  depth  of  the  threads. 

The  ring  of  water  is  in  the  first  place  set  up  by  the  action  of 
these  blades  in  conjunction  with  centrifugal  force.  Annular 
rings  E,  called  shrouding  blades,  fitted  to  the  sides  of  the 
rotor  and  reaching  somewhat  below  the  water  level  on  the 
discharge  side,  prevent  the  exhausted  or  compressed  air  from 
returning  along  the  screws  when  the  thread  ends  leave  the 
water  seal. 

The  rotating  drum  is  a  hollow  cylinder  also  running  on 
massive  ball  bearings.  The  drum  when  rotating  contains  the 
ring  of  water  and  is  set  eccentrically  to  the  rotor.  The 
relative  eccentricity  of  the  rotor  and  the  water  ring  produces 
what  is  called  the  "  working  space,"  Fig.  2.     The  net  circular 
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area  of  this  space  considered  in  conjunction  with  the  pitch 
of  the  screw  threads  and  the  speed  of  rotation  is  the  measure 
of  the  air  capacity  of  the  pump. 

The  essential  feature  of  this  pump  is  a  rotating  screw 
set  eccentrically  to  and  working  in  conjunction  with  a  ring 
of  water  established  and  maintained  by  centrifugal  force 
■within  the  rotating  drum.  To  put  the  machine  into  operation 
water  is  allowed  to  flow  through  pipe  H,  Fig.  1,  and  the  pump 
is  set  in  motion.  The  water  passes  through  the  water-sealing 
chamber  J  to  the  interior  of  the  pump,  which  it  gradually 
fills  until  it  becomes  deep  enough  to  be  caught  by  the  parti- 
tion blades  D  of  the  revolving-screw  rotors  A  and  B.  It 
is  then  whirled  round  the  interior  of  the  rotating  drum  C 
by  these  blades. 

The  friction  between  the  whirling  water  and  the  drum 
causes  the  latter  to  revolve  also  and  in  a  very  short  time  the 
drimi  and  the  rotor  are  running  at  practically  the  same  speed. 
The  sealing  water  continues  to  flow  into  the  machine  until  a 
ring  of  water  is  formed  within  the  drum  sufficiently  deep  to 
submerge  the  screw  threads  on  the  rotor  at  the  point  where, 


Parfition  dlades  on  Ifofor 


The  Pingof  tfoftr 


Fig.  2     Section  Showing  Ring  op. Water  in  the  Globe- 
Johnston  Rotary  Vacuum  Pump 

due  to  the  eccentricity,  they  approach  nearest  to  the  inner 
periphery  of  the  drum.  It  is  this  water  maintained  in  the 
form  of  a  ring  within  the  drum  by  centrifugal  force  operating 
in  connection  with  the  threaJed  rotor  set  eccentrically  to  it, 
that  produces  the  pump  effect. 

During  the  operation  of  the  pump  a  small  stream  of  water 
flows  continuously  into  the  drum  through  the  pipe  B.,  Fig.  1, 
and  in  order  to  maintain  the  correct  depth  in  the  ring  of  water 
a  scoop  L  is  provided.  The  scoop  skims  half  the  surplus 
water  and  does  it  continuously  while  the  pumj)  is  working. 
(Steamship,  vol.  29,  no.  340,  October  1917,  pp.  75-79,  7 
figs.,  d) 

Engineering  Materials 

The  Refhactory  Properties  of  Silica,  H.  LeChatelier  and 
B.  Bogitch 

It  has  been  found  that  with  clay  bricks  the  arches  could  not 
bear  the  temperature  in  regenerative  firing  and  would  give 


way  in  a  very  short  time.  On  the  other  hand,  siUca  bricks 
could  stand  that  temperature.  It  has  not  been  clear,  however, 
why  sUica  brick  is  so  superior  to  clay  brick.  The  experiments 
on  the  refractory  properties  of  clay  carried  on  by  the  present 
investigators  give  a  basis  for  the  explanation  of  this  fact.  It 
appears  that  clay  bricks  begin  to  soften  between  1300  and  1400 
deg.  cent.,  and,  therefore,  above  that  temperature  cannot  sus- 
tain heavy  loads  without  giving  way  in  a  continuous  and  in- 
definite manner. 

They  act,  therefore,  like  a  vitreous  substance,  and  have  no 
real  fusing  point,  but  only  an  extensive  fusibility  range. 

The  difference  in  the  ways  in  which  clay  and  quartz  act  is 
based  on  the  assumption  that  the  latter  has  a  real  point  of 
fusion  without  jsrevious  softening,  and,  consequently,  inde- 
pendent of  pressure.  This  has  been  confirmed  experimentally 
by  the  writers.  When  toward  1500  deg.  a  small  cylinder  of 
clay  is  crushed  it  can  be  seen  dilating  into  barrel  shape,  then 
completely  flattened  out  into  a  thin  cake,  with  rounded  edges 
showing,  at  any  moment,  properly  so-caUed  fracture.  When 
cooled,  the  crushed  mass  entirely  preserves  its  former  hard- 
ness. On  the  other  hand,  in  the  case  of  a  sUicon,  the  first  ap- 
plication of  the  pressure  produces  no  appreciable  effect,  but 
on  increasing  it  gradually  the  test  piece  breaks  abruptly,  show- 
ing two  sliding  cones,  which  are  observed  in  hard  materials 
when  working  under  compression,  and  the  broken  fragments 
do  not  reunite  at  all  during  the  cooling.  The  effort  necessary 
to  produce  this  abrupt  breakage  decreases  gradually  with  rise 
of  temperature. 

The  resistance  in  crushing  expressed  in  kg.  per  sq.  cm.  or  lb. 
per  sq.  in.  begins  with  170  kg.  (2400  lb.  per  sq.  in.)  at  15  deg. 
cent.,  120  kg.  (1700  lb.  per  sq.  in.)  at  1050  deg.  cent.,  and  30 
kg.  (425  lb.  per  sq.  in.)  at  1600  deg  cent.  These  numbers  lead 
by  extrapolation  to  a  resistance  of  12  kg.  (170  lb.  per  sq.  in.) 
at  1700  deg.  cent.,  the  usual  temperature  of  the  archer  in  steel 
furnaces,  a  resistance  which  is  about  ten  times  the  load  sus- 
tained by  the  bricks  in  the  arches.  This  mechanical  resistance, 
retained  up  to  very  high  temperatures,  is  a  special  peculiarity 
of  silica  bricks,  and  is  not  found  in  clay  bricks  or  even  in 
magnesia  bricks  less  fusible  than  silica. 

The  reason  of  the  difference  is  that  both  clay  and  magnesia 
bricks  contain  basic  oxides,  such  as  aluminum,  lime,  oxides  of 
iron,  etc.,  which  all  tend  to  produce  a  fusible  material  liquid 
already  toward  1200  deg.  Silica,  on  the  contrary,  fonns  a  con- 
tinuous network,  in  the  pores  of  which  the  melted  mass  lodges 
like  water  lodges  in  the  pores  of  pumice  stone  without  dimin- 
ishing the  mechanical  resistance.  The  formation  of  this  net- 
work, in  consequence  of  the  recrystallization  of  the  silica,  is 
due  to  the  difference  of  solubility  of  the  different  allotropic 
varieties  of  silica. 

Bricks  insufficiently  fired  whose  network  is  not  yet  formed 
are  composed  of  grains  of  quartz  flowing  in  the  metal  mass 
and  are  plastic  like  the  clay  bricks.  This  explains  why  insuffi- 
ciently fired  bricks  are  fusible  and  useless.  When  a  good 
silica  brick  is  heated,  its  strength  diminishes  with  rise  of  tem- 
perature. The  reason  for  this  is  that  the  solubility  of  silica 
increases  with  the  temperature,  and  therefore  a  progressive 
dissolution  of  the  crj'stalline  network  is  produced  which  tends 
to  disintegrate  it.  This  effect  is  the  more  delayed  the  better 
the  network  is  developed,  and  it  is  on  this  that  the  quality  of 
silica  brick  depends  before  anything  else.  The  problem  is, 
therefore,  to  study  the  factors  on  which  the  rigidity  of  the  net- 
work depends,  and  these  factors  appear  to  be  as  follows :  the 
proportion  of  fluxes;  the  actual  temperature  of  the  brick;  the 
good  formation  of  the  network;  the  disintegration  of  the  net- 
work through  subsequent  swelling  out. 


December 
1917 


ENGINEERING  SURVEY 


1035 


As  regards  l!uxes,  it  has  been  found  that  the  weights  of  the 
oxides  in  the  fluxes  represent  a  particularly  constant  fraction 
of  the  weights  of  the  sulphates,  on  an  average  35  per  cent. 

The  temperature  which  the  brick  supports  depends  entirely 
on  the  use  one  wishes  to  make  of  it.  The  highest  temperature 
is  in  steel  furnaces.  In  ovens  for  the  distillation  of  coal  the 
temperature  is  not  so  high,  and,  therefore,  a  double  proportion 
of  the  basic  oxides  can  be  used  in  the  brick  which  makes  its 
manufacture  easier. 

The  proper  constitution  of  the  network  is  the  most  delicate 
part  of  the  manufacture.  In  order  to  develop  the  network, 
the  brick  must  be  kept  for  a  very  long  time  at  such  a  high 
temperature  that  the  melted  magma  may  be  sufficiently  fluid. 
The  most  favorable  conditions  appear  to  be  several  days  firing 
at  a  temperature  approaching  1450  deg.  cent. 

The  writers  state,  in  conclusion,  that  all  good  bricks  after 
heating  for  an  hour  at  1600  deg.  cent,  offer  a  resistance  to 
crushing  at  least  equal  to  10  kg.  per  sq.  cm.  The  prolonga- 
tion of  heating  at  this  temperature  does  not  materially  dimin- 
ish their  strength  as  compared  to  what  happens  with  bad 
bricks.  (Abstract  of  a  paper  read  before  the  Ceramic  Society 
at  Glasgow  on  October  2,  1917,  through  Engineering,  vol.  104, 
no.  2702,  October  12,  1917,  pp.  396,  e) 


A  very  simple  mechanical  arrangement  makes  it  possible 
to  eliminate  this  source  of  error.  If  the  pressure  is  removed 
as  soon  as  3000  kg.  are  attained,  the  diameter  of  imprint  will 
be  too  small  by  a  quantity  dD.  If,  on  the  other  hand,  in- 
stead of  the  pressure  being  stopped  at  3000  kg.  it  is  carried 
to  3000  +  dP,  then  the  diameter  of  imprint  will  be  increased 
Now,  if  a  suitable  value  of  dP  is  selected,  then  the  error 
resulting  from  insufficient  duration  of  action  of  pressure 
will  be  exactly  compensated.  As  a  matter  of  fact,  we  wiU 
have  essentially  the  relation 

dP         2dD 


3000 


D 


With  an  impact  of  1500  kg.  per  see.  we  have  for  the  tirst 
steel  in  the  above  table  rfZ>=0.14.     Hence, 

2  X  0.14 

dP  =  3000 rwT—  =  177  ks. 

4.(4 

It  is  quite  possible  to  build  an  apparatus  in  which  the 
maximum  pressure  attained  will  be  regulated  by  the  velocity 
of  impact. 

Let  us  assume  that  the  pressure  is  transmitted  to  the  ball 


Brinell  Hardness  Testing  op  Metals,  M.  Guillery 

In  order  to  have  the  results  of  the  Brinell  hardness  test 
comparable  with  each  other  it  is  necessary  to  define  the  con- 
ditions of  the  test.  In  the  case  of  steel  it  is  usual  to  specify 
them  as  follows: 

Diameter  of  the  ball,  10  mm. 

Total  pressure,  3000  kg. 

Duration  of  pressure,  at  least  5  min. 

The  first  two  of  these  conditions  are  easy  to  specify,  but 
the  third,  while  theoretically  very  simple,  is  in  practice  im- 
possible to  satisfy  except  in  scientific  laboratories.  In  a 
shop  where  the  number  of  tests  often  exceeds  10,000  a  day, 
it  is  evidently  impossible  to  continue  the  pressure  in  each 
test  for  5  min.  and  it  is  usual  to  keep  the  pressure  only  for 
10  sec.  This  is  liable  to  cause  an  error  sometimes  as  high  as 
8  per  cent. 

The  writer  cites  the  following  figures  obtained  with  a  con- 
stant speed  of  ball  and  the  pressure  being  removed  as  soon 
as  it  attained  3000  kg.    (Table  1.) 

TABLE  1     DATA  OF  HARDNESS  TESTS  ON  VARIOUS  MATERIALS         FiG.    3 


cru 


Brinell 

Tensile 

Impact 

Dia. 

hardness 

strength, 

Error 

velocity, 

mm. 

Error 

kg.  per 

Error 

kg.  per 

Error 

per  cent 

kg.  per  sec. 

sq.  mm. 

sq.  mm. 

Mild  8teel 


0     . 

12.5. 

25     . 

1500     . 


4.74 

0 

159 

0 

55.6 

0 

4.72 

0.02 

161 

'} 

5fi . .'! 

0  7 

4.70 

0.04 

163 

4 

57.0 

1.4 

4.60 

0.14 

171 

S 

5'J  S 

4.2 

0 

1.2 
2.4 
7.1 


Medium  Steel  Tempered  and  Annealed 


0     . 

12.5. 

25     . 

1500     . 


4.094 

0 

212  .- 

0 

74.3 

0 

4.074 

0.020 

217 

4.5 

76.0 

17 

4.059 

0.035 

221.5 

9 

77.6 

3.3 

3.975 

0.118 

227 

14.5 

79.4 

5.4 

0 

2.2 
4.3 
7 


Guillery  Apparatus  for  Adjusting  the  Pressure 
IN  THE  Brinell  Hardness  Test 


by  a  frictionless  hydraulic  piston  in  which  the  watertight- 
ness  is  insured  by  a  strip  of  rubber.  The  pressure  exerted 
on  the  piston  is  limited  by  the  lift  of  the  valve  formed  by 
the  sphere  S,  Fig.  3,  carried  in  a  sharp-angle  seat.  The 
pressure  necessary  to  lift  the  valve  is  then  strictly  determined 
by  the  full  section  of  the  seat  and  the  effort  applied  to  the 
sphere.  This  effort  is  produced  by  the  springs,  the  tension 
of  which  may  be  varied  as  desired  by  means  of  the  tightening 
nuts  1),  and  the  useful  length,  by  means  of  the  screws  E  which 
act  on  the  spirals  themselves  of  the  springs  at  rest. 

For  purposes  of  regulation  this  arrangement  gives  two 
independent  variables:  length  and  tension  of  the  spring. 
The  effort  opposing  the  lift  of  the  valve  depends  on  the 
height  of  this  lift,  which  increases  the  elongation,  and  hence 
the  tension  of  the  spring.  The  apparatus  is  regulated  by 
"  cut  and  try,"  so  as  to  have  on  a  given  steel  the  normal 
diameters  of  imprint  for  two   velocities   of  impact  varying 
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in  the  ratio  of  1  to  30.  The  apparatus  is  at  the  same  time 
adjusted  for  all  the  intermediary  velocities,  as  shown  by 
Table  2. 


TABLE  2    DATA  OF  HARDNESS  TESTS  ON  AN  IMPROVED  BRINELL- 
GUILLERY  APPARATUS 


Velocity  of  impact,  kg.  per  sec. 
Diameter  of  imprint 


100 
4. 38 


200 
4.37 


300 
4.40 


600 
4.39 


1000 
4.40 


1500 
4.39 


3000 
4.39 


TABLE  3     FURTHER  DATA  OF  TESTS  ON  VARIOUS  MATERIALS 


Velocity  of  impact,  in  kg.  per  sec. 

Mild  steel 

12.5 
5.67 

4.40 
3.63 
2.61 

100 
5.66 

4.36 
3.60 
2.62 

600 
5.67 

4.36 
3.59 
2.62 

3000 
5.68 

4.36 
3.62 
2.63 

5.66 

Medium  steel,  tempered  and  an- 
nealed   

Nickel-chrome,  untreated 

Nickel-chrome,  annealed 

4.36 
3.58 
2.60 

Theoretically  a  new  regulation  should  be  made  for  each 
different  metal.  However,  for  ordinary  carbon  steels  and 
for  such  special  steels  as  chrome  and  chrome  nickel  which 
have  undergone  some  heat  treatment  the  same  regulation 
holds  good,  as  shown  by  the  following  results,  Table  3. 

This  apparatus  has  been  functioning  for  several  months 
without  having  ever  gotten  out  of  order.  On  pieces  of  the 
same  shape  and  easy  to  handle  the  testing  is  done  at  the  rate 
of  600  imprints  per  hour.  Of  the  10  sec.  employed  for  each 
operation  8  sec.  are  for  the  manipulations  and  2  sec.  for 
applying  pressure.  {Essai  de  durete  des  metaux  a  la  bille 
Brinell,  Guillery,  Comptes  rendus  de  seances  de  I'Academie 
des  Sciences,  vol.  165,  no.  15,  October  8,  1917,  pp.  468-471, 
1  fig.,  e) 

The  Heat-Insulating  Value  op  Roofing  Materials, 
Prof.  W.  M.  Thornton 

In  the  last-but-one  report  of  the  National  Physical  Labora- 
tory, there  is  an  account  of  a  test  of  roofing  by  means  of  meas- 
uring the  heat  lost  from  a' heated  room,  which  leads  to  the 
remarkable  conclusion  that  the  rate  of  emission  of  heat  by  the 
radiation  from  the  covering  surface  has  more  effect  on  the 
inside  temperature  than  the  rate  of  conduction  of  heat  through 
the  material. 

This  result  is  of  importance  in  the  roofing  of  large  fac- 
tories of  semi-permanent  nature  where  the  temperature  de- 
pends more  upon  the  covering  than  in  the  case  of  buildings 
having  a  closed  air  space  under  the  roof.  In  the  present  case 
the  test  of  the  National  Physical  Laboratory  was  repeated  by 
a  method  the  reverse  of  that  used  by  them;  namely,  instead 
of  heating  a  room  and  measuring  the  heat  lost  through  tht 
roof,  a  smaller  chamber  was  made  by  bolting  together  slabs 
of  3-in.  thick  "  nonpareil "  cork  and  exposing  its  cover  to 
strong  radiation.  The  box  was  made  18  La.  square  and  2  ft. 
deep  inside,  so  that  slabs  of  roofing  of  convenient  size,  such 
as  slates,  could  be  placed  in  position  to  cover  the  chamber 
without  requiring  special  support. 

The  test  consisted  in  observing  the  rate  of  rise  of  tempera- 
ture in  the  chamber  from  the  time  the  radiation  was  applied. 
The  method  was  such  as  to  give  good  comparative  values. 

The  results  obtained  confirm  the  National  Physical  Labora- 
tory conclusion  that  the  heat-insulating  value  of  a  roofing 


material  depends  more  upon  the  nature  of  its  surface  than 
upon  its  thennal  conductivity.  A  sheet  of  galvanized  iron  was 
obtained  having  a  practically  mirrorlike  surface.  Only  111 
heat  units  entered  per  1000  sq.  ft.  per  hour,  but  that  the  heat 
transmitted  depends  largely  on  surface  conditions  was  seen 
at  once  by  the  increased  rate  of  transmission  caused  by  black- 
ening the  surface  facing  into  the  box,  the  other  surface  being 
unchanged.  Reversing  the  plate  so  that  the  outer  surface 
was  black  and  the  inner  bright  more  than  doubled  the  lost  rate, 
and  when  both  surfaces  were  blackened,  the  large  amount  of 
581  units  per  hour  was  transmitted. 

A  suggestion  was  made  in  the  National  Physical  Laboratory 
report  that  air  spaces  in  roofing  materials  might  be  advan- 


table  4 


heat    TRANSMITTED    THROUGH    ROOFING    MATERIAL 
EXPOSED  TO  STRONG  RADLATION 


Material 


1  Bright  galvanized  iron  sheet 

2  Galvanized  uon,  blackened  below.  .  . . 

3  Galvanized  iron,  blackened  above. .  .  . 

4  Galvanized     iron      blackened     above     and 

below 

5  Galvanized  corrugated  iron  after  one  month's 

exposure  to  the  weather 

6  Do.,  after  one  year's  exposure 

7  No.  6,  painted  black  above 

8  Roofing  glass,  serrated 

9  Welsh  slate 

10  Westmoreland  slate 

11  7/8-in.  T,  G.  deal  covered  with  asphalted  felt 

12  Gorrugated  fibrocement  after  one  month  in 

use 

13  Do.,  after  one  year  in  use 

14  Do.,  painted  dead  black 

15  Do.,  "aluminum-finished"  outside 

16  Do.,  laid  on  top  of  thin  asphalted  felt 


1     o    -    • 

"so 

IP 

t 

pi 

8 

E  v^ 

oSS 

"■g 

•s  . 

i-o 

a.s-§ 

mS. 

0.268 

Ill 

0.40 

168 

0.93 

385 

1.40 

581 

0.75 

310 

1.02 

422 

1.13 

472 

1.10 

453 

0.81 

337 

0.60 

248 

0.30 

124 

0.78 

325 

0.80 

334 

0.82 

341 

0.50 

207 

0.51 

211 

a 


0.04 
0.04 
0.04 

0.04 

0.033 

0.033 

0.033 

0.22 

0.17 

0.25 

1.0 

0.2 
0.2 
0.2 
0.2 
0.25 


•a 


1.6 
1.6 
1.6 

1.6 

1.28 

1.28 

1.28 

2.25 

2,0 

4.8 

2.6 

1.8 
1.8 
1.8 
1.8 
2.0 


tageous.  A  satisfactory  means  of  doing  this  is  to  lay  corru- 
gated asbestos  cement  plates  on  the  thinnest  asphalted  felt, 
or  any  other  light  sheet  material,  supported  by  the  roof  frames. 
The  effect  of  this,  as  seen  from  the  table,  is  equal  to  that  of  an 
aluminum  surface,  and  where  heat  insulation  and  lightness  are 
of  the  first  importance,  a  strong  and  efficient  roofing  can  be 
made  in  this  way  at  a  reasonable  cost. 

The  main  data  obtained  in  the  test  are  presented  in  Table 
4.  The  "  fibrocement "  referred  to  in  the  table  is  an  artificial 
roofing  material  containing  asbestos  manufactured  by  a  British 
company.  {Engineering,  vol.  104,  no.  2703,  October  19,  1917, 
pp.  405-406,  e.) 

Grain-Size  Inheritance  in  Iron  and  Carbon  Steel, 
Zay  Jeffries 

Discussion  of  the  question  of  inheritance  of  ferrite  grain 
size  from  that  of  austenite,  together  with  the  general  question 
of  grain  refining  in  steel  and  iron. 

The  writer  reports  on  series  of  tests  on  grain  size  in  trans- 
formation products  of  iron  and  steel  such  as  0.7  per  cent  car- 
bon steel  (in  this  series  of  tests,  among  other  things,  data 
were  found  giving  an  explanation  why  cast  steel  has  its  grain 
better  refined  after  two  heatings  and  coolings  than  after  one), 
0.2  per  cent  carbon  steel,  Armco  iron,  and  finally  electrolytic 
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Because  of  lack  of  space  ouly  the  conclusions  reached  can 
be  reported  here. 

1  The  ferrite  grain  size  in  pure  iron,  the  ferrite  and  pearl- 
ite  grain  size  in  hypoeuteetoid  steel,  the  pearlite  grain  size  in 
euteetoid  steel  and  the  eementite  and  pearlite  grain  size  of 
hypereutectoid  steel  are  not  inherited  from  the  grain  size  of 
the  mother  austenite. 

2  The  only  structural  feature  that  is  generally  inherited 
from  the  austenite  of  hypo-  and  hypereutectoid  steels  on  cool- 
ing through  their  transformation  ranges  is  the  position  of  the 
excess  ferrite  or  eementite  at  the  austenite  grain  boundaries, 
sometimes  causing  complete  and  sometimes  incomplete  net- 
works which  outline  the  old  austenite  grain  boundaries.  Eapid 
cooling  through  the  transformation  range  will  cause  the  non- 
inheritance  of  this  structural  (network)  feature. 

3  The  austenite  grain  boundaries  themselves  are  nearly 
always  effaced  in  all  steels,  and  also  in  pure  iron  during  the 
Ar  transformations. 

4  The  grain-size  refining  of  steel  and  iron  is  brought  about 
by  the  combined  effect  of  non-inheritance  of  the  transforma- 
tion products  on  either  heating  or  cooling,  i.e.,  the  austenite 
transformation  products  do  not  inherit  their  grain  size  from 
the  austenite  on  cooling  through  the  transformation  range,  nor 
does  austenite  inherit  its  grain  size  from  the  products  which 
form  austenite  on  heating. 

5  In  general,  in  both  iron  and  carbon  steel,  the  larger  the 
austenite  grain  size,  the  larger  will  be  the  grain  size  of  the 
transformation  products  on  cooling.  This,  of  course,  assumes 
all  other  conditions  constant  except  the  austenite  grain  size. 
An  exception  is  found  to  this  general  rule  in  very  pure  iron 
such  as  electrolytic  iron.  In  this  instance  small  austenite 
grains  may  form  very  large  ferrite  grains  on  cooling  through 
At,.  '    ■ 

6  In  ii'on  and  steel,  the  larger  the  ferrite,  eementite  or 
pearlite  grain  size,  the  larger  will  be  the  austenite  grain  size 
on  heating  above  the  Ac  transformations,  or  vice  versa. 

7  The  faster  the  rate  of  cooling  of  iron  and  steel  through 
the  Ar  transformation  range,  the  smaller  will  be  the  grain 
size  of  the  transformation  products  and  vice  versa. 

8  The  faster  the  rate  of  heating  of  iron  and  steel,  other 
conditions  remaining  the  same,  the  smaller  will  be  the  austenite 
grain  size. 

9  The  greater  the  temperature  gradient  during  the  trans- 
formations in  iron  and  steel  on  heating  or  cooling,  the  larger 
will  be  the  grain  size. 

10  If  the  grain  size  of  a  transformation  product  in  iron 
and  steel  immediately  after  the  transformation  is  smaller  than 
the  equilibrium  grain  size  of  that  product  under  the  existing 
conditions,  the  equilibrium  grain  size  will  be  established  by 
the  known  laws  of  grain  growth. 

11  A  single  grain  of  any  constituent  in  iron  or  steel 
(austenite,  ferrite,  pearlite),  when  forced  by  thermal  treat- 
ment to  undergo  one  of  the  A  transformations,  must  trans- 
form from  at  least  one  nucleus,  but  may  and  nearly  always 
does  transform  more  than  one  nucleus.  (Bulletin  of  the  Ameri- 
can Institute  of  Mining  Engineers,  no.  131,  November  1917, 
pp.  1883-1899,  5  figs.,  3  tables,  te) 

Phtsico-Chemical  Properties  of   Chrome-Nickel.   Steels, 
Herbert  J.  French 

Data  of  tests  designed  to  show  the  properties  which  may  be 
developed  by  heat  treatment  of  certain  chrome-nickel  steels, 
especially  those  lately  employed  for  automobile  and  aero- 
plane engine  construction. 


Standard  tensile  test  specimens  (0.505  in.  by  2  in.)  were 
heat-treated  in  a  laboratoi-y  electric  furnace,  and  the  results 
thus  obtained  were  then  cheeked  in  actual  production  by  in- 
cluding standard  test  sections  in  the  ordinary  large  oil-fired 
furnaces.    All  temperatures  are  given  in  degrees  fahrenheit. 

In  quenching  care  was  taken  to  introduce  the  steel  into  the 
oil  as  quickly  as  possible  after  leaving  the  furnace.  It  was 
then  kept  in  motion  in  the  oil  for  about  1  min. 


8    BOlOOO      400 


Orawinq  Temperoture, Degrees  fahr 


c    . 
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Fig.  4    Open  Hearth.   Forged  to  About  1  In.  Round.    Oil- 
Quenched  1470  Deg.  Fahr.    Drawn  as  Given. 
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Fig.  5    Open-Hearth.    Forged  to  About  1  In.  Round  and 

Heat-Treated.     Oil-Quenched  1475  Deg.  Fahr. 

Drawn  as  Given 

Tensile  test  values  shown  in  Figs.  4  and  5  serve  to  give  a 
good  idea  of  the  physical  properties  which  may  be  developed 
by  heat-treating  steel  of  the  following  standard  specification: 

Per  Cent 

Carbon    0.35-0.45 

Nickel   1.00-1.50 

Chromium  0.50—0.75 

Manganese  0.50—0.80 

Phosphorus,  max "•"■* 

Sulphur,  max 0.04 

The  article  contains  data  on  two  other  steels  with  high  nickel 
and  chromium  contents.  A  good  representative  of  such  is 
Fig.  6,  where  the  nickel  content  rises  to  2.56  per  cent  and  the 
chromium  content  to  1.01  per  cent.  In  all,  five  types  of  steel 
are  discussed. 
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These  steels  have  been  used,  among  other  purposes,  for  the 
development  of  the  Gnome-type  aeroplane  engine  in  the  United 
States,  and  it  is  stated  that  they  are  suited  for  automobile 
work. 

It  must  be  borne  in  mind,  however,  that  steels  of  high  nickel 
and  chromium  content  are  very  susceptible  to  improper  work- 
ing under  the  hammer.  This  refers  particularly  to  heat  D 
shown  in  Fig.  6.  Lower  chrome-nickel  steels  will  stand  more 
abuse  in  manufacturing,  and  will  show  the  effects  of  im- 
proper working  to  a  less  marked  degree.  What  is  especially 
to  be  avoided  is  too  rapid  heating,  and  particularly  heating  in 
an  open  fire,  which  leaves  the  center  of  the  mass  of  metal 
cold  and  the  outside  "  dripping."  Quite  often  the  effect  of 
cold  working  is  less  serious  than  when  the  whole  mass  of  steel 
uniformly  heated  is  hammered  at  too  low  a  temperature.  This 
condition  of  strain  can  be  obliterated  if  proper  heat-treatment 
methods  are  employed. 

Ordinary  annealing  may  soften  the  steel  so  that  the  hard- 
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Fig.  6    Acid  Open-Hearth.    Forged  to  About  1  In.  Round. 

Heat- Treated.     Oil-Quenched  1475  Deg.  Fahr. 

Drawn  as  Given 

ness  test  will  show  nearly  normal  results,  but  machining  wiU 
still  be  difficult.  (Metallurgical  and  Chemical  Engineering, 
vol.  17,  no.  8,  October  15,  1917,  pp.  473-476,  10  figs.,  e) 

Structure  of  Schoop  Sprayed-Metal  Coating,  H.  Arnold 
(Zeits.  Anorg.   Chem.   99.   1.   pp.   67-72,   March   15, 
1917,  Engineering  104,  p.  126,  August  3,  1917.) 

Examining  the  coatings  microscoisieally  (photographs 
rej^roduced)  the  author,  of  the  Metallisator  GeselL,  finds  that 
the  drop  of  fusing  metal  is  drawn  out,  by  the  gas  and  air 
currents,  into  a  thread  which  breaks  up  into  small  particles; 
in  the  case  of  aluminum  the  particles  form  splashes,  from  0.01 
to  0.15  mm.  in  diameter,  provided  with  a  short  tail  and 
showing  a  dendritic  structure.  Polishing  and  etching  of  the 
coatings  brings  out  wavy  lines.  Zinc,  sprayed  on  glass,  partly 
peels  off  again  and  contracts  to  irregular  crescents ;  tin  forms 
rings,  frequently  double  rings.  There  is  no  alloying  of  two 
sprayed  metals,  except  perhaps  with  lead  and  antimony,  unless 
subsequent  heating  follows;  the  union  is  merely  mechanical. 
Microscopically  spray  coatings,  even  of  aluminum  rolled  into 
iron,  can  be  distinguished  from  electrolytic  and  other 
deposits.  (Science  Abstracts,  Section  B.  Electrical  Engi- 
neering, vol.  20,  part  9  [No.  237],  September  29,  1917,  p.  307) 


Hardness  of  Commercial  Alloys,  P.  Ludwik 
(Zeits.  Vereines  Deutsch.  Ing.,  61.  pp.  549-554,  June 
30,  1917.) 

Gives  the  results  of  measurements  of  hardness  of  a  large 
number  of  the  most  important  technical  alloys  of  Cu,  Sn,  Pb, 
Zn,  Al,  Bi,  Mg,  Sb,  Ag,  with  the  five  first-named  metals  in 
various  proportions  and  combinations.  These  alloys  include 
aluminum  bronze,  german  silver,  manganin,  white  metal, 
magnaliimi,  etc.  (Science  Abstracts,  Section  B,  Electrical 
Engineering,  vol.  20,  part  9  [No.  237],  September  29,  1917, 
p.  305) 

Influence  of  the  Method  op  Production  and  the  Direc- 
tion OP  Rolling  on  the  Properties  op  Sheet  Copper 
Rolled  to  Various  Thicknesses,  W.  MiiUer 
(Zeits.  Vereines  Deutsch.  Ing.,  61.  pp.  65-67,  January 
27,  1917.) 
The  tensile  strength  of  sheet  copper  increases  steadily  with 
the  reduction  in  rolling,  the  yield  point  increasing  rapidly  up 
to  20-30  per  cent  reduction ;  above  this  it  is  proportional  to 
the  ultimate  strength.  The  elongation  falls  rapidly  until  the 
reduction  in  rolling  attains  20-30  per  cent,  after  which  it 
remains  nearly  constant.  With  regard  to  the  influence  of  the 
method  of  production,  the  modulus  of  elasticity  is  affected 
most  in  that  the  larger  the  grain  size  the  higher  the  modulus. 
The  hardness  and  the  tensile  strength,  however,  decrease  with 
increase  in  grain  size.  No  previous  systematic  investigation 
has  been  made  of  the  influence  of  direction  of  rolling  on 
mechanical  properties,  but  it  is  generally  assumed  that  the 
lowest  strength  is  to  be  found  at  right  angles  to  the  direction 
of  rolling.  There  appears  to  be  a  well-deflned  connection 
between  the  mechanical  properties  of  the  test  piece  and  the 
angle  which  its  axis  makes  with  the  direction  of  rolling;  thia 
is  best  shown  by  the  bending  test.  Test  pieces  cut  at  30  deg. 
to  the  direction  of  rolling  exhibited  the  maximum  resistance 
to  bending.  The  modulus  and  tensile  strength  were  found  to 
be  greater  at  right  angles  to  the  direction  of  rolling  than  in  a 
direction  parallel  to  it.  Experiments  on  annealing  showed 
that  the  increased  strength  of  the  sheets  subjected  to  greatest 
reduction  in  rolling,  is  maintained  after  annealing  at  all 
temperatures.  This  hysteresis  has  been  confirmed  by  a  study 
of  the  specific  gravities.  (Science  Abstracts,  Section  B, 
Electrical  Engineering,  vol.  20,  part  9  [No.  237],  September 
29,  1917,  p.  305) 

Firing 

New  Way  to  Burn  Crude  Oil,  W.  A.  Janssen 

During  the  past  year  there  has  been  developed  a  system  of 
oil  burning  wherein  the  oil,  instead  of  being  atomized  or  va- 
porized, is  gasefled  in  a  special  designed  vaporizer  outside  of 
the  furnace.  The  gaseous  product  is  forced  into  a  combustion 
chamber  under  positive  pressure.  The  air  for  combustion  is 
delivered  by  a  compressor  at  about  2  lb.  pressure  and  a  veloc- 
ity of  150  ft.  per  sec.  With  the  admixture  of  oil  in  the 
vaporizer,  a  gaseous  product  is  formed  which  is  delivered  to 
the  combustion  chamber  under  continuous  pressure. 

The  cast-iron  preheater,  Fig.  7,  consists  of  a  closed  cast- 
iron  box  with  openings  to  connecting  boxes  for  the  admission 
of  incoming  air.  A  series  of  vertical  flues  are  provided  to 
permit  a  passage  of  the  outgoing  waste  gases  through  the 
apparatus,  thus  providing  a  source  of  heat  for  preheating  the 
air  for  combustion.  When  more  than  one  preheater  is  used 
they  are  stacked  one  over  the  other,  so  arranged  that  the  inlet 
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Tig.  7    General  Arrangement  of  the  Cast-Iron  Preheater 

opening  of  one  connects  with  the  outlet  opening  of  another. 
The  purpose  of  this  arrangement  is  to  throw  out  of  line  the 
vertical  flues,  thereby  retarding  the  flow  of  outgoing  gases 
and  permitting  a  greater  heat  absorption  through  the  walls 
of  the  preheaters. 

The  vaporizer,  Fig.  8,  is  a  hollow  cast-iron  fitting.  AYithin 
it  are  a  series  of  baffles,  which  form  a  winding,  zigzag  path 
for  the  gaseous  mixture  of  the  air  and  oil. 

To  obtain  perfect  combustion,  the  proportions  of  oil  and 
air  must  be  right  and  the  temperature  of  the  preheated  air 
must  also  be  correct.  The  installation  operates  most  efiieiently 
when  the  temperature  of  the  air  is  about  800  deg.  fahr.,  giving 
a  net  temperature  of  the  gaseous  mixture  of  about  700  deg. 
fahr. 

The  velocity  of  the  gaseous  mixture  should  be  about  150  ft. 
per  sec.  in  order  to  prevent  flame  propagation  in  the  direction 
of  the  source.  This  is  most  essential,  as  the  temperature  of 
ignition,  1050  deg.  fahr.,  is  only  a  few  hundred  degrees  higher 
than  the  temperature  of  the  gaseous  mixture. 

To  the  heavy  fuel  oils  of  commerce  about  180  ft.  of  free 
air  are  required  per  pound  of  oil,  or  about  1500  cu.  ft.  of  free 
air  per  gallon — equivalent  to  25  cu.  ft.  of  free  air  per  minute 
per  gallon  of  oil  per  hour.  High  economies  in  oil  consumption 
are  claimed  for  this  method.  (Paper  presented  at  the  Annual 
Meeting  of  the  American  Foundrymen's  Association  at  Boston, 
September  27,  1917,  abstracted  through  The  Iron  Age,  vol.  1, 
no.  18,  November  1,  1917,  pp.  1049-1050,  2  figs.,  d) 

Proportioning  Chimneys  on  Fuel  Basis,  Henry  Wisostow 

The  writer  believes  that  proportioning  chimneys  on  the  basis 
of  formulae  given  in  handbooks  and  textbooks  is  not  satisfac- 


tory, and  suggests  a  somewhat  different  method,  based  on  the 
following  considerations : 

The  object  which  a  chimney  should  accomplish  is  twofold: 
first,  it  should  deliver  sufficient  fresh  air  to  the  fire  to  main- 
tain combustion;  and,  second,  it  must  discharge  the  products 
of  combustion  into  the  atmosphere.  Hence,  the  best  chimney 
is  the  smallest  one  that  will  do  the  work. 

Contrary  to  the  general  idea,  the  composition  of  chimney 
gases  runs  very  uniform  for  the  same  class  of  service  and 
differs  little  with  different  services.  The  services  may  be  di- 
vided into  two  classes,  low-pressure  for  heating  and  high- 
pressure  for  heating  and  power  or  power  alone. 

The  composition  of  chimney  gases  is  largely  affected  by 
infiltration  of  air  through  the  setting  and  into  the  gas  pas- 
sages. The  average  results  from  a  large  number  of  chimneys 
investigated  are  tabulated,  as  follows : 


Low-pressure  heating. 
High-pressure 


Average  CO2, 
per  cent 


4.5 


Average  stack 

temperature, 

deg.  fahr. 


180 
450 


Average  velocity, 
ft.  per  sec. 


10 
25 


Fig.  8     Cast-Iron  Vaporizer 


With  the  percentage  of  CO,  given,  the  weight  of  the  chimney 
gas  can  be  figured  closely.  The  quantity  of  the  gas  and  the 
velocity  are  the  two  main  factors  determining  the  area  of  the 
chimney.  Increase  of  velocity  increases  the  stack  loss,  but  this 
loss  is  not  very  large.  Velocities  of  from  10  to  40  ft.  per  sec. 
are  met  in  practice.  With  high  velocities  the  rate  of  combus- 
tion is  increased,  which  is  followed  by  an  increase  in  tempera- 
ture, compensating  for  the  increased  draft  loss  due  to  a  higher 
velocity. 

Friction  head  in  the  chimney  usually  remains  inside  of  0.001 
in.  of  water  per  lineal  foot  height  of  the  chimney  when  the 
velocity  remains  under  30  ft. 

Chimney  height  is  determined  by  the  amount  of  draft  re- 
quired. In  cases  where  chimneys  must  be  built  higher  than 
this,  the  area  per  pound  of  chimney  gas  can  be  reduced  in 
inverse  ratio  to  the  square  root  of  the  height.  The  area  is 
determined  by  the  quantity  of  the  gas  per  second  and  the 
velocity.  As  previously  stated,  a  stack  velocity  of  25  ft.  per 
sec.  is  a  good  working  velocity,  although  for  sharp,  short  peak 
loads  a  velocity  of  30  ft.  per  sec.  may  be  used.  Chimney  fric- 
tion loss  per  foot  under  30  ft.  velocity  per  second  will  be  inside 
of  0.001  in.  of  water.  The  gas  weight  may  be  obtained  from 
the  quantity  of  fuel  required.  The  volume  of  gas  is  propor- 
tional to  the  temperature,  and  this  may  be  taken  as  450  deg. 
fahr.  In  all  calculations  absolute  temperatures  must  be  used. 
Draft  required  divided'  by  the  available  draft  per  foot  of 
height  will  give  the  stack  height. 

Available  draft  per  foot  of  chimney  for  an  average  stack 
temperature  of  450  deg.  fahr.  is  equal  to  the  actual  difference 
in  weight  of  the  gases  inside'  and  outside  of  the  chimney,  ex- 
pressed in  inches  of  water  per  square  inch,  less  0.001  in.  fric- 
tion loss. 

Composition  of  chimney  gases  can  be  taken  as  6.5  per  cent 
I  f  CO.,  11.5  per  cent  of  0.,  and  the  rest  nitrogen.  From  these 
figures  the  weight  and  volume  can  be  obtained.  Actual  com- 
position of  the  chimney  gases  varies  slightly,  there  being  a 
trace  of  CO,  SO,  SO.,  and  slightly  more  nitrogen  than  was  in 
the  air.  This  is  why  the  CO,  and  Oj  total  18  per  cent  in  chim- 
ney gases  instead  of  over  20  per  cent,  as  in  free  air. 

The  quantity  of  combustible  required  to  provide  the  desired 
amount  of  heat  can  be  taken  as  composed  of  pure  carbon  -with 
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a  heat  value  of  14,000  B.t.u.  The  combined  efficiency  of  the 
boiler  and  furnace  can  be  considered  as  60  per  cent  for  high- 
and  40  for  low-pressure  plants. 

The  foregoing  data  reduced  for  quick  reference  in  practical 
•work  wiU  be  as  follows :  (1)  Draft  available  per  foot  of  chim- 
ney above  the  grate  is  0.0053  in.  of  water;  (2)  combustible  per 
horsepower,  4  lb. ;  (3)  area  required  per  pound  of  combustible 
will  be  1.1  sq.  in.  for  high-pressure  plants;  (4)  area  correction 
for  chimney  above  150  ft.  high  per  pound  of  combustible  is 
(1.1  X  12.24) -4- (square  root  of  chimney  height).  (Power,  vol. 
46,  no.  18,  October  30,  1917,  pp.  610-611,  p.) 

Principles  and  Methods  op  a  New  System  of  Gas  Firing, 
A.  C.  lonides 

The  system  described  employs  flues  downwardly  displaced 
in  order  to  avoid  any  possible  loss  of  heat. 


Tig.  9     Mixing  Balance  for  the  Ionides  System  of  Gas 

Firing 

The  first  problem  that  presented  itself  in  applying  this 
new  principle  was  that  of  establishing  and  maintaining  a  con- 
stant mixture.  There  are  three  main  variables  to  be  dealt  with 
as  regards  mixture :  first,  the  inlet  pressure  of  the  air ;  second, 
the  inlet  pressure  of  the  gas;  third,  the  variation  in  consump- 
tion of  either  air  or  gas  that  may  occur  in  any  given  installa- 
tion. 

The  first  problem  was  the  most  difficult  to  solve,  since  in 
many  cases,  as  for  domestic  purposes,  it  was  necessary  to 
deal  with  considerable  differences  of  pressure.  This  problem 
was  solved  by  the  construction  of  a  device  which  the  writer 
calls  a  mixing  balance. 

This  balance,  Fig.  9,  consists  of  a  sensitive  bell,  4,  with  a 
requisite  length  of  seal.  The  inside  of  this  beU  is  subjected 
to  the  static  pressure  of  gas  and  the  outside  to  the  static 
pressure  of  the  air.  Hence,  when  the  static  pressure  of 
the  gas  increases,  the  arrangement  is  such  that  the  flow  of  gas 


cuts  itself  off  and  the  flow  of  air  is,  to  some  extent,  increased. 
Likewise,  when  the  static  pressure  of  the  air  above  increases, 
it  shuts  itself  off  and  opens  the  gas  correspondingly.  As  a 
result,  the  pressure  of  gas  and  air  are  always  held  in  a  con- 
stant ratio,  whatever  be  the  variation  of  either  the  inlet 
pressure  of  gas  and  air  or  consumption. 

If  the  mixture  of  gas  and  air  is  rich  in  gas  the  flame  is 
lengthened.  On  the  other  hand,  if  the  proportions  approach 
six  or  seven  volumes  of  air  to  one  of  gas  (according  to  the 
quality  of  the  gas),  it  is  quite  possible,  given  silica  or  any 
other  good  catalyzer,  to  have  no  flame  at  all,  but  nearly  sur- 
face combustion.  Should  a  good  catalyzer  be  placed  at  right 
angles  to  a  stream  of  well-proportioned  mixture,  a  glowing 
disk  will  be  observed.  On  the  other  hand,  if  all  catalyzers  in 
front  of  this  stream  are  avoided,  the  combustion  can  be  spread 


Fig.  10    Ionides  Rectangular  Barrel  Furnace 

out  to  a  very  considerable  length.  The  author  has  proved  by 
experience  that  with  the  %-in.  injector,  or  even  ^/^-in.,  it  can 
be  spread  out  to  a  length  of  3  ft.  of  almost  homogeneous  com- 
bustion by  putting  the  injector  into  the  channel  of  firebrick 
open  at  the  top.  This  permits  even  distribution  of  the  heat 
units  in  a  furnace  or  blower. 

Next,  it  was  found  that  the  hotter  the  furnace  grew,  the  less 
was  the  consumption  of  gas.  This  is,  to  a  certain  extent,  due 
to  expansion  of  gases  by  combustion.  Assume  that  the  gas 
mixture  enters  the  furnace  at,  say,  15  deg.  cent.  If  the  tem- 
perature of  the  furnace  was  1700  deg.,  it  will  have  expanded 
to  1700/(273  +  15),  or  5%  times  its  initial  volume. 

If  the  waste  gases,  instead  of  passing  into  a  chimney  open 
at  the  top,  are  displaced  downwardly  through  a  contracted 
exit  of  predetermined  cross-sectional  area,  this  will  cause  a 
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resistance  to  the  flow  of  incoming  gases  and  provide  the  ele- 
ments of  the  most  refined  thermostat  without  any  mechan- 
ically working  parts.  It  is  claimed  that  by  these  means  the 
temperature  to  be  maintained  can  be  predetermined  by  cal- 
culation. 

The  problem  of  determining  the  mixture  was  solved  by  a 
simple  plan  of  fitting  an  ordinary  gas  cock  with  a  piece  of 
copper  tubing  bent  with  an  easy  bend  and  enlarged  at  the 
further  end.  Then  a  piece  of  India  rubber  tubing  and  an  in- 
candescent mantle  are  fed  with  the  mixture,  the  light  indicat- 
ing the  character  of  the  mixture.  If  the  meshes  of  the  mantle 
are  visible,  it  means  an  oxidizing  mixture.  If  the  mantle  is 
in  its  most  brilliant  state,  the  mixture  is  very  near  the  neutral 
point.  On  the  other  hand,  if  any  unburned  gas  is  seen  to 
escape  from  the  mantle  in  the  shape  of  a  blue  I  lame,  the  mix- 
ture will  be  a  reducing  one.  This  provides  a  sensitive  in- 
dicator. 

The  actual  construction  of  the  furnace  is  shown  in  Fig.  10. 
The  operation  of  this  furnace  is  as  follows : 

A  heating  chamber,  1,  having  a  door,  10,  at  the  front,  is 
provided  above  and  below,  and,  upon  the  greater  portion  of 
its  sides,  with  two  jacketing  flue  spaces,  2.  The  chamber,  1, 
communicates  by  one  or  two  central  apertures,  3,  with  the  top 
flue  space,  and  the  heating  elements  passing  through  the  said 
aperture  pass  downwards  through  the  flues,  2,  and  are  finally 
discharged  through  the  outlet  pipe,  4.  In  the  bricks,  5,  form- 
ing the  floor  there  is  provided  along  each  of  the  two  long 
sides  a  narrow  combustion  chamber,  6,  into  which  the  nozzle, 
7,  delivers  mixture  from  a  mixture  device,  8,  provided  with 
gas-  and  air-adjusting  means,  11  and  12.  The  long  combus- 
tion chambers,  6,  each  deliver  the  products  of  combustion  by 
a  long,  narrow  slot,  9,  into  the  furnace  chamber,  1.  The  nozzle 
is  positioned  at  one  end  of  the  long  combustion  chamber,  so 
that  the  heating  elements,  due  to  their  travel  along  the  cham- 
ber and  their  upward  motion  to  escape  through  the  slot,  9, 
enter  the  furnace  chamber,  1,  with  a  diagonal  movement  par- 
allel to  the  wall  thereof.  The  gases  passing  along  the  wall  will 
tend  to  turn  at  the  angle  when  meeting  the  adjacent  wall,  and 
thus  a  whirling  motion  of  the  gases  round  the  walls  of  the 
chamber  will  be  created.  If  the  nozzles  of  the  two  combus- 
tion chambers  are  arranged  at  opposite  ends  of  the  furnace, 
as  shown,  this  whirling  will  be  accentuated,  the  gases  being 
gradually  drawn  inward  across  the  roof  of  the  furnace  cham- 
ber on  their  way  to  escape  at  the  outlet  aperture,  shown  in  the 
figure  at  3. 

A  half-ton  billet-heating  furnace  has  been  made,  in  which 
the  gas  consumption  was  1.3  cu.  ft.  per  lb.  for  full  forging 
heat ;  the  scaling  was  negligible.  It  is  claimed  that  actual  tests 
(data  in  original  article)  show  that  in  brass  melting  an  econ- 
omy analogous  to  that  afforded  in  steel  forging  can  be  effected. 
The  Vickers  Co.  applied  this  system  to  a  barrel-heating  fur- 
nace, 36  in.  by  12  in.  by  3  in.  inside,  which  resulted  in  their 
coming  to  an  agreement  to  establish  this  system  throughout 
their  works. 

As  an  indication  of  the  correctness  of  the  principles  em- 
ployed, the  author  would  point  out  that  a  light  worked  by 
means  of  a  pressure  balance  feeding  a  small  incandescent 
mantle  will  produce  130  to  150  candlepower,  with  a  consump- 
tion of  under  3  cu.  ft.  per  hour  of  town  gas  of  standard  calo- 
rific value;  whereas,  it  can  be  stated  on  the  authority  of  Mr. 
J.  G.  Clark  in  Gas  Journal,  May  4,  1915,  that  the  highest- 
candlepower  light  obtainable  at  this  pressure  by  other  sys- 
tems averages  22  candlepower  per  cu.  ft.  of  gas  consumed 
— variable,  of  course,  owing  to  the  atmospheric  burner. 
(The  Engineer,   October  12,  1917,  pp.   320-321,  5   figs.,   rf) 


Effect  op  Brick  Arch  on  Smoke  Ab.4tement,  J.  T.  Anthony 

The  paper  refers  mainly  to  locomotive  practice,  but  some 
of  its  conclusions  may  have  a  bearing  also  in  application  to 
stationary  boilers. 

The  Chicago  Smoke  Commission  made  extensive  tests  with 
and  without  the  arch  and  found  that  the  presence  of  the  arch 
has  certain  beneficial  results. 

Tests  recently  conducted  on  a  Mikado-type  locomotive  show 
smoke  reductions  varying  from  50  per  cent  at  low  and  medium 
rates  of  firing  to  31  per  cent  at  high  rates  of  firing.  The 
locomotive  was  hand-fired,  using  high-volatile  Pennsylvania 
gas  coal  screened  over  a  l^i-in.  mesh  screen.  This  locomotive 
had  70  sq.  ft.  of  grate  area,  a  barrel  combustion  chamber  and 
a  76-in.  arch  supported  on  four  3-in.  arch  tubes. 

In  these  tests  the  increase  in  evaporation  due  to  the  arch 
varied  from  8V2  to  151/2  per  cent. 

As  regards  the  reasons  why  the  arch  decreases  smoke,  the 
following  is  to  be  borne  in  mind:  With  the  conditions  that 
prevail  in  the  locomotive  firebox  it  is  easier  to  prevent  the 
formation  of  soot  than  to  burn  it  when  once  formed.  The 
precipitation  of  soot  can  be  prevented  by  having  an  excess  of 
the  heated  air  above  the  fuel  bed.  Research  work  done  by  the 
U.  S.  Bureau  of  Mines  indicates  that  the  hydrocarbons  from 
the  fuel  bed  are  decomposed  when  they  have  traveled  but  a 
few  inches  from  the  top  of  the  fuel  bed,  and  hence  if  the 
precipitation  of  carbon  is  to  be  prevented  the  air  or  oxygen 
must  be  introduced  at  the  top  of  the  fuel  bed  and  intimately 
mixed  with  the  issuing  hydrocarbons. 

The  chief  function  of  the  brick  arch  in  abating  smoke  is 
that  by  baffling  the  gas  mixture  and  compelling  all  the  gases 
to  pass  through  a  relatively  restricted  area  above  the  arch, 
an  intimate  mixture  of  the  volatile  combustible  with  the 
oxygen  is  insured.  Where  the  arch  is  provided  any  excess  air 
coming  through  this  portion  of  the  fire  on  the  front  of  the 
grates  is  heated  up,  deflected  and  forced  back  over  the  end 
of  the  arch  where  it  is  mixed  with  the  gaseous  combustibles 
rising  from  the  green  coal  under  the  door. 

The  results  obtained  with  the  arch  depend,  however,  ma- 
terially upon  the  method  of  flring.  To  reduce  smoke  to  a 
minimum  a  slight  level  fire  should  be  carried.  With  the  fuel 
bed  in  this  condition  and  a  "  scatter  "  type  of  firing  being  used, 
a  uniform  air  supply  is  obtained  throughout  the  fuel  bed,  as 
well  as  a  uniform  distillation  of  the  hydrocarbons.  (Paper 
read  at  the  Convention  of  the  Smoke  Prevention  Association, 
Columbus,  Ohio,  September,  1917;  abstracted  through  Power, 
vol.  46,  no.  16,  October  16,  1917,  pp.  540-541,  p) 

Handling  and  Conveying 

Power  Plant  of  the  St.  Joseph  Lead  Company, 
E.  L.  Broome,  Mem.Am.Soc.M.E. 

Description  of  a  new  central  plant  serving  several  mining 
properties  of  the  St.  Joseph  Lead  Company,  operating  in  St. 
Joseph,  Mo.  Of  particular  interest  is  the  system  of  handling 
the  coal  and  feedwater. 

The  coal  is  received  from  an  elevated  track  discharging  into 
a  30-ton  steel  track  hopper  underneath,  by  means  of  an  op- 
posed pair  of  reciprocating  trough-shaped  grizzlies.  The 
smaller  sizes  fall  into  chutes  at  each  side  of  the  crusher  and 
thence  are  fed  directly  to  the  belt.  The  larger  pieces  roll  over 
the  ends  of  the  grizzlies  and  fall  in  the  center  into  the  crusher 
hopper,  from  which  they  are  delivered  on  a  20-in.  inclined 
belt  conveyor  driven  from  the  upper  end  and  provided  with 
a  magnetic  pulley  for  the  removal  of  pieces  of  iron.    The  belt 
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conveyor  discharges  into  a  circular  steel  bunker  30  ft.  in  di- 
ameter, lined  with  4  in.  of  reinforced  concrete  and  having  a 
capacity  of  400  tons.  Under  the  bunker  is  an  8-ton  weighing 
hopper  provided  with  an  automatic  registering  scale  beam  and 
discharging  into  duplicate  horizontal  helical  conveyors  12  in. 
in  diameter,  extending  the  full  length  of  the  boiler  room  over 
the  stoker  hoppers,  the  trough  being  provided  with  a  rack- 
and-pinion-operated  sliding  gate  over  each  stoker.  This  solu- 
tion of  the  fuel-supply  problem  results  in  a  light,  well-venti- 
lated boiler  room,  while  the  spiral  conveyoi-s  insure  a  very 
homogeneous  condition  of  fuel  at  the  stoker  hopper  and  per- 
mit a  uniform  moistening  of  the  fuel  (this  latter  practice  has 
been  adopted  to  prevent  coking  and  reduce  dust). 

Water  for  boiler  feed  is  drawn  for  the  mine  and  a  maxi- 
mmn  of  softening  is  insisted  upon.  The  mine  water  runs 
about  18  grains  per  gallon  total  hardness,  equally  divided 
between  carbonates  of  calcium  and  magnesia.     Two  complete 


Fig.  11  Special  Oil  Pump  for  Lubricating  the  Cylinder  of 

THE    EviNRUDE    OiL    ENGINE 

water-softening  treatments  have  been  installed.  The  lime- 
soda  treatment  of  the  continuous  type  takes  the  raw  water 
at  18  grains  per  gallon  hardness  and  reduces  this  hardness 
to  five  grains  per  gallon.  This  water  is  then  passed  through 
a  pressure  sand  filter  into  a  Permutit  softening  filter,  where 
it  is  reduced  to  zero  hardness.  {Power,  vol.  46,  no.  18,  Oc- 
tober 30,  1917,  pp.  582-585,  6  figs.,  d) 

Internal-Combustion  Engineering 

Alcohol  and  Hydrocarbons  as  Fuels 

In  1916  a  committee  was  appointed  by  the  Minister  of  Com- 
merce and  Industries  of  France  to  consider  the  scope  of  na- 
tional resources  in  fuels  for  internal-combustion  engines.  This 
committee  has  presented  an  extensive  report  from  which  the 
following  data  are  abstracted. 

In  the  first  place,  the  report  considers  alcohol.  It  points 
out  that  in  addition  to  grain  alcohol  proper  enormous  amounts 
of  industrial  alcohol  can  be  derived  from  the  treatment  of 
waste  wood.  The  method  of  production  of  ethyl  alcohol  con- 
sists in  the  proper  treatment  of  wood  shavings  or  sawdust, 
from  which  may  be  obtained  up  to  15  per  cent  of  alcohol 


(which  is  real  ethyl  alcohol,  and  not  wood  alcohol).  In  addi- 
tion, alcohol  may  be  prepared  synthetically.  In  the  first  place, 
acetylene  is  produced  from  calcium  chloride.  Next,  by  an 
electric  arc  ethylene  is  extracted  from  acetylene,  and  this,  in 
turn,  gives  sulfovinie  acid,  which  is  used  for  the  production 
of  alcohol. 

Acetylene  may  be  used  in  another  way  for  the  production 
of  ethyl  alcohol.  The  acetylene  is  passed  through  a  solution 
containing  one-thousandth  part  of  bichloride  of  mercury, 
which  results  in  the  production  of  acetaldehyde,  which  latter, 
after  being  heated,  is  converted  into  alcohol  by  hydrogenation. 
The  synthetic  production  of  alcohol  known  in  France  only  as 
a  laboratory  process  is  commercially  used  in  Germany. 

In  \ievf  of  the  fact  that  a  heavy  tax  exists  on  alcohol  used 
for  drinking  purposes,  all  industrial  alcohol  must  be  denatured. 
In  France  a  denaturing  agent  used  is  methylene  containing  25 
per  cent  of  acetone  and  at  least  2.5  per  cent  of  pyrogenous 
impurities. 

Among  other  things,  it  has  been  found  that  denatured  90 
per  cent  alcohol  can  be  used  in  gasoline  engines  under  the 
following  conditions:  increased  compression,  altered  distribu- 
tion, and  the  employment  of  special  means  for  preheating  the 
charge  and  starting  the  engine.  A  more  convenient  method 
would  have  been  the  use  of  a  mixture  of  three  carbureting 
fuels  in  the  present  gasoline  engines. 

The  use  of  such  a  mixture  is  based  on  the  ability  to  satisfy 
certain  conditions.  In  the  first  place,  all  these  fuels  should 
easily  dissolve  in  each  other  in  all  proportions.  Now  com- 
mercial benzol  containing  14  per  cent  of  toluene  and  1  per 
cent  of  xylene  is  very  soluble  in  90  per  cent  alcohol,  but  it 
would  take  40  volumes  of  95  per  cent  alcohol  to  dissolve  60 
volumes  of  gasoline.  Hence,  for  industrial  purposes,  it  is 
necessary  to  use  95  per  cent  alcohol,  of  which  100  volumes 
dissolve  900  volumes  of  benzol  and  150  volumes  of  gasoline. 

It  is  very  likely,  however,  that  after  the  war  benzol  will  be 
used  in  other  industries,  such  as,  for  example,  the  production 
of  dyes.  In  that  case  its  price  would  make  its  use  as  a  fuel 
prohibitive.  In  view  of  this  possibility,  the  employment  of 
ether-ethyl  as  an  auxiliary  fuel  has  been  investigated. 

The  manufacture  of  ether  is  very  simple,  and  its  price  is 
only  seven  or  eight  per  cent  that  of  alcohol.  The  only  obstacle 
that  lies  in  the  way  of  its  more  extensive  use  is  in  the  regula- 
tions of  the  French  Excise  Department.  It  appears  that  other- 
wise a  mixture  of  alcohol,  ether  and  kerosene  could  be  used 
for  both  power  and  lighting  purposes. 

As  regards  the  power  purposes,  extensive  tests  have  shown 
that  a  mixture  of  65  per  cent  of  95  to  96  per  cent  alcohol, 
with  10  per  cent  of  ether  and  25  per  cent  of  a  hydrocarbon 
fuel,  can  be  burned  perfectly  well  in  an  engine.  In  fact,  with 
this  mixture  there  is  no  trouble  in  starting  an  engine,  and  the 
consumption  per  volume  is  approximately  the  same  as  that  of 
gasoline,  at  least  for  light  vehicles. 

The  same  fuel  for  stationary  motors  and  trucks  has  given 
a  less  satisfactory  result,  the  consumption  per  volume,  as  com- 
pared with  gasoline,  varying  in  approximately  the  inverse 
ratio  of  the  heat  values  of  the  respective  fuels.  {L'emploi  de 
I'alcool  indiistriel  et  des  hydrocarbons  comnie  carhiirants,  P.M., 
Le  Genee  Civil,  vol.  71,  no.  14,  October  6,  1917,  pp.  225-228, 
2  figs.,  gp) 

EviNRUDE  Oil  Engine 

In  The  Journal  were  given  data  on  the  Hvid  cycle  of  oil 
engines.  Essentially  it  is  a  high-compression  cycle  similar  to 
that  used  in  the  Diesel  engine,  but  with  a  different  system  of 
injecting  the  fuel.     In  the  cylinder  there  is  a  cup  with  two 
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tiny  openings  at  the  side.  The  compression  forces  air  through 
these  openings  so  that  the  air  in  the  cup  is  highly  heated. 
This  high  temperature  volatilizes  a  small  portion  of  low-boil- 


TABLE  6  VALUES  OF  k 


S.W.G. 

Round  Wire 

Square  Wire 

No. 

7/0 

93,750 

99,150 

6/0 

69,530 

73,550 

5/0 

52,240 

55,260 

«/0 

38.400 

40,610 

3/0 

28,720 

30,380 

2/0 

22,000 

23,270 

0 

16,530 

17,490 

1 

12,150 

12,850 

2 

8,704 

9,206 

3 

6,050 

6,400 

4 

4,345 

4,596 

5 

3,030 

3,205 

6 

2,040 

2,158 

7 

1,440 

1,524 

8 

983.1 

1,040 

a 

645 

682.3 

10 

402.6 

423.8 

11 

271.6 

287.3 

12 

175.5 

185.7 

13 

107.5 

113.7 

14 

61  44 

65 

15 

40  31 

42.64 

16 

25  16 

26.62 

17 

14.75 

14.61 

18 

7.962 

8.422 

19 

3.840 

4.061 

20 

2.518 

2.664 

21 

1.573 

1.663 

22 

0.9225 

0.9757 

23 

0.4980 

0.5267 

24 

0.3510 

0.3713 

25 

0.2400 

0.2639 

TABLE  7  CUBES  AND  FOURTH  POWERS  OF  GAGES 


Equivalents 

S.W.G. 

Cube 

No. 

4th  Power 

Approx. 

Dee. 

m. 

in. 

7/0 

1/2 

.500 

. 12500 

.06250 

6/0 

15/32  + 

.464 

.09990 

.04636 

5/0 

7/16- 

.432 

.08062 

.03483 

4/0 

13/32- 

.400 

.06400 

.02560 

3/0 

3/8    - 

.372 

-05148 

.01915 

2/0 

11/32  + 

.348 

.04214 

.01467 

0 

21/64- 

.324 

.03401 

.01102 

1 

19/64  + 

.300 

.02700 

,008,100 

2 

9/32- 

.276 

.02102 

.005,803 

3 

1/4   + 

.252 

.01600 

.004,033 

4 

15/64  - 

.232 

01249 

.002,897 

5 

7/32- 

.212 

.009,528 

,  002,020 

6 

3/16  + 

.192 

.007.078 

.001,359 

7 

11/64  + 

.176 

.005,452 

,000,959,5 

8 

5/32  + 

.160 

.004.096 

.000,655,4 

9 

9/64  + 

.144 

.002.986 

.000,430.0 

10 

1/8   + 

.128 

.002,097 

.000,286,4 

11 

7/64  + 

.116 

.001,561 

000.181,1 

12 

7/64- 

.104 

.001.125 

.000,117,0 

13 

3/32- 

.092 

.000,778,7 

,000,071.64 

14 

5/64  + 

.080 

.000,512.0 

,000,040,96 

15 

5/64  - 

.072 

.000,373,2 

,000.026,87 

16 

1/16  + 

.064 

.000.262,1 

.000,016,78 

17 

1/16- 

.056 

.000,175,6 

,000.009.834 

18 

3/64  + 

.048 

.000,110,6 

,000,005,308 

19 

3/64- 

.040 

.  000,064,00 

.000,002,560 

20 

1/32  + 

.036 

.000.046,66 

,000,001.679 

21 

1/32 

.032 

.000.032,77 

,000,001,049 

22 

1/36 

.028 

.000,021,95 

,000,000.615 

23 

1/42 

.024 

.000,013,82 

,000,000,332 

24 

1/45 

.022 

.000,010,65 

,000,000,234 

25 

1/.50 

.020 

.000.008,000 

,000.000,160 

ing  fuel  which  is  present  in  every  oil  and  causes  a  sort  of 
explosion  in  the  cup,  driving  the  fuel  out  in  a  spray. 

The  present  engine  is  buUt  by  the  Evinrude  Motor  Co.  of 
Milwaukee,  Wis.  At  present  only  iy2-hp.  and  3-hp.  sizes  are 
being  built,  but  it  is  announced  larger  sizes  will  be  added 
later. 

The  1%-hp.  engine  has  a  3%-in.  bore  and  5-in.  stroke  and 
is  designed  to  operate  at  600  r.p.m.  The  fuel  tank  is  passed 
between  the  flywheels  just  over  the  erankcase,  and  fuel  is 
supplied  to  the  fuel  cup  by  gravity. 

The  cylinder  is  lubricated  by  a  special  oil  pump  shown  in 
Fig.  11.  Oil  from  the  lubricating-oil  tank,  which  forms  a  small 
compartment  of  the  fuel  tank,  flows  to  the  oil  pump  through 
a  side  feed,  and  is  then  forced  by  the  plunger  through  the 
cylinder  wall  to  the  surface  of  the  piston.  The  pump  is  timed 
to  operate  when  the  piston  is  in  its  extreme  outward  position 
during  the  exhaust  stroke.  In  this  manner  the  oil  is  regularly 
and  at  the  proper  time  fed  in  the  cycle.  (The  Gas  Engine, 
vol.  19,  no.  11,  November  1917,  pp.  536-537,  6  figs.,  d) 

Mechanics 

The  Design  op  Coil  Springs,  W.  Terrier  Brown 

In  these  notes  it  is  the  intention  to  simplify  and  accelerate 
the  calculation  of  coiled  springs  as  far  as  is  practicable  by 
embodying  constants,  which  are  supplied  in  tabular  form. 

The  formulae  given  in  the  various  engineering  pocketbooks 
for  coil  springs  are  practically  alike,  and  differ  mainly  in  the 
arrangement  of  the  formula.     The  selection  for  these  notes 
is  that  given  in  Lineham's  Mechanical  Engineering,  as  this  has 
been  proved  to  give  accurate  results! 
The  symbols  used  in  this  formula  are: 
D  =  diameter  of  wire  in  inches 
^  =  total  deflection  in  inches 
W  =  total  load  in  lb. 
w  =  load  per  inch  del^ection  in  lb, 
n  =  number  of  free  coils 
d  =  diameter  of  coil  pitch  circle  in  inches 
c  =  12,000,000  lb.  for  steel. 
For  round  wire : 

A  =  !Z!!^  [1] 

'"^'^  ""=%;:¥- f2] 

For  square  wire : 

30.5  Wn<? 

'  =  ^FW— f3] 

8cD* 

and  w  = r41 

60.5  nd'  '-    ' 

Equations  [2]  and  [4]  form  the  basis,  and  from  these  the 

total  deflection  can  easily  be  calculated  thus: 

W 

^  =  -   [5] 

10 

In  addition  to  deflection,  it  is  necessary  to  know  the  gage 
or  diameter  of  wire  of  which  to  make  the  spring  to  take  a 
certain  load. 

In  Adams's  Engineers'  Handbook,  the  foUowing  formute 
are  given : 

Safe  load  (W)  for  springs,  such  as  valve  spiings 
1,750  D' 

=  ^T- [«^ 

This  can  be  transposed  to  read : 

„      3  / 11,750 

^  V —         for  round  section. .  [7] 
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Tor  square-section  wire  use  the  relation  ■- 


3  /     Wd 


[8] 

13,000 

Safe  load  (TF)  for  springs  that  can  be  worked  almost  to  the 
elastic  limit 

27,400  7/ 
=  -^ [9] 


and  D 


•D  =  V  ,5747^  for  round  wire. .  [10] 


27,400 


-for  square  wire.  [11] 


30,000 

On  examination  of  Equations  [2]  and  [4]  it  will  be  seen 
that  the  term  cD'  is  a  constant  factor,  and  has  the  values  cD'/S 
in  Equation  [2]  and  8cD*/60.5  in  Equation  [4] 

Let  the  constants  be  represented  by  k.  Equations  [2]  and 
[4]  will  then  read: 

k 


,[12] 


The  value  of  k  will  be  selected  from  the  column  for  round 
or  square  wire,  as  the  ease  may  be,  in  Table  6. 

In  this  table  values  of  k  for  round  and  square  wire  have 
been  calculated  over  a  range  of  from  7/0  S.W.G.  to  25 
S.W.G.  This  range  covers  the  average  run  of  automobile 
work.  Special  eases  can  always  be  calculated  from  the  equa- 
tions in  their  original  form,  i.e..  Equations   [2]   and  [4]. 

Table  7  gives  the  cubes  and  the  fourth  powers  of  the 
various  gages.  These  are  used  in  conjunction  with  Equa- 
tions [2],  [4],  [6]  and  [9]. 

{The  Automobile  Engineer,  vol.  7.  no.  107,  October,  1917, 
p.  286) 

Refrigeration 

Corrosion  op  Brine  Pipe,  F.  N.  Speller 

A  report  of  a  recent  experience  with  corrosion  of  brine  coils 
in  an   ice  skating  rink  in  Pittsburgh,   Pa. 

The  pipe  used  was  li/4-in.  double-length  butt-welded  stand- 
ard-type steel  pipe.  It  was  found  that  after  a  comparatively 
short  period  of  service  the  pipe  was  badly  pitted. 

The  pipe  was  first  used  in  the  rink,  but  during  the  follow- 
ing summer  was  stored  on  a  river  barge.  An  analysis  of  the 
rust  and  scale  from  the  inside  of  this  pipe  indicated  in  some 
cases  a  considerable  amount  of  calcium  chloride. 

It  appears  that  the  pitting  may  have  been  due  to  two  causes. 
First,  heavy  mill  scale  which  is  incidental  to  the  practice  of 
making  butt-welded  pipe;  but  while  the  cinder  is  present 
in  all  pipe  and  is  an  accelerator  of  corrosion  on  account  of 
its  electronegative  character  compared  with  iron,  corrosion  can 
only  occur  when  moisture  and  oxygen  are  present  together. 
Here  is  where  the  presence  of  calcium  chloride  in  the  scale 
comes  in.  Pure  calcium  chloride  with  pure  water  is  not  very 
corrosive,  especially  at  low  temperatures  out  of  contact  with 
the  air,  but  when  present  even  in  small  quantities  on  the 
inside  of  a  moist  pipe  it  will  retain  this  moisture  on  account 
of  its  hygroscopic  character.  It  appears  therefore  that  the 
pipe  was  subjected  to  a  combination  of  elements,  such  as 
mill  scale,  calcium  chloride,  moisture,  oxygen  and  tempera- 
ture above  normal  during  the  summer  months,  all  of  which 
tend  to  accelerate  corrosion. 

From  data  given  in  the  article  it  appears  that  the  fact  that 
the  pipe  was  steel  had  comparatively  little  to  do  with  the  re- 
sult, which  was  due  to  improper  conditions  of  storage  of  the 


pipe.     (A.  S.  R.  E.  Journal,  vol.  4,  no.  2,  September,  1917, 
pp.  220-224,  1  fig.,  p) 

Railroad  Engineering 

Santa  Fe  Type  Locomotives  for  the  Union  Pacific 
System 

DescriiDtion  of  locomotives  now  being  built  by  The  Baldwin 
Locomotive  Company  for  the  Union  Pacific  System.  The  loco- 
motives are  of  a  heavy  and  powerful  design,  so  arranged  that 
either  coal  or  oil  can  be  used. 

An  interesting  feature  is  the  trailing  truck  (Delta),  built 
with  a  massive  steel  casting,  which  serves  the  triple  purpose 
of  a  frame,  radius  bar  and  equalizer.  The  truck  is  equalized 
with  the  two  rear  pairs  of  drivers.  The  equalization  is  through 
a  central,  vertical  heart-shaped  link,  which  is  suspended  from 
a  transverse  beam  hung  from  the  rear  driving  springs.  This 
link  acts  not  only  as  the  equalizer  connection,  but  also  as  the 
rear-truck  radius-bar  pin.  It  is  circular  in  section  at  its  lower 
end,  and  is  guided  in  the  frame  cradle  casting.  The  bearing 
between  the  equalizer  frame  of  the  truck  and  the  locomotive 
frame  is  made  with  a  spherical  surface  to  provide  sufficient 
flexibility.  {Railway  Review,  vol.  61,  no.  18,  Nov.  3,  1917,  pp. 
541-542,  2  figs.,  d) 

Automatic  Straight  Air-Brake  System 

Description  of  a  new  air-brake  sj'stem  recently  announced 
by  the  Automatic  Straight  Air-Brake  Company  for  freight 
and  passenger  equipment. 

This  brake  system  provides  a  quick-action  passenger  brake, 
one  brake  cylinder  being  used  for  a  service  application  and 
two  brake  cj'linders  for  an  emergency  application  of  the 
brake.  As  the  triple  valve  is  capable  for  compensating  for 
varying  volumes  in  brake  cylinders,  a  two-brake  cylinder  can 
be  added  to  existing  freight  equipment  for  empty  and  load 
braking. 

Due  to  its  construction  and  operation  this  brake  has  the 
characteristics  of  a  straight  air  brake,  and,  at  the  same  time, 
is  automatically  operated.  The  straight  air  features  are  ob- 
tained through  the  fact  that  with  every  application  of  the 
brakes  air  is  exhausted  from  the  brake  pipe  under  each  car. 

Design  of  the  triple  valve  is  such  that,  when  fully  charged, 
the  pressure  in  the  brake  pipe,  acting  on  the  underside  of  the 
diaphragm,  balances  the  pressure  in  the  auxiliary  reservoir 
acting  on  the  upper  side.  The  reduction  in  brake-pipe  pressure 
causes  the  auxiliary-reservoir  pressure  to  force  the  diaphragm 
downwards,  admitting  air  to  the  brake  cylinder  from  the 
brake  pipe  and  service  reservoir.  The  air  in  the  brake  cylin- 
der acts  on  a  second  diaphragm  which  is  connected  to  the  first 
and  which  is  of  half  its  area.  The  pressure  in  the  auxiliary 
resei-voir  remains  unbalanced,  forcing  the  diaphragm  down 
until  the  force  exerted  by  the  brake-pipe  pressure  on  the  un- 
derside of  this  diaphragm,  plus  force  exerted  by  the  air  in  the 
brake  cylinder  on  its  diaphragm  exceeds  it.  The  diaphragm 
will  then  be  raised  and  the  supply  of  air  to  the  brake  cylinder 
cut  off. 

Hence,  the  brake-cylinder  pressure  bears  a  direct  relation 
to  the  brake-pipe  reduction  and  is  not  affected  by  the  brake- 
piston  travel  or  brake-cylinder  leakage.  By  regulating  the 
brake-pipe  pressure  any  brake-cylinder  pressure  may  be  ob- 
tained. Besides,  each  triple  valve  is  provided  with  means  for 
making  a  graduated  or  quick  release. 

One  of  the  features  of  this  brake  is  that  service  applications 
can  be  varied  at  the  will  of  the  engineman  by  his  regulation 
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of  the  brake-pipe  pressure  without  the  necessity  of  releasing  give  simultaneous  data  for  performance  of  identical  sections 

the  brakes  before  a  reapplication  when  operating  with  the  of  a  heater  with  identical  conditions  of  steam  pressure  and 

graduated  release.  water  flow. 

The  article  describes  in  detail  the  operation  of  the  brake,  A  recent  test  of  a  four-pass  heater,  made  at  the  U.  S.  Naval 

and  gives  data  of  exhibition  tests  made  by  the  company  on  Engineering  Experiment   Station,  Annapolis,  Md.,  gave  the 

a  lOO-car  test  rack.     (Railway  Age  Gazette,  vol.  63,  no.  16,  following  data  for  a  run  in  which  the  water  velocity  was  5.14 

October  19,  1917,  pp.  697-700,  4  figs.,  d)  ft.  per  sec.  and  the  steam  temperature  was  227.2  deg.  fahr. 

_,,             -            .  Water  Temperatures, 

Thermodynamics  ^^^  ^^^^ 

Performance  and  Design  of  Surface  Feedwateb  Heaters,  Inlet               Outlet 

M.  C.  Stuart,  Mem.Am.Soc.M.E.  First  pass 85.6  133.4 

The  writer  develops  his  theory  of  heat  transmission  from      Second  pass 133.4  165.8 

the  fundamental  law  that  heat  transmission  is  proportional  to      Third  pass 165.8  186.7 

temperature  difference.  Fourth  pass 186.7  201.3 
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Fig.  12    Derivation  of  Curve  of  Temperature  Rise 


This  assumption  in  the  case  of  a  tube  with  steam  on  one 
side  and  water  on  the  other  side  of  the  metal  wall  may  be  ex- 
pressed by  the  differential  equation  dy/dx  =  —  hy,  which 
after  integration,  reduces  to  the  equation  of  the  temper- 
ature-rise curve  (1),  Fig.  12.  After  determination  of  the 
values  of  the  constants  a  and  h,  in  terms  of  temperature,  this 
equation  is  reduced  to  the  simple  forms  (3)  and  (4),  Fig.  12. 

From  this  the  writer  proceeds  to  the  determination  of,  first, 
the  mean  temperature  difference  between  water  and  steam,  and 
then  of  heat-transfer  rate  from  steam  to  water.  Fig.  13,  the 
mean  temperature  difference  being  defined  as"  the  average  dis- 
tance between  the  curves  of  steam  temperature  and  water  tem- 
perature. 

Experimentally,  the  validity  of  the  theoretical  relations  be- 
tween temperatures  and  tube  lengths  may  be  best  demonstrated 
on  multi-pass  feedwater  heaters,  in  which  temperature  read- 
ings are  obtained  at  the  end  of  each  pass  because  such  tests 
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Fig.  13  Derivation  of  Curve  op  Mean  Temperature  Differ- 
ence and  Heat-Transfer  Coefficient 

These  temperatures  are  plotted  in  Fig.  14  in  what  may  be 
called  a  temperature  diagram.  The  absciss®  are  the  inlet 
temperatures  of  the  several  passes  and  the  ordinates  are  the 
corresponding  outlet  temperatures.  A  base  line  is  drawn  diag- 
onally across  the  diagram  through  points  of  equal  tempera- 
ture, and  the  line  of  inlet  temperature  vs.  outlet  temperature, 
which  is  drawn  through  the  plotted  points,  is  extended  to  meet 
the  base  line  at  a  point  corresponding  to  the  steam  tempera- 
ture, this  line  intersecting  the  base  line  at  the  steam  tempera- 
ture, because  if  water  enters  any  pass  at  the  temperature  of 
the  steam  there  will,  of  course,  be  no  temperature  rise  and  the 
temperatures  of  inlet  water,  outlet  water,  and  steam  will  be 
equal. 

In  a  multi-pass  heater  the  outlet  temperature  of  one  pass 
Ijecomes  the  inlet  temperature  of  the  next  pass,  as  shown 
graphicallj'  by  the  "  stairway  "  formed  between  the  tempera- 
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ture  line  and  the  base  line,  both  indicated  in  the  figure. 
As  regards  the  relation  between  the  temperature  diagram 
and  the  theory,  as  previously  developed,  the  following  is 
pointed  out.  If  the  temperature  line  of  the  diagram  is  straight 
and  intersects  the  base  line  at  the  steam  temperature,  it  is  evi- 
dent that  the  ratio  of  initial  temperature  difference  to  final 
temperature  difference  is  constant.  From  formula  [8]  for 
the  value  of  heat-transfer  coeflBcients,  it  is  seen  that  the  con- 
stant values  of  TF  and  S,  as  e.xisting  in  the  several  passes  of 
the  multi-pass  heater  K,  will  be  constant  if  the  ratio  (I.  T.  D.) 
to  (F.  T.  D.)  is  constant.  Inasmuch  as  the  temperature  dia- 
gram satisfies  this  condition,  this  confirms  the  theory  that  the 
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INLET  WATER  TEMPERATURE  FOR  PASSJNDICATED, 
DE6.FAHR. 

Fig.  14     Temperature  Diagram  for  Four-Pass  Feedwater 
Heater  by  Separate  Passes 

heat-transfer  coefficient  is  independent  of  temperature  and 
depends  only  on  the  ratio  of  initial  to  final  temperature  differ- 
«nce. 

To  extend  the  method  to  another  field,  there  is  shown  in 
Fig.  15  a  temperature  diagram  plotted  from  the  classic  test  of 
Mr.  G.  A.  Orrok,  Mem.Am.Soc.M.E.,  on  The  Transmission  of 
Heat  in  Surface  Condensation,  published  in  the  Transactions 
of  The  American  Society  of  Mechanical  Engineers,  1910,  p. 
1139.  The  test  was  made  upon  a  single  condenser  tube  through 
which  water  flowed,  and  which  was  surrounded  by  steam.  The 
line  FI>  was  plotted  from  runs  in  which  the  steam  tempera- 
tures were  constant  at  115  deg.,  and  the  inlet-water  tempera- 
tures varied  from  53  to  110  deg.  fahr.  The  line  BV  was 
plotted  from  runs  in  which  the  water  temperatures  were  con- 
stant at  50  deg.  and  the  steam  temperatures  were  varied  from 
115  to  187  deg.  fahr.  Space  will  not  be  taken  here  to  analyze 
these  results,  but  it  may  be  stated  that  the  temperature  line  BC 
is  straight  and  the  line  Z>F  is  nearly  straight,  and  that  from 

W  I.  T.  D.  . 

the  equation  for  heat-transfer  factor  K  =  —  log,  it 

is  seen  that  a  straight  line  on  the  temperature  diagram  corre- 
sponds to  a  constant  value  of  K.  The  exact  value  of  K  along 
the  temperature  line  may   be   determined   from   the   ratio   of 

I.  T.  D. 

as   found   from   the   temperature   diagram,   and   the 

known  values  of  TF  and  S.    The  effect  of  tube  length  on  water 


temperature  may  be  shown  by  forming  a  stairway  between  the 
temperature  line  and  the  base  line. 

The  analytical  relation  between  tube  length  and  temperature 
rise  along  the  tube  was  derived  in  Fig.  12  and  is  represented  by 
formula  [4].  In  the  present  paper  the  wiiter  gives  three 
graphical  methods  of  showing  the  relation  between  tube  length 
and  water  temperature. 

A  logarithmic  plot  of  heat-transfer  factors  and  friction  drop 
is  given  in  the  original  article  where  the  values  of  heat-trans- 
fer coefficients  are  plotted  against  water  velocity  on.  logarith- 
mic coordinates.  The  relation  between  K  and  the  velocity  in 
feet  per  second  may  be  expressed  by  the  equation  K  =  339  T  "', 
which  form  agrees  with  the  results  found  by  Orrok  and  others. 
The  value  of  K  may  be  composed  from  the  value  of  the  ratio 

I.  T.  D.         . 

as  given  by  the  temperature  diagram  and  a  tempera- 
r .  1.  i). 

ture  diagram  for  any  velocity  may  be  drawn  by  solving  for 

I.  T.  D. 


the  value  of  r 


-from  the  value  of  K  for  that  velocity. 


F.  T.  D. 

On  the  whole,  the  writer  comes  to  the  final  conclusion  that 
the  design  of  a  feedwater  heater  or  other  form  of  heat-transfer 
apparatus  consists  of  determining  the  proper  balance  among 
the  factors :  tube  length,  number  of  tubes,  velocity,  total  sur- 
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Fig.  15     Temperature  Dugram  from  Tests  of  Condenser 
Tube  by  Geo.  A.  Oreok 

face,  friction  drop  and  temperature  rise.  An  analytical  method 
of  design  for  feedwater  heaters  is  likewise  indicated.  This 
method  essentially  is  based  upon  the  relation  between  heat- 
transfer  coefficients  and  velocity.  K^=aY'^  ...  [1],  and  the 
relation  between  friction  loss  and  velocity  Ji  =  bhV  ^  .  . .  [3]. 
By  combining  these  two  empirical  equations  with  the  theoret- 
ical equation  for  heat-transfer  coefficient,  equation  [2],  there 
finally  results  equation 

aCM 


he,  log, 
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[Journal  of  the  American  Society  of  Naval  Engineers,  vol.  29, 
no.  3,  August  1917,  pp.  503-524,  16  figs.,  tA) 
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/N  these  columns  are  inserted  items  concerning  m,embers  of  the  Society  and  their  professional 
activities.  Members  are  always  interested  in  the  doings  of  their  fellow-members,  and  the 
Society  welcomes  notes  from  members  and  concerning  members  for  insertion  in  this  section.  All 
communications  of  personal  notes  should  be  addressed  to  the  Secretary,  and  items  should  be  re- 
ceived by  December  17  in  order  to  appear  in  the  January  issue. 


CHANGES  OF  POSITION 

Sakichi  Ishimura,  formerly  draftsman  with  Cornwall  and  Raymo, 
Inc.,  New  York,  lias  become  affiliated  with  Nippon  Deuchl  and  Com- 
pany, of  Kyoto,  Japan,  as  engineer. 

Lloyd  Logan,  formerly  assistant  mechanical  engineer,  Wescott  and 
Mapes,  Inc.,  New  Haven,  Conn.,  has  become  affiliated  with  the  Union 
Sulphur  Company,  Sulphur  Mine,  La. 

Charles  J.  Simeon  has  accepted  a  position  with  the  Curtlss  Aero- 
plane Company,  Buffalo,  N.  Y.  He  was  formerly  works  manager  of 
the  Reed-Prentice  Company,  Worcester,  Mass. 

John  P.  Ilsi.ey,  formerly  associated  with  the  Niles-Bement-Pond 
Company,  New  York,  has  assumed  the  position  of  general  manager  of 
the  Becker  Milling  Machine  Company,  Hyde  Park,  Mass. 

Howard  G.  Benedict,  works  manager  of  the  Aeroraarine  Plane  and 
Motor  Company,  Keyport.  N.  J.,  has  become  affiliated  with  The  Glenn 
L.  Martin  Company,  Cleveland,  Ohio,  in  a  similar  capacity. 

William  S.  Lccey  Las  become  affiliated  with  the  Hammermill  Paper 
Company,  Erie,  Pa.  He  was  until  recently  connected  with  the  East- 
man Kodak  Company,  Rochester,  N.  Y.,  in  the  capacity  of  mechanical 
engineer. 

Chahle.s  F.  MacGill,  formerly  efficiency  engineer  with  the  Reming- 
ton Arms  and  Ammunition  Company,  Bridgeport,  Conn.,  has  joined  the 
engineering  department  of  the  Bullock  Engineering  Works,  Inc.,  Bridge- 
port, Conn. 

George  F.  Nordenholt,  until  recently  chief  inspector  of  the  Ilar- 
rlsburg  Pipe  and  Pipe  Bending  Company,  Harrisburg,  Pa.,  has  assumed 
the  duties  of  inspector  of  the  Budd  Manufacturing  Company,  Phila- 
delphia, Pa. 

II.  P.  AuRNKE,  until  recently  western  representative  of  the  Dairy 
Machinery  and  Construction  Company,  Inc.,  Chicago,  III.,  has  become 
identified  with  the  Davis-Watkins  Dairymen's  Manufacturing  Company, 
Chicago,  111. 

E.  L.  C.  Clark,  until  recently  connected  with  the  New  England 
Westinghouse  Company,  Springfield,  Mass.,  has  accepted  the  position 
of  works  manager  of  the  Tractor  Branch  of  the  Moline  Plow  Company, 
Rock  Island,  111. 

Antuont  Kennedy,  formerly  vice-president  and  gener.il  manager  of 
the  L.  H.  Miller  Safe  and  Iron  Works,  Baltimore,  Md.,  has  assumed  the 
duties  of  vice-president  of  The  Hollar  Company,  hank  vault  engineers 
of  Philadelphia,  Pa. 

Asa  J.  Neff  has  terminated  his  relations  with  the  American  Public 
Service  Company,  Abilene,  Tex.,  as  efficiency  engineer,  to  accept  a 
fiimilar  position  with  the  General  Engineering  and  Management  Cor- 
poration, of  New  York. 

Roy  S.  King  has  accepted  the  position  of  professor  of  experimental 
engineering  at  the  Georgia  School  of  Technology,  Atlanta,  Ga.  He  was 
formerly  assistant  professor  of  mechanical  engineering  at  the  Univer- 
sity of  Arizona,  Tucson,  Ariz. 

Lester  G.  Cattermoi.e,  formerly  in  the  employ  of  the  Hannahs  Man- 
ufacturing Company,  Kenosha,  Wis.,  has  become  connected  with  the 
Cooley  and  Martin  Company,  Chicago,  111.,  In  the  capacity  of  efficiency 
engineer,  specializing  on  woodworking. 

C.1STVALLADER  EvANS.  JR.,  is  no  long<r-  Connected  with  The  Delaware 
and  Hudson  Company,  Scranton,  Pa.,  as  general  superintendent  of  the 
ceal  department,  bit  is  connected  with  the  International  Salt  Com- 
pany, with  headquarters  at  Hetsotf,  N.  Y. 

Georcb  S.  Blankeniiorn  ha;S  become  associated  with  the  American 
International  Shipbuilding  Corporation,  Philadelphia,  Pa.,  as  assistant 
to  the  manager  of  machinery  fabrication.  He  was  formerly  connected 
with  the  consulting  engineering  department  of  the  Allls-Qhalmers  Man- 
ufacturing Company,  West  Allls,  Wis. 

Frederick  W.  LfCHT,  Jr.,  formerly  on  the  engineering  staff  of  Jbe 
Denver  Engineering  Works  Company,  Denver.  Colo.,  has  become  aflSIi- 
ated  with  the  tool  design  department  of  the  Packard  Motor  Car  Com- 
pany, of  Detroit,  Mich.,  In  connection  with  Government  work  on  the 
Liberty  moto. 


H.  P.  MerivDith,  formerly  master  mechanic  of  the  Pennsylvania 
Railroad  at  Baltimore,  Md.,  Sunbury,  Pa.,  and  Wilmington,  Del.,  re- 
spectively, has  become  affiliated  with  the  E.  I.  DuPont  de  Nemours  and 
Company,  of  Wilmington,  Del.,  as  engineer  in  charge  of  mechanical 
maintenance,  shop  methods  and  efficiency. 

Hubert  C.  Verhey  has  resigned  his  position  as  chief  designing  en- 
gineer for  the  marine  Diesel  engine  department  of  the  Busch-Sulzer 
Brothers  Diesel  Engine  Company,  of  St.  Louis,  Mo.,  last  April,  in  order 
to  enter  the  consulting  engineering  field  on  Diesel  engines,  and  has  now 
entered  the  service  of  the  Government  in  the  capacity  of  chief  drafts- 
man of  the  Emergency  Fleet  Corporation,  Washington,  D.  C,  where 
he  is  slated  eventually  to  take  charge  of  Diesel-engine  work. 


ANNOUNCEMENTS 

RUDOLPH  II.  Fox  has  accepted  a  commission  of  First  Lieutenant  in 
the  Ordnance  Officers'  Reserve  Corps. 

Harold  K.  Beach  has  Joined  the  staff  of  the  Cleveland  Brass  and 
Copper  Company,  as  mechanical  superintendent. 

Hrbert  H.  Kessler  has  received  a  commission  as  First  Lieutenant, 
Ordnance  Section  of  the  Officers'  Reserve  Corps. 

Ernest  R.  Kenner  has  become  associated  with  the  Westinghouse 
Electric  and  Manufacturing  Company,  Pittsburgh,  Pa. 

William  E.  Doll  has  been  awarded  a  commission  In  the  United 
States  Army,  35th  Engineers,  reporting  to  Camp  Grant,  Rockford,  111. 

J.  E.  MacArthur,  formerly  superintendent  at  the  Toronto,  Ont., 
Canada  plant  of  the  Russell  Motor  Car  Company,  is  now  located  at  the 
Buffalo,  N.  Y.,  office  of  the  same  company. 

George  E.  Merry  weather,  president  of  the  Motch  and  Merrywcather 
Machinery  Company.  Cleveland,  O.,  has  been  named  to  take  charge  of 
the  machine  tool  section  of  the  War  Industries  Board. 

Winthrop  G.  Hall,  superintendent  of  the  Spencer  Wire  Company, 
Worcester,  Mass.,  has  been  granted  a  10-weeks  leave  of  absence  to 
enter  Y.  M.  C.  A.  work  at  Camp  Itevens,  Ayer,  Mass. 

Henry  C.  Armstrong,  formerly  metallurgical  expert.  United  States 
Navy,  has  received  a  commission  in  the  Ordnance  Department  of  the 
Army  as  Captain  In  the  Reserve  Corps,  and  will  be  ordered  to  duty 
shortly. 

W.  C.  Bkiggs,  for  the  past  ten  years  associated  with  W.  A.  Battey 
of  the  New  Y'ork  office  of  the  Shepard  Electric  Crane  and  Hoist  Com- 
pany, in  the  capacity  of  sales  engineer,  has  been  made  district  manager 
of  the  company. 

John  Hunter,  chief  engineer  for  the  Union  Electric  Light  and  Power 
Company,  St.  Louis,  Mo.,  has  been  appointed  by  the  U.  S.  Government 
to  aid  in  directing  the  construction  of  the  American  marine  fieet,  with 
special  charge  of  shipbuilding  operations  on  the  P.-r'isaic  River  in  New 
Jersey.  ■"■• 

R.  K.  Holland.  George  B.  Ackerman  and  H.  K.  Holland,  formerly 
associated  with  Gardner  S.  Williams,  consulting  engineer  of  Ann  Ar- 
bor, Mich.,  have  opened  offices  at  Ann  Arbor,  Mich.,  and  Chicago,  111., 
under  the  firm  name  of  Holland,  Ackerman  and  Holland,  consulting 
engineers. 

Walter  C.  Allen,  president  of  the  j._le  and  Towne  Manufacturing 
Company,  was  granted  leave  of  absence  to  enable  him  to  respond  to 
the  call  of  the  United  States  Government  for  service  In  France.  Mr. 
Allen  expects  to  be  commissioned  as  a  Major  in  the  Signal  Corps,  and 
to  leave  soon  for  France,  to  take  up  the  duties  assigned  to  him. 

F.  W.  Harding,  consulting  engineer  o'  the  Canadian  Consolidated 
Rubber  Company  of  Montreal,  Que..  Canada,  has  in  addition  to  his 
other  duties  taken  direct  charge  of  the  Rubber  Machinery  Shops  ai 
manager.  The  Rubber  Machinery  Shops  are  owned  b.v  the  Canadian 
Consolidated  Rubber  Company. 

Harry  L.  Horning,  vice-president  and  general  manager  of  the  Wau- 
kesha Motor  Company,  Waukesha.  Wis.,  and  chairman  of  the  motor 
products  section  of  the  War  Industries  Board,  was  the  guest  of  honor 
at,  the  weekly  luncheon  of  the  City  Club  of  Milwaukee,  on  November  3, 
and  discussed  the  remarkable  achievement  of  American  automotive 
engineers  In  producing  the  new  military  truck  In  record-breaking  tim*. 
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THE   NEW   BOOKS 

ALL  books  received  by  Tke  Journal  will  be  listed  under  this  heading,  generally  accompanied  by 
■*1  brief  descriptive  notes.  Works  of  special  importance  to  mechanical  engineers  will  be  com- 
mented on  at  length  by  members  and  others  peculiarly  qualified  by  reason  of  their  experience  and 
training. 


Unified  AccountinK  Methods  (or  Industrials.  By  Clinton  E.  Woods, 
nuthor  of  Woods'  Reports,  Practical  Cost  Accounting,  Etc.  The 
Ronald  Press  Co.,  New  York,  1917.  Cloth,  o^xSy^  in.,  484  pp.,  95 
forms.      $5. 

The  book  opens  with  a  review  of  the  functions  and  duties  of 
the  new  profession  of  industrial  engineering,  together  with  a 
clear  statement  of  the  general  principles  involved  and  the 
things  to  be  accomplished. 

The  author  states  that  the  profession  of  industrial  engineer- 
ing has  not  as  yet  received  the  recognition  required  to  clothe 
it  with  the  dignity  of  a  collegiate  degree,  as  in  other  branches 
of  engineering.  T-his,  I  believe,  is  fortunate,  for  rather  than 
extend  the  subdivisions  of  the  only  two  logical  divisions  of 
eiigineering,  namely,  civil  and  military,  the  colleges  would  do 
well  to  abolish  some  of  the  divisions  now  recognized  by  col- 
legiate degrees. 

Attention  is  called  to  the  great  number  of  manufacturing 
concerns  which  are  doing  such  a  variety  of  work  that  they 
do  not  know  where  they  stand.  Their  cost  systems  do  not 
show  on  which  articles  they  are  really  making  or  losing  money 
— their  only  idea  of  distributing  operating  expense  being 
by  a  lump  sum  prorated  over  the  entire  product. 

The  author  advocates  the  departmental  distribution  of 
expense,  and  one  would  gather  from  his  book  that  he  would 
undoubtedly  extend  this  to  the  more  accurate  method  of  dis- 
tributing departmentally  on  the  machine-hour  basis. 

The  results  obtained  from  standardization  of  equipment 
and  labor  methods  are  well  covered,  as  are  all  the  broader 
applications  of  industrial  engineering. 

The  chapter  on  Analyzing  an  Industrial  Manager's  Monthly 
Balance  Sheet  will  be  of  interest  to  aU  managers  who  are 
desirous  of  getting  at  the  real  facts  regarding  the  businesses 
they  manage.  The  forms  shown  illustrate  the  method  used, 
and,  of  course,  can  be  varied  to  suit  any  business.  This  fact 
should  always  be  remembered  in  criticising  forms.  Forms  are 
simply  the  tools  used  to  collect  information  or  to  perform  cer- 
tain functions.  No  matter  how  excellent  forms  and  blanks 
may  be,  they  of  themselves  will  not  run  a  business. 

The  subject  of  General  Stores  is  carefully  described,  and  in 
this  connection  it  is  stated  that  "  No  departments  in  any 
manufacturing  business  contribute  more  to  its  health  or  wealth 
than  do  the  departments  of  storekeeping."  This  is  most  true, 
for  if  a  manufacturing  concern  has  not  absolute  control  of 
its  stores  it  cannot  do  much  along  the  line  of  industrial  engi- 
neering. A  visit  through  the  factories  of  this  country  jf^ill 
show  any  experienced  engineer  how  little  this  fact  is  recog- 
nized even  at  this  late  date,  futile  attempts  at  planning  and 
at  time  and  motion  study  being  made  by  many  people  without 
even  a  thought  to  the  matter  of  stores  and  the  control  of 
materials. 

The  author  holds  that  the  Stores  Department  should  come 
under  the  Purchasing  Department.  This,  I  believe,  is  wrong 
from  an  organization  point  of  view. 

He  also  advises  that  "  The  price  to  be  used  for  any  costing 
or   inventory   purposes   should    alwaj's   be   that   of   the   lasf^ 
purchase  from  any  regular  source  of  supply."    This  is  entirely 
unnecessary  if  stores  records  ai'e  kept  on  a  unit  plan  and 


each  delivery  of  a  particular  material  is  kept  separate,  as  is 
done  by  many  up-to-date  factories.  Costing  and  inventorying 
can  then  be  made  on  a  basis  of  what  was  paid  for  material, 
not  at  the  last  cost. 

While  the  methods  of  storekeeping  described  are  well 
thought  out,  I  beKeve  that  they  are  more  complicated  than 
there  is  need  for,  and  they  do  not  represent  the  latest  thought 
on  the  subject.  The  chapters  on  Handling  of  Production 
Schedules  are  subject  to  this  same  criticism  of  complexity. 

In  Chapter  X  is  noticed  the  expression  "  non-productive 
labor,"  which  is  the  bugaboo  of  so  many  manufacturers.  I 
think  that  all  industrial  engineers  should  refrain  from  using 
the  expressions  "  productive  "  and  "  non-productive  "  labor, 
which  are  borrowed  from  the  economist  and  have  no  place 
in  modern  manufacturing  business.  Much  better  is  it  if  we 
substitute  the  more  accurate  terms  "  direct  "  and  "  indirect  " 
labor.  In  a  well-run  concern  there  will  be  no  non-productive 
labor,  but  there  may  be  indirect  labor.  It  should,  I  believe, 
be  one  of  the  duties  of  engineers  to  banish  this  misleading 
expression  "  non-productive  labor." 

Under    Employment   and    Handling    of   Labor,   the   author 
advocates  the  paying  of  employees  four  times  a  mon      instead 
of  once  a  week.     The  reason  for  this  is  that  it         is  the 
making  out  of  one  entire  payroll  per  month,  and  th         'tting 
of  another,  which  is  required  by  the  weekly  methtd.     This 
method  wiU  undoubtedly  save  a  little  clerical  expense  bi     will 
probably   not    be    acceptable   to   the    employees.      Wor      en 
figure  by  the  week,  their  rent,  etc.,  being  as  a  rule  du     at 
such  periods,  and  they  like  to  know  definitely  the  dr^    m 
which  they  are  to  be  paid.    To  be  paid  on  Monday  one 
and  Tuesday  the  next,  would,  I  believe,  be  an  excellent  m.   .     i 
of  starting  labor  difficulties.    If  the  time  cards  are  on  a 
scheme  and  the  payroll  summed  daily,  the  weekly  pay 
monthly  total  are  easily  secured  with  little  clerical  work. 

It  is  unfortunate  for  business  in  general,  and  the  mi 
facturer  in  particular,  that  our  year  is  not  made  up 
thirteen  months  of  four  weeks  each,  as  this  would  h 
numerous  advantages  for  purposes  of  comparison.  Perh 
as  the  world  advances  we  may  yet  come  to  this. 

In  Chapter  XII  the  matter  of  organization  is  dealt  with,  . 
weU  as  distribution  of  labor,  material  and  expense.  Th  e 
are  about  the  most  important  matters  that  the  indust'  .al 
engineer  has  to  consider,  and  might  easily  take  up  a  booL 
in  themselves.  The  methods  illustrated  are  interesting  .  ■/ 
instructive. 

The  remainder  of  the  book  is  devoted  to  accounting  methods 
and  principles,  which  are  well  handled. 

While  many  of  the  details  might  not  be  agreed  to  by  all 
industrial  engineers,  the  work  nevertheless  presents  a  clear 
outline  of  the  matter  and  forms  a  valuable  addition  to  the 
literature  of  the  subject.  It  would  be  well  for  many  manu- 
facturers who  have  been  troubled  during  the  past  few  years 
by  the  fact  that  they  were  not  showing  the  profits  they 
.  should,  or  were  even  encountering  considerable  losses  due  to 
antiquated  methods  of  running  their  plants,  to  "  read,  mark 
and  inwardly  digest"  Mr.  Woods's  latest  publication. 

George  M.  Forrest. 
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